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Abstract

Innovation ecosystems have become a critical area of research due to their potential to
foster innovation and growth. Complementors—value-adding actors who contribute to
the ecosystem’s core value proposition—have emerged as important actors in innovation
ecosystems, mainly due to their value enhancement role. However, the literature on
complementors in the ecosystem setting remains limited in terms of their interactions,
capabilities, and challenges, with inconsistent understanding in different types of
ecosystems. The interplay of cooperation and competition between complementors and
other ecosystem actors can create tensions and challenges that threaten the stability and
performance of the ecosystem.

This thesis aims to answer the following main research question: How do complementors
manage the interplay of cooperation and competition dimensions in an innovation
ecosystem? This research question is addressed across four papers that comprise the body
of this thesis. The four papers explored different aspects of complementors in innovation
ecosystems. Paper I reviews the relevant ecosystem literature and provides an overview
of the concept of complementors in the ecosystem context. It also identifies various
research gaps and provides research directions for complementors’ coopetitive
interactions, strategies, and challenges in ecosystems.

Along with the systematic review on complementors, each empirical paper uses a case
study approach, drawing on qualitative data primarily collected through interviews with
complementors and other actors in the innovation ecosystem of wind energy.

Paper II focuses on the dynamism of complementors’ interactions in an innovation
ecosystem and the drivers of change that shift the dimensions of these interactions. Using
multiple case studies of eight Danish wind energy complementors, this study reveals that
most wind energy complementors engage in coopetitive interactions with focal firms,
despite an apparent unawareness or conscious dismissal of the competitive dynamic
involved. This study emphasizes the dynamism and complexity of complementors’
interactions as ecosystem actors.

Paper III examines complementors’ capabilities in dealing with dynamic interactions in
the wind energy ecosystem. Through multiple case studies, this study identifies several
capabilities that complementors rely on, such as adaptability, networking, sensing, seizing,
transforming, ecosystem thinking, balancing sharing and secrecy, and coopetition
capability, to cope with ecosystem evolution and technological trends, maintain their
position and competitive advantage, ensure compatibility with the focal offer, and deal
with coopetitive tensions.
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COMPLEMENTORS AS INNOVATION ECOSYSTEM ACTORS

Paper IV explores how complementors deal with complement challenges that may evolve
into bottlenecks and threaten the ecosystem’s health and development. Using the insights
of two ports in Denmark and China, which act as complementors in the offshore wind
energy ecosystem, this study reveals that complementors rely on several approaches, such
as compliant collaboration, sub-ecosystem building, alignment pursuance, and position
leveraging, to deal with complement challenges. The choice of coping approach is
contingent on the complexity of complement challenges and complementors’ willingness
to comply.

Overall, this PhD thesis contributes to expanding our knowledge of complementors in
innovation ecosystems by providing a comprehensive understanding of their strategic
roles, interactions, capabilities, and approaches to dealing with complement challenges.
The findings have implications for complementors, focal firms, and other ecosystem
actors, as well as for policymakers and practitioners seeking to foster innovation and
collaboration in innovation ecosystems by engaging with complementors.



Resumé

Innovationsekosystemer er blevet et kritisk forskningsomrade pa grund af deres
potentiale for at fremme innovation og vakst. Komplementorer, verdiskabende aktorer,
der bidrager til okosystemets kernevardiforslag, er dukket op som vigtige aktorer i
innovationsokosystemer — hovedsageligt pa grund af deres vardiforsterkende rolle.
Imidlertid er litteraturen om komplementorer i okosystemet stadig begrenset med
hensyn til deres interaktioner, evner og udfordringer. Derudover hersker en inkonsistent
forstielse 1 forskellige typer af okosystemer. Samspillet mellem samarbejde og
konkurrence mellem komplementorer og andre okosystemaktorer kan skabe spendinger
og udfordringer, der truer stabiliteten og prastationen af okosystemet.

Denne afthandling sigter mod at besvare folgende hovedforskningssporgsmal: Hvordan
handterer komplementorer samspillet mellem samarbejds- og konkurrence-dimensioner
i et innovationsekosystem? Dette forskningssporgsmal behandles i fire artikler, der udger
kernen af denne afhandling. De fire artikler undersoger forskellige aspekter af
komplementorer i innovationsekosystemer. Artikel I gennemgar den relevante litteratur
om okosystemer og giver et overblik over begrebet komplementorer i okosystemets
kontekst.  Artiklen identificerer ogsa forskellige forskningshuller og giver
forskningsretninger for coopetitive interaktioner, strategier og udfordringer af
komplementorer i okosystemer.

Udover den systematiske gennemgang af komplementorer, anvender hver empiriske
artikel en casestudie metode, der bygger pa kvalitative data, primaert indsamlet gennem
interviews med komplementorer og andre aktorer i vindenergiens innovationsekosystem.

Artikel II' fokuserer pa dynamikken i komplementorernes interaktioner i et
innovationsokosystem og pa de driver, der skifter dimensionen af disse interaktioner.
Ved at bruge flere casestudier af otte danske vindenergi-komplementorer afslorer denne
undersogelse, at de fleste vindenergi-komplementorer engagerer sig i coopetitive
interaktioner med fokalfirmaer, pd trods af en tilsyneladende uvidenhed eller bevidst
afvisning af den konkurrencepregede dynamik, der er involveret. Denne undersogelse
understreger dynamikken og kompleksiteten af komplementorernes interaktioners, som
okosystemaktorer.

Artikel IIT undersoger komplementorernes evner til at handtere dynamiske interaktioner
ivindenergiokosystemet. Gennem flere casestudier identificerer denne undersogelse flere
evner, som komplementorer er athangige af, sisom tilpasningsevne, netvarksdannelse,
sansning, seizing, forvandling, okosystemtenkning, balancering af deling og
hemmeligholdelse, og coopetition-evne for at klare okosystemets udvikling og
teknologiske tendenser, fastholde deres position og konkurrencefordel, sikre
kompatibilitet med den centrale forslag og hdndtere coopetitive spendinger.
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Artikel IV udforsker, hvordan komplementorer handterer komplementare udfordringer,
som kan udvikle sig til flaskehalse og true okosystemets sundhed og udvikling. Ved at
bruge indsigter fra to havne i Danmark og Kina — der fungerer som komplementorer i
offshore-vindenergiokosystemet — afslorer denne undersogelse, at komplementorerne er
afhengige af flere tilgange, sdsom overensstemmende samarbejde, opbygning af
underokosystemer, tilpasningsforfolgelse og udnyttelse af positionen for at handtere
komplementere udfordringer. Valget af handteringsmetoden er athangigt af
kompleksiteten af komplementere udfordringer og komplementorers vilje til at
samatbejde.

Samlet set bidrager denne ph.d.-athandling til at udvide vores viden om komplementorer
i innovationsokosystemer ved at give en omfattende forstdelse af deres strategiske roller,
interaktioner, evner og tilgange til at hindtere komplementare udfordringer. Resultaterne
har betydning for komplementorer, fokalfirmaer og andre okosystemaktorer, samt for
politiske beslutningstagere og praktikere, der soger at fremme innovation og samarbejde
i innovationsekosystemer ved at engagere sig med komplementorer.
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to success in any innovation ecosystem but also in a PhD journey.

Alexandra Elena Carst

Aalborg University, May 5, 2023
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1 Introduction

In recent years, there has been growing interest in understanding the dynamics of
innovation ecosystems — complex settings where firms, institutions, and other actors
work together to create new and more complex products and services (Adner, 2017;
Adner & Kapoor, 2016b; Jacobides et al., 2018). Innovation ecosystems consist of a
network of loosely coupled actors, such as focal firms, component suppliers,
complementors, universities, government agencies, and other organizations that interact
with each other to create, develop, and commercialize new innovations (Adner, 2017;
Jacobides et al., 2018; Tsujimoto et al., 2018). Within these ecosystems, complementors
are essential actors who provide complementary innovations aimed at enhancing the
value or benefit of a core product (Brandenburger & Nalebuff, 1996; Teece, 1980).
Complementors have been recognized as playing an essential role in shaping the
dynamics of innovation ecosystems, as they can influence the success or failure of the
focal firms, they support (Adner, 2012, 2021; Brandenburger & Nalebuff, 1996). The
added value of incremental innovations to a core product is undeniable. Furthermore,
complementors’ interactions with the focal firm(s) and other actors in the ecosystem are
crucial for the success of the innovation ecosystem (Adner, 2012; Adner & Kapoor, 2010;
Brusoni & Prencipe, 2013; Kapoor & Agarwal, 2017; P. J. Williamson & De Meyer, 2012).
Nonetheless, do focal firms or other ecosystem actors really understand these third-party
providers?

Various industries across the globe are heading towards a progressive change where
ecosystem settings are embraced to deliver complex and sophisticated innovations: “I#’s
competition among business ecosystems, not individual companies, that’s largely fueling today’s industrial
transformation” (Moore, 1993, p. 76). Innovation ecosystems create the proper
environment where players collaborate to create new value, incorporate integral outputs,
and deliver a more advanced and refined innovation portfolio (Iansiti & Levien, 2004b;
Li et al, 2019; Walrave et al., 2018; P. J. Williamson & De Meyer, 2012). For these
reasons, there is a growing interest in studying and understanding ecosystems both in the
practitioners’ world and academic circles (Burstrém et al.,, 2023; Fuller et al., 2019;
Granstrand & Holgersson, 2020; Randhawa et al., 2020; Shipilov & Gawer, 2020;
Tsujimoto et al., 2018). Ecosystems require inputs from diverse stakeholders with varying
degrees of technological proximity to the users, making collaboration and interaction
among these ecosystem actors essential for creating value (Dattée et al., 2018; Dedehayir
et al,, 2022; M. G. Hoffmann et al., 2022). However, the complementors hold the power
of differentiation and the source of full value potential (Cenamor, 2021; Hilbolling et al.,
2020; Yoffie & Kwak, 2000).

Through their value-adding innovations, complementors are critical to the core value
proposition of the ecosystem and subsequently to the success and health of the focal firm
and the entire ecosystem (Adner, 2012; Adner & Lieberman, 2021; Brandenburger &
Nalebuff, 1996; Shipilov & Gawer, 2020). In many ecosystem studies, complementors are
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defined as consumers due to their downstream position (Gawer, 2014). However, some
researchers also consider them downstream innovators since their small, incremental
innovations are added value to the focal firm’s offering (Adner, 2006; Cusumano & Gawer,
2002). The role and presence of complementors in such settings are deemed necessary for the
focal firm(s) and the overall ecosystem (Adner & Kapoor, 2010; Brusoni & Prencipe, 2013).
For instance, software applications provided by third-party developers are critical to the
performance of operating systems, such as Android by Google and iOS by Apple
(Kapoor & Agarwal, 2017; Schaarschmidt et al., 2019). Coordinating with
complementors and ensuring compatible complements translates not only in higher
benefit for the customers but also timely adoption of the core offering (Adner, 2012,
2021).

Despite their importance to the activity and growth of the focal firm, the latter has (almost)
no control or influence on the former, no fair understanding of them, or practically no
receptivity to complementors (Adner & Kapoor, 2010; Cennamo & Santal6, 2019;
Kapoor, 2013, 2018). Regardless of these perceptions, understanding complementors is
essential in overcoming certain risks they may pose (Inoue, 2019; Mantovani & Ruiz-
Aliseda, 2016; Ozalp et al., 2018). These challenges arise from various differences between
them and the focal firm in connection to their knowledge base or goals (Adner & Kapoor,
2010; Boudreau, 2012; Eckhardt et al., 2018; F. Zhu & Iansiti, 2012). Additionally, the focal
firm(s) cannot manage or coordinate complementors in the same way they use with suppliers
because there is no official link between the focal firm(s) and complementors (Adner, 2012;
Adner & Kapoor, 2010; Adner & Lieberman, 2021; Jacobides et al., 2018). Moreover,
their downstream position, as illustrated in Figure 1, contributes to complementors’
neglect by focal firms (Adner, 2012, 2021). For example, even though Airbus developed
the impressive passenger aircraft A380, the lack of coordination with airports that would
have to accommodate such aircraft affected its commercialization (Adner & Kapoor,
2010). The same happened with Alfa Romeo and Fiat during their first attempt to enter
the USA market. Not engaging with complementors, such as qualified mechanics and
spare parts shops, led to failed expansion (Brandenburger & Nalebuff, 1996). Thus,
complementors require tailored approaches in interacting and coordinating with them.

[Compeﬁtoz 1' Complementor 1

Complementor 2

Figure 1. Schematic figure of a generic innovation ecosystem (Informed by Adner & Kapoor, 2010).

[ Supplier 1

Despite the acknowledged importance of complementors in innovation ecosystems, their
management of the (coexistence of) cooperation and competition dimensions in their
relationships remains a challenging issue (Deilen & Wiesche, 2021; Yoo et al., 2022; F.
Zhu, 2019). This research gap is particularly problematic because complementors often
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operate in complex and rapidly changing environments, such as innovation ecosystems,
where (the interplay of) competition and cooperation can be difficult to manage (Bacon
et al., 2020; Basole, Park, et al., 2015; Hannah & Eisenhardt, 2018; Struckell et al., 2021;
Wegmann et al., 2018; Yoo et al.,, 2022). In order to thrive, complementors need to
balance their cooperative activities with competition and manage the inherent tensions
that arise in their relationships with focal firms (Inoue, 2019; Yoffie & Kwak, 2006; Yoo
et al,, 2022). While some research has investigated how complementors can be managed
or coordinated (Boudreau & Jeppesen, 2015; Hilbolling et al., 2020; Kapoor, 2013; Wang
& Miller, 2020; Yoffie & Kwak, 2000), there is a lack of systematic understanding of how
cooperation and competition dimensions are navigated in innovation ecosystems from
the complementors’ perspective.

With a game theory origin, complementors were first coined in Brandenburger and
Nalebuff’s “Co-opetition” book (1996). Although the original definition recognized
complementors as carrying competitive tensions in their interactions, the ecosystem
literature has mainly emphasized the complementors’ collaborative nature and value-
adding role (Boudreau, 2010; Scholten & Scholten, 2012; Srinivasan & Venkatraman,
2010; Tsujimoto et al., 2018). This has led to an overlook of the competitive dimension
and the risks involved in interactions with complementors in ecosystems (Mantovani &
Ruiz-Aliseda, 2016; Yoo et al., 2022; F. Zhu & Liu, 2018). Studies on the interactions
that involve complementors are minimal and predominantly from the focal firm’s
vantage point, particulatly in the platform ecosystem context (Kapoor, 2013; Tavalaei
& Cennamo, 2021; F. Zhu, 2019; F. Zhu & Liu, 2018). The ecosystem stream has been
dominated by the focus on focal firms or, at most, how the focal firms can control
complementors or invade their market space (Kapoor, 2013; Yoffie & Kwak, 2006; F.
Zhu, 2019; F. Zhu & Liu, 2018). By studying complementors, we can gain insights into
how to manage the cooperation and competition dimensions of innovation ecosystems,
which is essential for creating and capturing value. Exploring the complementors’
petspective over these interactions can uncover a different but complementary angle of
the ecosystem story.

