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Institutions in the United States are undergoing modifications that present direct challenges for the
environment and society and may result in institutional uncertainty and instability. This article explores
whether innovation intermediaries can be employed as a key component of a strategy to create a
window of opportunity for green job creation, infrastructure changes, and technological innovation in
response to these types of institutional modifications. Based on a systematic literature review, this article
outlines a framework that combines institutional modifications with technological innovation and
infrastructure development as part of an economic development strategy. Important findings are that
connections between innovation intermediaries, such as incubator and accelerator centers, niche actors,
such as green champions, and regime actors, such as policy entrepreneurs, show potential to contribute
to a green economic development strategy but require further examination for the specific roles played
by policy entrepreneurs to help create the conditions for scaling niche experiments and simultaneously
disrupting the regime. The key contribution is in defining the role of sustainability-oriented innovation
intermediaries at linking local, state and business actions in order to scale-up and influence green
economic development in a politically feasible manner during times of institutional uncertainty and
instability.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Intermediaries within sustainability transitions

Green innovation is the central tenet of sustainability transitions
theory and practice; the process of green innovation and the
diffusion of green technologies creates jobs and economic devel-
opment benefits. For more than two decades, sustainability tran-
sitions theorists and practitioners have been developing a
framework called the multi-level perspective (MLP) that outlines
pathways for using innovation to change the infrastructure and
institutions of society (Loorbach et al., 2017). The MLP focuses on
innovation and development strategies that help to transform the
cultural, institutional, social, political, market, industry, infra-
structure, technology, and science ‘subsystems of society’ that are
locked-in and characterize the dominant socio-technical regime
(Smith et al., 2010). Transitions are often based on the negotiation
of different stakeholders within a policy arena (Loorbach and
Rotmans, 2010). In this way, change in socio-technical systems is
dependent on functions performed by actors at various points in
time.

The MLP “distinguishes between three analytical levels with
increasing temporal stability: niche (flexible and fluid), regime
(semi-stable) and landscape (slow societal processes that provide
the context for regime stability or change)” (Fischer and Newig,
2016, p. 3). Kivimaa and Kern (2016) explain that “transitions
come about through interactions between … landscape (macro-
economic and macro-political trends, significant environmental
changes, demographic trends, etc.), regime (the deep structure of
the socio-technical system involving alignment between tech-
nologies, infrastructure, institutions, practices, behavioral pat-
terns, markets, industry structures, etc.), and niches (spaces
where various technical, social and organizational innovations
are created and tested” (p. 206). The challenge is to capitalize on
external pressures during windows of opportunity to allow
niche experiments to scale-up and change the regime
(Wittmayer et al., 2017). According to Fischer and Newig (2016),
the key capitalizers are the niche and regime actors, and
intermediaries:

� Niche actors “focus on knowledge development and diffusion,
articulation of visions, entrepreneurial activities, market for-
mation, guidance of search activities, mobilization of resources,
creation of legitimacy, and overcoming of resistance to change”
(p. 13).

� Regime actors are “supporters of transition by forming powerful
coalitions to push through a reform agenda that fits incumbent
regimes interest, or opponents of transition by downplaying the
need for transformation” (p. 13).

� Intermediaries are defined by the roles that they play, including
“providing and distributing necessary information, services,
mediation, connecting niche-level activities with regime-level
institutions, and diffusing new technologies and practices
through the regional level” (p. 14).

Critiques of the MLP include that it is a ‘post-political’ economic
model that does not incorporate political or democratic processes,
but rather, brings selected actors together to build consensus on a
long-term strategic plan as part of a transition arena (Kenis et al.,
2016). Furthermore, the MLP does not make power, conflict and
decision-making ‘visible and contestable’ as it treats the political
landscape as neutral, and it does not incorporate citizens except as
consumers (Kenis et al., 2016). This paper outlines how, precisely
because it is post-political, the MLP is advantageous and offers di-
rection to local and regional actors in creating green economic
development as a politically feasible strategy during times of
institutional uncertainty.
Although innovation intermediaries can operate with support
from the federal government (Kivimaa, 2014), during times of po-
litical and institutional uncertainty, a key advantage of innovation
intermediaries is that they can be established by local or state level
governments or the private sector to operate independent of the
federal government. Innovation intermediaries can be developed as
public, private, or non-profit organizations (McCauley and
Stephens, 2012), sometimes involving support from universities
(Hayter and Link, 2015; Kivimaa et al., 2017a), and can become the
center of triple helix innovation systems (Barrie et al., 2017).
Incubator and accelerator centers acting as innovation in-
termediaries (Blankenship et al., 2009; Ceschin, 2014; Hayter and
Link, 2015) often form the core of university research parks,
proof-of-concept centers, regional clusters, and municipal eco-
nomic development strategies. Incubator and accelerator centers
lead to thousands of direct and indirect jobs, and hundreds of
millions of dollars of local economic impacts (New York Incubator,
2016).

Innovation intermediaries can contribute directly to green
entrepreneurship (Gast et al., 2017), and indirectly to other green
jobs strategies focusing on attracting (Bowen et al., 2013), retaining
(Abdelkafi and T€auscher, 2016), and expanding (Inglesi-Lotz, 2016)
firms in dominant industries that help scale-up niche experiments
as part of sustainability transitions. This includes coordinating in-
teractions and collaborations between business (Maas et al., 2016),
municipal (Fenton et al., 2015) and state (Ray and Grannis, 2015)
leaders focused on developing sustainability solutions as part of
green economic development strategies when the federal govern-
ment withdraws support from programs related to sustainability
and innovation.
1.1. Innovation intermediaries contribute to green economic
development in the United States

Evidence suggests that during the final years of the Obama
administration, the United States was undergoing a sustainability
transition with significant reductions in GHG emissions occurring
simultaneously to positive economic growth rates (Obama, 2017).
The sustainability transition was led by federal policy changes,
which helped create millions of green jobs (BLS, 2012). More than
2.5 million Americans work in the clean tech sub-segment of green
jobs (Ecotech Institute, 2016), which are part of a broader 4.5
million sustainability jobs that the Environmental Defense Fund
estimates exist in the United States (Gessesse et al., 2017). Many
sustainability jobs were created in part by innovation in-
termediaries within green clusters, which specialize in water
technology innovation (Milwaukee), energy services and wind
(Albany), battery technology, green architecture and construction
services (Atlanta), electric vehicle technology (Kansas City), energy
efficient products, fuel cells and solar PV (San Jose), and air and
water purification technology, solar PV and solar thermal (Phoenix)
(Muro et al., 2011).

Important outcomes of green economic development include
breaking the ceiling on green jobs in rural America (Greene and
Geisken, 2013; Pender et al., 2014), replicating eco-zones and pol-
icy transformations like in Portland, Oregon (Allen and Potiowsky,
2008), returning manufacturing to the rust belt like the SolarCity
1-GW Solar Factory in Buffalo, NY (Mullaney, 2015), and trans-
forming the automotive (Penna and Geels, 2015; Wesseling et al.,
2015) and aircraft industries (Slayton and Spinardi, 2016) to more
sustainable performance. Many studies demonstrate the socio-
economic benefits of green jobs in the United States (Elliott and
Lindley, 2017; Hess and Mai, 2015; Wei et al., 2010; Yi, 2014), and
various metrics show the contribution to green economic



Table 1
Literature Review Framework: # of Articles and h-index value for each Boolean Keyword Combination.

