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Editorial
Entrepreneurial Finance for Green Innovative SMEs

I. INTRODUCTION

HE route to net zero requires green finance for small and

medium-sized enterprises (SMEs) to be at the top of the
agenda for governments globally! This view was defended by
Owen et al. [31] in response to the Conference of the Parties of
the United Nations Framework Convention on Climate Change
(COP21) Paris 2015 call for anet zero carbon and greenhouse gas
emissions approach to tackling climate change. Subsequently,
Dasgupta’s [11] towering report that centers all business activity
within an environmental context has helped to broaden the
debate to include a nature positive approach to business finance
to help manage the Earth’s biosphere. This is proposed by the
Taskforce for Nature-related Financial Disclosures and many of
the World’s Central Bankers (Network of Central Bankers and
Supervisors for Greening the Financial System [28] in response
to the United Nations [46] call for the protection of 30% of land
and water by 2030 (the so-called “30 by 30 goal).

Owen et al. [30], [31] make the case for entrepreneurial
finance representing an important part of the climate and wider
environmental mitigation global policy response required. This
is due on the one hand to SME green and cleantech innovations
potential to offer global game-changing solutions. On the other
hand, SME:s also represent a substantial part of the global econ-
omy (often representing 99% of national private business and
over half of employment and GDP) and pollution (representing
over half for many nations) according to the Organization for
Economic Cooperation and Development [29]. Yet, SMEs are
also typically overlooked in terms of government environmental
regulations, environmental and social governance (ESG) re-
porting standards and environmental mitigation finance policies
[33]. This poses two central issues, first that there does not
appear to be sufficient private finance currently being invested
in SMEs and second that where market failure exists there is
also insufficient public gap finance provision. For example, the
Intergovernmental Panel on Climate Change [24] reports the
continued deficit in public finance to meet the $100 bn per
annum global mitigation requirements. These shortfalls are most
acute in developing countries, suggesting an important role for
globally scalable innovations and adoption [31]. However, due
to the combination of the aftermath of the COVID-19 pandemic,
subsequent Ukraine conflict and resultant energy crisis, and Eu-
ropean trade uncertainties derived from the United Kingdom’s
(U.K.) exit from the European Union (EU), the green policy
agenda is in danger of being overlooked (Owen et al, 2022).
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With COP27 in Egypt reigniting environmental awareness and
the failure by governments globally to deliver sufficiently on the
Paris agreement (2015) and subsequent investment pledges, this
once again heightens the requirement for green business finance
action by public and private investors, underlining the impor-
tance of this special issue, which the editors and contributing
authors hope will stimulate further, much needed research.
SME:s have limited financial resources and face the dual issues
of funding their own innovations and investing in the adoption
of new green technologies and business practices that will
mitigate climate and environmental catastrophe (Owen et al.,
2022). This is problematic because SME green innovations
are often disruptive and deeptech oriented [15], requiring a
long horizon and substantial patient capital investments into
hardware to facilitate commercialization and required scale-up
which the private sector is not meeting [7]. A further issue is that
green innovations offer new business models [27] that require
a behavioral change to induce market acceptance [38] and may
therefore incur atypically high marketing costs [22], [37], long
payback periods and are unlikely to fully remunerate investors
for their wider public good [18], [39]. Owen et al. [31] make the
case that public investment—which can take into account wider
public good—can substantially close the green SME innovation
and adoption finance gaps. This is particularly the case for
earlier stage perceptibly higher risk innovation development, in
order to facilitate more rapid commercialization, adoption, and
mitigation for the transition to net zero and 30 by 30. However,
Owen et al., [31], 2020 and Owen [33] also recognize that
there is insufficient public funding currently and that it is not
sufficiently directed at SME innovation, due to a combination
of government and private finance short-termism and lack of
attention to seeding and scaling up longer horizon cleantech.
Owen et al. [31] also highlight the predilection for public
policy to focus on big infrastructure projects, citing the example
of the United Kingdom (U.K.) Green Investment Bank (GIB)
that invested more than half of its funding raised between 2013
and 2017 in the development of wind farms. This trend has
also extended to the more recently established (2019) U.K.
Green Finance Institute’s (GIF) focus on electric vehicle (EV)
infrastructure, energy storage, and hydrogen energy solutions
(Owen et al., 2022). Indeed, the lack of attention and mention of
SMEs within the U.K. roadmap for green finance [21] prompts
the question as to whether GIF is simply GIB version 2.0?
Furthermore, the current global economic turbulence gen-
erated by the COVID-19 pandemic and the ensuing conflict
between Ukraine and the Russian Federation (as well as the
U.K.’s confirmed exit from the EU in 2021), whilst highlighting
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the need to address safe and secure energy, food and water
supplies, is also ironically leading many European governments
to turn their back (at least in the short-term) on green policies.
France presents an exception, in promoting green policies under
President Macron (notably in his recent August 24, 2022 speech
to the French Council of Ministers) offering a sustained green
vision with clear strategic support for green innovative startups
through the national French Tech “Green20” program.