1.1. Motivation and Objectives

This thesis aims to explore and enhance our understanding of the cooperative and
competitive dynamics that take place in an ecosystem by taking the vantage point of
complementors, a rather overlooked yet value-adding type of ecosystem actor.

The increasing uncertainty that companies are facing nowadays can be tackled more easily
in ecosystem settings where various partners collaborate through loosely interconnected
relationships (Iansiti & Levien, 2004b; Li et al., 2019; P. J. Williamson & De Meyer, 2012).
This statement relies on the ecosystem advantages and potential of pooling knowledge
from various sources, speeding up learning, developing joint innovations, and fast
commercialization with high degrees of customization for the benefit of users (Adner,
2000, 2012; Adner & Kapoor, 2016b; Rohrbeck et al., 2009). Moreover, complementors
allow focal firms to access the benefits posed by their innovations and capabilities
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without vertically integrating them, which cannot be fully or properly transferred through
an M&A, for instance (P. J. Williamson & De Meyer, 2012). Timely ensuring compatible
complements translates into “he extent to which the offer can create value for nsers” (Adner &
Kapoor, 2010, p. 312).

While complementors can create positive network effects and foster innovation (Awano
& Tsujimoto, 2022; Boudreau & Jeppesen, 2015; Clements & Ohashi, 2005; Srinivasan
& Venkatraman, 2010), they can also pose challenges to focal firms in terms of
coordination and competition (Adner & Kapoor, 2010, 2016a; Inoue, 2019; Leavy, 2012;
F. Zhu & Liu, 2018). The availability, delivery, and versatility of complements to a focal
offer result in the enhanced attractiveness of the latter (Adner, 2012; Adner & Kapoor,
2010). However, neglecting complements limits the value of a product that users can
generate and delays adoption, thereby affecting the competitive advantage of the focal
firm (Adner & Kapoor, 2010; Brandenburger & Nalebuff, 1996; Ethiraj, 2007).
Therefore, understanding how complementors manage cooperation and competition
dimensions in innovation ecosystems is crucial for achieving sustainable and effective
innovation outcomes (Cennamo et al., 2018; Jacobides et al., 2018).

Although complementors and their innovations ate critical to the viability of the focal
firms, the latter often focus more on solving component challenges rather than
complement challenges (Adner & Kapoor, 2010). The former refers to the difficulties
that arise in coordinating and integrating the different upstream components within an
ecosystem. Complement challenges refer to the difficulties posed to and by
complementors that threaten the timely delivery or development of the focal offer. While
both challenges can evolve into bottlenecks, their impacts differ. Upstream challenges
“Uimit value creation by constraining the focal firm’s ability to produce its product, downstream complement
challenges limit value creation by constraining the customer’s ability to derive full benefit from consuming
the focal firm’s product” (Adner & Kapoor, 2010, p. 310). Due to a lack of formal agreements
or different knowledge bases (Jacobides et al, 2018; Kapoor, 2013, 2018),
complementors cannot be directly controlled by focal firms (Brusoni & Prencipe, 2013).
Although collaborating with complementors is highly beneficial for the focal firm(s) and
the entire ecosystem (Adner, 2017; Kapoor, 2013; Kapoor & Agarwal, 2017),
complementors’ perspective in this collaboration and their ecosystem participation has
not been propetly uncovered.

The ecosystem literature has shed more light on the focal firms’ perspective in dealing
with orchestration, coordination challenges, or entering complementary market spaces
(Autio, 2021; Kapoor & Lee, 2013; Leavy, 2012; Yoffie & Kwak, 2006; F. Zhu & Liu,
2018), setting the complementors aside (Kapoor, 2013). The vantage point of focal firms
that dominates ecosystem studies may differ from complementors’ perceptions and
motivations (Holgersson et al., 2018; Kapoor, 2013). Understandably, upstream suppliers
and their derived component challenges have also received more attention due to the
focal firm’s direct dependency (Adner & Kapoor, 2010; Huo et al., 2022). However,
without complementors’ innovations, focal firms cannot reach their full potential for
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1 INTRODUCTION

success (Adner, 2012; Shipilov & Gawer, 2020). Therefore, the present thesis aims to
provide an in-depth understanding of complementors.

Previously, companies solely emphasized gathering feedback from their customers (Balka
et al., 2014; Bogers & West, 2012; Iyer & Henderson, 2012; Panico & Cennamo, 2020),
but subsequently, there was a shift towards including their suppliers as well (Letaifa, 2014;
Wilhelm & Sydow, 2018). Although the practice of attending to complementors is still in
its eatly stages, considering and incorporating complementors expands the previously
mentioned practices of companies (Brandenburger & Nalebuff, 1996; Hermalin & Katz,
2011; Reiss, 2011). This dissertation aims to contribute to this angle. To achieve these
objectives, this thesis incorporates a systematic review of the existing literature on
complementors in innovation ecosystems, followed by three empirical studies that focus
on different aspects of complementors’ management of cooperation and competition
dimensions in innovation ecosystems, i.e., the dynamics of interactions, capabilities, and
(approaches to) challenges. For each papert, the research gap and objective are elaborated
in Table 1.

Paper Research gap Objective

Paper I Unclear definition and characteristics of = Understand the development  of
complementors, differentiation between  complementors as ecosystem actors
intersecting concepts, ie., complements,
complementary assets, complementarity

Paper II The focus on cooperative dynamics in  Investigate the dynamism of their
complementors’ interactions led to overlook  interactions and drivers of change
of their competitive dynamics

Paper I Lack  of  understanding  regarding  Explore the capabilities that complementors
complementors’ capabilities in dealing with ~ adopt to deal with challenges assumed by
the complexity of their ecosystem their dynamic interactions in innovation
interactions ecosystems

Paper IV Complementors’ approach to dealing with — Investigate the approaches complementors

complement  challenges  has  been
overlooked, while focal firms have been

employ in
challenges

coping with complement

studied as the sole responsible party to solve
such challenges in ecosystems

Table 1. Research gaps and objectives of the four papers.

1.2. Research Questions and Delimitations

The main research question for this thesis is: How do complementors manage the interplay of
cooperation and competition dimensions in an innovation ecosystem? This overarching question is
divided into the following sub-questions:

~

How are complementors understood in the ecosystem context?

2. How do complementors navigate the tensions between cooperation and competition in
innovation ecosystems?

3. How do complementors cope with complement challenges?
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Although the focal firm’s perspective dominates the development of the ecosystem
literature, this thesis focuses on the downstream perspective of complementors,
unlocking a different vantage point that contributes to the ecosystem story. The order of
the sub-questions follows a logical progression that builds upon each other. The first sub-
question sets the foundation by defining and identifying who the complementors are in
the ecosystem context in Paper I. The second sub-question explores how complementors
navigate the tensions between cooperation and competition, which is a crucial aspect of
their role(s) and participation in the ecosystem. Complementors have to cooperate with
a wide range of actors in the ecosystems, e.g., focal firms, complementors, and customers,
while simultaneously competing with or for them, which creates a unique set of
challenges. Building upon these challenges, the third sub-question is proposed, focusing
on how complementors cope with complement challenges. Complement challenges
represent an extreme set of difficulties that are on the verge of becoming bottlenecks
(Adner & Kapoor, 2010). These challenges are the focus of the third sub-question
answered in Paper IV. Complement challenges are thus different from the regular
challenges that complementors face in their interactions within an ecosystem, which are
touched upon in Papers II and III. These challenges stem from or are related to their
interdependence with other actors in the ecosystem, complementors’ contributions to
the ecosystem, intensity of competition, or even coopetition dynamics, and so on.

To address the research questions of this thesis, this dissertation will empirically focus
on complementors in the wind energy ecosystem (WEE). The choice of the empirical
context for Papers II, 111, and IV, i.e., WEE, is motivated not only by its suitability to the
topic of this thesis but also by the novelty of taking an ecosystem petspective to study
wind energy. This industry has been dominantly explored by theories and frameworks
such as innovation systems, supply chain management, and sustainability. Furthermore,
the complementors have been rather neglected in this context until now. While the
insights gained from this research may have broader implications for other innovation
ecosystems, the focus is limited to the wind energy context. The ecosystem’s boundary
is delimitated in this thesis to the downstream of the value chain of the ecosystem’s
proposition. Thus, the actors involved and considered in the study are mainly
complementors, focal firms, customers, experts, universities, organizations, and two
component suppliers. However, their upstream insights are rather restricted in this thesis
due to their limited connection with complementors, the targeted actors for this research.

Furthermore, the study is restricted to complementors that provide hardware, software,
and services directly to the focal value proposition. While there are certainly other
complementors in this ecosystem, these complementors were selected based on their
strategic  importance and  representativeness. Another boundary  regarding
complementors is the disregard of their suppliers due to the obvious cooperation
dimension in their interactions, except for complementor G’s case presented in Paper I1.
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Title Co-authors  Research question
Paper I Complementors as Ecosystem  Yimei Hu 1 What  are complementors’
Actors: A Systematic Review characteristics and role(s) in ecosystems?

(2) How do complementors behave in
the ecosystems?

(3) How are the intersecting concepts
understood in ecosystem literature?

Paper II Complementors’  Interactions - How do complementors’ interactions
in the Wind Energy Ecosystem: evolve in an innovation ecosystem, and
Dynamics, Coopetition, and what are the drivers of change that shift
Drivers the dimension of these interactions?

Paper III'  Complementors’ Capabilities in ~ Yimei Hu What capabilities complementors, as
Innovation Ecosystem: innovation ecosystem actors, rely on to
Dealing  with  Interaction addtess the ecosystem challenges posed
Challenges in the Wind Energy by their dynamic interactions?
Ecosystem

Paper IV How Complementors Deal Ping Lv How do complementors deal with
with Complement Challenges: complement challenges in an innovation
A Comparative Study of Ports ecosystem?

in the Wind Energy Ecosystem
Table 2. Overview of papers and their research questions included in the thesis.

1.3. Overview of Papers

To address the research question, this thesis presents a systematic review of the literature
on complementors as ecosystem actors and three empirical articles that examine
complementors in the WEE. Table 2 provides an overview of the paper titles and
research questions.

Paper I is a systematic review that aims to clarify the development of complementors’
research in the extant ecosystem literature. It provides a more comprehensive and in-
depth understanding of the definitions, roles, and interactions of complementors in
ecosystems by answering the first sub-question: How are complementors understood in
an ecosystem setting? This question is further broken down into three research questions
for Paper I: (1) What are complementors’ characteristics and roles in ecosystems?, (2)
How do complementors behave in the ecosystem?, and (3) How do the intersecting
concepts overlap in ecosystem literature?

Paper II is an exploratory multiple case study of eight Danish complementors in the
WEE that seeks to understand the dynamics of complementors’ interactions with various
ecosystem actors and identify the drivers of change from one interaction dimension to
another. This study aims to answer the following questions: (1) How do complementors’
interactions evolve in an innovation ecosystem?, and (2) What are the impacting drivers
of change? This study aims to demonstrate the complex nature of complementors in an
innovation ecosystem context, beyond their collaborative nature, which is rendered by
their main role of value enhancement to the ecosystem’s core value proposition.
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Paper I1I relies on a multiple case study of the same eight WEE Danish complementors
as Paper II to identify the capabilities complementors rely on in their interactions to cope
with their implied challenges. The paper aims to answer the following question: What
capabilities complementors, as innovation ecosystem actors, rely on to address ecosystem
challenges posed by their dynamic interactions?

Paper 1V is a comparative study of two ports that act as complementors in the WEE in
Denmark and China. The paper aims to identify the ports’ approaches to dealing with
complement challenges that threaten to become bottlenecks to the ecosystem by
answering the following research question: How do complementors deal with
complement challenges in an innovation ecosystem?

Each of the four papers included in this thesis contributes to answering one or more of
the sub-questions that comprise the main research question of the dissertation, as
illustrated in Figure 2. Paper I explores the first sub-question of the thesis by examining
the characteristics and roles of complementors in ecosystems, their behavior, and the
intersection of concepts in ecosystem literature. The identified findings and research gaps
have implications for the following two sub-questions. Paper II addresses the second
sub-question of the thesis by investigating how complementors’ interactions evolve in an
innovation ecosystem and the drivers of change that shift the dimension of these
interactions. Paper III also connects to the second sub-question, but from a different
angle, by exploring the capabilities that complementors rely on to address common
challenges posed by their dynamic interactions. The identified capabilities may have
implications for dealing with complement challenges (i.e., potential bottlenecks in the
ecosystem). Finally, Paper IV examines the third sub-question of the thesis by identifying
complementors’ approaches to deal with complement challenges in an innovation
ecosystem. Considering that interactions with various ecosystem actors are essential in
this situation, the identified coping strategies also have implications for the second sub-
question.

How do complementors manage the interplay of cooperation and competition dimensions in an innovation ecosystem?

How are complementors How do complementors navigate the How do complementors
understood in the tensions between cooperation and cope with complement
ecosystem context? competition in innovation ecosystems? challenges?

1 IV
(1) What are complementors’ (1) How do complementors’ What capabilities
charactenistics and role(s) in interactions evolve in an complementors, as How do
ecosystems? (2) How d‘_:’ innovation ecosystem? innovation ecosystem actors, complementors deal
m‘“[*]‘“‘“f“m“ behave in (2) What are the duvers of rely on to address the with complement
| CEDEEE (3) How are the change that shift the dimension ecosystem challenges posed challenges in an
TG e aikie] of these interactions? by their dynamic interactions? innovation ecosystem?

1 ecosystem literature?

Figure 2. Connection between the research questions of the thesis and the fonr papers.
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1.4. Structure of the Dissertation

The structure of the present thesis is as follows. Section 2 provides an overview of the
theoretical and conceptual constructs that are relevant to the logics of each paper
included in this dissertation. Section 3 describes the methodological considerations,
including the research strategy of each study, the empirical context, and the details of
data collection and analysis. The four papers are presented in self-standing chapters in
the body of the thesis, with each paper occupying a separate section from Section 4 to 7.
Finally, Section 8 offers an overall discussion of the key findings from the four studies,
along with their theoretical and practical implications, as well as limitations and
suggestions for future research.
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2 Theoretical and Conceptual Background

“The whole is greater than the part” (Euclid?)