Primary Keywords Secondary Keywords Tertiary Keywords

Incubator Accelerator Entrepreneur Champion Policy
Entrepreneur

Transition Niche Regime United
States

Innovation
Intermediary
956; h ¼ 47

Sustainability 343; h ¼ 32 59;
h ¼ 10

28; h ¼ 5 90; h ¼ 11 33; h ¼ 5 2; h ¼ 1 158; h ¼ 24 91; h ¼ 14 65; h ¼ 13 97; h ¼ 12

Environmental Sustainability 38;
h ¼ 7

10; h ¼ 4 8; h ¼ 4 10; h ¼ 3 5; h ¼ 4 0; h ¼ 0 23; h ¼ 5 12; h ¼ 4 13; h ¼ 5 14; h ¼ 5

Economic Development 333;
h ¼ 30

74;
h ¼ 12

27; h ¼ 6 102; h ¼ 12 23; h ¼ 7 1; h ¼ 0 153; h ¼ 19 71; h ¼ 11 72; h ¼ 7 126; h ¼ 14

Socio-technical 85; h ¼ 14 8; h ¼ 2 5; h ¼ 1 19; h ¼ 5 6; h ¼ 1 1; h ¼ 1 56; h ¼ 12 39; h ¼ 8 27; h ¼ 6 15; h ¼ 3
Sustainability AND Economic
Development 139; h ¼ 18

36; h ¼ 8 16; h ¼ 3 52; h ¼ 7 14; h ¼ 5 1; h ¼ 0 78; h ¼ 12 49; h ¼ 9 33; h ¼ 5 64; h ¼ 9

Sustainability AND
Socio-technical 54; h ¼ 9

6; h ¼ 2 5; h ¼ 1 12; h ¼ 2 5; h ¼ 1 1; h ¼ 1 44; h ¼ 8 33; h ¼ 7 24; h ¼ 5 12; h ¼ 3

Environmental Sustainability AND
Economic Development 16; h ¼ 4

3; h ¼ 1 3; h ¼ 1 6; h ¼ 3 2; h ¼ 2 0; h ¼ 0 10; h ¼ 3 7; h ¼ 2 7; h ¼ 2 9; h ¼ 4

Environmental Sustainability AND
Socio-technical 11; h ¼ 2

1; h ¼ 0 3; h ¼ 1 2; h ¼ 0 0; h ¼ 0 0; h ¼ 0 9; h ¼ 2 7; h ¼ 2 6; h ¼ 2 2; h ¼ 0

Economic Development AND
Socio-technical 29; h ¼ 6

3; h ¼ 2 3; h ¼ 1 5; h ¼ 2 1; h ¼ 0 0; h ¼ 0 20; h ¼ 4 17; h ¼ 4 11; h ¼ 2 8; h ¼ 2

Note: searches conducted June 24, 2017 include all publications available to that date. This table includes duplicates to reflect the comprehensive keyword combinations. For
example, “innovation intermediary” AND “sustainability” leads to 343 publications, which also includes all 139 “innovation intermediary” AND “sustainability” AND “eco-
nomic development” publications. Additionally, the tertiary searches contain overlaps to the extent that a publication containsmultiple tertiary keywords. For example, the 20
publications that contain “innovation intermediary” AND “economic development” AND “socio-technical” AND “transition” overlap with other tertiary keyword search
categories e.g. niche, regime. The duplicates were removed during the analysis process.
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development (Chapple et al., 2011; Garrett-Peltier, 2017; Soor-
iyaarachchi et al., 2015).

The election of President Trump in 2016 initiated processes to
weaken federal regulations and programs that had supported the
sustainability transition and green economic development. Rapid
policy changes at the federal-level, such as reducing the budget of
the Environmental Protection Agency (EPA), and executive orders
to remove regulations on the coal industry, highlight how institu-
tional uncertainty can threaten to interrupt sustainability transi-
tions. This type of instability can also disrupt sustainability
transitions in other jurisdictions. For example, between 2006 and
2015, the Conservative government in Canada steadily removed
federal-level policies and institutions that supported sustainability,
leaving provinces and municipalities to lead the way on climate
change, sustainability and environmental protection. Therefore, it is
important to explore how the MLP can be adapted with the in-
clusion of innovation intermediaries to create opportunities for
green economic development in the context of uncertain political
and institutional environments.

Understanding how to simultaneously scale-up niche experi-
ments and weaken or alter subsystems of the regime is vital for
accelerating sustainability transitions (Grin et al., 2010). It is
therefore important to learn more about the roles of actors, like
intermediaries, that connect individuals to societal structures in
multi-level sustainability transitions (Wittmayer et al., 2017).
Research on innovation intermediaries is critically needed to help
address gaps in understanding how actors in the MLP can collab-
orate to protect niches, scale-up niche experiments, and act as
change agents within the subsystems of the regime (Smith et al.,
2010). This paper seeks to examine how innovation in-
termediaries interact with other important actors identified by the
MLP, the niche actors and regime actors, to contribute to a sus-
tainability transition.
2. Method: A systematic review on innovation intermediaries
in sustainability transitions

This paper employs a systematic literature review as a method
to better understand how innovation intermediaries can interact
with niche actors (e.g., green entrepreneurs and champions) and
regime actors (e.g., policy entrepreneurs) to contribute to green
economic development during times of political and institutional
uncertainty. In particular, this paper assesses the extent to which
niche actors, regime actors, and innovation intermediaries can link
local, state and business actions at the niche level, while scaling-up
experiments and encouraging cross-level interactions to influence
change from the niche to the regime. The systematic literature re-
view followed a similar process to those outlined in Boehm and
Thomas (2013) and Gast et al. (2017), and was conducted to
search for academic publications (papers, articles and books) that
focus on innovation intermediaries in relation to sustainability
transitions and green economic development. Themethod outlined
by Boehm and Thomas (2013) framed the systematic literature
review based on three types of questions: “review protocol: what is
the research question and scope?; search strategy: how to identify
relevant literature?; documentation and analysis: what can we
learn from a rigorous analysis of the literature?” (p. 247). Therefore,
the following research question was formulated to guide the re-
view: what is the state of knowledge about how innovation in-
termediaries can contribute to green economic development as part of
sustainability transitions, particularly during a time of political and
institutional uncertainty? To focus the research and provide further
clarity, three research objectives have been defined: 1) to under-
stand how innovation intermediaries can be sustainability-oriented
in theory and practice; 2) to examine how niche and regime actors
and intermediaries contribute to cross-level interactions between
niche experiments and regime subsystems; and 3) to clarify
whether these intermediaries have been studied in the United
States, which is currently experiencing political and institutional
uncertainty.

The Google Scholar searches were conducted using Publish or
Perish academic software (Harzing, 2007), which allows for the
calculation of the h-index for each group of publications. The h-
index is a combined measure of the number of publications (pro-
ductivity) and the number of citations that each group of articles
received (impact). Google Scholar was chosen because it includes



1 Gasc�o (2017) and Mohalajeng and Kroon (2016), for example, contained “sus-
tainability” but in reference to sustaining the intermediary operations and innovation
as a measure of business sustainability and was removed.

