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Abstract  
The global maritime shipping sector faces intensifying pressure to decarbonise under evolving 

regulatory frameworks, yet many of the technologies proposed as solutions remain in early 

commercial or demonstration phases with unverified long-term performance. This study examines 

how the adoption of wind-assisted propulsion systems (WAPS) is framed and justified by shipping 

companies operating under conditions of technological, regulatory and institutional uncertainty. 

Rather than evaluating the technical performance of wind propulsion technologies, the study focuses 

on how adoption decisions are interpreted, narrated and rendered legitimate within contemporary 

climate governance contexts.  

The study draws on a qualitative and interpretive research design combining document analysis of 

corporate reports, sustainability disclosures, supplier documentation and industry media with semi-

structured interviews with six participants across shipping companies, technology developers and 

independent research institutes. Four shipping companies Maersk, Terntank, Wallenius Wilhelmsen 

and Wisby Tankers are analysed as empirical cases alongside supplier documentation from 

Bound4blue, Econowind and Oceanbird. The theoretical framework integrates perspectives on 

innovation and technology adoption, innovation under uncertainty and organisational legitimacy and 

institutional theory.  

The findings show that WAPS adoption is not a straightforward response to technical performance 

evidence but a socially embedded process through which organisations construct opportunity, manage 

uncertainty and engage in legitimacy work. Expected benefits are constructed through simplified 

performance narratives that translate conditional outcomes into credible institutional claims. 

Uncertainty is managed through pilot projects, staged commitments and selective disclosure. Pioneer 

organisations construct legitimacy through bold action ahead of regulatory requirements, while 

smaller operators delegate legitimacy through commercial partnerships. Academic publication is 

identified as a parallel legitimacy mechanism reaching audiences with different validation standards 

from those governing sustainability reporting.  

The study contributes to research on environmental technology adoption and organisational 

legitimacy by reframing adoption as an institutionally embedded framing process shaped by 

legitimacy pressures and strategic narration under deep uncertainty.  
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Populärvetenskaplig sammanfattning  

Den globala sjöfartssektorn står inför ett ökande tryck att minska sina växthusgasutsläpp i linje med 

europeiska och internationella klimatmål. I detta sammanhang har vindassisterade  

framdrivningssystem såsom rotorsegel, sugvingar och rigida vingsegel lyfts fram som en möjlig väg 

mot minskad bränsleförbrukning och lägre utsläpp. Många av dessa tekniker befinner sig dock 

fortfarande i tidiga kommersiella faser utan bekräftad långsiktig prestanda. Trots detta offentliggör 

rederier i ökande utsträckning pilotprojekt och strategiska åtaganden kopplade till vindassisterad 

framdrivning.  

Denna studie undersöker hur sådana beslut formuleras och motiveras offentligt under förhållanden 

präglade av teknisk, regulatorisk och institutionell osäkerhet. Fyra rederier Maersk, Terntank, 

Wallenius Wilhelmsen och Wisby Tankers analyseras som empiriska fall genom dokumentanalys och 

semistrukturerade intervjuer med sex deltagare från rederier, teknikleverantörer och oberoende 

forskningsinstitut.  

Resultaten visar att antagandet av vindassisterad framdrivning inte kan förstås som ett rationellt svar 

på objektiva tekniska prestationsdata. Istället är det en socialt inbäddad process där organisationer 

aktivt konstruerar trovärdighet och bedriver legitimeringsarbete gentemot investerare, regulatorer och 

branschkollegor. Förväntade fördelar kommuniceras genom förenklade prestandapåståenden som 

döljer underliggande osäkerhet. Osäkerhet hanteras genom pilotprojekt och etappvisa åtaganden 

snarare än att elimineras via bättre data. Pionjärorganisationer agerar i förväg av regulatoriska krav, 

medan mindre aktörer konstruerar legitimitet via kommersiella partnerskap. Akademiska 

publikationer identifieras som en parallell legitimeringsmekanism som når målgrupper med andra 

valideringsstandarder än de som styr hållbarhetsrapportering.  

Studien visar att beslut om ny miljöteknik i sjöfarten formas lika mycket av behovet att framstå som 

trovärdiga gentemot omvärlden som av tekniska och ekonomiska överväganden, särskilt när 

långsiktiga resultat ännu inte kan verifieras.   
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Glossary  

Maritime Technical Terms  
      

● Boundary layer control — Technique for manipulating airflow close to a surface to improve 

aerodynamic performance, used in suction sail technology.  

● Classification society — Independent organisation (e.g. Lloyd’s Register, DNV) that certifies 

vessel safety, structural integrity and regulatory compliance.  

● Flag state — The state whose flag a vessel sails under and whose regulations the vessel must 

comply with.  

● Flettner rotor — Rotating cylinder that uses the Magnus effect to generate propulsive force 

from wind.  

● Hull geometry — The shape and form of a vessel’s hull, which affects both hydrodynamic 

resistance and the aerodynamic performance of deck-mounted sails.  

● MR tanker — Medium Range tanker, product tanker of approximately 25,000–55,000 

deadweight tonnes.  

● Oceanbird Wing 560 — Wallenius Marine’s wing sail technology designed for large cargo 

vessels.  

● Pwind — The calculated contribution of wind power to a vessel’s propulsion, expressed in 

kilowatts.  

● RoRo vessel — Roll-on/roll-off vessel where cargo is driven aboard via ramps rather than 

lifted by crane.  

● Suction sail (eSAIL) — Aerodynamic wing profile with active boundary layer control that 

increases lift force beyond conventional sails.  

● VentoFoil — Econowind’s wind-assisted propulsion technology.  

● Wind reward factor — Regulatory incentive under FuelEU Maritime that credits wind 

propulsion contributions toward a vessel’s greenhouse gas intensity compliance.  

● Wingsail — Rigid wing-like structure that generates propulsive force through aerodynamic 

lift.  

  

Abbreviations  

   

Abbreviation  Meaning  
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WAPS  Wind-Assisted Propulsion Systems  

EU ETS  EU Emissions Trading System — carbon pricing mechanism requiring shipping 

companies to purchase emission allowances  

FuelEU Maritime  EU Regulation (2023/1805) imposing binding limits on the greenhouse gas intensity 

of energy used onboard vessels calling at EU ports  

IMO  International Maritime Organization — the United Nations agency responsible for 

regulating international shipping  

CII  Carbon Intensity Indicator — measure of a vessel’s carbon dioxide emissions per unit 

of transport work  

EEXI  Energy Efficiency Existing Ship Index — mandatory energy efficiency standard for 

existing vessels  

EEDI  Energy Efficiency Design Index — mandatory energy efficiency requirement for 

newbuild vessels  

EEOI  Energy Efficiency Operational Indicator — operational measure of energy efficiency 

based on actual cargo carried and distance sailed  

AER  
Annual Efficiency Ratio — annual carbon intensity measure based on vessel 

deadweight tonnage and distance sailed  

ESG  Environmental, Social and Governance — framework for evaluating corporate 

sustainability performance  

CSRD  Corporate Sustainability Reporting Directive — EU directive requiring standardised 

sustainability disclosure  

ESRS  European Sustainability Reporting Standards — reporting standards under the CSRD  

SBTi  Science Based Targets initiative — framework for setting corporate emissions 

reduction targets aligned with climate science  

CFD  Computational Fluid Dynamics — computer-based simulation of fluid flow used to 

model aerodynamic and hydrodynamic performance  

IPCC  Intergovernmental Panel on Climate Change — the United Nations body for assessing 

climate science  

RCP  Representative Concentration Pathway — greenhouse gas concentration trajectory 

used in climate modelling  

CMIP6  Coupled Model Intercomparison Project Phase 6 — international climate modelling 

comparison framework  

LDC  Louis Dreyfus Company — global commodity trader and charterer of MV Atlantic  
Orchard  

RPM  Revolutions Per Minute — engine speed indicator used to measure propulsion load  
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1. Introduction  

1.1 Background  

The global maritime shipping sector is facing intensifying pressure to reduce greenhouse gas 

emissions in line with international and regional climate targets (UNCTAD, 2023). International 

shipping accounts for approximately three percent of global carbon dioxide emissions and remains 

heavily dependent on fossil fuels, while the sector is simultaneously characterised by long asset 

lifecycles of 25 to 30 years, capital-intensive vessels and relatively slow fleet renewal rates 

(UNCTAD, 2023). These structural features make fast technological transformation particularly 

challenging, investment decisions taken today will shape emissions trajectories, fuel cost structures 

and competitive positioning well into the 2050s.  

What makes the current decarbonisation transition analytically significant is not simply the scale of 

regulatory pressure but its structural and self-reinforcing character. Unlike previous environmental 

policy waves in shipping that addressed relatively contained technical problems such as sulphur and 

nitrogen emissions, the current transition challenges the fundamental operating logic of an industry 

built around fossil fuels. The regulatory frameworks now in force are designed as ratchets that tighten 

progressively over time. From 2024 onwards, maritime emissions were included in the EU Emissions 

Trading System, translating carbon dioxide emissions into direct financial costs for shipping 

companies (European Commission, 2024). The FuelEU Maritime regulation, entering into force in 

2025, imposes binding and progressively tightening limits on the greenhouse gas intensity of energy 

used onboard vessels calling at EU ports (European Parliament and Council, 2023). At the same time, 

cargo owners and industrial customers face their own sustainability pressure from investors and 

regulators, creating market-side demand for cleaner shipping that reinforces the regulatory driver 

from below. There is no realistic political pathway back to an unregulated emissions environment for 

European shipping. In this context, decisions about which propulsion technologies to adopt are not 

incremental efficiency choices but long-term strategic positioning decisions about what kind of 

shipping company an organisation intends to be across a multi-decade time horizon.  

These structural forces are compounded by broader geopolitical instability that has made fossil fuel 

dependency an increasingly acute commercial and strategic vulnerability. Conflicts affecting key 

energy-producing regions, disruptions to critical maritime chokepoints including the Red Sea, Black 

Sea and Panama Canal, and the structural volatility of global fossil fuel markets have made 

conventional marine fuel costs more unpredictable than at any recent period (UNCTAD, 2025).  
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Technologies that draw on renewable and freely available resources such as wind therefore carry a 

strategic resilience argument that extends beyond regulatory compliance and in return reduce 

exposure to fossil fuel price shocks, supply disruptions and geopolitical risks that no individual 

company can control.  

In this context, wind-assisted propulsion systems have re-emerged as a potential decarbonisation 

pathway. Technologies such as rotor sails, suction wings and rigid wing sails are presented as 

auxiliary propulsion solutions capable of reducing fuel consumption and associated emissions without 

requiring immediate full fuel-switch strategies (Gaul and Rutkowski, 2025). Unlike alternative fuel 

pathways, wind propulsion draws on a resource that is free, inexhaustible and immune to supply 

disruption, making it attractive during a transition period when alternative fuel infrastructure remains 

immature. WAPS can often be implemented progressively through retrofitting existing vessels, 

making them particularly relevant given slow fleet renewal rates and high replacement costs (IMO, 

2020).  

Yet adoption is neither simple nor costless. Many WAPS technologies remain in early commercial or 

demonstration phases, long-term operational evidence is limited, and realised performance varies 

considerably depending on route characteristics, wind conditions and operational practices (Thies and 

Ringsberg, 2025). The adoption process involves significant thresholds like technical approval from 

classification societies and flag states, crew training requirements, hull design constraints, the 

permanent installation of structural foundations, and the coordination of commercial relationships 

between shipowners, charterers and technology providers. These are not trivial barriers. Adoption 

decisions are made in environments where technological outcomes cannot be fully predicted, where 

regulatory trajectories continue to evolve, and where the commercial rationale combines 

environmental compliance with long-term strategic positioning in ways that are difficult to separate 

and quantify in advance.  

Despite these uncertainties, shipping companies are increasingly announcing pilot projects, fleet-scale 

deployments and strategic partnerships related to wind-assisted propulsion. Such initiatives are 

publicly framed as contributions to climate goals, evidence of regulatory compliance and 

demonstrations of innovation leadership (Hahn et al., 2015; Colleoni, 2013). But they are also 

responses to the structural market transformation described above, like early positioning decisions in 

a transition that companies understand as permanent and accelerating. Understanding how 

organisations frame, justify and render legitimate their adoption decisions within this transformation 

and how they communicate these decisions to multiple audiences under conditions of persistent and 

multi-dimensional uncertainty is the central concern of this study.  
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1.2 Previous Research  

Against this backdrop of structural market transformation, where asset lifecycle logic, regulatory 

lock-in and rising fossil fuel exposure are reshaping long-term investment decisions across the 

shipping industry. Research on wind-assisted propulsion in shipping has grown significantly over the 

past decade, from technical, economic, transitional and governance perspectives. Each strand 

contributes important knowledge while leaving a significant dimension of the adoption process 

unexamined.  

The first strand is technical. Studies have shown that systems such as rotor sails and suction wings can 

reduce fuel consumption under favourable conditions (Chou et al., 2021). However, more recent 

research comparing computer simulations with actual sea trial results finds notable differences 

between predicted and measured performance, even when sophisticated tools are used (Thies and 

Ringsberg, 2025). Kolodziejski and Sosnowski (2025) confirm that while WAPS shows real potential, 

how well it performs depends heavily on vessel type, route and operating conditions. This body of 

work has established that the technology is feasible but has also shown that simplified performance 

figures are often difficult to defend when tested against real-world data.  

