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Abstract

This research reveals how small- and medium-sized enterprises (SMEs) can enable
innovation and contribute to a reduction in the levelized cost of energy (LCOE) in
offshore wind farms. The research provides findings from a longitudinal qualitative
study of 10 SMEs for the understanding of the impact from integrating SMEs in a
triple helix context.

The triple helix approach with government, university and industry participants
typically include larger organisations. The research indicates that SMEs could join the
triple helix and both contribute and receive benefit from their presence. The findings
show that SMEs need access to market and industry stakeholders to understand,
learn and select among business innovation opportunities. Universities, governmental
bodies and industries can create a knowledge space for organisational reciprocal
learning between SMEs and larger enterprises to enable innovation for the reduction of
the LCOE in the wind farm industry. This knowledge space also provides important
insight and understanding for the governmental and university helices for active
contribution to offshore wind energy.

The governmental policy impact stresses the need for a more strategic long-term
support of industry knowledge spaces for offshore wind energy. Governmental bodies
would actively enhance political growth strategies regulating competition and
collaboration. Universities can contribute actively towards knowledge creation and
dissemination. All three helices could benefit from this approach to SMEs. Further
research needs to be conducted on SMEs in the triple helix context.

Keywords: Innovation, Triple Helix, Knowledge, SMEs, Wind farm suppliers, Offshore
wind energy
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Resumen

Esta investigacion revela como las pequefas y medianas empresas (PYME) pueden
permitir la innovacion y contribuir a una reduccion en el coste normalizado de la
energia (LCOE) en parques edlicos marinos. La investigacion proporciona los resultados
de un estudio cualitativo longitudinal de 10 pequehas empresas para la comprension
del impacto de la integracion de las PYME en un contexto de Triple Hélice. El enfoque
de Triple Hélice con los participantes gubernamentales, universitarios, y de la industria
suele incluir solamente empresas grandes. La investigacion indica que las PYMEs
podrian unirse a la triple hélice y aportar y recibir un beneficio. Los resultados muestran
que las PYMEs necesitan tener acceso a mercados y a la industria para entender,
aprender y seleccionar mejor entre las oportunidades de innovacién empresarial.
Universidades, organismos gubernamentales, y las industrias pueden crear un espacio
de conocimiento para el aprendizaje reciproco de organizacion entre las PYMEs y las
empresas de mayor tamano para permitir la innovacion para la reduccion del LCOE

en la industria de parques edlicos. Este espacio de conocimiento también proporciona
informacion importante y la comprension de las hélices gubernamentales y
universidades para contribuir activamente a la energia edlica marina. El impacto de las
politicas del gobierno hace hincapié en la necesidad de un apoyo mas estratégico a
largo plazo de los espacios de conocimiento de la industria de la energia edlica marina.
Los organismos gubernamentales podrian mejorar activamente las politicas para el
crecimiento econémico y a la vez regular la competencia y la colaboracion. Las
universidades pueden contribuir activamente a la creacion y difusion del conocimiento.
Las Triple Hélice se beneficiard, como programa de innovacion y como programa de
investigacion, de incrementar el rol de las PYMEs.

Résumé

Cet article révele comment les Petites et Moyennes Entreprises (PME) peuvent
permettre I'innovation et contribuer a une réduction du colt moyen actualisé de
I'énergie (LCOE) dans les parcs éoliens offshore. La recherche fournit les résultats d'une
étude longitudinale qualitative sur 10 PME en vue de comprendre I'impact de leur
intégration dans le contexte de la Triple Hélice. L'approche de la Triple Hélice avec des
participants provenant des pouvoirs publics, de I'université et de I'entreprise inclut
typiquement les grandes organisations. L'étude indique que les PME pourraient
rejoindre la Triple Hélice et a la fois contribuer et tirer bénéfice de leur présence. Les
résultats montrent que les PME ont besoin d'accéder aux marchés et que les industriels
doivent comprendre, apprendre et choisir les possibilités d'innovation des entreprises.
Les universités, les organismes gouvernementaux et les industries peuvent créer un
espace de connaissances pour l'apprentissage organisationnel réciproque entre les PME
et les grandes entreprises en vue de permettre l'innovation pour la réduction du LCOE
dans l'industrie du parc éolien. Cet espace de la connaissance fournit également un
apercu important et une compréhension des hélices gouvernementale et universitaire
en vue de contribuer activement a I'énergie éolienne offshore.

L'impact de la politique gouvernementale souligne la nécessité de la mise en place
d'une stratégie a long terme pour 'appui aux espaces de connaissance de l'industrie
de I'énergie éolienne offshore. Les organismes gouvernementaux renforceraient
activement des stratégies de croissance politique régissant la concurrence et la
collaboration. Les universités peuvent contribuer activement a la création et a la
dissémination de la connaissance. Toutes les trois hélices pourraient bénéficier de cette
approche pour les PME. Des recherches approfondies doivent étre menées sur les PME
dans le contexte de la Triple Hélice.
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AHHOTaumA

HacToAulee vccnenoBaHve NOCBALWEHO TOMY, Kak Manble 1 CpefHvie NpeanpuaTmIA
MOTYT CO34aBaTb MHHOBALIMM 1 OCYLLECTBAATL BKNAA B CHUXEHME HOPMNPOBAHHON
ctoumocTy 3Heprun (Levelized Cost Of Energy, LCOE) B 6eperoBbix BeTpsAHbIX
3NEKTPOCTaHUMAX. B cTaTbe npeacTaBneHbl pe3ynbTaTbl AONTOCPOYHOrO
KaueCTBEHHOrO aHanm3a feATenbHOCT 10 KOMAaHMI, OTHOCALLMXCA K CErMEHTY
Manoro v cpefiHero busHeca, NO3BoNAOLIME OLEHWUTb BAVAHME MHTErpaUnm Takmx
KOMMaHWM B TPOWHYIO CNNparb.

