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ABSTRACT ARTICLE HISTORY
This paper investigates the critical issue of financing early-stage Received 27 June 2024
green startups, examining the types of investors and finance mod- Accepted 24 September 2024

els available, the challenges these startups face, and how the green
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finance ecosystem can better support early-stage investment.

Green innovation; SME;

Utilizing a systematic literature review (SLR) methodology, we pro- early-stage innovation;
vide a comprehensive analysis of the current landscape. Our find- cleantech; policy; research
ings reveal a significant paucity of data and a bias towards well- agenda

established North American and European ecosystems, while high-
lighting an emerging diversity in private finance sources post-
Global financial crisis (GFC), including grants, equity, and crowd-
funding. Despite this, there remains a heavy reliance on public
funding and a lack of evidence regarding its impact. The inherent
characteristics of cleantech — high capital expenditure, long invest-
ment horizons, and disruptive nature — necessitate innovative pub-
lic financing instruments and policies to reduce risk and attract
private investment. Our theoretical contribution highlights the
necessity for interdisciplinary research and policy collaboration to
develop a holistic entrepreneurial finance (entfin) ecosystem. This
approach should integrate quantitative economic and qualitative
behavioural finance research to address information asymmetries
and improve the green economy policy mix. Such a framework will
support public-private co-financing, enhance stakeholder engage-
ment, and provide evidence for policy decisions, facilitating more
rapid commercialization of cleantech innovations for environmen-
tal sustainability.

1. Introduction

Given the academic and policy salience of green finance related to climate change and nature
loss, this paper aims to offer a comprehensive account of prior work on early-stage green
finance. Indeed, the final UN Intergovernmental Panel on Climate Change (IPCC, 2023)
synthesis report emphasizes that investment in (green) technology represents a high priority
pathway to environmental mitigation and adaptation. Further, Net Zero greenhouse gas
(GHG) emission reduction targets by 2050 (Paris 2015) and land and water biodiversity

CONTACT Abhishek Mukherjee 8 abhishek.mukherjee@waikato.ac.nz @ School of Accounting, Finance and
Economics, University of Waikato, Tauranga, New Zealand

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License

(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any med-

ium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. The terms on which this article
has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/13691066.2024.2410730&domain=pdf&date_stamp=2024-10-02

2 (&) A MUKHERJEE ET AL.

safeguarding targets at COP15 (2022) have also been established. Globally, the private and
public investment gap finance was estimated to be over $100bn per annum (IPCC 2022,
2023). In reality, the investment shortfall is far greater, if climate and biodiversity are to be
collectively addressed; and, as Owen, Brennan, and Lyon (2018) highlight, much funding has
focused on large-scale infrastructure (e.g., for renewable energy, hydrogen production and
storage and electric vehicles) which typically overlooks — and underinvests in — potentially
game-changing green innovations developed by small and medium-sized enterprises (SMEs).

While the value of a systematic literature review (SLR) is acknowledged for setting out
existing and future research on early stage business (Pantea and Tkacik 2024), there is
a gap related to SLRs investigating the wide range of green innovation start up finance.
Prior journal reviews are hampered by a narrow definition of cleantech which mainly
focused on renewable energy and its related services (Gaddy et al. 2017) or having
a predominance of papers focusing on European and North American green finance
policies in mature economies (Owen, Brennan, and Lyon 2018). This paper spotlights
the finance barriers facing early-stage green innovation SMEs and how these can be
overcome by developing entrepreneurial finance (“entfin”) ecosystems that combine
finance provision with sustainability policy and practitioner actors.

It is particularly important to examine SME early-stage green innovation that includes
innovation inception, proof of concept, research and development (R&D) prototyping and
pre-revenue to early commercialization period (Mazzucato and Semieniuk 2018). This is
known as the “valley of death” as it is notoriously high risk and difficult to fund, due to the
high incidence of information asymmetries between entrepreneurs and financiers
(Carpenter and Petersen 2002). Nanda (2020) highlights a persistent market failure for
“deeptech”, capital intensive, long horizon (often 10 years plus) investment in disruptive
new technology. Investors do not comprehend such deeptech, since it requires multi-
million investments to reach commercialization, and features a high risk of failure from
technical, regulatory and market acceptance lacunae.

Arguably, this is exacerbated when green businesses combine commercial market and
environmental good logics in their business models (Harrer and Owen 2022) and struggle
to signal the value of their proposition to investors (Reuben and Fischer 2005). Both Owen
et al. (2023) and Mazzucato and Semieniuk (2018) argue that this gap manifests into
persistent SME green innovation market failures that require more strategic attention
from state policymakers to establish green investment banking which meets the needs of
SMEs as well as larger scale infrastructure projects, which have typically been their focus.

This research is particularly important in this current context with (1) the persistent
under-funding of climate and biodiversity mitigation and adaptation; (2) growing recog-
nition of how government intervention can co-fund and leverage more private invest-
ment for various green innovations (IPCC 2023); (3) recognition of the necessity for holistic
entfin ecosystem approaches that address both the supply and demand for finance; and
(4) the need for new forms of alternative finance to compensate for the contemporary lack
of environmental valuation within the current capitalist economy (Polzin 2017).

In this paper, we therefore contribute to the practical and theoretical under-
standing of this vital part of green finance by exploring the following research
questions: What are the types of investors and finance models for early-stage
finance? What are the challenges faced by green early-stage innovation finance?
And how can the green finance ecosystem support early-stage investment? The
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Figure 1. PRISMA Flow Chart of SLR process.

paper is structured as follows. It commences with the method in Section 2. Then,
the analysis in Section 3, the discussion in Section 4 and finally the conclusion in
Section 5.

2. Method: review protocol

The parameters of the SME finance literature searched, the search strings applied, the
bibliometric results and assessment undertaken is outlined below as per stages set out in
Tranfield, Denyer, and Smart (2003). The process of the SLR is illustrated by Figure 1.

In Stage | (Planning), we identified the need for an SLR on early-stage green innovation
finance to enhance understanding on early-stage green innovation finance of SMEs.
Preparation involved drafting a scope of the review: an SLR of green innovation for
SMEs to address a clear gap in the published literature on this topic and to provide
a holistic overview of the research to date on this topic. Next, the review protocol was
developed:
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(1) Purpose: To synthesize recent research, thematic analysis and suggest future
research.

(2) Research focus: early-stage green innovation SME finance.

(3) Source: Scopus database.

(4) Search String:

((“SME” OR “SMALL BUSINESS” OR “STARTUP” OR “SPINOUT” OR “SMALL AND MEDIU*
ENTERPRISE” OR “INNOVATION” OR “SOCIAL ENTERPRISE” OR *“ENTERPRISE” OR
“ENTREPRENEUR*”) AND (“FINANC*” OR “INVEST*” OR “LENDING” OR “EQUITY” OR
“VENTURE CAPITAL") AND (“LOW CARBON” OR “GREEN” OR “CLIMATE” OR “SUSTAINABLE"
OR “CLEANTECH” OR “ENVIRONMENT*” OR “SUSTAINAB*")).

(5) Inclusion criteria

Research field Green innovation, Greentech, cleantech, climate tech.

Language: English.

Type of work: Academic peer reviewed journal articles.