The second strand examines economic feasibility and how the technology spreads. Chica,  

Rivas-Hermann and Lin (2023) use simulation modelling to show that adoption decisions are strongly 

shaped by fuel prices and regulatory incentives, and that additional policy support may be needed to 

move beyond early adopters. Reche-Vilanova et al. (2025) show through a tanker retrofit case study 

that the business case for WAPS exists but depends on route conditions, fuel price assumptions and 

regulatory stability. Gaul and Rutkowski (2025) document that the market expanded from niche 

applications toward broader commercial use by 2025, while noting the need for more follow-up 

research on how installations actually perform. What this strand does not address is how companies 

make and communicate adoption decisions when the economic case cannot yet be reliably calculated.  

The third strand places WAPS within wider processes of societal and industrial transition. 

Stalmokaitė, Larsson Segerlind and Yliskylä-Peuralahti (2023) compare how incumbent firms and 

newcomers have driven innovation in wind-powered shipping, finding that uncertainty and legitimacy 

are key factors in early adoption phases. Geels (2002) and Köhler et al. (2019) offer a framework for 

understanding WAPS as a niche innovation competing with an established fossil-fuel-dependent 

maritime system. De Beukelaer (2022) examines whether wind propulsion represents a modest 

improvement within the current system or a more fundamental shift toward sustainable transport. 

While this strand gives useful insight into large-scale transition dynamics, it focuses less on how 

individual companies communicate and justify their adoption decisions to specific audiences.  
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The fourth strand addresses regulatory frameworks and climate governance. Research on international 

climate policy highlights the political difficulties of reaching binding global agreements and the 

fragmented nature of climate governance (Bang, Hovi and Skodvin, 2017; Falkner, 2016). Within 

shipping, instruments such as EU ETS and FuelEU Maritime are analysed as tools for pushing the 

industry toward lower-emission technologies (European Commission, 2024). Mason et al. (2023) 

quantify the potential emissions savings from route optimisation using wind propulsion. This strand 

explains how regulatory frameworks are designed and what they aim to achieve, but not how 

companies actively use these frameworks as resources for building credibility with stakeholders.  

1.3 Problematisation  

A common assumption runs through all four strands: that technology adoption is a rational process in 

which companies weigh up available evidence and make decisions based on knowable costs and 

benefits (Popp et al., 2010; Dearing and Cox, 2018). Where uncertainty appears in the literature, it is 

typically treated as a temporary problem, something that will be resolved as more data becomes 

available and models improve.  

This assumption is worth questioning. In practice, the adoption decisions described in this literature 

are being made right now, under conditions where long-term performance data is limited, where 

regulations are still evolving, and where the full financial consequences of decisions made today will 

unfold over a 25 to 30 year vessel lifetime. Companies are committing to fleet-scale WAPS 

deployments and public sustainability targets before the evidence base is complete. At the same time, 

they must convince investors, customers, regulators and industry peers all of whom face the same 

incomplete information, that these decisions are reasonable and responsible.  

Existing research cannot fully explain how this works. The technical and economic strands explain 

why adoption might make sense but not how companies justify commitment before the evidence is in. 

The transition strand explains WAPS within the broader energy system but not how individual 

companies manage their communication and institutional relationships. The governance strand 

explains how regulation is designed to promote adoption but not how companies use regulatory 

alignment to build credibility beyond pure compliance.  

Three specific gaps are most relevant to this study. First, no study has closely examined how shipping 

companies construct and present WAPS benefits to different audiences and how performance claims 

are selected, shaped and communicated when the evidence is still incomplete. Second, no study has 

examined how companies manage the gap between what they know internally about uncertainty and 

what they say publicly, how they sustain credible adoption narratives while real uncertainties remain 

unresolved. Third, no study has examined the full range of strategies through which adoption is made 
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credible, including academic publication as a way of building technical authority and commercial 

partnership as a way for smaller companies to borrow legitimacy from larger ones.  

Corporate sustainability communication serves not merely as information disclosure but as active 

legitimacy work (Suchman, 1995). When organisations publicly commit to emission-reduction 

technologies under conditions where long-term performance remains unverified, the communication 

itself becomes a mechanism for constructing, maintaining and reinforcing the perception that adoption 

decisions are desirable, proper and appropriate (Suchman, 1995; Deephouse et al., 2017). This is 

particularly consequential under deep uncertainty, where the gap between what organisations can 

empirically demonstrate and what they must institutionally claim creates a structural dependence on 

communicative legitimacy construction. Colleoni (2013) demonstrates that CSR communication 

strategies function as legitimacy-seeking behaviour directed at specific audiences, while Ellram et al. 

(2022) extend this to scope 3 emissions contexts where supply-chain actors must construct credibility 

for environmental claims they cannot independently verify. 

This study challenges the assumption that adoption follows naturally from rational evaluation. 

Instead, it treats adoption as an interpretive and socially embedded process, one in which companies 

actively construct credibility, manage uncertainty and build legitimacy within evolving institutional 

environments. This perspective opens a line of inquiry that the existing literature has not yet pursued, 

and it is particularly relevant at a time when adoption decisions are long-term strategic commitments 

made under conditions of genuine and persistent uncertainty.  

1.4 Aim and Contribution  

The aim of this study is to examine how shipping companies frame and justify the adoption of wind-

assisted propulsion systems (WAPS) under conditions of technological, regulatory and institutional 

uncertainty. Rather than assessing the technical performance or economic feasibility of these systems, 

the study focuses on how adoption decisions are communicated and made credible within current 

climate governance contexts.  

The study aims to make three contributions.  

First, it offers an empirical contribution by documenting how four shipping companies Maersk, 

Terntank, Wallenius Wilhelmsen and Wisby Tankers construct and communicate WAPS adoption 

across different organisational contexts, ownership structures and adoption logics. Drawing on 

corporate reports, sustainability disclosures, supplier documentation and six semi-structured 

interviews with industry practitioners and academic experts, the study examines how expected 

benefits are calibrated and presented, how uncertainty is managed and selectively disclosed and how 
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adoption is made credible to investors, regulators, customers and industry peers. The study also aims 

to identify legitimacy mechanisms that have received limited attention in existing research on 

maritime decarbonisation, including academic publication as a potential source of technical credibility 

directed at audiences that corporate sustainability communication cannot easily reach, and legitimacy 

delegation as a strategy through which smaller operators may construct credibility through 

commercial partnership rather than independent communication investment.  

Second, the study aims to contribute to understanding how adoption decisions are made and 

communicated in capital-intensive sectors undergoing structural market transformation. Shipping 

companies face asset lifecycles of 25 to 30 years, significant adoption thresholds including regulatory 

approval processes and irreversible structural commitments, and a regulatory environment designed to 

tighten progressively rather than stabilise. Under these conditions, adoption decisions are not 

straightforward efficiency investments, but long-term strategic bets made under genuine and 

persistent uncertainty. By examining how organisations act before outcomes are certain and 

communicate before verification is complete, the study seeks to provide insight into how 

environmental innovation becomes institutionalised in sectors where uncertainty is a structural feature 

rather than a temporary obstacle.  

Third, the study aims to make a theoretical contribution by applying and extending organisational 

legitimacy theory in the empirical context of maritime decarbonisation and environmental technology 

adoption under deep uncertainty. Where previous research on WAPS has focused primarily on 

technical performance and economic feasibility, this study approaches adoption as an institutionally 

embedded process in which legitimacy may function not as a byproduct of successful adoption but as 

a precondition for it. Through this lens, the study seeks to examine how pragmatic, moral and 

cognitive legitimacy are deployed in combination and sequence depending on audience and 

commercial relationship stage, and whether institutional credibility cascades through commercial 

relationships from larger pioneers to smaller followers. The study also explores whether the relative 

weight of coercive, mimetic and normative isomorphic pressures shifts systematically across adoption 

phases as the technology matures and the regulatory environment tightens, a temporal dimension that 

existing frameworks describe but have not yet fully examined in conditions of deep uncertainty and 

irreversible commitment.  

1.5 Purpose and Research Question  

The purpose of this study is to examine how the adoption of wind-assisted propulsion systems 

(WAPS) is framed and justified by shipping companies operating under conditions of technological, 

regulatory and institutional uncertainty. This framing and justification work occurs within a context of 
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structural and permanent market transformation, where regulatory ratchets tighten progressively, asset 

lifecycles extend investment consequences across decades, and the direction of the transition is clear 

even if its precise trajectory remains uncertain. The study seeks to understand how environmental 

technology adoption is made strategically meaningful and legitimate within this context, in an 

industry where the ability to construct credibility under uncertainty is a precondition for strategic 

positioning rather than a secondary communication concern. Rather than evaluating the technical 

performance of wind-assisted propulsion systems, the study focuses on how expected benefits, risks 

and uncertainties are communicated and positioned in organisational discourse. In doing so, the 

research explores how adoption narratives are constructed in response to regulatory pressures, climate 

policy developments and broader sustainability expectations.  

The study addresses the following research question:  

How is the adoption of wind-assisted propulsion systems (WAPS) framed and justified by shipping 

companies under technological, regulatory and institutional uncertainty?  

Sub-questions:  

1. How are the expected benefits of WAPS constructed and presented in corporate 

communication?  

   

2. How are risks and uncertainties framed in the adoption process?  

   

3. How does the framing of WAPS adoption align with institutional expectations and contribute 

to organisational legitimacy?  

The operationalisation of these sub-questions through the theoretical framework is presented in Table 

2 at the end of chapter two.  
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2. Theoretical Framework  

This study examines how shipping companies frame and justify the adoption of wind-assisted 

propulsion systems under technological, regulatory and institutional uncertainty. Rather than treating 

adoption as a purely technical or economic decision, the study approaches it as an organisational and 

institutional process shaped by uncertainty, interpretation and the need to construct credibility with 

multiple audiences simultaneously. The theoretical framework draws on three bodies of literature: 

innovation and technology adoption theory, innovation under uncertainty, and organisational 

legitimacy and institutional theory. Together these perspectives provide the analytical tools needed to 

examine how adoption is framed, how uncertainty is managed and how adoption decisions are made 

legitimate within contemporary climate governance contexts.  

2.1 Innovation and Technology Adoption  

Innovation is broadly understood as the introduction of new combinations of resources that disrupt 

established practices and create new economic possibilities (Schumpeter, 1947; Köhler et al. 2019). 

However, the existence of a new technology does not by itself lead to adoption. Rogers (2003) shows 

that innovations spread through social systems based not on what they objectively deliver but on how 

they are perceived by potential adopters. His diffusion of innovations framework identifies five 

attributes that shape adoption decisions: relative advantage over existing alternatives, compatibility 

with current practices, complexity of implementation, the ability to trial the technology on a limited 

basis, and the observability of results. Technologies that are seen as clearly better, easy to test and 

visible in their outcomes spread more readily than those that are not (Rogers, 2003). Applied to 

WAPS, this framework explains why companies invest in constructing performance claims and 

demonstrating compatibility with fleet (Rogers, 2003).  

Rogers' framework was, however, developed for individual adoption behaviour and has been critiqued 

when applied to organisations (Lundblad, 2003). Lundblad identifies that Rogers' communication 

channels, interaction variables and decision-making processes are far better specified for individual 

adopters than for organisations, where adoption involves collective deliberation, authority structures 

and multi-level coordination that individual diffusion models do not capture. Within organisations, 

adoption decisions may be optional, collective, authority-based or contingent on prior decisions, a 

complexity Rogers' individual model does not fully address (Lundblad, 2003). For WAPS, this means 

satisfying operations, finance, technical and sustainability departments internally while 

simultaneously coordinating with classification societies, flag states, charterers and financial 

institutions externally (Gaul and Rutkowski, 2025; Thies and Ringsberg, 2025). The adoption decision 
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is not whether an individual perceives sufficient relative advantage, but whether an organisation can 

collectively construct a business case that satisfies diverse stakeholder requirements under conditions 

of uncertainty (Lundblad, 2003).  

Standard diffusion theory also assumes relatively smooth adoption curves and does not fully account 

for the significant barriers that exist in capital-intensive, heavily regulated industries like shipping 

(Bergman, 2017). WAPS adoption involves structural thresholds that go well beyond the standard 

perceived-advantage calculation. These include classification society approval, flag state regulatory 

requirements, EX classification requirements for tanker operations, permanent hull modifications that 

cannot easily be reversed, and the crew training and operational changes required to realise the 

technology's potential (Gaul and Rutkowski, 2025; Thies and Ringsberg, 2025). The technology is not 

neutral, it interacts with vessel design, crew behaviour, route planning and commercial relationships 

in ways that make both its performance and its adoption inherently context-dependent and risky ( 

Thies and Ringsberg, 2025).  

Research on capital-intensive agricultural technology adoption illustrates how threshold dynamics 

disrupt standard diffusion sequences. Bergman (2017) argues that threshold models better explain 

adoption of capital-intensive technologies than epidemic models, beyond information about an 

innovation, actors must possess the specific resources, risk tolerance and capacity to make adoption 

profitable. Bergman and Rabinowicz (2013) provide empirical evidence of this in their survey of 

automatic milking system adoption among Swedish dairy farmers, finding that irreversible 

investments in barn reconstruction and herd management restructuring created explicit adoption 

thresholds: 82 per cent of non-adopters cited excessive cost as the primary barrier and 74 per cent 

noted the necessity of complementary infrastructural changes (Bergman and Rabinowicz, 2013). 