B pamkax TpexcnvpanbHOro noaxofa, OCHOBAHHOIO Ha B3aVMMOAEWCTBIM rOCydapCTBa,
YHVBEPCUTETOB 1 MPOMBILLNEHHOCTI, OObIUHO PAaCCMATPUBAIOTCA KPYTHblE KOMMaHWN.
HacToAuee vccnenoBaHme ykasblBaeT Ha TO, UTO Masble 1 CpefiH1e KOMMAaHWM MOTYT
BCTPaMBaTbCA B TPOVIHYIO CAMPanb; MPK 3TOM OT WX MPUCYTCTBMA MOMYYAOT BbIFrOdy
BCE YUACTHMKW. [onyyeHHble AaHHble MoKa3any, YTo Manble 1 CPeAHVe KOMMaHUK
HY>KIAIOTCA B [JOCTYMEe Ha PBIHOK [/ TOrO, YTOObl MOHATb, U3YUnTb 1 BbIOPaTh
NOAXOAALLME HALLIN CPefi CyLECTBYIOLUNX. YHUBEPCUTETbI, MPAaBUTENbCTBEHHbIE
opraHu3aumn 1 613HeC MoryT Co3aaTb 0bpasoBaTesibHOe Mose COBMECTHO C MasbiMi
N CpeaHNMI KOMNaHUAMY, rae OyayT OCBellaTbCa BOMPOChHI CHVKEHWA
HOPMWPOBAHHOM CTOVMOCTM SHEPruK B chepe sHeprocobepexkeHns. Takon popmaTt
00yueHVsa obecrneyrBaeT BaxkHbIM BKMaJ BO B3aUMOAENCTBUE «NPABUTENbCTBEHHOMY 1
«YHUBEPCUTETCKOM» CrMpaner B BOMPOCax BETPOBOW SHEPreTUKN.
[MpaBUTENbCTBEHHBIE MHNLMATMBbLI OKa3blBAOT BAMAHME Ha BO3HUKHOBEHME
HeobXxoAMMOCTH B [OITOCPOYHOV NMOAAepKKe 0Opa3oBaTesbHbIX MHULMATYB,
CBA3AHHbIX C BETPOBOW 3HEPreTnmkom. [ocyapCTBeHHble OpraHn3aLym MoryT
CTUMYNIMPOBaTb Pa3paboTKy COOTBETCTRYIOWIVX CTpaTernii 1 obecneyeHne
COTPYOHWMYECTBA B IaHHOW chepe. YHMBEPCUTETbI MOTYT TaKKe BHECTU CyLIECTBEHHbIN
BKMa[ B reHepaumio 3HaH1 1 X pacnpocTpaHeHme. Bce Tpu cnvpany MoryT
BbIMIPaTh OT B3aUMOAENCTBMNA C NPefCTaBUTENAMM MANoro 1 cpefiHero brisHeca.
[anbHenwne nccnenoBaHvAa NpeanonaraloT 3ydeHne BKIaga Mamblx 1 CPeAHX
KOMMaHWI B TPEXCMMPANbHYIO MOZENb.
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Resumo

Esta pesquisa releva como pequenas e médias empresas (PMEs) podem permitir a
inovacao e contribuir para a reducao do custo nivelado de energia (LCOE) em
parques edlicas offshore. A pesquisa fornece resultados de um estudo longitudinal
qualitativo de 10 PMEs, para a compreensao do impacto da integracdo de PMEs no
contexto de hélice triplice. A abordagem de hélice triplice com participantes do
governo, universidade e empresas inclui tipicamente grandes organizacoes. A
pesquisa indica que PMEs poderao aderir a hélice triplice e ambas contribuirem e
receberem beneficios de sua presenca. Os resultados mostram que PMEs precisam
de acesso a stakeholders do mercado e da industria para compreender, aprender e
selecionar as oportunidades de inovacao de negdcios. Universidade, organismos
governamentais e empresas podem criar um espaco de conhecimento para a
aprendizagem organizacional reciproca entre PMEs e grandes empresas para permitir
inovacao na reducao do custo nivelado de energia (LCOE) na indUstria de parques
edlicos. Este espago de conhecimento também fornece insights importantes e o
entendimento da contribuicdo ativa para as hélices do governo e da universidade
para a energia edlica offshore.O impacto da politica governamental sublinha a
necessidade de mais apoio estratégico de longo prazo para espacos de conhecimento
da industria para a energia edlica offshore. Os 6rgédos governamentais aprimorariam
ativamente as politicas estratégicas de crescimento que regulam a competicao e a
colaboracao. As universidades podem contribuir ativamente para a criacao de
conhecimento e difusdo. Todas as trés hélices poderdo se beneficiar desta abordagem
para as PMEs. Futuras pesquisas precisam ser conduzidas para as PMEs no contexto
hélice triplice.

Multilingual abstract
Please see Additional file 1 for translation of the abstract into Arabic.

Introduction
At the European Wind Energy Association (EWEA Conference 2015) in Copenhagen,
the need was highlighted for a united aim in the wind farm industry for a reduction in
the levelized cost of energy (LCOE), as shown in the below headlines of the declaration
(EWEA 2015):

The offshore wind power industry has tremendous potential, but to achieve that
potential, the industry must collaborate. MHI Vestas Offshore Wind, DONG Energy
and Siemens Wind Power—three of the industry’s biggest players and our event
partners for EWEA OFFSHORE 2015—have initiated a joint declaration outlining
the concept of a “United Industry.” The goal of the declaration is to inspire the
industry to come together around the promise of reducing its cost of energy.

The aim of these three large actors within the wind farm industry is thus set on
an agreement for a committed reduction in the overall lifetime cost of energy in
wind farms. This is particularly essential for offshore wind energy, which typically
is two to three times more costly than, e.g. onshore wind energy (OpenEl 2015).
Offshore wind energy solutions need to be competitive in regard to the cost of en-
ergy compared to other energy sources. Existing subsidies are expected to cease
completely by 2020. This development puts pressure on the offshore wind farm
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industry to come up with a +complex and enhanced project management over the
lifetime of offshore wind farms to be competitive on the LCOE. The definition of
LCOE varies and is subject to continuous debate. Briefly, LCOE can be defined as
‘the sum of the discounted lifetime generation costs (£) divided by the sum of the
value of the discounted lifetime electricity output (MWHh)'. Generation costs in-
clude installation, operating, and decommissioning costs incurred by the developer/
owner over the lifetime of the wind farm, including transmission costs (Crown
2012). Typically, the transmission costs are not integrated in the calculation of
LCOE, as noted by the International Energy association (IEA 2015). This means
that the measurement of the reduction of LCOE is focused on the performance of
the industry, although governmental bodies have a considerable responsibility re-
garding the transmissions costs and the political will to invest in the grid for elec-
tricity transmission. Actually, the industry and the governmental bodies must have
the same incentives for the reduction of the LCOE. This means that an integrated
measurement is needed for LCOE, as indicated by the Crown (2012) definition of
LCOE.

LCOE is thus, on the one hand, dependent on investments and operation and main-
tenance (O&M) costs; on the other hand, it is dependent on the ability of the wind
farms to produce electricity. The latter means efficient and effective production with
the elimination of the downtime of the wind turbine to increase the production of elec-
tricity. Moreover, the sale of electricity will be dependent on the price/unit of electri-
city, which typically is negotiated with governmental bodies in a long-term contract
before investments for the wind farm are decided upon. Here, the governmental bodies
have a direct influence on the decision of industry parties to establish a wind farm.