As a major contributor to the economy [29], SMEs have a
responsibility of social supervision that can include how they
disclose their environmental information on increasing the effi-
ciency of energy usage and reducing their resource consumption
that can produce nonrecyclable wastes. This underpins the EU’s
concerns for establishing SME ESG reporting under European
Directive 2021/01014 [14], [17]. Green finance is, therefore,
closely tied to green innovation technology. However, at the
same time, SMEs are also aware of their economic benefits
while focusing on their green business [17], [18]. Thus, a critical
triangulation of business survival during a turbulent economic
condition, environmental protection, and, at the same time,
a continuous innovation is a prime goal for any sector and
any country [40]. On the one hand, green innovation invites
risks, demands significant research and development (R&D)
investment, and expert skill sharing for the SMEs. On the other
hand, if these aspirations are not met and supported by the
Government or private financiers, entrepreneurs may lose their
motivation to engage in independent R&D [18]. Additionally,
institutional pressure from various environmental agencies and
regulatory bodies put pressure on businesses to comply with
new rules and policies. So, the economic contribution from
them becomes stagnant. This approach needs a positive and
productive discussion [17]. The solution may lie with spe-
cific and targeted transparent and easy to report environmental
(non-financial) measures [14], [19] so that the burden of reg-
ulations on SMEs can be lifted and the credit supply can be
facilitated.

Finally, even where green SME innovation policies exist,
multiple issues in terms of extra financial support, investment
selection, funding availability, and market conditions will affect
their outcomes, as reflected in this special issue call and its
introductory IEEE paper [30] and the resulting papers presented
in this special issue (see [4], [9], [32], [34], [35], [36], [45]).
These papers offer important contemporary insights into what
we know and what we need to know in order to improve the
availability of green innovation financing that can transform
the current global economy into a desirable future sustainable
environment and society.

II. ARTICULATING THE GREEN SME FINANCE PROBLEM

Critically, Owen et al. (2022) and Seagal Quince Wicksteed
(SQW) [42] note that SME green finance falls into two broad
and distinguishable categories. First, “adopters” are typically
established SMEs that seek to “go green” by adopting new
environmentally positive practices and, second, “innovators”
are typically new or transitioning SMEs that are developing
the new green practices. Owen et al., [31], 2020 highlight that

SME green innovations require more attention from scholars and
policymakers, since these have the highest potential to deliver
the globally scalable disruptive game-changing product, service,
and business model changes (rather than simply following third-
party innovations) environmental mitigation impacts required
for example by the IPCC [24].

So, what are these green practices and why are they so im-
portant? The special issue call and supporting paper [30] set out
quite a narrow cleantech definition based on the prevailing low
carbon climate change net zero call, following COP21 in Paris.
This approach is embodied in the Massachusetts Institute of
Technology (MIT) ([15], p. 6) description that cleantech “com-
panies are those that develop technologies for energy genera-
tion, energy storage, advanced fuels, energy efficiency, energy
software, and energy software appliances, as well as those that
deploy or finance clean energy technologies.” To this definition,
we also added a circular economy cradle to cradle perspective
encompassing the need for green innovation products to reduce
rare mineral material use, increase life expectancy and facilitate
repair, repurposing, and recycling [3]. However, in light of the
broader all-encompassing requirements of nature-positive SME
innovation creation and adoption and concurring with the article
by Scheidering et al. [41] and Gao et al. [16], p. 727 suggest that:
“So called green innovation refers to product innovation and
process innovation that has the purpose of reducing adverse
impacts on the environment that tend to occur in the course
of economic activity.” This broader view of green innovation
appears best suited to addressing Dasgupta’s [11] report and
what SME green finance should consider.

However, as Harrer and Owen [18] point out, even when
we have a definition of green SME finance for innovation
creation and adoption, the problem for the investors—whether
SMEs, or their financiers—remains how to measure and assess
the intended positive environmental impact and then how to
assess the value to the market and likely financial return. This
approach encapsulates what can be described as the green impact
investment dilemma, which is particularly exacerbated for SMEs
and disruptive early-stage green innovators, where information
asymmetries are greatest between entrepreneur innovators and
their prospective financiers [6] and where SMEs suffer from lim-
ited resources—the liabilities of newness and smallness (Lehner
et al, 2018) relating in a lack of internal finance, trading track
record, and the ability to search and successfully access external
finance. These aspects all contribute to the early innovation
equity finance gap [8]. It is further exacerbated by the long
horizon, capital-intensive, high-risk financing, which is required
to bridge the extended valley of death that faces many green
tech innovators during the period of R&D prior to establishing
the commercial traction that can enable successful investment
exit and remuneration for investors [26]. Deffains-Crapsky and
Sudolska [12] also find that disruptive innovation, such as green
tech, is neither linear nor incremental, often requiring pivots
and spikes in external investment requirements. Additionally,
Polzin [39] recognizes that green and social impact investors
are unlikely to receive the full remuneration for their investment
impacts, which will flow beyond their traded market value—
how, for example, do we value clean air?
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TABLE I

ENTREPRENEURIAL FINANCE FOR GREEN INNOVATIVE SMES, SUMMARY OF IEEE SPECIAL ISSUE PAPERS

Government Policy in Developing the University

cleantech innovation

Authors/title Subject Method Geography | Findings

Botelho et al., (2023) 50 Shades of Green—Angel Investing | Green business angel Qualitative UK Solely green angel investors are less

in Green Businesses investment motivations altruistic than occasional green investors

Cowling and Lui, (2023) Access to Finance for Cleantech Cleantech SME debt and Quantitative | UK Cleantechs SMEs exhibit high demand for

Innovation and Investment: Evidence from U.K. Small-and | equity finance external finance, often met by alternative

Medium-Sized Enterprises non-traditional financiers

Owen, (2023) Lessons from Government Venture Capital Government VC Funds Qualitative UK Provides a novel, qualitative, systems

Funds to Enable Transition to a Low-Carbon Economy (GVCF) for cleantech learning approach to support cleantech
finance policy, practice and theory