Crucially, those who adopted did so on beliefs about future profitability rather than demonstrated 

returns, only 18 per cent reported increased profitability post-installation, yet 92 per cent would 

recommend adoption to peers (Bergman and Rabinowicz, 2013). Adoption thus involved multi-

dimensional value propositions extending well beyond financial performance, confirming that for 

capital-intensive technologies commitment must precede verification, fundamentally shifting the 

challenge from demonstrating outcomes to constructing credible expectations (Bergman and 

Rabinowicz, 2013). For WAPS adoption, this pattern has direct implications, organisations that 

construct adoption credibility through regulatory alignment, environmental leadership and peer 

signalling are not supplementing a financial case with communication strategy, they are constructing 

the primary adoption logic in conditions where financial verification is structurally unavailable at the 

point of commitment.  

Wejnert (2002) extends diffusion theory by arguing that adoption is shaped not only by the 

characteristics of the innovation itself but by three contextual dimensions: the nature of the 
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innovation, the characteristics of the adopter including size, ownership structure and strategic 

orientation, and the broader environment including regulatory frameworks, market conditions and 

competitive dynamics (Wejnert, 2002). This contextual approach is important for understanding why 

companies with very different profiles, from Wallenius Wilhelmsen’s decade-long pioneer 

commitment to Wisby Tankers’ charterer-driven installation, engage with the same technology 

through radically different strategic logics (Wejnert, 2002).  

Pashkevich et al. (2026) further demonstrate that the adoption of clean energy technologies cannot be 

understood through technological characteristics alone. Drawing on an analysis of energy technology 

adoption in the Stockholm archipelago, they show that technological, industrial, institutional, social 

and spatial factors together determine whether adoption occurs and how it is justified (Pashkevich et 

al., 2026). Applied to maritime shipping, this means that understanding WAPS adoption requires 

examining not only what the technology offers but how specific industrial context like long asset 

lifecycles, capital intensity, crew dependency, regulatory complexity and commercial charter 

structures may shape which actors adopt, when they adopt and what thresholds they must navigate.  

2.2 Innovation Under Uncertainty  

Environmental technologies like WAPS are frequently developed and adopted under conditions of 

incomplete knowledge, model-based performance projections and limited long-term operational data 

(Gaul and Rutkowski, 2025; Thies and Ringsberg, 2025). Walker et al. (2013) draw an important 

distinction between risk, where probability distributions are known, and deep uncertainty, where 

actors cannot confidently predict future outcomes or even agree on the range of possibilities. Stirling 

(2010) extends this by noting that uncertainty also includes ambiguity, where different actors 

legitimately interpret the same information in different ways, and ignorance, where the boundaries of 

what is unknown cannot themselves be fully known (Stirling, 2010). In the WAPS context this means 

that performance projections, regulatory trajectories and commercial returns are all genuinely 

uncertain in ways that cannot be resolved simply by gathering more data.  

Rogers (2003) identifies a further dimension relevant here. Technology embodies what he terms 

software information, knowledge of what an innovation is and how it functions, to reduce uncertainty 

about cause-effect relationships (Rogers, 2003). But adoption simultaneously creates innovation-

evaluation uncertainty: knowledge of what outcomes will be in the adopter's specific operational 

context, which cannot be resolved without experience (Rogers, 2003). For WAPS, the aerodynamic 

and hydrodynamic principles are well established through computational fluid dynamics, wind tunnel 

testing and sea trials (Blackert et al., 2025; Gaul and Rutkowski, 2025). Yet actual fuel savings 

depend on vessel-specific hull forms, route characteristics, weather patterns and crew practices in 
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ways that cannot be fully specified before adoption (Thies and Ringsberg, 2025; Gaul and Rutkowski, 

2025). Organisations cannot reduce this evaluation uncertainty through small-scale experimentation 

because low trialability forecloses that option, they must proceed based on software information while 

acknowledging that outcomes will only be verified retrospectively (Rogers, 2003).  

Under these conditions, Sarasvathy (2001) argues that decision-making often follows an effectuation 

logic rather than a causal planning logic. Rather than starting from a defined goal and working 

backwards to identify the resources needed, organisations start from what they have and move 

forward through gradual commitment, partnership and risk-sharing (Sarasvathy, 2001). The principle 

of affordable loss, which means committing only what can be tolerated if the outcome disappoints, 

becomes important when future returns cannot be reliably calculated (Sarasvathy, 2001). A systematic 

review of 680 effectuation articles confirms that effectuation is most appropriate precisely under 

conditions of pure uncertainty where causal prediction is infeasible, with effectual reasoning 

consistently outperforming causal planning as a decision logic the deeper the uncertainty becomes 

(Salajegheh et al., 2025). Ghorbel et al. (2021) further show that effectuation is the logic most 

naturally aligned with innovation processes, where iterative action under uncertainty replaces 

comprehensive planning before action (Ghorbel et al., 2021). Applied to WAPS adoption, this 

explains why companies use pilot projects, staged fleet implementation and technology partnerships 

rather than committing fully before evidence is available (Sarasvathy, 2001). Uncertainty is not 

eliminated but bounded through experimentation and incremental learning (Bergman, 2017). Frei-

Landau et al. (2022) provide empirical support for this pattern, finding that COVID-19 forced 

educators to adopt mobile learning technologies on available means under temporal urgency rather 

than waiting for comparative evidence, this acts as a direct dynamic parallel to the regulatory urgency 

created by EU ETS and FuelEU Maritime, which forecloses the option to wait for complete 

performance evidence before acting (Frei-Landau et al., 2022). Importantly, effectuation and 

causation are not mutually exclusive, organisations may employ both logics simultaneously, using 

causal reasoning where prediction is feasible, such as calculating EU ETS cost exposure, while 

employing effectual reasoning where outcomes remain fundamentally uncertain, such as how 

operational learning will develop or how competing decarbonisation technologies will evolve 

(Sarasvathy, 2008; Walker et al., 2013).  

2.2.1 Distinguishing Types of Uncertainty  

Since uncertainty is a central concept in this study, it is important to distinguish between the different 

forms shipping companies face when considering WAPS adoption. Drawing on Walker et al.’s (2013) 

typology, four types of uncertainty are relevant here.  
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Technological uncertainty concerns whether WAPS technologies will perform as projected under real 

operating conditions, including variability in wind availability, route characteristics, crew behaviour 

and the correspondence between modelled and actual fuel savings. This uncertainty is inherent to 

emerging technologies with limited operational histories whose performance depends on complex 

interactions between technical systems and operational practices (Gaul and Rutkowski, 2025; Thies 

and Ringsberg, 2025). Performance estimates generated through computational fluid dynamics and 

wind tunnel testing represent software information in Rogers' (2003) sense, they establish that the 

technology can work but cannot resolve innovation-evaluation uncertainty about how it will perform 

in a specific vessel's operational context (Rogers, 2003).  

Regulatory uncertainty concerns whether the policy frameworks that currently support WAPS 

adoption like EU ETS, FuelEU Maritime and IMO carbon intensity requirements will remain stable or 

continue to tighten, and how broader political dynamics affect the durability of climate governance 

commitments. Alonso-Travesset et al. (2023) identify regulatory uncertainty as one of the most 

influential but systematically underestimated dimensions in renewable energy investment decisions, 

noting that organisations typically focus on price or technical risk while treating regulatory 

trajectories as stable background conditions. For WAPS, regulatory fragility is real as Pashkevich et 

al. (2026) note, the durability of climate governance frameworks cannot be assumed, and investment 

decisions made based on current regulatory signals carry exposure to political reversal.  

Institutional uncertainty concerns whether adoption will be seen as appropriate and credible by the 

full range of stakeholders whose judgements shape organisational reputation and access to resources, 

and how expectations about responsible decarbonisation practice are evolving across the sector 

(Suchman, 1995; Deephouse et al., 2017). Classification society approval requirements, charterer 

safety standards and ESG reporting expectations all constitute institutional conditions that shift as the 

technology matures and field norms develop (DiMaggio and Powell, 1983). Early adopters face 

greater institutional uncertainty than late adopters precisely because the legitimacy templates that 

make adoption recognisable as appropriate do not yet exist and must be constructed through adoption 

itself (Deephouse et al., 2017).  

Market uncertainty concerns fuel price trajectories, freight rate dynamics, infrastructure availability 

and geopolitical disruptions that affect the commercial case for wind propulsion. Market uncertainty 

in the current context reflects not just normal commercial volatility but structural instability in global 

fossil fuel markets driven by geopolitical realignment (UNCTAD, 2025). Lin et al. (2025) show that 

energy price uncertainty is a significant driver of renewable energy technology investment decisions, 

with higher price volatility increasing the relative attractiveness of technologies that reduce fuel 

dependency, a dynamic directly applicable to WAPS as a hedge against fossil fuel exposure.  
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These four types are interconnected. Technological uncertainty shapes the confidence with which 

performance claims can be made, which in turn affects institutional credibility (Walker et al., 2013). 

Regulatory uncertainty shapes the financial case for adoption and how organisations frame investment 

decisions (Alonso-Travesset et al., 2023). Market uncertainty interacts with regulatory uncertainty to 

determine when mainstream adoption becomes rational (UNCTAD, 2025; Lin et al., 2025).  

Institutional uncertainty is shaped by all three other forms simultaneously (Deephouse et al., 2017). 

Alonso-Travesset et al. (2023) confirm this interconnected character in their review of 130 renewable 

energy investment studies, finding that organisations typically focus on a single uncertainty source 

while underestimating equally influential dimensions operating in parallel. For WAPS adopters, 

managing technological uncertainty through modelling and pilot projects does not resolve the 

regulatory, institutional and market uncertainties that simultaneously shape whether adoption is 

commercially viable, institutionally credible and strategically rational.  

This study focuses primarily on technological and institutional uncertainty as these are the dimensions 

most directly relevant to legitimacy work and strategic communication. Regulatory and market 

uncertainty are treated as contextual conditions that shape the environment in which adoption is 

framed and justified. Early adopters bear what might be termed a pioneer's dilemma: they absorb 

uncertainty that subsequent adopters will not face, because their operational experience generates the 

data that resolves uncertainty for later decisions (Bergman, 2017). This temporal asymmetry creates 

legitimacy challenges specific to early adoption phases that differ fundamentally from those faced by 

later adopters operating with accumulated evidence (Deephouse et al., 2017).  

2.3 Organisational Legitimacy and Institutional Theory  

The central theoretical lens of this study is organisational legitimacy, the question of how 

organisations construct and maintain credibility and appropriateness in the eyes of the audiences on 

which they depend. Technology adoption in heavily regulated, capital-intensive sectors is not simply a 

technical or economic decision. It is an institutional act that must be rendered appropriate, rational 

and credible to investors, customers, regulators and industry peers simultaneously, often before the 

evidence that would justify it is fully available.  

Suchman (1995) defines legitimacy as a generalised perception that the actions of an organisation are 

desirable, proper or appropriate within some socially constructed system of norms, values, beliefs and 

definitions. He distinguishes three forms that are each relevant to WAPS adoption. Pragmatic 

legitimacy rests on the self-interested judgements of an immediate audience like investors and 

customers asking whether adoption makes commercial sense (Suchman, 1995). Moral legitimacy 

reflects a positive normative evaluation for regulators, NGOs and the public asking whether adoption 
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represents genuine environmental responsibility (Suchman, 1995). Cognitive legitimacy arises when 

organisational actions come to be seen as taken for granted, with industry peers treating WAPS 

adoption as simply what responsible shipping companies now do. These three forms do not operate 

independently (Suchman, 1995). As the empirical material shows, organisations sequence and 

combine them depending on the audience and stage of the commercial relationship, leading with 

pragmatic legitimacy to secure commitment before introducing moral legitimacy, or building 

cognitive legitimacy through peer signalling before regulatory frameworks make adoption mandatory 

(Deephouse et al., 2017).  

Deephouse et al. (2017) refine and extend this framework through a review of 1,299 legitimacy 

publications, updating Suchman’s definition to emphasise perceived appropriateness rather than 

desirability, and adding a fourth legitimacy criterion: regulatory legitimacy, concerning conformity 

with formal laws, regulations and administrative requirements. For WAPS adoption, this is significant 

because of EU ETS obligations, FuelEU Maritime intensity limits and classification society standards 

constitute a distinct legitimacy channel through which adoption is evaluated as compliant or non-

compliant with binding obligations, independently of whether adoption is commercially advantageous 

or morally praiseworthy. Deephouse et al. (2017) also identify an institutionally innovating 

legitimation scenario that is particularly relevant for pioneer WAPS adoption: rather than merely 

demonstrating appropriateness within existing norms, pioneer adopters create new norms through 

their adoption practices, disclosure formats and performance framing conventions, establishing 

templates that subsequent adopter’s reference and regulators use as benchmarks.  

What makes legitimacy particularly important in the WAPS context is that organisations must 

construct it before empirical verification is available. Performance outcomes are uncertain, regulatory 

trajectories are evolving, and the full commercial implications of a 25-to-30-year asset commitment 

cannot be predicted (UNCTAD, 2025). Legitimacy is therefore not a byproduct of successful adoption 

but a precondition for it, because without the perception of appropriateness, adoption cannot proceed 

even when the underlying technical and commercial case is sound (Meyer and Rowan, 1977; Hahn et 

al., 2015).  

