Cleantech: State of the Art and Implications
for Public Procurement

Robert Davtyan
Hanken School of Economics and HuMLOG Institute, Finland
robert.davtyan@hanken.fi

Wojciech Piotrowicz
Hanken School of Economics and HuUMLOG Institute, Finland
wojciech.piotrowicz@hanken.fi

This paper explores opportunities for utilising cleantech in framing re-
search on sustainability-oriented innovations in public procurement. Re-
search objectives include a critical examination of whether cleantech is a
distinct sector through a systematic literature review and synthesis of find-
ings with public procurement research. The final analysis involved 31 peer-
reviewed academic papers along with additional publications obtained
with the snowball-approach. The results suggest that cleantech could be
used to analyse sustainability related research in the public procurement
context. Cleantech is also helpful in enhancing research on public pro-
curement of innovations and addressing societal benefits through local de-
velopment. Findings unveil new opportunities in investigating better ac-
cess of SMEs to public contracts through intermediaries, networks, and
public-private partnerships. This paper is the first academic paper to anal-
yse academic cleantech literature and link cleantech and public procure-
ment fields. Such an approach is helpful in framing sustainability in public
procurement research and stresses new ways of involving sMEs in public
contracts.
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Introduction

A gradual increase in using management fads and different concepts
originating from practitioners has become a natural tendency among
the academic community. Some concepts have indeed carved a niche in
academia, while others are under discussion as to whether they repre-
sent new valuable techniques or are just new terms that relabel existing
phenomena. ‘Cleantech, which did not exist as a concept before early
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2000s, emerged and gained momentum as a socio-technical sector en-
compassing an immense range of environmental technologies and ser-
vices (Caprotti 2012). While the term is being widely used in the industry,
cleantech as a concept is still overlooked by scholars, especially in com-
parison with other recent trends in technology and management, such as
blockchain.

In the meanwhile, public procurement, originally evolving as an op-
erational activity, has itself become an academic discipline. Defined as
‘the designated legal authority to advise, plan, obtain, deliver, and eval-
uate government’s expenditures on goods and services that are used to
fulfil stated objectives, obligations, and activities in pursuant of desired
policy outcomes’ (Prier and McCue 2009, 329), public procurement has
been used as a strategic lever towards achieving specific economic, po-
litical, and social goals, which can be traced back to the 19th century
(McCrudden 2004). Scholars have acknowledged the relevance of pub-
lic procurement as a tool for stimulating markets and increasing demand
for innovative solutions in general (Guerzoni and Raiteri 2012; Hommen
and Rolfstam 2009), and reducing environmental impact by transition to
low carbon procurement (Correia et al. 2013) as well as influencing mar-
kets of green and environmentally friendly products and services (Cheng
et al. 2018). Purchasing, used throughout this study synonymic to pro-
curement, is considered the most feasible process of supply chain man-
agement to incorporate a sustainable agenda (Ashby, Leat, and Hudson-
Smith 2012). Notwithstanding the various benefits society can obtain by
economic utilization of taxpayers’ money, there are still challenges pre-
vailing in the context of public procurement research. To date, public con-
text and related policies add considerable complexity in assessing both
economic and environmental aspects of procurement (De Giacomo et al.
2018). Despite increased academic attention to the field (Efig and Glas
2016), the findings accumulated to date are rather dispersed (Snider and
Rendon 2008; Telgen, Harland, and Knight 2007; Thai 2001; Uyarra and
Flanagan 2010). However, there is an indication of shortages of green
(Testa et al. 2016) and innovative (Uyarra and Flanagan 2010) public pro-
curement literature, whereas evidence on innovative effects of public pro-
curement is fragmented (Georghiou et al. 2014). In the light of the lack
of both theoretical- and empirical-based research, more specific and sys-
tematic studies on the appearance of sustainability in public procurement
research are required (Cheng et al. 2018).

Cleantech tends to be discussed on various levels. In practice, policy-
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makers recognise and employ the concept. Examples include the Finnish
government’s resolution on promoting cleantech solutions through pub-
lic procurement and recommendations for municipalities on its adoption
(Ministry of the Environment 2013), and setting up a Government Pro-
gramme to become a pioneer in cleantech, and the circular- and bioe-
conomy (Prime Minister’s office 2015). Despite the relevance of intercon-
necting cleantech and public procurement, such a research direction has
not yet been explored widely, with only one scholarly paper (Alhola and
Nissinen 2018) containing ‘cleantech’ and ‘public procurement’ as the key-
words, unveiling the evidence of successful cleantech cases in innovative
public procurement, and focusing on practical implications.