Owen and Vedanthachari, (2023) Exploring the Role of U.K. | University-related Qualitative UK Catalytic role of universities for cleantech in

entrepreneurial finance (‘entfin’) ecosystem

Entrepreneurial Finance Ecosystem for Cleantech finance

nuanced by sector investment horizons

O'Reilly et al., (2023) Financing Early Stage Cleantech Firms | Cleantech equity

Quantitative | 16 European | ECF ameliorates early innovation cleantech

Financing in Ghana

crowdfunding (ECF) countries SME illiquidity, with positive signals to
follow-on equity investors
Tingbani, et al., (2023) Environmental Tax, SME Financing Environmental tax impacts | Quantitative | 24 OECD Increased environmental tax reduces
Constraint, and Innovation: Evidence from OECD Countries | on SME innovation countries innovation. Financial constraint is a positive
moderator.
Owusu-Manu, et al., (2023) A Cognizance of Green Bond | Green Bonds for Quantitative | Ghana, GBs offering low interest rates, long horizon
Features Preferential to Renewable Energy Project Renewable Energy projects Africa investment, transparency of issuance,

economic convenience and tailored
solutions can deliver institutional investment
into renewable energy projects and SME
micro generators.

Here we return to the crucial role of this special issue in
bringing together leading SME entrepreneurial finance research
into the financing of green, cleantech innovation and SMEs’
abilities to invest in the adoption of new green business models
and practices (Owen et al, 2022, [42]). This approach requires the
articulation of specific SME green financing gaps at particular
stages of SME development and resource capabilities and a
greater understanding of the behavioral interactions that take
place within the sustainable stakeholder triple nexus where
policy, investor, and entrepreneur intersect and decide on in-
vestment [18]. Here all of the special issue papers concur that
private markets require an appropriate policy mix of support
[47] to facilitate closing the SME green finance gaps in or-
der to offer the required investments for a more sustainable
environment.

III. REVIEW OF THE SPECIAL ISSUE PAPERS

As Table I indicates, the seven papers in this special issue
offer a wide-ranging view of the different stages of green in-
novation funding and green process adoption investment. They
offer quantitative and qualitative data insights, drawn mainly
from more mature OECD economies that have long established
private and public financing mechanisms that form the operation
of their evolving green innovation investment escalators [31].
The exception is Owusu-Manu et al. [35], whose paper presents
an initial insight into how green bonds (GBs) might be most ef-
fectively introduced into Ghana’s developing African economy
to stimulate much-needed foreign investment into the country’s
low-carbon economy, including for green innovating SMEs.
The remaining papers examine the countries which are mature
and major polluters and which are able to afford mitigating
impact investments. They provide evidence of what actions are
taking place and relatively early insights into what works well or
less well and potentially what might be transferrable to invest-
ment practices in emerging markets. As alluded to earlier, it is

helpful to consider the distinction between green R&D inno-
vation within SMEs and investment into SME green practice
adoption.

A. Green Innovation R&D Investment

Owen and Vedanthachari [34] explore the earliest stage of
green innovation by examining the U.K. government’s Inno-
vation Knowledge Centre (IKC) program, which is concerned
with translating university research into commercial industry
outcomes. This article focuses on two IKC qualitative case
studies, which are contributing to low carbon and wider en-
vironmental innovation impacts in industry and highlights the
importance of sector and long horizon disruptive technology
nuances on the investment and adoption processes of industry.
On the one hand, Cambridge University’s novel redeployment
of existing remote sensor technology was about developing
industry acceptance. A few university SME spin-out innovators
operating in the construction sector have proven to be major
catalysts for fundamental material and energy savings in large
construction and maintenance projects, such as London’s re-
cently completed Crossrail Elizabeth line, which has seen a
one-third reduction in concrete use for tunneling. On the other
hand, Imperial College London’s synthetic biology program was
fundamentally about assisting around 40 university spin-outs
and early stage innovative SMEs to develop computer-modeled
solutions, leading to a fast-growing software tech sector in
West London around the Imperial’s White City campus. Here,
the importance of university-managed flexible rapidly available
proof of concept grants, alongside incubation staff support, has
provided a pipeline of attractive technology start-ups for early
stage private investors, which have collectively reached over
a £1bn valuation. However, there is lack of substantive Series
A commercialization funding for the longer horizon hardware
required to trial and manufacture the new material and energy
saving solutions promised by the emerging synthetic biology
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tech platform ventures, with few yet progressing to commer-
cialization.

The problem of long horizon cleantech funding is a recurring
theme, notably in Owen [32] who presents a qualitative longitu-
dinal case evaluation of four cofinanced public—private govern-
ment venture capital funds (GVCFs) specifically targeting early-
stage SME low-carbon innovation ventures. This article points to
the relatively small proportion of U.K. SME investment through
key government agencies, such as the British Business Bank and
Innovate U.K., that specifically targets green innovation, despite
successive government claims during the last decade advocating
aglobally leading green growth economy [20]. The paper centers
on the perennial criticism that GVCFs under-achieve [4], [25]
and that VC may not be a suitable way of funding cleantech
[15], stating that having a clear theory of change and logic model
underpinning GVCF design, operation and evaluation is critical
to their success. The paper supports Lerner’s [25] statement that
GVCF is a long game (requiring 10 years plus fund design
structures), and stresses the requirements for patience and a
stable policy framework that nurtures the development of private
sector-led financial intermediary expertise in the assessment and
selection of early stage investment in complex disruptive new
tech markets, such as cleantech. As such, Owen [32] argues
that the government is failing to sufficiently target cleantech
and to invest the large sums of money required to leverage
the levels of private investment to enable cleantech venture
commercialization and optimal investment exits. By applying
a novel policy design perspective, the paper demonstrates that
disjointed government policies and agencies in the U.K. are
perpetuating the GVCF design failures of the past. A key find-
ing, therefore, is that improved organizational learning within
government that incorporates better integrated departments and
agencies can provide the coherent long horizon public supported
finance escalator for cleantechs to thrive. The paper concludes
that this situation is not currently evident within the U.K. un-
der the Government-appointed British Business Bank or Green
Finance Institute and supports Mazzucato and Semieniuk’s
[26] call for an overarching SME green finance banking body
to more effectively design, deliver, and monitor cofinancing
GVCFs.