Two bodies of institutional theory explain the mechanisms through which legitimacy is constructed 

and maintained. Meyer and Rowan (1977) argue that organisations adopt formal structures and 

practices not primarily because this guaranteed efficiency but because they signal conformity with 

institutional expectations. Emissions modelling, ESG disclosures, third-party verification and 

sustainability commitments function as legitimising mechanisms that perform rationality for external 

audiences, even when their connection to actual outcomes remains uncertain (Meyer and Rowan, 

1977). In the WAPS context, formal performance claims, regulatory alignment statements and 

verification arrangements function as institutional signals as much as technical reports (Blackert et al., 
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2025) . The appearance of rigorous and responsible decision-making is partly constructed through 

these formal structures independently of what the underlying evidence supports.  

DiMaggio and Powell (1983) explain how organisations in the same field become increasingly similar 

through three mechanisms. Coercive isomorphism arises from regulatory and stakeholder pressure, 

with companies adopting similar language and metrics in response to EU ETS and FuelEU Maritime 

requirements (UNCTAD, 2025). Mimetic isomorphism arises when organisations imitate peers under 

uncertainty, sharing operational data and observing each other’s decisions before committing 

(DiMaggio and Powell, 1983). Normative isomorphism arises through professionalised sustainability 

expertise and shared industry standards, and the merging of standardised performance indicators, ESG 

frameworks and third-party verification bodies (DiMaggio and Powell, 1983). Together these 

mechanisms explain why adoption narratives converge across very different organisations, 

convergence is partly an institutional response to shared uncertainty rather than a reflection of shared 

technical conviction (DiMaggio and Powell, 1983).  

Thornton and Ocasio (2012) add that organisational behaviour is shaped by multiple coexisting 

institutional logics in the WAPS case, market logic centred on commercial return, regulatory logic 

centred on compliance, and sustainability logic centred on environmental responsibility (Thornton 

and Ocasio, 2012). These logics are not always aligned, and organisations must navigate tensions 

between them in their communication. This coexistence explains why the same adoption decision is 

framed differently in investor presentations, sustainability reports and press releases, and why 

organisations making the same choice often do so for distinctly different combinations of reasons 

(Thornton and Ocasio, 2012).  

Taken together, this body of theory reframes WAPS adoption from a technical and economic decision 

into an institutional achievement. Organisations do not simply adopt WAPS and then communicate 

about it, the communication is constitutive of the adoption itself, constructing the legitimacy that 

makes continued investment, stakeholder support and institutional credibility possible.  

2.4 Summary of Theoretical Framework  

The three bodies of literature are not applied independently but brought together through a single 

overarching argument: organisations must adopt technologies before outcomes are certain, which 

means adoption is shaped as much by the need to construct institutional credibility as by technical or 

economic evaluation. Under deep uncertainty, legitimacy is not a byproduct of adoption but a 

precondition for it.  
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Innovation and technology adoption theory, drawing on Rogers (2003), Lundblad (2003), Wejnert 

(2002), Pashkevich et al. (2026) and Bergman and Rabinowicz (2013), explains what organisations 

are constructing legitimacy around. It shows how perceived characteristics such as relative advantage, 

compatibility and observability are actively constructed and communicated, how Rogers’ individual 

diffusion model requires adaptation for collective organisational decision-making, and how capital 

intensity creates adoption thresholds specific to maritime shipping that make commitment genuinely 

complex and partially irreversible.  

Innovation under uncertainty theory, drawing on Walker et al. (2013), Stirling (2010), Rogers (2003) 

and Sarasvathy (2001), explains the epistemic conditions under which legitimacy work must be 

accomplished. Deep uncertainty, including the irreducible gap between software information and 

innovation-evaluation information means organisations cannot wait for complete evidence before 

acting (Rogers, 2003; Walker et al., 2013). They must proceed through effectuation with pilot 

projects, staged commitments and partnerships, and communicate credibly despite genuinely 

unresolved uncertainty  drawing on Sarasvathy(2001) and (2008), Frei-Landau et al. (2022) and  

Salajegheh et al. (2025). The four types of uncertainty technological, regulatory, institutional and 

market are interconnected and cannot be resolved in isolation, meaning that managing one dimension 

does not eliminate the others (Alonso-Travesset et al., 2023).  

Organisational legitimacy and institutional theory, drawing on Suchman (1995), Deephouse et al.  

(2017), Meyer and Rowan (1977), DiMaggio and Powell (1983) and Thornton and Ocasio (2012), 

provide the overarching analytical lens. It explains why adoption must be rendered appropriate and 

credible to multiple audiences across four legitimacy criteria simultaneously, how formal structures 

signal rationality independently of technical accuracy, how mimetic pressure drives convergence in 

adoption narratives, how pioneer adopters engage in institutional innovation rather than mere 

legitimacy gaining, and how competing institutional logics coexist and are navigated in corporate 

communication.  

Legitimacy theory explains the mechanisms through which credibility is constructed and maintained. 

Uncertainty theory explains why that work is necessary. Innovation and technology adoption theory 

explains what organisations are constructing credibility around a technology whose performance is 

context-dependent, whose adoption involves irreversible commitments and whose benefits cannot be 

fully verified in advance. Together these three bodies of literature direct analytical attention toward 

five dimensions: how expected benefits are constructed and communicated, how uncertainty is 

managed and selectively disclosed, how modelling practices function simultaneously as decision-

support and legitimacy tools, how regulatory alignment is used as an institutional resource rather than 

simply a compliance obligation, and how legitimacy is constructed through different mechanisms, for 
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example pioneer narratives, peer signalling, academic publication and commercial partnership, 

depending on organisational context and audience. These five dimensions correspond directly to the 

five empirical themes of chapter four and the five analytical sections of chapter five.  

2.5 Operationalisation of Theoretical Framework  

The theoretical framework is operationalised through five analytical dimensions, each corresponding 

directly to one of the five thematic sections of chapter four and one of the five analytical sections of 

chapter five. The table below presents the research question and sub-questions alongside their 

theoretical connections and empirical methods, providing an overview of the analytical architecture of 

the study.  

The first dimension concerns how expected benefits are constructed and communicated. Drawing on 

Rogers (2003), Wejnert (2002) and Pashkevich et al. (2026), the analysis examines how organisations 

translate complex and uncertain technological characteristics into simplified performance claims, how 

relative advantage, compatibility and observability are actively constructed rather than objectively 

reported, and how the adoption thresholds specific to maritime shipping shape what can credibly be 

claimed and to whom (Bergman, 2017; Bergman and Rabinowicz, 2013).  

The second dimension concerns how uncertainty is managed and selectively disclosed. Drawing on 

Walker et al. (2013) and Stirling (2010), the analysis examines how organisations acknowledge, 

bound or conceal uncertainty in public communication, and how the gap between internal epistemic 

conditions and external legitimacy requirements is managed as a deliberate communicative strategy 

rather than an inadvertent inconsistency (Suchman, 1995; Deephouse et al., 2017). The four-type 

uncertainty typology technological, regulatory, institutional and market,  provides the analytical 

vocabulary for identifying which dimensions organisations foreground, which they contain and which 

they omit (Walker et al., 2013; Alonso-Travesset et al., 2023).  

The third dimension concerns how modelling and performance claims function simultaneously as 

decision-support and legitimacy tools. Drawing on Meyer and Rowan (1977) and Walker et al. (2013), 

the analysis examines whether formal technical practices such as simulations, verification 

arrangements and standardised performance indicators function primarily as signals of institutional 

rationality rather than guarantees of technical accuracy, and how internal complexity is condensed 

into simplified public outputs (Rogers, 2003; Blackert et al., 2025).  

The fourth-dimension concerns how regulatory alignment is used as an institutional resource rather 

than simply a compliance obligation. Drawing on DiMaggio and Powell (1983) and Deephouse et al. 

(2017), the analysis examines whether adoption narratives converge through coercive, mimetic or 
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normative isomorphic mechanisms, and how regulatory frameworks like EU ETS, FuelEU Maritime, 

IMO carbon intensity requirements are mobilised as legitimising resources that allow organisations to 

justify commitment before empirical verification is achieved (UNCTAD, 2025; Alonso-Travesset et 

al., 2023).  

The fifth dimension concerns how legitimacy is constructed through different mechanisms depending 

on organisational context and audience. Drawing on Suchman (1995), Deephouse et al. (2017) and 

Thornton and Ocasio (2012), the analysis examines how pioneer narratives, peer signalling, academic 

publication and commercial partnership each serve as distinct legitimacy resources, how pragmatic, 

moral, cognitive and regulatory legitimacy are deployed sequentially or in combination (Deephouse et 

al., 2017), and how smaller operators construct credibility through delegation rather than independent 

communication investment (Wejnert, 2002; Pashkevich et al., 2026)  

The table below presents the research question and sub-questions alongside their theoretical 

connections and empirical methods, providing an overview of the analytical architecture of the study. 

Table 2: Research Question and Sub-Questions  

Table 2: Research Question and Sub-Questions 

 Question Theoretical connection Empirical method 

Main 

RQ 

How is the adoption of wind-assisted 

propulsion systems (WAPS) framed and 

justified by shipping companies under 

technological, regulatory and institutional 

uncertainty? 

Suchman (1995), Deephouse et al. (2017) 

Meyer and Rowan (1977), Hahn et al. 

(2015) 

DiMaggio and Powell (1983) 

Walker et al. (2013) 

Rogers (2003) 

Document analysis 

Semi-structured interviews 

SQ1 

How are the expected benefits of WAPS 

constructed and presented in corporate 

communication? 

Rogers (2003) 

Wejnert (2002) 

Pashkevich et al. (2026) 

Suchman (1995), Deephouse et al. (2017) 

Document analysis 

Supplier documentation 

SQ2 
How are risks and uncertainties framed in 

the adoption process? 

Walker et al. (2013) 

Stirling (2010) 

Sarasvathy (2001) 

Document analysis 

Semi-structured interviews 

SQ3 

How does the framing of WAPS adoption 

align with institutional expectations and 

contribute to organisational legitimacy? 

Suchman (1995), Deephouse et al. (2017) 

Meyer and Rowan (1977), Hahn et al. 

(2015) 

DiMaggio and Powell (1983), Thornton 

and Ocasio (2012) 

Document analysis 

Semi-structured interviews 
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The three sub-questions address different but interconnected dimensions of the overarching research 

question. SQ1 focuses on the content of adoption narratives, what benefits are claimed and how they 

are constructed. SQ2 focuses on the management of uncertainty within those narratives, what is 

acknowledged, bounded or concealed. SQ3 focuses on the institutional function of adoption 

narratives,  how framing practices construct and maintain organisational legitimacy within a context 

of evolving regulatory and societal expectations. Together the three sub-questions are answered 

cumulatively across the empirical and analysis chapters, with the overarching research question 

addressed directly in the synthesis section of the analysis chapter and in the conclusion.  

   

3. Methodology  

3.1 Research Approach  

This study adopts a qualitative and interpretive research approach to examine how shipping 

companies frame and justify the adoption of wind-assisted propulsion systems under conditions of 

technological, regulatory and institutional uncertainty. A qualitative approach is appropriate when the 

aim is to understand how meaning is constructed and how organisations frame and narrate their 

decisions, rather than to measure causal effects or test technical claims (Bryman and Bell, 2015). The 

study follows an abductive research logic, moving iteratively between theoretical perspectives and 

empirical material throughout the research process (Dubois and Gadde, 2002).  

Ontologically, the study is grounded in a constructivist perspective. While greenhouse gas emissions 

are a material phenomenon, the way organisations interpret technologies, assess risks and present 

performance outcomes is socially constructed. Emissions calculations, risk assessments and 

performance projections are understood as representational artefacts whose influence depends on how 

they are interpreted and mobilised within specific organisational and regulatory contexts (Berger and 

Luckmann, 1966; Deephouse et al. 2017). Uncertainty is understood not merely as a technical 

deficiency but as a structural feature of decision-making in complex socio-technical transitions 

(Walker et al., 2013; Stirling, 2010).  

Epistemologically, the study adopts an interpretivist orientation. Knowledge is generated through 

understanding how actors construct meaning in specific contexts rather than through objective 
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measurement (Bryman and Bell, 2015). The focus is on how shipping companies describe, justify and 

legitimise adoption decisions rather than on whether those decisions are objectively optimal. Findings 

are not intended to be statistically generalisable but aim at analytical generalisation, contributing 

conceptual insight into how environmental technology adoption is framed under uncertainty within 

institutional contexts (Flyvbjerg, 2006).  

3.2 Analytical approach  

The empirical material was analysed through thematic analysis following Braun and Clarke (2006), 

applied in parallel to two data sources written texts and interview content, which together constitute 

the methodological triangulation on which the study's analytical credibility rests.  

Thematic text analysis was applied to corporate documents, sustainability disclosures, supplier 

material and industry communications. Documents are treated as organisational artefacts rather than 

neutral records of activity. The analysis focuses on how adoption is described and how such 

descriptions function as strategic justification and legitimacy framing rather than as straightforward 

technical reporting (Bowen, 2009). Coding proceeded deductively from the theoretical framework 

covering perceived benefits, uncertainty framing, modelling practices, regulatory alignment and 

legitimacy communication and inductively from the material itself, with legitimacy delegation and 

academic publication as a legitimacy mechanism emerging from the data rather than from prior 

theory.  

Thematic analysis of interview content was applied to the six semi-structured interview transcripts. 