This paper, therefore, strives to systematise insights examining clean-
tech literature and research, considering the potential of cleantech and its
presence in governmental agendas. An assumption is that cleantech can
take the role of a tool transferring general sustainability goals into more
measurable metrics, which is one of the biggest challenges in contem-
porary public procurement research (Cheng et al. 2018; De Giacomo et
al. 2018) and framing the research on public procurement of innovations
(prI1).

This paper has two main objectives. Firstly, the aim is a critical overview
of whether cleantech is an independent sector, as specified by some schol-
ars (see Caprotti 2012). For this purpose, underlining prevalent defini-
tions, determining the boundaries of a sector, and examining interrela-
tions with other sustainability-related terms will be done by systematic
review of academic literature. Secondly, research agenda and specific di-
rections synthesising the key features of cleantech and public procure-
ment streams of literature will be outlined.

The paper is structured as follows. An overview of the interrela-
tion between public procurement and innovations will initiate the pa-
per, followed by methodology. Consequently, key findings from selected
cleantech-related literature according to the main objectives will be pre-
sented. Finally, these insights will be applied to the field of public pro-
curement in order to depict further research directions.

Public Procurement, Innovations, and SMES

This section demonstrates the interrelation between public procurement,
stimulation of innovations and the specific role of small- and medium-
sized enterprises (SMES). These insights will then serve as a prerequisite
for consequent mapping of the systematic literature review findings.
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The notion of positive impact public procurement on innovations is
not new, as it originates in the 1970s (Edler and Georghiou 2007). The
emphasis of policymakers has been put on the potential of public de-
mand to stimulate innovation development, new technologies diffusion
and commercialization (Uyarra et al. 2017). Public policy is defined as all
direct and indirect state actions that have an impact on citizens (Snider
and Rendon 2008), and innovative public procurement represents only
one type of governmental innovative public policy instrument. Research
and Development (R&D) subsidies, along with universities and research
units, are the direct governmental instruments, while public procurement
and regulations are the demand-side tools (Aschhoff and Sofka 2009).
R&D subsidies are a recognised alternative to innovative public procure-
ment (Guerzoni and Raiteri 2012); however, from the long-term perspec-
tive, public procurement shows more efficiency in stimulating innova-
tions than direct R&D investments (Edler and Georghiou 2007). ‘Pulling’
innovations by creating demand and markets for further commercialis-
ing has proven more efficient than directly ‘pushing’ these technologies
to markets with a lack of demand.

Taxonomic issues of innovative public procurement have been dis-
cussed widely. Uyarra and Flanagan (2010) highlight the homogeneity of
academic attempts towards classification that consolidate current prod-
ucts and services and advances in transmission of existing services. Re-
search streams and topics related to the synthesis of public procurement
and innovation on a global scale have been further categorised by Ob-
wegeser and Miiller (2018) as Public Procurement for Innovation (ppf1),
Public Procurement of Innovation (ppo1) and Innovative Public Pro-
curement (1PP). Intensity of public demand and tendencies to procure
innovative products and services (Hommen and Rolfstam 2009) also im-
plicitly affects the innovative agenda of companies by cherishing mod-
ernisation of current products and services despite existence of public or-
ders. Furthermore, project volume, technological ramification and legal
barriers ought to be considered and analysed adequately within any spe-
cific context. However, Chicot and Matt (2018) differentiate between cat-
alytic pp1, whereby innovation development and diffusion are enhanced,
and diffusive pp1, which boosts innovations uptake without addressing
supply-side disruptions. Similarly, Gee and Uyarra (2013) discuss the im-
portant role of public procurement, specifically in local contexts, and the
impact of power asymmetry on system innovation orchestration, while
Uyarra et al. (2017) pinpoint the thin line between regular and innovative
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public procurement, as in practice the concepts do not represent anything
notably different. The reviewed research indicates cities and municipali-
ties as platforms of public procurement capable of creating new markets.
Such platforms are more attractive for piloting and experimenting new
solutions. Likewise, an innovative agenda is applicable to green public
procurement (GPP), in which incorporation of environmental criteria to
public products and services is the cornerstone. Gpp can boost innova-
tions by setting environmental criteria for public procurement, though
recent findings indicate an absence of both theoretical and empirical in-
vestigations on the topic, as well as a lack of attempts to connect it to
cleantech (Cheng et al. 2018). Thus, gpp and PPI do not represent dif-
ferent concepts, as they complement each other.

