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Abstract 

Background: Renewable energy (RE) systems are becoming a central component of the clean energy transition 
and are often seen as the way to combat climate change. Their establishment requires innovation, investments, and 
deployment policies for emerging technologies. Governments around the world are increasingly trying to create and 
support the energy-tech and climate-tech innovation ecosystems in their attempt to promote an innovation-support-
ing environment. However, energy innovation policies are often aligned with the dichotomous notion of technology-
push and market-pull and overlook the social, political, and cultural contexts in which RE innovative technologies are 
embedded, and the multiple actors and interactions that are associated with their development. By combining the 
Middle-Out Perspective (MOP) and innovation literature, this paper argues that an innovation ecosystem could be 
weaved from the middle-out.

Methods: This paper analyzes the case of ‘Eilat-Eilot Renewable Energy Initiative’ and Israel’s RE innovation ecosystem 
creation through the lens of the MOP and applies a socio-technical interpretation to the push and pull terminology. 
Process tracing methodology was applied to trace a sequence of events to determine whether an actor was pushed 
or pulled, the formation of a network of actors, and its evolvement to an energy innovation ecosystem from the 
middle-out. Data for the analysis were collected from interviews, policy papers, media articles, and Governmental 
decisions.

Results: The analysis demonstrates how middle actors push the implementation of RE technologies in Israel, and at 
the same time pull decision-makers and other middle actors to promote the low carbon transition. The push and pull 
forces and the interactions between actors lead to the engagement of new stakeholders in the innovation network, 
the adoption of more ambitious RE targets and supporting policies, and the creation of an effective RE innovation 
ecosystem.

Conclusions: This paper uses the MOP as an analytical framework and the push and pull terminology to demon-
strate how a middle actor initiates and develops an actor-network by interacting with other actors. As this network 
broadens, it forms an effective innovation ecosystem. A network of actors has the potential to lead change, provide 
innovative ideas, initiate research, encourage investments, create employment possibilities, and promote regional 
sustainable development.
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Background
New technologies and innovation are often seen as the 
best way to combat climate change [1, 2]. Renewable 
energy (RE) systems and their derivatives—including 
production, infrastructure, storage, and management 
technologies—are becoming a central component of the 
clean energy transition, and their establishment requires 
innovation, investments, and deployment policies for 
emerging technologies [3–5]. Ideally, innovation-friendly 
governance should endorse climate protection, encour-
age competition in developing new products, create 
new markets, strengthen the economy and generate job 
opportunities [6, 7].

The emergence of innovation is often described as a 
linear sequence in which a product stems from research 
labs, is then developed, commercialized, and diffused to 
the market by an industry (‘technology push’), or as an 
invention that is proposed or developed as a solution to 
an identified new market needs (‘market pull’). In prac-
tice, market-pull and technology-push are matched 
when a need and a solution emerge simultaneously. This 
matching is critical for mainstreaming innovation [7–11]. 
However, the assumption that innovation results from 
coupling new technologies and market demand overlook 
the social, political, and cultural contexts in which this 
process takes place. The contextual aspects of RE innova-
tion include elements such as public awareness of envi-
ronmental problems and resource exploitation, as well 
as concerns regarding health hazards linked to different 
RE systems [12, 13]. The linear push and pull perspective 
does not pay sufficient attention to the various compo-
nents that are associated with innovation development 
[14].

The ‘systems of innovation’ approach, which emerged 
in the mid-1990s [15–21] perceives innovation as initi-
ated and shaped by the ‘systemic’ interactions between 
multiple actors, sectors, and technical change. It presents 
the emergence of innovation as a horizontal prism, rather 
than the narrow and vertical focus of technology-push 
and market-pull [22]. Thus, innovation is recognized as 
a multi-layered network that assembles different types 
of actors (including, for example, academic institutions, 
corporates, investments funds, professionals, and policy-
makers) from different levels (local, regional, national), 
joined by the mutual goal to enable a change or sectoral 
development, and which eventually creates an innovation 
ecosystem [23–26].

Governments around the world are increasingly striv-
ing to create and support clean-tech, energy-tech, and 
climate-tech innovation ecosystems to promote an inno-
vation-supporting environment [27]. However, current 
energy innovation policies are still very much aligned 
with the dichotomous notion of technology-push and 

market-pull and its underlying logic that supply-side 
leads to demand-shift, and influences both the area where 
innovation is needed and the timeline of innovation 
emergence [28, 29]. This logic leads to top-down-induced 
incentives for energy innovation, such as motivating 
“carrots” and penalizing “sticks” in the forms of govern-
ment-supported Research and Development (R&D), 
Feed-in-Tariffs (FiT), subsidies, tax credits, or rebates 
for consumers [30–35]. It ignores, however, broader ele-
ments that influence the spread of innovation, such as 
skills and training, and the role of prototyping and dem-
onstration. It also overlooks the fact that all technologies, 
including RE technologies, are improving continually and 
these improvements affect the whole energy system [27].

Various actors aside from governments are operating in 
the arena of RE innovative technologies, including non-
governmental organizations (NGOs), professional organ-
izations, firms, local municipalities, and others. These 
actors are often filling a leading role in the development 
and implementation of innovation by offering funding, 
providing a field for experimentation, creating regional 
hubs, supporting energy cooperatives, or declaring car-
bon neutrality zones [36–41]. Their roles extend beyond 
the aspects directly related to technology development, 
as they also provide innovative ideas and serve as knowl-
edge brokers, watchdogs, lobbyists, and representors of 
marginal voices [42–45]. As such, these actors are essen-
tial players in the innovation network and active partici-
pants in the low carbon transition.

Those actors participating in the transition network 
are considered by the Middle-Out Perspective (MOP) 
as middle actors. The MOP [46, 47] is an analytical 
framework used to understand how socio-technical 
changes happen. It focuses on middle actors that are 
positioned in-between the policymakers at the top and 
the energy users at the bottom. Because they have assets 
and resources, middle actors can diffuse their agendas, 
knowledge, and experience in a middle-out manner: 
upwards (to influence policymakers), downwards (to 
influence citizens and end-users), and sideways across 
their networks (to influence other organizations, compa-
nies, and actors located in between the levels).

Although financial policies associated with technol-
ogy-push and market-pull fail to address the complex-
ity involved in the creation of an innovation network of 
actors, it is useful to examine this process using the push 
and pull terminology. The push and pull concepts capture 
the balance of forces affecting the co-dependent rela-
tionships between the various actors, facilities, institu-
tions, funds, and knowledge, which together compose the 
innovation ecosystem. Therefore, this paper is aiming to 
propose a socio-technical interpretation of the push and 
pull terminology within the MOP context: in the lack of 
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regulation or existing opportunities for RE implementa-
tion, middle actors who are driven by economic consid-
erations, environmental values, or ideology, are ‘pulling’ 
top, middle, and bottom actors to promote the socio-
technical low carbon transition. Given the opportunity 
to act, middle actors can be ’pushed’ by other actors to 
implement RE technologies. The push and pull forces and 
the interactions between actors lead to the engagement 
of new stakeholders in the innovation arena and weave a 
network that creates an effective innovation ecosystem.

This study follows the evolution and roles that the local 
public benefit corporate ‘Eilat-Eilot Renewable Energy 
Initiative’ (hereafter, Eilat-Eilot) has played in the crea-
tion of the Israeli RE innovation ecosystem. Eilat-Eilot 
is located in the south of Israel and was established in 
2002 by two neighboring local municipalities. Despite its 
peripheral location, low socioeconomic status, the lack 
of supportive national climate policy, and insufficient RE 
supporting regulation, Eilat-Eilot set itself an ambitious 
goal to promote national RE as well as regional clean 
energy self-sufficiency by 2025 and to become a leader in 
the development of low-carbon innovative technologies 
in Israel.

Today, many actors are involved in the transition to a 
RE-powered electricity system in Israel. However, Eilat-
Eilot was one of the pioneering actors in this field and 
still is an important actor in the weaving of the local and 
national RE enabling ecosystem, and therefore this study 
focuses on Eilat-Eilot’s role.

Using the MOP as an analytical framework and the 
push and pull terminology, our analysis (1) demonstrates 
the middle actor role played by Eilat-Eilot in initiating 
and strengthening an innovation network to promote 
sustainable local development; (2) traces the push and 
pull forces between Eilat-Eilot and policymakers and 
shows how Eilat-Eilot activities challenged the unam-
bitious national targets and contributed to Israel’s RE 
energy policy; and (3) follows the formation of RE inno-
vation ecosystem and highlights its contribution to the 
development and implementation of RE in Israel.

Most of the MOP research to date has focused on mid-
dle actors’ impact on top and bottom actors. Much less 
attention has been given to the sideway impact, i.e., the 
impact of middle actors on other actors located between 
the top and bottom [48]. Tracing the activities by which 
a middle actor initiated and contributed to the develop-
ment of a network of actors, sheds light on this less-stud-
ied aspect of the MOP—the sideways interactions. By 
combining the MOP and innovation literature, this paper 
argues and demonstrates that connections between 
diverse middle actors who share different assets, capa-
bilities, and qualities, provide a fertile ground for inno-
vation. That said, middle actors are not interacting only 

among themselves, but also with top and bottom actors, 
thus middle–middle interactions should be examined in 
the context of all the interactions that take place. Here we 
demonstrated how middle–middle connections along-
side other middle-out interactions played key roles in the 
establishment of an innovation network.

Previous studies that applied the MOP as an analyti-
cal perspective focused on three middle-out modes of 
action—aggregation, mediation, and enabling—and on 
the levels of actors’ agency and capacity, as variables that 
affect the course and magnitude of change [48, 55, 61]. 
The current case study focuses on the balance of power 
between the various actors in the arena, and on how 
actors are pushed to use their capabilities to act or pulled 
to increase their level of agency and become actively 
involved in a network of actors that form an innovation 
ecosystem. As such, this research contributes toward a 
more comprehensive understanding of the middle-out 
mechanisms of change and highlights that a network 
that is composed of many top, bottom, and middle actors 
effectively promote innovation in general, and in the RE 
area in particular.