Interview material was coded using the same thematic structure as the text analysis, enabling direct 

comparison across data sources. The goal was not simply to supplement documentary evidence but to 

access interpretations, reflections and practical reasoning that formal documents do not make visible 

the internal epistemic conditions that lie behind external communication.  

Both analyses proceeded in three phases following Braun and Clarke (2006). In the first phase, all 

material was read carefully to develop familiarity and identify preliminary patterns. In the second 

phase, relevant segments were coded using the combined deductive-inductive coding structure 

described above. In the third phase, codes were grouped into five overarching themes structuring the 

empirical chapter, reviewed iteratively to ensure they were both empirically grounded and analytically 

meaningful.  

Triangulation was achieved by treating convergence and divergence between data sources as equally 

analytically productive (Bryman and Bell, 2015). Where documents and interviews converged in how 

adoption was framed, convergence was treated as strengthening the robustness of the identified 
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theme. Where they diverged, for instance where interviews revealed uncertainty or ambivalence that 

documents did not acknowledge, the divergence was treated as analytically productive, revealing the 

gap between public legitimacy narratives and private epistemic conditions. This gap is itself a central 

finding of the study. Saturation was assessed separately for each data source. For texts, collection was 

concluded when additional material no longer introduced new categories of framing, performance 

claim or uncertainty acknowledgement. For interviews, saturation was considered reached when 

subsequent interviews predominantly reinforced and nuanced existing themes rather than introducing 

substantially new analytical categories (Bryman and Bell, 2015). The full coding structure is provided 

in Appendix II.  

3.3 Text Analysis  

Text analysis constitutes the primary empirical method of this study. The document corpus was 

assembled through systematic searches of corporate websites, sustainability report databases and 

industry media archives, covering the period 2019 to 2026 with primary focus on 2021 to 2026. For 

each case company, documents were collected across multiple communicative contexts, for example 

annual reports, sustainability reports, ESG and investor presentations, press releases and project-

specific announcements in order to capture how WAPS adoption is framed for different audiences. 

Supplier documentation includes technical webpages, product descriptions and available research 

publications.  

Documents were selected based on their relevance to at least one of the following analytical 

dimensions: decarbonisation targets and timelines related to WAPS, reported emissions indicators and 

performance metrics, references to modelling practices or performance estimation, descriptions of 

WAPS deployment or evaluation, acknowledgements of uncertainty or data limitations, and references 

to regulatory compliance, investor expectations or sustainability commitments. The document 

analysis does not aim to verify reported emissions figures or assess the accuracy of performance 

models but to understand how model-based calculations and adoption narratives function as 

legitimacy resources in organisational contexts.  

3.4 Semi-Structured Interviews  

Semi-structured interviews serve as a complementary method to text analysis, providing access to 

interpretations, reflections and practical reasoning that formal documents do not make visible. Six 

interviews were conducted in total. Interview requests were sent to representatives at all four case 

companies through corporate contact channels, LinkedIn and direct email outreach. Despite repeated 

attempts, Maersk did not respond, meaning that case rests primarily on documentary evidence.  
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Participants were selected through purposive sampling to generate analytical diversity across subject 

positions (Bryman and Bell, 2015). The industry sample consists of P1, head of sustainability and 

business development at Soyagroup; P3, sustainability coordinator at Terntank; P5, CEO of Wisby 

Tankers; and P6, a naval architect engaged in wind-propulsion design and doctoral research . The 

expert sample consists of P2, researcher at RISE Research Institutes of Sweden specialising in wind 

propulsion performance assessment; and P4 is a researcher in environmental assessment of shipping  

and author of an academic paper that roughly inspired this study. An overview of participants is 

provided in Table 1.  

Academic interviews with P2 and P4 were conducted first to establish a baseline understanding of the 

technical and epistemic landscape before moving to practitioner accounts. P6's participation provides 

a technical design perspective that complements P1's group-level strategic account, together offering a 

more complete picture of how the Soyagroup family of companies develops, models and 

communicates WAPS technology.  

Interviews were conducted online and lasted approximately 45 to 60 minutes. Interview guides were 

organised around five analytical themes derived from the research question and theoretical 

framework: construction of expected benefits, framing of uncertainty, modelling and performance 

claims, regulatory alignment and legitimacy narratives. Open-ended questions allowed participants to 

draw on their own experiences, with follow-up questions used where elaboration was needed. All 

interviews were audio-recorded with permission and transcribed for analysis. The full interview guide 

is provided in Appendix I.  

Table 1: Overview of Interview Participants 

ID Role Organisation Participant context Duration 

P1 
Head of Sustainability and 

Business Development 
Soyagroup 

Family-owned holding company; 

controlling stake in Wallenius 

Wilhelmsen, Wallenius Marine and 

Oceanbird 

45 min 

P2 
Researcher, wind propulsion 

performance assessment 

RISE Research Institutes of 

Sweden 

Independent technical research 

institute 
45 min 

P3 Sustainability Coordinator Terntank 

Family-owned shipping company; 

operator of VentoFoil-equipped 

tanker fleet 

50 min 
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ID Role Organisation Participant context Duration 

P4 
Researcher, environmental 

assessment of shipping 

Swedish environmental 

research institute 
Academic expert and researcher 40 min 

P5 Chief Executive Officer Wisby Tankers 
Privately held shipping company; 

charterer-driven adopter 
45 min 

P6 
Naval architect and doctoral 

researcher 

Wind-propulsion vessel 

design firm 
Technology developer 45 min 

 

All participants provided informed consent prior to the interview. Participants are identified by code 

throughout the thesis. All participants were offered the opportunity to review quotations attributed to 

them before submission.  

3.4.1 Interviews limitations  

The most significant methodological limitation is the unevenness of the empirical base. Maersk did 

not respond to interview requests despite repeated outreach, meaning this case rests entirely on 

documentary material. P1 participates as a Soyagroup group-level strategist rather than as an 

operational representative of Wallenius Wilhelmsen as a listed entity, and P6 participates as a 

Wallenius Marine engineer rather than as a representative of Oceanbird as a separate joint venture, 

meaning that certain dimensions of these organisations are less directly accessible than others. The 

study relies on publicly available documents, which capture how adoption is publicly narrated rather 

than how decisions are made internally. Six semi-structured interviews provide sufficient analytical 

depth for an interpretivist study of this scope (Bryman and Bell, 2015) but cannot represent the full 

range of perspectives within any case organisation.  

   

3.5 Case selection and empirical scope  

Four shipowning organisations were selected as empirical cases through purposive sampling based on 

their relevance to the research question rather than statistical representativeness (Bryman and Bell, 

2015): Maersk, Terntank, Wallenius Wilhelmsen and Wisby Tankers. All four operate within the  
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European regulatory environment and are subject to similar pressures from the EU Emissions Trading 

System, FuelEU Maritime and expanded ESG reporting requirements. At the same time they differ 

substantially in size, ownership structure, fleet composition and adoption logic, enabling analytical 

comparison across distinct organisational configurations.  

Maersk is included as the largest and most publicly visible case, representing a globally listed 

incumbent whose WAPS engagement is confined to subsidiary-level activity. Terntank is included as a 

smaller, family-owned operator that has normalised wind-assisted propulsion as a standard vessel 

design component. Wallenius Wilhelmsen is included as a pioneer incumbent that has pursued wind 

propulsion systematically since 2004 through the Soyagroup ownership structure. Wisby Tankers is 

included as a small, privately owned operator whose adoption was driven primarily through a long-

term charter relationship rather than internal strategic conviction, representing a commercially 

pragmatic adoption logic that complements the more internally motivated cases. The documentary 

base for Wisby Tankers is considerably thinner than for the other three cases, as the company does not 

produce standalone sustainability reporting. This limitation is addressed through a semi-structured 

interview with the company's CEO.  

The four case organisations differ in size, resources and access to communication channels. Maersk 

operates within a global logistics conglomerate with extensive investor-relations infrastructure. 

Wallenius Wilhelmsen is publicly listed with significant R&D capacity. Terntank is a family-owned 

fleet operator with growing but limited sustainability reporting. Wisby Tankers is a privately held 

company with two vessels and no dedicated communication function. These differences shape the 

form and intensity of legitimacy work available to each organisation. Larger operators can invest in 

multi-channel ESG reporting and dedicated investor presentations, while smaller operators depend 

more heavily on legitimacy delegation through commercial partnerships, as illustrated by P5. The 

analysis does not claim identical legitimacy practices across cases but identifies a shared underlying 

logic of credibility construction under uncertainty that operates across organisational contexts, even as 

the specific resources and mechanisms available differ. 

In addition, supplier documentation from Bound4blue, Econowind and Oceanbird is included as 

contextual empirical material examining how performance expectations and modelling assumptions 

are constructed prior to adoption by shipowners. Suppliers are not treated as organisational cases but 

as contextual actors shaping the content of adoption claims.  

3.6 Credibility and Research Quality  

Credibility is strengthened through methodological triangulation across three distinct empirical 

sources. Corporate and supplier documents show how adoption is publicly described and justified. 
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Semi-structured interviews with industry practitioners provide access to the reasoning, uncertainties 

and communicative choices that formal documents do not reveal. Interviews with independent 

academic experts offer an outside perspective that is not shaped by organisational interests or 

communication norms (Bryman and Bell, 2015; Bryman, 2016). The triangulation is not simply a 

matter of collecting more data on the same topic. It is analytical, the relationship between sources is 

itself informative. Where documents and interviews tell the same story, this strengthens confidence in 

the identified themes. Where they diverge, particularly where interviews reveal uncertainty or internal 

complexity that documents conceal, the divergence is treated as a finding in itself, giving empirical 

access to the gap between what organisations say publicly and what they know privately. This gap is 

central to the study's research question.  

Transferability is supported through detailed descriptions of case selection, data sources and analytical 

procedures, enabling readers to assess the relevance of findings to other contexts within the maritime 

sector or to other industries undergoing technological transitions (Bryman, 2016). Dependability is 

strengthened through systematic documentation of the research process, including an analytical log in 

which key decisions regarding data selection, coding revisions and interpretation were recorded. 

Confirmability is addressed through reflexive awareness of the researcher's interpretive role and 

continuous reflection regarding how theoretical assumptions might shape the interpretation of 

empirical material (Braun and Clarke, 2006).  

3.7 Research Ethics  

All participants were provided with clear information about the purpose of the study, the voluntary 

nature of their participation and their right to withdraw at any time. Informed consent was obtained 

prior to each interview, and recordings were made only with explicit permission. Participants are 

identified by code throughout the thesis. All participants were offered the opportunity to review 

quotations attributed to them before submission. Data are stored securely and used solely for research 

purposes in accordance with Vetenskapsrådet (2017).  

Beyond procedural compliance, the study raises several substantive ethical considerations. A power 

asymmetry exists between the researcher and organisational participants, who may feel implicit 

pressure to present their organisations favourably. This is addressed methodologically through 

triangulation and ethically through the commitment not to use interview data in ways that could 

damage participants' professional or commercial interests. The critical analysis of corporate 

sustainability communication creates a potential tension between analytical aims and the reputational 

interests of the organisations studied. This is addressed by maintaining a consistently non-evaluative 

analytical stance that examines communicative practices rather than judging organisational character. 
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Publicly available documents are represented accurately and in full context, without selective 

quotation that distorts meaning. P4's dual role as interview participant and author of a paper cited in 

this study is acknowledged. P4's published work is engaged analytically in the same way as all other 

academic sources, and the distinction between P4's scholarly arguments and interview reflections is 

maintained throughout. Researcher reflexivity is maintained through transparent methodological 

documentation and the analytical separation of empirical description and theoretical interpretation. 

The aim is not neutrality but conscious management of the researcher's interpretive influence 

(Bryman and Bell, 2015). The study does not seek to rank companies, assess regulatory compliance or 

judge decarbonisation adequacy, reducing the risk of reputational harm and maintaining the study's 

interpretivist focus on understanding organisational practices.  

4. Empirical Findings  

This chapter presents the empirical findings in two parts. The first part presents documentary findings 

for each of the four case companies and the three technology suppliers, establishing the evidential 

base for each organisation independently. The second part organises the material thematically across 

five analytical categories, integrating documentary and interview evidence. This two-part structure 

ensures that documentary analysis is visible and traceable before being synthesised with interview 

material in the thematic sections. Participants are referred to as P1 through P6 throughout. P1 is head 

of sustainability at Soyagroup, P2 is a researcher at RISE, P3 is sustainability coordinator at Terntank, 

P4 is a researcher at IVL, P5 is CEO of Wisby Tankers and P6 is a naval architect working in wind-

propulsion vessel design at KTH.  

4.1 The cases  

4.1.1 Maersk  

Documentary material for Maersk includes the Annual Report 2024, ESG Investor Day Archive  

Presentation, Q3 2025 Investor Presentation, the corporate sustainability webpage All the Way to Net  

Zero, and announcements from Maersk Tankers (Maersk, 2024a; Maersk, 2024b; Maersk, 2025; 

Maersk, n.d.; Maersk Tankers, 2024).  

Maersk describes decarbonisation as a long-term strategic transformation centred on green fuel 

development, fleet renewal and digital optimisation, with a stated net-zero ambition by 2040 (Maersk, 

2024a) The Annual Report 2024 highlights StarConnect, an AI-enabled efficiency platform, and 



34  

reports record-low EEOI levels alongside strengthened ESG governance processes (Maersk, 2024b). 