The governmental bodies have also a direct influence on LCOE through the political
will to lower the cost of capital, as highlighted by the European Parliament member
Claude Turmes (Delony 2015). Turmes considers the “creation of a de-risking fund for
countries that are penalized by capital markets with high interest rates for renewable
energy projects to be one of the most important possible outcomes of the 2015 Paris
Climate Conference (COP21) in December”. Therefore, this aspect also has great rele-
vance for LCOE. This is a political issue that the triple helix could help to address.
Moreover, universities could help to bridge the challenge of the reduction of the LCOE
(Etzkowitz 2014; Gawer and Cusumano 2014; Brink et al. 2015) with a collaboration of
knowledge creation and dissemination, as well as developing research verified
innovation platforms for the reduction in the LCOE.

The installation and operation of wind farms require different actors in many pro-
jects, including the wind farm owners, as well as a range of larger and smaller suppliers
within construction, production, installation and O&M activities. The actors in the in-
dustry are all dependent on each other, according to the LCOE calculation approach.
Collaboration with small- and medium-sized enterprises (SMEs) is particularly import-
ant, as their part of the work in offshore wind farms is estimated to be 60-70 % of the
total cost of a wind farm (Danish Wind association statistics 2012). SMEs often lack
time and resources in their organisations. Moreover, SMEs are typically more creative
and flexible than larger organisations (Brink and Madsen 2015; Edwards et al. 2005;
Murphy 1996). Integration of SMEs to reap the potential innovation present within
renewable energy is therefore beneficial from society’s point of view. Based on the
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previous highlights, the research question in this paper is framed as follows: how can
SMEs enable innovation and contribute to a reduction in the LCOE in offshore wind
farms?

The wind farm industry has emerged within a relatively short period of time.
The first commercial onshore wind farms were established at the beginning of the
1970s (Madsen et al. 2012). The requirements for equipment and effective and effi-
cient processes in the offshore wind farm industry are markedly enhanced due to
the harsh environmental, wind and water conditions. A dominant design has not
yet emerged. New and different challenges arise offshore compared with onshore
for wind farms. Offshore wind farm industries, in general, pursue larger invest-
ments with extended risks of operation (Crown 2012). These issues put pressure
on the offshore wind farm industry to collaborate for innovation to reduce LCOEs.
They also put pressure on governmental bodies to create infrastructure, e.g. trans-
mission grids, suitable harbours and roads for transportation. In the same way,
universities are encouraged to develop new knowledge of new solutions, both tech-
nically and commercially.

Innovation requires learning and knowledge generation in the context of the wind
farm industry. In this way, both the wind farm industry and the framing conditions play
a role concerning governmental bodies and universities. The three participants in the
triple helix notion have different interests. The industry aims primarily for growth in
private business development terms. The governmental bodies have an aim to support
sustainable energy for public well-being and sustainability of the ‘triple bottom line’ of
people, planet and profit (Silvius and Schipper 2014). Universities have the aims of re-
search and communication of new knowledge and the application of this knowledge in
society. The three different perspectives illustrated in the triple helix means that three
different interests must collaborate with the same overall aim of innovation to reduce
LCOEs. The different interests of participants are often highlighted in the triple helix
context, as noted by Etzkowitz and Leydesdorff (2000). However, in the wind farm in-
dustry, SME suppliers also have an important impact on reducing LCOEs. Our re-
search, therefore, focuses on SME suppliers and their opportunities to enable
innovation. The research conducted is financed by Region South Denmark and the EU.

The outline of the research is a literature review on the state-of-the-art understand-
ing on the triple helix, business networks, knowledge creation and business model
innovation (BMI) literature. Moreover, the methodological approach is explained. Then,
the findings are summarised and discussed in a model for integrating SMEs into the
triple helix approach. A conclusion finalises the paper with notions on policy implica-
tions for governmental bodies, university strategies and industry strategies. Addition-
ally, the need for further research is elaborated.

Literature review

The triple helix concept provides a model for transformational processes between uni-
versities, private corporations and governmental bodies (Etzkowitz, 1998; Leydesdorff
and Meyer 2006; Etzkowitz and Viale 2010; Leydesdorff 2012; Etzkowitz 2014). As
highlighted by Mowery and Rosenberg (1998), the ‘institutionalisation of innovation’
represents a change in the process of innovation in the 20th century through the emer-
gence of corporate, university and government sponsored research and development



Brink and Madsen Triple Helix (2016) 3:4 Page 7 of 23

(R&D). In our research, we take further steps beyond the R&D approach to reveal how
SMEs can join a triple helix frame to enable innovation. The single SME has typical
limited resources. However, joining a SME network with other suppliers and joining a
triple helix network provides interesting access to resources and enhancement of know-
ledge for utilising opportunities in their own SME business context. Our literature
review will thus examine triple helix and business network theory to reveal the context,
it will examine organisational learning theory to reveal knowledge transfer and it will
examine innovation theory to reveal value creation. First, the triple helix and business
network literature streams will be elaborated according to our research question.

Business network theory embedded in triple helix

The Triple Helix model in Fig. 1 shows the participants in our research and highlights
the three different roles of university, private enterprises in the industry and govern-
mental bodies represented by, respectively, the University of Southern Denmark, SME
suppliers in the wind farm industry and the governmental bodies consisting of the EU,
the regional body of Region South in Denmark and Offshore.energy.dk. This is different
from a classical triple helix approach where typically larger enterprises in the industry
participate.

The three participating groups in the triple helix model typically have different inter-
ests (Leydesdorff and Meyer 2006). Universities are interested in the ‘novelty produc-
tion” of knowledge. Industry enterprises are interested in ‘wealth generation’ within
business solutions, which means better economic performance of their operations. This
is the case for both SMEs and larger enterprises. Governmental bodies are interested in
‘public control’; ‘public wellbeing’ in society is summarised in the ‘triple bottom line’
(Silvius and Schipper 2014). The theory within the Triple Helix notion emphasises the
need for blurred boundaries between the three different participant roles. Their inter-
ests often move in three different directions, and blurred boundaries support spaces of
common aspects for joint collaboration and learning. Moreover, the need for a

University
of Southern
Denmark

Region South
— Regional Small and
Body, EU medium-sized
(SME)
Offshore Centre Suppliers
Denmark

Fig. 1 Participants in the Triple Helix Model in our research
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continuous balance between integration and differentiation of functions between the
three categories of participants needs to be recursive and reflected upon to find the
balance to enable innovation (Etzkowitz and Leydesdorff 2000). The University of
Southern Denmark has, in our research, the role of ‘regional and local innovation
organiser’ (Etzkowitz and Leydesdorff 2000). This means that the university organises
recursive information overlaps with ‘knowledge flows’ for action and reflective elabor-
ation on innovation. The literature also anticipates the selection conducted on
innovation and business development to be either driven by the market, technology or
coordination mechanisms (Leydesdorff 2006; Leydesdorff and Meyer 2006). The drive
for selection provides an important insight to the organising mechanism in loosely
coupled SME networks, as presented in this paper.