This insight has practical implications for the EU RE 
promotion policies. The EU seeks to strengthen local 
governments and local communities and promote their 
social and environmental resilience by relying on sustain-
able and local assets and resources [49, 50]. Local climate 
mitigation solutions and social resilience could be gained 
by innovation or policies that are suitable for the local 
socio-technical conditions, and which local governments 
are familiar with. Hence, while this paper focuses on a 
case study from Israel, the insights from the phenom-
ena it demonstrates—the creation of effective innova-
tion promoting networks—are relevant to other places in 
which the local government’s targets are more ambitious 
than those of the central government.

The paper begins with a short introduction to the MOP 
followed by a description of Israel’s RE policy and the 
research method. Next, we present the findings, which 
track the development of the Eilat-Eilot network between 
2002 and 2020 and the impact it had on the RE innova-
tion ecosystem and the RE sector in Israel. The paper 
concludes with some policy recommendations.

The middle‑out perspective
The transition to a low carbon energy system is often 
seen as a process induced by policymakers through regu-
lation and economic incentives in a top-down manner, or 
by local organizations and civic pressure in a bottom-up 
manner. The MOP suggests that there is a ‘middle’ layer 
of active and influential actors between the policymak-
ers at the top and the citizens at the bottom. Policymak-
ers ignore many of these middle actors as they are not 
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perceived as having any official role in the transition [46, 
47]. The groups of middle actors include a variety of for-
profit and non-profit organizations, communities, groups 
of professionals, and institutions that contribute to a sys-
tematic durable change of the energy system [51–58]. 
The MOP argues that due to their position between the 
top and bottom and their connections with actors posi-
tioned at the top and bottom, middle actors can influence 
in three directions—upwards on government officials 
and regulators, downwards on end-users and citizens, 
and sideways on peers and similar organizations and 
actors. The strength of middle actors stems from their 
perception as reliable and legitimate by other actors in 
the policy domain, and from their unique qualities which 
other actors in the system are short of or lack, such as 
tacit knowledge and skills, unique access to financial 
resources and other assets, social and professional legiti-
macies, and unique communication channels [46, 47]. 
Previous studies which applied to the MOP in the field of 
energy and the field of public health demonstrated how 
middle actors fill the functions of (1) aggregators of assets 
and financial resources, thus supporting and coordinat-
ing valuable actions; (2) mediators between policymak-
ers and the public, thus making relevant information and 
regulation accessible to the public, and at the same time 
reflecting the public’s needs and concerns to policymak-
ers; and (3) enablers of actions by having the knowledge 
and capability to tackle physical, technical and bureau-
cratic difficulties [48, 59, 60].

The MOP also suggests that an actor with high levels of 
agency and capacity can derive a durable change. Agency 
indicates an actor’s motivation, interest, and willingness 
to act in order to achieve a certain goal, and is shaped 
by social norms, culture, common practice, and regula-
tions. Capacity indicates the actor’s capability to execute 
the actions it wishes to perform and is affected by exter-
nal factors (such as physical and technical abilities, exist-
ing infrastructure, and available technologies), as well as 
internal factors (such as financial means, knowledge, and 
expertise) [47, 48, 61, 62]. Middle actors have the unique 
qualities and assets necessary to elevate the levels of 
agency and capacity of other actors in the policy arena—
at the top, middle and bottom—thus increasing the likeli-
hood for a durable change to occur.

Previous research demonstrated how various mid-
dle actors, including religious congregations [47], 
building professionals [46, 53, 54, 60, 63–65], local com-
munities [56], businesses [48], and social groups [57, 
59] performed middle-out strategies and promoted the 
transition to a low carbon society in various ways. These 
studies focused mainly on the influence on top and bot-
tom actors. Other studies followed the mechanisms of 
influence in the fields of RE and electric vehicles [48]. 

Here, we emphasize the sideway mode of actions and the 
sideway impacts and highlight how middle actors estab-
lish an actor-network by interacting with other actors. As 
this network broadens, it forms an effective innovation 
ecosystem.

Israel’s renewable energy status: unambitious targets 
and lagging implementation
In 2020, the Israeli electricity fuel mix included 70% 
natural gas, 24% coal, and only 6% RE. By 2025, Israel 
intends to phase out coal, increase the production and 
dependence on natural gas to nearly 80%, and increase 
renewable production to 21% [66]. Approximately 55% 
of Israel’s GHG emissions are associated with electric-
ity production [67], more than transportation, industry, 
and agriculture combined. Therefore, meaningful miti-
gation strategies should focus on the transition to low 
carbon and renewable-based electricity generation [68]. 
However, while improving Israel’s energy independence, 
the discovery of major natural gas reserves strengthens 
Israel’s dependency on fossil fuels, and some argue that it 
delays the decarbonization process [69–71].

Unlike other countries that are members of the Organi-
zation for Economic Co-operation and Development 
(OECD), Israel’s National Determined Contributions 
(NDCs) to reduce national emissions and adapt to the 
impacts of climate change are moderate and unambi-
tious [72]. In addition, the pledge to reduce emissions is 
on a per capita basis (from 10.4 to 7.7 million tons  CO2e 
per capita by 2030), but due to Israel’s high birth rate, the 
per capita reductions will be compensated by population 
growth, thus Israel is not expected to reduce its overall 
emissions at all [73].

Israel is already experiencing climate change effects 
such as rising minimum and maximum temperatures, 
sea-level rise, and more frequent extreme weather 
events, including prolonged droughts and floods [72]. It 
undoubtedly needs to formulate effective climate adapta-
tion policies, while contributing to the world’s mitigation 
efforts to transition to a low carbon society [69].

Four types of renewable sources are suitable for Israel’s 
conditions: the most prominent and applicable one being 
solar (PV and thermo-solar), followed by wind, biomass, 
and biogas [74]. However, a combination of economic 
and political factors, rather than concerns regarding cli-
mate change, has influenced Israel’s RE targets. These 
factors include the cost of technology and the financial 
support required by the state for early adopters, as well as 
the aspiration to become a member of the OECD and rat-
ify the Paris Agreement [75]. Over the years, the Israeli 
Government has made several decisions regarding the 
production of electricity from RE sources [76]. Table  1 
summarizes four governmental RE targets that were set 
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over 20 years, between 2002 and 2021, and the actual RE 
production.

Although the first governmental target regarding RE 
generation was set in 2002, supporting policies or imple-
mentation strategies were not issued until 2011. In 2008, 
the Electricity Authority (the Israeli electricity regula-
tor) allocated quotas for RE generation and provided FiT 
for each type of technology. Meeting these quotas was 
challenging because of the lengthy and complex facil-
ity planning process and permit approval procedures, 
and because the involvement of numerous stakeholders 
slowed down the construction process of the RE facili-
ties [76, 78, 79]. The quota system was criticized by the 
State Comptroller as inadequate, and a 2012 govern-
mental committee that examined the economic viabil-
ity of integrating RE facilities recommended changing 
the quota system. However, only in early 2017, when the 
technology costs dramatically declined (mainly PV), the 
Electricity Authority moved to a price tenders’ method. 
The Electricity Authority also made significant efforts to 
ease the bureaucratic processes [76]. In the past decade, 
a comprehensive reform of the electricity sector in Israel 
was launched [80]. The most prominent change was that 
the vertically integrated electricity market, which had 
been ruled by a single state-owned monopoly (IEC, Israel 
Electricity Company), was split into segments. The gen-
eration segment was the first to be privatized with new 
renewable and conventional (mainly, based on natural 
gas) energy generators allowed to participate in the elec-
tricity market. Lack of transparency regarding the net-
work’s capacity to absorb electricity generated from RE 
and unclear timeframes of approving RE facilities grid 
connections influenced the validity and credibility of the 
Electricity Authority regulations, which led to uncer-
tainty among entrepreneurs regarding the feasibility of 
their projects [79].

Often, the reluctance of the Israeli government to 
sponsor new technologies inhibits the advancement of 

innovative proven technologies that are in their early 
deployment stages but are still expensive and therefore 
require financial support. In the RE field, this results in 
a bias against smaller facilities in urban areas, such as 
rooftops on commercial and public buildings, in favor 
of large projects over open lands [80]. However, years of 
low investments in transmission lines have led to insuf-
ficient transmission capacity, which does not support the 
operation of new large RE facilities in most areas of the 
country [81]. Improving the transmission infrastructure 
to accommodate distributed RE generation could take 
5–15 years and this is likely to slow the pace of new RE 
installation and make Israel’s goal of 30% RE by 2030 hard 
to achieve [82]. Recent policy papers suggest that energy 
storage in the existing transmission network could ena-
ble the connection of additional RE facilities in the near 
future, even before new transmission lines are built [83].

While the RE generation in Israel is lagging behind 
many other OECD countries, the RE industry is posi-
tioned at the forefront in terms of innovation and 
groundbreaking technologies. However, bureaucratic 
barriers in the processes of allocation and licensing pilot 
and demonstration facilities, as well as financial diffi-
culties, prevent the implementation of local innovative 
solutions in Israel and inhibit their penetration to the 
international market [84].