On uncertainty, Maersk acknowledges that 28.44 percent of Scope 3 emissions were estimated 

through models when primary data were unavailable, and that ESG reporting involves management 

judgement in areas including route assumptions and fuel emission factors (Maersk, 2024a). Climate 

risk is assessed using multiple IPCC scenario families. Reporting is aligned with CSRD, ESRS and 

EU Taxonomy frameworks, and customer-facing products such as ECO Delivery are accompanied by 

third-party verification (Maersk, 2024c).  

WAPS appears primarily through Maersk Tankers' 2024 announcement of a fleet-scale agreement 

with Bound4blue to install eSAIL suction sails on five MR tankers, with expected performance 

described as double-digit percentage reductions in fuel consumption and CO₂ emissions depending on 

route and operational profile (Maersk Tankers, 2024). The announcement references EU ETS and 

FuelEU Maritime, and delegates performance validation to an external partner. In January 2026, 

Bound4blue reported completion of the first installation on Maersk Trieste (Bound4blue, 2026). This 

pattern, uncertainty acknowledged in technical sections while headline communications emphasise 

stability, and WAPS confined to subsidiary-level communication rather than core corporate 

storytelling suggests that Maersk treats wind propulsion as a technology whose institutional 

legitimacy is not yet established enough to be associated with its central brand identity.  

4.1.2 Terntank  

Documentary material for Terntank includes the Sustainability Report 2023, Corporate Responsibility 

Strategy 2023, Annual Report 2024, the Future Shipping corporate webpage and industry media 

coverage (Terntank, 2023a; Terntank, 2023b; Terntank, 2024; Terntank, n.d.; Offshore Energy, 2025; 

Riviera Maritime Media, 2024).  

A defining feature of Terntank's documentation is the extent to which wind-assisted propulsion is 

framed not as experimental but as a standard component of vessel design, alongside methanol-ready 

engines, battery hybrid systems and shore power connectivity (Terntank, 2024). The company states a 

net-zero ambition by 2040 and communicates decarbonisation through concrete vessel design choices 

rather than scenario modelling; this is a reflection of its smaller, family-owned operational structure. 

Terntank initially ordered VentoFoil suction wing systems from Econowind for three vessels and 

subsequently placed a repeat order for two more, bringing the total to five vessels and twenty wind 

wings (Offshore Energy, 2025). Industry reporting attributes the repeat order to alignment between 

predicted and realised fuel savings. Projected emissions reductions of up to nineteen percent are 

reported for the integrated eMETHANOLxWSolution concept (Riviera Maritime Media, 2024).  
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Terntank uses Annual Efficiency Ratio and CO₂ per nautical mile as primary efficiency indicators and 

documents a 41 percent reduction in average AER since 2008 (Terntank, 2023b). Notably, the Annual 

Report explicitly states that recognition and measurement have not been subject to uncertainty, this 

makes them the most contained uncertainty framing across all four cases (Terntank, 2024). External 

credibility is signalled through the Clean Shipping Index and ESI without requiring detailed 

disclosure of underlying data. This combination of normalised technology framing contained 

uncertainty presentation and external index alignment positions Terntank as an adopter whose 

legitimacy rests on demonstrated operational performance rather than strategic narrative.  

4.1.3 Wallenius Wilhelmsen  

Documentary material for Wallenius Wilhelmsen includes the Annual Report 2024, Q3 2025  

Quarterly Report and the corporate announcement related to EU Horizon Europe funding for the 

Orcelle Wind project (Wallenius Wilhelmsen, 2024; Wallenius Wilhelmsen, 2025; Wallenius 

Wilhelmsen, 2023).  

Wallenius Wilhelmsen operates over 120 RoRo vessels and has committed to net-zero by 2040 with 

SBTi-validated interim milestones (Wallenius Wilhelmsen, 2024). Shipping activities account for 

approximately 96 percent of total company emissions, making vessel-level technological change the 

primary decarbonisation lever. The Annual Report describes a portfolio approach with slow steaming, 

machine-learning-based speed optimisation, hull cleaning, biofuels and alternative fuel exploration 

with wind-assisted propulsion positioned as a technology under staged validation rather than a proven 

efficiency solution (Wallenius Wilhelmsen, 2024).  

The Orcelle Wind project secured EUR 9 million in EU Horizon Europe funding to develop what the 

company describes as the world's first wind-powered RoRo vessel, with commercial operation 

targeted for the second half of the 2020s (Wallenius Wilhelmsen, 2023). The project involves a 

consortium of eleven partners, deliberately distributing technological and financial risk. Wallenius 

Wilhelmsen also announced plans to retrofit wind propulsion on the vessel Tirranna, with operational 

testing expected around 2025.  

Technical validation extends beyond corporate communication into peer-reviewed research. Blackert 

et al. (2025) present results of a large-scale wind tunnel campaign at the Volvo Cars Wind Tunnel in 

Gothenburg, testing a 1:42 scale model of the Orcelle Wind vessel with six wingsails which was the 

first published study at this scale and complexity. The study shows that sail performance is highly 

sensitive to trim and that hull geometry reduces wingsail lift by up to seventeen percent under beam 

wind conditions. This publication illustrates how Wallenius Marine constructs technical credibility 
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through academic knowledge production in parallel with its corporate sustainability communication, 

reaching audiences and applying validation standards different from those of investor-facing or 

customer-facing communication.  

Uncertainty is engaged explicitly throughout. The Annual Report assesses climate risk using IPCC 

RCP 2.6 and RCP 8.5 scenarios alongside CMIP6 projections, and explicitly identifies transitioning to 

low-emitting propulsion technologies with uncertain long-term viability as a key strategic risk 

(Wallenius Wilhelmsen, 2024). Quarterly reporting discloses EEOI metrics, fuel consumption by type 

and well-to-wake emissions (Wallenius Wilhelmsen, 2025). This formal scenario-based approach to 

uncertainty disclosure distinguishes Wallenius Wilhelmsen clearly from Terntank's contained framing 

and reflects the different disclosure expectations facing a publicly listed company with SBTi-

validated targets.  

4.1.4 Wisby Tankers  

Documentary material for Wisby Tankers is thinner than for the other cases, reflecting the company's 

small size and limited external sustainability communication. Material consists of the joint 

Bound4blue and Louis Dreyfus Company announcement in December 2023, Bound4blue's 

completion announcement in April 2025, the Lloyd's Register methodology validation in September  

2025 and industry media coverage (Bound4blue and Louis Dreyfus Company, 2023; Bound4blue,  

2025; Lloyd's Register, 2025; Riviera Maritime Media, 2023; Seatrade Maritime, 2024; Ship 

Technology, 2025). This limitation is addressed through the interview with P5, which provides 

primary empirical material on the company's decision-making, uncertainty management and 

legitimacy practices.  

Wisby Tankers AB is a privately owned Swedish tanker company. The vessel at the centre of the  

WAPS installation, MV Atlantic Orchard, operates on a fixed route transporting citrus juice between  

Brazil and Ghent on long-term charter to Louis Dreyfus Company (Bound4blue and Louis Dreyfus  

Company, 2023). The commercial agreement was announced jointly by Bound4blue and LDC, with 

LDC consistently positioned as the primary driver with its Global Head of Freight cited as 

spokesperson in all press releases (Bound4blue and Louis Dreyfus Company, 2023)The project is co-

funded by the EU under grant agreement No. 101103465 from the Innovation Fund programme.  

The technology selection was based on a prior Lloyd's Register assessment, meaning institutional 

validation was embedded from the outset rather than added as a post-decision step.  
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Public communications state expected performance as at least ten percent reduction in annual fuel 

consumption and CO₂ emissions depending on routing (Bound4blue and Louis Dreyfus Company, 

2023; Bound4blue, 2025). Industry analysis reports that approximately half of projected savings 

derive from avoided FuelEU Maritime and EU ETS compliance costs rather than direct fuel savings, 

revealing that the commercial case rests partly on regulatory cost avoidance (Seatrade Maritime, 

2024). P5 adds that the manufacturer originally projected savings roughly double what was publicly 

communicated, with the conservative figure deliberately chosen for credibility, an account that 

illustrates how performance claims are negotiated between technology provider projections and what 

shipowners consider defensible to external audiences. Public communications foreground regulatory 

compliance benefits including the FuelEU Maritime Wind Reward Factor alongside CII and EU ETS 

advantages (Bound4blue, 2025). P5 confirms that EU ETS and FuelEU Maritime were definite 

drivers, primarily through their financial impact on LDC as the charterer bearing fuel and emissions 

costs.  

The four 26-metre eSAILs were installed in under a day per unit during a pre-planned ten-year survey 

at Astander Shipyard in Santander (Bound4blue, 2025). P5 describes the installation as considerably 

simpler than anticipated. In September 2025, Lloyd's Register validated Bound4blue's Pwind force 

matrix methodology under IMO MEPC.1/Circ.896 for EEXI and EEDI compliance, making Atlantic 

Orchard the first installation to benefit from this validated approach and giving the project 

institutional significance beyond Wisby Tankers' individual case (Lloyd's Register, 2025).  

P5 describes how WAPS transformed voyage planning from weather routing to route optimisation, 

increasing waypoints from approximately 25 to 150 on a typical Brazil-to-Belgium voyage. An 

anticipated risk, vessel listing resolved into an unexpected benefit, with Atlantic Orchard becoming 

more stable in rough seas than its sister vessel. Wisby Tankers produces no standalone sustainability 

communication. P5 describes this as deliberate, the company allows commercial partners to carry the 

communication burden while accumulating goodwill and a front-runner reputation through 

association rather than active communication investment.  

4.1.5 Supplier Documentation  

Supplier documentation from Bound4blue, Econowind and Oceanbird examines how performance 

expectations and modelling assumptions are constructed prior to adoption by shipowners. Suppliers 

are not treated as cases but as contextual actors whose communication shapes what performance 

claims circulate in the adoption environment.  

Across all three suppliers, performance is presented as model-based estimates expressed as ranges 

dependent on vessel type, route and wind conditions rather than as fleet-wide operational averages. 
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Bound4blue employs computational fluid dynamics, wind tunnel testing and route-specific modelling, 

presenting fuel and CO₂ savings of approximately ten to twenty percent under favourable conditions 

(Bound4blue, 2024a). A technical paper co-authored with Odfjell states simplifying assumptions 

explicitly with constant vessel speed, fixed propeller efficiency and exclusion of weather routing from 

the baseline, making it the most transparent modelling disclosure in the corpus (Bound4blue and 

Odfjell, 2024). Econowind documents VentoFoil performance through market-specific webpages, 

with tanker vessel benefits including EEXI and EEDI improvements and return-on-investment 

estimates below five years under assumed conditions (Econowind, 2025a; Econowind, 2025b). 

Econowind received EUR 1 million in development funding for the larger VentoFoil XL variant, 

indicating that performance expectations for deep-sea applications remain subject to ongoing 

validation (Invest International, 2025). Oceanbird presents emissions reduction estimates of up to 

ninety percent relative to conventional propulsion, derived from aerodynamic and hydrodynamic 

simulation using historical weather data (Oceanbird, 2021). Oceanbird's technical credibility is 

reinforced through participation in the Blackert et al. (2025) wind tunnel study, grounding 

performance knowledge in collaborative academic research subject to external peer review rather than 

relying solely on proprietary modelling.  

Document collection reached saturation when additional material no longer introduced new categories 

of performance information, modelling approach or regulatory framing.  

4.2 Thematic Findings  

The following five sections bring together the documentary and interview findings across the five 

analytical themes. Each section starts with the pattern found across the four cases in the written 

material, then draws on the interviews to add depth, context and in some cases a more critical 

perspective.  

Section 4.2.1 looks at how expected benefits are constructed and communicated, responding to  

Sub-question 1. Section 4.2.2 looks at how uncertainty is framed and managed, responding to Sub-

question 2. Section 4.2.3 examines how modelling functions both as a practical tool and as a way of 

building credibility, also responding to Sub-question 1. Sections 4.2.4 and 4.2.5 look at regulatory 

alignment and legitimacy narratives, both responding to Sub-question 3.  

4.2.1 Construction of Expected Benefits  

As established in sections 4.1.1 to 4.1.5, WAPS adoption is consistently framed through quantified 

headline performance figures that function as perceptual anchors for potential adopters before 
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empirical verification is available. These figures are presented with conditional qualifiers referencing 

route characteristics, wind availability and vessel type, but the conditions tend to be technical 

footnotes rather than headline messages.  

The interview material reveals the strategic logic behind how figures are selected and calibrated. P5 

describes how Wisby Tankers communicated at least ten percent savings publicly despite the 

manufacturer projecting roughly double that figure, with the conservative figure chosen as credible 

and defensible under external scrutiny rather than as the most technically precise projection available. 

P6 provides the most technically grounded account from within a technology development 

organisation, explaining that the ninety percent Oceanbird figure is achievable under optimal routing 

and speed conditions but produces substantially worse numbers if conditions change. P6 also notes 

that internal modelling produces a full statistical distribution covering the average, worst 2.5 percent 

and best 2.5 percent of outcomes, while corporate communications present single percentage figures 

rather than the full performance range. P1 notes that vendors want to paint the pig as good as 

possible. P3 confirms that no figures have been published yet that are one hundred percent reliable 

and calls for more standardised measurement methodology across the industry. P2 observes 

independently that companies selling this equipment naturally give the best numbers possible and that 

the industry is only now developing more honest ways of expressing savings. P4 adds the important 

distinction between WAPS as auxiliary efficiency technology delivering ten to twenty percent savings 

and full wind propulsion concepts targeting much higher reductions, noting that conflating the two 

produces misleading comparisons in industry communication.  