Search Period: 2003 to 2023. This 20-year timeframe is chosen to cover literature

following significant industry changes post-GFC (from the late 2000s), ensuring

a comprehensive review of developments and shifts in cleantech finance, as high-

lighted in the literature (e.g., Gaddy et al. 2017).
(6) Exclusion criteria

- Publication from quality peer reviewed journals (e.g., ABS 2* and above).

- In this study, we ensured the exclusion of predatory journal publications by rigorously
cross-referencing all selected journals with Cabell’s predatory reports.
Stage Il (Conducting a review) involved conducting a thorough search on Scopus
by applying the indicated search string and then refining by excluding results that
were not salient to the purpose and research question of the SLR and not in 2,3 or
4* ABS ranked journals. Additionally we employed a snowball sampling process,
reviewing references from initially identified high-quality sources. Any additional
papers discovered through this method were subject to a consensus review by the
author team.This process aligns with established techniques for conducting litera-
ture reviews in other domains, such as those outlined by Vanacker et al. (2022).

Data extraction involved an iterative process of coding of each paper by two co-
authors using a systematic coding scheme developed building on initial literature
reviews and with reference to highly cited existing papers. These were then
transferred to NVIVO for analysis and thematic analysis using five codes: Code 1
(objective of study), Code 2 (financing challenges identified and discussed in the
study), Code 3 (the role of the public sector discussed in the study), Code 4
(limitations of the studies), and Code 5 (further research opportunities identified
in the studies). The top frequently occurring words for each code were identified
and grouped into categories based on their themes. For Code 1, six themes
emerged from the 65 most frequently used words, while Code 2 had eight themes
from the 44 most frequently used words. Code 3 had four themes from the 37
most frequently used words, Code 4 had five themes from the 18 most frequently
used words, and Code 5 had five themes from the 12 most frequently used words.
Finally, Stage lll (Reporting and dissemination) involves reporting the findings of
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the SLR and getting evidence into practice), where we provide implications and
recommendations for the practice of green innovation finance for SMEs.

3. Findings

The findings of this SLR of green innovation startup finance are presented in thematic
order. These relate to investor types, financing challenges, financing models, support
ecosystem and policy and underpin our aim for an integrated systems approach to
understanding the green innovation entrepreneurial finance (“entfin”) ecosystem.

3.1. Definition of green and clean technology sectors seeking finance

Figure 2 reveals that the research spans across many traditional and emerging sectors,
including agricultural development (Andrieu et al. 2017), manufacturing (Awan, Arnold,
and Golgeci 2021; Gaddy et al. 2017; Ghisetti et al. 2017), clean energy technologies
(Bento, Gianfrate, and Groppo 2019), and wider waste, material and environmentally
positive technologies (Owen et al. 2023).

A discernible sector bias emerges towards clean energy technologies and agricultural
development, reflecting the urgency and global emphasis on these areas for green
innovation. An important contextual starting point discussed in the key literature is the
definition of clean technology. Figure 3 offers a structured breakdown of the definitions
adopted, demonstrating that the term “clean technology” has broader meaning than
simply the production of renewable energy and related energy efficiency applications and
services (Gaddy et al. 2017). Indeed, to some authors (Owen et al. 2023), it requires
a broader “greentech” definition to encompass all aspects of environmental sustainability.
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engineering transportation development
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. - . Uitia saving
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Figure 2. Sectoral focus. Source: developed from literature review.
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Figure 3. Structured definition of clean technology. Source: developed from literature review.

Figure 3 shows that cleantech takes on a diverse spectrum of meanings across various
studies, with each interpretation spotlighting specific elements that align with their
unique research goals. Bento, Gianfrate, and Groppo (2019) define cleantech as initiatives
aimed at energy conservation, including material installation of energy plants and the
manufacturing of products like LED systems and energy-efficient appliances. Cowling and
Liu (2023) focus on businesses reducing their environmental impact through measures
such as energy consumption reduction and waste reduction. Cumming, Leboeuf, and
Schwienbacher (2017) adopt a broader approach, searching for terms related to green
energy, cleantech, recycling, and various types of renewable energy in project
descriptions.

Gaddy et al. (2017) define cleantech companies as those commercializing clean energy
technologies or business models, including new materials, hardware, or software focused
on energy generation, storage, distribution, and efficiency. Some, such as Owen et al.
(2023) seek a broader definition of “Greentech”, referring to technologies and associated
business models and services that are environmentally positive and cover the full sustain-
ability spectrum of activities which address climate (net zero), circular economy and
biodiversity.

Drawing from these diverse perspectives (Figure 2), a holistic definition of clean
technology could be proposed as follows: cleantech encompasses a broad range of
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initiatives, technologies, and business models aimed at reducing environmental impact
and promoting energy efficiency. This includes but is not limited to, the development and
commercialization of energy-efficient products, renewable energy sources, waste reduc-
tion techniques, and new materials or software that enhance energy generation, storage,
distribution, and efficiency. Further, cleantech is not limited to companies exclusively in
the energy sector but also involves businesses across industries actively reducing their
environmental footprint through various measures.

However, this focus also indicates a potential oversight of other sectors vital to
sustainable development, such as sustainable transportation, green building, and sustain-
able fashion, which are equally crucial for achieving a comprehensive green transition.
The emphasis on clean energy and agriculture, while significant, suggests a need to
broaden the scope of research to encompass a wider array of sectors involved in green
innovation.

3.2. Spatial concentration of literature

Geographical focus is primarily European, North American and advanced nations
(Figure 4). It ranges widely, including specific countries such as Mali (Andrieu et al.
2017) and the UK (Cowling and Liu 2023; Owen 2023) to broader regions such as
Europe (Bento, Gianfrate, and Groppo 2019; Masini and Menichetti 2013) and multi-
country analyses (Cumming, Leboeuf, and Schwienbacher 2017; Deleidi, Mazzucato, and
Semieniuk 2020).

As Figure 4 illustrates, country-specific research, particularly concentrated in the UK
(Cowling and Liu 2023; Owen et al. 2023), the European Union (EU) (Biirer and
Wistenhagen 2009; Cecere, Corrocher, and Mancusi 2020; Ghisetti et al. 2017), and the

switzerland
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tanzania set

couth greece denmark korea setting

finland netherlands JJDJH

study eat spain
nepnl austria australia nfrlcn sector
ireland israel €Urope france mali
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Figure 4. Global focus. Source: developed from literature review.
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United States (US) (Horisch and Tenner 2020; Marcus, Malen, and Ellis 2013), points to
a geographical bias that overlooks the unique challenges and opportunities present in
developing countries and emerging economies. Such a focus might inadvertently neglect
the diverse financial ecosystems, regulatory environments, and innovation capacities that
influence green finance innovation in different regions. For instance, the research con-
ducted in Mali by Andrieu et al. (2017) stands out as a rare exploration into the African
continent, highlighting the disparity in geographical coverage within the literature.

This sector and country bias, therefore, underscores a critical research gap: the need for
more inclusive studies that address a broader spectrum of sectors and encompass a wider
geographical diversity.

3.3. Methodological approaches

Figure 5 presents the distribution of research methodologies deployed. The preference
for quantitative methodological approaches suggests a strong emphasis on empirical
analysis to understand the impact, effectiveness, and dynamics of green finance innova-
tion. Studies such as Andrieu et al. (2017), Cumming, Leboeuf, and Schwienbacher (2017),
Cowling and Liu (2023), and Deleidi, Mazzucato, and Semieniuk (2020) utilize quantitative
approaches to measure variables and test hypotheses, indicating a drive towards gen-
erating generalizable and statistically significant findings in the field of green finance and
sustainability.