Also, at the earlier stages of green innovation investment,
Botelho et al. (2023) point to the important role that busi-
ness angels can play within the pipeline of finance to develop
green/clean tech innovative ventures. They identify a gap in
the entrepreneurial finance literature in terms of understanding
what are the business angels’ motivations for investing in en-
vironmental impact ventures. In doing so, they present a novel
research framework that combines angel motivation [43] and the
social return on investment literature to offer important insights
into what green ventures should present to angel investors and
also what policy interventions might encourage more green
angel investment. This article reports on interviews with 65
U.K. business angel investors and specifically examines the
relationship between the “weight” of their green investment
portfolios and their motivations in terms of altruism, hedonism,
and economic return. This article finds that angels with propor-
tionally larger green investment portfolios are typically younger

and less experienced in either SME management or new venture
investing. From a policy and practice perspective, this analysis
suggests that angel networks are more likely to become greener
through the recruitment of younger angels, but concerningly
these angels may not have the experience to deliver the extra
financial managerial support for effective venture development
that may require involvement from more experienced angels in
the network. The findings also reveal different motivations and
a general concurrence with [18] that higher weighting green
impact investors retain a strong motivation for financial return,
underlining the importance of a strong financial model to green
venture propositions. The paper stresses the importance of future
research to gain a greater understanding of the private investment
motivations of business angels, since they represent a major con-
tribution to the early-stage green innovation funding escalator
and yet little is known about their green investment screening
and environmental impact assessment practices or the likely
outcomes of their often long horizon and highly speculative
investments.

O’Reilly et al. [36] present a quantitative analysis of the
financing of cleantech SMEs that successfully raised finance
on equity crowdfunding platforms in 16 European countries.
They note that this relatively new form of earlier-stage equity
risk finance which first emerged in the U.K. after the Global Fi-
nancial Crisis (GFC) of the late 2000s is playing an increasingly
important role in funding new venture innovation, but little is
known about the extent of their activity and impact on cleantech
innovation ventures. In particular, they explore the relationships
between venture accounting practices and their intangible assets,
postulating that high levels of the latter will necessitate equity
funding over debt (which typically requires tangible asset-based
collateral), whilst high levels of the former will improve access to
equity crowdfunding and also post funding venture performance.
Analysis of 177 European equity crowdfunded cleantechs re-
veals that the average establishment age of these ventures is
five years and that they are mainly in R&D and expansion
stages and raise significant-sized rounds of equity crowdfunding
investment of over 800 000 Euros. Longer established firms are
more successful in raising larger sums and cleantech raise twice
the average round sizes of other sector agnostic European equity
crowdfunding studies [23]. The indications are that cleantech are
long horizon and highly expensive R&D investments requiring
transparent accounting data and founder “skin in the game”
investment, which longer established ventures can offer. It is
also evident that these investments offer good signaling for
further equity rounds and considerably improved valuations over
time. However, these findings also raise concerns about the
suitability of equity crowdfunding platforms for earlier stage
cleantechs and the substantial funds that they require, suggesting
from a policy perspective that government cofinancing [31] can
help to create a smoother early-stage green finance escalator
in connection with equity crowdfunding platforms (such as
evidenced in the operation of the London Co-investment Fund).
Public-funded initiatives can also instill the accounting practices
required to improve access to equity crowdfunding and im-
prove signaling for post-crowdfunding equity and debt funding
rounds.
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B. Financing SME Green Innovation Adoption

The remaining three papers are quantitative. Two address the
wider issues of SME finance to adopt green practices, whilst
the third paper by Owusu-Manu et al., [35] relates specifically
to the Paris 2015 call for the reduction of greenhouse gases
ostensibly through financing the expansion of renewable en-
ergy (RE) infrastructure. Cowling and Lui [9] use the U.K.
national Small Business Survey (SBS) of SMEs, drawing on
the waves of data collected between 2007 and 2012 to provide a
substantial-size grouped data set of 9894 valid employer SME
(1-249 employee) observations. This data is used to explore
four hypotheses which relate to SMEs embracing cleantech
being:

1) more likely to require external finance;

2) more likely to use alternative nondebt (bank) finance;

3) to be less likely to experience full credit rationing (where
no external finance is available to them) due to the U.K.
being comparatively well supported by government funds
and policies to support green finance [10]; but

4) that this funding will more likely come from alternative
equity risk financiers who are more likely to commit to
longer term investments and to invest in intangibles (rather
than banks who will require collateral).