Methods
Data collection
To follow the development of the network of actors and 
to examine the unique contribution of Eilat-Eilot to the 
formation of the Israeli energy innovation ecosystem, 
data were collected from various sources using different 
methods:

Interviews. Nine semi-structured interviews were 
conducted with personnel from organizations at the 
top and the middle of the Israeli energy arena, includ-
ing the Israeli Electricity Authority (two interviews) and 

Table 1 RE Governmental decisions 2002–2021 [77]

Decision no. Year Production target Actual production

2264 2002 2% by 2007 (and 1% increase every 3 years)
5% by 2016
10% by 2020

4450 2009 5% by 2014
10% by 2020

0.1% in 2009

3484 2011 Quotas have been set for the production of renewable energy from solar 
energy, wind, biomass, biogas, and waste

542 2015 13% by 2025
17% by 2030

1.9% in 2014

465 2021 20% by 2025
30% by 2030

6% in 2019
9% in 2020
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Ministry of Energy (one interview), the Steering Com-
mittee of the strategic plan for a low-carbon economy in 
Israel 2050 (one interview), Eilat-Eilot officials (two inter-
views), local renewable energy entrepreneurship (two 
interviews) and Federation of Local Authorities in Israel 
(one interview). All the interviews lasted approximately 
1  h and were audio-recorded (with informed consent) 
and transcribed.

Documents. Various documents were reviewed, includ-
ing 50 articles that were published online in newspapers 
and the economic press, covering Eilat-Eilot develop-
ment between 2002 and 2020; 10 min of different Israeli 
Parliament’s committees that discuss RE policy, imple-
mentation, and the associated barriers; 6 governmental 
decisions related to RE; 12 reports that address Israel’s 
climate and energy policy and the future of the energy 
sector.

Websites. Various websites were reviewed, including 
Eilat-Eilot; Eilat Municipality; Eilot Regional Council; 
Capital Nature.

Data analysis
Process tracing methodology [85, 86] was applied in this 
study to analyze the data. This methodology is com-
monly used for qualitative analysis, mainly in political 
and historical studies, as it enables the researcher to trace 
a sequence of events and to determine whether there is 
a circumstantial connection between specific actions 
and the resulting outcomes [87–89]. A detailed and rich 
description allows the researcher to follow a narrative 
within a case study, link theory with empirical work [90], 
and answer questions such as: Was it an Eilat-Eilot activ-
ity that pulled policymakers to set a specific regulation? 
Did a specific government call for action push Eilat-Eilot 
to act?

In the analysis, the historical sequence of governmen-
tal activities and Eilat-Eilot activities are described, with 
an emphasis on the time in which governmental discus-
sions took place, decisions were made, and regulations 
were set. In parallel, the layout of the various activities 
that were taken by Eilat-Eilot during the examined period 
is presented. Along this timeline of activities, new actors 
that joined the Eilat-Eilot network are recognized, and 
their active contribution is acknowledged.

To establish a regulatory outline and identify barriers 
to the implementation of RE, public statements, govern-
mental decisions, and other publications were reviewed. 
Articles from newspapers, websites, and policy docu-
ments were used to trace and establish push and pull 
forces between Eilat-Eilot’s network of actors and the var-
ious officials that were acting at that time. Lists of partici-
pants in professional forums, conferences, and courses 
were followed to track the formation of the network, as 

well as media articles. Findings were complemented by 
input from the interviews.

After collecting the data, we created a timeline on 
which the sequence of actions, connections between the 
actors, government decisions, and regulatory processes 
were laid out to track whether there was a circumstantial 
relation between events. This also determined whether 
an actor was pushed or pulled. An actor can be pulled to 
be engaged in providing solutions to needs such as elec-
tricity generation from RE, reduction in GHG emissions, 
or implementing innovative technologies. On the other 
hand, an actor can be pushed to act by regulation or by 
other actors who are looking for collaboration. For exam-
ple, Eilat-Eilot pulled decision-makers to promote RE 
policy and regulation. Tenders or calls for action pushed 
Eilat-Eilot and other actors in the network to deploy RE 
facilities. By using the process tracing methodology, we 
can identify the push and pull forces that shape RE deci-
sions and determine if and how Eilat-Eilot influenced 
Israel’s energy policy and regulation. We can also follow 
the progress toward the Eilat-Eilot regional goals while 
tracking the formation of the network, and its evolve-
ment into an energy innovation ecosystem.

Results
For contextual reasons, this section will begin with a 
description of Eilat-Eilot and its historical background, as 
well as why it is considered a middle actor.

In the middle: the ‘Eilat‑Eilot Renewable Energy’ initiative
The southern region of Israel (also referred to as the 
Southern Arava region1) is arid with high solar radiation. 
It is located at the edge of the national electricity grid and 
suffers from under-maintained electricity infrastructures 
that have significant transmission losses. As a result, 
when electricity demand is higher than usual, a polluting 
oil-fueled substation in the city of Eilat is switched on.

Located on the Red Sea coast, Eilat’s main source of 
income is local and international tourism. Hotels, restau-
rants, and other hospitality activities use air-conditioning 
around the clock during summer.

Eilot Regional Council is adjacent to Eilat. It accounts 
for 13% of the total land of Israel with only 4500 resi-
dents living in 12 settlements, 10 of which are Kibbutzim, 
which are rural settlements relying on agriculture as a 
primary source of income.

Between the years 1995 and 2008, the Kibbutzim 
owned a commercial fish farm located in the north of 
the Gulf of Eilat. After a decade of fierce opposition from 

1 The Arava region is a long, narrow valley located along Israel’s south-eastern 
border. It begins south of the Dead Sea and extends to the Gulf of Aqaba.
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the city of Eilat and environmental organizations, a 2005 
governmental decision ruled that the fish cages should 
be removed within 3 years. At the end of 2008, the cages 
were evacuated, the Kibbutzim lost a lucrative agricul-
tural industry, and the relationship between the two 
municipalities became very hostile.

Driven by the need to provide economic and social 
resilience to the Arava region, a strategic plan involving 
both municipalities (Eilat and Eilot) was written in 2002 
by the head of the regional environmental unit. The plan 
was based on RE generation, focusing on solar as the 
potential for generating electricity from wind turbines in 
this region is rather small, to be used as a regional eco-
nomic lever and set a production target of 100% RE elec-
tricity during the daytime by 2020, intending to reach 
energy self-sufficiency by 2025.

The ‘Eilat-Eilot Renewable Energy’ initiative began its 
activity as a department within the Eilot Regional Coun-
cil in 2002, and by 2006, it became a separate entity. In 
2012 it was established as a public benefit corporation 
that receives financial support from the city of Eilat and 
the Eilot Regional Council and is owned by the Kibbut-
zim and regional economic organizations.

At the end of 2020, 15 PV solar power plants varying in 
size with a total installed capacity of 190 MW provided 
100% of the region’s electricity consumption during the 
day.

Eilat-Eilot Renewable Energy was initiated by and 
for the residents of the Arava region. Its board consists 
of public representatives and its purpose is to promote 
regional interests to strengthen the economy and social 
resilience. In the MOP terminology, Eilat-Eilot could 
be considered a middle actor because it is positioned 
between the top and bottom actors and because it is 
perceived by the residents of the Arava region as a legiti-
mate and trustworthy actor that represents the region’s 
interests. Additionally, Eilat-Eilot, as described in the fol-
lowing section, aggregates physical assets, and scientific 
and technical knowledge, and therefore has high levels 
of agency and capacity to support innovation in vari-
ous ways. Ultimately, Eilat-Eilot is shaping how energy is 
produced (by RE), consumed (as a promoter of regional 
macro-grid, that is an independent southern grid sepa-
rated from the national grid), and stored (by providing 
demonstration sites for innovative storage technologies).

Push and pull forces, the formation of an actor‑network 
and the RE innovation ecosystem
For concision, and as acceptable in similar studies [89–
92] we do not illustrate our findings with quotations. 
Instead, based on the analysis, we describe the situation, 
events, and actions.

The findings of the analysis detailed below are pre-
sented in Fig.  1. Process tracing methodology follows 

Fig. 1 Events and actors in the weaving process of Israel’s renewable energy innovation ecosystem, 2002–2020
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a sequence of events over time and examines whether 
there is a circumstantial connection between them and 
the resulted outcomes. The figure schematically draws 
a timeline on which significant events appear over two 
decades. It follows both Eilat-Eilot and its network of 
actors’ achievements, locally and nationally, and as a 
result of these actions, the formation and expansion of 
the innovation ecosystem, in other words, the top, bot-
tom, and middle actors that joined the network. In the 
figure, events appear in orange boxes, and actors appear 
in yellow boxes. Since actors joining the network are a 
derivative of events or actions that have taken place, it is 
marked by an arrow.

Figure  2 demonstrates the push and pull forces and 
their impact on the RE implementation in Israel between 
the years 2007 and 2017. The figure indicates the main 
events in which middle actors pulled decision-makers 
to promote policies for the assimilation of RE, and how, 
respectively, the regulation pushed middle actors to 
deploy RE facilities. Figure  2 does not include specific 
actors and events as these are presented in Fig. 1.

In 2002, commitment to the Kyoto protocol and aspi-
ration to become a member of the OECD motivated 
Israel’s government to pass its first decision regarding 
RE generation. The goals were modest, 5% by 2016 and 
10% by 2020 with milestones of at least 2% of RE by 2007, 

which should increase by an additional percentage every 
3 years. These milestones were unrealistic given that no 
relevant policy or strategic plan were put in place to sup-
port them [91]

In 2007, 5 years after the milestone of producing 2% 
RE by 2007 was set, the Israeli Government made no 
progress: no RE infrastructure had been developed, 
no quotas nor FiT have been set and no policies were 
issued to push RE generation [91]. In addition, the plan-
ning and construction system in Israel is the most cen-
tralized of all OECD countries. It is weighed heavily on 
the construction of RE facilities with lengthy bureau-
cratic procedures and over-regulation. These consti-
tute significant barriers to the engagement of actors 
interested in promoting RE and low carbon transition, 
including Eilat-Eilot [79, 80]. With no ability to build RE 
generation facilities and with the understanding that it 
is necessary to pull the government to actively promote 
RE, Eilat-Eilot initiated and hosted the first Eilat-Eilot 
International Conference in mid-2007 with the title 
‘Sustainable energy as a lever for regional development’. 
Three hundred participants attended the conference, 
which discussed Israel’s RE policy, the available RE 
technologies in the region, as well as the barriers to RE 
implementation. The conference increased the visibility 
of Eilat-Eilot and raised awareness of the sustainable 

Fig. 2 Push and pull forces between top and middle actors in the network, and their impact on RE targets and the deployment of solar facilities 
between the years 2007–2017
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energy-related activities that were taking place in the 
region. Among the conference participants were the 
EU ambassador, decision-makers from the Ministry of 
Energy, energy experts from academia, and entrepre-
neurial companies. In addition to the conference, Eilat-
Eilot, together with commercial companies, intensively 
lobbied within the parliament and government offices 
to pull the regulator to approve land allocation for 
medium and large RE facilities, to support RE pilot and 
demonstration projects, and to issue a governmental 
tender for the founding of a RE technology incubator in 
the Arava region.