2 For example, Van Heyningen (2016) mentioned “United States” once in a
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up to four times more publications and between 4.5 and 14 times
more citations in the social sciences and humanities as either the
Web of Science or Scopus (Harzing and Alakangas, 2016). The
aforementioned study also found that Google Scholar includes
additional books and articles that are not available in Web of Sci-
ence or Scopus (Harzing and Alakangas, 2016). To test this, the
keywords “innovation intermediary” and “environmental sustain-
ability”were entered intoWeb of Science and six publications were
returned, far less than Google Scholar; only one was relevant, and it
was previously identified in the Google Scholar search.

A series of Boolean keyword combination searches within
Google Scholar was used to first quantify the innovation interme-
diary literature related to sustainability, environmental sustain-
ability, economic development, and socio-technical systems
(Table 1), and second to narrow down the number of publications
directly related to innovation intermediaries that focus on
encouraging environmental sustainability transitions (Table 2).
When looking at Table 1, the first two columns reflect primary and
secondary search terms/phrases. The remaining columns represent
tertiary search terms/phrases that were added to the primary and
secondary search terms/phrases in order to capture innovation
intermediary articles focused on niche and regime actors and sus-
tainability transitions. The tertiary keywords include incubator,
accelerator, United States, transition, niche, regime, champion, and
policy entrepreneur. For example, combining “innovation inter-
mediary” AND “socio-technical” AND “environmental sustainabil-
ity” AND “transition” provided nine publications. Alternatively,
combining “innovation intermediary” AND “economic develop-
ment” AND “environmental sustainability” AND “regime” yielded
seven publications.

The broader coverage of Google Scholar (Harzing and Alakangas,
2016) meant that additional refining was required to remove un-
related and unimportant search results. This involved removing
duplicates, excluding publications that mentioned the secondary
and tertiary keywords only in the reference lists, excluding non-
English publications, and reading each publication to evaluate the
extent that it focused on sustainability transitions and green
technology innovation. Finally, publications were excluded that did
not help to answer the research question, and in particular, did not
focus on any of 1) sustainability-oriented innovation intermediary
roles, including those that integrate sustainability principles or
goals into their operations, 2) niche to regime functions of in-
termediaries, or 3) regime to niche functions of intermediaries.

Limitations of Google Scholar discussed by Sassmannshausen
and Volkmann (2016) were found in this study. For example, the
number of “innovation intermediary” publications that are directly
relevant to our searches on environmental sustainability transi-
tions and green technology innovation in the United States is less
than what Google Scholar returns. The number of publications that
contained the keyword combinations displayed in Table 1 signifi-
cantly oversampled the actual number of publications and one
reason is the propensity for results from reference lists. Of the 38
publications that contained “innovation intermediary” and “envi-
ronmental sustainability”, only seven included both terms in the
text, abstract or title, and focused directly on innovation in-
termediaries that aimed to foster sustainability transitions. The
remainder were either duplicates (e.g., working papers by the same
author as a journal article), were focused on agriculture in devel-
oping countries, contained only an indirect mention of environ-
mental sustainability in the literature review, or were theses or
dissertations that did not focus directly on innovation in-
termediaries or environmental sustainability. Two results were in
books of abstracts that included “innovation intermediary” in one
abstract and “environmental sustainability” in another.
3. Results

Between January 1, 1996 and June 24, 2017, 956 papers, articles
or books in Google Scholar contained the exact phrase “innovation
intermediary” (Table 1). Of these, 36 percent (343 with an h-index
of 32) also contained “sustainability” and were therefore selected
for analysis to understand the state of the literature about
sustainability-oriented innovation intermediaries. After reviewing
the 343 sustainability publications, many focused on financial
sustainability of the intermediaries rather than on the environ-
mental sustainability performance of the intermediary or the green
innovations created with the help of the intermediary, and these
and other similar publications were excluded from the analysis.1

Therefore, the main finding related to the first research objective
is that only a small proportion of the literature about innovation
intermediaries is about sustainability-oriented innovation in-
termediaries. Another finding related to the third research objec-
tive, and shown in Table 1, was that few studies about innovation
intermediaries focused on environmental sustainability in the
United States, confirming a previous result in Kanda et al. (2014).

Related to the second research objective, it was found that few
of the studies that examine how innovation intermediaries interact
with niche actors (e.g., champions, entrepreneurs) and regime ac-
tors (e.g., policy entrepreneurs) to help create cross-level change
(niche to regime and regime to niche) also incorporated concepts of
environmental sustainability. The frequency of publications con-
taining the phrase “innovation intermediary” peaked at 137 in 2013
(Fig. 1), and a small number focus on key niche and regime actors
(e.g., champions and incubators). Two articles were found that
contained both “innovation intermediary” and “policy entrepre-
neur” (Kivisaari et al., 2009; Wang and Wang, 2016), although
further analysis revealed that neither directly related to sustain-
ability. While 333 studies focus on innovation intermediaries
within the standard economic development literature (Table 1),
only a few recent studies have incorporated considerations for
environmental sustainability (Fig. 2). For example, only 10 inno-
vation intermediary publications contained “environmental sus-
tainability” and “entrepreneur”, compared to 102 that contained
“economic development” and “entrepreneur” (Table 1).

It was found that there is a clear separation in the literature
between studies that focus on socio-technical systems change (as
related to “sustainability”), and those that focus on innovation (as
related to “economic development”) (Table 1). Less than one
percent (16) of the 956 “innovation intermediary” publications
contained both “economic development” and “environmental
sustainability”. Searching for “innovation intermediary” AND
“socio-technical” AND “economic development” AND “incubator”
found three publications. The combination of “innovation inter-
mediary” AND “environmental sustainability” AND “transition”
found 23 publications. Regarding the third research objective, less
than 20 percent of the 85 “innovation intermediary” publications
with the term “socio-technical” also contained the phrase “United
States”, but most of these were only in the reference lists or indi-
rectly mentioning the United States.2 Despite 97 publications
containing the keyword combinations “innovation intermediary”
AND “sustainability” AND “United States” (14 that contained
“environmental sustainability”), none directly related to innovation
intermediaries aiming to accelerate sustainability transitions in the
passing reference to Silicon Valley in the literature review.



Table 2
Innovation intermediary studies that focus on sustainability transitions and cross-level interactions.