“Going green” is defined from the data set variable recording
the business steps taken to reduce energy consumption and/or
waste and/or switch to recyclable/sustainable materials. It is
worth noting that the U.K. SBS in its more recent longitudinal
reincarnation since 2015 does not include this question, pre-
venting more recent comparative analysis (Owen et al., 2022).
Furthermore, Cowling and Lui ingeniously examine the inten-
tions of high tech (defined by Bakhshi et al., 2018 as companies
having knowledge and R&D intensity activities and workforce)
sector SMEs to do more to reduce their environmental impact,
in order to offer a proxy for cleantech R&D activity. Regression
analysis reveals that going green employer SMEs investing
in cleantech have a higher demand for external finance than
their nongreen counterparts, but that they tend to rely heav-
ily on alternative sources such as government grants. Their
findings also indicated that SMEs going green also opted out
of available debt finance in favor of using grants. Whilst it
is acknowledged that grants may act positively to encourage
SME cleantech adoption by adjusting the long-run risk return
on investment, the indication here is that government grant and
subsidy programs should be better targeted to avoid crowding
out the private market. Furthermore, a crucial finding is that
high-tech cleantechs that appear to be viable credit-rated in-
vestment propositions are facing a shortfall in bank and equity
funding—whilst cleantechs do receive investments, they appear
to suffer from underinvestment. This finding appears to support
the perennial ongoing problem of long-horizon underinvestment
in the U.K. (and Europe) reported by recent British Business
Bank Small Business Equity Tracker reports [5], which may
well apply to cleantech. This article concludes with a series
of powerful policy recommendations for long-term strategic,
coordinated public support to co-invest into cleantech alongside
asuitable regulatory and tax regime and demand-side investment

readiness support. The authors conclude with a call for improved
SME cleantech data, which is roundly supported by other recent
papers [30].

Tingbani et al. [45] point to the lack of studies that examine the
relationship between environmental policies and innovation and
the contention that tax instruments are an efficient means of en-
couraging cleantech emission reduction and adoption [2]. They,
therefore, set out to examine the impacts of an environmental
tax on SME innovation and the relationship on SME finance
constraints. A cross-country quantitative analysis of 24 OECD
European and North American countries is undertaken for the
period 2000 to 2019, using panel data for 480 SMEs to examine
two hypotheses: 1) that environmental tax has a negative impact
on SMEs; innovation and that 2) this relationship is positively
moderated by financial constraints. This analysis reveals that
environmental taxes have a negative impact on SMEs ability to
innovate. This is exacerbated by the difficulties that SMEs face
in raising the external finance that they require in order to adopt
cleantech innovation. A significant finding of this article, when
controlling for individual country level macroeconomic factors
(such as interestrates, GDP, and inflation) and stable governance,
is that environmental taxes will exacerbate the existing finance
gap for cleantech innovation and act as a constraint to SME
environmental practices, such as the reduction of pollution.
A major policy recommendation is, therefore, to engage in
stable governance and supportive policies to enable cleantech
investment.

Owusu-Manu et al. [35] examine how green bonds (GBs)
might be introduced to assist Ghana’s developing low-carbon
economy, through their potential as a wholesale financing in-
strument to encourage international and national investment into
developing the country’s strategically vital renewable energy
(RE) sector. Whilst RE from thermal, hydro and solar power
provides all of Ghana’s electricity, there has been more than a
50% increase in demand for electricity during the last decade
and there is significant forecast demand for a major investment
into new RE infrastructure over the next decade in order to
provide national energy security. The authors note that GBs
have been used extensively in more advanced economies to
provide the large capital financing required for RE infrastruc-
ture projects. By 2019, GBs represented $228.2 billion of cli-
mate investment globally, but only 2% of this investment had
been in Africa and none in Ghana. Given that GBs offer a
potentially stable and effective structural financial instrument
for RE investment, the authors question what features of GBs
are most attractive to Ghana’s major investment institutions
(pension funds, insurance companies, and investment banks).
Twelve key elements of GB were derived from an extensive
desk study and literature review. These were presented in
Likert scale survey format to a sample representing half of
Ghana’s major financial institutions from which a 60% valid
and sufficiently robust response rate was gained (n = 33). The
quantitative findings from a relative importance ranking index
and significance tests revealed that relatively low-interest rates,
similar long horizon payback periods (periods of 7-15 years
are acceptable), economic convenience (large scale and reduced
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transaction costs of capital pool), and transparency of issuance
(including ensuring green credibility) were the significant top
features. Additionally, in-line with other studies of RE financing,
the specificity of GB design to provide clear and transparent
tailored and homogenous working financing facilities is crucial.
These findings offer important guidance for the successful in-
troduction of GB facilities in Ghana and potentially for research
and practical advancement in other African and developing
economies.

III. CONCLUSION AND VISION FOR FUTURE SME GREEN
FINANCE RESEARCH

Collectively, the papers in this special issue offer one of the
most comprehensive set of insights into SME green finance
innovation and green practice adoption yet published. The focus
has been on low carbon and addressing climate change for
net zero, but there has also been consideration of the wider
environmental concerns in relation to pollution and circular
economy. The emerging themes are remarkably consistent and
should offer practitioner and policy guidance for designing,
implementing, and improving SME green financing programs.
The focus has been on OECD (European and North American)
more advanced economies. Whilst these papers offer examples
of the more mature government SME green finance policies and
their lessons and implications, it should be acknowledged, as
stated by Tingbani et al., [45], that the potential transferability
of policies between different countries in terms of their degree
of economic maturity, governance, and cultures is unknown,
and more research is required. A further common theme is that,
even within the mature country economies studied, SME green
finance data remains patchy and limited. There is an urgent
requirement for improved SME environmental data collection
through national surveys and also via lowering of the threshold
on ESG reporting regulation to enable at least a light touch
of SME environmental impact recording [48]. This approach,
for example, might involve some form of SME energy or car-
bon footprint rating or a wider environmental impact inventory
approach [19] that can more effectively serve SME financial
market environmental risk and impact assessment. Certainly,
this approach underpins the EU’s drive towards a Green Taxon-
omy [13] and the recently formed global Taskforce on Nature-
related Financial Disclosures’ drive for science-based targets
[28], [44].