Pulled by the Eilat-Eilot lobby, two governmental deci-
sions were accepted during the years 2008–2009. The 
first was to issue a tender for the establishment of a RE 
technology incubator in the Negev and the Arava. The 
second decision was the recognition of the southern 
region of Israel as an area of national priority for the 
construction of RE generation facilities, with a specific 
reference to Eilot Regional Council. Pushed by Govern-
ment’s recognition, even though the Electricity Author-
ity had not yet issued quotas for RE production, a local 
RE company (Arava Power Company, hereafter APC) 
signed collaboration agreements with 15 local Kibbutzim 
in the Negev and the Arava for the construction of RE 
facilities, with the support of Eilat-Eilot, which continued 
to pull the planning institutions for land allocation and 
the Electricity Authority for tariff regulation. These new 
stakeholders—the company and Kibbutzim—joined the 
Eilat-Eilot RE network, which grew and increased its abil-
ity to implement RE generation.

By the end of 2009, APC was granted the first license in 
Israel to build a 4 MW solar PV field. In addition, pulled 
by the pressure to promote RE, the Electricity Authority 
approved three grid-connection licenses for an innova-
tive RE pilot and demonstration facilities. Two of these 
are biogas plants located in northern Israel that produce 
electricity from organic waste, and the third is the first 
thermo-solar generation facility located in the Southern 
Arava. The thermo-solar pilot was pushed for implemen-
tation by the collaboration of the founding company, the 
kibbutz in whose territory the pilot was built, and which 
consumed the electricity generated from the system and 
Eilat-Eilot. The pilot occupies two dunams with 30 con-
secutive mirrors (heliostats) and a 30-m sun tower. The 
FiT for pilot and demonstration facilities did not cover 
all the production costs, and this was a small-scale and 
unprofitable facility (producing electricity for about 70 
households). However, it enabled the presentation of a 
valid ‘proof of concept’ project to potential customers 
worldwide, while strengthening the region’s branding as a 
center for innovation.

Three major milestones were achieved by Eilat-Eilot 
in 2010, each expanded the network of actors which was 
created in the region and contributed to the RE imple-
mentation capabilities and the evolving RE innovation 
ecosystem:

First, pushed by the governmental tender for the estab-
lishment of a RE technology incubator, Eilat-Eilot estab-
lished ‘Capital Nature’, an investment company aimed 
to nurture early-stage ventures with innovative sustain-
able technologies that address global challenges. By pull-
ing other middle actors to be part of ‘Capital Nature’, its 
shareholders include well-established companies from 
the Israeli defense industry (such as Elbit and Refael), in 
addition to a large and well-known Israeli law firm, aca-
demic institutions from the southern part of the coun-
try (such as the Ben-Gurion University), venture capital 
funds, and the Eilot regional council and Eilat munici-
pality. That year, ‘Capital Nature’ won the governmental 
tender for the establishment and management of the RE 
technology incubator in the Eilot Regional Council.

Second, APC’s plan for the construction of the first 
large solar PV facility in Israel (40 MW) in the Arava was 
submitted for statutory approval, although no official 
quota had yet been issued. Acknowledging that statutory 
procedures and the publication of quotas by the Electric-
ity Authority are two lengthy bureaucratic procedures, 
APC assumed that both would be approved at the same 
time, and thus construction could begin. This act by APC, 
backed by the Eilat-Eilot RE network, pulled the Electric-
ity Authority to allocate quotas for large PV facilities.

Third, the Eilat-Eilot RE Conference was selected by 
the European Commission as one of the most influential 
conferences in the world and was included in the ECO4B 
project that supported international RE conferences in 
Spain, Slovenia, Bulgaria, and Italy from 2010 to 2011. 
The Eilat-Eilot conference received funding to subsidize 
the participation of high-profile delegations of investors, 
entrepreneurs, and large business entities, to create new 
networks and identify potential partnerships. This recog-
nition increased the visibility and credibility of Eilat-Eilot 
to Israeli policymakers and the public and emphasized its 
uniqueness in the energy landscape, which was still heav-
ily dominated by policies that support fossil fuel systems. 
The recognition helped Eilat-Eilot to reinforce its RE 
agenda and to promote a low carbon energy transition.

In 2011, Eilat-Eilot celebrated the operation of the first 
5  MW solar field in Israel, within the Southern Arava, 
which provided 3% of the total regional electricity con-
sumption. Later that year, a first Governmental resolution 
set quotas for the production of renewable energy from 
solar energy, wind, biomass, biogas and waste, establish-
ing a supportive policy for the deployment of RE.
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In 2012, pushed by the financial support from the Min-
istry of Energy and the Ministry of Economy, ‘Capital 
Nature’ inaugurated the first RE technology incubator 
in Israel, in the Eilot Regional Council. Clean-tech and 
energy-tech start-ups that applied to the incubator were 
committed to operating in the Arava for 2 years, during 
which they received funding, provided with workspace 
free of charge, and access to laboratories. Capital Nature’s 
experts provided guidance and mentoring services to the 
start-ups, assisted in identifying business opportunities, 
and established connections with potential investors. The 
incubator promoted various collaborations between the 
commercial sector and academic research institutions, 
thus extending and bolstering the network of stakehold-
ers while increasing its technological and financial capac-
ities to foster innovation.

During this period, an experimental Off-grid Park was 
launched to test and demonstrate the applicability of 
various innovative technologies. The Park provided small 
and medium-sized enterprises (SMEs) the opportunity to 
prove the feasibility of technologies to support self-suffi-
ciency and off-grid living.

In 2014, followed by the increase of RE quotas issued 
by the Electricity Authority, six solar fields in the South-
ern Arava were connected to the grid, in partnership 
with major international companies, among them EDF 
and Siemens. These events pushed more investors to the 
growing network and further promoted the regional and 
national low-carbon energy system. Many public build-
ings in Eilat and Eilot were covered with solar PV pan-
els and several Kibbutzim installed solar PV systems over 
the roofs of farm facilities, cowsheds, and communal 
buildings. At the end of this year, a total of 70 MW of RE 
energy facilities in the Southern Arava provided 35% of 
the total consumption of the Eilat and Eilot area and were 
responsible for 12% of national RE production. The gov-
ernment set milestone of 5% RE by 2014 was unmet, with 
only 590 MW of RE installed, providing less than 2% of 
the national consumption.

In 2015, a 40  MW solar field in the region was con-
nected to the grid, increasing Eilat-Eilot installed RE 
capacity to 100 MW, which provided approximately 60% 
of the region’s consumption. Adhering to its energy inno-
vation vision, the incubator accepted companies that 
developed solutions for energy storage, off-grid technolo-
gies, and PV panel-cleaning robots to cope with desert 
dust. Pushed by the local low carbon vision, the city of 
Eilat won an EU grant and joined the “Green Neighbor-
hoods” project that focused on reducing energy demand. 
Engaging the public in the low carbon transition added 
to the Eilat-Eilot goals the concept of a carbon-free city. 
During this year, Eilat also joined the ‘Global Covenant 
of Mayors for Climate & Energy’, a global alliance for city 

climate leadership, and voluntarily committed to imple-
menting the EU climate and energy objectives on its 
territory.

In 2016, the largest tender to date for the construction 
of a 60 MW solar facility in Timna, the ancient mines in 
the Arava, was completed. Unlike other tenders managed 
by the Ministry of Energy, this tender involved the Israel 
Land Authority, because all the applicants also submitted 
bid for the land lease. Though the tender was supposed 
to be launched 7 years earlier, it was postponed several 
times due to various objections coming from the Min-
istry of Finance, land allocation bureaucracy and pro-
cedures, delays in the work of the Electricity Authority, 
and four government changes. The price paid for the land 
was unprecedented, and Eilot Regional Council received 
a substantial share of it in exchange for the land. Most 
of the money was used to build a new off-grid elemen-
tary school. The use of RE revenues for the benefit of the 
public provided evidence that RE is a sustainable tool for 
regional development. During this year, the State of Israel 
ratified the Paris Agreement. While the modest com-
mitment set in 2009 to produce 10% RE in 2020 was left 
unchanged, Israel added a new target of 17% RE genera-
tion by 2030.

By 2017 Eilat-Eilot reached the milestone of 122 MW 
of RE installed capacity, which provided 70% of the 
region’s electricity consumption. However, the southern 
transmission infrastructure could no longer absorb any 
additional electricity production, hence it was not possi-
ble at this stage to construct additional large and medium 
solar facilities.

Following its vision to become a worldwide knowl-
edge hub for the clean-tech sector, Eilat-Eilot established 
a professional training center, which hosts academic 
courses for undergraduate and graduate students in col-
laboration with the leading universities of Israel. Expand-
ing the network to include students, lecturers, and 
researchers that discuss energy policy further pushed 
policymakers, investors, and businesses in promoting a 
low carbon transition. It also enriched the RE innovation 
ecosystem with young people and non-local actors and 
increased the network’s range of influence.