Authors Country Secondary Keywords
Contained

Tertiary Keywords
Contained

Niche to
Regime
Functions

Regime to
Niche
Functions

Integrating
Sustainability
Principles/Goals

Sustainability-Oriented Innovation Intermediary Roles from Each Study

McCauley and Stephens
(2012)

United States Socio-technical;
sustainability; economic
development

Transition; niche;
regime

Yes Yes Yes � Intermediary created specifically to support a sustainability transition (e.g., an energy and
economic transition)

� Created green jobs, increased energy efficiency and renewable energy, reduced emissions
� Supported sustainability transitions research
� Helped integrate actors from niche (entrepreneurs, university leadership) and regime

(state and city government)
� Helped brand city as a sustainability leader to attract sustainability-oriented investments,

businesses, human capital
Klewitz et al. (2012) Germany Sustainability Niche;

entrepreneur
Yes Yes Yes � Assisted SMEs in sustainability innovation focusing on ‘ecoprofit’ (a combination of

economic and environmental performance)
� Helped SMEs locate/use external knowledge, and develop internal resources (e.g., time,

financial, human) for sustainability innovation
Abbate and Coppolino

(2012)
Open Innovation Sustainability none Yes Yes � Encouraged companies to follow the triple-bottom-line

� Required sustainability criteria/performance of tenants
Klerkx and Aarts (2013) the Netherlands,

China
Sustainability Champion;

entrepreneur
Yes Yes � Acted as champions facilitating connections beyond the firm's network

� Connected innovation processes to value chains and policy-making arenas
Kivimaa (2014) Finland Socio-technical;

environmental
sustainability;
sustainability

Entrepreneur;
niche; regime

Yes Yes Yes � Encouraged strategy development, business investment, job creation
� Communicated pathways for technology and sustainability
� Built social networks by gatekeeping/aligning interests
� Managed financial and human capital
� Developed learning processes with knowledge gathering, processing, generation
� Carried out policy/regime renewal functions
� Helped cities use emission targets

Hannon et al. (2014) United Kingdom Sustainability Transition; niche;
entrepreneur

Yes Yes � Facilitated energy innovation
� Helped with research/training/knowledge transfer
� Carried out innovation management to help policy makers/researchers understand

energy R&D
� Coordinated capacity building with PhD programs in energy transitions
� Built networks for international researchers
� Developed strategic partnerships between industry and universities
� An overarching intermediary (the Low Carbon Innovation Coordination Group)

coordinated other intermediaries
Kanda et al. (2014) Sweden Environmental

sustainability;
sustainability

Entrepreneur;
transition

Yes Yes � A public support incubator developed clean tech cluster
� Provided networking/bridging functions, and financing mechanisms
� Engaged external actors with expertise in environmental impact assessment and eco-

design to incorporate sustainability into energy innovation
Küçüksayraç et al.

(2015)
The Netherlands,
The United
Kingdom, Turkey

Sustainability Incubator;
entrepreneur

Yes Yes � Offered workshops, consultancies, conferences, incubation programs, government and
international projects

� Supported financing, networking, awareness raising, technology/knowledge transfer,
innovation management

� Sustainability driven by proactive individuals within intermediaries, company policies,
company needs

� Worked to reach companies with a sustainability message
� Integrated social impact, allowed reassessments during the support process, adapted

existing tools to specific needs of companies
� A new type of intermediary focused on radical innovation in sustainability

Kanda et al. (2015) Sweden, Germany Environmental
sustainability;
sustainability

Incubator;
entrepreneur;
transition; niche;
regime

Yes Yes � Helped forecasting and road mapping, information gathering/disseminating about green
tech innovation

� Helped firms prototype/test/commercialize green tech
� Used networks, partnerships and meeting arenas to encourage innovation
� Mobilized resources (e.g., technical competence, human and financial capital)
� Branded the green tech sector
� Collaborated to promote learning and competence sharing
� Supported green innovations in technology, service, product, process

(continued on next page)
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Table 2 (continued )

Authors Country Secondary Keywords
Contained

Tertiary Keywords
Contained

Niche to
Regime
Functions

Regime to
Niche
Functions

Integrating
Sustainability
Principles/Goals

Sustainability-Oriented Innovation Intermediary Roles from Each Study

Mattes et al. (2015) Germany Socio-technical;
sustainability

Transition; niche;
regime

Yes Yes � A new intermediary subsystem added to MLP aimed at encouraging innovation and
transitions

� Intermediary subsystem included labor unions, chambers of commerce, network
connectors, and enabling organizations, which acted as key connectors between the
other subsystems to accelerate niche experiments and regime changes

Bank and Kanda (2016) Germany, Finland,
Sweden

Sustainability Incubator;
accelerator;
entrepreneur;
niche

Yes Yes � Selected tenants by requiring sustainability focus areas (e.g., sustainable IT, green
building, solar and wind energy, energy storage, energy efficiency, smart grid)

� Sustainability support needed for a start-up idea found in the team or recruited from
outside

Polzin et al. (2016) Germany Sustainability Entrepreneur;
transition; niche

Yes Yes � Helped overcome financial, regulatory, cooperative, and technological barriers to eco-
innovation

� Direct techniques for overcoming financial barriers included connecting entrepreneurs to
financial mechanisms (e.g., subsidies, grants, tax credits, angel investors, venture
capitalists)

� Indirect techniques for overcoming financial barriers included changing the finance
environment by supporting science, technology, innovation policy, developing strategic
research partnerships, mobilizing private finance from banks

� Helped address financial barriers related to capital intensity, scalability, infrastructure,
lock-ins, regulatory risk, policy coordination failures

� Translated/mediated between market and non-market actors to support market creation
McLennan et al. (2016) Australia Environmental

sustainability
Champion;
entrepreneur

Yes � Central and guiding organizations within green clusters
� Enabled innovation networks
� Transferred knowledge between different clusters
� Built credibility and trust in sustainability for clusters
� Institutional gatekeepers

Nolden et al. (2016) United Kingdom Sustainability none Yes Yes � Lowered transaction costs for and drove innovation of energy services
� Policies were needed to support intermediaries for radical innovation
� Reduced risk for clients and acted as gatekeepers/enablers of market opportunities in

priority sectors
Agogu�e et al. (2017) France Sustainability;

environmental
sustainability

Incubator;
accelerator;
champion;
entrepreneur

Yes � Connected actors, mobilized joint innovation, solved conflicts of interest, stimulated
innovation

� Developed capacity for a network for collective innovation
� Addressed conflict in a creative way to use it as a resource to leverage exploration

Kivimaa et al. (2017a) Finland Environmental
sustainability;
sustainability; economic
development

Entrepreneur;
transition; niche

Yes Yes � Integrated sustainability into innovation support functions
� Co-created and engrained sustainability principles into business plans
� Required a portion of the project deliver sustainability benefits
� Incorporated environmental management and reporting from the intermediary and its

occupants
� Used life cycle analysis or other sustainability metrics to evaluate projects and proposals

Bush et al. (2017) United Kingdom Socio-technical;
sustainability

Transition; niche;
regime

Yes Yes � Supported niche empowering processes
� Facilitated restructuring of incumbent institutional frameworks, which can then influence

transition opportunities
Matschoss and

Heiskanen (2017)
Finland Socio-technical;

sustainability; economic
development

Transition; niche;
regime

Yes � Contributed to climate experiments: aggregated lessons and knowledge from multiple
sites; introduced new practices to shift away from existing practices; influenced
changes beyond the experiments

Antikainen et al. (2017) Finland Sustainability;
environmental
sustainability; socio-
technical

Transition; niche;
regime;
entrepreneur

Yes Yes � Sustainability experiments co-funded by intermediary and municipalities, companies and
research organizations

� National intermediary promoted innovation, provided funding for companies
� International intermediary funded sustainability experiments
� Measured sustainability performance of experiments, as well as their effect on technology

improvement, behavioral change and system change
Barrie et al. (2017) Scotland Socio-technical;

sustainability
Transition; niche;
regime; champion

Yes � Provided protective spaces for transitioning to a circular economy
� Identified synergies between innovation systems, intermediaries, and strategic niche

management
� Intermediaries at center of triple helix (government, industry, university) may be more

effective at creating and scaling radical innovations
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United States, and only one publication added from an additional
search examined a sustainability transitions intermediary in the
United States (McCauley and Stephens, 2012).

