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Climate adaptation has become a central policy priority across Europe, yet the uptake of new adaptation solutions
remains slow, particularly within public-sector markets. Small and medium-sized enterprises play an important
role in developing innovative climate adaptation technologies, but often struggle to gain access to planning, pro-
curement and implementation processes shaped by established routines, regulatory complexity and risk aversion.
This paper analyses the barriers faced by SMEs supplying climate adaptation solutions in Denmark and Northern
Germany. Based on semi-structured interviews with ten SMEs offering a wide range of nature-based, digital and
mobile adaptation solutions, the study examines how companies encounter the public-sector decision-making
chain from risk assessment and planning to procurement and implementation. The analysis is informed by diffu-
sion of innovation theory, combined with insights from research on public-sector innovation barriers. The findings
suggest that barriers to diffusion are unevenly distributed along the decision-making chain, with the planning
stage emerging as the most critical bottleneck. Exclusion from early planning reinforces path dependency and
limits the consideration of alternative solutions, even when these display clear advantages. Later stages are fur-
ther constrained by limited observability, restricted trialability, compatibility issues and weak knowledge transfer
during implementation. Overall, the study indicates that adoption barriers are primarily institutional rather than
technological, highlighting the importance of early engagement, trust and organisational capacity for accelerating
climate adaptation in public-sector contexts.
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Introduction

Climate change is already producing tangible im-
pacts across Europe, but the consequences are also
pronounced in Northern Europe including Denmark
and Northern Germany (IPCC, 2021). Recent regional
climate assessments document rising mean temper-
atures, increasing annual precipitation and a growing
frequency of extreme rainfall events. Projections indi-
cate that precipitation in this region may increase by
5-15% by the end of the century, while extreme pre-
cipitation days become more frequent, intensifying
risks related to pluvial flooding, groundwater rise and
coastal inundation (Mernild, 2025). At the same time,
sea level rise along the North Sea and western Baltic
Sea coasts is accelerating. Projections suggest relative
sea level increases of up to 0.8 metres by year 2100
under high-emission scenarios, implying that flooding
events currently considered rare may occur far more
frequently in the future. Together, these developments
point to a growing and urgent need for effective climate
adaptation measures at the municipal and regional lev-
els, particularly in low-lying and coastal areas (Mernild,
2025).

In response, climate adaptation has become an evolv-
ing policy priority across Europe, reflecting the grow-
ing imperative to strengthen resilience as climate im-
pacts intensify (EC, 2021; Pietrapertosa, 2023; Tahereh
and Nadejda, 2025;). The European Union first ad-
dressed climate adaptation formally through the EU
Adaptation Strategy adopted in 2013, which aimed to
improve preparedness, support member state action
and mainstream adaptation across EU sectoral poli-
cies and funding instruments (EC, 2013; Pietrapertosa,
2023). Building on this foundation, the strategy was re-
vised in 2021 under the European Green Deal with the
adoption of the new EU Adaptation Strategy, 'Forging
a climate-resilient Europe’, which sets the objective
of achieving climate resilience by 2050 (EC, 2021).
The revised strategy emphasizes smarter, faster and
more systemic adaptation, strengthening climate
risk knowledge, accelerating implementation, and in-
tegrating adaptation across governance levels and
policy sectors (EC, 2021; EEA, 2025). Adaptation has
also been reinforced through the 'European Climate
Law’, which establishes a legal obligation for the EU
and its Member States to enhance adaptive capacity,
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strengthen resilience, and reduce vulnerability to cli-
mate change (EU, 2021). As a result, all EU Member
States have now adopted national adaptation policies,
with increasing alignment between adaptation strate-
gies, national climate laws, and sectoral planning (EEA,
2025). This evolving policy framework reflects a shift
from strategic planning toward implementation and
risk management, aiming to address growing climate
risks such as heatwaves, floods, droughts and ecosys-
tem degradation across Europe.

However, despite increasing political attention and the
availability of various technical solutions (Seidu et al,,
2025; Ayadi et al., 2025), implementation remains slow
and uneven within Europe (Colocci et al., 2025; de Bruyn
etal,, 2026). In many regions, adaptation efforts lag be-
hind identified risks, creating a widening gap between
policy ambitions and on-the-ground action (Buga and
Yousif, 2021; Ye et al., 2026). This gap is therefore not
caused by a lack of adaptation solutions, but by chal-
lenges related to governance, decision-making pro-
cesses and institutional capacity. Recent assessments
from the North Sea Region, including results from the
research project ‘POSEIDON’, thus underline these
challenges in the Danish-German programme region.
While the need for adaptation is well documented
(Trautmann and Siegmund, 2021; Larsen et al, 2021;
Colganetal, 2022; Mernild, 2025) the translation of risk
knowledge into concrete measures is often hindered by
organisational fragmentation, complex administrative
procedures, uncertainty about responsibilities and lack
of participation (Lange et al., 2021; Colocci et al., 2025).
Accelerating climate adaptation therefore requires not
only new technologies, but also governance arrange-
ments that enable innovative solutions to be consid-
ered, evaluated and implemented in practice (Lybaek
and Grindsted, 2025; Rimlinger et al., 2026), including a
move beyond classic silo thinking (Mehvar et al., 2025).