In 2018, to make solar production accessible to 
residents, the city of Eilat collaborated with a start-
up from ’Capital Nature’ incubator in developing an 
application that provides residents with information 
regarding the feasibility and cost of installing solar 
panels on their roofs. With the financial support from 
the Israeli Innovation Authority, a software was devel-
oped to collect data from maps, photos, and weather 
forecast algorithms to evaluate the potential of solar 
electricity production on building rooftops, and to 
assess the financial viability in terms of economic 
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savings and revenues. In addition, Eilat municipal-
ity issued a tender for rooftop solar system installers 
to provide residents with reliable suppliers that offer 
affordable financing options. Eilat was the first local 
government in Israel to simplify RE implementation 
by accessible means, thus pushing its residents to 
become active members in promoting regional energy 
self-sufficiency.

In 2020, pulled by Municipalities’ pressure, the 
Ministries of Energy, Interior, and Environmental 
Protection published a “Guide to Installing Photovol-
taic Systems in Local Government Assets”. The guide 
referred to the order of operations, the mapping of a 
local government’s potential for solar installation, and 
relevant economic models. Given the strategic need 
to achieve government RE goals, while acknowledging 
the experience collected over the years in the Southern 
Arava, Eilat-Eilot with the Federation of Local Author-
ities pulled the Ministry of Energy to support the initi-
ation of a practical course to be given at the Eilat-Eilot 
training center. The main purpose of the course was 
to assist local governments to follow the guide and to 
provide tools for creating local sustainable strategies 
to promote social resilience. Officials from more than 
20 local municipalities who participated in the course 
became agents of change within their municipality and 
joined the Eilat-Eilot vision while extending the RE 
network.

Connecting the additional 60  MW solar facility in 
Timna at the end of 2020, brought Eilat-Eilot to a total 
of 190  MW RE capacity. This amount accounted for 
10% of the national RE production and enabled Eilat-
Eilot to meet its goal of providing 100% of the regional 
electricity consumption by RE during the daytime. 
Israel, however, did not meet its target of 10% RE. 
Despite that, it updated its RE production target from 
17 to 30% by 2030, with a milestone of 20% by 2025.

In 2021, pushed by the Ministry of Energy’s call 
for funding energy storage pilots, a partnership was 
formed between a Kibbutz in the region and a com-
pany from the ‘Capital Nature’ incubator. At the end 
of the year, a pilot of a 1 MW compressed air storage 
system in the Arava had been constructed and tested. 
Committed to the target of becoming energy self-suf-
ficient by 2025, the city of Eilat and the Eilot Region 
Council published a call for experts to obtain knowl-
edge regarding solar energy storage technologies. The 
two municipalities, via Eilat-Eilot, are developing sev-
eral projects to promote off-grid public buildings in 
their territories. In addition, the feasibility of develop-
ing a regional macro-grid (a separated southern elec-
tricity grid) is being examined in collaboration with 
the Ministry of Energy.

Discussion
This research followed the leading role that one middle 
actor—Eilat-Eilot—played in weaving a network of actors 
that aims to promote local sustainable development to 
achieve social and economic regional resilience. The 
analysis linked between Eilat-Eilot’s establishment, devel-
opment, and vision, the actions it took to accomplish its 
goals, the relations, and connections it formed with other 
actors, and the impact they had on the design and imple-
mentation of Israel’s energy policy.

We applied a socio-technical perspective to the con-
cepts of push and pull to determine the factors and 
actions that promoted RE supporting activities. We dem-
onstrated how top actors (Government ministries, regu-
lators) were pulled by actors to increase their levels of 
interest and engagement in promoting RE by proposing 
policies, legislation, and supportive regulation, and how 
other middle (organizations, firms, local entrepreneurs, 
local governments) and bottom actors (citizens and end-
users) were pushed by both top and middle actors to 
implement RE technologies. The analysis reflects how the 
push and pull forces can be expressed by social means, 
such as lobbying or call for action, and be influenced by 
public needs, social impact, and political agenda.

The findings demonstrate the middle actors’ capacity 
to link top actors (the Innovation Authority, government 
ministries), middle actors (venture capital, law firms, aca-
demic institutions, high-tech companies, entrepreneurs, 
start-ups, and municipalities), and bottom actors (local 
settlements) with diverse interests in complex yet mean-
ingful interactions, thus creating an actors’ network. The 
unique contribution of this study is the tracing of mid-
dle–middle connections and the creation of an innovation 
ecosystem. Though an ecosystem consists of actors of all 
levels (top, middle and bottom), the establishment of reg-
ulation and supporting RE policies is a derivative of push 
and pull forces between top and middle actors, therefore 
there is a broader reference to these interactions. How-
ever, other MOP studies have dealt extensively with the 
impact of middle actors on communities and end-users, 
providing a theoretical basis for this study [48, 56, 57, 59]. 
The findings also highlight the central role that Eilat-Eilot 
played in adding actors to the RE network, establishing 
the RE innovation ecosystem, and shaping Israel’s energy 
policy. However, as the network grew and more actors 
joined, the importance and significance of any single 
actor in it, including that of Eilat-Eilot, had diminished. 
Strong innovation ecosystems can function even if some 
actors cease to act in them, even if these actors were once 
crucial. The reduced significance of Eilat-Eilot in today’s 
networks signals that the ecosystem that was weaved is 
healthy. It is also expressed in the decline of push and pull 
forces for two reasons: first, the more actors there are, the 
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relationships between them become more complex, and 
the harder it is to pinpoint the forces behind the actions. 
Second, the growth and expansion of a successful ecosys-
tem generates motivation for actors to act. These findings 
fit well with the innovation literature notion that inno-
vation emerges in co-evolutionary interactions between 
diverse actors and various needs for change [92]. They 
also support the notion that innovation ecosystems fulfill 
various purposes, such as knowledge sharing, idea devel-
opment, access to financial resources, or approach to new 
markets, and are not restricted to one sector or specific 
technology [93]. Findings from this study also support 
other theories focusing on innovation systems by showing 
how local entrepreneurship can diffuse capabilities and 
facilitates market formation, and how local innovation is 
the most suitable to address local problems and offer fea-
sible solutions [94, 95].

This research refers briefly to future RE technologies 
such as microgrids, smart metering, demand response 
services, and electric transportation. No doubt that in 
the future smart and digitized solutions would be more 
prominent and significant in the innovation ecosystems. 
Based on the insights provided here it would be inter-
esting to explore what new and traditional roles middle 
actors may play in the grid 2.0 [96–98].

While this case study follows a single actor for over 20 
years and highlighted its crucial contribution to RE in 
Israel, we do not argue that this actor was the only one 
who pushed and promoted it. During this long period, 
other factors have affected RE in Israel. No doubt, global 
changes such as technological improvements, declining 
prices, and evolving regulations, as well as changes in 
personnel in key positions in the Israeli governing bod-
ies and the branding of Israel as a start-up nation, pro-
vided further push to RE in Israel and contributed to 
the shaping of national policies. Since these are complex 
processes affected by local and global politics and market 
forces that require an in-depth review and analysis, there-
fore we found them beyond the scope of this research.

Though this research highlights how a middle actor is 
using its connections and resources in efforts to promote 
a transition, one can imagine how middle actors with dif-
ferent agenda can deny other actors’ access to the network, 
cause conflicts or limit competition. Further research about 
the negative impacts middle actors could have on the crea-
tion of networks and disruption of policy implementation 
would be interesting and highly useful (see [54]).

In the current state of affairs, it is unlikely that Israel 
will meet its 2030 RE production targets unless major 
action is taken. Often, large-scale actions are thwarted 
by policies at the national level. This happens because 
policymakers tend to keep actors such as local gov-
ernments unengaged, which makes them unable to 

implement policies in an adequate manner [99]. Decen-
tralization and a deliberate delegation of power from the 
central government to networks of actors that include 
middle actors with various enabling capabilities would 
likely increase the number of engaged stakeholders and 
improve implementation rates.

While this research presents a case study from Israel, 
its insights are relevant to other countries. Nearly half of 
the European continent is considered rural (mostly East-
ern EU countries) and is identified as lacking job oppor-
tunities and public services, as well as access to health 
care services, and good education [100]. Place-based 
innovation promoted by the new EU Green Deal and 
the pursuit of establishing energy communities relies on 
local governance to drive regional and local innovation to 
enhance sustainable growth and increase regional resil-
ience [49, 101]. Middle actors at the local level often have 
the capacity to strengthen relationships among actors, 
lead change, exchange knowledge and pave the way for 
professional collaborations and innovation networks 
that involve community members. These networks have 
the potential to lead innovative solutions for problems 
related to public health, energy and water storage, cli-
mate resiliency, initiate research, encourage investments, 
create employment possibilities, and promote regional 
sustainable development.

Conclusions
This paper analyzes the case of Israel’s RE innovation 
ecosystem creation through the lens of the Middle-Out 
Perspective. It applies a socio-technical interpretation 
to the push and pull terminology and demonstrates how 
middle actors push the implementation of RE technolo-
gies in Israel, and at the same time pull decision-makers 
and other actors to promote the low carbon transition. 
The push and pull forces and the interactions between 
actors lead to the engagement of new stakeholders in the 
innovation network, the adoption of more ambitious RE 
targets and supporting policies, and the creation of an 
effective RE innovation ecosystem.

Acknowledgements
Not applicable.

Author contributions
All authors have agreed to the published version of the manuscript. All 
authors read and approved the final manuscript.

Funding
This study was supported by Israel Science Foundation (ISF Grant no. 184542).

Availability of data and materials
The authors confirm that the empirical data from the study support the 
findings and are available within the paper. The transcripts of all interviews 
are available in Hebrew and can be accessed from the corresponding author 
upon reasonable request.



Page 13 of 15Zohar et al. Energy, Sustainability and Society           (2022) 12:37  

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details
1 Department of Natural Resources and Environmental Management, Univer-
sity of Haifa, Haifa, Israel. 2 Dead Sea and Arava Science Center, Neve Zohar, 
Israel. 3 School of Sustainability, Reichman University, Herzliya, Israel. 

