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Navigating Twin Transitions: A Policy
Framework to Align Digital Innovation
with Sustainability, Applied to the Dutch
Processing Industry

Nikhil John, Joeri Wesseling, and Koen Frenken

Introduction

The twin transition concept broadly aims to combine green and digital
transitions. The European Commission introduced this idea around
2019, highlighting digital technologies as “key” enablers for achieving
sustainability goals in its Green Deal (European Commission, 2019).
Subsequent policies, like the 2020 Industrial Strategy, however lacked
focus on interlinkages between sustainability and digital transitions. To
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help realize twin transitions, more effective policy is needed not only
at the European, but also national and subnational levels (European
Commission, 2020; Wurm & Wittmann, 2023).

To inform twin transition policy, sustainability scholars have criti-
cally examined the interplay between digitalization and sustainability,
including potential negative environmental effects (Berkhout & Hertin,
2004; Erlinghagen & Markard, 2012; Hankel, 2014). Transition scholars
have recently highlighted additional relevant aspects of the twin transi-
tion such as the broader socio-technical system dynamics (John et al.,
2022; Mikitie et al., 2023; Meijer, 2024; Mouthaan et al., 2023), the
misalignment between digital and low-carbon trajectories (Fouquet &
Hippe, 2022; John et al., 2022), unintended consequences (Bohnsack
et al., 2022), the reinforcement of problematic institutional structures
(Bennich, 2024; John et al., 2022; Klerkx et al., 2019), and techno-
optimism (Kovacic et al., 2024; Mouthaan et al., 2023). Such critical
perspectives and deeper diagnoses of digital and sustainability dynamics
need to be fed back into policymaking processes.

We take a closer look at the policymaking challenges related to twin
transitions by focusing on the energy-intensive processing industries
(EPIs) in the Netherlands. This sector is particularly relevant due to
its high carbon emissions and significant potential for decarbonization
(Bataille et al., 2018; Wesseling et al., 2017). Advanced digital inno-
vations are emerging in EPIs (John et al., 2022; Ometto et al., 2019;
Siemons et al., 2020) and although many digital-related policymakers
dont yet focus on transformative sustainability policy, policymakers
and other stakeholders increasingly aim to achieve twin transition goals
in this sector (Aazami, 2021; European Commission, 2020). To this
end, more research is needed on how to align digital innovation policy
with the decarbonization transition. Therefore, our research question
is: “How can specific policy goals, intervention logics and instruments
be formulated towards sustainable twin transitions in the processing
industry?”

This study is the first (exploratory) attempt to construct policy goals
from the ground up for a “whole” twin transition context. This is a
challenging task because single transition goals are difficult to manage,
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let alone synergizing two transitions. In our case, the deep decar-
bonization industry challenge is compounded by the need to navigate
the complex dynamics of digital innovation. Therefore, we construct a
framework to answer the research question using a pragmatic philos-
ophy. Pragmatic transitions research emphasizes the idea that the value
of knowledge lies in its usefulness and applicability to real-world situ-
ations, particularly in informing policy (Zolfagharian et al., 2019). We
attempt to knowledge broker between policymakers and sustainability
science (Wittmayer & Schipke, 2014) to provide pragmatic direction on
twin transitions. This also involves balancing acknowledging the poten-
tial negative effects of digitalization for sustainability, as pointed out by
various scholars, while recognizing evidence within the nature of digital
innovation as a “technical” solution for societal challenges. This approach
is inherently value-laden; however, if done reflexively, it can help explain
the dynamics of twin transitions better while also contributing to guiding
them towards sustainability.

We build on various innovation and transition perspectives along with
recent case study research in digital innovation and EPIs, synthesizing
their key insights to inform a twin transition policy framework. The
framework is organized in two generalizable policy approaches: the tech-
nological approach and the socio-institutional approach. These are not
mutually exclusive, but rather complementary, as they highlight different
yet crucial aspects of navigating twin transitions. Through these two
approaches, we subsequently identify four policy intervention logics and
underlying instruments.

The rest of the chapter is structured as follows. The next section
outlines the theoretical basis for both technological and socio-
institutional approaches, based on which we present a twin transition
policy framework. We then apply this framework to an EPI case study,
describing the methods and demonstrating how to derive subsequent
policy insights. We conclude with limitations and additional discussions.
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Twin Transitions: How Do we Conceptualize
Them and their Policy Focus?