The above-mentioned parallel is particularly relevant from the per-
spective of small- and medium-sized enterprises (SMES), whose higher
innovative performance correlated with public sector demand (Saasta-
moinen, Reijonen, and Tammi 2018). The rationale for higher involve-
ment of SMEs from an innovative perspective has been acknowledged by
public procurers because of several factors. Firstly, sSMEs are considered
more innovative than their larger counterparts, especially in emerging
technological fields (Frietsch, Neuhdusler, and Rothengatter 2013), and
among technology-based sMEs and start-ups (Myoken 2010). Secondly,
the flexibility and agility of smaller entities play a valuable role in innova-
tions delivery (Karjalainen and Kemppainen 2008). Considering the in-
terweaving nature of innovations and sustainability, addressing sustain-
ability through local procurement is particularly successful in construc-
tion, social services and healthcare, industries that are the most comfort-
able for smEs (Kivisto and Virolainen 2017). Moreover, local procure-
ment is helpful for minority- and women-owned business (Karjalainen
and Kemppainen 2008; Loader 2015).

Nevertheless, there are still considerable challenges related to SMES as
public innovators, as only 29% of above-threshold contracts are secured
by sMEs in the EU single market (Flynn 2017). The reasons are rather
systemic, as they have remained similar for over 20 years (Loader and
Norton 2015) and are relevant for both the purchasing and selling sides.
Public procurement entities tend to face political and institutional pres-
sure to procure collaboratively (Meehan, Ludbrook, and Mason 2016).
Despite the advantages for suppliers, such as predictable and stable in-
come, reliability, and the opportunity to commercialise new products and
services (Flynn 2017; Loader and Norton 2015), only 7% of the Uk SMES
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were interested in selling to the public sector (Karjalainen and Kemp-
painen 2008). Moreover, 78% of small companies in the Uk have never
bid for nor performed public orders (Loader and Norton 2015), suggest-
ing that the problems and barriers hindering access of sMEs to public
contracts are not one-sided, but dyadic in nature.

Methodology

This paper presents a critical analysis of cleantech literature with subse-
quent application of the results through the lens of public procurement
to outline further research agenda. The methodology is based on the sys-
tematic literature review (SLR) and content analysis.

Literature reviews are of vital importance in any scientific inquiry pro-
cess, as they stand for an ‘essential first step and foundation when un-
dertaking a research project’ (Baker 2000, 233), while Seuring and Gold
(2012) argue that literature reviews represent the backbone of any frag-
ment of scholarly work. Typically, the focus of the review is placed on
achieving the two following goals: (1) encapsulating existing research by
identifying common patterns and arguments, and (2) consequently de-
termining the conceptual content of the area (Seuring and Miiller 2008).
Applying a systematic scope to the reviews underlines conducting a struc-
tured procedure of inquiring into available evidence in a transparent and
reproducible manner to achieve reliable and genuine results (Rousseau,
Manning, and Denyer 2008). The essential starting point of an SLR is
setting the basic criteria and delineating the boundaries of a research
(Denyer and Tranfield 2009). The dominant challenge of such reviews
stems from the inability to read everything and, hence, the higher impor-
tance of proper boundary setting.

Therefore, it is possible to provide holistic and all-inclusive reviews
only within very narrowed and emerging fields (Seuring and Miiller
2008). Scopus was used to search for papers with the keywords ‘cleantech’
or ‘clean-tech! However, word collocations such as ‘clean technologies’
and ‘cleaner technologies’ were not included, as the main objective of the
research is to comprehend the substance of ‘cleantech’ as a key concept.
The decision is also supported by consideration of growing use of this
concept by businesses in corporate responsibility matters, while ‘clean
technology’ is almost absent in corporate sustainability communication
(Frig et al. 2018). For the same reasons, journals from all disciplines were
included.