Received: 23 November 2021   Accepted: 30 August 2022

References
 1. King S (2016) Biggest opportunity of our age. Science 351:107. https:// 

doi. org/ 10. 1126/ SCIEN CE. AAF14 28
 2. Diercks G, Larsen H, Steward F (2019) Transformative innovation 

policy: addressing variety in an emerging policy paradigm. Res Policy 
48:880–894. https:// doi. org/ 10. 1016/J. RESPOL. 2018. 10. 028

 3. Frank AG, Gerstlberger W, Paslauski CA et al (2018) The contribution 
of innovation policy criteria to the development of local renewable 
energy systems. Energy Policy 115:353–365. https:// doi. org/ 10. 1016/J. 
ENPOL. 2018. 01. 036

 4. Gielen D, Boshell F, Saygin D et al (2019) The role of renewable energy 
in the global energy transformation. Energy Strateg Rev 24:38–50. 
https:// doi. org/ 10. 1016/J. ESR. 2019. 01. 006

 5. Kittner N, Lill F, Kammen DM (2017) Energy storage deployment and 
innovation for the clean energy transition. Nat Energy. https:// doi. org/ 
10. 1038/ nener gy. 2017. 125

 6. Schönberger P (2013) Municipalities as key actors of German renew-
able energy governance: an analysis of opportunities, obstacles, and 
multi-level influences

 7. Rennings K (2000) Redefining innovation—eco-innovation research 
and the contribution from ecological economics. Ecol Econ 32:319–
332. https:// doi. org/ 10. 1016/ S0921- 8009(99) 00112-3

 8. Liddle S, El-Kafafi S (2010) Drivers of sustainable innovation push, pull 
or policy. World J Entrep Manag Sustain Dev. https:// doi. org/ 10. 1108/ 
20425 96120 10000 22

 9. Horbach J, Rammer C, Rennings K (2012) Determinants of eco-innova-
tions by type of environmental impact—the role of regulatory push/
pull, technology push and market pull. Ecol Econ 78:112–122. https:// 
doi. org/ 10. 1016/j. ecole con. 2012. 04. 005

 10. Dosi G (1982) Technological paradigms and technological trajectories. 
A suggested interpretation of the determinants and directions of tech-
nical change. Res Policy. https:// doi. org/ 10. 1016/ 0048- 7333(82) 90016-6

 11. Zmud RW (1984) An examination of “Push-Pull” theory applied to 
process innovation in knowledge work. Manag Sci 30:727–738

 12. Lennon B, Dunphy NP, Sanvicente E (2019) Community acceptability 
and the energy transition: a citizens’ perspective. Energy, Sustain Soc 
91(9):1–18. https:// doi. org/ 10. 1186/ S13705- 019- 0218-Z

 13. Sütterlin B, Siegrist M (2017) Public acceptance of renewable energy 
technologies from an abstract versus concrete perspective and the 
positive imagery of solar power. Energy Policy 106:356–366. https:// doi. 
org/ 10. 1016/J. ENPOL. 2017. 03. 061

 14. Tidd J (2006) A review of innovation models
 15. Borrás S (2004) Introduction to special issue on a European system of 

innovation. Sci Public Policy 31:422–424. https:// doi. org/ 10. 3152/ 14715 
43047 81779 750

 16. Edquist C (1997) Systems of innovation: technologies. Institutions 
Organ Pinter, London, pp 1–35

 17. Carlsson B, Jacobsson S, Holmen M, Rickne A (2002) Innovation 
systems: analytical and methodological issues. Res Policy 31:233–245. 
https:// doi. org/ 10. 1016/ S0048- 7333(01) 00138-X

 18. Nelson RR, Nelson K (2002) Technology, institutions, and innovation 
systems. Res Policy 31:265–272. https:// doi. org/ 10. 1016/ S0048- 7333(01) 
00140-8

 19. Nelson RR (1993) National innovation systems: a comparative analysis. 
Oxford University Press on Demand

 20. Lundvall B-Å (1992) National systems of innovation towards a theory of 
innovation and interactive learning. Towards a theory of innovation and 
interactive learning

 21. Edquist C (2004) Reflections on the systems of innovation approach. Sci 
Public Policy 31:485–489

 22. Edler J, Kuhlmann S, Smits R (2003) New governance for innovation: the 
need for horizontal and systemic policy co-ordination

 23. Autio E, Thomas LDW (2014) Innovation Ecosystems. The Oxford hand-
book of innovation management

 24. Augusto L, Gomes V, Lucia A et al (2018) Unpacking the innovation 
ecosystem construct: evolution, gaps and trends. Technol Forecast Soc 
Chang 136:30–48. https:// doi. org/ 10. 1016/j. techf ore. 2016. 11. 009

 25. Jackson DJ (2011) What is an innovation ecosystem. Natl Sci Found 
1:1–13

 26. Moore JF (1993) Predators and prey: a new ecology of competition. 
Harvard Bus Rev 71:75–86

 27. Borrás S, Edquist C (2019) Why we need an holistic innovation policy: 
Goals, problems and instruments. In: Holistic innovation policy: theo-
retical foundations, policy problems, and instrument choices

 28. Blyth W, Bradley R, Bunn D et al (2007) Investment risks under uncertain 
climate change policy. Energy Policy 35:5766–5773. https:// doi. org/ 10. 
1016/j. enpol. 2007. 05. 030

 29. Kivimaa P, Kern F (2016) Creative destruction or mere niche sup-
port? Innovation policy mixes for sustainability transitions. Res Policy 
45:205–217. https:// doi. org/ 10. 1016/J. RESPOL. 2015. 09. 008

 30. Taylor M (2008) Beyond technology-push and demand-pull: lessons 
from California’s solar policy. Energy Econ 30:2829–2854. https:// doi. 
org/ 10. 1016/j. eneco. 2008. 06. 004

 31. Pitelis A, Vasilakos N, Chalvatzis K (2020) Fostering innovation in renew-
able energy technologies: choice of policy instruments and effective-
ness. Renew Energy 151:1163–1172. https:// doi. org/ 10. 1016/J. RENENE. 
2019. 11. 100

 32. Komor P, Bazilian M (2005) Renewable energy policy goals, programs, 
and technologies. Energy Policy 33:1873–1881. https:// doi. org/ 10. 
1016/j. enpol. 2004. 03. 003

 33. Alic J, Sarewitz D, Weiss C, Bonvillian W (2010) A new strategy for energy 
innovation. Nature. https:// doi. org/ 10. 1038/ 46631 6a

 34. Peters M, Schneider M, Griesshaber T, Hoffmann VH (2012) The impact 
of technology-push and demand-pull policies on technical change—
does the locus of policies matter? Res Policy 41:1296–1308. https:// doi. 
org/ 10. 1016/J. RESPOL. 2012. 02. 004

 35. Suurs RAA, Hekkert MP (2009) Cumulative causation in the formation of 
a technological innovation system: the case of biofuels in the Nether-
lands. Technol Forecast Soc Change 76:1003–1020. https:// doi. org/ 10. 
1016/J. TECHF ORE. 2009. 03. 002

 36. Bäckstrand K, Kuyper JW, Linnér B-O, Lövbrand E (2017) Environmental 
Politics Non-state actors in global climate governance: from Copenha-
gen to Paris and beyond. https:// doi. org/ 10. 1080/ 09644 016. 2017. 13274 
85

 37. Kuyper JW, Linnér B-O, Schroeder H (2018) Non-state actors in hybrid 
global climate governance: justice, legitimacy, and effectiveness in a 
post-Paris era. Wiley Interdiscip Rev Clim Chang 9:e497. https:// doi. org/ 
10. 1002/ wcc. 497

 38. Matsumoto T, Allain-Dupré D, Crook J, Robert A (2019) An integrated 
approach to the Paris climate Agreement: the role of regions and cities. 
https:// doi. org/ 10. 1787/ 96b56 76d- en

 39. Warbroek B, Hoppe T (2017) Modes of governing and policy of local 
and regional governments supporting local low-carbon energy initia-
tives; exploring the cases of the Dutch regions of Overijssel and Fryslân. 
Sustain. https:// doi. org/ 10. 3390/ su901 0075

https://doi.org/10.1126/SCIENCE.AAF1428
https://doi.org/10.1126/SCIENCE.AAF1428
https://doi.org/10.1016/J.RESPOL.2018.10.028
https://doi.org/10.1016/J.ENPOL.2018.01.036
https://doi.org/10.1016/J.ENPOL.2018.01.036
https://doi.org/10.1016/J.ESR.2019.01.006
https://doi.org/10.1038/nenergy.2017.125
https://doi.org/10.1038/nenergy.2017.125
https://doi.org/10.1016/S0921-8009(99)00112-3
https://doi.org/10.1108/20425961201000022
https://doi.org/10.1108/20425961201000022
https://doi.org/10.1016/j.ecolecon.2012.04.005
https://doi.org/10.1016/j.ecolecon.2012.04.005
https://doi.org/10.1016/0048-7333(82)90016-6
https://doi.org/10.1186/S13705-019-0218-Z
https://doi.org/10.1016/J.ENPOL.2017.03.061
https://doi.org/10.1016/J.ENPOL.2017.03.061
https://doi.org/10.3152/147154304781779750
https://doi.org/10.3152/147154304781779750
https://doi.org/10.1016/S0048-7333(01)00138-X
https://doi.org/10.1016/S0048-7333(01)00140-8
https://doi.org/10.1016/S0048-7333(01)00140-8
https://doi.org/10.1016/j.techfore.2016.11.009
https://doi.org/10.1016/j.enpol.2007.05.030
https://doi.org/10.1016/j.enpol.2007.05.030
https://doi.org/10.1016/J.RESPOL.2015.09.008
https://doi.org/10.1016/j.eneco.2008.06.004
https://doi.org/10.1016/j.eneco.2008.06.004
https://doi.org/10.1016/J.RENENE.2019.11.100
https://doi.org/10.1016/J.RENENE.2019.11.100
https://doi.org/10.1016/j.enpol.2004.03.003
https://doi.org/10.1016/j.enpol.2004.03.003
https://doi.org/10.1038/466316a
https://doi.org/10.1016/J.RESPOL.2012.02.004
https://doi.org/10.1016/J.RESPOL.2012.02.004
https://doi.org/10.1016/J.TECHFORE.2009.03.002
https://doi.org/10.1016/J.TECHFORE.2009.03.002
https://doi.org/10.1080/09644016.2017.1327485
https://doi.org/10.1080/09644016.2017.1327485
https://doi.org/10.1002/wcc.497
https://doi.org/10.1002/wcc.497
https://doi.org/10.1787/96b5676d-en
https://doi.org/10.3390/su9010075