Framing Twin Transitions

This section discusses how twin transitions have been conceptualized,
focusing on analytical depth and relevance for policymaking. We broadly
see digitalization as the integration of digital technologies into economic
and social activities, involving the adoption of artificial intelligence
(Al), data-driven systems, automation, internet of things, etc. Such
adoption has the potential to transform how industries, organizations,
and societies operate, enabling new production methods, organizational
models, and value chains. While transition scholars using the Multi-Level
Perspective have positioned digitalization across all of its three concep-
tual levels: landscape, regime, and niche (John et al., 2022), we frame
digitalization as a “meta-regime” (Schot & Kanger, 2018). The digital
meta-regime, in addition to fostering new digital technologies, has been
empirically shown to create and modify socio-institutional structures
within the industries it interacts with (Erlinghagen & Markard, 2012;
John et al., 2022; Klerkx et al., 2019; Meijer, 2024).

We conceptualize “Digital Innovation Systems” (DIS)—which
capture digital technologies and their surrounding socio-technical
system—as a manifestation of the digital meta-regime within specific
industrial contexts (Andersen et al., 2024; John et al. 2022, 2024;
Schot & Kanger, 2018). Hence, multiple DIS can be nested within the
digital meta-regime, corresponding to the different sectors impacted by
digitalization; see Fig. 16.1.

Considerations for Twin Transition Policy

Transitions are defined as fundamental shifts in the structures of socio-
technical systems. Transitions literature recognizes that incremental inno-
vations help reinforce the established regime without coping with the
root sustainability challenges, and that radical innovations have more
potential to create structural change (Geels & Schot, 2007; Kemp,
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1994). Mikitie et al. (2023) conceptualize interactions between digital
and sustainable technologies using the notions of incremental and
radical innovation, categorizing twin innovations into four types: incre-
mental twin innovation, digitally supported sustainable innovation,
sustainability-supported digital innovation, and radical twin innovation.
While this typology covers the ideal types of innovation categories, the
pattern of twin technologies that emerge in industries may vary. For
example, previous research on hard-to-abate sectors has shown that incre-
mental digital innovation in fossil-based application areas threatens to
increase lock-in and reinforce path dependencies, leading to a misaligned
twin transition (John et al., 2022). On the other hand, scholars have
also shown that digital innovation aligns more closely with circular
economy goals in manufacturing than with the energy system tran-
sition (Wurm & Wittmann, 2023). Overall, incremental innovations
with minimal sustainability benefits often entrench existing systems,
undermining sustainable twin transitions.

The critical issue from this twin transition discourse is the contrasting
rationales underpinning digital and sustainable innovations. Digital
innovation is driven by objectives such as increasing efficiency, reducing
costs, and maximizing profits. By contrast, sustainable innovation prior-
itizes reducing environmental impact and fostering societal well-being,
often with less immediate emphasis on economic growth. These diver-
gent logics can create tensions when integrating digital technologies
into sustainability transitions. Therefore, for a coherent twin transition,
digital innovation must be nested within the overarching aims of sustain-
ability transitions. This argument draws parallels with the broader debate
on innovation policy and transition policy (Foxon & Pearson, 2008),
where Alkemade et al. (2011) call for a systemic approach to poli-
cymaking, in which “[sustainability] transition policy is considered an
overarching policy goal that helps to align all other policies”. Twin tran-
sition research frequently overlooks negative dynamics when it lacks such
systemic sustainability considerations (Mouthaan et al., 2023).

Building on this foundation, the central focus of a twin transition
policy framework should be to minimize misalignment by embedding
digital technology goals within known sustainability objectives, while
also addressing the broader systemic conditions of digital innovation
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systems. This means that policymakers must not only ensure that digital
innovation contributes to, rather than diverges from, sustainability, but
also attend to the socio-technical dynamics that shape alignment or
misalignment in specific industry contexts.

Characteristics of Digital Innovation Systems

Unpacking the nature and dynamics of Digital Innovation Systems (DIS)
helps identify leverage points for policymakers to target their efforts.
The analysis of Technological Innovation Systems (TIS) has been valu-
able in policymaking, helping identify intervention strategies within
complex systems (Jacobsson & Bergek, 2011). The structural-function
TIS approach helped trace barriers that hinder sustainable innovation
activity (Negro et al., 2012). Additionally, the system-building of tech-
nological fields has also been studied using TIS, emphasizing that the
drivers of TIS are not just emergent but often deliberately steered (Musi-
olik et al., 2012). Recently, the TIS has been used to study DIS (John
et al. 2022, 2024; Yu et al., 2021).