The notion of the triple helix with blurred boundaries and a combination of integra-
tion and differentiation between participants raises the following questions: How
should the boundaries be blurred? How should the combination of integration and
differentiation be done? Answering these questions requires an enhancement of compe-
tition and cooperation. Polenske (2004) reveals interrelationships among competition,
cooperation and collaboration in networks of firms at the regional level. According to
Polenske (2004), this triangle of connections reduces costs. The relationship and the
subsequent results on competition and cooperation and the resulting reduction on
transaction costs were initially identified by Coase (1937) and later elaborated upon by
Williamson (1996). The transaction costs approach compares the costs associated with
two sources of origin for the transaction—the external market and the internal organ-
isation. In this notion, it must be revealed whether it is more cost-effective to coordin-
ate the transaction through the external market (competition) or to have the
organisation oversee and manage the transaction (cooperation). According to Polenske
(2004), value is also a result of collaboration, which is termed as the reduction of adap-
tion costs. As reported by Polenske (2004), collaboration arrangements among firms
often lead to internal long-term economies of scale. The result of collaboration on
innovation may well affect the firm’s position on its long-run average cost curve. For
example, by collaborating on the design and production of a product, two or more
firms can lower costs and more quickly create new products for utilisation on a longer
time horizon. This leads, in turn, to workers acquiring new skills and firms sharing cap-
ital investments and the risks of operations. Network connections among firms thus
enhance a flexible structure of the enterprise driven by the interests of the networking
firms on competition, cooperation and collaboration activities to enable innovation. In
the offshore wind energy context, a call for collaboration is present because of the size
of the offshore wind farms (small power plants at sea) and the many organisations in
private, public and university context participating on the reduction in LCOEs. Re-
search studies have previously noted that the triple helix notion does show a beneficiary
impact from different forms of collaboration (Etzkowitz and Viale 2010; Leydesdorff
2012; Etzkowitz 2014). Here, SMEs with an entrepreneurial approach on value creation
in public-private ventures could make an even more positive contribution. The docile
approach on teachability and educability and inter-subjective interaction between SMEs,
as noted by York et al. (2013), has the opportunity to enhance the contribution through
network activities among SMEs. The anticipation is therefore a positive impact from inte-
gration of SMEs in triple helix collaboration on innovation for the reduction in LCOEs.
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Within business networks, SMEs can organise boundaries of individual SMEs much
more loosely than large enterprises have the opportunity to do. Within organisational
theory, Podolny and Page (1998) have defined the network form as being distinctly
characterised in the following way:

We define a network form of organisation as any collection of two or more actors
that pursue repeated, enduring exchange relations with one another and, at the same
time, lack a legitimate organisational authority to arbitrate and resolve disputes that
may arise during the exchange.

Network theory typically highlights opportunities for networking participants to cre-
ate value through their networking activities. The premise is that participants who en-
gage in networks through an often loosely coupled system have easy and flexible access
to necessary resources that they may not otherwise have access to. This can create a
competitive advantage, as noted by Burt (2000).

Powell et al. (1996), in their longitudinal study in the biotechnology industry, found a
path-dependent cycle of learning and argued that ‘as a result of this reciprocal learning,
both firm-level and industry-level practices are evolving, with boundaries becoming
ever more permeable’ (Powell et al. 1996). In the understanding of Powell et al. (1996),
the term ‘reciprocal learning’ includes two processes that occur simultaneously and
recursively on the individual and organisational level. First, SMEs are increasingly using
ties to enhance the inflow of specific information, resources and products. Second,
SMEs are becoming much more adapted at and reputed for the general practice for
collaboration with diverse partners as present in the triple helix notion. The context is
framed by docility and inter-subjective interaction (York et al. 2013).

The notion of business networks provides competitive advantage through enhanced
access to resources and ‘reciprocal organisational learning’ to enhance innovation and
reduction in LCOEs. The literature thus makes us anticipate the following proposition
regarding SMEs in an embedded triple helix frame:

PI: The embedded triple helix context on reciprocal organisational learning can
organise innovation activities to reduce LCOEs.

Next, organisational learning theory will be elaborated according to our research
question.

Organisational learning theory

A Kkey issue within the triple helix notion is knowledge and learning as noted by
Leydesdorff (2010). Concepts of process and stocks, called, respectively, ‘organisational
learning’ and ‘stocks of knowledge, have emerged in the literature (Appleyard 1996;
DeCarolis and Deeds 1999). Moreover, Boisot (1998, p. 41-55) suggested the presence
of an information space in active interpretation of learning and knowledge, or I-space
in his terminology, with three scale dimensions:

Codification—the scale and the process of codification creates perceptual categories
that facilitate the classification of phenomena. The act of assigning phenomena to
categories is known as coding. The scale ranges from ‘uncodified’ to ‘codified’.

Abstraction—the scale and process of abstraction works by teasing out the underlying
structure of phenomena. It requires the revelation of cause-and-effect relationships to
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an extent that acts of codification does not. The scale ranges from ‘concrete’ to
‘abstract’.

Diffusion—the scale and process of diffusion refers to the proportion of a given popu-
lation of data-processing agents that can be reached with information operating at
different degrees of codification and abstraction. The scale ranges from ‘undiffused’ to
‘diffused’.

In Boisot’s (1998) notion of the information space, this three-dimensional shape with
all three dimensions are present. The dimensions of information transformation can
then be mapped and moved on the three scales for different economic utilities of
knowledge in the active interpretation of meaning, described by Boisot (1998) as ‘per-
sonal knowledge, ‘propriety knowledge; ‘textbook knowledge” and ‘common sense’ (Boi-
sot 1998, p. 59). In Boisot’s (1998) notion, knowledge is at one end produced in
ordered regimes with the characteristics of high codification, high abstraction and high
diffusion, which often is the case in the university context utilising ‘textbook know-
ledge; or ‘Ivory tower’ knowledge, in the terms of Etzkowitz (2014). At the other end,
knowledge is produced in chaotic regimes that are uncodified, concrete and undiffused,
which is the case in the daily operations within the offshore wind farm industry utilis-
ing ‘personal knowledge’. In between, a complex regime of knowledge exists on the
three scale dimensions utilising both ‘proprietary knowledge’ (high codification, high
abstraction and undiffused) and ‘common sense’ (uncodified, concrete and diffused).