A. Summary of the Main Findings for Theory, Practice, and
Policy

Critically, these papers consistently point to the finance gaps
for green innovation SMEs which are disrupting the flow of the
innovation finance escalator [9]. This disruption is occurring
across the mature SME finance markets of Europe and North
America [45] and preventing the more rapid commercialization
of potential game-changing low-carbon and nature positive so-
lutions for our environmental sustainability [32], [34], [36].

These papers contribute considerably to the emerging field of
green SME entrepreneurial finance theory by investigating the

causes of the finance gaps, which are found to be more complex
than the simple resolution of the information asymmetries that
exist between entrepreneurs and their potential financiers. This
special issue thus contributes to a greater understanding of the
interactions and behaviors taking place within the green en-
trepreneurial finance (‘entfin’) ecosystem where multiple actors
converge in the sustainable stakeholder triple nexus (‘SSTN’)
where financiers (public and private), green entrepreneurs and
policy and SME support activities impact on the financing
decision making process [18].

The articles also point to the rise of alternative, nonbank,
finance for SMEs—and particularly green innovation SMEs—in
the aftermath of the late 2000s Global Financial Crisis [9],
notably in the form of expanded angel networks (Botelho
et al, 2023), equity crowdfunding [36] and the expansion of
public cofinancing programs [32]. In this respect, Owen and
Vedanthachari [34] stress the need for public (proof of concept
grants, launchpad, and accelerator small-scale equity) funding
to catalyze and nurture the initial pipeline of green innovative
ventures, as well as follow this up at later stages where finance
gaps may exist. O’Reilly et al. [36] find that equity crowdfunding
is offering significant levels of finance to early commercializa-
tion and scale-up cleantech and strong positive signaling effects
for follow-on private finance, but find evidence for a funding
gap for longer horizon intangible cleantech. Cowling and Lui
[9] also evidence a patient capital green tech funding gap, but
caution that whilst the public policy is important to develop-
ing a green tech venture pipeline, it must ensure that public
and private finance can operate in a complementary fashion
to avoid crowding out of banks and private fundings and lead
to a more efficiently operating green innovation SME finance
escalator.

A common emerging theme is that access to patient capital
(Rowlands, 2009) remains a major barrier for green/cleantech
and this is revealed in recent British Business Bank [5] reports
detailing the extensive “deeptech” funding shortfall experienced
in later funding rounds for long horizon capital intensive dis-
ruptive R&D ventures, such as cleantechs that need to build and
manufacture prototypes [32], [34]. This funding gap continues
to present a major barrier to the successful commercialization of
green technology and further research is, therefore, required to
develop the public-private funding mechanisms that can unlock
sufficient institutional (i.e., pension fund) finance to deliver the
game-changing environmental technologies to the market and
more effectively mitigate net zero and deliver nature positive
solutions.

Finally, alongside the long-horizon investment required for
green tech, Tingbani et al. [45], echoing Owen et al. [31], point
to the need for a holistic mix of SME green finance programs
and instruments (e.g., tax and financial inducements) that are
supported by coherent and cohesive policy mix ([47], Owen,
2020), which offers business support (e.g., investment readiness:
[9]) and a suitably strong environmental regulatory regime.
Since innovation technology financing is a long game [25], this
approach also requires a stable government that can encourage
the substantial long-horizon private financing required.



948

(1]
(2]

(3]
(4]
(51
(6]

(71

(8]

[9]

[10]

[11]

[12]

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 70, NO. 3, MARCH 2023

ROBYN OWEN
Middlesex University Business School
NW4 4BT London, U.K.

TIAGO BOTELHO
University of East Anglia
NR4 7TJ Norwich, U.K.

CIARAN MAC AN BHAIRD
Dublin City University
Dublin 9, Whitehall, Ireland

JAVED GHULAM HUSSAIN
Birmingham City University
B5 5JU Birmingham, U.K.

YANNIS PIERRAKIS

Universitat Internacional de Catalunya
and Kingston University

08017 Barcelona, Spain

JONATHAN M. SCOTT
University of Waikato
Hamilton 3216, New Zealand

SUMAN LODH

Kingston University

KT1 2EE Kingston upon Thames,
UK.

REFERENCES

H. Bakhshi, J. Davies, and P. Higgs, The Geography of the U.K.’s Creative
and High—Tech Economies. London, U.K.: NESTA, 2015.

A. Bergek and C. Berggren, “The impact of environmental policy instru-
ments on innovation: A review of energy and automotive industry studies,”
Ecological Econ., vol. 106, pp. 112-123, 2014.

L. Bergset, “Green start-up finance: Where do particular challenges lie?,”
Int. J. Entrepreneurial Behav. Res., vol. 24, no. 2, pp. 451475, 2018.

T. Bothelo, C. Mason, and K. Chalvatzis, “50 Shades of green—Angel
investing in green businesses,” IEEE Trans. Eng. Manage., to be published.
British Business Bank (BBB), “Small business equity tracker 2021,”
Report by the British Business Bank, Sheffield, U.K., Jun. 2021.

R. E. Carpenter and B. C. Petersen, “Capital market imperfections, high-
tech investment, and new equity financing,” Econ. J., vol. 112, no. 477,
pp. F54-F72, 2002.

T. F. Cojoianu, G. L. Clark, A. G. Hoepner, P. Veneri, and D. Wdjcik,
“Entrepreneurs for a low carbon World: How environmental knowledge
and policy shape the creation and financing of green start-ups,” Res. Policy,
vol. 49, no. 6, pp. 1039-1088, 2022.