The DIS shapes the development, diffusion, and use of all variants of
digital innovation within “user” industry contexts, whether incremental
or radical (see Fig. 16.1). Therefore, growing and steering the direction-
ality of this innovation system is crucial for twin transition synergies. By
definition, DIS includes twin innovations and non-sustainability-related
digital innovations. The boundary-drawing discussion in innovation
systems literature indicates that system-context boundaries are mostly
drawn based on the study’s analytical focus (Bergek et al., 2015; Markard
et al., 2015). Applying this logic to twin transitions, boundaries may
be drawn around the sustainability-focused DIS. However, it is impos-
sible to differentiate between sustainable and non-sustainability-focused
digital innovations due to the nature of pervasive innovations (John
et al., 2022). Policies must address this dual nature, balancing risks and
opportunities, and direct digital innovation towards sustainable goals.

DIS development within an industry often faces barriers that reflect
the institutional misalignment between the logics of the DIS and those
of the “user sector” (John et al., 2024; Wesseling et al., 2022). Due to its
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multi-system, pervasive, and general-purpose nature (Bekar et al., 2018;
John et al., 2024; 2022a; Waflenhoven et al., 2023), DIS presents unique
system-building characteristics not seen in the more typical (narrow)
TIS cases that dominate empirical literature (John et al., 2022). Conse-
quently, a well-functioning DIS must consider the extensive technolog-
ical applications, the dynamic innovation activities, and the numerous
participants in the innovation system.

Towards a Twin Transition Policy Framework

Developing a coherent twin transition policy framework requires
addressing both the technological and socio-institutional dimensions of
digital and sustainable innovation. This section systematically develops
four policy intervention Jogics that describe the dynamics by which policy
interventions in the focal complex system could help meet twin transi-
tion policy goals of fostering digital innovation that contributes to deep
decarbonization.

Policy Intervention Logic 1: Reorienting Digital
Technologies Towards Sustainable Pathways

Sustainability transitions typically involve the replacement of existing
unsustainable technologies or systems with niches centred around
sustainable innovation (Kemp et al., 1998). Transitions may involve
several sustainable innovations that collectively or individually form
technological trajectories or pathways (Geels & Schot, 2007).

As digital technologies have wide applicability through their general-
purpose characteristics, they could provide second-order benefits in all
kinds of application areas. Subsequently, in a twin transition context,
one role of digital technologies could be to provide incremental improve-
ment to sustainable innovation; however, digital technologies may also
provide innovation possibilities for existing unsustainable technologies
and systems (John et al., 2022; Mikitie et al., 2023). Therefore, policy
instruments need to be developed to deploy digital technologies towards
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sustainable pathways, while also steering digital technologies away from
unsustainable application areas.

Policy Intervention Logic 2: Deploying Digital
Technologies to Overcome Barriers to Sustainable
Innovation

Despite their transformative potential, sustainable innovations face
significant, complex, and interrelated barriers that are technological,
organizational, institutional, political, or socio-cultural in nature (Arthur,
1989; Foxon & Pearson, 2008; Geels & Schot, 2007). Overcoming such
barriers to sustainable innovation is an effective way to intervene in
transition dynamics (Negro et al., 2012).

Digital technologies could play a role in overcoming such barriers,
as they may enable system innovation (Mikitie et al., 2023) by
providing novel linkages necessary for socio-technical change (Geels,
2005). However, it is necessary to explore the extent to which the
changes in socio-technical systems brought about by digital technologies
complement the changes required for advancing sustainable innovations
(John et al., 2022). Subsequently, digital technologies need to be steered
towards the complex barriers that hinder sustainable innovation.