Overall, the literature highlights that climate adaptation
barriers are widely acknowledged. Although previous
research increasingly recognises that adaptation pro-
cesses unfold across multiple stages, barriers are often
examined as relatively separate governance or innova-
tion-related factors rather than in relation to their po-
sitioning within a structured decision-making process.
At the same time, limited attention has been paid to
SMEs as providers of climate adaptation solutions and
to how institutional decision-making processes shape
their access to public-sector markets. While previous



studies have identified a wide range of governance, or-
ganisational and innovation-related barriers to climate
adaptation (Moser and Ekstrom, 2010; Biesbroek et al.,
2013; Eisenack et al., 2014), less attention has been
given to how these barriers emerge and interact across
the different stages of the public-sector decision-mak-
ing chain. Consequently, there is still limited under-
standing of how institutional dynamics influence the
uptake of innovative climate adaptation solutions from
SMEs in practice. To address this gap, this study aims
to analyse how and where SMEs supplying climate
adaptation solutions encounter barriers when ente-
ring public-sector markets in Denmark and Northern
Germany. The study focuses specifically on the stages
from risk assessment to implementation. Accordingly,
the study addresses the following research question:

How and where do SMEs supplying climate
adaptation solutions encounter barriers across
the public-sector decision-making chain in
Denmark and Northern Germany?

To address this research question, the paper exam-
ines how factors such as visibility, trust, compatibility
with existing systems and administrative requirements
shape SME access to public-sector markets. Particular
attention is given to the planning stage and the impor-
tance of early engagement, as timing and relationships
often determine whether innovative solutions are con-
sidered at all. As noted above, earlier research has
identified a wide range of governance, organisational
and innovation-related barriers to climate adaptation
(Moser and Ekstrom, 2010; Biesbroek et al, 2013;
Eisenack et al., 2014), but these barriers are often an-
alysed as isolated factors operating independently of
one another. Although adaptation research increasing-
ly recognises that adaptation processes unfold through
multiple stages and involve interactions between ac-
tors, institutions and governance arrangements over
time (Moser and Ekstrom, 2010; Wise et al., 2014), less
attention has been paid to how barriers emerge across
different stages of the public-sector decision-making
chain and become more or less influential.

This study therefore builds on existing research by
examining how adaptation barriers become more
or less influential across different stages of the pub-
lic-sector decision-making chain. This allows analysis
of how particular barriers become more or less influ-
ential at different stages of risk assessment, planning,
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procurement and implementation. In doing so, the
paper highlights the importance of examining barri-
ers in relation to their stage-specific and institution-
al positioning within public-sector decision-making
processes.

This paper thus contributes to the literature on climate
adaptation governance and innovation diffusion in three
ways. First, it illustrates how adoption barriers are une-
venly distributed along the public-sector decision-mak-
ing chain, with the planning stage emerging as a critical
bottleneck for SME-driven climate adaptation solutions.
Second, by adopting a supplier perspective, it provides
new insights into how institutional factors, including risk
aversion, reliance on external advisors and planning
routines, may constrain market access for innovative
SMEs. Third, by drawing on cases from both Denmark
and Northern Germany, the study examines whether
similar barriers to diffusion emerge across different in-
stitutional settings. Rather than seeking a systematic
comparison between national governance systems, the
analysis explores the extent to which common institu-
tional mechanisms shape SME access to climate adap-
tation markets across the two contexts.

More broadly, the findings suggest that barriers to
climate adaptation may be understood as stage-spe-
cific mechanisms embedded within institutional deci-
sion-making processes. Rather than being evenly dis-
tributed along the decision-making chain, barriers vary
in importance across stages and shape opportunities
for innovation uptake in different ways. Taken together,
the findings contribute to climate adaptation and inno-
vation diffusion research by showing how and where
adoption barriers are structured along the public-sec-
tor decision-making chain, with special emphasis on
the planning stage, which is identified as the primary
bottleneck. The following section outlines the method-
ological approach and theoretical framework applied in
the study.

Methods

This section elaborates on the theoretical framework
adopted in this paper and how interviews and coding
of data are handled, and which companies are chosen
for the case study of German and Danish SMEs seek-
ing to enter the public market with climate adaptation
solutions.
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Theoretical framework

This study examines how SMEs supplying climate ad-
aptation solutions encounter barriers across the pub-
lic-sector decision-making chain. Climate adaptation
solutions are rarely adopted through a single decision.
Instead, the adoption process unfolds through a se-
quence of interrelated stages involving risk assess-
ment, planning, procurement and implementation.
While previous research has identified a wide range
of governance, organisational and innovation-related
barriers to climate adaptation (Moser and Ekstrom,
2010; Biesbroek et al., 2013; Eisenack et al., 2014) -
and increasingly recognises that adaptation processes
unfold through interactions among actors, institutions
and governance arrangements across multiple stages
(Wise et al., 2014) - less attention has been paid to how
barriers emerge and interact across different stages of
public-sector decision-making processes. To analyse
how barriers arise and influence the uptake of climate
adaptation solutions across these stages, the study
combines diffusion of innovation theory with insights
from climate adaptation research and public-sector in-
novation literature.

To analyse these processes, the study draws on Rogers’
Diffusion of Innovations theory (2003). Rogers con-
ceptualises innovation adoption as a process through
which innovations are evaluated and either adopted or
rejected over time. According to the theory, adoption
is influenced by five key innovation attributes: relative
advantage, compatibility, complexity, trialability and
observability. Relative advantage refers to the extent
to which an innovation is perceived as superior to ex-
isting alternatives, while compatibility concerns its fit
with existing values, routines and organisational prac-
tices. Complexity relates to the perceived difficulty of
understanding and applying an innovation. Trialability
and observability refer to opportunities for testing in-
novations and observing their results in practice. These
attributes provide a useful framework for understan-
ding why some climate adaptation solutions are adopt-
ed more readily than others.