The twenty publications that were selected for analysis in
Table 2 include thirteen publications that contain the phrase
“innovation intermediary” (Abbate and Coppolino, 2012; Agogu�e
et al., 2017; Antikainen et al., 2017; Barrie et al., 2017; Hannon
et al., 2014; Kanda et al., 2015; Kivimaa, 2014; Kivimaa et al.,
2017a; Klerkx and Aarts, 2013; Klewitz et al., 2012; Matschoss
and Heiskanen, 2017; McLennan et al., 2016; Polzin et al., 2016)
and seven that did not contain the exact phrase “innovation
intermediary”, but were found by searching for “intermediaries”
that relate to “sustainability” (Bank and Kanda, 2016; Bush et al.,
2017; Kanda et al., 2014; Küçüksayraç et al., 2015; Mattes et al.,
2015; McCauley and Stephens, 2012; Nolden et al., 2016). The
remainder of the results and discussion focus largely on the articles
presented in Table 2.
3.1. Innovation intermediaries support green innovation and
economic development

The sustainability-oriented innovation intermediaries that focus
on green innovation can be defined as “organizations that assist
firms in the eco-innovation process by providing external impulse,
motivation, advice and other specific support often by acting as an
agent or broker between two or more parties” (Kanda et al., 2015, p
3). The systematic literature review revealed several pathways by
which innovation intermediaries can encourage sustainability.
Based on Kilelu et al. (2011), Hannon et al. (2014) identified a set of
key functions of energy innovation intermediaries in the United
Kingdom. The functions included demand articulation (scanning for
information/opportunities, foresight through strategic planning,
diagnosis through needs/knowledge gap assessment), network
building (gate keeping through filtering/selecting collaborators,
Fig. 1. Innovation Intermediary Literature Search (<December 31, 2016). Note: An additional
included in Table 1.
match making through forming partnerships/market connections),
capacity building (organizational development through incubation/
support services, training and competence building through man-
agement/technical skills/certifications), innovation process man-
agement (mediating and arbitrating), knowledge brokering
(matching knowledge demand and supply), and institutional sup-
port (boundary work between science and practice, institutional
change through advocacy, regulation change, and attitudes/prac-
tices change). In the context of sustainability-oriented innovation
intermediaries, one or more actors within the intermediary would
focus on incorporating sustainability principles into these functions
in order to encourage and support the creation of businesses and
technologies that can act as niche experiments and/or change the
regime subsystems.

There are other pathways by which intermediaries can
encourage sustainability. For example, some incubators influenced
sustainability via the landlord-tenant relationship by requiring
tenants to demonstrate specific climate adaptation or mitigation
performance, as well as broader environmental, social, economic
and governance criteria (Abbate and Coppolino, 2012). In other
cases, incubators required prospective tenants to fulfill sustain-
ability focus areas (e.g., sustainable IT, green building, solar and
wind energy, energy storage, energy efficiency, smart grid) (Bank
and Kanda, 2016). Bank and Kanda (2016) case studies in Ger-
many, Finland and Sweden outlined the process by which in-
cubators can influence sustainability entrepreneurship through the
mechanism of tenant selection by requiring prospective tenants to
incorporate sustainability metrics into business plans and goals.
Bank and Kanda (2016) found that some incubators did not fill
enough spots and needed to weaken the sustainability criteria to
attract more tenants, while other incubators had more applicants
than spots and therefore could be more selective regarding the
merits of the sustainability ideas. The challenge for incubators
attempting to contribute to sustainability is how to gradually
57 “innovation intermediary” publications during the first six months of 2017 were also
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influence the incorporation of sustainability principles into the
non-sustainability tenant's business plans as they move from
incubator to accelerator and eventually graduate to their own office
space and growth model.

Kivimaa et al. (2017a) found that a university innovation inter-
mediary incubator in Finland did not ‘operationally integrate sus-
tainability’ into the intermediation process. Rather, entrepreneurs
creating and scaling businesses within that incubator incorporated
sustainability on an individual basis. Recommendations for co-
creating sustainability with the help of university intermediaries
included having a sustainability expert, coordinator, or team to
work with the intermediary and its entrepreneurs to ingrain sus-
tainability principles into projects and business plans, using sus-
tainability objectives for the intermediary like requiring a portion
of the projects deliver sustainability benefits, requiring environ-
mental management and reporting to the university from the
incubator and its occupants, and using lifecycle analysis or other
sustainability metrics to evaluate projects and proposals.

The literature findings indicate that few studies focus directly on
sustainability-oriented innovation and intermediaries in the United
States. One exception is McCauley and Stephens (2012), which
examined the green energy transition in central Massachusetts.
Worcester, a city that was impacted by regional economic chal-
lenges, a reduction in property values, and declining municipal tax
revenues, began the process of creating a sustainable energy cluster
in 2008. They followed an integrated approach that included poli-
ticians, universities, businesses, citizen groups, and activists. The
goal was to capitalize on the interrelated problems of economic and
energy system transformation. To accelerate this process, an
intermediary organization called the Institute for Energy and Sus-
tainability was created. The mission was to help create green jobs,
increase energy efficiency, reduce GHG emissions, make Worcester
known as a leader in sustainability, and support sustainability sci-
ence research. The intermediary organization used various strate-
gies to accomplish their mission, including labeling the region as a
green business destination, helping save and expand green
Fig. 2. Innovation Intermediary and Sustainability Literature Search (<December 31, 2016)
tainability” from the first six months of 2017 were also included in Table 1.
businesses through tax incentives, supporting university research,
organizing labormarket training and outreach for energy efficiency,
and following a market-based cluster development strategy
(McCauley and Stephens, 2012, p. 220).

McCauley and Stephens (2012) describe how the State of Mas-
sachusetts received hundreds of millions of dollars from the
American Recovery and Reinvestment Act (ARRA) of 2009 for the
development of sustainable energy companies and state-level solar
projects. The intermediary helped capitalize on this window of
opportunity provided by the ARRA by coordinating action from
local and state governments, universities and private businesses.
Clean energy became the 10th largest state-industry with over 60
clean energy businesses that were part of the cluster. Worcester
supported this strategy by changing various municipal laws to
accelerate the transition to sustainable energy options, including
easing the siting requirements for renewable energy projects,
accelerating the permitting process for clean energy companies,
and adopting an enhanced energy efficiency building code. As part
of the cluster, creative financing options became available and new
types of partnerships were developed for energy projects. The
learning and network benefits of the cluster helped attract further
investment, green workers and greener companies to the region
(McCauley and Stephens, 2012).