It is important to clarify that barriers to sustainable innovation
discussed in Intervention Logic 2 differ from the sustainable innovation
pathways highlighted in Intervention Logic 1. For example, in the energy
system transition, digital technologies that increase the efficiency of solar
panels are different from grid innovations that change the structure of the
industry towards flexible grid operations. The former involves digitally
supported sustainable innovation, while the latter involves creating previ-
ously absent socio-technical linkages. What is common in the approach
between Intervention Logic 1 and 2 is the technical nature by which
digital technologies can be leveraged for sustainability transitions.
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Policy Intervention Logic 3: Overcoming Barriers
Common to Both Digital and Sustainable Innovation

While a technological approach may lead digital technologies to form
a direct part of the “solution” to sustainable innovation barriers (Inter-
vention Logic 2), these barriers are inherently socio-institutional in
nature and require a broader policy approach. Barriers to innovation
are typically characterized as systemic problems within their overar-
ching innovation systems (Klein Woolthuis et al., 2005; Wieczorek &
Hekkert, 2012). Further, beyond the barriers unique to sustainable inno-
vation, digital innovations also face barriers in their development and
diffusion in user industries (John et al., 2024). These barriers often
intersect with those hindering sustainable innovation. These overlap-
ping barriers indicate overarching problems that hinder both digital and
sustainable innovation rooted within the socio-institutional characteris-
tics of the industry in question. For example, regulatory inertia or lack
of skilled labour might equally hinder advancements in renewable energy
systems and digital platforms. Policy interventions to overcome common
barriers will have separate and synergetic effects on digital and sustainable
innovation.

However, we argued previously that sustainable twin transition poli-
cies must prioritize overcoming barriers to sustainable innovation (see
Section 2). Therefore, targeting digital innovation barriers that are linked
to sustainable innovation barriers is essential, as this ensures that twin
transition policy does not merely increase generic digital innovation
activity but steers towards socio-institutional change that helps support
sustainable innovation within the industry.

Policy Intervention Logic 4: Creating Directionality
Within DIS to Navigate Risks and Opportunities
in Sustainable Innovation

In contrast to addressing systemic problems, Musiolik et al. (2020) have
shown that strategic system building can be an additional intervention
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approach for policymakers. System-building policies intending to influ-
ence directionality can help steer away from risks towards opportunities
within the innovation system.

Currently, DIS are typically still in their growth phase in most
user industries undergoing sustainability transitions (John et al., 2022).
Twin transition policy should leverage this potential to shape the socio-
institutional system elements towards sustainable innovation. Notably, if
left unchecked, DIS could (continue to) develop in a way that hampers
sustainable innovation. We propose that the barriers to sustainable
innovation can again be used as a measuring device to assess such oppor-
tunities and risks. Analysing system-building activities in DIS can help
identify dynamics that might either contribute to overcoming or perpet-
uating sustainable innovation barriers. Subsequently, these dynamics
can serve as leverage points for addressing barriers, avoiding risks, and
embedding sustainability within DIS.

Opverall, the resulting four policy intervention logics can be grouped
into two overarching approaches. Policy Intervention Logics 1 and 2
constitute the technological approach, which emphasizes leveraging digital
technologies to directly contribute to sustainability through sustainable
applications (logic 1) or to indirectly contribute to sustainability transi-
tions by overcoming barriers to sustainable innovation (logic 2). Policy
Intervention Logics 3 and 4 comprise the socio-institutional approach,
which focuses on supporting the systemic conditions required to sustain twin
transition synergies by overcoming shared barriers and fostering strategic
directionality. Together, these two complementary approaches provide
a framework for developing industry-specific policy goals, intervention
logics, and instruments, ensuring that the twin transition prioritizes
sustainable outcomes while addressing the complexities of DIS. The next
section outlines the methods used to apply this framework in the EPI
case and illustrates the corresponding results.
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Constructing Twin Transition Policy
Intervention Logics and Instruments
for the Dutch Processing Industry

Methods for Framework Application

This section details the methods used in the technological and socio-
institutional approach for developing twin transition policies in the
processing industry, illustrated in Fig. 16.2. The analysis builds on
prerequisite questions that guide the identification of barriers, dynamics,
and solutions, ensuring that the resulting policies are grounded in
case-specific insights.

The technological approach and its subsequent policy intervention
logics and instruments required an understanding of decarbonization
pathways and the persistent barriers preventing the transition. To estab-
lish this foundation, we follow steps previously reported (John et al.,
2022), drawing on existing deep decarbonization literature within the
processing industry to list the various sustainable innovations involved
with the transition. Next, we reviewed research on sustainability tran-
sitions that focused on the processing industry. This review helped us
identify a list of five socio-technical barriers to sustainable innovation.
These barriers also form the basis for other steps in the analysis, therefore
we elaborate them in the next subsection.