Diffusion of innovation theory is particularly relevant to
this study because it emphasises how communication
processes, organisational routines and decision-ma-
king structures influence the uptake of new solutions.
Compared to more technology-centred adoption mod-
els, the diffusion perspective enables analysis of how
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SMEs encounter barriers as they seek to introduce cli-
mate adaptation solutions into public-sector contexts.
Particular emphasis is placed on institutional routines,
communication processes and the sequencing of de-
cision-making stages. However, Rogers’ framework
was originally developed to explain innovation adop-
tion among individuals and organisations rather than
within complex public-sector governance systems.
Consequently, the theory does not fully account for fac-
tors such as administrative path dependency, formal
planning procedures, organisational fragmentation,
public accountability requirements and institutional
risk aversion.

To address these limitations, the present study com-
bines diffusion theory with insights from climate adap-
tation barrier research and public-sector innovation lit-
erature. Climate adaptation studies have demonstrated
that barriers emerge throughout adaptation processes
and across multiple organisational and institutional
contexts (Moser and Ekstrom, 2010; Biesbroek et al.,
2013; Eisenack et al., 2014). Research on public-sector
innovation and procurement has further shown how
administrative procedures, planning routines, tende-
ring structures, organisational risk aversion and for-
mal decision-making requirements may unintentional-
ly disadvantage innovative suppliers, particularly SMEs
with limited resources and market visibility (Edler
and Georghiou, 2007; Uyarra et al., 2014; Edquist and
Zabala-lturriagagoitia, 2012). Previous studies have
also highlighted how institutional arrangements, in-
cluding procurement practices and procurement in-
struments, influence opportunities for innovation
adoption and supplier participation within public-sec-
tor markets (Georghiou et al., 2014).

From this perspective, barriers to innovation adop-
tion should not be understood as isolated obstacles
or as confined to a single administrative stage. Rather,
they are embedded within broader institutional envi-
ronments that shape how solutions are recognised,
evaluated and implemented throughout public-sector
decision-making processes. Rogers' (2003) innovation
attributes are therefore not applied as standalone ex-
planatory variables, but as analytical lenses through
which diffusion processes embedded within institu-
tional contexts can be examined.

The analytical framework consequently combines the
public-sector decision-making chain (risk assessment



- planning = procurement = implementation) with
diffusion-related and institutional barriers. While diffu-
sion theory provides concepts for understanding how
innovation characteristics influence adoption, climate
adaptation research and public-sector innovation and
procurement research help explain how governance
arrangements, organisational routines, planning prac-
tices and procurement structures shape opportunities
for adoption. Together, these perspectives provide
complementary analytical lenses for examining how
barriers emerge, interact and become more or less in-
fluential across different stages of the decision-making
chain. The framework was used to guide both the in-
terviews and the subsequent analysis. It was also used
to examine how SMEs experience visibility constraints,
limited early engagement, risk aversion, compatibili-
ty challenges, administrative complexity, observabil-
ity constraints, trialability limitations and knowledge
transfer barriers when attempting to introduce climate
adaptation solutions into public-sector markets in
Denmark and Northern Germany.

Based on the theoretical framework, the study identi-
fies a number of diffusion-related and institutional bar-
riers that may influence SME access to public-sector
climate adaptation markets. The following section out-
lines the main barrier categories explored in the inter-
views and applied in the subsequent analysis.

Company barriers

When SMEs try to introduce new climate adaptation
technologies into the markets, they can meet sever-
al types of challenges, which are exemplified in the
following.

One challenge is to demonstrate that their technolo-
gy clearly offers something better than what is already
available (relative advantage). Even if it does, custom-
ers - including public authorities - might hesitate if the
solution does not fit well with their existing systems,
strategies or ways of working (compatibility). If the
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solution appears complicated or difficult to under-
stand, this can also discourage adoption (complexity).
Another important factor concerns opportunities to
test adaptation solutions on a small scale before wider
deployment. Potential adopters often prefer to observe
solutions operating in practice before committing to
full-scale implementation (trialability). The ability to
demonstrate the performance and benefits of a tech-
nology in practice (observability) is equally important,
as observable success stories often encourage others
to adopt.

Besides the adaptation solution itself, companies may
also face other barriers, such as high costs or uncer-
tainty about the economic benefits, which can make
customers cautious (economic barriers). Strict rules
for procurement and administration can also make it
difficult for smaller companies to even enter the com-
petition (regulatory and administrative barriers). Public
organizations can often be conservative and prefer fa-
miliar, well-known climate adaptation solutions - and
possibly also certain established companies - because
they want to avoid risk (risk aversion). Finally, many
small companies struggle simply to make themselves
known to the right decision-makers or to build the
trust needed to be considered for projects dealing with
climate change (communication, trust and visibility
barriers). The decision-making chain (risk assessment
-> planning — procurement - implementation) is pre-
sented below in Fig. 1.