Page 14 of 15Zohar et al. Energy, Sustainability and Society           (2022) 12:37 

 40. Arentsen M, Bellekom S (2014) Power to the people: Local energy initia-
tives as seedbeds of innovation? Energy Sustain Soc 4:1–12. https:// doi. 
org/ 10. 1186/ 2192- 0567-4- 2/ FIGUR ES/3

 41. Krozer Y (2017) Innovative offices for smarter cities, including energy 
use and energy-related carbon dioxide emissions. Energy Sustain Soc 
7:1–13. https:// doi. org/ 10. 1186/ S13705- 017- 0104-5/ TABLES/9

 42. Dedehayir O, Mäkinen SJ, Roland Ortt J (2018) Roles during innovation 
ecosystem genesis: a literature review. Technol Forecast Soc Change 
136:18–29. https:// doi. org/ 10. 1016/J. TECHF ORE. 2016. 11. 028

 43. Aust HP (2019) The shifting role of cities in the global climate change 
regime: From Paris to Pittsburgh and back? Rev Eur Comp Int Environ 
Law 28:57–66. https:// doi. org/ 10. 1111/ reel. 12272

 44. Hale T (2016) “All Hands on Deck”: the Paris agreement and nonstate 
climate action. Glob Environ Polit 16:12–22. https:// doi. org/ 10. 1162/ 
GLEP_a_ 00362

 45. Süsser D, Döring M, Ratter BMW (2017) Harvesting energy: place and 
local entrepreneurship in community-based renewable energy transi-
tion. Energy Policy 101:332–341. https:// doi. org/ 10. 1016/j. enpol. 2016. 
10. 018

 46. Janda KB, Parag Y (2013) A middle-out approach for improving energy 
performance in buildings. Build Res Inf 41:39–50. https:// doi. org/ 10. 
1080/ 09613 218. 2013. 743396

 47. Parag Y, Janda KB (2014) More than filler: middle actors and socio-
technical change in the energy system from the “middle-out.” Energy 
Res Soc Sci 3:102–112. https:// doi. org/ 10. 1016/j. erss. 2014. 07. 011

 48. Zohar T, Parag Y, Ayalon O (2021) Of agency, action, and influence: the 
middle-out mechanism for promoting a low-carbon energy transition. 
Energy Res Soc Sci 72:101900. https:// doi. org/ 10. 1016/j. erss. 2020. 
101900

 49. McCann P, Soete L (2020) Place-based innovation for sustainability. 
Luxembourg

 50. Hufen JAM, Koppenjan JFM (2015) Local renewable energy coopera-
tives: revolution in disguise? Energy, Sustain Soc 51(5):1–14. https:// doi. 
org/ 10. 1186/ S13705- 015- 0046-8

 51. Janda KB, Reindl K, Blumer Y, et al (2019) Making more of middles: 
advancing the middle-out perspective in energy system transforma-
tion. Eceee Summer Study Proc 199–204

 52. Khosla R, Janda KB (2019) India’s building stock: towards energy and 
climate change solutions. Build Res Inf 47:1–7

 53. Janda K, Killip G, Fawcett T (2014) Reducing carbon from the “Middle-
Out”: the role of builders in domestic refurbishment. Buildings 
4:911–936. https:// doi. org/ 10. 3390/ build ings4 040911

 54. Reindl K, Palm J (2020) Energy efficiency in the building sector: a com-
bined middle-out and practice theory approach. Int J Sustain Energy 
Plan Manag 3–16

 55. Kranzler Y, Parag Y, Davidovitch N (2019) Public health from the middle-
out: a new analytical perspective. Int J Environ Res Public Health. 
https:// doi. org/ 10. 3390/ ijerp h1624 4993

 56. Zohar T, Parag Y, Ayalon O (2020) Strategizing demand management 
from the middle out: harnessing middle actors to reduce peak electric-
ity consumption. Energy Res Soc Sci 61:101360. https:// doi. org/ 10. 
1016/j. erss. 2019. 101360

 57. Frick V, Seidl R, Stauffacher M, Moser C (2017) Promoting energy-
saving behaviour: formal social groups as promising middle actors 
for municipal interventions. Energy Effic. https:// doi. org/ 10. 1007/ 
s12053- 017- 9543-2

 58. Cauvain J, Karvonen A (2018) Social housing providers as unlikely low-
carbon innovators. Energy Build 177:394–401. https:// doi. org/ 10. 1016/j. 
enbui ld. 2018. 08. 012

 59. Owen A, Heppenstall A (2018) Making the case for simulation: unlock-
ing carbon reduction through simulation of individual ‘middle actor’ 
behaviour. Environ Plan B Urban Anal City Sci. https:// doi. org/ 10. 1177/ 
23998 08318 784597

 60. Goulden M, Spence A (2015) Caught in the middle: the role of the Facil-
ities Manager in organisational energy use. Energy Policy 85:280–287. 
https:// doi. org/ 10. 1016/j. enpol. 2015. 06. 014

 61. Parag Y, Zur S, Raz N (2017) Levels of consumers’ agency and capacity 
as predictors for electricity demand reduction in the residential sector. 
Energy Effic 10:597–611. https:// doi. org/ 10. 1007/ s12053- 016- 9471-6

 62. Parag Y, Janda K (2010) A middle-out approach to agency, capacity and 
societal change BIEE Conference, Sep 2010, Oxford. EciOxAcUk 1–13

 63. Wade F, Hitchings R, Shipworth M (2016) Understanding the missing 
middlemen of domestic heating: installers as a community of profes-
sional practice in the United Kingdom. Energy Res Soc Sci 19:39–47. 
https:// doi. org/ 10. 1016/j. erss. 2016. 05. 007

 64. Darby SJ (2020) Demand response and smart technology in theory 
and practice: customer experiences and system actors. Energy Policy 
143:111573. https:// doi. org/ 10. 1016/j. enpol. 2020. 111573

 65. Palm J, Reindl K (2018) Understanding barriers to energy-efficiency 
renovations of multifamily dwellings. Energy Effic 11:53–65. https:// doi. 
org/ 10. 1007/ s12053- 017- 9549-9

 66. The Electricity Authority (2020) Report on the State of the Electricity 
Sector | 2020

 67. UNFCCC Website National Inventory 2018—Israel. https:// unfccc. int/ 
docum ents/ 254583. Accessed 7 Nov 2021

 68. Tal A (2020) Israel Can Do Better: a 70-year report card of environmental 
underachievement. Tel Aviv Rev Books

 69. OECD (2020) Accelerating climate action in Israel: refocusing mitiga-
tion policies for the electricity, residential and transport sectors. OECD 
Publishing, Paris

 70. Shaffer B (2011) Israel—new natural gas producer in the Mediterranean. 
Energy Policy 39:5379–5387

 71. Wolfson A, Ayalon O, Tal A (2020) A Strategic analysis of national elec-
tricity generation alternatives: a perspective from the future. J Environ 
Sci Public Heal. https:// doi. org/ 10. 26502/ jesph. 96120 100

 72. Tal A (2020) Unkept Promises: Israel’s Implementation of Its Interna-
tional Climate Change Commitments Unkept Promises : Israel’s Imple-
mentation of Its International Climate Change Commitments. https:// 
doi. org/ 10. 1080/ 23739 770. 2020. 17499 65

 73. Ayalon O, Brokovich E, Yair Y, et al (2016) Opinion of the Israeli Associa-
tion of Ecology and Environmental Sciences on the Paris Agreement 
2015 for Reducing Greenhouse Gas Emissions and Preparing for 
Climate Change

 74. Bank of Israel-Research Division (2015) The use of renewable energy in 
Israel. https:// www. boi. org. il/ he/ Resea rch/ DocLi b3/5- 140. pdf

 75. Michaels L, Tal A (2015) Convergence and conflict with the ‘National 
Interest’: why Israel abandoned its climate policy. Energy Policy 
87:480–485. https:// doi. org/ 10. 1016/j. enpol. 2015. 09. 040

 76. Bank of Israel-Research Division (2017) Anthology of policy analysis and 
research issues. https:// www. boi. org. il/ he/ NewsA ndPub licat ions/ Regul 
arPub licat ions/ DocLi b3/ Recen tEcon omicD evelo pments/ devel op143h. 
pdf

 77. Gov.il -Governmental services and information website (In Hebrew). 
https:// www. gov. il/. Accessed 15 Aug 2022

 78. Alterman R, Teschner N (2019) Grounded renewable energy: land and 
planning-related barriers in Israel in comparative view. Center for Urban 
and Regional Studies, Technion

 79. Knesset Israel-Research and Information Center (2020) Renewable 
energy in Israel - background and issues for discussion. https:// fs. kness 
et. gov. il/ globa ldocs/ MMM/ e52da 85c- 7f75- e911- 80ec- 00155 d0a95 
36/2_ e52da 85c- 7f75- e911- 80ec- 00155 d0a95 36_ 11_ 16342. pdf

 80. Government decision 3859: Reform of the electricity market and struc-
tural change in the IEC. https:// www. gov. il/ he/ depar tments/ polic ies/ 
dec38 59_ 2018