To understand the technological impact of digital technologies on
decarbonization pathways and the barriers to sustainable innovation,
we build on previously reported research assessing the impact of arti-
ficial intelligence on the global steel industry (John et al., 2022). It is
typical for the EPI literature to group processing industries together in
case studies or policy discussions, given their common characteristics
(Wesseling et al., 2017). Further, the research was based on interviews
and an inventory analysis of Al tools. The inventory analysis is based
on a systemic review of scientific publications, and involved mapping
existing Al applications across the steelmaking value chain to assess their
interaction with industry innovation activity. While Al in steel served
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as a specific example, to allow for some generalizability, we incorpo-
rated observations made at various industry conferences at the regional
level, where similar trends and applications of digital technologies were
discussed across EPIs. Additionally, we used the interviews conducted as
part of the DIS analysis to validate that findings from Al were applicable
to digital innovation more broadly. Furthermore, the level of insights
derived from the impact analysis, as will be demonstrated in the results,
was sufficiently broad to extend to digital technologies as a whole.

Opverall, this analysis enabled us to provide a generalized interpreta-
tion of the current impact of digital technologies on the decarbonization
transition. Based on these insights, we constructed policies using Inter-
vention Logics 1 and 2 on how to best deploy digital technologies for a
twin transition. The socio-institutional approach first required assessing
the DIS in the Dutch processing industry. We performed a structural-
functional analysis and arrived at a comprehensive list of 27 barriers and
31 system-building dynamics within the DIS (John et al., 2024, 2022¢).

To identify intervention points within DIS for the twin transition, we
performed an analysis to establish the socio-institutional links between
digital and sustainable innovation. This linking analysis was grounded in
the resource-based characterization of sustainable innovation barriers. By
examining which innovation resources (e.g., financial, knowledge-based,
or institutional) were involved in each barrier and how TIS dynamics
could influence these resources, we identified connections between the
DIS and sustainable innovation challenges. The methods follow typical
framework-building and indexing steps in qualitative policy research
(Ritchie & Spencer, 2002). The five barriers to sustainable innovation—
described in the technological approach—served as a priori themes for
the thematic framework in the link analysis. Indexing was done for the
digital barriers list, tagging each barrier according to the relevant sustain-
able innovation barrier link. Similar indexing was done for the list of
system-building dynamics; however, the link was additionally character-
ized into either risk, opportunities, or both. The second author carried
out a reliability test with deliberation sessions within the author team
to mitigate interpretive differences. This resulted in a filtered list of
TIS barriers and system-building dynamics that could be leveraged for
policies using Intervention Logics 3 and 4.
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Background on Barriers to Sustainable Innovation
in the Processing Industry

Sustainability transitions research has helped unpack the complex and
interrelated barriers to sustainable innovation in the processing industry,
addressing dimensions like the role of industry characteristics (Wesseling
et al., 2017, 2022), infrastructure, lock-in (Janipour et al., 2020;
Wesseling & Van Der Vooren, 2017), incumbents, markets, (Hansen &
Coenen, 2017), networks (Bauer et al., 2018), materials, and policy
(Bataille et al., 2018; Nilsson et al., 2021). We summarize these dimen-
sions into five barriers shown in Table 16.1.

The Technological Approach to Twin Transition Policy
in the Processing Industry

Effective Deployment of Digital Technologies
for Decarbonization

Before developing interventions to deploy digital technologies towards
sustainable pathways, the notion of sustainable and unsustainable path-
ways needs to be clarified within the context of the processing industry.
Business-as-usual, carbon-intensive methods are currently prevalent in
the processing industry. These technologies primarily rely on the use
of fossil fuels such as natural gas, coal, and oil, leading to significant
energy use and carbon emissions. The processing industry has several
pathways to achieve decarbonization, which Bataille et al. (2018) catego-
rized into three main options: dematerialization and recycling, retaining
and modifying existing processes, and adopting radically new sustainable
technologies.

We rely on two key assumptions to categorize sustainable innovation.
First, considering the deep decarbonization goal of processing industries,
a transition pathway around incremental improvements, like demateri-
alization and recycling, that provide efficiency improvements of fossil-
based technologies, increases inertia and hinders the implementation of
more radical sustainable innovation (Janipour et al., 2020; Wesseling
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Table 16.1 Barriers to sustainable innovation in processing industries

Barrier to sustainable innovation in the

process industry

Description

Lock-in and path dependency

System integration and flexibility
challenges

Lack of demand and markets for
sustainable products

Restrictive culture of risk averseness and

safety

Vested interests and lack of governance

capacity

There is a focus on incremental
innovation due to decades of
cumulative development.
Compounding this barrier further
is the unclear pathways due to
misalignment between
low-carbon innovations and the
persistent problems related to
phase-out.