The figure illustrates the four-stage public-sector de-
cision-making chain and highlights how key barriers to
diffusion emerge across these stages. The figure pro-
vides a simplified overview of the analytical findings,
showing how different types of barriers are associat-
ed with different stages of the process. In particular,
the planning stage is identified as a critical bottleneck,
where early engagement and institutional factors such
as risk aversion significantly influence the uptake of in-
novative climate adaptation solutions.

Fig. 1. The public-sector decision-making chain and examples of key barriers to diffusion

|Risk Assessment|

— tl’]anning| — tl’l'ocurement\ —

Implementation

(visibility) (early engagement)

(Critical bottleneck)

(observability) (compatibility)
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Fig. 1 offers a simple visual representation of the over-
all process and highlights the planning stage as a crit-
ical bottleneck, while Table T below provides a more
detailed analytical framework, linking stages in the
decision-making chain with different types of barriers
and interview focus. The categories presented are the-
ory-informed analytical lenses derived from diffusion
of innovation theory and public-sector innovation liter-
ature and refined through inductive analysis of inter-
view data.

The different barrier categories, identified in Table 1, are
analytically related but not identical. Diffusion-related
barriers such as observability, trialability and com-
patibility refer primarily to characteristics influencing
the uptake of innovations, whereas administrative and
regulatory barriers relate to formal procedures and re-
quirements governing public-sector decision-making.
Broader institutional barriers are understood as the de-
cision-making routines and governance arrangements
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that shape when and how climate adaptation solutions
are considered throughout the decision-making chain.
Below, we proceed to detail the interview methods and
the choice of case companies interviewed in the fol-
lowing section.

Interview methods

This investigation relies on semi-structured interviews
(Kvale and Brinkmann, 2015) to collect qualitative
data from key stakeholders in Denmark and Northern
Germany. Semi-structured interviews are particularly
suited for this research because they allow for in-depth
exploration of the complex decision-making processes
(Yin, 2018) associated with climate adaptation projects.
The method ensures that core themes related to bar-
riers to diffusion are consistently covered across all
interviews, while also allowing flexibility to follow up
on new insights as they arise. Interviews were guided
by the theoretical framework developed from Rogers’

Table 1. Combining the decision-making chain with diffusion of innovation theory and interview focus

Stages in the

" } . Interview focus
decision-making chain

Type of barriers

How difficult it is for companies to gain visibility and

communicate the value of their solutions to the right

) public actors.
Risk assessment

Communication

Visibility barriers

Planning

Procurement

Implementation

Focus is on getting noticed, building trust and entering
the market, and

Often require strong personal networks.
How well the technology fits with existing municipal
systems, routines and planning logics.

Can companies be involved early enough to influence
decisions.

Whether public actors are willing and able to think in
integrated, cross-sectoral ways.

How companies handle complex and resource-intensive
tender procedures, and how municipalities evaluate and
select technologies.

Public actors often rely on advisors, avoid unfamiliar
solutions, or favour the cheapest option; even if better
alternatives exist.

How the adaptation solutions are handled once they are
installed or deployed in real-world contexts.

Barriers include lack of technical knowledge, insufficient
training, weak coordination between departments.

Unclear responsibility for maintenance and operation.

*Table by authors based on Rogers (2003); Edler and Georghiou (2007); Uyarra et al., (2014).

Trust

Compatibility barriers

Regulatory and administrative barriers
Economic barriers

Risk aversion

Lack of early engagement

Regulatory and administrative barriers
Complexity

Risk aversion

Trialability

Observability

Compatibility barriers
Regulatory and administrative barriers



(2003) diffusion theory and later studies on public-sec-
tor innovation barriers (see Edler and Georghiou, 2007;
Uyarra et al.,, 2014), covering the entire decision-ma-
king chain. The interviews emphasise identifying at
which stages of the decision-making process small
companies encounter barriers. They also examine how
factors such as public procurement rules, risk aver-
sion and organizational routines affect their chances
of entering the market with new climate adaptation
technologies.

All interviews have been transcribed and analysed
using a thematic coding approach (Braun and Clarke,
2006). An initial coding framework was developed
based on the theoretical concepts derived from dif-
fusion of innovation theory and the literature on pub-
lic-sector innovation barriers, including early engage-
ment, risk aversion, observability, compatibility and
administrative complexity. During the coding process,
this framework was iteratively refined to incorporate
empirically grounded themes emerging from the inter-
views (Saldafa, 2016). Coding was conducted across
the full decision-making chain, enabling identification
of how barriers manifest at different stages and across
the two institutional contexts.

Initial codes were derived from the theoretical frame-
work and included categories such as relative advan-
tage, compatibility, observability, trialability, risk aver-
sion and administrative complexity. During analysis,
additional inductive codes emerged from the empirical
material, including advisor dependence, visibility con-
straints, delayed involvement and knowledge transfer
challenges. Interview segments could receive multiple
codes where several barriers were found to interact si-
multaneously. Analytical consistency was maintained
through continuous comparison across interviews
and across national contexts, enabling identification
of recurring patterns as well as divergent experiences
among the participating SMEs. As the coding was con-
ducted by the first author, intercoder validation was not
applied. Instead, analytical consistency was ensured
through iterative comparison across cases and coding
rounds.

The categories, presented in Table 1 above, should
therefore be understood as theory-informed analytical
lenses rather than fixed empirical classifications. While
the initial coding framework was derived from diffu-
sion of innovation theory and public-sector innovation
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literature, the analysis also incorporated addition-
al themes emerging inductively from the interview
material.