A.Cosh,D.J. Cumming, and A. Hugues, “Outside entrepreneurial capital,”
Econ. J., vol. 119, pp. 1494-1533, 2009.

M. Cowling and W. Lui, “Access to finance for cleantech innovation and
investment: Evidence from U.K. small- and medium-sized enterprises,”
IEEE Trans. Eng. Manage., to be published.

C. Criscuolo and C. Menon, “Environmental policies and risk finance in the
green sector: Cross-country evidence,” Energy Policy, vol. 83, pp. 38-56,
2015.

P. Dasgupta, “Final report-the economics of biodiversity: The Dasgupta
review,” Final report of the Independent Review on the Economics of
Biodiversity for HM Treasury, London, U.K., Feb. 2021.

C. Deffains-Crapsky and A. Sudolska, “Radical innovation and early-stage
financing gaps: Equity based crowdfunding challenges,” J. Posit. Manage.,
vol. 5, no. 2, pp. 3-19, 2014.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[32]

[33]

[34]

European Union (EU) “Sustainable finance package,” 2021, updated 4th
Jun., 2021, Accessed: Nov. 1, 2022. [Online]. Available: https://finance.
ec.europa.eu/publications/sustainable- finance-package_en

A. Faccia, F. Manni, and F. Capitanio, “Mandatory ESG reporting and
XBRL taxonomies combination: ESG ratings and income statement,
a sustainable value-added disclosure,” Sustainability, vol. 13, 2021,
Art. no. 8876. [Online]. Available: doi.org/10.3390/sul3168876

B.E. Gaddy, V. Sivaram, and F. O’ Sullivan, “Venture capital and cleantech:
The wrong model for clean energy innovation,” MIT Energy Initiative
Working Paper, Cambridge MA, USA, Jul. 2016.

Y. Gao et al., “An empirical study on green innovation efficiency
in the green institutional environment,” Sustainability, vol. 10, 2018,
Art. no. 724.

A. Gholami, P. A. Murray, and J. Sands, “Environmental, social, gover-
nance and performance disclosure for large firms: Is this different for SME
firms?,” Sustainability, vol. 14, 2022, Art. no. 6019. [Online]. Available:
DOILorg/10.3390/su14106019

T. Harrer and R. Owen, “Reducing early-stage cleantech funding gaps: An
exploration of the role of environmental performance indicators,” Int. J.
Entrepreneurial Behav. Res., vol. 28, no. 9, pp. 268-288, 2022.

A. Hassan, A. A. Elamer, H. Lodh, L. Roberts, and M. Nandy, “The
future of non-financial business reporting: Learning form the Covid-19
pandemic,” Corporate Social Responsibility Environ. Manage., vol. 28,
no. 4, pp. 1231-1240, 2022.

H. M. Government, “The clean growth strategy: Leading the way to a low
carbon future,” Department for Business, Energy and Industrial Strategy,
Crown Copyright, London, U.K., Oct. 2017.

H. M. Government, “Greening finance: A roadmap to sustainable in-
vesting,” Her Majesty’s Treasury, Department for Business, Energy and
Industrial Strategy, Department for Work and Pensions, Oct. 2021.

K. Hockerts and R. Wustenhagen, “Greening Goliaths versus emerging
Davids-Theorizing about the role of incumbents and new entrants in sus-
tainable entrepreneurship,” J. Bus. Venturing, vol. 25, no. 5, pp. 481-492,
2010.

L. Hornuf, M. Schmitt, and E. Stenzhorn, “Equity crowdfunding in Ger-
many and the United Kingdom: Follow-up funding and firm failure,”
Corporate Governance, Int. Rev., vol. 26, pp. 331-354, 2018.

IPCC, “Climate change 2022: Mitigation of climate change sum-
mary for policymakers,” Intergovernmental Panel on Climate Change
(IPCC), Working Group III contribution to the Sixth Assessment Re-
port, ISBN 978-92-9169-160-9, 2022, Accessed: Nov. 8, 2022. [Online].
Available: https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_
AR6_WGIII_SPM.pdf

J. Lerner, “The future of public efforts to boost entrepreneurship and
venture capital,” Small Bus. Econ., vol. 35, pp. 255-264, 2010.

M. Mazzucato and G. Semieniuk, “Financing renewable energy: Who is
financing what and why it matters,” Technol. Forecasting Social Change,
vol. 127, pp. 8-22, 2018.

B. Mrkajic, S. Murtinu, and V. G. Scalera, “Is green the new gold? Venture
capital and green entrepreneurship,” Small Bus. Econ., vol. 52, no. 4,
pp- 929-950, 2019.

NGES (Central Bankers and Supervisors) “Central banking and supervi-
sion in the biosphere: An agenda for action on biodiversity loss, financial
risk and system stability,” Final Report of Network for Greening Financial
Systems NGFS-Inspire Study Group, London, U.K., Mar. 2022.
Organization for Economic Cooperation and Development (OECD),
“SMEs: Key drivers of green and inclusive growth,” Issue Paper for OECD
Green Growth Knowledge Platform, Paris, U.K., Nov. 2018.

R. Owen, G. Brennan, F. Lyon, and T. Harrer, “Financing cleantech SME
innovation: Setting an agenda,” IEEE Trans. Eng. Manage., vol. 68, no. 4,
pp. 1168-1172, Aug. 2021.

R. Owen, F. Lyon, and G. Brennan, “Enabling investment for the transition
to a low carbon economy: Government policy to finance early stage green
innovation,” Curr. Opin. Environ. Sustainability, vol. 31, pp. 137-145,
2018.