In Boisot’s (1998, p. 69) perception: ‘Firms will have to learn to be comfortable in all
regions of the I-space .... This will call for a major shift in the way we think about orga-
nisations because it will modify every aspect of their operations. For one thing, it
invites firms deliberately to allow for—indeed consciously to plan—the destruction of
knowledge assets as well as their creation’.

Hereby, an interesting reciprocal organisational learning approach is provided for the
triple helix participants on creating useful organisational knowledge and destroying not
useful organisational knowledge through movements in the I-space.

A further extended angle on organisational learning is knowledge as interpreted by the
receiver within business and industry as highlighted by Hakansson and Waluszewski
(2007) in a practical business context. A key aspect is that businesses use knowledge in a
very specific way, which can make the diffusion of ‘knowledge from others” provided in
coding and abstraction artificial, and possibly even useless or harmful, for the firm. Thus,
even if the transformation of knowledge is successful, the reaction from the receiver ‘on
knowledge from others’ in very specific business contexts, such as the offshore wind con-
text, can cause problems and negative impacts. “The knowledge from others’ needs a
focused, meaningful interpretation by the receiver to enhance innovation in a specific
business context, as highlighted by Hakansson and Waluszewski (2007). The offshore
wind farm industry has a very specific business context due to the newness of industry
with many actors/firms coming from other industries. Moreover, the harsh weather, wind
and shifting wave constellations challenge both personal and material operations
employed at sea.

The notion of the specific impact of business contexts on knowledge provides the
need for direct active interpretation of meaning and reciprocal organisational learning
in a business application. The literature thus causes us to anticipate the following prop-

osition in relation to the organisational learning literature:
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P2: Reciprocal organisational learning on active interpretation of meaning can enable
innovation.

Next, innovation theory and value creation will be elaborated according to our
research question.

Innovation and business model theory

Innovation is a very broad concept, as highlighted in The Oxford Handbook of Innovation
(Dodgson et al. 2014), which contains many different approaches. In our research,
innovation is a core issue, and our understanding of the term has an organisational
approach in accordance with the definition by Amabile et al. (1996) on innovation:

Innovation is the successful implementation of creative ideas within an organisation.
In this view, creativity by individuals and teams is a starting point for innovation; the
first is a necessary but not sufficient condition for the second. (Amabile et al. (1996:

1154-1155)

Here, Amabile et al. (1996) highlight both the ideation of the new creative idea and
the ability to implement it successfully. This means using both the new idea and an
organisational learning approach to execute collective successful implementation. The
approach requires a variety of knowledge resources, from the new idea to learning how
to apply and control resources for economic benefit on the new idea in a BMI, as
highlighted by Osterwalder and Pigneur (2010) and Zott et al. (2011).

The literature on business development is typically substantial and difficult to acquire
and apply for SME managers (Eibe Serensen 2012). A theoretical explanation for an
easier understandable graphic approach on BMI is provided through the notion of
Osterwalder and Pigneur (2010) on the ‘Business model Canvas’. This illustration of
BMI, with a focus on the central delivery of a value (gift package in the middle), shows
key resources (person standing with equipment), activities (person digging) and part-
nerships (the rings) providing the cost base (the bill in the lower left corner), while rela-
tionships (the heart), distribution channels (the lorry) and customer segments (person
standing in the right to watch the rest) provide the revenue base (cash register). The
illustration is easy to understand intuitively through the graphical illustrations and is
thereby suitable for SME participants with limited resources and time for reading
several hundred pages of literature on BMI.

The central theme in the model in Fig. 2 is to reveal the value proposition (the pack-
age) and map the connections to the other areas to provide this value. The notion can
hereby be utilised for communication and discussions on value creation in the business
network and by SMEs.

The BMI notion is suitable for addressing the most important issues on innovation.
Without an overview, the SMEs could become lost in unimportant details and miss
implementing action towards opportunities that could reap value from the business
context, network collaboration and reciprocal organisational learning. In particular, the
need for communication of BMI is related to a more broad sense of innovation and
value creation (Brink et al. 2015; Dodgson 2014). This is anticipated to be beneficial in
a triple helix frame where participants, in principal, have different interests, according
to the triple helix literature elaborated upon earlier.
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Fig. 2 Issues in business model innovation (BMI)
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The BMI approach can be anticipated to be able to bridge the blurred and difficult
context in a joint value creating aim with many different human agents and interests
present. The literature thus causes us to anticipate the following proposition in relation
to innovation and value creation:

P3: The SME’s active interpretation of meaning on its business model can enable
innovation.

Next, a summarisation will provide an overview on the propositions.

Overview on propositions
Our literature review has provided us with three propositions. An overview is
shown in Fig. 3.

Figure 3 shows the connection between the propositions with P1 as an antecedent on
the triple helix and reciprocal organisational learning for P2 on the active interpretation

Reduction
of LCOE

Fig. 3 Overview on propositions
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of meaning, and it shows P1 and P2 for P3 on working with own business model
innovation for SMEs to enable innovation. The integration between the three proposi-
tions means that the entire potential for SMEs to contribute to the reduction in LCOEs
is not reaped unless the SMEs are situated in a triple helix context with inter- and
intra-reciprocal organisational learning. Their own active interpretation of meaning
within business model innovation both in society, governmental, university and indus-
try contexts, as well as in its own SME context is essential. This sheds light on the
important overall issues concerning the integration of SMEs to reduce LCOEs.
The methodology in our research is described in the following.

Methodology

The research method is based on a qualitative approach. We employ deductive analyses
that are based on propositions derived from existing theory, which are either supported
or not supported by our qualitative data (Eisenhardt 1989; Yin 2009; Charmaz 2006).
We employ a longitudinal research period of approximately 2 years. We began with a
project-based network and training course with 15 SME suppliers within the offshore
wind farm industry, which lasted from September 2011 to March 2012. The study was
finalised with follow-up interviews with 10 of the original participating SMEs, running
from September 2013 to December 2013.