Data saturation was considered reached when no sub-
stantially new themes emerged across the final inter-
views, particularly in relation to the key stages of the
decision-making chain. To enhance validity and relia-
bility, the coding framework was consistently applied
across all interviews, with continuous comparison be-
tween cases to ensure analytical consistency.

Choice of case companies and relevance

Across both Germany and Denmark, the selected cas-
es are analytically comparable in that they all engage
with public-sector decision-making chains, face simi-
lar forms of risk aversion and administrative complex-
ity, and depend on early engagement, trust-building
and demonstrable performance to gain market access.
This shared context provides a coherent basis for ex-
amining whether similar barriers to diffusion emerge
across two institutional contexts, while still allowing
sensitivity to institutional and regulatory differences
between the two countries. The selection of the ten
SMEs follows a purposive sampling strategy aimed at
capturing variation in technology type, market maturity
and national context. The cases are hence not inten-
ded to be statistically representative, but analytically
relevant for exploring how different types of SMEs en-
counter similar institutional barriers across the deci-
sion-making chain.

The German and Danish case companies are all small
and medium-sized enterprises (SMEs) operating with-
in the field of climate adaptation. Across both national
contexts, the cases represent variation in technology
type, stage of innovation, market maturity and mar-
ket positioning, while sharing the common condition
of operating in highly regulated, public-sector-oriented
markets. Analytically, the cases contribute to an un-
derstanding of how SMEs are situated in fragmented
institutional settings characterised by legal uncertain-
ty, administrative complexity and uneven demand for
climate adaptation solutions.

Taken together, the cases represent a broad spectrum
of climate adaptation technologies, ranging from na-
ture-based and integrated solutions to sensor-based
digital systems and mobile flood protection technol-
ogies. This diversity enables comparative analysis
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of how different solution types interact with existing
planning practices, procurement procedures and lo-
cal governance structures. Across both countries, the
cases provide insight into how regulatory frameworks,
municipal planning capacity and companies’ ability to
establish relations and demonstrate value shape op-
portunities for early engagement, adoption and imple-
mentation. The list of case study interviewees is pro-
vided in Appendix 1.

German and Danish case companies

The four German case companies are all SMEs, differing
in size, maturity and type of climate adaptation solution
offered. Collectively, they illustrate how companies with
diverse technological profiles engage with municipal
and regional governance structures in Germany.
ArborRevital is a small SME providing sensor-based
irrigation management for urban trees through soil
moisture measurements combined with digital deci-
sion-support tools and tailored tree-care advice.

Mobildeich is an established SME with more than two
decades of market experience, specialising in mobile
flood protection systems based on flexible, water-filled
tubes.

Sieker is an engineering firm offering consultancy and
planning services related to rainwater management,
sewer optimisation and strategic hydrological planning
at multiple spatial scales.

WetterWelt is a private weather service providing digi-
tal early warning systems for extreme weather events,
targeting municipalities, ports and infrastructure oper-
ators.

The six Danish case companies are likewise all SMEs
and represent different phases of innovation, from
start-ups to established firms and scale-ups. Together,
they reflect the diversity of the Danish climate adap-
tation landscape and offer insight into public—private
interaction across planning, procurement and imple-
mentation stages.
Hidden Dyke is a start-up SME developing a paten-
ted semi-permanent water tube system for coastal
protection, currently in a demonstration and visibili-
ty-seeking phase.

Byggros is an established SME offering a broad port-
folio of green infrastructure solutions, including green
roofs and local rainwater management systems, with
a strong position in the Danish market.
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Environment Solution is a scale-up SME specialis-
ing in mobile flood protection systems based on water
tube technology, targeting both public authorities and
private landowners.

Mattle is a small niche-oriented SME focusing on inte-
grated, life-cycle-based LAR solutions combining soil
systems, vegetation and water management.

SmartBrend is a scale-up SME developing sen-
sor-based systems for urban water management, de-
signed to integrate with existing utility infrastructure.

Wintech Engineering is an established SME with
long-standing experience in flood protection technol-
ogies, currently adapting its operations to changing
market conditions.

Analytical approach

The analysis is structured around the four key stages
of the public-sector decision-making chain identified
earlier: risk assessment, planning, procurement and
implementation. Drawing on semi-structured inter-
views with ten SMEs across Denmark and Northern
Germany, the analysis examines how different types
of barriers emerge and interact across these stages.
While individual cases are used for illustrative purpos-
es, the analytical patterns presented reflect insights
from the full dataset and are selected based on ana-
lytical relevance rather than on how frequently similar
observations appeared in the material. Because the
planning stage represents the central bottleneck in the
decision-making chain, where problem framings, solu-
tion pathways and budgetary commitments are estab-
lished, it is examined in greater analytical depth than
the other stages. Combining empirical insights with
concepts from diffusion of innovation theory and pub-
lic-sector innovation research, the analysis shows how
institutional routines, risk aversion and timing shape
the uptake of climate adaptation solutions. Rather
than focusing on individual cases, the analysis seeks
to identify broader mechanisms that constrain or ena-
ble the diffusion of innovative solutions in public-sec-
tor markets. Although based on a limited number of
cases, these mechanisms are likely to have relevance
beyond the specific empirical setting. This is particular-
ly the case in public-sector contexts characterised by
complex governance structures and risk-averse deci-
sion-making processes.