Qualitative methods - as deployed by Lam and Law (2016), Harrer and Owen (2022),
and Owen (2023) — are primarily used to explore complex phenomena, understand the
depth of issues, and gather insights on the motivations, perceptions, and challenges faced
by stakeholders in green finance innovation. This approach is often exploratory, where
insufficient large data exists in new emerging green innovation and also pivotal for
capturing the nuanced aspects of green finance, which might not be readily quantifiable.

Horisch and Tenner (2020) and Masini and Menichetti (2013) present attempts to
leverage both qualitative and quantitative insights, showcasing the complexity and

Method

Conceptual and/or Review -
vixed
quatiacve |

0.00% 10.00% 20.00% 30.00% 40.00% 50.00%
Percentage of total data N=42

Figure 5. Research method. Source: developed from literature review.
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multifaceted nature of green finance innovation research in their contrasting studies of
the motivations of equity crowdfunders and formal and institutional investors.

Conceptual and/or review methods, though least used, can synthesize existing knowl-
edge, proposing theoretical frameworks, and setting future research directions, as
deployed by Foxon (2010) and Owen, Brennan, and Lyon (2018). These authors provide
systematic frameworks, demonstrating the development of entrepreneurial finance eco-
systems and ecological-technological “co-evolutionary” transition pathways shaping
green innovation, finance and policy.

This methodological bias towards quantitative research, while contributing to the
empirical rigor of the field, may not fully capture the rich, qualitative dimensions of
green finance innovation, potentially limiting the depth of understanding and insight
that can be gained. The deficit of mixed and conceptual methodologies demonstrates
potential scope for more integrated mixed methods research and publication in this
domain and extends beyond the call for improved data and more international compara-
tive research.

3.4. Investor type and financing model

A diverse funding landscape for SMEs engaged in green innovation finance emerges, with
a notable focus on venture capital (VC), crowdfunders, and banks (Figure 6). The presence
of various funding sources, including public sector co-funding and private equity, under-
scores the multifaceted approach to financing green initiatives. This reflects the available
literature bias towards well established European and North American finance markets
(Owen, Brennan, and Lyon 2018). It is also notable that the predominant focus of green
entrepreneurial finance papers has been on private sector sources, notably VC for earlier
stage innovation finance (Owen 2023) and banks for established SME green transition
financing (Cowling and Liu 2023).

Investor Type

Other [please add any additional categories.] ]
Public sector [co-funding]

Public flotations / IPOs

Private equity

Banks !

Crowdfunders ]

VCs ]

Angels
Accelerators

0o 2 4 6 8 10 12 14 16 18
NO OF PAPERS

Figure 6. Investor type; X axis = No. Of papers; papers (N =42) could focus on > 1 type of finance.
Source: developed from literature review.
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The significant rise of crowdfunding as an alternative form of green finance for early
and established enterprise in recent years is reflected in the literature (Horisch and Tenner
2020; O'Reilly, Mac an Bhaird, and Cassells 2023). However, relatively little has been
written about business angel green finance (Botelho, Mason, and Chalvatzis 2023),
despite this being the main source of early-stage finance in most developed countries
(Mason and Harrison 2015).

This finding may be due to the lack of available large-scale data on business angel
investment, which has led to more specialist, niche qualitative studies (Botelho, Mason,
and Chalvatzis 2023; Siefkes, Bjorgum, and Sorheim 2023). Of particular concern is that
only six papers examine public policy and green co-financing investment (e.g., Criscuolo
and Menon 2015; Cumming, Henriques, and Sadorsky 2016; Mazzucato and Semieniuk
2018; Owen 2023; Owen and Vedanthachari 2023; Polzin, von Flotow, and Klerkx 2016).
Given the need for sufficient financing to achieve global climate (net zero) and biodiver-
sity (30 by 30) targets, this is an urgent area for more research and publications.

Additionally, the relatively lower frequency of public flotations/initial public offerings
(IPOs) and accelerators suggests potential gaps in research on these sources for green
finance innovation. The former demonstrates the decline of IPO markets globally since the
Global Financial Crisis (GFC) (Baldock 2015), whilst the latter is indicative of the recent rise
in green accelerators and venture studios, which remain under-researched (Pierrakis and
Owen 2022). These issues are explored further in later sections of financing models.

3.5. Financing challenges

Early-stage innovation is typically difficult to finance due to the asymmetric knowledge
differences which exist between entrepreneurs and prospective financiers (Carpenter and
Petersen 2002) and the lack of collateral that small businesses possess to encourage
external lending and investments (North, Baldock, and Ullah 2013).

Despite the urgent imperative to finance green-oriented initiatives, the reviewed
papers reveal that they face multiple challenges that make it difficult to attract investors
and secure funding. The literature frequently distinguishes cleantech as being different
from mainstream innovation, since it is disruptive in terms of emerging technology,
business models and largely reliant on expensive long horizon development (Harrer
and Owen 2022). The eight main financing challenges identified in the literature
(Table 1) are high capital costs and financing requirements, uncertain revenue streams,
lack of access to traditional sources of financing, limited expertise and specialized knowl-
edge, policy and regulatory barriers, limited public awareness, limited availability and
accessibility of financing, and limited investment options.

One of the main and most frequently mentioned challenges (14 papers; Table 1) for
cleantech and green-oriented initiatives is their high capital costs and financing require-
ments, particularly due to expensive long horizon hardware R&D and prototyping (Owen
and Vedanthachari 2023). Bento, Gianfrate, and Groppo (2019) also note that low carbon
technologies have distinct risk profiles, related to their emergent disruptive technologies
and innovative business models. Their requirement for significant upfront investments
can be a barrier to financing, especially for smaller and earlier stage businesses (Harrer and
Owen 2022). This challenge is compounded by uncertain revenue streams due to fluctua-
tions in energy prices or regulatory changes, making them less attractive to investors
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Table 1. Investor type.

Financing Challenges Studies
High capital costs and financing  Bento, Gianfrate, and Groppo (2019); Botelho, Mason, and Chalvatzis (2023);
requirements Cowling and Liu (2023); Criscuolo and Menon (2015); Ghosh and Nanda (2010);

Hérisch (2019); Lam and Law (2016); Marcus, Malen, and Ellis (2013); Mazzucato
and Semieniuk (2018); Mrkajic, Murtinu, and Scalera (2019); Owen (2023); Owen
and Vedanthachari (2023); Polzin et al. (2019); Polzin, von Flotow, and Klerkx

(2016)
Uncertain revenue streams Cowling and Liu (2023); Polzin et al. (2019)
Limited expertise and specialized Cowling and Liu (2023); Hérisch (2015); Lam and Law (2016); Harrer and Owen
knowledge (2022); Botelho, Mason, and Chalvatzis (2023); Siefkes, Bjorgum, and Sorheim
(2023)

Policy and regulatory barriers Criscuolo and Menon (2015); Ghisetti et al. (2017); Horisch (2019); Horisch and
Tenner (2020); Mazzucato and Semieniuk (2018); Owen (2023)

Limited public awareness Lam and Law (2016); Polzin et al. (2019)
Limited availability and Demirel and Parris (2015); Ghisetti et al. (2017); Marcus, Malen, and Ellis (2013);
accessibility of financing Owen and Vedanthachari (2023); Polzin, von Flotow, and Klerkx (2016); Polzin
et al. (2019).