The initial search resulted in 845 papers in total. The main criteria of
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TABLE1 Papers: Descriptive Information

Area/journal Number of papers Time period
Energy and Sustainability 16  2009-2018
Carbon Management 1 2011
Wood: Research Papers, Reports, Announcements 1 2016
Energy Economics 1 2017
Energy Policy 3 2009-2017
Energy Procedia 1 2014
Energy Research & Social Science 1 2018
Environment and Planning C: Politics and Space 1 2017
Environmental Economics and Policy Studies 1 2016
Environmental Innovation and Societal Transitions 1 2018
Global Environmental Change 1 2013
International Journal of Global Warming 1 2012
Journal of Cleaner Production 1 2011
Sustainability 1 2017
Sustainable Cities and Society 1 2014
Geography and General Management 6 2012-2017
Economic Geography 1 2014
Journal of Business Economics 1 2013

Continued on the next page

inclusion for further review were related to document type and paper
relevance. Limiting to peer-reviewed journal publications revealed 53 pa-
pers, and resultant evaluation allowed excluding purely technical (such as
chemistry-related) and irrelevant papers. Finally, 31 papers were selected,
and utilised following a scrupulous review conducted independently by
two researchers. Table 1 represents a descriptive summary of the sources
of the journals selected for the review with information on journal cate-
gories and timeframes.

Relevance of papers was determined by initial screening of titles, ab-
stracts, and keywords. The contents of the papers considered relevant
were then analysed to determine the set of papers for review. Afterwards,
additional papers were identified using the snowball approach by check-
ing the references used within the selected papers. The final set of 31 pa-
pers was reviewed by the advanced content analysis method that provides
a categorising technique of examining information by revealing patterns
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TABLE1 Continued from the previous page

Area/journal Number of papers Time period
Regional Studies 2 2015-2017
Small Business Economics 1 2017
Transactions of the Institute of British Geographers 1 2012
Interdisciplinary 7  2008-2020
Industry and Higher Education 1 2016
International Review of Financial Analysis 1 2016
Nanotechnology Law & Business 1 2008
Science and Public Policy 1 2017
Science of the Total Environment 1 2020
Technology Review 1 2009
The Journal of High Technology Management Research 1 2010
Supply chain, Operations and Purchasing 2 2015-2018
Industrial Marketing Management 1 2015
Journal of Public Procurement 1 2018

and directions of its elemental aspects (Seuring and Gold 2012). More
specifically, selected papers were cross-checked, determining definitions
of cleantech, common research directions and intersections with public
procurement and policies. Moreover, the results of cross-checking appear
in a measurable way (Harwood and Garry 2003), which is specifically
important within a review comprising different research areas. The main
modes of categorising papers and areas of focus are: Defining cleantech,
Governmental involvement and policies, Cleantech firms and networks.
These modes have been determined by in-depth analyses of the papers
and consequent extraction of common topics of discussions.

Cleantech and Governmental Involvement

The main goal of this section is to analyse cleantech-related academic
publications. Investigation starts with examining definitions in order to
grasp the essence of the concept to link cleantech to the model of govern-
mental innovative policy tools. Such an approach will allow better under-
standing of cleantech concept positioning from an academic perspective
to the public sector needed for consequent analysis of cleantech actors
and their roles in knowledge creation, taking into consideration relevance
of public policies.

Managing Global Transitions



Cleantech 193

CLEANTECH DEFINITIONS

The variety of papers underlines the importance of identifying the term
of cleantech systematically, as it differs from other similar or overlapping
sustainability-related terms, given the fact of the absence of a commonly
accepted definition (Cumming, Henriques, and Sadorsky 2016; Davies
2013). To begin with, Guziana (2011), from the top-down perspective,
indicates that cleantech stands apart from the concept of environmen-
tal technology, as the latter is a collective term comprising various sec-
tors. Similarly, Hermelin and R4mo (2017, 131) argue that even though
the overall nature of the concept is a part of a broader green economy
idea, the difference stems from the point that cleantech stands for ‘spe-
cific ideas of economic-environmental efficiency, green growth and mar-
ket environmentalism. Fragmented context-specific uses of the concept
also take place, such as the complementary use of cleantech and green-
tech by means of sustainable technologies in the energy sector (Laurens
et al. 2016), limiting meaning to renewable energy solely (Knuth 2018),
and convergence of cleantech and nanotech in the case of greening nan-
otechnologies (Wexler, Murr, and Weber 2008). Nevertheless, the general
interpretation of cleantech underlines comparable logic among scholars.
Giudici, Guerini, and Rossi-Lamastra (2019) specifically underscore the
key difference between greentech, referring to it as a small and regulatory-
driven market adopting ‘end-of-pipe’ technological solutions, and clean-
tech, which is characterised by approaching fundamental environmental
challenges and working on innovations to a large number of processes.
A line between cleantech and bioeconomy, which utilises an idea of eco-
nomically sustainable use of biomass, is also to be noted (Herdjarvi and
Marttila 2016).