Results and Discussion

This section presents the results of the analysis and
examines how barriers to the diffusion of climate ad-
aptation solutions emerge across the public-sector
decision-making chain. While empirical examples are
used illustratively, the analysis focuses on identifying
cross-case patterns that reveal how institutional barri-
ers systematically shape the diffusion of climate adap-
tation solutions.

Risk assessment stage

Visibility, communication and trust: The findings indi-
cate that visibility and communication are major barri-
ers for SMEs during the risk assessment stage in both
Denmark and Germany. According to diffusion theory,
innovations spread more slowly when their benefits
are not easily observed and communication channels
are limited; especially in public-sector contexts, which
often tend to be risk-averse. Before public actors can
formally evaluate new solutions, SMEs must first
make their technologies visible and understandable.
This challenge is illustrated by the German company
WetterWelt, which developed an early warning sys-
tem with clear potential benefits but struggled to gain
initial access to municipalities. The traditional way to
contact local officials is by phone. Companies often do
not know who the right contact person is, making this
approach time-consuming and uncertain. Success de-
pends on whether the local authority is genuinely in-
terested in the solution, and many municipalities still
do not provide alternative contact channels, such as via
websites or social media.

Because ‘cold calling” was largely ineffective, Wetter-
Welt had to rely on informal entry points to reach mu-
nicipal decision-makers. For instance, the company at-
tended conferences organized by a tourism director for
harbour masters. These events acted as trusted gate-
ways, providing access that direct contact with mu-
nicipalities could not achieve. This example highlights
how SMEs often depend on trusted intermediaries to
overcome low visibility and the lack of formal access
points. In Rogers’ terms, an innovation does not be-
come visible unless these intermediaries facilitate ex-
posure. Although illustrated here by WetterWelt, sim-
ilar challenges concerning visibility, communication
and access to municipal decision-makers were iden-
tified across the interview material, suggesting that
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these barriers are not unique to a single company but
represent a recurring pattern during the risk assess-
ment stage. More broadly, it illustrates that early-stage
barriers are not primarily technological but institution-
al, rooted in how public-sector organisations structure
problem recognition and external communication.

Planning stage

Early engagement as a critical adoption mechanism:
Across both countries, the planning stage emerges as
the most decisive phase for adoption, confirming the
importance of early engagement highlighted in the lit-
erature on public-sector innovation. It is at this stage
that core assumptions, solution pathways and budg-
etary frameworks are established, often determining
which technologies can be considered later in the pro-
cess. The German engineering firm Sieker provides a
clear illustration of this mechanism. The company is
frequently involved too late in planning processes and
is then expected to act as a “fire brigade” to correct or
optimise already-defined solutions. Such late involve-
ment limits the company’s ability to influence system
design or introduce more integrated and innovative
approaches. Although illustrated by the experience
of Sieker, delayed involvement in planning processes
was described by several SMEs across both national
contexts. This suggests that limited early engagement
represents a recurring constraint rather than an iso-
lated case. Analytically, this suggests how exclusion
from early planning reinforces path dependency and
weakens the perceived relative advantage of alterna-
tive solutions, even when technical expertise is high.
The case suggests that barriers at this stage are struc-
turally embedded in municipal planning routines rather
than the result of individual resistance.

Delegation of responsibility and risk aversion: The re-
liance on external advisors during the planning stage
functions as a risk management strategy for munici-
palities but simultaneously creates barriers for SMEs.
By relying on external consultants, municipalities may
reduce their exposure to uncertainty while potential-
ly narrowing the range of solutions that are actively
considered. The Danish case, Wintech Engineering, il-
lustrates how advisors can unintentionally block in-
novation. Advisors hired by municipalities often lack
detailed knowledge of specialised climate adaptation
technologies, such as locks and pumping systems, yet
still dominate solution selection. This practice shifts
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responsibility away from municipal decision-makers
and reduces openness to unfamiliar solutions. From
a theoretical perspective, this reflects institutional risk
aversion and reinforces conservative selection mecha-
nisms, consistent with findings by Edler and Georghiou
(2007). Advisors thus function not only as technical
experts, but also as institutional buffers that stabilise
existing solution pathways. Similar concerns regarding
advisor dependence and limited openness towards un-
familiar solutions were raised by several interviewees.
This indicates that these mechanisms extend beyond
the experience of a single company.

Preference for known solutions over relative advantage:
Both Danish and German municipalities display strong
technology path dependency, favouring familiar solu-
tions even when alternatives offer clear advantages in
terms of cost, flexibility or speed of implementation.
This tendency is closely linked to organisational norms
and perceived accountability within public administra-
tions. A Danish example is provided by Environment
Solution, whose mobile water tube systems often are
rejected in favour of permanent hard infrastructure.
Municipal staff may perceive greater accountabili-
ty risks if a temporary solution fails, despite the fact
that such solutions are often less costly and can be
deployed more rapidly. This highlights how perceived
risk outweighs relative advantage in decision-making
and confirms Rogers’ (2003) argument that adoption
is not driven by technical performance alone. Instead,
it is shaped by organisational cultures, accountability
structures and fear of blame, which together sustain
path dependency.