Source: developed from literature review.

(Cowling and Liu 2023; Polzin et al. 2019). Additionally, the disruptive, novel nature of
cleantech projects may require specialized knowledge and expertise that may not be
readily available to investors, making it difficult to evaluate the potential risks and returns
of these projects (Cowling and Liu 2023; Horisch 2015; Lam and Law 2016). Botelho,
Mason, and Chalvatzis (2023), Harrer and Owen (2022) and Siefkes, Bjorgum, and Sorheim
(2023) also consider that early-stage green impact investors, such business angels, may
also require a degree of altruistic behavioural tendency, or “warm glow” (Horisch and
Tenner 2020), which leads them to trade-off some financial return in favour of longer
horizon investment into environmental benefits. Investor knowledge and behavioural
tendencies are also likely to be influenced by regulatory stability, environmental reporting
requirements, and public investor and customer sentiment (Harrer and Owen 2022).

Cleantech and green-oriented initiatives face policy and regulatory barriers that are not
conducive and may discourage investors from investing in these projects (Criscuolo and
Menon 2015; Ghisetti et al. 2017; Horisch 2019; Horisch and Tenner 2020; Mazzucato and
Semieniuk 2018; Owen and Vedanthachari 2023). For example, changes in government
policies, regulations, or incentives can impact the financial viability of clean energy
projects, making investors hesitant to commit funds (Polzin et al. 2019).

In addition, limited public awareness about the benefits of clean technology and the
risks associated with climate change may also be a barrier to financing these projects (Lam
and Law 2016; Polzin et al. 2019), reducing crowdfunding support and potential customer
demand for cleantech products.

Another challenge is the lack of access to traditional sources of financing, such as bank
loans, due to perceived risks and lack of collateral (Demirel and Parris 2015; Ghisetti et al.
2017; Polzin et al. 2019). Whilst this problem is more typical of mainstream early-stage
innovation investment (North, Baldock, and Ullah 2013), cleantech may also suffer from
over gearing of debt finance where they face long protracted R&D during their later stage
scale-up, in relation to the patient capital funding gap that persists globally (Mazzucato
and Semieniuk 2018). Cleantech and green-oriented initiatives may also face limited
availability and accessibility of financing due to factors such as regional risk-equity
financing disparities (Owen and Vedanthachari 2023), high uncertainty and risk, lack of
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knowledge about innovation and finance, and difficulties in coordination and connection
between different actors and policies (Polzin, von Flotow, and Klerkx 2016) and disparities
of public co-financing policies (Owen et al. 2020).

Finally, cleantech and green-oriented initiatives may have limited investment
options available, particularly in the early stages of development. This can be
particularly challenging for Cleantech innovations viewed as high-risk investments
(Marcus, Malen, and Ellis 2013; Polzin et al. 2019). Overall, addressing these finan-
cing challenges will require innovative financing mechanisms and policy frame-
works to reduce risks and barriers associated with cleantech and green-oriented
initiatives.

3.6. Financing model and mechanism

Despite increasing levels of green impact investment in cleantech through private VC,
business angels and equity crowdfunding platforms in the post-GFC period (Horisch and
Tenner 2020; Owen et al. 2023), private investment is not shifting rapidly enough to meet
the green innovation finance gap and accelerate sufficient solutions to achieve net zero
2050 targets. Thus, government “Green New Deal” type solutions are required (Owen et al.
2020), leading to a greater understanding of green entrepreneurial finance ecosystems
and their interactions (Harrer and Owen 2022; Owen, Brennan, and Lyon 2018) and
a requirement for wide ranging financial policy support instruments, investor incentives,
co-financing arrangements, regulatory and support considerations. Furthermore, inter-
ventions are facilitating a more efficient green financing escalator linking new green
venture studios with grants and subsequent early-stage equity and scale-up patient debt
and equity capital (Owen 2023; Owen and Vedanthachari 2023; Owen et al. 2020).

VC has emerged as the major pivotal private source of equity financing for clean
technology startups, offering not only necessary capital but also additional (non-
financial assistance) managerial expertise and strategic networking opportunities.
Cumming, Henriques, and Sadorsky (2016) and Migendt et al. (2017) explore the role of
venture capital in supporting early-stage companies, emphasizing its importance in
sectors characterized by high uncertainty and innovation. The VC model appears parti-
cularly suited to the clean technology industry, where the commercialization of new
technologies often involves significant risk and long development timelines.

However, Gaddy et al. (2017) demonstrate that it is subject to poor performance during
economic down cycles (such as the GFC) and question whether it is the right model for
disruptive deeptech, leading others, such as Owen (2023) and Owen et al. (2020) to
highlight the important role of public-private co-financing of VC to plug green investment
gaps and develop a more robust, sustainable green VC market.

Equity financing, green bonds and other debt instruments have become key mechan-
isms for clean technology ventures to secure long-term capital. These instruments allow
typically larger established firms to tap into public financial institutional instruments (e.g.,
UK Government Green Investment Bank bond funding for windfarm projects in the mid-
2010s), stock markets and private institutional investment pools, offering a sustainable
financing solution that aligns with environmental goals (Owen, Brennan, and Lyon 2018).
Green bonds work effectively when designed for large capital projects with positive
environmental impacts, providing an innovative approach to debt financing that can
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lower capital costs and extend debt maturity for more established trading cleantech firms.
McDaniels and Robins (2017) refer to Lloyds Bank’s ESG bond for SME lending and Italy’s
Green Mini Bonds for SME growth. However, as Owen, Brennan, and Lyon (2018) point
out, they rarely (in any global context, including World Bank projects in emerging
economies) impact directly on smaller, earlier-stage green innovative ventures.

Public grants and subsidies support de-risking of early-stage projects and attracting
subsequent private investment. By covering initial development costs and reducing
financial risks, public funding plays a crucial role in the clean technology financing
ecosystem (Criscuolo and Menon 2015; Polzin, von Flotow, and Klerkx 2016). This form
of support is vital for R&D activities, prototype development, and facilitating market entry,
thereby bridging the gap between innovative concepts and commercial viability. Owen
and Vedanthachari (2023) highlight the importance of grants in supporting university
green tech spin-outs through their initial proof of concept funding, whilst Owen (2023)
draws on the experience of UK government grants for low carbon innovation and the
need for these to be matched at an early stage by private equity investment. Focusing on
the Innovate UK Investment Accelerator programme, which matches grants with VC and
angel investors, she finds that this enables a more fluent operation of the early finance
escalator, speeding up innovation progress and signalling both technological and com-
mercial quality to improve later stage investment opportunities and success.

Crowdfunding and alternative finance models have introduced a democratized
approach to funding, enabling a broader investor base to participate in clean technology
ventures. Equity crowdfunding, peer-to-peer lending, reward and donation-based crowd-
funding platforms have not only facilitated capital raising but also enhanced public
engagement with clean technology projects (Horisch 2019; O'Reilly, Mac an Bhaird, and
Cassells 2023). These platforms serve the dual purpose of financing and marketing,
increasing awareness and support among the general public and potential consumers.
O'Reilly, Mac an Bhaird, and Cassells (2023) demonstrate that equity crowdfunding is
highly appropriate for European cleantech, often at later seed stages where funding
rounds are typically over 500,000 Euros for companies which are insufficiently established
(in revenue) to attract private VC finance.