3.2. Sustainability innovation intermediaries facilitating cross-level
interactions

An important finding from the systematic literature review
about how sustainability-oriented innovation intermediaries facil-
itate cross-level interactions is that two processes contribute to the
creation and survival of innovations: (1) niche to regime in-
teractions, and (2) regime to niche interactions. Many of the roles of
sustainability-oriented innovation intermediaries summarized in
Table 2 aim to help expand niche activities to the regime and/or
draw upon the regime to support niche development and
protection.
. Note: an additional 27 publications containing “innovation intermediary” AND “sus-
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Kivimaa (2014) identifies three techniques employed by inno-
vation intermediaries to contribute to niche development. First, they
help articulate expectations and visions, including the application
and commercialization of technologies and the advancement of
sustainability objectives. Second, they help build social networks by
carrying out roles such as gatekeeping and brokering, configuring
and aligning interests, managing and finding financial resources,
and identifying and managing human capital skills. Third, they
instigate learning processes, including knowledge gathering, pro-
cessing, generation, and combination. Learning processes are also
related to the assessment, evaluation, piloting, and prototyping of
technology, and investment decisions in emerging businesses.
Additional processes focus on communication, education, training,
advice, support, and learning-by-doing. Bush et al. (2017) expanded
upon Kivimaa (2014) framework by adding intermediary activities
that facilitate empowering processes to encourage broader diffusion
of the technology innovation and the corresponding trans-
formation of the regime. These activities include embedding a new
regime with new standards/rules, consulting on policy development
as a means of influencing opinion and policy direction, andworking
to encourage policy change through communication and imple-
mentation strategies. Although these activities fall within the
skillset of policy entrepreneurs as regime actors, policy entrepre-
neurs were not discussed in the Bush et al. (2017) study suggesting
a need for synthesizing these two areas of literature.

Based on findings from case studies, Mattes et al. (2015) built
upon the MLP by adding a new intermediary subsystem specifically
aimed at encouraging innovation and socio-technical transitions.
Mattes et al. (2015) argue that local energy development can be
driven by the interactions between the scientific subsystem (e.g.,
science and education), the political subsystem (e.g., political
parties and actors), the public administration subsystem (e.g.,
municipal and regional administration), the industrial subsystem
(e.g., companies compete or cooperate), the financial subsystem
(e.g., funding, venture capital, banks), and the civil society sub-
system (e.g., NGOs, mobilized citizens). The intermediary subsystem
(e.g., labor unions, chambers of commerce, network connectors,
new enabling organizations) acts as a key connector between the
other subsystems to encourage and accelerate the creation of niche
experiments as well as changes to the regime. The co-evolving
nature of these regime subsystems and actors that connect the
niche to regime are critical for sustainability transitions. Mattes
et al. (2015) suggests that “change may be triggered, pushed or
hindered by either subsystem, and the interaction between them
increases the necessity to coordinate” (p. 257). Therefore,
depending on the country, state, or city, sustainability professionals
could instigate a transition bymobilizing change fromwithin any of
these subsystems; however, it is more likely that a transition will
successfully break through and change the regime if coordination
occurs between more than one subsystem. For example, competi-
tion within the industry and scientific subsystems can drive
research and development and innovation, but policy innovation
within the political subsystem can help to coordinate and accel-
erate those innovation processes. Mattes et al. (2015) found that
new intermediary organizations were created to encourage and
coordinate transitions of the energy system toward sustainability in
some cases, while existing organizations acted as intermediaries
including the chamber of commerce and business networks in
other cases. The intermediaries helped to bridge gaps between
different cultural norms and between the industrial and adminis-
tration subsystem actors. The intermediaries were also able to help
overcome bottlenecks like legal challenges and administrative red
tape.

Klewitz et al. (2012) suggest that innovation intermediaries may
be able to strengthen a small and medium sized business’ ability to
absorb and use new information to create sustainability in-
novations. The intermediary can provide support to businesses via
knowledge gathering, processing, testing, validation and training
capacity. The intermediary can also help evaluate the effectiveness
of sustainability innovations over time. Klewitz et al. (2012) sug-
gests that a complex intermediary combining public (local govern-
ment agency) and private (environmental consultancy)
organizations within the regime can act as an external stimulus to
get businesses to start thinking about sustainability experiments.
This represents a regime to niche function where the intermediary
influences and supports sustainability innovation.

4. Discussion

While the studies in Table 2 provide insight into the research
question, an important finding of the systematic literature review is
that there is not yet a definitive understanding of the functions
performed by niche and regime actors that specifically support the
intermediaries in encouraging cross-level interactions in sustain-
ability transitions. Despite the lack of literature with this specific
focus, two established areas of literature can directly address the
second objective, to clarify how niche and regime actors and in-
termediaries contribute to cross-level interactions between niche
experiments and regime subsystems. The first area is studies that
focus on green niche actors, such as entrepreneurs and champions,
in order to identify specific functions that they could perform to
support innovation intermediaries to influence regime change. The
second area is studies that focus on green regime actors, such as
policy entrepreneurs, in order to identify specific functions that
they could perform to support innovation intermediaries to influ-
ence regime change.

4.1. Green niche actors: entrepreneurs and champions

This section considers the literature that examines how green
niche actors can help innovation intermediaries scale-up and link
sustainability behavior to broader system changes as part of a green
economic development strategy. Innovation intermediaries can
complement the roles and functions of green niche actors (entre-
preneurs and champions) by providing collaborations that cross
levels within an innovation system (Klerkx and Aarts, 2013).
Champions who work within organizations, including in-
termediaries, encourage pro-environmental behavior through
various techniques: scanning the external environment for solu-
tions, gathering support, using persuasive and business-focused
communication strategies, and building coalitions (Gliedt et al.,
2010; Swaffield and Bell, 2012).

Experiments for sustainability transitions, which are carried out
by entrepreneurs at the niche level, are “inclusive, practice-based
and challenge-led initiatives … designed to promote system
innovation through social learning under conditions of uncer-
tainty” (Sengers et al., 2016, p. 1). Sustainability transition experi-
ments can help diversify economies in times of institutional
instability, and can include encouragement of green entrepre-
neurship (Kern et al., 2015; Raven et al., 2016; Sengers and Raven,
2015), strategic niche management (Kemp et al., 1998; Kivimaa,
2014), niche experiments (Sengers et al., 2016), and societal
problem-solving experiments (Kivimaa et al., 2017b). Innovation
intermediaries also nurture new green technologies and support
niche actors like green entrepreneurs by providing niche shielding
strategies, defined as the financial and resource support that can
protect innovations from market forces by reducing transaction
costs in the early stages of development (Huijben et al., 2016). Niche
shielding can influence how competitive a new green technology is
once it expands, as well as the level of risk that entrepreneurs are
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willing and able to take in the innovation creation and diffusion
process (Huijben et al., 2016).

Kivimaa et al. (2017b) reviewed the literature on experiments in
climate governance that can contribute tomulti-level sustainability
transitions and identified various outputs and outcomes, including
changes to discourse, technology, built environment or infrastruc-
ture, policy and institutional change, new markets, or new con-
sumer or citizen practices. For example, in the case of technology
changes, outputs included the creation of new solar PV applications,
new technology solutions for energy efficiency, and new types of
meters, while outcomes included the broader learning processes for
how to apply and adopt successful experiments as new energy
systems. In the case of infrastructure, outputs included temporary
changes to land use planning to encourage green buildings and
developments, while outcomes included learning how to make
broader changes to infrastructure with sustainability benefits. With
respect to policy and institutional change, outputs included new
district planning practices for green construction, renovation,
transportation, as well as incorporating additional actors into
policy-making, while outcomes included the creation of a new po-
litical space and governance rules and practices, which have the
potential for supporting further experiments at the regime and
niche levels (Kivimaa et al., 2017b).