In this section, the broader theoretical and conceptual perspectives of the thesis are
elaborated. The first part introduces the definitions, features, and interactions of
innovation ecosystems. A subsection on the three dominant perspectives of ecosystems
follows, i.e., ecosystem as affiliation, structure, and coevolution. The last part focuses on
complementors and their links with coevolutionary logics.

Open approaches to creating innovation are increasingly common in a world driven by
fierce competition, modularity, and interdependence (Chesbrough, 2003). Developing
increasingly complex value propositions requires various resources, knowledge, and
capabilities that can be accessed by aligning heterogeneous, autonomous actors
(Gnyawali & Park, 2009). Innovation ecosystems provide nurturing settings in which
different actors join forces to create a complex innovation that would otherwise have
been difficult to develop in-house (Adner, 2006; Bacon et al., 2020; Dattée et al., 2018).

Innovation ecosystems have become a popular topic in innovation research due to their
ability to facilitate the creation and commercialization of innovative products and services
(Adner, 2017; Feng et al., 2019; Gomes et al., 2018; M. G. Hoffmann et al., 2022; Letaifa,
2014; Zahra & Nambisan, 2011). Recent conceptual developments in the innovation
ecosystem have contributed to its maturity while detaching itself from its precursor, the
business ecosystem (Foguesatto et al., 2021; Moore, 1993). Ecosystems provide a setting
for firms to collaborate and co-create value, as well as access a wide range of resources
and expertise that may not be available within the firm itself (Bogers et al., 2019). This
can lead to the development of more complex and sophisticated innovations, as well as
a competitive advantage for participating firms (Shipilov & Gawer, 2020; G. Xu et al,,
2018).

The concept of innovation ecosystems has garnered attention due to its ability to expand our
understanding of ‘“Zhe networked nature of innovation and entreprenenrship” through its
metaphor association (Ritala & Gustafsson, 2018, p. 53). While research on innovation
systems has managed to change the emphasis from individual agents to “the links and
interactions between the various actors” (Martin, 20106, p. 435), empirical studies on innovation
ecosystems seem to take on the challenge of researching developments in the world and
foci such as sustainability and services (Alaimo et al., 2020; Boyer, 2020; Chandler et al.,
2019; Fasnacht, 2018; Inoue, 2019; Z. Liu & Stephens, 2019; Liitjen et al., 2019).

The present thesis focuses on complementors, the actors that differentiate ecosystems
from value chains (Kindermann et al., 2022; Thomas & Autio, 2019). Complementors

" A common variation usually credited to Aristotle is “The whole is greater than the sum of its parts.”
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are actors whose products and services are bundled with the focal firm’s offering (Adner,
2006; Brandenburger & Nalebuff, 1996; Jacobides et al., 2018). This joint consumption
generates a higher benefit for the user. Although located downstream of the focal firm’s
position, complementors can impact the value creation-capture in the ecosystem (Adner,
2017; Jacobides et al., 2018; Teece, 1980).

2.1. Innovation Ecosystems: Definitions, Features, and Interactions

Innovation ecosystems play a crucial role in fostering innovation and economic growth
(Ferasso et al., 2018). However, the concept of innovation ecosystem is still evolving and
lacks a universally accepted definition or framework for understanding its features and
interactions. The term ecosysten is polysemous, with multiple definitions depending on the
context in which it is applied. Nevertheless, it is expected that “ecosysterns as arrangements of
interdependent value creation will only grow in prevalence and in importance in the years to come”

(Adner, 2017, p. 56).

The term ecosystens originates from ecology (Jackson, 2011; Tansley, 1935). Its inherent
dynamism and complex nature determined Moore (1993) to introduce ecosystenz in the
management literature, suggesting that ‘@ company be viewed not as a member of a single industry
but as part of a business ecosystem that crosses a variety of industries” (ibid., p. 76). The business
ecosystem, as coined by Moore, refers to a complex network of organizations,
individuals, and technologies that foster innovations through cooperation and
competition (ibid.). Sharing a common purpose, the members of a business ecosystem
evolve “from a random collection of elements to a more structured community,” just as in nature
(ibid., p. 76). However, Moore’s seminal article focused on delivering an ecological
approach to studying and understanding a company, rather than providing an explicit
definition of a business ecosystem (Moore, 1993; Thomas & Autio, 2019).

Since then, the concept has been refined and expanded by scholars and practitioners to
encompass a wide range of industries, regions, and applications, such as innovation
ecosystems (Adner, 2006, 2017), platform ecosystems (Cusumano & Gawer, 2002;
Gawer & Cusumano, 2002, 2014), entreprencurial ecosystems (Autio et al., 2014; Spigel
& Harrison, 2018), knowledge ecosystems (Clarysse et al., 2014; Valkokari, 2015; van der
Borgh et al,, 2012), service ecosystems (Lusch et al., 2016; Lusch & Nambisan, 2015).
However, these developments have preserved the definition issue (Ferasso et al., 2018;
Gomes et al., 2018; Oh et al., 2016; Shipilov & Gawer, 2020).

2.1.1. Definitions of the (Innovation) Ecosystem

In academia, innovation ecosystems are considered more than a buzzword applied in the
business world; instead, it is mainly used as a metaphor or an analogy that explains a
phenomenon (Ritala & Gustafsson, 2018). Innovation ecosystems are seen as the proper
conditions for nurturing internationally viable innovation (Adner, 2017), as they involve
various loosely coupled actors coming together to create a common value proposition
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(Bogers et al, 2019). Innovation ecosystems can be perceived as a hybrid between
knowledge ecosystems and business ecosystems because the innovation ecosystem
incorporates the exploration of new information, knowledge, and technology (knowledge
ecosystems) and the exploitation of value creation for customers (business ecosystems),
or better said, value co-creation (Valkokari, 2015).

The multiple definitions for innovation ecosystems emphasize different elements or
characteristics (Thomas & Autio, 2019). Adner (2006) presented the first attempt to
define the innovation ecosystem as “?he collaborative arrangements through which firms combine
their individual offerings into a coberent, customer-facing solution” (p. 2). The emphasis is placed
on collaboration among different actors that contribute to a common value co-creation
goal. However, in the strategy field, another definition provided by Adner (2017) prevails:
“the alignment structure of the multilateral set of partners that need to interact in order for a focal value
proposition to materialize” (p. 40). The focus of these definitions falls on a shared purpose
that creates agreement among ecosystem participants in terms of roles, positions, and
contributions, i.e., the alignment structure (Adner, 2017; Cobben et al., 2022). Alignment
among heterogeneous actors is necessaty to ensutre the common goal of co-creating the
ecosystem’s core value proposition, but formal alliances are not required, as the
autonomy of actors is (and should be) maintained (Adner, 2006, 2017, 2021; Huo et al,,
2022).

Recent innovation ecosystem studies highlight the idea that value co-creation results from
complex relationships among heterogeneous yet interdependent actors (Adner, 2017;
Dedehayir et al., 2022; Gomes et al., 2022; M. G. Hoffmann et al., 2022; Kapoor, 2018).
This indicates that interactions are key to understanding the underlying dynamics and
complexities inherent in innovation ecosystems. This perspective aligns with the view
that innovation ecosystems are characterized by multilateral interdependence and non-
generic complementarities, value proposition and creation, as well as the coexistence of
competitive and cooperative ties (Adner, 2017; Adner & Kapoor, 2010; Gomes et al.,
2018, 2021; M. G. Hoffmann et al., 2022; Jacobides et al., 2018; Kapoor, 2018).

Non-generic complementarities are one of the differentiating features of innovation
ecosystems, and Jacobides et al. (2018) emphasized this construct in defining the
ecosystem as “a set of actors with varying degrees of multilateral, nongeneric complementarities that are
not fully bierarchically controlled” (p. 2264). As an ecosystem type, innovation ecosystems can
be defined as “#he evolving set of actors, activities, and artefacts, and the institutions, and relations,
including complementary and substitute relations that are important for the innovative performance of an
actor or a population of actors” (Granstrand & Holgersson, 2020, p. 1). Ritala and
Almpanopoulou (2017) highlighted the features of interdependence, co-creation, and
coevolution in describing ecosystems. Innovation ecosystems are thus characterized by a
set of interrelated features and elements that contribute to their effectiveness in fostering
innovation. The following subchapters will explore some core characteristics of
ecosystems.
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2.1.2. Dynamism and Coevolution of Ecosystems

Many academics agree that all the actors in an innovation ecosystem are suppliers of
knowledge (Fransman, 2014) and are interlinked through the final value proposition. The
complexity of the system increases with the number of different components involved.
Understanding an ecosystem does not only resume to the participating actors, but should
be viewed as a whole, including the complicated interactions between its members
(Phillips & Ritala, 2019). Upstream components are essential for the product of the focal
firm(s). However, complementors can also be categorized under “direct value creation roles”
together with suppliers (Dedehayir et al., 2018, p. 18). The diversity and heterogeneity of
ecosystem actors determine the complex interactions that impact the development and
delivery of innovation.

One of the key features of innovation ecosystems is their dynamism, which refers to the
level of change within an ecosystem over time. Dynamism implies their ability to
constantly adapt and evolve in response to changing market conditions, new
technologies, and regulatory environments (Alaassar et al., 2021; Basole, Russell, et al.,
2015). This dynamism, rendered by continuous change, uncertainty, and unpredictability,
requires a flexible and adaptive approach to innovation management. Furthermore,
ecosystem dynamism is nurtured by the interactions among multiple and heterogeneous
actors in the ecosystem, which enable the exchange of information, knowledge, and
resources (lansiti & Levien, 2004b; Y. Xu et al, 2021). Due to their dynamism and
evolving nature, ecosystems are not temporally or spatially bounded compared to other
collaborative concepts, such as alliances, business networks, value chain, and business
models (Aarikka-Stenroos & Ritala, 2017; Lusch et al., 2016). Moreover, ecosystems’ lack
of full hierarchical control, compared to other collaborative concepts, fuels their
dynamism, implying that ecosystem actors and activities are constantly evolving and
adapting (Cobben et al., 2022; Jacobides et al, 2018; Kapoor, 2018). Therefore,
innovation ecosystems are dynamic and non-linear.

A closely related concept to dynamism and its generative source is coevolution, which
refers to the mutual adaptation or interdependence of the vatious actors triggered by
changes in the ecosystem or a participant (Adner & Kapoor, 2010; J. Chen et al., 2016;
Dedehayir et al., 2022; Shou et al., 2022). These changes initiate and shape other changes,
creating a feedback loop that drives the evolution of the two elements (Kauffman, 1993;
Ritala et al., 2020; Ritala & Almpanopoulou, 2017; Volberda & Lewin, 2003). Coevolution
is facilitated by technology interconnectivity and interactions among actors, which enable
them to learn from each other and adjust their strategies and behaviors accordingly
(Aarikka-Stenroos & Ritala, 2017; J. Kim et al., 2022; Oh et al., 2016). Coevolution thus
incorporates interdependence, mutual influence, and co-adaptation among ecosystem
actors (Adner, 2012, 2021; Adner & Kapoor, 2010). Furthermore, coevolution captures
the ecological approach of innovation ecosystems as dynamic systems in which actors’
actions and decisions impact and are impacted by each other over time (lansiti & Levien,
2004a; Ritala et al., 2013; Ritala & Almpanopoulou, 2017). The perpetual coexistence of
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cooperation and competition dimensions in innovation ecosystems is absorbed by
coevolution (Gomes et al., 2018; Moore, 1993).

2.1.3. Interdependence and Complementarity

Interdependence and complementarity are both distinctive featutes of innovation
ecosystems that compensate for the lack of formal agreements among loosely coupled
actors (Adner & Kapoor, 2010; Gomes et al., 2018; M. G. Hoffmann et al., 2022;
Jacobides et al, 2018; Thomas & Autio, 2019). Borrowing from biological and
evolutionary analogies, another key feature of innovation ecosystems is interdependence
between actors rendered by coevolution (Adner & Kapoor, 2010; J. Chen et al., 2016;
Ritala & Almpanopoulou, 2017). While coevolution emphasizes the dynamic and
adaptive nature of the interactions between actors, interdependence emphasizes the
mutual reliance of actors on structural relationships (Aarikka-Stenroos & Ritala, 2017;
Adner & Feiler, 2019; Adner & Kapoor, 2010; Kapoor, 2018). Together, these concepts
capture the complex, interrelated, and evolving nature of innovation ecosystems.

Interdependence refers to the degree of mutual reliance among actors for their survival
and success in an innovation ecosystem (Adner & Kapoor, 2010; J. Chen et al., 2016;
Ganco et al.,, 2020; Gomes et al., 2021; Jacobides et al., 2018). The activities of any single
organization cannot be considered in isolation. Instead, they are embedded in an entire
network of interdependencies, where change in one part of the ecosystem can have far-
reaching, and often unexpected, effects in other parts of the ecosystem (Adner & Kapoor,
2010; Kang et al., 2011a; Leavy, 2012; Zhang et al., 2022). The involved agents are locked
in the dependence created by common tasks, generating interdependent relationships
(Aarikka-Stenroos & Ritala, 2017). Interdependence is driven by the complementary roles
and resources that actors bring to the ecosystem to contribute to the core value
proposition and can take various forms, such as cooperation, competition, or coopetition
(Tansiti & Levien, 2004b; Moore, 2006; Velu, 2015). In this interlinked environment of
complex interactions (lansiti & Levien, 2004b), “companies co-evolve capabilities around a new
innovation: they work cooperatively and competitively to support new products, satisfy customer needs, and
eventually incorporate the next round of innovations” (Moore, 1993, p. 76). This interdependence
between actors and their innovations leads to coevolution of the individual participants
and the entire ecosystem (Hou & Shi, 2021; Inoue, 2019; Leavy, 2012; Rietveld et al.,
2020; Ritala et al., 2020; Shou et al, 2022). Having a common goal encourages
interdependencies among loosely coupled ecosystem participants (Aarikka-Stenroos &
Ritala, 2017; Adner, 2017, Gawer & Cusumano, 2014; Wareham et al., 2014).
Interdependence can also create a sense of collective responsibility for the success of the
ecosystem as a whole (Adner, 2017; M. G. Hoffmann et al., 2022; Russo-Spena et al.,
2017; Velu, 2015). However, interdependence may also impact other actors’ “ability to
create valne” (Adner & Feiler, 2019, p. 111), the ecosystem’s development and success in
the form of co-innovation risks and adoption chain risks (Adner, 2006, 2012).
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Interdependence coexists with complementarities in ecosystems (Cobben et al., 2022;
Jacobides et al., 2018; Kapoor, 2018). Complementarity, as the glue of economic activities
within an ecosystem, refers to the degree to which actors within an ecosystem bring
different skills, resources, or capabilities that complement each other (Jacobides et al.,
2018; Kapoor, 2018). Complementarity implies that the strengths of one actor can
compensate for the weaknesses of another, resulting in a more effective and efficient
innovation ecosystem (Gomes et al., 2018). As a defining element, multilateral nongeneric
complementarities can be categorized into unique and supermodular (also known as
Edgeworth) complementarities. The former assumes a certain level of co-specialization,
while the latter manifests downstream (Jacobides et al., 2018; Teece, 1986; Venkatraman
& Lee, 2004). Nongeneric complementarities suggest that, despite the undeniable
presence of competitive dynamics in the ecosystem to capture value, the existence of
alighment contributes to ecosystem success that also translates into profit and other
benefits (Adner, 2017; Jacobides et al., 2018).