 81. Gal N, Reshef B (2021) 1000 megawatts in 5 steps: Outline for accelerat-
ing the connection of renewable energy facilities to the grid

 82. Navon A, Kulbekov P, Dolev S et al (2020) Integration of distributed 
renewable energy sources in Israel: transmission congestion challenges 
and policy recommendations. Energy Policy 140:111412. https:// doi. 
org/ 10. 1016/j. enpol. 2020. 111412

 83. Ben Yosef G, Navon A, Poliak O et al (2021) Frequency stability of the 
Israeli power grid with high penetration of renewable sources and 
energy storage systems. Energy Rep 7:6148–6161. https:// doi. org/ 10. 
1016/J. EGYR. 2021. 09. 057

 84. Fortuna G, Freund-Koren S, Liebes I (2015) Renewable Energy and 
Energy Efficiency Industry in Israel: update and policy recommenda-
tions for leveraging Israeli R&D and industry. Haifa, Israel

 85. Collier D (2011) Understanding process tracing. PS Polit Sci Polit 
44:823–830. https:// doi. org/ 10. 1017/ S1049 09651 10014 29

 86. Mahoney J (2012) The logic of process tracing tests in the social sci-
ences. Sociol Methods Res 41:570–597. https:// doi. org/ 10. 1177/ 00491 
24112 437709

https://doi.org/10.1186/2192-0567-4-2/FIGURES/3
https://doi.org/10.1186/2192-0567-4-2/FIGURES/3
https://doi.org/10.1186/S13705-017-0104-5/TABLES/9
https://doi.org/10.1016/J.TECHFORE.2016.11.028
https://doi.org/10.1111/reel.12272
https://doi.org/10.1162/GLEP_a_00362
https://doi.org/10.1162/GLEP_a_00362
https://doi.org/10.1016/j.enpol.2016.10.018
https://doi.org/10.1016/j.enpol.2016.10.018
https://doi.org/10.1080/09613218.2013.743396
https://doi.org/10.1080/09613218.2013.743396
https://doi.org/10.1016/j.erss.2014.07.011
https://doi.org/10.1016/j.erss.2020.101900
https://doi.org/10.1016/j.erss.2020.101900
https://doi.org/10.1186/S13705-015-0046-8
https://doi.org/10.1186/S13705-015-0046-8
https://doi.org/10.3390/buildings4040911
https://doi.org/10.3390/ijerph16244993
https://doi.org/10.1016/j.erss.2019.101360
https://doi.org/10.1016/j.erss.2019.101360
https://doi.org/10.1007/s12053-017-9543-2
https://doi.org/10.1007/s12053-017-9543-2
https://doi.org/10.1016/j.enbuild.2018.08.012
https://doi.org/10.1016/j.enbuild.2018.08.012
https://doi.org/10.1177/2399808318784597
https://doi.org/10.1177/2399808318784597
https://doi.org/10.1016/j.enpol.2015.06.014
https://doi.org/10.1007/s12053-016-9471-6
https://doi.org/10.1016/j.erss.2016.05.007
https://doi.org/10.1016/j.enpol.2020.111573
https://doi.org/10.1007/s12053-017-9549-9
https://doi.org/10.1007/s12053-017-9549-9
https://unfccc.int/documents/254583
https://unfccc.int/documents/254583
https://doi.org/10.26502/jesph.96120100
https://doi.org/10.1080/23739770.2020.1749965
https://doi.org/10.1080/23739770.2020.1749965
https://www.boi.org.il/he/Research/DocLib3/5-140.pdf
https://doi.org/10.1016/j.enpol.2015.09.040
https://www.boi.org.il/he/NewsAndPublications/RegularPublications/DocLib3/RecentEconomicDevelopments/develop143h.pdf
https://www.boi.org.il/he/NewsAndPublications/RegularPublications/DocLib3/RecentEconomicDevelopments/develop143h.pdf
https://www.boi.org.il/he/NewsAndPublications/RegularPublications/DocLib3/RecentEconomicDevelopments/develop143h.pdf
https://www.gov.il/
https://fs.knesset.gov.il/globaldocs/MMM/e52da85c-7f75-e911-80ec-00155d0a9536/2_e52da85c-7f75-e911-80ec-00155d0a9536_11_16342.pdf
https://fs.knesset.gov.il/globaldocs/MMM/e52da85c-7f75-e911-80ec-00155d0a9536/2_e52da85c-7f75-e911-80ec-00155d0a9536_11_16342.pdf
https://fs.knesset.gov.il/globaldocs/MMM/e52da85c-7f75-e911-80ec-00155d0a9536/2_e52da85c-7f75-e911-80ec-00155d0a9536_11_16342.pdf
https://www.gov.il/he/departments/policies/dec3859_2018
https://www.gov.il/he/departments/policies/dec3859_2018
https://doi.org/10.1016/j.enpol.2020.111412
https://doi.org/10.1016/j.enpol.2020.111412
https://doi.org/10.1016/J.EGYR.2021.09.057
https://doi.org/10.1016/J.EGYR.2021.09.057
https://doi.org/10.1017/S1049096511001429
https://doi.org/10.1177/0049124112437709
https://doi.org/10.1177/0049124112437709


Page 15 of 15Zohar et al. Energy, Sustainability and Society           (2022) 12:37  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 87. Beach D (2016) It’s all about mechanisms what process-tracing case 
studies should be tracing. New Polit Econ 21:463–472. https:// doi. org/ 
10. 1080/ 13563 467. 2015. 11344 66

 88. Ricks JI, Liu AH (2018) Process-tracing research designs: a practical 
guide. PS Polit Sci Polit. https:// doi. org/ 10. 1017/ S1049 09651 80009 75

 89. Trampusch C, Palier B (2016) Between X and Y: how process tracing 
contributes to opening the black box of causality. New Polit Econ. 
https:// doi. org/ 10. 1080/ 13563 467. 2015. 11344 65

 90. Bennett A, Elman C (2007) Case study methods in the international rela-
tions subfield. Comp Polit Stud. https:// doi. org/ 10. 1177/ 00104 14006 
296346

 91. Robas I (2008) Regulatory barriers for adopting renewable energy in 
Israel 

 92. Avelino F, Wittmayer JM, Pel B et al (2019) Transformative social innova-
tion and (dis)empowerment. Technol Forecast Soc Change 145:195–
206. https:// doi. org/ 10. 1016/J. TECHF ORE. 2017. 05. 002

 93. Araújo R, Franco M (2021) The use of collaboration networks in 
search of eco-innovation: a systematic literature review. J Clean Prod 
314:127975. https:// doi. org/ 10. 1016/J. JCLEP RO. 2021. 127975

 94. Surie G (2017) Creating the innovation ecosystem for renewable energy 
via social entrepreneurship: insights from India. Technol Forecast Soc 
Change 121:184–195. https:// doi. org/ 10. 1016/J. TECHF ORE. 2017. 03. 006

 95. Torfing J (2019) Collaborative innovation in the public sector: the argu-
ment. Public Manag Rev 21:1–11. https:// doi. org/ 10. 1080/ 14719 037. 
2018. 14302 48

 96. Mollah MB, Zhao J, Niyato D et al (2021) Blockchain for future smart 
grid: a comprehensive survey. IEEE Internet Things J 8:18–43

 97. Cao J, Yang M (2013) Energy Internet—towards Smart Grid 2.0. In: 
2013 Fourth International Conference on Networking and Distributed 
Computing. IEEE, pp 105–110

 98. Ponce-Jara MA, Ruiz E, Gil R et al (2017) Smart Grid: assessment of 
the past and present in developed and developing countries. Energy 
Strateg Rev 18:38–52. https:// doi. org/ 10. 1016/J. ESR. 2017. 09. 011

 99. Shefer I (2020) German and Israeli Cities at the Intersection of Tech 
Innovation and Decarbonization: Trends and Challenges. Policy Pap Ser 
“Decarbonization Strateg Ger Isr Potsdam/Tel Aviv Inst Adv Sustain Stud 
(IASS), Isr Public Policy Inst (IPPI), Heinrich-Böll-Stiftung Tel Aviv. https:// 
doi. org/ 10. 2312/ iass. 2020. 042

 100. Lombardi M, Lopolito A, Andriano AM et al (2020) Network impact of 
social innovation initiatives in marginalised rural communities. Soc 
Networks 63:11–20. https:// doi. org/ 10. 1016/J. SOCNET. 2020. 04. 001

 101. Renewable energy directive. https:// energy. ec. europa. eu/ topics/ renew 
able- energy/ renew able- energy- direc tive- targe ts- and- rules/ renew able- 
energy- direc tive_ en. Accessed 30 May 2022

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/13563467.2015.1134466
https://doi.org/10.1080/13563467.2015.1134466
https://doi.org/10.1017/S1049096518000975
https://doi.org/10.1080/13563467.2015.1134465
https://doi.org/10.1177/0010414006296346
https://doi.org/10.1177/0010414006296346
https://doi.org/10.1016/J.TECHFORE.2017.05.002
https://doi.org/10.1016/J.JCLEPRO.2021.127975
https://doi.org/10.1016/J.TECHFORE.2017.03.006
https://doi.org/10.1080/14719037.2018.1430248
https://doi.org/10.1080/14719037.2018.1430248
https://doi.org/10.1016/J.ESR.2017.09.011
https://doi.org/10.2312/iass.2020.042
https://doi.org/10.2312/iass.2020.042
https://doi.org/10.1016/J.SOCNET.2020.04.001
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-directive_en
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-directive_en
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-directive_en

	Weaving an innovation network from the middle-out: the case of the renewable energy ecosystem
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	The middle-out perspective
	Israel’s renewable energy status: unambitious targets and lagging implementation

	Methods
	Data collection
	Data analysis

	Results
	In the middle: the ‘Eilat-Eilot Renewable Energy’ initiative
	Push and pull forces, the formation of an actor-network and the RE innovation ecosystem

	Discussion
	Conclusions
	Acknowledgements
	References