It is a challenge to integrate new
technologies because industries
are highly routinized, integrated,
and clustered, leading to high
replacement costs and potential
stranded assets.

Restrictive contracts and a lack of
demand from downstream
industries create market-related
barriers for sustainable
innovation.

There is limited opportunity of
testing and upscaling due to risk
averse culture and high safety
routines and standards in the
industry.

There is lack of institutional
capacity and governance
structures for the transition, with
a risk of uneven actor power in
directionality creation.

et al., 2017). Second, from an innovation perspective (Wesseling et al.,
2017), the option of “modifying existing processes” on many occasions
will require adopting carbon capture or alternative novel energy sources,
both of which are new technologies. Therefore, apart from dema-
terialization and recycling, decarbonization requires the development
and diffusion of several new technologies and feedstock (ex)changes,
including carbon capture, biomass, hydrogen, electrification, and indus-
trial symbiosis. These innovative solutions fall under the category of
sustainable innovation for the processing industry.
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Turning to the twin transition, it is essential to first assess how digital
technologies are currently being used within the processing industry. Our
analysis of the applications of digital technologies shows that through
prediction, traceability, automation, or optimization, these technologies
add value to almost every major application area, ranging from process
technologies to organizational functions. However, the percentage share
of technologies found in each application area reveals disproportion-
ately more innovation occurring for existing technologies rather than for
advancing sustainable innovation. This indicates that the current digital
technologies in the processing industry are significantly misaligned with
decarbonization pathways. Fig. 16.3 represents a stylized summary of the
problem.

Policy interventions to foster sustainable twin transitions must counter
the identified technology trend to help break out from fossil fuel tech-
nology pathways and support applications that enable the decarboniza-
tion transition. We identify two examples of broad policy solutions for
the technological twin transition policy approach involving sustainable
pathways (Policy Intervention Logic 1). The first involves providing
higher incentives for digital technologies that are applied to sustain-
able innovation areas. Industrial actors, including suppliers of digital
technologies, end-users (e.g., steel and chemical manufacturers), and
industry consortia projects can actively favour and procure digital inno-
vation projects which are targeted towards hydrogen, bio, or carbon
capture. The second helps complement the first through a fossil-fuel-dis-
incentivizing strategy. This means that policies can aim to disincentivize
digital technologies that are applied to fossil-based areas—or at least
withdraw policy support for such applications—as these applications
may delay the decarbonization transition. Given the high scale and
potential business gains from efficiency projects of fossil-based tech-
nology, they may typically not even require any additional policy support
to be implemented in the first place. Such an approach can allow for
more resources to be directed towards projects with expected long-term
sustainability benefits.

The intended result of these technology-specific twin transition inter-
ventions would be an altered technology trend, i.e., a shifting of the
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Current innovation pattern

high Desired pattern with strategic intervention

Digital innovation
activity and
available

technologies

Sustainable innovation

Efficiency improvements in Neutral application
application areas

incumbent fossil-based areas
application areas

Application areas for digital technologies

Fig. 16.3 The pattern of digital innovation (stylized), based on John et al.
(2022)

distribution as indicated by grey arrows and dotted new curve in
Fig. 16.3.

It is important to nuance and clarify these interventions since it
might not be directly evident whether digital projects and technolo-
gies fall into categories of “fossil-based” or “sustainable”. To illustrate,
if the digital application directly adds emissions, policymakers should
actively disincentivize it. However, some industry actors may see effi-
ciency gains for ongoing fossil-based technologies (such as improvements
to the coal-based blast furnace in iron and steelmaking), an important
“bridging” solution for the near term. Policymakers should critically
consider (or commission expert assessments of) digital technologies’
emission-reducing potential, while properly weighing in potential lock-
in effects like sunk costs. Commissioning technology assessments and
life cycle assessments, or requiring such studies as part of larger project
funding applications, would help policymakers to reveal these balancing
criteria. At the level of public policy, more interaction between the decar-
bonization and digitalization policymakers could provide the necessary
capabilities for policy instruments towards such assessments.