As the degrees of mutual reliance and difference among actors, interdependence and
complementarity contribute to the functioning and success of innovation ecosystems,
influencing their assumed interactions among heterogeneous and autonomous actors by
adding to their complexity.

2.1.4. Interaction Complexity — Coopetition

Ecosystem actors interact to create and capture value from developed innovations. Value
creation is enabled by cooperation between the various players, while value capture takes
place at the company level by using their competitive advantage to derive profit
(Khademi, 2020; Ritala et al., 2013). Being part of an innovation ecosystem and the
intense cooperation between the participating actors goes beyond a common bilateral
alliance or joint venture (Porter, 1985). Collaboration between businesses to create
innovation affects their value chain by co-creating and exchanging value. Thus, the value
creation process can take place at the entity level as well as the inter-player level
(Radziwon et al., 2017).

Cooperation is key to materializing a specific innovation or a common value proposition
in ecosystems. This cooperation enhances hyperconnectivity and networking among the
participants of an innovation ecosystem as well as the empowerment of startups
(Fasnacht, 2018). Thus, the interactions between the different actors and entities of an
innovation ecosystem render its characteristics of dynamism and collaboration. These
interactions also promote knowledge sharing, contribute to co-creating value, and deliver
more complex and sophisticated value propositions than individual businesses, which
can still manufacture independent products and/or services (Zahra & Nambisan, 2011).
However, the complexity captured by ecosystem interactions poses various challenges.
Coordination and cooperation between the various actors and entities involved represent
one such challenge. This requires effective communication and trust, as well as the
establishment of clear roles and responsibilities, despite the lack of formal agreements
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(Gobble, 2014; M. G. Hoffmann et al., 2022). Additionally, the process of value creation
and capture within innovation ecosystems can be complex and may require careful
management to ensure that all parties involved are faitly compensated for their
contributions (M. G. Hoffmann et al., 2022; Ritala et al., 2013).

The symbiotic relationships between the multitude of heterogeneous actors in innovation
ecosystems can be cooperative to co-create value, but also competitive to capture value
from each othet’s innovations (Cusumano & Gawer, 2002; Huang et al., 2019). Although
the concept of innovation ecosystem has evolved to focus more on value (co-)creation
and collaboration (Adner, 2017; Gomes et al., 2018, 2021; Granstrand & Holgersson,
2020; M. G. Hoffmann et al., 2022), the predecessor business ecosystens included both
interaction logics, i.e., cooperation and competition, in the initial definition: “In a business
ecosysten, companies |. .. | work cogperatively and competitively to support new products, satisfy customer
needs, and eventually incorporate the next round of innovations” Moore, 1993, p. 76). Hence,
cooperation and competition coexist in ecosystems to create knowledge and innovation
(Bacon et al., 2020; Facin et al., 2016; Fasnacht, 2018; Fernandez et al., 2018; Gomes et
al,, 2018). In this context, coopetition has emerged as a strategic behavior and a shaping
force of the complex interactions among ecosystem actors (Bengtsson & Kock, 1999;
Brandenburger & Nalebuff, 1996; Le Roy et al.,, 2018). Although numerous definitions
concur that coopetition refers to the coexistence of cooperation and competition logics
(Bengtsson & Kock, 2000; Le Roy et al., 2018), the simultaneity of these two dimensions
is questioned due to the paradoxical pursuit of cooperation and competition (Ritala et al.,
2016). The former dimension entails common goals and benefits from value co-creation,
while the latter assumes pursuing one’s own goals and opportunistic behavior in
capturing value (Bengtsson et al., 2016; Bengtsson & Kock, 2000; Ritala et al., 2013).
Traditionally, coopetition scholars consider coopetition to be cooperation between
competitors in a dyadic relationship between two companies (Bengtsson & Kock, 2000;
K.-H. Kim, 2020). However, coopetition is multidimensional and multifaceted, referring
to multiple actors that compete in some matkets/projects while cooperating in other
areas (Dorn & Albers, 2018; Hannah & Eisenhardt, 2018; K.-H. Kim, 2020). This
perspective may be more in line with approaching coopetition as a duality of
interdependent or interwoven contradictory logics of cooperation and competition,
rather than as a separation of the two paradoxical forces that fails to capture the
coopetitive dynamics (Andriopoulos & Lewis, 2009; Bengtsson et al., 2016; Gnyawali et
al,, 2016; K.-H. Kim, 2020; Rai et al., 2022).

The coopetition phenomenon has been increasingly researched, patticularly in certain
contexts, such as dyadic relationships, strategic alliances, business networks, and
industries (Bengtsson & Kock, 1999, 2000, 2014; Bouncken & Kraus, 2013; Ranganathan
et al, 2018; Ritala et al., 2016). Despite the incipient focus on value creation and
cooperation in innovation ecosystems (Gomes et al., 2018; Granstrand & Holgersson,
2020), recent coopetition studies have expanded its scope to ecosystems (Bacon et al.,
2020; Hannah & Eisenhardt, 2018; Wegmann et al., 2018), such as exploring the focal
firms’ perspective in balancing value creation and value capture or identifying the benefits
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and challenges of coopetition (Ansari et al., 2016; Basole, Park, et al., 2015; Ritala et al.,
2013). However, in these studies, the broader impact of coopetition on the innovation
ecosystem is neglected, showing a deep potential for research in this context.

In ecosystems, the presence of contrasting dynamics is facilitated by the co-habitation of
various actors, e.g., suppliers, focal firm(s), complementors, competitors, governments,
industry associations, and educational institutions (Shipilov & Gawer, 2020). The
relationships formed are complex and sometimes even tensed, which, in turn, render the
dynamism of ecosystems and fosters a dynamic environment for creativity and
innovation (Bengtsson & Kock, 2014; Zahra & Nambisan, 2011). Coopetition enables
firms to pool their resources, share risks and costs, and overcome limitations and
innovation-related challenges, such as complexity, ambiguity, and uncertainty, by sharing
risks and costs (Bouncken & Kraus, 2013; Gnyawali & Park, 2009). Additionally,
coopetition allows ecosystems to achieve superior performance and competitive
advantage (Hannah & Eisenhardt, 2018). Coopetition literature also argues that an
organization’s innovativeness and competitive advantage can be augmented through
partnerships and interactions shaped by coopetitive logics (Bacon et al., 2020; Bouncken
& Kraus, 2013; Gnyawali & Park, 2009).

Coopetition is an inherent phenomenon in ecosystems depicted by interdependencies
among actors (Basole, Russell, et al., 2015; Dorn & Albers, 2018; Kapoor, 2018; Malherbe
& Tellier, 2022; Moore, 20006; Ritala et al., 2013; Wegmann et al., 2018). The interweaving
of cooperation and competition interweave in eccosystems that render dynamic
interactions is consistent with the coevolution and dynamism features of ecosystems
(Hannah & Eisenhardt, 2018). However, the added complexity of the coopetition
dimension governed by the ecosystem’s coevolution and the needed capabilities deserves
further research attention in the dynamic and complex environments of innovation
ecosystems (Adner, 2006; Ansari et al., 2016; Bacon et al., 2020; Hannah & Eisenhardt,
2018; W. Hoffmann et al., 2018; Moore, 1996; Ritala et al., 2013, 2014; Wegmann et al.,
2018). Furthermore, there is a lack of research on how complementors engage in
coopetition with other ecosystem actors. Notable exceptions are provided by the
platform ecosystem stream, where the focal firm’s perspective still dominates (Argyres et
al., 2022; Inoue, 2019; Wang & Miller, 2020; Yoffie & Kwak, 2006; Yoo et al., 2022; F.
Zhu & Liu, 2018).

2.2. Ecosystem as Affiliation, Structure, Coevolution

Beyond the increasing typology of ecosystems that emphasize different foci or contexts
expanding the boundaries of firms and industries (Aarikka-Stenroos & Ritala, 2017),
ecosystems can be viewed and examined from different perspectives: ecosystem as
affiliation, structure, and coevolution. These three approaches ate elaborated below,
explaining their emphasis in regard to the elements and characteristics of ecosystems.
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2.2.1. Ecosystem as Affiliation

The ecosystem-as-affiliation approach emphasizes the association of actors with the focal
firm(s) or platform(s) (Adner, 2017). Due to its focus on the connections of ecosystem
actors to the focal firm(s), this approach dominates studies on business ecosystems
(Adner, 2017; Jacobides et al., 2018; Moore, 1993). Ecosystem as affiliation also aligns
with Moore’s (1996) depiction of business ecosystems as “an economic community supported
by a foundation of interacting organizations and individuals — the organisms of the business world” (p.
26). Thus, ecosystem actorts are typically defined by their connections to the focal firm(s),
which, in turn, determine the actors’ positions in the ecosystem (e.g., components
supplier, complementor, and customer), reflecting a firm-centric vision (Adner, 2017).

Despite breaking the boundaries of industries by recognizing the effect of
interdependence and symbiotic connections among actors, this approach places great
emphasis on network-related issues, such as density, centrality, number of participants,
as well as concerns related to ecosystem entry, access, and openness (Adner, 2017).
However, ecosystem studies relying on this approach have been criticized for heavily
relying on the focal firm’s perspective in connection with the aforementioned issues
(Adner, 2017; Hou & Shi, 2021). Thus, the affiliation of ecosystem actors to the focal
firm is often taken at face value.

To address these criticisms, some scholars have developed alternative approaches that
shift the focus away from the focal firm(s) and onto the ecosystem’s structure and
activities, which are elaborated below (Adner, 2017; Ganco et al., 2020).

2.2.2. Ecosystem as Structure

The ecosystem-as-structure approach provides an alternative view to the traditional
ecosystem-as-affiliation perspective and highlights the importance of the activities
required for a value proposition to materialize (Adner, 2017; Ganco et al., 2020). This
structuralist approach is “an activity-centric view of interdependence” to ecosystems and focuses
on the configuration of activities that connect actors in an ecosystem to create and deliver
value (Adner, 2017, p. 40). The structure of interdependence connects the actors in an
ecosystem and determines the value proposition, as well as the types of actors and their
positions within the ecosystem and in regard to the value proposition. (Adner, 2017;
Ganco et al., 2020; Gomes et al,, 2021; Hannah & Eisenhardt, 2018; Jacobides et al,,
2018; Litjen et al., 2019; Shipilov & Gawer, 2020). The core value proposition shapes
the activities and interactions required for the ecosystem to function and acts as the
ecosystem’s boundary maker and connector of the actors (Adner, 2017).

The ecosystem-as-structure perspective comprises four key elements—activities, actors,
positions, and links—which characterize the configuration of activities (Adner, 2017).
Although the ecosystem-as-structure focuses on activities assumed by the co-creation of
the value proposition, affiliation may also be incorporated as a component rendered by

21



COMPLEMENTORS AS INNOVATION ECOSYSTEM ACTORS

the role-level interactions that rely on multilateral nongenetic complementarities (Hou &
Shi, 2021; Jacobides et al., 2018). For the structural configuration of ecosystem activities,
actor alignment is identified as a key challenge for ecosystem strategy compated to
traditional business strategy, given the complexity of interorganizational relationships
inherent in ecosystems (Adner, 2017). Unlike dyadic buyer—supplier interactions in
supply chains, multiple and heterogeneous actors are requited to co-create the
ecosystem’s value proposition, which adds to the complexity of interdependence among
ecosystem actors (Adner & Kapoor, 2010; Jacobides et al., 2018; Shou et al., 2022).

Scholars have embraced the ecosystem-as-structure approach, recognizing its value in
providing an actionable framework that calls for specific management approaches and
strategies (Adner, 2017; Ganco et al., 2020; Hannah & Eisenhardt, 2018; Jacobides et al.,
2018; Kapoor, 2018; Shipilov & Gawer, 2020). Furthermore, this approach illuminates
how the structure of the ecosystem at the broader level can impact upstream and
downstream actors in terms of innovation (Ganco et al., 2020; Zhang et al., 2022).

2.2.3. Ecosystem as Coevolution

The ecosystem-as-coevolution approach considers ecosystems as intricate forms of
collaboration among diverse actors, emphasizing the significance of coevolution,
adaptation, and interdependence among heterogeneous actors (Aarikka-Stenroos &
Ritala, 2017; Adner, 2017; Gueler & Schneider, 2021; Moore, 1996, 2006; Ritala et al.,
2020). This suggests that ecosystems are continually evolving and developing due to
environmental changes and actor-level changes rendered by the complex interplay
between cooperation and competition dimensions (Ansari et al., 2016; Hou & Shi, 2021;
Mikinen & Dedehayir, 2014; Moore, 1993; Snihur et al., 2018; Tiwana, 2015). The
innovation ecosystem construct has gained research attention in crafting strategies in
dynamic and coevolving ecosystems (Adner, 2006; Hou & Shi, 2021).