Despite the availability of these financing models, cleantech ventures face challenges,
such as high capital costs and uncertain revenue streams, which are exacerbated by their
lack of collateral to support traditional SME debt finance. Innovative solutions, including
the establishment of green investment banks and the use of special-purpose vehicles
(SPVs), are being explored to ring-fence funding to overcome these barriers (Mazzucato
and Semieniuk 2018). Furthermore, the literature underscores the critical influence of
policy and regulatory frameworks on the financing landscape for clean technology.
Supportive policies, such as feed-in tariffs and renewable energy certificates, play
a significant role in enhancing the attractiveness of cleantech investments, as highlighted
by studies on the impact of governmental policy interventions (Ghisetti et al. 2017;
Horisch 2019). Owen'’s (2023) study of four different UK green public VC funds highlights
the importance of public-private co-financing to leverage private investment into clean-
tech financing gaps along the early-stage green innovation investment finance escalator.
Emerging discussions point towards the integration of sustainability into financial deci-
sion-making, with a growing interest in green environmental impact investing (e.g.,
Botelho, Mason, and Chalvatzis (2023): on the rise and motivations for business angel
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green investment). This approach seeks to generate positive social and environmental
impacts alongside financial returns, reflecting a broader shift towards sustainability in the
investment community (Marcus, Malen, and Ellis 2013; Polzin et al. 2019).

In summary, the literature reveals a dynamic and evolving financing landscape for
clean technology, characterized by a mix of traditional and innovative financial instru-
ments, public policy support, and the rise of alternative finance models. These financing
mechanisms collectively address the unique challenges faced by clean technology ven-
tures, facilitating the development and commercialization of sustainable solutions.

3.7. Support ecosystem

Within the current landscape with diversity of finance, the support ecosystem for clean
technology ventures is extensively defined by various institutional and structural supports
that cater to the growth and development of these enterprises (Harrer and Owen 2022).
A synthesis of the literature reveals a comprehensive framework of assistance from
incubation facilities to policy-driven incentives.

Incubators and accelerators stand out as pivotal supports in providing clean technol-
ogy startups with essential resources, including mentorship, business development ser-
vices, and networking opportunities with investors and industry experts (Owen and
Vedanthachari 2023; Pierrakis and Owen 2022). These entities accelerate startup growth
by facilitating access to critical business knowledge and financial resources, thereby
enhancing the commercial viability of innovative clean technology solutions.
Universities and research institutions also play a significant role in the ecosystem, acting
as a bridge between academic research and market application (Owen and Vedanthachari
2023). Through collaborations, patenting, and licensing agreements, they transfer knowl-
edge and technology to the clean technology sector, fostering innovation and commer-
cialization (Cumming, Henriques, and Sadorsky 2016). This relationship underscores the
potential of academic institutions to drive forward clean technology advancements.
Government programs and policies provide another layer of support, offering access to
financing, regulatory guidance, and market entry assistance. Initiatives highlighted by
Ghisetti et al. (2017) and Hérisch (2019) demonstrate the impact of public sector involve-
ment on the clean technology landscape by providing vital resources such as grants, tax
incentives, and R&D support. These efforts not only de-risk investments in clean technol-
ogies but also promote a favourable regulatory environment for their growth.

Non-governmental organizations (NGOs) and industry associations contribute by offer-
ing advocacy, networking, and knowledge exchange on sustainability practices (Harrer
and Owen 2022; Owen, Brennan, and Lyon 2018). Their role in the ecosystem enriches
clean technology ventures with insights into industry trends, regulatory frameworks, and
sustainability standards, facilitating market integration and supply chain collaborations
(Ghisetti et al. 2017; Horisch 2019). Digital platforms and online communities have
emerged as a modern component of the support ecosystem, enabling global access to
mentors, investors, and collaborative opportunities. This digital expansion allows clean
technology startups to transcend geographical limitations, fostering a broader network of
support and innovation (Cowling and Liu 2023; Cumming, Henriques, and Sadorsky 2016).

In summary, the support ecosystem for clean technology ventures is characterized by
a multi-faceted network of incubators, academic institutions, governmental programs,
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NGOs, and digital platforms. Each element plays a crucial role in providing the necessary
support for overcoming the challenges inherent in the clean technology sector, from
technical and financial hurdles to market entry barriers. As this sector continues to evolve,
the ongoing development and integration of these support mechanisms will be essential
in nurturing sustainable innovations and facilitating the transition towards a greener
economy.

3.8. Role of public sector in sustainability and cleantech development

Table 2 provides a summary of the key themes identified in the studies related to the role
of the public sector in promoting sustainability and clean technology development and
adoption. The studies collectively highlight the crucial role that the public sector plays in
promoting a sustainable future by developing and implementing policies that prioritize
the environment and promote cleantech innovation and the adoption of clean
technologies.

The first theme identified in Table 2 is the role of the public sector in cleantech policy-
making. Five studies emphasized the importance of creating cleantech policies that
prioritize sustainability and the environment. These studies highlight the need for flex-
ibility in central government targets to promote green transformation at the local level.
Furthermore, they suggest that policy instruments should ensure funding resources are
available throughout the lifecycle of clean technology development and adoption
(Andrieu et al. 2017; Biirer and Wiistenhagen 2009; Cowling and Liu 2023).

The second theme (Table 2) is the role of the public sector in cleantech financing/
investment. The review reveals the importance of targeted policy interventions to facil-
itate access to credit and mitigate capital market imperfections. The studies highlight the
importance of reducing policy costs by reducing political risks, which, in turn, lowers
financing costs (Ghisetti et al. 2017; Ghosh and Nanda 2010; Polzin et al. 2019). Ghosh and
Nanda (2010) argue that VC investments in clean energy startups face unique structural
challenges, particularly in relation to the timing of exits. These hurdles could potentially
be overcome through policy interventions aimed at stimulating an active M&A market for
clean energy startups. As the authors state, “... a key aspect of the innovation ecosystem
that will be required to make this sustainable will be to jumpstart an active M&A market for

Table 2. The role of the public sector.

Key Themes Studies
Role of public sector in sustainable Andrieu et al. (2017); Birer and Wiistenhagen (2009); Cecere,
environmental cleantech policy-making Corrocher, and Mancusi (2020); Cowling and Liu (2023); Criscuolo

and Menon (2015)
Role of the public sector in cleantech financing Cecere, Corrocher, and Mancusi (2020); Cowling and Liu (2023);
and investment Ghisetti et al. (2017); Ghosh and Nanda (2010) (Polzin et al. 2019);
Polzin, von Flotow, and Klerkx (2016); Owen and Vedanthachari
(2023); Owen et al. (2020); Owen (2023)
Role of public sector in promoting adoption Cowling and Liu (2023); Hargadon and Kenney (2012); Horisch (2015,

and deployment of clean technology 2019); Mazzucato and Semieniuk (2018); Polzin, von Flotow, and
Klerkx (2016)
Role of public sector in supporting Bento, Gianfrate, and Groppo (2019); Butticé et al. (2019)

crowdfunding for sustainable projects

Source: developed from literature review.
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clean energy startups” (Ghosh and Nanda 2010, 20). Ghisetti et al. (2017, 143) stress the
need for strategies to address capital market imperfections and facilitate credit access,
stating; “Targeting policy interventions to facilitate access to credit and to mitigate capital
market imperfections ... is crucial ... " Polzin et al. (2019, 1260) underline the effectiveness
of risk-reducing and stable policies, asserting that; . . . reducing policy cost can be achieved
through reducing political risks, which, in turn, lower financing cost. Policy predictability or
stability is important in reducing risk.”