The network learning and training course aimed to create a platform for the SME
suppliers to apply knowledge acquired by action learning (Leitch 2007; Moss et al.
2007). Diversified sources of knowledge were provided for research on innovation and
value creation in the offshore wind farm industry. The network days were planned with
a range of different knowledge sources, such as different university lecturers spanning
disciplines of business development, value chain management, globalisation and project
management according to specific projects selected by the SMEs. Different market and
industry actors gave presentations on the network days. Here, the owners of offshore
wind farms, such as DONG Energy and Vattenfall, producers from different areas of
the value chain, such as Siemens and AVN, service enterprises, such as the lawyer Bo
Sandroos at Sandroos Law firm, Grontmij and the Enterprise Europe Network, and
industry organisations, such as the Danish Wind Association and Global Outsourcing,
participated in the network days with presentations to the SME suppliers. During the
network days, the SME suppliers had occasions where they could share knowledge with
each other through team assignments. Additionally, the SME managers provided pre-
sentations. Dialogue among the participants was encouraged for reciprocal learning
and the capture of knowledge.

The participating SME suppliers were significantly involved in the selection and dis-
cussion of relevant topics to create reciprocal organisational learning. The researchers
addressed selected topics towards larger key actors within the offshore wind industry.
Generally, the essential larger key actors within the offshore wind farm industry were
entreated to give presentations to the SME suppliers about the needed contribution
required from SME suppliers. The researchers used an entrepreneurial approach for
reciprocal learning to enhance innovation opportunities by discussing the concrete
meaning and activities needed with the SME managers.

The themes initially were established by a reference group associated with the
research project, with three participants from the University of Southern Denmark and
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industry actors from Vattenfall, Siemens, DONG Energy, A2Sea, Hytor and the Danish
Wind Association. The content of the network days are outlined in Fig. 4.

Figure 4 shows the total content of the eight network meetings. Business develop-
ment through BMI was the theme of the first two meetings. Next, a network meeting
on value chain activities and the role of SMEs in the industry was held. The last net-
work meeting in 2011 focused on globalisation and the role of SME suppliers here.
Thus, SME suppliers created a shared understanding of their individual businesses and
the demands from key actors in the offshore wind farm industry. The project-based
network and learning course continued in 2012 with a concrete project on business
development that each SME trained and shared during the last four network meetings.

Two managers from each of the 15 SMEs participated, which resulted in 30 partici-
pants during the network days from the beginning of September 2011. During the
period, four SME suppliers decided to leave the research project for various reasons:
the first SME supplier experienced severe financial problems, the second SME supplier
was acquired by a large-scale industry player, the third SME supplier became seriously
ill and the fourth SME could not continue in the research project due to a limitation of
resources, as the SME both attempted to gain a foothold in China and Brazil during
the period. After the finalisation of the network days in March 2012, an additional
SME left the research project due to refocus on another business area. As a result, it
was possible to conduct follow-up interviews with 10 SMEs from September 2013 to
December 2013. It shows that the conditions for research on SME suppliers are charac-
terised by volatile events.

Initially, the participating SMEs were participating according to their own self-
selection based on a meeting about the research project on June 14, 2011. The self-
selection was combined with a further selection conducted by the researchers on

1st meeting:
Business Development

Concept, tools,
External presentations

5th meeting:

Project Management own company
Concept, tools,

External & internal presentations

2nd meeting:
Business Development, continued

Concept, tools
External & internal presentations

6th meeting:

Project Management own company
Concept, tools,

External & internal presentations

7th meeting:

Project Management own company
Concept, tools,

External & internal presentations

Valuechain
Concept, tools,
External & internal presentations

4th meeting:
Globalisation
Concept, tools,

External & internal presentations

8th meeting:

Project Management own company
Concept, tools,

External & internal presentations

. = I

Fig. 4 Overview of the content of the network days
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criteria, such as having different value chain activities, no direct competition with each
other, both production and service activities and a geographical distribution within the
Danish area. The selected SMEs all operate in project-based organisations. Data on the
SME suppliers were supplemented from interviews conducted with each SME partici-
pant from start. The aim was to prepare a strategic profile based on the BMI illustra-
tion developed by Osterwalder and Pigneur (2010), shown in Fig. 2. All of the strategic
profiles of the SMEs were created prior to the project-based network and training
course in September 2011 and distributed to all participants as an opportunity to gain
knowledge about the other SME participants. Thereby, a shared understanding of busi-
ness models and opportunities was created for employment on the training days in the
context of the offshore wind farm industry.

At the end of the network and training course in March 2012, a semi-structured
evaluation was conducted using a 7-point Likert scale. The evaluation was discussed in
a focus group meeting on the last network day. The following data are thus available

for our research:

o Strategic profile of each SME supplier from 1-2 h interview—September 2011

e Network education and training material—from September 2011 to March 2012

o Evaluation of the project-based network and learning course from a survey and
focus group interview—March 2012

e Follow-up interviews with 10 SME suppliers with duration of 1-2 h—from
September to December 2013

In the following section, we examine the findings of our research in relation to our
propositions and discuss them in a later section.

Findings and discussion

Opverall, the evaluation of the network days was positive, and the highest contribution
was provided from the flexible form with information on a wide range of issues within
the offshore wind farm industry. In particular, market and industry knowledge was im-
portant for the selection of opportunities for business model innovation as perceived
by the SME participants. They did not emphasise the two other selection mechanisms
highlighted in the literature review on technological knowledge and on coordination
mechanisms (Leydesdorff 2006; Leydesdorff and Meyer 2006) nearly as much as know-
ledge regarding market and industry. Many of the SME participants were technology-
based and also operated in business areas other than the offshore wind farm industry,
making them technologically capable in different business contexts. The SME partici-
pants had a strong drive for organising their activities and business model on informa-
tion about the market and industry within the offshore wind farm sector. In relation to
proposition 1, the triple helix platform provided reciprocal learning for market and
industry knowledge, which otherwise would not have been accessible to the SMEs to
enable innovation.

Time constraints of only 8 network meetings during approximately 6 months made it
difficult to implement the knowledge obtained during the period due to feedback from
the SME participants. The implementation level was relatively high — over one half of
the knowledge was implemented; however, there is room left for enhanced
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implementation aiming for the remaining half of the knowledge obtained. In relation to
proposition 1, it means that reciprocal organisational learning did occur for innovation
and reduction in LCOEs. However, most of the impact was on cooperation and short-
run implications, such as cross sales to customers and mutual cooperation among two
to three SMEs on specific tasks. Collaboration on long-term implications were started
up and also elaborated upon in discussions during the network meetings, but the time
horizon of the training was not long enough to reveal the actual potential. Extracts of
quotes are provided below on the dialogue regarding the triple helix context provided
for the SMEs where they had access to industry, universities and governmental bodies:

It is fantastic to meet essential larger actors in the offshore wind farm industry and
to talk and connect with them during conferences and events in an informal way — it

provides creditability.

About communication - the senders and receivers of information do not have the

same brain convolutions.

We run customer-specific courses in a selection of the customers’ own applications,

which the customer can utilise in a beneficial way.