Coevolution, the salient dynamic characteristic of ecosystems (Shou et al., 2022), refers
to reciprocal changes induced by interactions with the environment or other actors
(Autio & Thomas, 2014; Basole, 2009; Daymond et al, 2022; Kauffman, 1993;
Peltoniemi, 2006). In turn, coevolution regulates the interactions and dynamics of
ecosystems (Thomas & Autio, 2019). This approach aligns with Moore’s depiction of
business ecosystems (2006) and the core ideas of evolutionary theory (Nelson & Winter,
1982). Moore (1996) recognized that, just like in biological ecosystems, firms coevolve to
jointly improve their offerings and activities: “Over time, they coevolve their capabilities and roles,
and tend to align themselves with the direction set by one or more central companies. Those companies
holding leadership roles may change over time” (p. 26). Nonetheless, the roles of all ecosystem
actors are not fixed and can adjust with changes in ecosystem dynamics (Hou & Shi,
2021; Iansiti & Levien, 2004a). This change in roles adds to ecosystem complexity and
uncertainty (Hou & Shi, 2021; Thomas & Autio, 2019).
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From this perspective, the ecosystem functions as a complex adaptive system that
responds to external changes and seizes opportunities (Hou & Shi, 2021; Kauffman,
1993; Phillips & Ritala, 2019). Rooted in complexity theory (Capra, 2005), the change in
the ecosystem environment and/or actors triggers further change and adaptation aimed
at maintaining complementarity among ecosystem participants (Phillips & Ritala, 2019;
Thomas & Autio, 2019; Volberda & Lewin, 2003). The coevolution view desctibes the
competitive landscape of interdependent actors experiencing periods of change and
stability in their complex collaborations (Bengtsson & Kock, 1999; Moore, 1993, 2000).

The coevolution view recognizes the ecological perspective of ecosystems, as the
abundance and heterogeneity of ecosystem actors increase the ecosystem’s complexity
(P. ]J. Williamson & De Meyer, 2012). Additionally, the actors in the ecosystem bring their
own objectives and intentions, which pose a source of potential conflict (ibid.). In this
context, affiliation or alighment is critical for the focal firm in steering the coevolution
process of the ecosystem (Adner, 2017; Hou & Shi, 2021). Moreover, the coevolution
approach to ecosystems highlights that complementatities contribute to enabling
coevolution in the relationships among ecosystem actors (Hou & Shi, 2021).

Overall, the ecosystem-as-coevolution perspective acknowledges the dynamic and
complex nature of innovation ecosystems and highlights the need for firms to adopt both
competitive and cooperative strategies to survive and thrive within the ecosystem. Several
scholars have investigated various aspects of ecosystems from the coevolution
perspective (Kwak et al., 2018), such as ecosystem strategy (Adner, 2006; Schroth &
HiauBermann, 2018), value creation (Adner & Kapoor, 2010) and ecosystem evolution
(Daymond et al.,, 2022; Feng et al., 2019; Luo, 2018). However, further research on
ecosystem dynamics and to what degree the ecosystem pursues stability or change is
needed.

In the context of this thesis’ topic, the ecosystem-as-coevolution perspective is
particularly suitable, as complementors are often loosely connected, yet independent
actors who play a crucial role in shaping the ecosystem. They rely on the focal firm to
create demand for their complements. Therefore, understanding complementors as
innovation ecosystem actors requires a coevolutionary perspective that considers the
ecosystem as a dynamic and complex web of interactions and interdependencies among
actors (Adner, 2017; Hou & Shi, 2021).

2.3. Complementors and Coevolutionary Logics

Complementors are actors who provide complementary products or services that
customers may use together with the focal firm’s proposition (Shipilov & Gawer, 2020).
As coined by Brandenburger and Nalebuff (1996), complementors were defined as “4
Pplayer is your complementor if customers value your product more when they have the other player’s product
than when they have your product alone” (p. 18). Complementors, along with suppliers,
assemblers, and users, play direct value creation roles, showing complementors’ active

23



COMPLEMENTORS AS INNOVATION ECOSYSTEM ACTORS

participation and importance in contributing to co-creating the value proposition of the
ecosystem (Dedehayir et al., 2018). Complementors are crucial to the success of the
ecosystem and the viability of the focal firm due to the unlimited potential unlocked by
their innovations (Adner, 2006; Dattée et al., 2018; Gawer, 2014; Inoue, 2021).

Complementors may be wrongfully perceived as consumers because of their downstream
positions (Gawer, 2014). However, complementors are not buyers or suppliers in the
ecosystem (Kapoor, 2013). Their advantage lies in their potential to increase the value
pie (Brandenburger & Nalebuff, 1996). As complementors are autonomous actors and
may originate from different industries, they engage in open innovation practices (Inoue,
2021; Radziwon & Bogers, 2019). Therefore, focal firms are encouraged to lock
complementors in formal agreements (Jacobides et al., 2018) or to manage them through
a dedicated business unit (Kapoor, 2013). Nevertheless, complementors often lack direct
links or contractual arrangements with the focal firm (Inoue, 2021; Jacobides et al., 2018;
Pidun et al,, 2022). Adding their (potentially) different knowledge bases and interests,
complementors may pose risks to the focal firm that impact the entire ecosystem.
However, complementors can be influenced by focal firms because of their
interdependence and loose coupling (Inoue, 2021; Wareham et al., 2014). Being loosely
coupled refers to the varying degrees of impact a change may have and the various
resulting mutations of the value proposition (Aldrich, 1979). Thus, like all ecosystem
participants, complementors are expected to develop unique capabilities that would
contribute to the realization of the full potential of the ecosystem’s value proposition
(Cenamor & Frishammar, 2021; Shou et al., 2022).

Collaboration is crucial in the complementors’ interaction to realize the full potential of
the ecosystem’s value proposition (Cenamor & Frishammar, 2021; Shou et al., 2022).
However, despite their collaborative nature, complementors may pose competitive
tensions (Brandenburger & Nalebuff, 1996). Their relationships may be characterized by
both cooperation for value creation and competition for value appropriation, shaping
complementors’ motivations to collaborate (Adner & Kapoor, 2010; Brandenburger &
Nalebuff, 1996; Han et al., 2022; Kapoor, 2013; Yoffie & Kwak, 2006; Yoo et al., 2022).
Complementors may thus pose varying challenges and competition threats. Established
complementors may negatively impact the value of the ecosystem’s proposition,
becoming a competitor to the focal firm and developing a substitute (Adner &
Lieberman, 2021). Complementors not only affect the incumbents in terms of profit, but
they may also influence the ecosystem’s evolution (ibid.).

Coevolutionary logics may explain the dynamics of complementors’ relationships
(Aarikka-Stenroos & Ritala, 2017; Kauffman, 1993; Volberda & Lewin, 2003). The
dynamics in complementors’ interactions and their implications for the co-creation of
the focal offer link to their interdependence in an ecosystem (Adner & Kapoor, 2010;
Cenamor, 2021; Hilbolling et al., 2020; Inoue, 2019; Wang & Miller, 2020). Interactions
within an ecosystem are the essential element and rendition of coevolution (B. Liu et al.,
2022; Moore, 1993; Rong et al., 2015; Song, 2016; Walrave et al., 2018). Changes and
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adaptations in one actor, particularly the focal firm, lead to changes in other actors, such
as complementors (Shou et al., 2022). Given that ecosystems constantly evolve and
change (Nelson & Winter, 1982), developing and possessing unique capabilities is
imperative for complementors. This complexity governed by coevolutionary logics
increases with the coexistence of cooperation and competition in the interactions among
heterogeneous actors, including complementors (Hannah & Eisenhardt, 2018; W.
Hoffmann et al., 2018). This coevolution among ecosystem actors not only contributes
to the dynamism and complexity of the ecosystem but also results in consolidating
interdependent relationships among actors and efficiently delivering higher value for
users (Shou et al., 2022; Tiwana, 2015; Wareham et al., 2014).

As elaborated in 2.2.3 Ecosystem as Coevolution, ecosystem studies that take the coevolution
perspective generally focus on the focal firms or the evolution of innovation ecosystems
(Adner & Kapoor, 2016a; Daymond et al., 2022; Luo, 2018). However, the coevolution
of other actors’ relationships is neglected in innovation ecosystems (B. Liu et al., 2022).
Thus, coevolutionary logics may develop our understanding of complementors’
dynamics within an innovation ecosystem (Aarikka-Stenroos & Ritala, 2017).
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3 Methodological Considerations

This section presents the methodological considerations regarding the framing and
development of the thesis. The methodology adopted seeks to capture the complexity of
complementors as innovation ecosystem actors by discussing the fundamental positions
concerning the philosophy of science, followed by the research design, empirical context,
data collection and analysis employed in the thesis. Although the methodology sections
of each paper present in-depth details regarding the methodological decisions and actions
of each study, this section converges the different elements to provide a comprehensive
overview. Specifically, a first discussion of the research paradigm is followed by an
overview of the research design and strategy. Next, the empirical context sets the overall
scene for the empirical studies, with a subsequent presentation of the data collection and
analysis approaches. Finally, the section concludes with a discussion of the ethical
considerations and research limitations experienced.

3.1. Research Paradigm

This thesis adopted a pragmatic research approach to investigate the research questions
and explore the complementors’ dynamics, assumed capabilities, and challenges in an
innovation ecosystem. Pragmatism is a research paradigm characterized by a focus on
practicality, relevance, applicability, and the use of multiple methods to investigate
complex phenomena (Creswell & Creswell, 2017; Kelemen & Rumens, 2008).

Pragmatism is a research paradigm that combines aspects of positivism and
interpretivism, as it seeks to balance the objective measurement of data with an
understanding of the subjective experiences and meanings that individuals attach to them
(Creswell & Creswell, 2017). Pragmatist researchers do not dwell between objectivity and
subjectivity (Biesta, 2010). Rather than metaphysical concepts, such as truth and reality,
pragmatism focuses on solving practical problems in the real world while accepting the
possibility of one or multiple realities being inquired empirically (Creswell & Plano Clark,
2011). From a pragmatist perspective, knowledge is seen as dynamic, time-bound,
context-dependent, and socially constructed (D. L. Morgan, 2014; Silverman, 2019).
According to pragmatist scholars, an objective reality exists independent of human
experience, but it can only be accessed and known through human experience (D. L.
Morgan, 2014). To grasp the complex and dynamic phenomenon of complementors’
approaches to managing cooperation and competition in an innovation ecosystem, a
pragmatic approach may allow the researcher to draw on multiple sources of data and
methods to generate new theories and hypotheses that are useful for improving the
ecosystem (Saunders et al., 2012). Relying on multiple methods and data sources ensured
the validity and replicability of the studies. With the aim of developing useful insights
into real-world challenges, the pragmatic approach assumes the adoption of a research
design and strategy suited to the research questions. Therefore, pragmatist research is
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more concerned with the relevancy of the research questions than adhering to certain
methodological assumptions (Kelemen & Rumens, 2008; Silverman, 2019).

3.2. Research Strategy and Design

Case study. Considering the purpose of understanding complementors’ participation
and dynamics in an innovation ecosystem, soft systems methodology is deemed adequate
(Phillips & Ritala, 2019). The research design used in this thesis relies on case studies
adapted to various research philosophies and approaches, showing their flexibility and
suitability for this research (Yin, 2018). Case studies are commonly employed in social
science research due to their appropriateness in studying contemporary phenomena in
real-life contexts (Eisenhardt, 1989; Eisenhardt & Graebner, 2007; Yin, 2018). To
investigate the dynamic interactions among the actors involved in the case, such studies
generally answer how, what, or why questions to understand facts, their causes, and their
implications (Saunders et al., 2012; Yin, 2018). The rich insights unaffected by the
researcher’s influence have the potential to generate theoretical developments (Dubois
& Gadde, 2002; Eisenhardt, 1989; Eisenhardt & Graebner, 2007). However, case studies
have been criticized for the challenges they pose regarding the generalizability of the
findings and the development of theories. In fact, through the logic of data analysis, case
studies may generate generalizable findings for theoretical propositions and ensure
compatibility with similar cases, compiling theory-building cases (Yin, 2018).

Abduction. In line with the pragmatism research paradigm, this thesis subscribes to
abduction, as a type of inference that assumes generating explanations to account for
observed phenomena, often in the absence of complete or conclusive evidence or
information (Pierce, 1878). Abduction is a distinct approach that differs from deduction,
which involves deriving specific conclusions from general assumptions, and induction,
which implies generalizing specific observations to create a theory or hypothesis.
Abductive research assumes an iterative process of integrating both theory and data in
alternations between inductive and deductive approaches, leveraging their benefits
(Dubois & Gadde, 2002; Saunders et al., 2012; Suddaby, 2006). With the purpose ‘%
discover new things |...| rather than confirmation of existing theories” (Dubois & Gadde, 2002, p.
559), abduction offers a flexible, non-linear process of refining initial patterns or themes
by further gathering data and consulting the extant literature, leading to theoretical
refinement (Dubois & Gadde, 2002, 2014; Saunders et al., 2012). Abduction allows for
discovery, as it does not adhere to a single well-established theory (Dubois & Gadde,
2002). Considering its cyclical nature and inherent flexibility, abduction is well-suited to
the complexity and context-specific nature of case study research, allowing for adaptation
in approaches and hypotheses during investigation (ibid.).

Moreover, considering the complex nature of ecosystem dynamics governed by
coevolution and coopetition, the case study approach with abductive reasoning is fitting
to capture this phenomenon from the complementors’ perspective. Abduction typically
involves a process of starting with an incomplete understanding of a phenomenon,
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allowing for iteration and flexibility during the research process (Dubois & Gadde, 2002).
In practice, abduction allows us to start with the observation of complementors’
interactions, capabilities, and challenges in the wind energy ecosystem and then generate
possible explanations of the phenomenon. As this thesis uses exploratory studies without
predetermined hypotheses or theories to test with heavy reliance on qualitative data from
multiple and various sources of data, abductive reasoning is suitable. Using an abductive
approach allows the papers in this dissertation to generate insights and develop a
theoretical understanding of the studied phenomenon.

Research design of papers. The papers comprising the thesis include a review and
three empirical articles. Paper I is a systematic review relying on a rigorous two-step
analysis and motivated by understanding the concept of complementors and its development
within the ecosystem literature stream.

Papers II and III consist of exploratory multiple case studies of eight Danish
complementors in the WEE. The research design choice aligns with the individual
purposes of the articles, i.e., mapping and investigating complementors’ interaction
dynamics and identifying the capabilities needed to cope with the inherent tensions of
their interactions and participation in the WEE. Compared to a single case, investigating
multiple cases increases the replicability and (external) validity of the findings by
collecting in-depth data about vatious units and from different sources (Andriopoulos &
Lewis, 2009; Eisenhardt & Graebner, 2007; Lingens et al., 2021; Yin, 2018). Furthermore,
as our understanding of complementors as innovation ecosystem actors is limited and
the research aims refer to processes or evolution over time, the exploratory approach is
deemed suitable (Hannah & Eisenhatdt, 2018).

Paper IV is a comparative study of two ports that act as complementors in the WEE.
The selected ports are located in Denmark, a developed market and pioneer in wind
energy, and China, an emerging powerhouse with great interest in this alternative
renewable energy source (ETIPWind & WindEurope, 2021; Poulsen & Lema, 2017).
Exploring two cases in a developed context versus an emerging context leads to pattern
recognition and enables case comparison (Eisenhardt & Graebner, 2007).