Additionally, these studies suggest that policymakers should coordinate early-stage
cleantech innovation finance and attract private investors through feed-in tariffs and
renewable portfolio standards (Blrer and Wiistenhagen 2009). The findings suggest
that public sector support can accelerate the development of eco-innovations. Polzin
et al. (2019, 1259) offer detailed insights from their extensive review of studies from more
advanced global markets on the renewable energy sector on attracting private investors
using policy instruments such as feed-in tariffs (FITs) and renewable portfolio standards
(RPSs), noting; “... instruments that reduce risk and provide high certainty for investors are
particularly effective in triggering private investment,” especially FITs and RPSs. They also
emphasize that these instruments need to be designed and implemented carefully to
manage risks, and highlight the importance of credibility, i.e.; “... no-retroactive changes,”
as a key design feature (Polzin et al. 2019, 1259).

The third theme (Table 2) is the role of the public sector in promoting the adoption and
deployment of clean technology. Cowling and Liu (2023), Hargadon and Kenney (2012),
and Mazzucato and Semieniuk (2018) emphasize the importance of creating policies that
provide tax incentives, subsidies, and regulatory frameworks that encourage investment in
clean technologies. They also highlight the importance of accelerating the commercializa-
tion and diffusion of eco-innovations. The findings suggest that the public sector can play
a crucial role in promoting innovation and entrepreneurship in the clean technology sector.

The final theme (Table 2) is the role of the public sector in supporting crowdfunding for
sustainable projects. Bento, Gianfrate, and Groppof (2019), and Butticé et al. (2019)
suggest that government support is crucial to promoting crowdfunding for sustainable
projects. The studies suggest that governments of countries with an environmental
sustainability orientation should support entrepreneurs in designing their crowdfunding
campaigns.

Additionally, the studies suggest that the public sector can promote tools to advertise
and share green-oriented campaigns among citizens, increasing the chances of obtaining
the required funding. Bento, Gianfrate, and Groppo (2019) focus on equity crowdfunding
and they emphasize that the government’s role should be focused on disseminating
information to potential investors (crowdfunders) to enhance the appeal and participa-
tion in such projects. They state; “Policies should seek to reduce the perceived risk of new
technologies, particularly the dissemination of information to crowdfunders in order to raise
the incentives (including the allowed returns) and the level of participation” (Bento,
Gianfrate, and Groppo 2019, 114). On the other hand, Butticé et al. (2019) primarily
examine reward-based crowdfunding and explore how the institutional setting of
a country, particularly the environmental sustainability orientation, influences the emer-
gence of green initiatives on crowdfunding platforms. Their study suggests; “In these
countries [with a strong environmental sustainability orientation], policy makers would better
abstain from subsidizing green crowdfunding campaigns, if they do not want to incur in the
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risk of subsidizing lower quality projects, and would better resort to other forms of support to
green initiatives” (Butticé et al. 2019, 3).

In conclusion, the studies suggest that the public sector plays a crucial role in promot-
ing sustainability and cleantech innovation development and adoption, which are inter-
related. Indeed, conducive green policy mix (Uyarra, Shapira, and Harding 2016) of
regulations and finance incentives to support cleantech adoption stimulate the cleantech
innovation market (Cowling and Liu 2023; Owen and Vedanthachari 2023).

4. Discussion

This Systematic Literature Review (SLR) sought to fill a gap in academic, policy and practitioner
knowledge relating to how SME green innovation and cleantech are currently financed and to
understand the barriers which prevent more rapid development of potentially game-
changing solutions that can address climate change, circular economy and nature positive
requirements for a sustainable green global economy. In doing so, this review addresses the
calls to progress SME green innovation finance research (Mazzucato and Semieniuk 2018;
Owen et al. 2023). We recognized the need for a more holistic systems approach that could
bring together relevant contemporary research to deliver theoretical contribution to the
development of green innovation entrepreneurial finance ecosystems and policy
contribution.

Our review clearly demonstrates how the investment in early-stage and scale-up stages of
green innovation and cleantech SMEs are different and more complex than mainstream
innovation investment. This is inherently due to their disruptive and unknown outcomes,
associated with emerging, mainly high capital-intensive long horizon hardware technologies
(Mazzucato and Semieniuk 2018; Owen and Vedanthachari 2023). It is also due to the duality
of their business models (Harrer and Owen 2022), which require investors to consider public
good as well as financial return (Polzin 2017). The literature review reveals a complex array of
financiers, both private and public, with highly specialized financial intermediary skills
required to assess these innovations.

There are also a range of policy initiatives and support providers. Yet, these are often
disconnected, even in the more mature green finance markets of Europe and North America
(Owen and Vedanthachari 2023). This green finance disconnection suggests the need for
research to understand the interrelationships between policy, private investment and inter-
mediary structures (Polzin, von Flotow, and Klerkx 2016) and how SME cleantech finance
progresses along the emerging green innovation finance escalator. This need was revealed in
the nascent and expanding approaches of academic literature in this field which exposed
critical knowledge gaps in theory building.

Defining cleantech, the limitations of current SME green finance quantitative data and
limited development of qualitative and mixed method approaches all reveal requirements for
improved understanding of the underlying connections and behaviours of green impact
investors towards cleantech SMEs. Whilst this leads to a series of important theoretical
contributions, addressed first in our discussion, it also highlights the vital role that public
policy plays in stimulating green innovation and determining the likely success of financial
policy programmes (Mazzucato and Semieniuk 2018; Polzin et al. 2019). Our review hence
contributes to SME cleantech policy in presenting a clearer direction for integrated policy
programme roadmaps (Owen et al. 2023).
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4.1. Theoretical contribution

The first fundamental contribution is to establish a clear definition of green innovation
and “cleantech”. Whilst our review revealed multiple definitions, these were clearly
driven from the conceptual requirements of specific studies, notably renewable energy
and material-based views (Gaddy et al. 2017) and the domination of advanced tech
nation studies in North America and Europe (Ghosh and Nanda 2010). Yet there is
a need for a broader definition of green innovation and cleantech which embraces all
green environmentally positive tech (i.e.,, which increases energy efficiency and
reduces environmental impact), including farming, circular economy and biodiversity.
Indeed, it would be helpful from an economic accounting perspective for more
specific industry verticals such as ag-tech, nature-tech and climate-tech, whilst forming
their own distinctive tech sub-categories, to be specifically defined under the umbrella
of “cleantech” and recognition of the wider green innovation-related services and
consumer behaviour change. This revised definition would facilitate an improved
overview of the SME cleantech market and also future comparative studies between
tech verticals.