Procurement stage

Observability and trialability as selection criteria: In the
procurement stage, observability and trialability play a
decisive role in whether SMEs are perceived as credible
suppliers. Public buyers tend to prefer solutions that
can be demonstrated, referenced or visualised, as this
reduces uncertainty and perceived risk. The German
company Mobildeich demonstrates how high observ-
ability can help overcome procurement barriers. The
company relies heavily on on-site demonstrations and
a large portfolio of reference projects across Europe.
These demonstrations reduce uncertainty for public
buyers and partially substitute for formal trial phas-
es, which are often difficult to establish within public
procurement rules. Across the interviews, respondents
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repeatedly emphasised the importance of reference
projects, demonstrations and visible performance in
establishing credibility within public procurement pro-
cesses. Analytically, this shows how SMEs could com-
pensate for institutional risk aversion by strengthening
observability, thereby facilitating the transition from
decision to implementation even in highly regulated
procurement environments.

Implementation stage

Compatibility and knowledge transfer: Even when
solutions are formally adopted, implementation bar-
riers persist due to limited technical knowledge and
weak internal coordination within public organisa-
tions. These barriers often emerge at the interface
between new technologies and established work
practices. The Danish company Mattle illustrates this
challenge. Improper handling of specialised soil sys-
tems by contractors has led to reduced performance
or failure of otherwise well-designed solutions. This
reflects a compatibility barrier, not between technol-
ogy and infrastructure, but between innovation and
existing operational routines. The case indicates that
adoption without sufficient knowledge transfer under-
mines the potential deployment of mature and reliable
technology. Similar implementation challenges related
to knowledge transfer and organisational coordination
were identified across several companies, suggesting
that these barriers are not confined to a specific tech-
nology type. More broadly, it shows how implementa-
tion failures, viewed through Rogers’ diffusion model,
can retroactively weaken trust in similar solutions and
thereby influence future adoption decisions.

Barriers identified in the decision-making chain

Across the interview material, barriers were identified
at all stages of the decision-making chain. However,
respondents consistently described the planning stage
as the point at which solution pathways, budget allo-
cations and project specifications became sufficiently
fixed to constrain later opportunities for innovation.
While procurement and implementation barriers re-
mained important, many interviewees emphasised
that exclusion from early planning processes signif-
icantly reduced the likelihood that alternative solu-
tions would subsequently be considered. Across both
Danish and German cases, and across different cate-
gories of climate adaptation technologies, respondents



consistently pointed to early planning processes as
decisive for subsequent adoption opportunities. The
findings therefore suggest that planning barriers are
structurally more consequential because they shape
the conditions under which later procurement and im-
plementation decisions occur.

The analysis indicates that barriers are present through-
out the decision-making chain, but that the planning
stage constitutes the most critical bottleneck because
key decisions regarding solution pathways and budget
allocations are largely established at this point. Once
these decisions have been formalised, opportunities
for SMEs to influence project design become signifi-
cantly more limited. Consequently, barriers encoun-
tered during procurement and implementation often
reflect constraints that have already been embedded
during earlier planning processes.

The findings furthermore illustrate how diffusion
mechanisms are embedded within public-sector gov-
ernance processes. While planning routines, procure-
ment rules and organisational structures shape oppor-
tunities for adoption, diffusion theory helps explain why
certain solutions struggle to progress through these
institutional settings. Relative advantage, observabil-
ity, trialability and compatibility therefore operate not
as isolated technological characteristics, but as factors
that interact with governance structures throughout
the decision-making chain. This interaction between
governance structures and diffusion mechanisms is
particularly evident in the planning stage. As shown
above, planning processes determine not only which
solutions are considered, but also whether SMEs gain
access to decision-makers at a sufficiently early stage
to demonstrate the value of their innovations. Early
engagement therefore emerges as a key mechanism
linking institutional decision-making processes with
the diffusion of climate adaptation solutions.

According to diffusion of innovation theory, early en-
gagement is thus important because it enables poten-
tial adopters to assess new solutions before planning
frameworks and project specifications become fixed.
However, many companies find this difficult, as they
are often excluded from planning processes unless
they possess established networks or prior relation-
ships with municipalities and utilities. By the time they
try to enter the market, many choices have already
been made and planned for, often based on advice from
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external consultants, or on solutions that municipal-
ities already know. Some companies manage to take
an active part by assisting in preparing the tender ma-
terials. This can be a clear advantage, as it gives them
a better chance of being chosen later. This is, however,
not the case for all SMEs, and many companies do not
have access to that part of the process.

Even when a solution has a clear relative advantage -
for example if it is less costly or easier to install - it
is not always selected. In the procurement stage, for
example, observability is important, but some cli-
mate adaptation solutions are hidden underground.
Municipalities and/or utilities however would like to see
how a solution works, before they purchase it, which
can be a hard task for new or certain types of compa-
nies. Trialability is also important, and some companies
manage to test their solutions on their own, for example
through demo sites or small-scale projects. The empir-
ical data also shows that it can be difficult to test new
solutions in collaboration with municipalities, where it
could make a real difference for later uptake. The rules
are unclear, the paperwork is heavy and municipalities
are often afraid of doing something wrong, hence risk
aversion. This means that even good solutions are not
tested in real public settings before being ruled out.

Another challenge is compatibility. Thus, many compa-
ny solutions do not fit with the way municipalities work.
Some adaptation solutions cross over different sectors
and apply a combination of solutions, which does not fit
into silo-based ways of working. They may not match
existing budgets, routines or department structures
etc.,, creating regulation and administration barriers.
Complexity can also be a barrier, where some solutions
are hard to understand or explained in technical ways
that confuse the customers. It is not always due to the
solution being too advanced, but simply that they are
unfamiliar. Even when early engagement happens, and
a solution has reached the implementation stage, it may
not be followed up by relevant staff members. Thus,
municipalities do not always share knowledge between
departments in their planning or use the solution in lat-
er projects. This again implies, that the observability of
the adaptation solution stays low, and that the compa-
nies do not benefit from the first success.