To date, there is no unified and internationally agreed definition of
what cleantech is. For instance, Koch, Serensen, and Wildner (2012) sug-
gest that cleantech comprises activities which advance, manufacture, or
enforce new or upgraded processes or products related to renewable en-
ergy and materials, better resources, and energy efficiency through the
reduction of the use of natural resources and in overall reduced pollution.
Meanwhile, various sources refer to the practical definition provided by
the Cleantech Group, under which the term is represented as a wide spec-
trum of ‘new technologies and related business models that offer com-
petitive returns for investors and customers while providing solutions to
global challenges’ (Doganova and Karnee 2015, 22). The definition has
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persisted over time, and its limited focus on sectoral social construction
(Caprotti 2012), market economics and the related financial side (Guziana
2011) clearly calls for a more comprehensive interpretation.

Several sources define cleantech as an independent sector and in-
vestment category comprising the range of innovative products, ser-
vices and processes designed to achieve long-term commercially- and
environmentally- sustainable industrial development through the opti-
mised use of finite and renewable natural resources (i.e. Cumming, Hen-
riques, and Sadorsky 2016; Davies 2013; Gray and Caprotti 2011; Hermelin
and Rdamo 2017; Vauterin and Virkki-Hatakka 2016). There is also a pat-
tern of attempts towards delineating cleantech firms, which are depicted
as technology-oriented actors that produce, facilitate, and commercialise
cleantech products, services and processes (Bjornali and Ellingsen 2014;
Cumming, Henriques, and Sadorsky 2016). Firms within all industries
can be part of the cleantech sector, though the major share represents ac-
tors from renewable energy and green construction (Hansen 2014). There
are also several alternative attempts to classify industries. Cumming,
Henriques, and Sadorsky (2016) and Cumming, Leboeuf, and Schwien-
bacher (2017) indicate four dominant industries: energy, transportation,
water and materials and, subsequently, present a range of different en-
ergy efficient technologies, such as renewable energy technologies, recy-
cling, and green chemistry, while Hansen (2015) lists renewable energy,
smart grid, green construction, transportation and waste and water as
five prevailing industries within the cleantech industry. Binz, Tang, and
Huenteler (2017), by focusing on similar categories, highlight their fast
development and from a spatial shift’ perspective focus on specific pat-
terns of advantages to the first movers in manufacturing and knowledge
creation. More detailed categorization covers renewable energy, carbon
capture and storage, green IT, sustainable construction, and smart and
electric transportation (Gray and Caprotti 2011). Such industries are fre-
quently part of the services offered by governments or are in the interest
of national and local policies.

GOVERNMENTAL USE OF INNOVATIVE POLICY TOOLS

One of the main distinctions of cleantech in comparison with the tradi-
tional sectors is the high level of governmental support (Basse-Mama et
al. 2013; Binz and Anadon 2018). Thus, the following sub-section presents
and analyses methods of public actors” involvement in the cleantech de-
velopment, based on the taxonomy of governmental innovative instru-
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ments (Aschhoff and Sofka 2009) - direct technology-push (R&D subsi-
dies and research units) and indirect demand-pull (regulations and pub-
lic procurement).

In the following part, the outline of how contemporary cleantech fits
into the model of governmental innovative policy tools and subsequently
the link to public procurement is also presented.

Technology-Push

The rationale behind technology-push policies is the incremental growth
of new technologies supplied to the market by investments. In the no-
tion of mandatory governmental participation as a prerequisite of clean-
tech sector creation, public subsidies have become a major driving force
(Basse-Mama et al. 2013). Whereas estimates vary significantly (Davies
2013), Basse-Mama et al. (2013) reveal approximate numbers of $46 bil-
lion as the worldwide subsidies for renewable energies in 2009 and conse-
quently $194 billion as the clean energy stimulus funding, which together
spurred interest in other private forms of investments, with an exam-
ple by Davies (2013) illustrating growth by 220% between 2008 and 2010
up to $243 billion. By means of relative numbers, Herdjarvi and Mart-
tila (2016) represent the higher prominence of cleantech on a long-term
basis, with the Finnish government spending 40% of all public research,
development, and innovation funding to assist the cleantech sector. In
the meanwhile, universities have begun recognising the value they can
bring to bolstering cleantech, specifically in the early stages of the inno-
vation process. However, at the current stage, universities tend to step in
as traditional technology transfer actors (Kivimaa, Boon, and Antikainen
2017).