The threshold dimension adds important analytical depth to the benefit construction argument. P3 

describes the EX classification challenge in tanker operations as the biggest step to overcome, 

explaining that we have to come in so many instances to even get a design approved by the  

[classification] societies, the flag states and the different oil companies, a process involving multiple 

simultaneous institutional approval requirements that made the adoption decision far more 

consequential than a standard incremental trial. P5 provides the most vivid illustration of 

irreversibility, noting that one of the biggest investments in this installation is actually producing and 

installing the foundation, the strong points of the sails on board the ship. And that cannot be removed 

if the sails would for some reason be removed because they are welded to the ship. These accounts 

reveal that WAPS adoption involves a quality of irreversibility that makes the legitimacy work of 

constructing confident benefit narratives not simply a communicative choice but a structural necessity 

making organisations justify commitments that cannot easily be undone.  

P3 also provides the most concrete illustration of what observability means in operational practice. 

When the sails fill and the wind is favourable, the effect is immediately visible on the bridge: we can 

see the savings at once. We see when it blows. And when we fill up the sails. Then we pull down the 
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RPM. Then we can pull off on the main engine. But still keep the same speed. This proof of concept, 

visible in real time on the bridge instruments, explains why repeat orders and fleet-wide expansion 

follow from single-vessel pilots even before full-year performance data are available.  

4.2.2 Framing of Uncertainty  

The central finding of this section is that uncertainty in WAPS adoption is neither concealed nor 

eliminated but actively managed through four distinct strategies, formal scenario-based disclosure 

directed at investor audiences, operational containment through normalised reporting that minimises 

uncertainty acknowledgement, deliberate separation of internal epistemic conditions from external 

communication, and progressive empirical validation through staged pilots and iterative data 

collection. These strategies are deployed in different combinations depending on ownership structure, 

stakeholder audience and adoption stage. A further finding is that the boundaries of what is unknown 

cannot themselves be fully established in advance, some dimensions of uncertainty will only become 

visible once the technology is operating at scale.  

Across the four cases, uncertainty is acknowledged in different ways and to different degrees. 

Wallenius Wilhelmsen deploys formal IPCC scenario analysis and explicitly identifies WAPS long-

term viability as a key strategic risk (Wallenius Wilhelmsen, 2024). Maersk acknowledges model-

based estimation across a significant share of emissions reporting while foregrounding stable KPIs in 

headline communications (Maersk, 2024a). Terntank states explicitly that reporting has not been 

subject to uncertainty, making it the most contained framing in the sample (Terntank, 2024). Wisby 

Tankers produces no standalone uncertainty communication. Supplier documentation uses conditional 

language throughout, with Bound4blue's technical paper providing the most explicit assumption 

disclosure in the corpus (Bound4blue and Odfjell, 2024).  

The interview material deepens this picture considerably. P6 provides the most technically precise 

account of uncertainty sources. Sail-hull interaction creates a structural source of performance 

variability invisible in corporate communications, hull geometry disturbs airflow above the deck, 

potentially rendering a substantial portion of a wing sail ineffective. Blackert et al. (2025) empirically 

confirm this mechanism, demonstrating that removing the foot gap between sail and hull reduces lift 

by ten percent and seventeen percent at AWA 60° and 90° respectively. P6 also notes that the routing 

freedom assumed in simulations may not be achievable in practice, it might be that there is too much 

wind or you are short on time and that models can never be one hundred percent accurate but give a 

good insight into what we can expect. P3 describes the measurement complexity involved in isolating 

sail savings, in for example wave height and temperature, hull cleanliness, propeller pitch, rudder 

drag, engine condition, air compression efficiency and tidal currents must all be monitored 
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simultaneously. P1 identifies a wider taxonomy of strategic uncertainties; technological, crew-related, 

safety-related, operational and institutional framed within what P1 calls a poly-crisis condition, while 

also arguing that WAPS should be understood as risk mitigation against fossil fuel dependency rather 

than an additional source of risk. P5 adds that an anticipated uncertainty in vessel listing, resolved 

into an unexpected benefit, with Atlantic Orchard becoming more stable in rough seas than its sister 

vessel without sails.  

Crucially, P2 extends the uncertainty analysis beyond what is currently unknown to encompass what 

cannot yet be known: there are probably things that come into the operational phase that we simply 

just don't have the experience yet as an industry. So right now, I'm sure we include all the aspects that 

we can think of, but there are probably things that we don't understand yet. This observation reveals 

that the industry is not only uncertain about outcomes but uncertain about the dimensions along which 

outcomes might surprise it, a deeper form of uncertainty than performance variability or regulatory 

change.  

The most analytically significant finding concerns the deliberate separation between internal and 

external uncertainty management. P3 states directly that it is always important to keep a straight face 

towards customers even though the work is in progress, observing that just as you don't want to know 

if the ships you are eating has been something wrong, you are happy that you have your ships and 

that's it, the same principle applies to how technical challenges are managed in-house while 

professional confidence is maintained externally. This candid observation reveals that the gap 

between internal epistemic conditions and external communication is not accidental but deliberately 

managed. P4 confirms from an academic perspective that company reports reflect internal processes 

but do not present the full story, and that companies navigate strategically where and what they 

choose to communicate. P6 adds a further nuance, acknowledging not really knowing what has been 

communicated outside because of being involved internally in everything, suggesting the gap is 

managed at a communications layer above individual technical staff rather than by those staff 

themselves.  

Despite this uncertainty, organisations do not defer adoption. Instead, the empirical material shows 

patterns consistent with effectuation, proceeding from available resources and forming gradual 

commitments rather than waiting for certainty that will not arrive. P1's account of over a decade of 

theoretical modelling at Wallenius before the first physical installation illustrates the affordable loss 

principle, maintaining strategic momentum while limiting financial exposure to what can be tolerated 

if outcomes disappoint. P3's staged fleet expansion from three to five vessels based on accumulated 

operational evidence shows how effectuation gives way to greater confidence through iterative 

learning rather than through upfront certainty. P5 illustrates effectuation operating at a smaller 

organisational scale through deliberate commercial risk distribution. As P5 explains directly: we had 
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to take a very limited financial risk. If we would have done the investment ourselves, then we could 

have benefited, but the investment risk would have been considerably higher. The charter relationship 

with LDC, combined with EU Innovation Fund co-financing, meant that the decision to adopt was not 

a full financial commitment by Wisby Tankers alone but a shared and bounded bet, precisely the 

affordable loss principle operating through commercial partnership rather than internal financial 

exposure. P6's account of wind tunnel testing as a rapid iterative validation mechanism illustrates 

effectuation at the technical design level, the combination of simplified models, physical testing and 

progressive installation allows the design process to advance under persistent epistemic uncertainty 

rather than requiring full resolution before proceeding.  

4.2.3 Modelling and Performance Claims  

The central finding of this section is that modelling plays a dual role in WAPS adoption. It functions 

simultaneously as a genuine decision-support tool for internal engineering purposes and as a 

legitimacy signal that constructs credibility for external audiences, with the internal complexity 

systematically simplified in the translation to public communication.  

Modelling is the primary epistemic tool through which WAPS performance is estimated and 

communicated across all cases. Each organisation deploys different approaches: Bound4blue through 

CFD and wind tunnel testing, Oceanbird through aerodynamic and hydrodynamic simulation, Maersk 

through StarConnect and IPCC scenarios, Wallenius Wilhelmsen through CMIP6 projections and 

advanced design modelling, Terntank through digital twins, and Wisby Tankers through manufacturer-

supplied projections. Despite this pervasive reliance on modelling, detailed methodological 

assumptions are rarely disclosed publicly, and performance outcomes are almost universally 

summarised through simplified percentage indicators or regulatory metrics.  

P6 provides the most technically detailed insider account. Internally, models produce statistical 

distributions covering the full range of outcomes from worst to best, and these are condensed into 

single headline figures for external communication. P6 notes that both simplified overview models 

and detailed high-fidelity models have value, and that wind tunnel testing allows many design 

configurations to be tested rapidly while CFD provides full-scale accuracy at greater computational 

cost, with the two methods validating each other when used together. The close collaboration between 

Wallenius Marine and Oceanbird allows direct access to wing sail performance data, producing more 

accurate simulations than independent shipowners who must rely on manufacturer-supplied figures 

alone. The rigour of this approach has produced peer-reviewed results, Blackert et al. (2025) present 

the first published wind tunnel study at this scale and complexity, demonstrating that dozens of design 
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and operational parameters interact to produce condition-specific outcomes that single headline 

figures cannot adequately convey.  

P1 describes the entire Wallenius and Oceanbird development process from 2010 as having relied on 

theoretical models alone, with the first physical onboard installation only taking place this year, 

illustrating how over a decade of strategic commitment rested on modelled projections without 

operational grounding. P1 also describes a specific strategy for managing the gap between modelling 

and operational reality, giving the vessels as a platform for other developers. Okay, come and test 

your solution on our vessel. This platform strategy allows the organisation to accumulate empirical 

knowledge through collaborative experimentation while distributing the financial and reputational 

risk of each individual trial, illustrating how effectuation operates not only through internal pilot 

projects but through the deliberate co-creation of a testing ecosystem with external technology 

partners. P3 describes Terntank's digital twin approach as still being refined through collaboration 

with RISE and SSPI, with data not yet clean enough to present publicly. P5 describes how WAPS 

transformed voyage planning from 25 to 150 waypoints, an operational consequence that pre-

installation models could not anticipate, and notes that the route optimisation service developed 

through the Atlantic Orchard installation is now also applied to a sister vessel without sails, 

demonstrating that learning from WAPS generates value beyond the individual installation.  

P2 highlights a productive screening function entirely invisible in corporate communication, 

explaining directly: on this route it is not a windy route and savings will be too small. So simulations 

are also important to detect when it is not a good business case. This screening role means that 

modelling shapes the WAPS adoption landscape more broadly than public performance claims 

suggest, filtering out unsuitable cases before they reach the stage of public announcement and 

enabling the selective communication of favourable outcomes that makes modelling appear as a 

straightforward technical legitimacy tool rather than a complex and conditional analytical process.  

4.2.4 Regulatory Alignment  

The central finding of this section is that regulatory frameworks shape WAPS adoption framing in 

ways that are more complex and temporally differentiated than documentary sources suggest. The 

same regulatory environment produces fundamentally different adoption logics depending on 

ownership structure, commercial relationships and strategic orientation, and the relationship between 

regulation and adoption is in some cases reversed, with adoption preceding rather than following 

regulatory pressure.  



44  

Documentary material consistently frames WAPS adoption in relation to European regulatory 

instruments. Maersk Tankers references EU ETS and FuelEU Maritime directly (Maersk Tankers, 

2024). Econowind links VentoFoil to EEXI and EEDI improvements and EU ETS cost mitigation  

(Econowind, 2025b). Wallenius Wilhelmsen secured EUR 9 million in EU Horizon Europe funding 

(Wallenius Wilhelmsen, 2023). Bound4blue frames eSAIL performance in terms of CII trajectory 

improvement (Bound4blue and Odfjell, 2024). Industry analysis reports that approximately half of 

Atlantic Orchard's projected savings derive from regulatory cost avoidance rather than direct fuel 

savings (Seatrade Maritime, 2024).  

The interview material reveals a more complex and temporally differentiated picture. P1 describes 

Soyagroup and Wallenius as having pushed ahead of regulation since 2004, with adoption predating 

any relevant EU or IMO framework and positioning regulation as something that follows pioneering 

action rather than triggers it. P3 confirms a similar dynamic at Terntank, where the expansion decision 

preceded FuelEU Maritime implementation, with the regulation arriving as a welcome validation 

rather than a driver. P5 presents the most regulation-driven account, confirming that EU ETS and 

FuelEU Maritime were definite drivers, primarily through their financial impact on LDC as the 

charterer bearing emissions costs, and identifies Lloyd's Register validation as a necessary 

institutional condition without which the installation could not have proceeded contractually. P6 

confirms from a technical design perspective that regulatory frameworks shape design choices, while 

also raising a risk absent from all documentary material: a recent IMO proposal similar to FuelEU 

Maritime that was declined, which P6 identifies as evidence that environmental regulations could 

weaken and reduce the commercial case for WAPS.  

The distinction between adoption phases is captured most precisely by P2, who observes that the 

really early adopters from approximately 2020 to 2023 were probably driven by personal interest and 

heavily supported by public research funding, while the most recent wave reflects a fundamentally 

different logic: companies like Stena and Maersk don't take decisions from their heart. P2 also 

provides the independent expert perspective that frames what is at stake in the regulatory environment 

more broadly, noting that the important step now is to ensure that the EU and IMO regulations come 

through and continue to strengthen the pressure on the shipping world. This framing, from an 

independent researcher rather than a commercial actor, directly confirms that the regulatory 

environment is understood across the field as something that must be actively maintained and 

strengthened rather than assumed to be stable, complementing P6's concern about regulatory fragility 

from the opposite direction. The distinction between values-driven pioneers and business-minded 

mainstream adopters marks a structural shift in what legitimacy resources are required and what 

institutional pressures are doing the work of driving adoption forward.  
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P4 notes that wind does not fit neatly into alternative fuel regulatory categories, making its regulatory 

recognition harder won than for methanol or LNG, and that the focus has shifted from local pollutants 

to climate-related regulations where wind has more opportunities to come as an option. Regulatory 

alignment and commercial strategic drivers are not always separable in practice. P1 articulates this 

directly, describing wind-assisted solutions as risk mitigation against fossil fuel exposure, a framing 

that embeds regulatory compliance within a broader strategic logic of reducing long-term energy 

dependency rather than treating it as a standalone compliance obligation.  