The quotes highlight the eagerness of SME suppliers to support the larger essential
players in the offshore wind farm industry in different ways. It also shows the difficul-
ties in ‘talking the same language’. Dialogue on essential specific issues is required to
support a common understanding.

Proposition 1 is thus supported through the empirical research; however, it is sup-
ported mostly in the short run and on actions in one’s own SME organisation. The
triple helix platform does provide an enhanced innovation opportunity for SMEs.
Thereby, a spillover is present in the industry through SME suppliers contributing to

e The offshore wind industry aim to reduce LCOEs.

e The university knowledge creation regarding SMEs and regarding innovation on
huge challenges in society as reduction in LCOEs.

e The governmental bodies through support of the ‘triple bottom line’ and the aim to
reduce LCOEs to make wind energy sustainable.

Further research needs to be conducted to reveal the long-term potential of the triple
helix context.

The knowledge was, during the network days, applied in all areas of the informa-
tion space noted by Boisot (1998). Concrete and undiffused knowledge was pro-
vided by the SME suppliers and by major stakeholders talking about their specific
needs according to the market. Larger actors interpreted their needs for the devel-
opment of SME suppliers. Codified research-based knowledge was provided on key
definitions by the university researchers for SMEs on BMI. Furthermore, research-
based abstract models derived partly from other industries were also made available
by university researchers. Diffusion of knowledge occurred at the network meetings
between SME suppliers, major stakeholders within the wind farm industry and
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university researchers. The information space provided by the governmental bodies
to finance the network meetings opened different knowledge spheres for partici-
pants to connect on BMI. In summary, the information space provided knowledge

in the following way in our research:

O Concrete and undiffused knowledge as highlighted through the citations—partly
tacit employed and owned in the windmill industry by

O SME suppliers.

O Larger essential stakeholders in the wind turbine industry.
O Abstract and codified research-based knowledge also from other industries—provided
explicit by university researchers.
O Space provided for the combination of knowledge between participants.
O Diffusion and employment of knowledge is in the hands of SMEs and larger
essential stakeholders in the wind turbine industry.
O Regional bodies finance the loose-coupled network for elaboration of content by

participants on the aim of sustainable innovation.

The summarisation highlights the knowledge regimes employed in conceptual form
and supports proposition 2 on SMEs engaging in reciprocal learning through both cre-
ation and destruction of the meaning of knowledge by codification, abstraction, and dif-
fusion that are obtained in the direct interpretation of the concrete offshore wind
context. In the SME supplier context, there is a need for access to market and industry
knowledge and a need for reflection and interpretation of the knowledge in one’s own
SME context. Several comments from the SME participants emphasised the benefit of
the joint interpretation of business challenges supporting implementation of business
opportunities in one’s own enterprise. Extract of quotes are provided below on this
reciprocal organisational learning approach creating knowledge spaces:

We are now aware of how important it is to plan the necessary resources for the
implementation of our projects. Our own understanding of the necessity of sufficient
resources has really made a huge improvement to the success of our projects.

It is important for us to work with knowledge creation in the organisation. We have
a few employees with essential knowledge for our business model. We have now
found a way to diffuse the knowledge — it takes time, but is extremely important.

We have implemented a matrix organisation with the aim of more focus and

adaption to specific customers.

We have implemented a management backup system so that all central management
areas can be operated by at least two managers. The aim is always to be able to serve

the customers well.

We have developed and implemented project findings in databases so that these
findings are a part of the results from the projects. They can be used in new

projects.
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The quotes highlight the understanding of the SMEs to support their own learning
and capture of knowledge in the system for new application. Proposition 2 is hereby
supported through the empirical research. Further research needs to be conducted to
reveal the limitation of the access to continuous creation and destruction of meaning; a
counterbalance can be anticipated to occur when first hand opportunities are
exhausted. Again, the impact of these SME knowledge spaces is anticipated to have a
spillover effect on the triple helix parties of industry, universities and governmental
bodies, as already noted in relation to proposition 1.

The importance of knowledge implementation to enable innovation in the offshore
wind farm industry was acknowledged by the SME participants. It meant that the SMEs
in the focus group interview at the end of the course wanted to continue the work on
the following:

O More formal cooperation and collaboration based on business needs
O Obtaining business development through, e.g.
= One’s own business performance improved by use of the tools provided
= More holistic business information, which provides further opportunities and
better selection of business opportunities
= Connection to important stakeholders in the wind farm industry for further

elaboration of innovation and business development

In summation, the close interaction of knowledge flow between participants and the
variety of contributions in the triple helix context are found to support BMI. It means
that propositions 1 and 2 have a close recursive interaction for supporting each other
to enable innovation. Both the triple helix frame and the participation of governmental
bodies, university and larger enterprises in the industry and the process of reciprocal
organisational learning are important to enable innovation.

The value proposition of the SMEs in relation to the wind farm industry
highlighted the reduction in LCOEs as extremely important; however, richer re-
quirements of increased quality in the harsh environment and easy, robust and
safe maintenance also turned out to be key issues within offshore wind projects.
An overlap exists among the increase of quality and the easier and more robust
maintenance, which can reduce LCOEs on a levered long-term basis. It is thus a
major challenge to reduce LCOEs, but other issues are complementary and open
for reaping according to business opportunities of SME suppliers. Ideas for im-
provements and new actions/collaborations were born during the meetings
through the access to information on opportunities for BMI, e.g. an interesting
solution on providing a plug and play cabin for the painting of wind turbine
parts was presented by one of the participating SMEs (Air Tech link: http://
www.airtech.dk). This fuelled innovative discussions.

The SME suppliers’ approach to their own business model and active interpret-
ation of meaning in their own firms are important ingredients to enable
innovation, e.g. discussions among participants on the requirements within the
PPAP (‘Production part approval process, which is a standard process developed
within the automotive industry on the ‘automotive supply chain’ for creating the
ability of component suppliers to meet the required quality standards) quality
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system challenged organisational learning on BMI. The PPAP system is increasingly ap-
plied in the offshore wind farm industry because of the harsh weather conditions at sea
and the requirements of the robustness of components and solutions under these circum-
stances. It means for SMEs that standard processes need to be established and operated
in the same detailed way every time. This is not a typical approach to the operation pro-
cesses in SMEs, which often have a more explorative approach (Brink and Madsen 2015).
This is an example of hitherto behaviour and knowledge in SME context, which needs to
be destroyed to create new learning to operate ‘robustness’ in the SME organisation.
Extracts of quotes are provided on BMI in the following:

We have participated in proactive specific development of certain intermediate
products and processes (said by 6 of the 10 SME suppliers participating).