Finally, the current innovation pattern notably shows that the largest
share of digital technologies is typically in a grey zone, which is a
“decarbonization transition neutral” area between fossil and low-carbon
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technologies. These include site operations and management activities,
common technologies for all pathways like motor-driven systems, or
safety and compliance areas. In such projects (as well as in unavoidable
fossil-based projects), actors can focus on improving innovation system
resources that increase the performance of the DIS within the industry.
This is discussed further in other policy intervention logics of the policy
framework which address the grey area more directly.

Digital Technologies for Socio-Technical Barriers

Barriers to sustainable innovation are currently still present in the
industry. In the inventory study, no specific examples of digital tech-
nologies emerged that currently solve those barriers. However, industrial
actors have pointed to the potential of digital technologies for solving
such barriers either in an emergent process over time through the prolif-
eration of many digital technologies or through the development of a
few specific digital technologies, like digital twins, that can directly solve
some of these barriers. Further, the research shows that although digital
technologies may yield energy efficiency benefits, they do not have a posi-
tive impact (overcoming effect) on @// barriers to sustainable innovation;
rather they may create an increased risk for perpetuating certain barriers
to sustainable innovation in the processing industry:

1. Lock-in and path dependency: The focus on efficiency and scale,
along with limited emphasis on deep decarbonization, means digital
tools often support existing technologies as previously shown.
However, tools like machine learning could enhance efficiency and
reduce CO2-emissions cost-effectively therefore not adding sunk
costs.

2. System integration and flexibility challenges: Digital technologies can
provide advanced scenario testing and real-time data analysis, which
might help industries simulate operations, identify disruptions, and
balance flexibility with integration.

3. Lack of demand and markets for sustainable products: Digital tech-
nologies could facilitate data sharing and accessibility, potentially
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improving articulation of sustainable market demand, enabling indus-
tries to adjust production and innovation strategies. For example,
it may increase traceability of products’ material sources and emis-
sions, enabling associated premiums or standards for more sustainable
products.

4. Restrictive culture of risk averseness and safety: Digital technologies
for simulation and scenario analysis can help manage risks by allowing
new processes to be tested virtually before implementation. They
could also support new business models, like service-oriented strate-
gies, that improve return on investment and might reduce hesitancy
towards innovation.

5. Vested interests and lack of governance capacity: There is risk that
large actors could retain power by investing in digital innovation.
However, increased transparency from digital technologies might
democratize data and clarify vested interests, aiding inclusive gover-
nance.

The Socio-Institutional Approach to Twin Transition
Policy in the Processing Industry

Overcoming Barriers Common to both Digital
and Sustainable Innovation

The link analysis between DIS and sustainable innovation barriers helps
prioritize those barriers in the DIS that are most relevant to over-
come for the twin transition. Of the 27 systemic problems in the
DIS, 15 were excluded after the link analysis due to their specificity to
the digital context. For instance, legitimacy creation and access to key
decision-makers are challenges unique to digital innovation scaling and
organizational mismatches within the industry. Resource mobilization
for context-specific tools and the overvaluation of data are also limited
to the DIS and do not impact sustainable innovation. The remaining
12 DIS barriers are distributed over the “sustainable innovation barriers
links” as follows: Lock-in and path dependency (3), System integration
and flexibility challenges (3), Lack of demand and markets for sustainable
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products (0), Restrictive culture of risk averseness and safety (2), Vested
interests and lack of governance capacity (4). Examples of the barrier
linking analysis and its outcomes are presented in Table 16.2. The full
linking analysis, barriers, policy goals, and example solutions of Policy
Intervention Logic 3 are provided in supplementary materials.

Strategic DIS-Building for Sustainable Innovation

The link analysis between DIS system-building dynamics and sustain-
able innovation barriers helps to identify risks and opportunities towards
sustainable twin transition synergies. Like the previous barrier link anal-
ysis, of the 31 system-building dynamics 8 were excluded which related
to innovation resources highly specific to the DIS. The remaining 23
dynamics had various nuanced risks and opportunities associated with
sustainable innovation. Due to the dual-directional nature of the link,
there are many examples of more than one sustainable innovation barrier
being affected by a single DIS dynamic. The distribution is as follows:
Lock-in and path dependency (9), System integration and flexibility
challenges (5), Lack of demand and markets for sustainable products
(2), Restrictive culture of risk averseness and safety (8), Vested interests
and lack of governance capacity (6). Examples of the system-building
dynamics linking analysis and outcomes are presented in Table 16.3. The
full results with subsequent policy goals and example solutions of Policy
Intervention Logic 4 are provided in the supplementary materials.