Case selection. A critical step in performing a case study represents the case selection,
as it may significantly affect the findings and their interpretation (Yin, 2018). The
determinants involved in this decision vary from relevance to the putpose of the study
and research questions, accessibility and richness of data, to degree of focus (Yin, 2018).
The sampling strategy of this thesis is purposive sampling, with a focus on selecting cases
that are relevant to the research questions, as well as the availability of data considering
the limitations imposed by the COVID-19 pandemic. The cases illustrated in Table 3 and
included in the empirical articles were selected first and foremost based on their
ecosystem roles. Acting as complementors in the WEE represented the fundamental
criterion for selection. Although more cases checked the relevance requirement during
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the identification phase, accessibility to data limited the number to eight cases for Papers
IT and 111, and two cases for Paper IV.

The former eight complementors headquartered in Denmark contribute to the WEE by
providing various hardware, software, and services that are not compulsory components
of wind turbines but enhance their value. Another selection condition included choosing
only complementors that directly contribute to the value proposition of the WEE,
preventing the dilution of the focal value proposition of the ecosystem (Adner & Kapoor,
2010). This delimitation ensured that the multiple case studies could grasp the
phenomenon without the emergence of too many variables. Relying on multiple cases
increases the reliability of replication and contribution to theoretical development
(Eisenhardt & Graebner, 2007), while the diversity of cases, as illustrated in Table 3,
reflects the heterogeneity of complementors in any given ecosystem. The complements
the eight companies provide include lightning protection, blade add-ons, dehumidifiers,
heating solutions and add-ons, transportation and retrofits, various digital solutions,
monitoring and optimization software and services.

Paper IV examines ports as critical complementors of the offshore WEE, providing
services and infrastructure for the installation, deployment, maintenance, and
decommissioning of wind turbines (WindEurope, 2021). Although previously studied
from a supply chain perspective in the same context (Poulsen & Hasager, 2017; Poulsen
& Lema, 2017), investing ports as complementors to WEE benefits from understanding
their downstream position after all the upstream components and complements have
been brought together by the OEMs. Ports play a crucial complementary role to WEE,
similar to how airport are vital to the Airbus A380 in Adner and Kapoor’s illustration of
complementors (Adner & Kapoor, 2010).

Empirical paper Complementor Headquarteredin  Case description
pseudonym
Papers II and III A Denmark Dehumidifier provider
B Denmark Retrofit solutions provider
C Denmark Services and software provider
D Denmark Lubrication tools and cartridges provider
E Denmark Digital solutions and O&M provider
F Denmark Heating solutions provider
G Denmark Control solutions and service provider
H Denmark Provider of blade add-ons, monitoring
and optimization, services
Paper IV Alpha Denmark Multihoming energy port
Beta China Multihoming energy port

Table 3. Overview of the cases analyzed in the empirical papers.

30



3 METHDOLOGICAL CONSIDERATIONS

3.3. Empirical Context

“The scariest dragons and the fiercest giants usually turn out to be no more than windmills.”

(Don Quixote)

Standing in front of wind turbines that nowadays compete in size with the Eiffel Tower
would probably even scare Don Quixote (Hogg, 2023). The empirical context of wind
energy is a dynamic and rapidly evolving industry that has seen tremendous growth over
the past few decades. Wind energy has become a major source of renewable energy
worldwide, with installed capacity growing from 24 GW in 2001 to over 906 GW in 2022
(GWEC, 2023). Besides the component suppliers to turbines, the role of complementors
in the wind energy ecosystem is critical, as they contribute to the innovation and growth
of the industry. Complementors provide specialized expertise and innovation that can
improve the performance and reliability of wind turbines, as well as reduce costs. They
can also help to address the challenges faced by the wind energy industry, such as
intermittency, grid integration, and environmental concerns.

Until recently, wind energy has been investigated as an innovation system by employing
the supply chain perspective or the triple helix and its extensions (Bento & Fontes, 2015;
Brink, 2017, 2019; Klagge et al., 2012; Poulsen & Hasager, 2017; Poulsen & Lema, 2017).
This may be attributed to the undeniable implications of governmental bodies and
universities in wind energy (Garud & Karnee, 2003). Considering the influence of the
institutional context, emphasizing the interactions and cooperation between government,
industry, and academia is reasonable (Brink, 2017, 2019; Garud & Karnee, 2003).
However, industrialization, pipeline creation, a more stable supply chain, and modularity
have led scholars to approach wind energy as an open innovation model that relies on
interconnectedness between actors (Alam & Ansari, 2020; Brink, 2017; ETIPWind &
WindEurope, 2021; Sutie, 2017). In fact, wind energy in Denmark was found to be more
responsive to cooperative relationships and interorganizational coordination (Garud &
Karnee, 2003). Thus, the wind energy ecosystem can be understood as an open system
(Jacobides, 2019), more specifically an innovation ecosystem, because of multiple private,
public, and societal actors, including heterogeneous complementors, collaborating to
offer a common value proposition (Alam & Ansari, 2020; Y. Chen et al., 2014; Surie,
2017).

In this empirical context, the efficient delivery of acolian energy comprises the core value
proposition of the WEE (Aarikka-Stenroos & Ritala, 2017; Dattée et al., 2018; Ritala et
al., 2013). Furthermore, various actors from different industry sectors are brought
together, rendering their multihoming strategies. Blurred boundaries and multihoming
strategy are characteristics of ecosystems (Adner, 2012, 2017, 2021). However, the cases
studied in this thesis directly contribute to the value creation of aeolian energy, despite
being active in other countries and ecosystems. Therefore, an innovation ecosystem
approach seems timely and suitable to study the WEE and, more specifically,
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complementors, actors that have not received a high degree of attention in the empirical
context of wind energy.

It is expected that wind turbines will produce a higher energy yield, exhibit greater
effectiveness, and maintain longer operational lifetimes. To achieve net-zero goals, wind
energy must be scaled up based on the size of turbines and projects (Nylund et al., 2021).
Despite the constant increase in recent decades, the size of turbines is still expected to
double within the next decade, driven by the focal firms of the WEE, i.e., OEMs (Eatls
et al, 2021; ETIPWind & WindEurope, 2021). Currently, the world’s largest rotor
diameter is 252 meters for a 13.6 MW offshore turbine (R. Williamson, 2023). This
exponential increase creates challenges in terms of manufacturing, transportation,
installation, and operations for various ecosystem participants, including complementors
(Hogg, 2023). To provide aeolian energy, various actors need to join forces for this
purpose. This is a fundamental requirement for the development of any innovation
ecosystem that aims to deliver a complex value proposition (Adner, 2017; Jacobides et
al,, 2018). Complements may accelerate the process of reaching net-zero carbon goals
through efficient operations and increased lifetime of turbines. The benefits of
complements in wind energy are various, e.g., increasing turbines’ lifespan, reducing
failures and potential power loss, and ensuring safety. For instance, ice detection, de-icing
equipment, remote sensing, or robotic inspection can help protect the turbines installed
in areas with extreme weather (ETIPWind & WindEurope, 2021).

The motivation to study the wind energy context is also driven by intensified interest in
investing in and developing this ecosystem. With the objective to cease European
consumption of Russian fossil fuels, Denmark, Germany, the Netherlands, and Belgium
signed a cooperation agreement for a joint offshore wind project that aims at a capacity
of 150 GW by 2050 (Buljan, 2022). Denmark, as a trailblazer in the realm of sustainable
energy, has served as a source of inspiration for China. China’s renewable energy
infrastructure, particularly in the wind energy sector, was developed with the assistance
and influence of Denmark (Poulsen & Hasager, 2017). Since then, China has become the
wortld’s largest wind energy market (CGTN, 2021; GWEC, 2023). Committed to
achieving carbon neutrality by 2060, China’s interest in wind energy will persist, but
involving complementors to increase the performance and lifespan of turbines is crucial
(CGTN, 2021). Studying wind energy complementors can thus provide insights into the
dynamics of innovation ecosystems and inform policies and strategies for promoting the
growth and sustainability of the wind energy industry.

3.4. Data Collection and Analysis

As surveys and models are considered strict in terms of conditions, such methods are
restrictive and even unsuitable for studying dynamics and interactions (J. Chen et al,,
2016; Yin, 2018). Thus, qualitative research methods are better suited to the purpose of
this thesis. The units of study, which are the complementors, are not fully understood,
making it challenging to isolate them from the complex context of the innovation
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ecosystem. Therefore, this thesis includes multiple data collection processes for the four

papers.

The main primary data collection technique for this thesis is interviews. To ensure
consistency across the interviews and allow for flexibility to explore new topics and
accommodate the conversation according to the information shated, semi-structured
interview guides were developed for the empirical papers (Saunders et al., 2012).
However, due to the spontaneity of the encounter, two interviews wete unstructured,
exploratory conversations about the topics of the study. The interview sample included
complementors and other ecosystem actors, such as focal firms, component suppliers,
university, industry organizations, and experts. The sample was mainly drawn from
Denmark and, to a lesser degree, China to capture the diversity of complementors and
their contributions to the innovation ecosystem of wind energy. The primary data
consisted of 36 semi-structured interviews (of which two were unstructured) and 22
observations at various wind energy events, webinars, and seminars, held from April 2021
to March 2023, including a wind energy conference-exhibition. Participating in these
events allowed for immersion in the WEE and the development of my understanding of
its dynamics, value proposition, technology, and actors (Aldrich, 1979). Most interviews
were conducted digitally between April 2021 and July 2022 due to COVID-19 travel
restrictions. Thirty interviews were recorded and transcribed. Six interviewees refused to
be recorded despite assuring them of confidentiality and anonymity. Nevertheless,
extensive notes were taken during these interviews. The transcripts, memos, interview
and observation notes, as well as the secondary data, were mainly coded in NVivo, a
qualitative data analysis software. The interviews amounted to 2,093 minutes, with an
average of 58.14 minutes, while the minimum and maximum were 30 and 90 minutes,
respectively.

Secondary data were also collected and analyzed, comprising 474 reports, industry
publications, academic articles, news, and webpages. The purpose of the secondary data
was to complement and supplement the interview data, providing a broader perspective
on complementors and a more nuanced understanding of the wind energy ecosystem at
large. Relying on multiple sources of data allows for data triangulation, ensuring the
reliability and validity of the findings (Creswell & Creswell, 2017; Saunders et al., 2012).

This thesis mainly relies on interview data and predominantly qualitative analyses.
However, Paper II is an empirical study that uses a mixed-method approach, in addition
to the review paper that performs bibliometric and content analyses on extant literature.
The data analysis was predominantly qualitative for two empirical articles, i.e., Papers 111
and IV, while two papers followed a mixed-methods approach, i.e., Papers I and 1I
(Creswell & Plano Clark, 2011). The qualitative data from the interviews, observations,
and archival data were analyzed primarily through thematic analyses, with an emphasis
on identifying patterns and themes that emerged from the data (Braun & Clarke, 2000;
Creswell & Creswell, 2017). Cross-case analysis was also conducted to identify patterns
and themes across the cases within the empitical papers. The process of first within-case
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analysis, then cross-case analysis, employs replication logic to seek patterns across cases
(Eisenhardt & Graebner, 2007). Table 4 provides an overview of the gathered data,
applied methods, and techniques for analysis.

Paper I is a systematic review that employs a mixed-method approach to analyze the
extant ecosystem literature. After conducting several rounds of searches using various
keywords on Scopus and Web of Science, relevant ecosystem studies that (partially) deal
with complementors were identified. The articles were screened and selected based on
their relevance. The final dataset consisted of 253 articles that underwent the first
quantitative analysis, followed by a qualitative analysis of the 44 most cited papers. A
detailed search and selection process can be found under 4.3.1 Search Strategy and Data
Selection.

Papers 11 and III selected eight cases of wind energy complementors headquartered in
Denmark. The cases were chosen based on their relevance and data accessibility,
considering the limitations imposed by the COVID-19 pandemic. Paper III is a purely
qualitative study based on semi-structured interviews and secondary data with thematic
analysis. While both papers followed a thematic analysis at the within-case and cross-case
levels, Paper II also applied an initial topic modeling based solely on the 23 interviews
with the Danish complementors, using the Latent Dirichlet Allocation (LDA) method.
Topic modelling is an unsupervised machine learning method that can uncover latent
topics and complex patterns in a corpus by analyzing the frequency and co-occurrence
of words in a document (Antons et al., 2020; Blei, 2012; Blei et al., 2003; Lu &
Chesbrough, 2021; Westerlund et al., 2018). Paper 1I used topic modeling to inform the
second main analysis, i.e., qualitative analysis in NVivo, with purely inductive coding,
resulting in a mixed-method design. As the reliability of the findings relying on topic
modeling may be questioned, a main qualitative analysis was conducted to overcome this
challenge. Five supplementary interviews with industry experts, observations from 13
wind energy-related events (e.g., webinars, conference, exhibition), and snapshots from
social media posts of the complementors were included in the second analysis.
Additionally, secondary data scraped from Google searches, news from Lexis Nevis, and
manually gathered data about the complementors supplemented the primary data.

Paper IV is a comparative study of two ports based on 13 interviews, and observations
and insights gathered at 15 webinars, seminars, and events related to (offshore) WEE.
The challenge of conducting direct interviews with employees at the two ports,
particularly the Chinese state-owned port (pseudonymized as Beta), determined the heavy
collection of secondary data, which consisted of 316 articles, press releases, snapshots,
ports’ websites and related webpages, industry reports, conference presentations, videos,
and recorded interviews. The analysis consisted of within- and cross-case thematic
analysis.
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Paper Primary data Secondary data Method Technique
Paper I 253 articles collected from Web of Science and Scopus ~ Mixed Bibliometric
methods analysis

44 most relevant articles entered the content analysis Content analysis

Paper II 23 semi-structured interviews 158 manually Mixed Topic modeling
with 8 complementors + 6  collected methods Within- and cross-
supplementary interviews with ~ documents and case thematic
industry experts, component web-scraped analysis inspired by
suppliers, and other actors (30  archival data from systematic
— 90 min; 58.14 min average;  Google searches combining and
April 2021 — April 2022) and LexisNexis flexible coding
Observations at 12 industry with results from
webinars and events, as well as topic modeling
1 exhibition-conference

Paper III 23 semi-structured interviews  articles, press Qualitative Within and cross-
with 8 complementors (30— 90  releases, websites case thematic
min; 59.65 min average; April- analysis based on
November 2021) systematic
Observations at 13 industry combining and
webinars and 1 conference- flexible coding
exhibition

Paper IV 14  semi-structured  and 316 articles, press Qualitative Within- and cross-

case thematic
analysis

unstructured interviews (40 —
80 min; 57 min average; May
2021 — July 2022)
Observations  and
gathered  at
seminars, and
offshore wind

Table 4. Data, methods, and analyses of the papers.

releases, news,
reports, snapshots,
websites
insights
15  webinars,

events on

3.5. Reliability and Validity of Findings

To ensure the quality and credibility of the findings, the reliability and validity of the
research were taken into account. For this purpose, several measures were taken in this
thesis.