Demand-Pull

Cleantech technologies are still immature in nature and, hence, demand
considerable long-term supportive policy frameworks to compete with
traditional technologies based on a free market (Gray and Caprotti 2011;
Yang, Nie, and Huang 2020). Such a proposition is also supported by
the claims that cleantech is a public good (Cumming, Henriques, and
Sadorsky 2016; Giudici, Guerini, and Rossi-Lamastra 2019) and society is
the main beneficiary of the activities of cleantech firms. Companies which
invest in innovative business models and develop new technologies are,
therefore, particularly dependent on governmental assistance (Bjornali,
Giones, and Billstrom 2017).
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While these aspects illustrate the incentive for supportive public poli-
cies, there are also restrictive policies aimed at stimulating companies to
reduce their environmental footprint. For instance, Laurens et al. (2016)
argue that negative environmental effects caused by larger enterprises
tended to be enormously high. Thus, under national policies, there are
larger investments in cleantech and overall attempts to incorporate it into
organizational strategies.

Although the technology-push approach seems effective, lack of de-
mand on the market results in the so-called ‘valley of death, wherein
technologies stuck in the middle phase between innovation and market
commercialisation stages (Gaddy et al. 2017). Similar concerns are shared
by Biirer and Wiistenhagen (2009), stating that the technology valley of
death can become a serious obstacle to cleantech, and governments need
to pay higher attention not only to pushing technologies, but also to fos-
tering demand. Better cooperation with local authorities and identifica-
tion of public procurement as a prospective market creator for cleantech
should be one of the key points in the agendas of universities focused
on cleantech (Kivimaa, Boon, and Antikainen 2017). At the same time,
from the industry perspective, empirical evidence suggests that govern-
mental contracts as the first orders allow companies not only to secure
financing, but also to complete the full process of supply with a product’s
better tests and representations leading to opportunities for future orders
(Koch, Sgrensen, and Wildner 2012).

CLEANTECH KNOWLEDGE CREATION
Cleantech sMES and Start-Ups

SMES technologically outperforming their larger rivals has been fre-
quently mentioned among cleantech papers. Evidence indicates varying
performance among large companies, whereby us and European large
firms are related to approximately 1/4 and 1/3 of all cleantech patents,
in comparison to all Japanese cleantech patents being produced by large
companies solely within the scope of the transport energy sector (Lau-
rens et al. 2016). In contrast, indications of SMEs as the driving force
are present. The environmental technology sector is distinguished by the
preponderance of sMEs (Guziana 2011). Concepts of sMES and start-
ups tend to be used interchangeably in the context of cleantech, with
the start-ups argued to be mitigating the impact on the environment
and leveraging new technologies towards environmentally friendly prod-
ucts and services (Giudici, Guerini, and Rossi-Lamastra 2019). Whereas
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some papers focus on smaller companies (Hansen 2014; Koch, Serensen,
and Wildner 2012; Vauterin and Virkki-Hatakka 2016), other evidence
stems from the practice. That is, small start-ups are typically more in-
clined to deliver disruptive innovations (Basse-Mama et al. 2013) and
constitute major shares of markets and sectors, with examples of Finnish
SMES from the wood sector (Herdjarvi and Marttila 2016) and the Irish
cleantech sector, with a small number of large enterprises (Davies 2013).
At the same time, the flexibility of sMESs in comparison with the larger
companies is considered another advantage, allowing them to enter new
markets, such as low-carbon cities (Kapsalyamova et al. 2014).

Networking and Public Involvement

Governance of their affairs takes an important role for sMEs and start-
ups; as companies unable to prosper in isolation, they need to collaborate
and create networks. State actors, while remaining substantial partici-
pants, are not the only actors in such networks, with the main stakehold-
ers involving public, private, and civil actors (Davies 2013). Considering
the complexity of the cleantech sector, value chains are more unsettled
and the key inputs to the innovation process can be dispersed among
unobstructed networks (Binz and Anadon 2018). Traditional dyadic
industry-government relationships affected by the hybridisation of pri-
vate and public actors have resulted in the ‘triple-helix model, where
triadic university-industry-government allocation of power creates an
emerging type of intermediary (Hermelin and Rdmo 2017) which can
further be supported by governments in the form of public-private part-
nerships (ppPs) (Cumming, Henriques, and Sadorsky 2016).