We realised during the network and training days that our planned business model
was wrong in an offshore wind context — now we have created a new business
model.

We have not gotten anywhere in our business challenges — no time to work on it.

It is cool to be able to obtain access to a new model Osterwalder and Pigneur (2010)
that can impress customers and partners.

The quotes show the span of results on BMI; some have employed the models pro-
actively both in their own context and in relation to customers. However, others have
not been able to benefit from BMI, primarily because of time constraints. Proposition 3
is hereby supported partly in the short run and cannot be verified in the long run in
our empirical research.

The three propositions are closely connected and primarily supported in the short
term by our findings. However, challenges arise in the long term on collaborative BMI.
In the university context, the networking days were interpreted as demanding through
the flexible entrepreneurial approach and the high emphasis on the interests of partici-
pants. The flexible entrepreneurial approach to learning was positively evaluated by the
participants. However, the likelihood of some ‘Hawthorne Impact’ is present. The fact
that the participants were focused in a research context during the research period
probably motivated them to employ more knowledge than if no research attention had
been present. Here, only repeated research ‘normalising’ the research impact can reveal
the bias from ‘SME participation in research’.

It is interesting that the triple helix context can provide coordinated knowledge and
joint efforts on opportunities. The SMEs have continued on more intensified bilateral
activities on cross sales and cross-assistance on making resources available. As of
December 2013, no significant efforts were being made by the participants to pursue
coordination and joint development of further BMI. No longer having an available
knowledge space probably makes coordinated innovation too difficult to pursue for the
SMEs. Additionally, the cost of investing time on collaboration, which has a longer time
horizon before the benefits can be harvested, naturally plays a role for SMEs with lim-
ited resources.
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The three propositions were all in the short term supported on the following:

1. A beneficial impact from a triple helix platform for reciprocal learning

2. A beneficial impact from reciprocal learning through knowledge assets, flexible
transformation between knowledge spaces and the direct approach of SME
interpretation in the learning situation to enable innovation

3. A beneficial impact from an overview of their own business model and active
interpretation of meaning done by SMEs themselves in their own organisation

This provides an important insight and understanding of the integration of SME
suppliers in a triple helix context, as shown in Fig. 5.

Figure 5 reveals the consequences of governmental bodies to provide funds for SME
suppliers with the aim of fostering cooperation and collaboration for dialogue in the in-
dustry. Thereby, a bridge is provided between the pure self-interest of ‘market driven
competition among profit-driven firms’ and the concern for wellbeing in society and
the triple bottom line. Moreover, universities need to provide more flexible entrepre-
neurial research, education and learning contexts for SMEs. The research has to con-
sider the point of origin in the interests of the SMEs and the requirements for BMI.
Organisational learning in the required fields provides important new knowledge for
SME:s ready for application by the SME suppliers when needed. Thereby, learning cre-
ates value and provides opportunities for more widespread applicability and communi-
cation. The SMEs need to provide themselves time for participation in such network
activities, which can give them value both on the short- and long-term horizon. SME
participants must create space for both network activities, as well as reflection on infor-
mation and learning and for concrete BMI in their own organisation and with
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Fig. 5 Extended triple helix context for dialogue with SME suppliers




Brink and Madsen Triple Helix (2016) 3:4 Page 21 of 23

collaborative partners. Furthermore, the larger essential actors within the offshore wind
farm industry must provide time for discussion with networking SMEs to share both
specific and strategic knowledge on applications. This activity will probably not have an
immediate impact on their own business. However, in the long term, BMI and qualifi-
cation of suppliers can help considerably regarding the challenges for innovation and a
reduction in LCOEs. In general, an agenda has been set for bridging the different inter-
ests of enterprises, governmental bodies and universities to enable sustainable

innovation.

Policy implications

The findings in this study have important policy implications on providing guidance for
utilising the innovation forces present within SMEs, which can be difficult to access
due to a lack of resources in these enterprises. The triple helix concept provides an in-
teresting frame, which actually has an opportunity to support the access and utilisation
of SMEs’ innovation capabilities. It does not only benefit the SMEs but it also benefits
the entire offshore wind industry, the political aim for renewable energy and sustain-
ability and the knowledge creation and dissemination in society.

The implication for the university is to create both more researched-based learning
for abstraction in new models applicable in the offshore wind farm industry and to
achieve a thorough understanding and communication of important business details
specific to the SME suppliers and the wind farm industry. For the governmental bod-
ies/EU, the implication is to provide more strategic long-term financing for the creation
of knowledge spaces, which will have some immediate impact but will probably need a
long-term view for utilising the full potential. Moreover, the governmental bodies have
a direct impact on the cost of capital within offshore wind parks and the regulation of
competition, cooperation and collaboration. For the SME suppliers in the wind farm in-
dustry, the implication is to become aware of the importance of knowledge spaces and
the need to prioritise time for reflection on information and knowledge. For essential
larger stakeholders in the wind farm industry, the implication is to prioritise time for
providing knowledge to various SME suppliers to give them a chance to work on
innovation and reduction in LCOEs in collaboration.

The contribution of our research paper is to make the triple helix participating stake-
holders understand the extended impact of SMEs participating in the triple helix con-
text in the offshore wind farm industry. It means a better promotion and exploitation
through more effective actions of the public bodies and the universities to support the

offshore wind industry and, in particular, SME suppliers.

Conclusions
Our research reveals how SMEs can enable innovation and contribute to a reduction in
LCOEs in offshore wind farms. Empirical verification is provided in this paper from a
longitudinal study of 10 SMEs for the enhanced understanding of the impact of inte-
grating SMEs in a triple helix context.

The findings show a positive impact of an enhanced and flexible triple helix
approach, in which major market and industry stakeholders participate. This provides
valuable information for SME organisations to understand, learn and select from among
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various BMI opportunities. Our empirical evidence on the propositions employed reveals
a positive impact of the triple helix frame for organisational reciprocal learning to create
business model innovation to enable innovation and reduce the LCOEs in the wind farm
industry. This study also provides valuable knowledge to governmental bodies for political
strategies contributing to growth and sustainability and to universities for knowledge
creation and dissemination.

The findings show the importance of providing a knowledge space, where different
forms of knowledge transformation among participants can meet for reflection and
implementation. Our findings reveal the need for different knowledge regimes to be
applied in an easy way for continuous reciprocal interaction and organisational learn-
ing. This requires more effective action of the triple helix partners.

Further research must be conducted in different contexts to verify the role of SMEs.
It is anticipated that industries with innovation challenges can have a positive impact of
integrating SMEs in the triple helix context. Further light needs to be shed on the
necessary antecedents and how these processes evolve in offshore wind and in other
industries.
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