Taken together, the findings suggest that barriers to
climate adaptation are not only institutional in na-
ture, but also stage-specific and unevenly distributed
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along the public-sector decision-making chain. Rather
than operating as isolated obstacles, different barri-
ers become more or less influential across successive
stages, highlighting how opportunities for innovation
adoption are shaped by earlier decisions and institu-
tional routines. While previous studies have identi-
fied a broad range of adaptation barriers (Moser and
Ekstrom, 2010; Eisenack et al., 2014), the present study
suggests that these barriers do not exert equal influ-
ence throughout the decision-making process. Instead,
their significance depends on organisational routines
and access to key decision arenas. Innovation uptake
is therefore shaped less by technological performance
alone and more by institutional positioning and oppor-
tunities for early engagement. These findings suggest
that barriers to climate adaptation are best understood
as stage-specific mechanisms embedded within insti-
tutional decision-making processes, thereby shifting
attention from the existence of barriers towards their
stage-specific and institutional positioning within the
public-sector decision-making chain.

The study also illustrates that different actor groups
occupy distinct positions within the decision-making
chain and therefore influence innovation adoption in
different ways. Municipalities and utilities typically act
as project owners and decision-makers, while external
advisors often play an important role in shaping prob-
lem definitions, technical specifications and solution
assessments during the planning stage. SMEs, in con-
trast, primarily participate as solution providers seek-
ing access to decision-making processes. Although the
present study does not aim to systematically compare
these actor groups, the findings suggest that barriers
to innovation adoption emerge through interactions
between actors with different responsibilities, incen-
tives and levels of influence. This highlights the impor-
tance of understanding climate adaptation governance
as a multi-actor process rather than as the product of
a single public-sector decision-maker.

Limitations

Several limitations should be acknowledged in this
study. First, the study is based on a relatively small sam-
ple of ten SMEs and therefore aims for analytical rather
than statistical generalisation. Second, the empirical
material reflects the perspectives of solution providers
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only and does not include interviews with municipali-
ties, utilities, consultants or procurement officers in-
volved in the decision-making process. Consequently,
the findings may reflect experiences and interpretations
specific to SME actors and should not be understood
as direct representations of the perspectives of munic-
ipalities, utilities or external advisors. Third, the study
focuses on Denmark and Northern Germany, implying
that findings may be influenced by characteristics spe-
cific to these institutional contexts. Finally, although
recurring patterns were identified across interviews,
qualitative interpretations inevitably involve a degree
of researcher judgement. The findings should therefore
be understood as theoretically informed explanations of
how barriers emerge across the decision-making chain
rather than as definitive representations of all pub-
lic-sector climate adaptation processes.

Conclusion

Climate adaptation solutions are increasingly availa-
ble, ranging from digital monitoring systems and sen-
sor technologies to mobile flood protection measures,
nature-based solutions and integrated water man-
agement approaches (Seidu et al,, 2025; Ayadi et al,,
2025). However, their uptake in public-sector contexts
remains constrained by institutional and organisational
barriers rather than by technological limitations alone
(Audate et al., 2025; Biswas et al., 2022; Colocci et al.,
2025). Based on interviews with Danish and German
SMEs, this study suggests that barriers to adoption
are unevenly distributed across the public-sector de-
cision-making chain. While barriers occur throughout
the stages of risk assessment, planning, procurement
and implementation, the planning stage emerges as
the most critical bottleneck. It is at this stage that solu-
tion pathways, project specifications and budgetary
priorities are established. As a result, exclusion from
early planning reinforces path dependency and signifi-
cantly reduces the likelihood that alternative solutions
will be considered.

The findings contribute to climate adaptation govern-
ance and innovation diffusion research by illustrating
how previously identified barriers become more or less
influential across different stages of the public-sector
decision-making chain and how these barriers are
shaped by institutional decision-making processes.



More specifically, the analysis shows how institution-
alised decision-making routines structure when, how
and by whom innovative solutions are considered.
By combining diffusion of innovation theory (Rogers,
2003) with insights from public-sector innovation re-
search (Edler and Georghiou, 2007; Uyarra et al., 2014),
the study illustrates how relative advantage, observa-
bility, trialability and compatibility interact with govern-
ance structures, organisational routines and risk man-
agement practices. The findings therefore contribute
to diffusion research by highlighting the importance
of timing, institutional positioning and early engage-
ment in shaping adoption outcomes. The findings fur-
ther suggest that barriers emerge through interactions
among multiple actors involved in climate adaptation
decision-making, including municipalities, utilities,
external advisors and SMEs, each occupying different
positions within the decision-making chain.

From a policy perspective, the findings suggest that
more open and inclusive planning processes allow-
ing earlier interaction between public authorities and
SMEs may facilitate the uptake of innovative climate
adaptation solutions. This observation supports re-
cent research highlighting the importance of involving
SMEs more actively in adaptation governance and de-
cision-making processes (Eadson et al., 2026), particu-
larly given their role in providing specialised technical
and context-specific knowledge for climate adaptation
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