Concluding Remarks

Reflections on the Technological
and Socio-Institutional Approach

In answer to our question “How can specific policy goals, interven-
tion logics and policy instruments be formulated towards sustainable
twin transitions in the processing industry?”, we found that twin tran-
sition policy goals require nuance. On the one hand, our technological
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approach illustrated that digital innovation can directly impact emission
or energy reduction negatively (e.g., new oil field exploration), neutrally
(improved HR systems), and positively (improved energy management
analytics). Short-term twin transitions policy goals would demand posi-
tive direct impacts. However, our socio-institutional approach showed
that digital tools with positive direct impacts may reinforce barriers to
the sustainable innovations necessary for deep decarbonization on the
long term. Vice versa, digital tools with negative short-term sustainable
impacts may help overcome barriers to long-term deep decarbonization.
Our findings enable distinguishing between short-term and long-term
twin transition policy goals, see Table 16.4, with win-win solutions like
digital twinning,.

The above policy goals can be achieved via different, complemen-
tary intervention logics (i.e., dynamics by which policy interventions in
complex systems may achieve twin transition goals) including:

1. Reorienting digital technologies towards sustainable pathways

2. Deploying digital technologies to overcome barriers to sustainable
innovation

3. Overcoming barriers common to both digital and sustainable innova-
tion

4. Creating directionality within DIS to navigate risks and opportunities
in sustainable innovation

Intervention Logics 2, 3, and 4 require awareness of a) barriers to the
innovation systems of sustainable innovation and b) technical potential
of digital tools (#2) or DIS barriers (#3 and #4) and subsequently lever-
aging these with appropriate policy instruments. For instance, following
Intervention Logic 4, we identified leverage points for creating sustain-
ability spillovers for digital innovation application areas with no/neutral
direct sustainability impacts. Examples include the emergence of new
business models spinning off from existing digital activities, where
internal tools are repurposed into marketable services with sustain-
ability potential. Another example is leveraging consortia matchmaking
intermediaries, who can strategically expand networks and support the
inclusion of actors focused on sustainable innovation. These leverage
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points help direct policy attention towards shaping more favourable
system conditions for sustainability alignment.

The complementary benefit of Intervention Logic 2 vis-a-vis the
others is illustrated with the following example. We found little overlap
between the barrier to sustainable innovation “Lack of demand and
markets for sustainable products” and identified DIS dynamics (zero
barrier links and two system-building links). This is not surprising as the
barrier has little to do with socio-institutional aspects within the DIS;
however, the technological approach shows that digital technologies can
be technically leveraged to overcome this barrier. While such technology-
driven solutions to social challenges are often part of the positivist
narrative of digitalization, it is essential to contextualize which barriers
are worth addressing using such solutions to avoid adverse effects.

Limitations and Further Research

We identify some points of limitation and future research. First, our
twin transition policy framework focused on assessing digital and sustain-
able innovation dynamics and leveraging theory to derive subsequent
policy intervention logics. However, the intervention logics may not be
exhaustive and additional logics should be explored. We mainly focused
on implications of digital innovation for sustainability, arguing for the
need to nest digital policy within transition policy. However, additional
synergies can be gained by identifying “sustainable innovation system”-
building dynamics that could synergize with DIS. Generalizability of our
exploratory findings also require further testing.

Second, this chapter’s contribution lies in identifying the interven-
tion logics but the underlying examples of policy instruments require
more attention. Co-design with policymakers and industry stakeholders
can yield more feasible and effective instruments. Our policy frame-
work can provide a basis for designing data collection workshops and
communicating the complex interactions involved in twin transitions.

Finally, we focused on a hard-to-abate sector with substantial misalign-
ment in the current twin transition. When applied to more aligned
sectoral contexts, the technological approach may not reveal too many
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actionable leverage points. However, the socio-institutional approach is
still valid as barrier prioritization and system-building dynamics will
remain important leveraging points for policy.

Supplementary Material Refer to the files “SuppTablel_Barrier-link-
analysis.xlsx” and “SuppTable2_System-building-link-analysis.xlsx”.
The two supplementary tables provide the full linking analysis,
describing the digital innovation system’s barriers and system-building
dynamics and the reasoning for including or excluding each of them on
the basis of their link to the barriers to sustainable innovation. Subse-
quently, corresponding DIS policy goals and example policy solutions

are highlighted.
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