In summary, innovation intermediaries can help niche actors
scale-up sustainability transition experiments through technology
diffusion for broader market acceptance, while also relying on
regime actors like policy entrepreneurs to help create political and
institutional space for regime subsystem changes.

4.2. Green regime actors: policy entrepreneurs

One finding of the systematic literature review was that no
studies directly linked how policy entrepreneurs as regime actors
supported sustainability-oriented innovation intermediaries in
facilitating cross-level interactions. This section considers the
literature about the functions of policy entrepreneurs that could
help innovation intermediaries create the conditions for sustain-
ability transitions experiments to scale-up and encourage cross-
level change and green economic development. The literature
about policy entrepreneurs describes that they can play important
roles in linking organizations and institutions within green inno-
vation systems by working to influence policy changes that are
supportive of innovation intermediaries (Pahl-Wostl, 2015).

Policy entrepreneurs can help innovation intermediaries con-
nect across levels with the help of partnerships (Frantzeskaki et al.,
2014), gatekeepers within networks (Breschi and Lenzi, 2015),
boundary spanners (Smink et al., 2015), and cluster champions
(McLennan et al., 2016). Kalafatis et al. (2015) suggest that policy
entrepreneurs can act as knowledge brokers (e.g., between science
and policy makers) and boundary spanners to connect with inno-
vation intermediaries. Knowledge brokers can have direct impacts
on policy creation by linking a problemwith solutions, and indirect
impacts by changing the ideas flowing within the policy-making
context. Boundary spanners “play a key translating and bridging
role between informal networks on the one hand and formal
decision-making structures and policy processes on the other
hand” (Edelenbos and van Meerkerk, 2015, p. 27). Klewitz (2015)
identified different boundary spanners that helped businesses
develop learning capabilities in sustainability-oriented innovation
networks.

Policy entrepreneurs have helped guide sustainability transi-
tions in the water sector (Huitema and Meijerink, 2010), municipal
climate change adaptation (Kalafatis et al., 2015), municipal policy
changes related to fracking (Arnold et al., 2017), the renewable
energy policy arena (Rowlands, 2007), and to transportation
biofuels (Palmer, 2015). Kalafatis et al. (2015) examined how
Toledo, Ohio adopted a climate change adaptation plan despite
political opposition from its mayor. They described key roles played
by policy entrepreneurs at developing decision support partner-
ships, raising issue awareness, reclassifying existing conditions into
something more politically appealing, framing the problem and
potential solutions, and working to align the problem, solution and
political streams during windows of opportunity. Kalafatis et al.
(2015) described a boundary chain, the National Oceanic and At-
mospheric Administration's (NOAA) Regional Integrated Sciences
and Assessment (RISA) program, which is important for linking
climate and sustainability problems and solutions across gover-
nance scales. Boundary chains can be leveraged by policy entre-
preneurs at the state and city level to gain support for local
initiatives. The absence of leadership from the mayor instigated
policy entrepreneurs and municipal staff to form strategic part-
nerships through boundary chains, which helped to mainstream
climate change policy by connecting it with existing efforts like
stormwater management (Kalafatis et al., 2015). Boundary organi-
zations can themselves be a form of intermediary that can facilitate
knowledge transfer and mobilize resources to encourage technol-
ogy and institutional innovation.

Therefore, policy entrepreneurs as regime actors have a set of
skills that help identify opportunities for making institutional
changes. These skills, when coordinatedwith the help of innovation
intermediaries, could be critical for changing conditions to allow
green niche actors to create innovations and foster green economic
development.
4.3. Niche and regime actors contribute to policy change
frameworks

The systematic literature search revealed that little research has
examined how intermediaries overlap and connect the niche and
regime (see Table 2 for examples), or more specifically, how inno-
vation intermediaries can use their influence in these relationships
to contribute to radical system-changing technological and insti-
tutional innovations. One tool that would be critical to achieve this
is called a policy mix, which links niche creation and regime change
policies to encourage infrastructure and institutional innovation
and sustainability transitions (Kivimaa and Kern, 2016). Kivimaa
and Kern (2016, p. 208) argue that it is important to identify the
innovation system functions that contribute to the creation of niche
innovations, which can be executed by niche actors and innovation
intermediaries. The functions include knowledge creation, devel-
opment and diffusion; establishing market niches; entrepreneurial
experimentation; resource mobilization; support from key groups;
and influence on the direction of search. These functions are
enhanced by the following policy instruments that can be supported
by regime actors (policy entrepreneurs) (Kivimaa and Kern, 2016, p.
208): innovation pathways (e.g., knowledge creation/diffusion
through networks); market-based policies (e.g., feed-in tariffs, eco-
labelling); entrepreneurship support (e.g., advice systems for start-
ups, low-interest loans, venture capital); research and development
funding and deployment subsidies; education, training, and labor-
market policies; and public procurement to support new
technologies.

Green niche actors operating within innovation intermediaries
as well as regime actors are each critical to the creation and use of
policy mixes for sustainability transitions. If a collection of policies
that are well coordinated are able to both encourage the creation
and diffusion of new technologies and contribute to the weakening
of the existing institutional regime, green economic development
benefits may be amplified and transitions may be accelerated.
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4.4. An intermediary driven green economic development
framework

This paper examined how sustainability-oriented innovation
intermediaries can help to create the conditions to accelerate the
timeframe of a sustainability transition by fostering more openings
for innovations to break through from the niche to the regime level.
The objective of this section is to create a framework that synthe-
sizes the findings from the systematic literature review (section 3),
and from sections 4.1 and 4.2, and 4.3, to describe how innovation
intermediaries can connect with green niche actors (entrepreneurs
and champions) and regime actors (policy entrepreneurs) to
develop and protect niches, create policies to change the regime,
and support strategies for technology and infrastructure invest-
ment to create green jobs.

The MLP can help understand how individual or organizational
actions can ripple outward to affect system change (Fischer and
Newig, 2016; Rauschmayer et al., 2015). One challenge for
employing theMLP in practice is to outline strategies and pathways
for how change and persistence can occur in the same system
(Berkes and Ross, 2016). The revolt process, that is, the drive for
change from niches to encourage regime change, and the remember
process, in which the regime characteristics demonstrate resilience
to guide subsystem change (Benson and Garmestani, 2011), provide
Fig. 3. Framework for Green Economic Development: Intermediaries as Agents for Acceler
interpretation of the references to colour in this figure legend, the reader is referred to the
insight into how cross-level interactions can both foster changes
and stabilize the overall system.

The proposed framework for green economic development is
illustrated in Fig. 3 and highlights the role of innovation in-
termediaries at linking niche level goals, behavior, and practices, to
regime level policy changes and green innovation systems. The
framework contains techniques (outlined in Fig. 4) for niche actors
(entrepreneurs and champions) to help innovation intermediaries
facilitate the revolt process, and for regime actors (policy entre-
preneurs) to both help the innovation intermediaries contribute to
the revolt process, and to draw upon system memory to stabilize
the system as part of the remember process. Innovation in-
termediaries contribute to revolt and remember mechanisms and
influence regime change functions, and Kivimaa and Kern (2016 p.
208) identify four policy instruments that can support this: (1)
control policies to put pressure on the regime and create a level
playing field; (2) changes in regime rules to create windows of
opportunity; (3) reduced support for the dominant regime tech-
nologies; and (4) changes in social networks and replacement of
key actors.