The impact of collaboration and networking in cleantech knowledge
creation is stressed by scholars (Vauterin and Virkki-Hatakka 2016).
Herijarvi and Marttila (2016) pinpoint goals of clusters aimed at support
of sMEs, Davies (2013) discusses cleantech clusters as heterogeneous en-
tities with the concurrence of power within economic and political sides
as the core driver and consequent meta-clustering on a transnational
level, and Gray and Caprotti (2011) argue over various governance sys-
tems and tiers and types of innovations. Geographical proximity is also
important for better networking and partnering with large companies,
where small cleantech companies take the lead in the process (Hansen
2014). Apart from clusters, close physical location is likewise reflected by
urban sustainability and small closed-loop systems with the examples of
zero-emission cities in the desert (Bullis 2009), eco-districts (Weber and
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Reardon 2015), transitions towards sustainability in regional development
(Gibbs and O’Neill 2017) and alignment of different actors to common
decentralised cleantech projects and initiatives under city ecosystem ori-
entation (Horwitch and Mulloth 2010).

Discussion

This chapter presents dominant findings from selected papers and dis-
cusses them systematically in accordance with the research objectives.
The categorisation is made based on the research design, and it encom-
passes both academic and practice points of view.

CLEANTECH ACADEMIC RELEVANCE AND DEFINITION

It can clearly be seen that the specificity of academic cleantech appearance
outlines various avenues for future research. The latter can be achieved
by appropriate synthesising of the key results with the public procure-
ment research frameworks and, thus, areas can be mutually beneficial by
narrowing one another’s gaps. Alongside the relevance of public procure-
ment and fragmented pieces of evidence supporting the claim, cleantech
can be interlinked with both research streams of public procurement and
industries, in which public orders are particularly prominent. Referring
back to Cheng et al. (2018), cleantech can indeed be identified as a tool
of framing academic investigations on environmental sustainability in
public procurement. Moreover, based on a review of previous research,
the following cleantech definition is proposed: Cleantech is a sector en-
compassing products, services and processes striving to deliver and diffuse
sustainability-oriented innovations with the focus on the holistic regenera-
tive design of processes across various industries.

More specifically, emphasis is put on the evolving importance of so-
phisticated design of products and services. Cleantech products and ser-
vices represent key parts of networks and local clusters, whereby en-
hanced performance can be achieved by two key actions. Processes in
such networks should supplement each other, and services should align
the performance of various products within such networks. Given the
variety of industries taking place, the role of such services is even more
vital.

PUBLIC DEMAND AND COMMERCIALISING INNOVATIONS

Apparent indications imply the relevance of PpI as a tool for overcom-
ing the technological valley of death, wherein technologies stuck in the
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middle phase of innovation stage and face lack of demand in attempts to
commercialising. Whereas governments ‘push’ the technologies, mainly
by financial investments, a gap between emerging cleantech innovation
and successfully commercialised cleantech innovation remains (Vauterin
and Virkki-Hatakka 2016). Given the overall level of governmental in-
volvement in the cleantech sector, stimulating the demand, and thereby
assisting in commercialising and diffusing of cleantech innovations, is a
logical continuation of ongoing state supportive incentives. Moreover, it
is a way of delivering societal benefits in the light of remarks on cleantech
being a ‘public good’

ENHANCING ACCESS OF SMES TO PUBLIC CONTRACTS

Beyond delivering societal benefits, cleantech also unveils opportuni-
ties to achieve sustainability benefits through local public procurement.
Cleantech companies tend to work in clusters in close geographical prox-
imity; thus, procurement from locally located companies can ensure that
taxpayers as stakeholders can be satisfied, since the public funds are in-
vested locally.