A second contribution outlines the diversity of economic theories which are adopted
by studies of financing cleantech innovation. These range from Andrieu et al’.s (2017)
adoption of economic growth theory applied to an African context to Cowling and Liu’s
(2023) use of demand-pull and regulatory push-pull theories or Deliedi, Mazzucato and
Semieniuk’s (2020) macro-economic crowding in or out appraisal of public investment.
These recognise the important role of the public sector and the latter study points to the
need for research which incorporates understanding of the theories of change and
dynamic capabilities of bottom-up learning, suggesting a need for mixed methods and
more qualitative research. These theories of change show how investors in green innova-
tion are driven by multiple rationales including financial return but also environmental
impacts. In this way, they are seeing investment as a commitment to future generations
rather than solely short-term profit.

A third contribution is, therefore, revealed in the deficit of academic literature relating
to qualitative understanding of investor behaviour. Notably, this understanding is
required to explain the rise in green impact investment in early-stage crowdfunding,
business angel and seed VC, where investor data remains difficult to obtain. The emer-
gence of small-scale qualitative behavioural finance studies (Botelho, Mason, and
Chalvatzis 2023; Siefkes, Bjorgum, and Sorheim 2023) which examine cognitive biases
and institutional logics (e.g Masini and Menichetti 2013) offer a promising entry point,
particularly if combined with entfin ecosystem approaches. Such systems approaches
would bring together the different actors — entrepreneurs, public and private investors
and SME support services (including R&D institutions, universities, legal, accounting,
access to finance) - which contribute to financing networks. Research would then pro-
gress beyond the current vision of institutional logics and entfin ecosystem of Harrer and
Owen (2022) and Owen and Vedanthachari (2023). It would lead to greater potential for
developing mixed method approaches for bringing together qualitative and quantitative
research. It would also encourage interdisciplinary studies to explore the behavioural
(“nudge”) impacts of policy, which is demonstrably under-represented and constraining
the required ecosystem theory building (Hruskova 2024).
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A fourth contribution is the clear articulation for why SME early-stage cleantech
innovation is more problematic than mainstream early innovation. This explanation
relates to the scale of high-risk funding required (Mazzucato and Semieniuk 2018) and
the disruptive nature of new green business models which require specialist investor tech
knowledge and also a trade-off for public good which may not be met by the private
sector alone (Polzin 2017). Here there is an emergent and clear call for innovative private
and public financing approaches to address finance escalator private finance failure gaps
(Owen et al. 2023). These relate to the nature of emerging disruptive cleantech, which are
high risk, particularly in early-stage development, and frequently hardware development
oriented, which require large multi-million investment and patient long horizon capital
for pilot developments (Harrer and Owen 2022; Mazzucato and Semieniuk 2018; Owen
and Vedanthachari 2023). Our review spotlights the need for public intervention, yet such
cleantech financing programmes are not effective in isolation, unless they are carefully
integrated to create more fluent financing through early and scale-up stages (Owen 2023;
Owen, Brennan, and Lyon 2018) and more holistic policies which address SME support
and address local (regional) disparities in the availability of finance (Uyarra, Shapira, and
Harding 2016).

Extending the holistic requirement, a fifth theoretical contribution is to bring together
five emerging cleantech literature themes (investor types, financing challenges, financing
models, support ecosystem and policy) which underpin the need for an integrated
systems approach to understanding the green innovation entrepreneurial finance
(“entfin”) ecosystem. This entfin ecosystem approach revealed innovative private sector
solutions such as crowdfunding, accelerators, green environmental impact business angel
networks and seed VC. It also revealed problems of agency, environmental legitimacy
(Horisch 2019) and sustainability signalling (Mrkajic, Murtinu, and Scalera 2019) which
exist between entrepreneurs and investors. These support ecosystems involving inves-
tors, advisers and policy makers are part of the wider purposeful business ecosystems that
are emerging as businesses seek to address a range of environmental and social purposes
(Lyon et al. 2024).

Thus, despite the rise of crowdfunding, such uncertainties result in continuing private
investment shortfalls in meeting cleantech external financing requirements and, therefore,
the need for public policy support. Our review encountered novel public-private co-
financing to reduce early-stage risk and encourage greater syndication, pointing to the
need for early-stage public grants through universities and innovation agencies to leverage
private seed investment early in the cleantech external funding process in order to signal
technical and commercial certification and alignment to later-stage investors (Owen 2023).

The review also demonstrated that the availability of public and private finance will not
be effective without supportive public policy which provides regulatory and financial
incentive stability, such as for renewable energy (Biirer and Wistenhagen 2009; Petkova
et al. 2014) and for regional outreach and financial connectivity (Cowling and Liu 2023).
This final point is crucial for smaller economies, which require the external finance market
outreach for scale-up, particularly in the case of cleantech, where scale-up funding
requirements are often substantial (Mazzucato and Semieniuk 2018). Here there is strong
evidence from this review to suggest that large-scale patient capital requires
a combination of public funding collaboration between countries and also through
international R&D and Corporate VC linkages (Owen and Vedanthachari 2023).



20 A. MUKHERJEE ET AL.

4.2. Policy contribution

From a policy perspective, the main contribution of this review is to build on the calls for
more cohesive and integrated governance of sustainability and cleantech innovation
entrepreneurial finance (Butticé et al. 2019; Owen 2023; Owen et al. 2023; Uyarra,
Shapira, and Harding 2016). This policy connection extends from regional and local
finance pipelines to international programmes which offer market scale opportunities
and reduce thin market funding programme failures (Owen 2023; Owen, Brennan, and
Lyon 2018 - a notable successful low carbon investment model was the global UK
Innovation Investment Fund). Whilst a considerable amount of policy literature has
come from UK and EU studies, where SME green innovation, notably low carbon, public
support programmes have been most prevalent, key lessons from these markets need to
be examined in a wider global context.

Primarily, progressing beyond these studies to the establishment of clear roadmaps for
SME cleantech financing which embrace holistic policies of SME support and outreach
and which work to bring together the range of private financiers and support services and
agencies along the finance escalator, should enable public programmes and policy
instruments to integrate more effectively. This process requires public institutional struc-
tures providing specialist oversight into SME green finance, such as Green Investment
Banks and overarching green bond structures that can leverage the large-scale private
institutional investment (from banks, pension funds, large corporations and trusts)
required to address Earth’s environmental repair (Mazzucato and Semieniuk 2018).
However, beyond this narrow financial policy process there is also a growing awareness
that wider public policies which relate to consumer behaviour and public sentiment, such
as feed-in-tariffs and the environmental auditing and reporting of larger corporate
businesses and local authorities which impose green supply-chain reporting are also
crucial (Blrer and Wiistenhagen 2009). Furthermore, studies on early-stage investment
behaviour strongly support the need for positive government signalling through stable
long-term institutions (which can outlast shorter-term national governments) and policy
and regulatory environments which give cleantech sector legitimation which encourage
the uptake of new clean technologies, like renewable energy and electric vehicles
(Petkova et al. 2014). However, no prior study provides such an overall blueprint for the
policy roadmap of SME cleantech financing and support as offered here (Figure 7).