The use of multiple sources of data, such as interviews with various actors, observations,
and secondaty data, provided a methodological triangulation of information to ensure
the accuracy of the data (Jick, 1979; Patton, 2002). Using different data sources and
employing different analysis methods with quantitative and quantitative analyses in Paper
I and IV allowed for cross-validation of the findings. The interview guide and selection
criteria of the data were also discussed with senior researchers to ensure the consistency
of the data. As more than one researcher was involved in the interpretation and analysis
of the papers, the thesis also employed investigator triangulation (Patton, 2002). Theory
triangulation, which refers to using multiple theoretical constructs, concepts, or theories
in the interpretation of empirical studies, was also employed in the research design
(Patton, 2002). Relying on well-established concepts supported by abductive reasoning
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and theoretical frameworks developed through systematic combining provided a sound
basis for the research design. Additionally, the potential sources of bias, such as the
researcher’s own perspective on the data collected from interviewees, were mitigated by
employing reflexivity and transparency in the research process, providing a clear and
detailed account of the research design and analysis methods in each paper.

Validity refers to the accuracy and soundness of research results and the extent to which
they reflect the real-world phenomena under investigation (Yin, 2018). In this thesis,
several types of validity were considered, such as construct validity, internal validity, and
external validity. To ensure construct validity, the theoretical constructs and
measurement tools used in each paper were carefully selected and validated against
existing research. This was necessary because the concepts of complementors and
innovation ecosystems are complex and multifaceted. To contribute to construct validity,
multiple sources of data were used, and triangulation was applied. Follow-up emails and
conversations with respondents were also conducted to clarify various interview aspects.

Internal validity refers to the extent to which a study is able to establish causal
relationships between independent and dependent variables. In the context of this
research on complementors, internal validity was ensured through rigorous data
collection and analysis procedures, such as triangulation, to minimize the influence of
bias. Furthermore, peer debriefing was employed to seek feedback from senior
researchers and experts in the field to validate the findings and interpretations.

External validity refers to the extent to which the findings of the studies can be
generalized beyond the specific context of WEE in which the empirical studies were
conducted. Complementors may vary across different industries and contexts, and to
ensure the applicability of the findings, a wide range of complementors that provide
different hardware, software, and service complements were examined. External validity
was addressed by selecting a diverse set of case studies and by comparing and contrasting
the findings with those of other relevant studies in the literature.

Reliability refers to the consistency and stability of the research results over time and
across different situations (Yin, 2018). In this thesis, reliability was ensured through
several measures, such as using established theoretical concepts, interview guide, and case
study protocols. Multiple case studies were conducted, and rigorous data collections and
analysis procedures were employed. Additionally, the use of a systematic literature review
in Paper I helped ensure the reliability of the theoretical constructs used throughout the
thesis. However, the qualitative nature of the research may limit the ability to replicate
the studies with absolute precision.

In summary, several measures were used to enhance the reliability and validity of the
research results, including the use of multiple sources of data, rigorous data collection
and analysis procedures, and consideration of different types of validity and potential
sources of bias. These efforts ensure the credibility and quality of the findings and
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contribute to their generalizability and applicability to the real-world context of
complementors in innovation ecosystems, providing a solid foundation for future
research in this area.

3.6. Ethical Consideration and Research Limitations

Ethical considerations for this thesis involve obtaining informed consent from
participants, maintaining confidentiality, and ensuring the privacy of participants by
anonymizing their identity and the complementors’ names, relying on the use of codes.
Informed consent was obtained from all participants prior to the start of the interview
and on the record. Pseudonyms and codes were allocated to interviewees and ecosystem
actors, including the studied complementors. All data were kept confidential and
anonymous, with only aggregated data reported.

The limitations of this thesis include the potential for bias in the selection of cases and
participants. To address this limitation, a purposive sampling strategy was used to ensure
that the selected cases and participants were relevant to the research question.

Another limitation is the potential for interviewer bias, which was addressed by using a
semi-structured interview guide. However, the interviewees’ answers reflect their own
apprehension and perspective, which may not fully coincide with or be representative of
the company they are employed in. Moreover, their shared stories relied on retrospection,
which may have affected the interpretation of the events or facts. To tackle these
limitations, the number of years of work experience of every interviewee in the WEE
was checked on their LinkedIn profiles before the first contact. Furthermore, extensive
secondary data were collected and analyzed in every empirical paper to strengthen the
quality and reliability of the findings.

A third limitation originates from the scope of this research. Despite the complexity of
the complementors’ interactions, dynamics, and challenges, the focus is restricted to their
participation in the WEE and solely on complementors with direct contributions to the
core value proposition of the ecosystem. Thus, complementors’ participation in other
ecosystems and (the impact of) their multthoming strategies remain unexplored in the
empirical papers.

Lastly, the generalizability of the findings may be of concern, given that the research
embodied by this thesis considers a single empirical context, ie, WEE, and two
countries, Denmark and China. Nevertheless, the findings have implications for other
contexts and settings. The abductive approach used in the three empirical papers
recognizes the dynamic and complex nature of the innovation ecosystem and allows for
an exploratory and in-depth investigation of complementors as ecosystem actors. While
the studies were conducted in the wind energy context in Denmark and China, the
findings may carry implications for other tegions and contexts. For instance, Papers 11
and II conducted multiple case studies of Danish complementors in the wind energy
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ecosystem, which increased the external validity of the findings and enabled a more
nuanced understanding of complementors’ interaction dynamics and capabilities needed
to cope with the inherent tensions of their participation. In Paper IV, a comparative study
of two ports in Denmark and China as complementors in the WEE led to pattern
recognition and case comparison, providing insights into how complementors in
developed and emerging contexts may experience similar complications in innovation
ecosystem participation. While the adopted pragmatic approach emphasizes the
practicality and applicability of knowledge, further research may develop and consolidate
the generalizability of the findings to other contexts.
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4 Discussion and Conclusion

The discussion section of this thesis provides an interpretation of the results obtained
from the systematic review and empirical studies. The aim of this thesis was to investigate
the interaction dimensions of cooperation and competition through the vantage point of
complementors as innovation ecosystem actors. The key findings obtained from the
empirical studies and the systematic review are summarized and contrasted with the
existing literature in Section 8.1, and the theoretical and practical implications of the
results are discussed in light of the research questions and objectives in Sections 8.2 and
8.3. Finally, some reflections on limitations and venues for future research are presented
in Section 8.4.

4.1. Summary of the Findings and Discussion

The concept of complementors in ecosystems has gained increasing attention from the
research stream, as they play a vital role in realizing the core value proposition, expanding
the pie for all ecosystem actors, and determining the survival and development of the
ecosystem. This discussion is based on four papers that provide insights into the
interactions, capabilities, and challenges of complementors. By synthesizing the findings
of the four papers, this thesis enhances our understanding of complementors as
innovation ecosystem actors. First, it clarifies complementors’ characteristics, roles,
behaviors, and overlaps with intersecting concepts, i.e., complements, complementary
assets, and complementarity. Second, it sheds light on the dynamics of complementors
in the WEE by examining the cooperation and competition dimensions. Third, it
identifies the capabilities that complementors need to manage the cooperation and
competition dimensions in innovation ecosystems. Fourth, it provides insights into the
approaches that complementors use to deal with complement challenges based on their
complexity and willingness to comply. Table 21 provides an overview of the key findings
of each paper.

Paper Research question Findings
Paper I (1) What are complementors” (1) Characteristics: autonomous, adaptable, heterogeneous,
characteristics and role(s) in  rational, and entrepreneurial minded. Roles: value
ecosystems? enhancer, legitimacy facilitator, ecosystem defender,
(2) How do complementors — ecosystem disruptor.
behave in ecosystems? (2) Heavily impacted by interdependence and coopetition
(3) How are the intersecting  forces, with various internal and external challenges and
concepts  understood in  determinants to interact with vatious ecosystem actors.
ecosystem literature? (3) Complementors strictly link with multilateral, non-
genetic complementarities. Complementary assets and
complements can also refer to the offerings of other actors,
e.g., focal firm.
Paper II How do complementors’ Complementors’ interactions are dynamic and complex,
interactions evolve in an often developing a coopetitive nature, mainly due to

innovation ecosystem, and

what are the drivers of change

external drivers of change. However, complementors’
treatment of the interacting party is highly contingent on
the latter’s ecosystem position.
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that shift the dimension of
these interactions?

Paper III ~ What capabilities ~ Varying portfolios of adaptability, networking, balancing
complementors, as  sharing and secrecy, ecosystem thinking, sensing, seizing,
innovation ecosystem actors,  transforming, coopetition capability to cope with
rely on to address the ecosystem evolution, ensure compatibility and meet focal
ecosystem challenges posed  firm’s demands, maintain own position, and deal with
by their dynamic interactions?  coopetitive tensions.

Paper IV How do complementors deal ~ The choice of approach depends on the complexity of

with complement challenges
in an innovation ecosystem?

complement challenge and the complementor’s willingness
to comply, ie., compliant collaboration, sub-ecosystem

building, alignment pursuance, developing an ecosystem
perspective, position leveraging.

Table 5. Summary of findings.

Paper I provides a comprehensive overview of complementors in business, platform, and
innovation ecosystems by conducting a systematic literature review using bibliometric
and content analyses. The review highlights complementors’ roles, interactions,
determinants, and challenges in realizing the core value proposition and determining the
survival and development of the ecosystem. The study found that the concept of
complementors has been stretched in multiple directions, causing a dilution of its
perceived usefulness. Different types of ecosystems use different fundaments to define
complementors, which may require an adjustment in their definition. The paper also
identified complementors’ autonomy as the most stated characteristic and as a reason for
the complexity of their (coopetitive) relationships, affecting their responsiveness. Their
autonomy is often associated with coordination challenges and risks for collaboration.
Nevertheless, complementors have to follow certain rules or standards when
participating in ecosystems. However, these restrictions and technological dependence
may hinder complementors’ autonomy. Complementors may be stimulated to innovate
and develop in ecosystems that augment their autonomy. Furthermore, several roles of
complementors in ecosystems have emerged, such as value enhancer, legitimacy
facilitator, ecosystem disruptor, and ecosystem defender. The complementors’ roles have
been emphasized in business ecosystem studies, while platform ecosystem publications
investigating complementors have become more numerous. This may be due to the
agglomeration of complementors in platforms, their number, facile identification, or their
absolute necessaty presence on the platform for ecosystem success and dominance.
Moreover, the review highlights interdependence and coopetition as dynamic forces of
the complementors’ relationships, as well as identifying the various determinants and
challenges for engaging in interactions with focal firms and among complementors.

Paper II examines the interactions of complementors with other actors in the WEE,
highlighting  their that
complementors’ interactions and treatment of the interacting party depend on the
ecosystem position of the latter. The study identifies five types of interactions:
interactions with focal firms, rival and peer complementors, intermediaries, and end-

complexity and dynamism. Furthermore, it reveals

customers. Complementors’ primary interactions are with focal firms, which initially tend
to be cooperative but gradually become more complex and coopetitive. Complementors
prefer to focus on cooperation and treat the focal firms as collaborators, despite the
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present competition dimension in their interactions, primarily due to focal firms” entry
into complementary market spaces. Complementors’ interactions with rival
complementors are based on competition in most cases examined, despite the
possibilities of collaboration for co-innovation. Collegiality exists among complementors
who do not perceive their rival complementors as direct competitors. With peer
complementors and end-customers, the cooperation dimension dominates.
Complementors also interact with intermediaries, such as agents, to access focal firms
directly, and these interactions may develop a coopetitive nature.

Paper III uncovers the capabilities complementors possess to cope with several
challenges rendered by their ecosystem participation and complex, dynamic interactions
with heterogeneous actors. The paper identifies four categories of challenges: coping with
ecosystem evolution and technological trends, ensuring compatibility and meeting the
focal firm’s requirements, maintaining their position and sustaining competitive
advantage, and dealing with coopetitive tensions. The type of challenge that
complementors must solve in their interactions determines a different portfolio of
capabilities. Altogether, the study identifies eight capabilities: adaptability, networking,
ecosystem thinking, balancing sharing and secrecy, sensing, seizing, coopetition
capability, and transforming. Adaptability is an essential capability of complementors,
allowing them to adjust according to changes in the innovation ecosystem and facilitating
their ecosystem participation. As downstream providers of add-ons and services,
complementors ate highly responsive to the demands of focal firms, despite the
restrictive information flow. Networking is another core capability that not only increases
social capital but also facilitates balancing sharing and secrecy, ecosystem thinking,
sensing, and seizing. Moreover, Paper III highlights that, despite their downstream
position, complementors rely on ecosystem thinking to understand and act according to
the interdependencies and complementarities generated in the innovation ecosystem.
Additionally, the paper emphasizes that the identified capabilities are dynamic and
interrelated, as they evolve, facilitate, or improve one another to deal with complex
challenges that may arise in complementors’ ecosystem interactions.

Paper 1V investigates the complement challenges that innovation ecosystems face and
how complementors deal with them. The interdependencies present in ecosystems lead
to uncertainty, which intensifies when complement challenges occur. The paper identifies
five coping approaches that two port-complementors, from developed and emerging
economies, adopted in dealing with complement challenges in the offshore WEE:
compliant collaboration, sub-ecosystem building, alignment pursuance, development of
ecosystem perspective, and position leveraging. The first approach has a solely
collaborative nature, where the ports continuously upgrade their infrastructure to
accommodate the demands of the ecosystem. The following approaches break the
boundaries of their complementary role and expand the ecosystem-level responsibilities
of complementors. The sub-ecosystem building approach involves attracting ecosystem
actors to build production facilities on the port premises, and it has several benefits, such
as knowledge sharing, reduced transportation costs and time. Alignhment pursuance
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involves assembling actors into an aligned structure, a task that has been perceived as the
focal firm’s responsibility in the ecosystem literature. Developing an ecosystem
petspective involves considering ecosystem dynamics and interdependence to identify
and solve complement challenges. Finally, when complementors exhaust all viable
options, they leverage their established position to influence and adjust the technological
development of the ecosystem.