Apart from geographical aspects, there is an issue of SMES as suppliers
for public contracts. Although there is no unified taxonomy categorising
the main barriers and challenges sMEs face in attempting to compete for
public contracts, the specificity of the cleantech context allows testing of
cleantech clusters and triple-helix models. Such entities are found to be
the dominant forms of networks as intermediaries between small sup-
pliers and public customers, aligning efforts and synchronising resources
and capabilities. To the extent of the inability of small single companies
to overcome obstacles at each stage of the procurement process, involv-
ing intermediaries can be helpful within earlier stages of procurement.
Coordinating resources and capabilities supplemented by technical, le-
gal and language skills commonly lacked by sMEs (Jurcik 2013; Loader
2015) may become the key element in overwhelming impediments such as
bureaucracy, entry mode requirements and large contract volumes. Such
challenges especially relevant to the pre-tendering stage have been ac-
knowledged by sMEs as the most troublesome (Jurcik 2013). Hence, pub-
lic procurement of cleantech products involving intermediaries can boost
performance of SMEs and foster macro-economic objectives. Findings
also suggest that public-private partnerships should attain higher recog-
nition in the context of cleantech networks. ppps appear to be an at-
tractive mechanism for bolstering assets and efforts towards synchronis-
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ing expertise and technological advances, specifically through the myr-
iad of administrative issues. At this point, proper application of the phe-
nomenon through the lens of public procurement research can ensure
higher explanatory power and lead towards the wider applicability of the
results.

INDUSTRIES AND SCOPES

While public procurement is an important tool for energy efficiency and
infrastructure projects (OECD n. d.), future academic studies should shed
light on the mutual dependence of cleantech products and services since
findings advocate that cleantech is rather a paradigm than yet another
sustainability-related term. For instance, smart transportation is not tan-
tamount to electric vehicles per se. Instead, the concepts represent a so-
phisticated nature whereby environmental aspects also ought to be in-
cluded in design and use of vehicles, infrastructure, and logistics services.
That is, procuring organisations should broaden the focus to services
optimising the efficiency of products rather than these products solely.
Scant cleantech empirical evidence reveals importance of pairing renew-
able energy production and smart transportation based on this energy,
which can further be elaborated within public procurement research. At
the same time, sectoral interlinkages, coupled with geographical proxim-
ity, outline spacious directions for urban sustainability and eco-districts
research. For instance, zero-emission buildings, green 1T, smart trans-
portation, and other cleaner technologies in the context of urban devel-
opment towards better delivery of enhanced values to society should fur-
ther be investigated.

Conclusion

There is no unified and internationally agreed definition of cleantech.
However, there is common agreement that it is an independent sector and
investment category, which includes organisations focused on delivering
innovative products, services, and processes. The focus is on sustainabil-
ity, with the stress on environmental impact.

Thus, in the paper following definition was proposed: Cleantech is a
sector encompassing products, services and processes striving to deliver and
diffuse sustainability-oriented innovations with the focus on the holistic re-
generative design of processes across various industries.

Unlike other sectors, cleantech has a high level of governmental sup-
port. This is because cleantech is considered as one of the governmental
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innovative policy tools. Both pull- and push approaches to innovation
were identified. However, cleantech innovations are also meeting prob-
lems; the key issue is the valley of death, as cleantech is unable to move
from innovation to the commercialisation stage. To change such a situ-
ation, a higher level of cooperation between government and other ac-
tors is required. This should be relatively easy since most of the cleantech
companies are grouped into local clusters, thus there is opportunity for
local procurement and cooperation. Increased cooperation will stimulate
demand, and assist in commercialising and diffusing cleantech innova-
tions. A large part of cleantech actors are sMES, thus inclusion of SMEs
in public contracts will also allow improvement in cleantech commercial-
isation. However, sMES do not frequently participate in public contracts.
Therefore, focus on SMES’ participation may, in turn, improve commer-
cial success among cleantech products and services, after procurement by
and diffusion to the public sector.

As cleantech is a relatively new concept in academia, there are oppor-
tunities for future research on public procurement within the context of
cleantech. Such research should answer the following research questions:

« How can public demand for innovations stimulate commercialisa-
tion of cleantech products and services and consequent market dif-
fusion?

o What are the implications of public procurement of cleantech prod-
ucts and services for local development?

» How can cleantech clusters and public-private partnerships as inter-
mediaries improve the access of SMES to public contracts?

» How can public procurement of cleantech products and services ad-
vance development of smart cities and eco-districts?

Future research could apply both qualitative approaches, analysing not
only single organisations, but also local and industrial clusters. Com-
parative case studies could look at different national and regional poli-
cies and their impact on cleantech commercialisation, while quantitative
work might reveal similarities and differences across locations, organisa-
tions, and sectors.
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