R. Owen, “Lessons from government venture capital funds to enable
transition to a low-carbon economy: The U.K. case,” IEEE Trans. Eng.
Manage., to be published.

R. Owen, “Seeding green innovation: Lessons for finance policy and
practice from the U.K. experience,” Paper to EIFAS Environmental Impact
Finance and Accounting for Sustainability Symposium, Hanken School of
Economics, Helsinki, Finland, Nov. 11, 2021.

R.Owen and L. N. Vedanthachari, “Exploring the role of U.K. government
policy in developing the university entrepreneurial finance ecosystem for
cleantech,” IEEE Trans. Eng. Manage., to be published.


https://finance.ec.europa.eu/publications/sustainable-finance-package_en
https://finance.ec.europa.eu/publications/sustainable-finance-package_en
doi.org/10.3390/su13168876
DOI.org/10.3390/su14106019
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf
https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_SPM.pdf

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT, VOL. 70, NO. 3, MARCH 2023

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

D.-G. Owusu-Manu, L. Mankata, D. Edwards, H. El-Gohary, and J.
Hussain, “A cognizance of green bond features preferential to renewable
energy project financing in Ghana,” IEEE Trans. Eng. Manage., to be
published.

S. O’Reilly, C. Mac an Bhaird, and D. Cassells, “Financing early stage
cleantech firms,” IEEE Trans. Eng. Manage., to be published.

K. Peattie, “Towards sustainability: The third age of green marketing,”
Marketing Rev., vol. 2, no. 2, pp. 129-146, 2001.

A. P. Petkova, A. Wadhwa, X. Yao, and S. Jain, “Reputation and decision
making under ambiguity: A study of U.S. venture capital firms’ invest-
ments in the emerging clean energy sector,” Acad. Manage. J., vol. 57,
no. 2, pp. 422-448, 2014.

F. Polzin, “Mobilizing private finance for low-carbon innovation—A sys-
tematic review of barriers and solutions,” Renewable Sustain. Energy Rev.,
vol. 77, pp. 525-535, 2017.

P. Riva, M. Comoli, and A. Garelli, ESG For SMEs: Can the Proposal
2021/0104 For a European Directive Help in the Early Detection of a
Crisis?. London, U.K.: IntechOpen, 2021.

T. Schiederig, F. Tietze, and C. Herstatt, “Green innovation in technology
and innovation management: An exploratory literature review,” R&D
Manage., vol. 42, no. 2, pp. 180-192, 2012.

SQW, “Assessing the productivity and environmental effects of low carbon
innovation programmes,” Small Project Report by Segal Quince Wicksteed
(SQW) for the ESRC Productivity Insights Network, Sheffield, U.K.,
Sep. 2021. [Online]. Available: https://sqw.co.uk/application/files/1116/
3050/4413/Low_Carbon_Innovation.pdf

M. Sullivan and A. Miller, “Segmenting the informal venture capital mar-
ket: Economic, hedonistic, and altruistic investors,” J. Bus. Res., vol. 36,
no. 1, pp. 25-35, 1996, doi: 10.1016/0148-2963(95)00160-3.

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

949

The Task Force for Nature-Related Financial Disclosures (TNFD), “The
TNFD nature-related risk and opportunity management and disclosure
framework beta v0.2 annex 1,” London, Jun. 2022.

I. Tingbani, S. Salia, J. G. Hussain, and Y. Alhassan, “Environmental
tax, SME financing constraint, and innovation: Evidence from OECD
countries,” IEEE Trans. Eng. Manage., to be published.

UN, “Zero draft of the post-2020 global biodiversity framework,” United
Nations Environment Programme (UNEP) Convention on Biological Di-
versity, Working Group, Kunming, China, CBD/WG2020/2/3, Jan. 6,
2020. Accessed: Nov. 1, 2022. [Online]. Available: https://www.cbd.int/
doc/c/efb0/1f84/a892b98d2982a829962b6371/wg2020-02-03-en.pdf

E. Uyarra, P. Shapira, and A. Harding, “Low carbon innovations
and enterprise growth in the U.K.: Challenges of a place-blind pol-
icy mix,” Technol. Strategy Social Forecasting, vol. 103, pp. 264-272,
2016.

D. Williamson, G. Lynch-Wood, and J. Ramsey, “Drivers of environmental
behaviour in manufacturing SMEs and the implications for CSR,” J. Bus.
Ethics, vol. 67, pp. 317-330, 2006.

R. Owen, S. R. Lodh, S. Plekhanov, and O. Anwar, “Exploring external
finance links to build back better a green UK SME economy,” Enterprise
Res. Centre Res., Warwick Business School, Coventry, Jun. 2022, Paper
99.

O. M. Lehner, T. Harrer, and M. Quast, “Legitimacy and discourse in
impact investing: Searching for the holy grail,” Acad. Manag. Proc.,vol. 1,
Briarcliff Manor, NY: Academy of Management, 2018, Art. no. 10935.
C. Rowlands, “The provision of growth capital to UK small and medium
size enterprises,” TSO, Norwich, 2009.


https://sqw.co.uk/application/files/1116/3050/4413/Low_Carbon_Innovation.pdf
https://sqw.co.uk/application/files/1116/3050/4413/Low_Carbon_Innovation.pdf
https://dx.doi.org/10.1016/0148-2963(95)00160-3
https://www.cbd.int/doc/c/efb0/1f84/a892b98d2982a829962b6371/wg2020-02-03-en.pdf
https://www.cbd.int/doc/c/efb0/1f84/a892b98d2982a829962b6371/wg2020-02-03-en.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