The framework also highlights future research propositions
designed to address the gaps uncovered by the systematic litera-
ture review by drawing on the findings presented in sections 4.1,
4.2 and 4.3 about how niche and regime actors could support
ating Sustainability Transitions. Note: Propositions are labeled as P: 1, P: 2 … etc. (For
web version of this article.)



Fig. 4. Techniques for revolt (niche to regime) and remember (regime to niche) cross-level interactions.
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innovation intermediaries. In the framework, niche actors (entre-
preneurs and champions) amplify individual behavior to drive
change in organizations that operate within innovation in-
termediaries. Intermediaries integrate technology, social and
institutional entrepreneurship as niche experiments to drive
broader green innovation processes. Regime actors (policy entre-
preneurs) facilitate and accelerate green innovation and economic
development by influencing changes in the institutional regime,
including the creation of policy mixes that support green jobs
strategies driven by intermediaries.

Innovation intermediaries connect the niche to the regime via
organizational and institutional networks within and between
clusters. As part of making socio-technical system change, the
framework identifies how intermediaries work to overcome bot-
tlenecks and gain support for integrated solutions that have eco-
nomic and sustainability benefits, including improved
environmental performance due to technology upgrades. The
framework is based upon the following propositions.

Proposition 1. Technology entrepreneurs and champions (niche
actors) instigate cross-level revolts by linking environmental
behavior and sustainability goals to organizational change.

Proposition 2. Innovation intermediaries facilitate cross-level
revolts by connecting organizations as agents of sustainability to
green innovation systems.

Proposition 3. Policy entrepreneurs (regime actors) drive cross-
level revolts by integrating entrepreneurial actions within innova-
tion intermediaries to broader socio-technical system change.

Proposition 4. Policy entrepreneurs (regime actors) provide sys-
tem memory and stability (remember) to the multi-level system
during periods of rapid change and uncertainty.
Proposition 5. Innovation intermediaries coordinate and integrate
their actions with technology entrepreneurs and champions, and
policy entrepreneurs, to foster niche creation and regime change
activities.

Proposition 6. Policy entrepreneurs (regime actors) work to
overcome bottlenecks by aligning ideas and policy mixes with po-
litical trends to create integrated solutions during a window of
opportunity.

Proposition 7. The extent that organizations as agents of sus-
tainability, green innovation processes, and green economic
development strategies, successfully transition the institutions and
infrastructure of society to a more sustainable state is associated
with the rate of change in propositions one through six.

The propositions offer pathways for future research on the re-
lationships between innovation intermediaries, champions and
policy entrepreneurs. Given their importance to institutional
changes at the regime level that can support niche innovation and
diffusion, future research should examine how policy entrepre-
neurs can contribute to regime change functions (Kivimaa and Kern,
2016) in coordination with niche actors and intermediaries. An
important question for researchers and practitioners is to under-
stand how policy entrepreneurs can influence the development of
policy mixes that support innovation and green job creation, while
guiding the direction of intermediaries, entrepreneurs and cham-
pions towards sustainability principles. Finally, comparative
research can focus on how innovation intermediaries led by lower
levels of government in the United States may differ from those
around the world at supporting sustainability experiments and
institutional changes. The framework can help guide theory and
practice for the acceleration of rates of niche creation and regime
change in order to foster green technology and infrastructure
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development. Innovation intermediaries integrate across levels
through their activities and interactions with niche actors (tech-
nology entrepreneurs and champions) and regime actors (policy
entrepreneurs).

5. Conclusion

Based on a systematic literature review, this paper provides
insight into the research question: what is the state of knowledge
about how innovation intermediaries can contribute to green
economic development as part of sustainability transitions,
particularly during a time of political and institutional uncertainty?
Three research objectives guided the research: 1) to understand
how innovation intermediaries can be sustainability-oriented in
theory and practice; 2) to examine how niche and regime actors
and intermediaries contribute to cross-level interactions between
niche experiments and regime subsystems; and 3) to clarify
whether these intermediaries have been studied in the United
States, which is currently experiencing political and institutional
uncertainty. The resulting framework contributes to a gap in the
literature for applying sustainability transitions theory outside of
the European context (in this case the United States), as well as for
understanding how transitions could occur in the absence of
consistent top-down federal-level leadership and policy.

The framework outlines actions that can be taken by business,
municipal and state leadership to support innovation in-
termediaries to drive a green economic development strategy that
is resilient in the face of institutional instability. Sustainability-
oriented innovation intermediaries can amplify green job creation
strategies that include business attraction, business retention,
business expansion, and entrepreneurship. Innovation in-
termediaries can be created by non-profit organizations, busi-
nesses, and/or local/state governments, and therefore do not
necessarily depend on federal funding or regulatory control. As cen-
tral actors within the proposed framework, innovation in-
termediaries help create green jobs by: (1) facilitating revolts from
technology entrepreneurs and champions as part of niche experi-
ments; (2) developing and shielding niches from market pressures
and political/institutional uncertainty; (3) working with policy
entrepreneurs to both promote systemmemory and stability (from
regime to niche) and encourage regime change with the help of
policy mixes; (4) helping boundary spanners cross-levels (niche to
regime) in order to find new ways of creating policies and influ-
encing change to the regime; (5) encouraging sustainability per-
formance improvements of entrepreneurs and new ventures; and
(6) influencing the development of targeted strategies for sus-
tainability technology and infrastructure investment.

The systematic literature review and the framework highlight
several findings that focus on the links between sustainability
transitions theory and practice and on the integrated roles of actors
within multi-level transitions during periods of institutional un-
certainty. For example, the review revealed many functions of
sustainability-oriented intermediaries to overcome barriers to
transitions, create green jobs, accelerate regime subsystem change,
and encourage niche experiments. Innovation intermediaries
contribute to cross-level interactions by amplifying niche experi-
ments through networks, partnerships, and boundary organiza-
tions. In some cases, intermediaries also acted as champions and
coordinated other intermediaries within networks. Given that
many sustainability-oriented innovation intermediaries work with
or are funded by governments, fostering their connections to the
policy-making process creates opportunities to weaken the regime.
Innovation intermediaries can take on roles as policy entrepreneurs
by searching, influencing and gathering support for interventions
at the regime level that can support niche experiments.
Sustainability-oriented innovation intermediaries can be the nexus
for learning processes that aim to make triple-bottom-line eco-
nomic development (Hammer and Pivo, 2017) and the circular
economy (Barrie et al., 2017) the norm rather than the exception.

The findings are subject to a series of limitations, which are
similar to those identified by other systematic reviews including
Gast et al. (2017). First, new articles are continually being published
and therefore the analysis pertains only to the time period of the
search. Additionally, all interpretations of the reviewed articles are
subjective and based on the author's background and un-
derstandings. It is possible that other authors using the same set of
keywords could arrive at different conclusions by identifying
different themes and connections between the areas of literature
reviewed in this article. The choice of keywords is also open to
criticism, and while the authors purposefully selected a broad set of
keywords and then narrowed them down to refine the search pool,
other keyword combinations could have led to the inclusion of
other articles and therefore different results.
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