4.3. Limitations reported in existing literature

Our review of the literature reveals three key limitations of the existing body of literature
relating to data quality, understanding complexity, and generalizability. Whilst these
limitations are common problems for most academic studies, they demonstrate particu-
larly concerning issues for SME green entfin researchers, practitioners and policymakers
who want to avoid environmental catastrophe. O'Reilly, Mac an Bhaird, and Cassells (2023)
point to a lack of transparency of data, which is blurred by inconsistent approaches to
definitions of cleantech and also prevents private and public investor assessment of
public good. Data limitations on small businesses have been further exacerbated by the
global lack of SME environmental reporting mechanisms and national surveys which
incorporate green finance. This data limitation led Horisch and Tenner (2020) to highlight
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Figure 7. Proposed early-stage entfin ecosystem (UK example). Source: Owen et al. (2024).

their inability to benchmark data and to generalize research findings. Similarly, Bento,
Gianfrate, and Groppo (2019) and Botelho, Mason, and Chalvatzis (2023) focus on the
paucity of current data on green investor decision-making, whilst Harrer and Owen (2022)
point to the inconsistent measurements of environmental impact, due to complexity and
sectoral and business materiality nuances which currently hamper green investment
screening and monitoring.

There is a lack of research exploring the complexity of early stage green finance with
multiple indicators or impact, multiple actors and a rapidly changing context. Not surpris-
ingly, complexity has led to specialist studies, which primarily focus on specific business
sectors (Deleidi, Mazzucato, and Semieniuk 2020), innovation stages (Owen and
Vedanthachari 2023), single stakeholder investor types (Botelho, Mason, and Chalvatzis
2023) and policy actors (Owen 2023).

Finally, there are limitations regarding generalizations and drawing wider conclusions.
Studies are typically focused on mature European and North American economies, with
few insights or practical recommendations for emerging markets. The lack of general-
izability of studies suggests the need for a more holistic entrepreneurial finance (“entfin”)
ecosystems approach to understanding the evolution and operation of the green finance.

4.4. Future research

This SLR offers widespread consensus for the need for further research into SME cleantech
financing as a key to delivering the environmental sector solutions for achieving Net Zero
and wider global environmental goals. Research should focus on the development of
nascent cleantech sectors. Existing studies reveal that emerging cleantech is complex,



22 (&) A MUKHERJEE ET AL.

with limited existing data on the economic and environmental impacts of new cleantech
and their related public finance and support policies.

Cleantech financing has required new emerging highly specialist environmental
impact investors with sector/vertical expertise who are prepared to invest in very
high-risk, but potentially high-return early-stage ventures (Owen and Vedanthachari
2023). It has also led to new financing models, particularly in the form of syndication
to share risk amongst, for example, angel networks (Botelho, Mason, and Chalvatzis
2023), crowdfunders (O'Reilly, Mac an Bhaird, and Cassells 2023) and various forms of
public-private co-financing (Owen 2023) and public grants and subsidies (Cowling
and Liu 2023) to reduce risk and crowd-in private investment (Olmos, Ruester, and
Liong 2012). However, financing gaps persist along the emerging green finance
escalator, particularly for initial equity investment and for commercial scale-up
(Owen and Vedanthachari 2023) suggesting a need for improved research data on
cleantech markets, their investors and the impacts of public policies to find what
works, where and how. Given the paucity of cleantech research in emerging markets
(Awan, Arnold, and Golgeci 2021; Criscuolo and Menon 2015; Owen 2023; Owen,
Brennan, and Lyon 2018), more studies are required to build up the emerging
market evidence base to discover specific solutions and also what may be general-
izable and transferable.

The studies highlight the role of public policy to stimulate investment for public good.
A key focus is therefore to understand the appropriate public policy mix (Uyarra, Shapira,
and Harding 2016) to address investor uncertainty through de-risking the market with
stable regulation, consistent public financial stimulus instruments (e.g., grants, subsidies,
co-funding; Owen et al. 2023), investor skills support (Andrieu et al. 2017) and enabling
access to skills for cleantech R&D (Cumming, Henriques, and Sadorsky 2016). Further
research needs to establish how to create a stable, sustainable cleantech investment
market which encourages risk capital such as through VC (Cumming, Leboeuf, and
Schwienbacher 2017) and the crowding-in of private investment which can include
crowdfunding (Olmos, Ruester, and Liong 2012).

The above demands new research to offer overarching policy systems approaches to
nurture and scaleup cleantech, through on the one hand localized (regional) early-stage
cleantech entfin ecosystem support structures and, on the other hand, national and multi-
national green finance institutions that oversee more broadly the green finance escalator.
More specifically, the lack of data on cleantech funding (Cowling and Liu 2023), including
types of investors and their green investment preference behaviours (Botelho, Mason, and
Chalvatzis 2023), new emerging models of financing such as crowdfunding (O'Reilly, Mac
an Bhaird, and Cassells 2023), public-private co-finance (Owen 2023) and public subsidies
(Foxon 2010; Horisch and Tenner 2020); and measurement of the resultant cleantech
environmental all form crucial parts of the future cleantech research paradigm. Here, it is
important to note the lack of mixed methods studies which can bring together large data
with case-specific understanding, particularly with respect to green investor preferences
which can assist public policy and unlocking more private investment.

This SLR offers clear direction and distinctive requirements for the advancement of
cleantech research. Primarily, the acknowledged shortcomings of the current literature
suggest the need for a more coherent research framework, which embraces the promising
green entfin ecosystem approach proposed. This would help to build bottom-up, greater
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understanding of the interactions between actors and support larger scale qualitative
case and location analysis, offering qualitative research frameworks to support specific
policy and practice environments. Such approaches can respond to the calls for analysing
different cleantech financing models (Cumming, Henriques, and Sadorsky 2016) and the
effectiveness of policies such as tax incentives, public-private co-financing and regulation
(Cumming, Leboeuf, and Schwienbacher 2017; Olmos, Ruester, and Liong 2012; Owen
2023).

5. Conclusion

This SLR addresses the current policy salience of supporting green technology
innovation as a pathway to achieving global environmental sustainability. We focus
on the potential role of SME cleantech to deliver environmentally positive game
changing innovations and provide the first comprehensive SLR of cleantech early-
stage innovation financing. As with all SLR, there are limitations from having a focus
on established and highly cited journals. This can exclude emerging research pub-
lished elsewhere.

Our review reveals the paucity of data and bias of the small extant collection of
literature on more mature North American and European entfin ecosystems. Whilst we
find an abundance of new forms of private finance within the emerging early-stage SME
green innovation finance escalator in the post-GFC period, there is also heavy reliance on
public gap funding and a lack of evidence of its impacts. Furthermore, cleantech char-
acteristics for disruptive high capital expenditure long horizon deeptech require extensive
and innovative public financing instruments and policies to create the stable and sup-
portive market to reduce risk and encourage greater early-stage private investing.

We reveal strong requirements for research and policy to work together in an inter-
disciplinary fashion to develop more holistic entfin ecosystem research which addresses
theory of change and stakeholder perspectives for financing cleantech. This systems
theory building, embracing quantitative economic development and qualitative beha-
vioural finance theory-based research, offers potential solutions to closing the gap on
cleantech information asymmetries. It can lead to a more effective green economy policy
mix and improved public-private co-financing and related stakeholder support policies.
Furthermore, it can more readily provide the policy evidence base for what works in what
context, enabling transnational and emerging market green economy finance learning
and application - providing more fluent and efficient cleantech funding escalators
globally and enabling their more rapid commercial application to meet planetary sustain-
ability targets.
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