Characteristics
Ecosystem Roles autonomous
value enhancer Complementors as heterogeneous
legitimacy facilitator Innovation Ecosystem Actors ol
2

ecosystem defender

. en tl'E‘P e l)ell[iﬂl-ll]il]d E‘d
ecosystem dlsruptor
: adaptable

Interaction Interacting Parties Generic Challenges Approaches to
Dimensions focal firms coping with ecosystem evolution, Complement
cooperation rrval complementors ensuring compatibility, Challenges
coopetition peer complementors  maintaining competitive advantage, compliant collaboration,
competition " mtermediaries dealing with coopetitive tensions  sub-ecosystem building,
~ )-\‘ end-customers 0 G alignment pussuasce,
m = development of
Change Determinants Capabilities ecosystem perspective,
co-developing complex solutions for focal firms, adaptability position leveraging
access to focal firms, networking
forced coopetition by focal firms, sensing contingent on the
strong (inter)dependence, se1zing complexity of
valuation of coopetition with focal firms, transtorming complement challenges
entry of focal firms or own suppliers into ecosystem thinking and complementors'
complementary market space, balancing shanng with secrecy willingness to comply
complementors affecting focal firms' sales coopetition capablity

Figure 3. Overall framework across the four papers.

Opverall, the findings reveal that complementors play a crucial role in unlocking greater
potential for customers and expanding the pie for all ecosystem actors, enhancing value,
and facilitating legitimacy. Complementors also contribute to determining the survival
and development of the ecosystem, and their contribution to the core value of the
ecosystem unlocks greater potential for the customers and expands the pie for all
ecosystem actors. However, the unclear definition and its multiple conceptual
fundaments may be the reason complementors are erroneously taken at face value.
Complementors are generally seen as actors whose output enhances the value of a core
product when consumed together. This statement is valid in platform ecosystems, where
the user is typically the one who chooses complements. However, in innovation
ecosystems, dual-party coordination may be required from the focal firm’s and
complementors’ sides before the commercialization of the innovation and its
complements. The importance of such coordination is illustrated in Paper IV, where lack
of or improper coordination led to generating complement challenges that threaten the
ecosystem through their potential to become bottlenecks.
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Complementors’ autonomy, a commonly stated characteristic, is often associated with
coordination challenges and risks for collaboration. These may affect their
responsiveness unless proper and targeted coordination is involved in their interactions
with other ecosystem actors. However, autonomy is also the reason complementors are
so adaptable to various external and internal changes happening in or due to the
ecosystem in which they participate. Furthermore, being autonomous allows
complementors to strategically think and act independently in order to deal with
(complement) challenges.

The success of an ecosystem relies on effective interactions and coordination among
heterogeneous actors (J. Chen et al., 2016). Complementors’ interactions with ecosystem
actors are often governed by coopetitive dynamics, except with end-customers.
Complementors also engage in multihoming, a strategy that allows for risk diversification
and value capture from other ecosystems.

The findings extend the coevolution perspective of innovation ecosystems through the
complementors’ perspective due to the focus on complementors’ relationships and
actions as governed by interdependence and coevolution over time. Tracking
complementors and their activities over time contributes to the dynamic evolution of
relational governance in the ecosystem (Gao et al., 2019; B. Liu et al., 2022; Ritala et al.,
2013).

Furthermore, the capabilities required by complementors vary depending on the nature
of the challenges they face. This finding highlights the need for dynamic perceptions of
capabilities, which evolve and adjust with the ever-changing environment of the
ecosystem (J. Chen et al., 2016). Through its coevolving nature, ecosystems are resilient
and adaptable (Pidun et al.,, 2021, 2022). Adaptability is a key strength of successful
ecosystems, requiring a modular setup featuring a stable core and interfaces, with highly
variable components that can be easily added or subtracted.

Though focal firms and generally ecosystems tend to focus more on managing
component challenges (Adner & Kapoor, 2010), complement challenges are imperative
to be solved in order to achieve the ecosystem’s core value proposition. The qualitative
difference between the two types of challenges, which both may evolve into bottlenecks
to value creation, stems from asymmetric interdependence and requires different
approaches to be solved (Adner & Kapoor, 2010). Some approaches complementors rely
on to solve complement challenges are beyond the usual scope of complementors’ value-
adding role (Carst & Hu, 2023; Cennamo & Santald, 2019; Kapoor, 2013, 2018; Kapoor
& Agarwal, 2017; P. J. Williamson & De Meyer, 2012). This means that complementors
not only voice their concerns about complement challenges but also take proactive steps
to address them, going beyond their usual responsibilities. Recognizing the actions of
complementors in addressing these challenges is crucial for effectively aligning ecosystem
resources to counter such threats.
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The success of innovation ecosystems hinges on the willingness of autonomous parties
to collaborate with each other, rather than relying on conventional buyer-supplier
arrangements and formal contractual obligations (Pidun et al., 2022). Proper coordination
is necessary to manage complementors’ autonomy, coordination challenges, and risks for
collaboration. However, despite their downstream position, complementors are not
purely reactive actors; instead, they actively interact and strategize while being aware and
considering the ecosystem’s interdependencies and complementarities. Furthermore, due
to their unique access to downstream information and knowledge flow, complementors
deliver the second part of the ecosystem, completing the upstream side.

In conclusion, complementors ate essential to the success of innovation ecosystems, and
their strategic behaviors and performance require proper consideration and coordination
to achieve (the full potential of) the ecosystem’s core value proposition.

4.2. Theoretical Contributions

The findings of this research shed light on complementors as innovation ecosystem
actors and contribute to the innovation ecosystem literature and the theoretical
perspective of coevolutionary logics through complementors’ lens. Though an integrative
approach is recommended to fully capture the effects of an ecosystem (Hou & Shi, 2021),
only focusing on the focal firm’s perspective has provided only one side of the story.
Thus, focusing on the downstream actors—more specifically, complementors—this
thesis explored a complementary angle, a downstream perspective of ecosystems, its
dynamics, and challenges. This thesis also further consolidates complementors and their
crucial role in ecosystem theory, while delimitating their conceptual overlaps with
complements, complementarity, and complementary assets. Better understanding of
complementors may also improve the focal firm’s collaboration and coordination with
them.

Complementors were found to be autonomous actors. However, the extent of their
autonomy can vary depending on the degree of their interdependence with the focal firm
or the ecosystem. Nevertheless, complementors’ autonomy can be both an advantage
and a threat. Being autonomous allows complementors to adapt easily to various
conditions rendered by the evolutionary nature of ecosystems ot requirements from the
focal firms. However, complementors’ autonomy can also translate into coordination
challenges for focal firms (Adner & Kapoor, 2010, 2016a; Brusoni & Prencipe, 2013;
Kapoort, 2018).

Furthermore, the findings highlighted the complexity and common coopetitive nature of
complementors’ interactions in innovation ecosystems (Adner & Kapoor, 2016a; Basole,
Russell, et al., 2015). Assuming that complementors would only engage in cooperation
due to their primary value enhancement role is thus faulty. Aligning with coevolutionary
logics, complementors’ interactions are highly dynamic and ever-changing due to various
drivers of change (Hou & Shi, 2021; B. Liu et al., 2022; Phillips & Ritala, 2019). This
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thesis suggests that the coevolution perspective of ecosystems seems appropriate for
capturing the dynamism and complexity of complementors’ interactions embodied in an
ecosystem. The complex patterns of cooperation and competition found in
complementors’ interactions, including in the extreme situation of dealing with
complement challenges, are in line with complexity theory (J. P. Davis et al., 2009;
Hannah & Eisenhardt, 2018). Contrary to the evolutionary view of actors being
egocentric, focusing on their own short-term benefits, complementors were found to be
capable of also developing a wider perspective of the environment and an understanding
of interdependencies in ecosystem (Axelrod & Dion, 1988; Hannah & Eisenhardt, 2018).
However, the extent of their ecosystem-level understanding remains uncleat.

This thesis highlights that complementors are not mere downstream “followers,”
challenging existing literature (Nambisan et al., 2018). Their broad ecosystem-level
perspective extends beyond the narrow downstream focus and allows complementors to
proactively engage with heterogeneous actors. Complementors also take the initiative in
solving their complement challenges, rather than waiting for focal firms to identify and
solve these challenges before developing into bottlenecks (Adner, 2017, 2021).
Nevertheless, complementors seem to be aware of the limitations of their role(s) and
influence in the ecosystem, as they consider that focal firms are the powerful actors that
drive competition and create and impose governance rules (Adner, 2006, 2012, 2017;
Adner & Kapoor, 2010; Huo et al., 2022; Wareham et al., 2014). Even so, coopetition is
perceived as a natural phenomenon in the ecosystem by complementors, though not
always desired or considered feasible (Bacon et al., 2020; Clarysse et al., 2014; Gnyawali
& Madhavan, 2001). To cope with the challenges inherent in their complex and often
coopetitive interactions and their ecosystem participation, complementors develop
versatile capabilities, which are also dynamic in nature.

Moreover, while focal firms are generally responsible for ensuring the alignhment structure
in ecosystems (Adner & Kapoor, 2010; Blackburn et al., 2022; Huo et al., 2022; Walrave
et al,, 2018; P. J. Williamson & De Meyer, 2012), complementors can also take the
initiative and attempt to mobilize diverse actors. In this way, complementors’ ecosystem-
level responsibilities expand beyond their complementary role. Furthermore, established
complementors can leverage their position and implied power to influence the
ecosystem’s development, similar to bottleneck strategy (Hannah & Eisenhardt, 2018).
Therefore, complementors can act beyond what is expected or requested by the
ecosystem. For these reasons, it is essential not to underestimate the roles and impacts
of complementors in ecosystems based solely on their cooperative value-adding nature.
It is crucial to acknowledge that complementors can have a more substantial influence,
complex interactions, and broader roles beyond their primary function.
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4.3. Practical Implications

This thesis has practical implications for various actors in ecosystems, i.e.,
complementors and the ecosystem actors that interact with complementors, particulatly
focal firms.

Complementors need to be mindful of their core knowledge and critical design when
engaging with OEMs and collaborating with other ecosystem actors to increase the
complexity of their innovations. Complementors must carefully manage their interactions
with focal firms due to the latter’s purchasing power and ecosystem control. While
complementors may prefer long-term cooperative goals, they need to be awate of the
power imbalance between them and the focal firms. However, complementors’
capabilities not only can help them deal with the inherent challenges of their interactions
governed by cooperation and competition dynamics, but they ate also crucial to the
success of the ecosystem in which they participate. Moreover, not only focal firms, but
also complementors, whether public or private, can benefit from ecosystem thinking, as
it can lead to advancement of the ecosystem’s development and strategy.

Intermediaries, such as agents, can help complementors by tapping into their well-
established relationships with local OEMs. However, competition among agents and the
multiple, yet similar, complements they provide add to the complexity of complementors’
interactions with them.

Complementors, such as the ports in this thesis, can benefit from considering the entire
value chain of the ecosystem’s core value proposition and the strong relational synergies
within the ecosystem under the threat of complement challenges. Implementing an
ecosystem perspective is beneficial in identifying and solving complement challenges.
Furthermore, multihoming, established complementors with strong interdependence can
leverage their position to influence and adjust the technological development of the
ecosystem when complementors exhaust all viable options.

For focal firms and other actors to effectively leverage complementors’ resources and
capabilities, they must navigate the complex network of complementors in the ecosystem.
Complementors’ perspective on interdependence and complexity, often governed by the
coopetition dimension, allows for leveraging interaction dynamics and developing
ecosystem strategies. Focal firms need to be aware of the impact of their entry into
complementary markets on complementors’ interactions and ecosystem participation.
Actors, such as OEMs, policymakers, park developers, and turbine owners, need to
understand how complementors interact and provide support to develop and maintain
their capabilities to ensure timely complement development and delivery. Thus, managers
need to develop capabilities that enable them to manage the cooperation and competition
dimensions of their interactions in the ecosystem. Policymakers also need to create an
institutional environment that supports collaboration and competition in the ecosystem,
while addressing the challenges faced by complementors. Therefore, understanding
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complementors’ versatile capabilities can lead to more efficient collaborations and
increased value enhancement for the ecosystem’s core value proposition.

Finally, studying the wind energy empirical context as an innovation ecosystem represents
a beneficial perspective capable of capturing and understanding interdependence and
complexity. The ecosystem perspective also allows for leveraging interaction dynamics
and developing ecosystem strategies (Alam & Ansari, 2020; Surie, 2017). Thus, wind
energy stakeholders can use the innovation ecosystem perspective to improve
complementor partnerships and enhance the overall performance of the WEE.

4.4. Limitations and Venues for Future Research

This section discusses the limitations and identifies potential avenues for future research
on complementors in innovation ecosystems. This thesis is based on a single ecosystem,
the WEE, which may limit the generalizability of the findings to other ecosystems. Future
research can focus on other innovation ecosystems to prove their applicability. Moreover,
future research could examine a larger and more diverse sample of complementors, their
interactions, and capabilities in different innovation ecosystems (e.g., healthcare and
fintech) to compare and explore the extent to which these findings are transferable.

This research exclusively studies complementors’ interactions within a single ecosystem.
However, cooperation and competition can also manifest across ecosystems. The
intertwinement and influence between these two types of cooperation—competition
dynamics could be further investigated. Moreover, how complementors’ capabilities
affect their coopetitive dynamics, performance, and competitive advantage in the
ecosystem is worth of further exploration. In this regard, further data on complementors,
longitudinal studies, and more insights from focal firms would solidify the findings and
provide a holistic view of the ecosystem.

As most complementors in this thesis have other roles, i.e., component suppliers, and
also multihome, it is important to determine the impact of these aspects on their
interaction patterns and capabilities. Another venue for research is the role of
institutional factors, such as regulations and policies, in shaping complementors’
interactions with other actors in the ecosystem and their approaches to dealing with
complement challenges.

Further evaluation of the consequences of the identified approaches on the
complementors themselves, and from a broader perspective, on the entire ecosystem, are
venues worth exploring longitudinally. In particular, studies may examine the impact and
feasibility of the non-collaborative approach of position leveraging on the ecosystem,
including its influence on other similar complementors.

Lastly, it is worth considering whether and how complementors’ ownership and
governance, either private or state-owned, affect their reactions in terms of interaction
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and capabilities employed, as well as the selection of different coping approaches to
complement challenges.

Opverall, this thesis provides a foundation for future research on complementors in

innovation ecosystems and highlights the importance of managing the cooperation and
competition dimensions in these ecosystems.
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