4.2.5 Legitimacy Narratives  

The central finding of this section is that legitimacy construction in WAPS adoption is not a single 

uniform practice but a multi-layered and multi-mechanism process that varies fundamentally across 

organisational contexts. Pioneer organisations construct legitimacy through visible bold action and 

values-driven narratives, mainstream adopters construct it through regulatory alignment and peer 

benchmarking, technology developers construct it through academic publication, and smaller 

operators construct it through commercial partnership and delegation.  

Documentary material embeds WAPS adoption within broader narratives of innovation leadership and 

environmental responsibility across all cases. Terntank presents wind-assisted vessels within a 

historical trajectory of fleet renewal, positioning adoption as a natural continuation of the company's 

operational identity rather than a technological departure (Terntank, n.d.). Wallenius Wilhelmsen 

frames the Orcelle Wind project as a landmark demonstration of net-zero ambition, with EU Horizon 

Europe funding and SBTi validation serving as institutional credibility anchors (Wallenius 

Wilhelmsen, 2023; Wallenius Wilhelmsen, 2024). Maersk's selective positioning of WAPS within 

subsidiary-level communication rather than its flagship All the Way to Net Zero narrative illustrates 

how organisations manage technologies at a safer communicative distance until they achieve greater 

standardisation and institutional credibility (Maersk Tankers, 2024). Wisby Tankers produces no 

independent legitimacy narrative, with all public communications issued by commercial partners 

(Bound4blue and Louis Dreyfus Company, 2023; Bound4blue, 2025).  

P3 reveals the most practically precise legitimacy construction strategy in the sample, a deliberate 

two-stage approach sequencing legitimacy types by commercial relationship stage. In contract 

negotiations, communication foregrounds pragmatic legitimacy through cost savings and regulatory 

compliance benefits. Once the customer commits, communication shifts to softer values, 

environmental responsibility and innovation leadership. P3 also characterises WAPS as a visual game, 

noting that the sails cost a fraction of shore power or battery systems but generate far more visible 

communication value, describing the combination as a win-win: you look good and make big savings. 
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Notably, P3 describes how this communication approach has matured over time: in the beginning, we 

were quite modest. And we didn't have so much to communicate. Along the way, our communication 

has been more mature. Because we know a little bit more about what we are talking about. This 

illustrates that legitimacy narratives are not fixed communicative choices but evolve as operational 

experience accumulates and internal confidence grows.  

P1 describes external communication as motivated primarily by the desire to inspire others and 

demonstrate to politicians and industry peers that emission-free shipping is achievable. P1 also notes 

that providing vessels as platforms for other developers to test solutions is itself understood as 

credibility-building, signalling openness and commitment to the broader transition.  

 P1 also explains that the flat decision-making structure within Soyagroup's family ownership, where 

a promising solution can be approved directly by the owner, and it enables pioneering commitments 

that larger listed companies with more complex governance cannot easily replicate, illustrating that 

pioneer legitimacy is partly a structural feature of ownership rather than solely a strategic choice.: we 

find a solution that looks good. We propose to the CEO of the company, The CEO proposes to the 

owner and he says yes. This flat decision-making structure enabled the kind of pioneering behaviour 

and long-term commitment that larger listed companies with more complex governance structures 

cannot easily replicate, illustrating that pioneer legitimacy is partly a function of ownership structure 

rather than solely a strategic communication choice.  

P6 adds a legitimacy dimension unique to technology developers and entirely absent from 

documentary material: academic publication as a parallel legitimacy mechanism that reaches 

audiences corporate sustainability communication cannot. Blackert et al. (2025) illustrate this directly, 

providing peer-reviewed technical authority reaching classification societies, regulatory bodies and 

academic peers who apply different validation standards from those governing ESG or investor 

communication. P6 also reveals a technical legitimacy challenge that corporate communications 

systematically avoid: the difficulty of making sails work on already optimised hulls, where 

installation may require structural changes or cargo reduction, a design complexity confirmed 

empirically by Blackert et al. (2025) and absent from all public adoption narratives.  

P4 contributes the most analytically original insight across the interview sample, observing that first 

mover communication about WAPS investments functions not only as legitimacy management with 

existing stakeholders but as indirect lobbying for stricter environmental regulation. If regulation 

tightens, early investors gain competitive advantage while late movers fall behind. P4 describes this 

as clearly the case with Wallenius, which has historically positioned itself as a demonstrator of what is 

possible, with demonstration functioning as a form of political influence that accelerates the 

regulatory pressure eventually making adoption industry-wide.  
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P5 describes a legitimacy strategy fundamentally different from the pioneer narratives of larger 

organisations: legitimacy through delegation and association rather than independent communication 

investment. As P5 explains, we are allowing LDC and Bound for Blue to do the advertising and that. 

And they seem to be very good at this. So we sort of follow them in the wake of this. P5 also describes 

cooperating with Maersk Tankers, Odfjell and Klaverness during the adoption decision, sharing 

information about early experiences and what benefits or drawbacks each had seen, illustrating how 

mimetic pressure in this market operates through deliberate peer consultation and collaborative risk 

reduction rather than passive competitive imitation.  

P2 provides the independent confirmation that completes the picture, observing that pilot projects 

matter primarily for their signal value: quite often in these pilot projects the ship owners don't disclose 

the savings or the numbers. But I think the most important thing is just the signal value and just the 

feeling that we believe in this. And we install this and we keep them on. Especially install on sister 

vessels and we continue to invest in this. P2 also observes that WAPS is particularly visible as a 

legitimacy signal compared to other efficiency measures: it's really visible compared to changing to a 

new anti-fouling paint, which can be very, very expensive and maybe very efficient, but no one would 

notice. This visibility premium explains why organisations invest in WAPS as a legitimacy resource 

even when the financial case is marginal.  

P2 adds a further dimension that explains why the visibility premium operates differently across 

market segments. Ferries and passenger operators can use WAPS actively in customer-facing 

marketing because their clients are directly aware of and sometimes willing to value the 

environmental dimension of the service. As P2 explains, when it comes to ferries, like Stena and 

Scanlines, they can of course use this more actively in the marketing. But other shipping companies 

can not market it like that. For shipping companies transporting bulk goods this is more difficult 

because cargo owners are not willing to pay more for environmentally friendly transport. The 

visibility of the sails therefore generates institutional credibility with regulators, peers and financiers 

rather than commercial premium with direct customers. This distinction helps explain why Wisby 

Tankers delegates legitimacy construction to commercial partners rather than investing in independent 

communication, for a small privately owned tanker operator, the institutional credibility generated by 

the installation is the primary return on the communicative dimension of the investment rather than 

any customer-facing premium.  

Across all five themes, the empirical material consistently reveals a gap between the confident and 

simplified performance narratives visible in corporate communication and the more complex and 

uncertain picture emerging from technical expert accounts and candid interview reflections. This gap 

is not dishonesty but a structural feature of legitimacy work in contexts where organisations must act 
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before they can fully know and communicate before they can fully verify and it is this feature that the 

analysis chapter examines theoretically.  

5. Analysis  

This chapter interprets the empirical findings through the theoretical framework, moving directly from 

identified patterns to theoretical explanation. Each section takes one empirical theme as its analytical 

object, and the chapter concludes with a synthesis that answers the overarching research question.  

5.1 The Construction of Expected Benefits  

The empirical material reveals that expected benefits from WAPS adoption are actively constructed 

rather than neutrally reported. Rogers' (2003) diffusion of innovations theory explains why 

organisations invest considerable effort in constructing the perception of relative advantage through 

quantified performance claims: adoption depends not on what a technology objectively delivers but 

on how its characteristics are perceived. Maersk Tankers' double-digit reductions, Terntank's nineteen 

percent, Bound4blue's ten to twenty percent and Oceanbird's ninety percent all function as perceptual 

anchors that make adoption appear rational and beneficial before empirical verification is available. 

Wejnert (2002) extends this by arguing that adoption is shaped by broader environmental context, the 

consistent framing of expected benefits in relation to rising fuel costs, tightening regulation and 

industry transition narratives confirms that perceived advantage is constructed as timely and 

strategically necessary rather than technologically intrinsic.  

The interview material adds a critical dimension that documentary sources cannot provide. P6's 

insider account reveals that the ninety percent figure is condition-specific, achievable under optimal 

routing and speed conditions but highly sensitive to the operational environment. Internal modelling 

produces a full statistical distribution covering average and spread, while corporate communications 

present a single percentage figure rather than the full performance range, illustrating the translation 

from internal technical complexity to external simplified claims. P5's account of deliberately choosing 

a figure approximately half of what the manufacturer projected confirms that benefit construction 

operates simultaneously at technology developer and shipowner level through a dual calibration that 

is invisible from any single vantage point in the adoption chain. Together these accounts support 

Meyer and Rowan's (1977) argument that formal structures and rationalised claims serve legitimising 

functions decoupled from technical accuracy, the headline figures perform credibility for external 

audiences through their bold simplicity while concealing the operational conditionality that technical 

staff understand. In Suchman's (1995) terms, quantified performance claims construct pragmatic 
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legitimacy, demonstrating economic rationality and environmental meaningfulness to multiple 

audiences simultaneously, prior to and independently of empirical confirmation.  

The threshold dimension of adoption adds important analytical depth. Rogers' standard diffusion 

theory assumes incremental trial logic where adoption can be tested at low cost and reversed if 

outcomes disappoint. WAPS adoption does not fit this pattern. Bergman (2017) argues that threshold 

models better explain capital-intensive adoption than standard epidemic diffusion models beyond 

information about an innovation, actors must possess specific resources, risk tolerance and capacity 

before adoption becomes viable, and commitment must precede verification rather than following 

from it. The empirical material confirms this pattern directly. P3's account of the EX-classification 

challenge in tanker operations like navigating approval from classification societies, flag states and oil 

companies simultaneously illustrates that adoption involves institutional thresholds that make the 

decision far more consequential than a standard efficiency trial. P5's account of welded foundations 

provides the most vivid illustration of irreversibility: the structural installation cannot be removed 

even if the sails are later removed, meaning the adoption decision involves a permanent commitment 

to the vessel's hull structure. These thresholds mean that organisations must justify commitments that 

cannot easily be undone, and they must do so before the empirical evidence that would justify such 

commitments is available. This is precisely the legitimacy challenge that Suchman (1995) describes, 

and it explains why the construction of expected benefits carries such communicative weight in this 

adoption context. In Deephouse et al.'s (2017) terms, organisations navigating these thresholds are not 

simply gaining legitimacy within existing norms but engaging in institutional innovation, constructing 

the normative templates that subsequent adopters will reference and regulators will use as 

benchmarks.  

P3's account of observability provides the clearest empirical illustration of what Rogers (2003) means 

by this dimension. When the sails fill and the wind is favourable, the effect is immediately visible on 

the bridge and the crew can see the savings in real time as the RPM drops and the main engine power 

reduces while speed remains constant. This is precisely what Rogers describes as results that are 

visible and demonstrable to others, and it explains why repeat orders and fleet-wide expansion follow 

from single-vessel pilots even before full-year performance data are available. The technology proves 

itself in ways that no model can fully anticipate or communicate in advance.  

Rogers' (2003) and Pashkevich et al. (2026) together provide the conceptual vocabulary for 

understanding what is being constructed in adoption narratives, but they do not explain why 

construction is necessary. The answer lies in the structural mismatch between the epistemic conditions 

under which adoption decisions are actually made and the institutional expectation that such decisions 

rest on solid evidentiary foundations. Organisations must adopt technologies before outcomes are 

certain, which means adoption is shaped as much by the need to construct institutional credibility as 
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by technical or economic evaluation. Under deep uncertainty, legitimacy work is not a byproduct of 

adoption but a precondition for it (Deephouse et al., 2017).  

5.2 The Framing of Uncertainty  

Walker et al.'s (2013) concept of deep uncertainty is directly applicable to how organisations manage 

WAPS adoption. The empirical material demonstrates that organisations face not only calculable 

technical risk but genuine deep uncertainty in which reliable probability distributions are unavailable 

and future operational outcomes cannot be confidently predicted. P6's insider account of sail-hull 

interaction reveals a structural source of performance uncertainty entirely invisible in corporate 

communications, empirically confirmed by Blackert et al. (2025) who demonstrate that hull geometry 

reduces wingsail lift by up to seventeen percent under beam wind conditions. P3's detailed account of 

the measurement variables that must be simultaneously monitored to isolate sail savings illustrates the 

causal complexity of real operational environments, providing empirical substance to what Walker et 

al. describe theoretically. Stirling's (2010) extension of uncertainty to include ambiguity and 

ignorance is also directly relevant. P2's observation that the industry is probably still not fully aware 

of all the dimensions of uncertainty that will emerge in operational practice, that there are probably 

things we simply just don't have the experience yet to understand, this illustrates precisely what 

Stirling means by ignorance: uncertainty about what we do not yet know we do not know. Alonso-

Travesset et al. (2023) confirm this multi-dimensional character in their review of 130 renewable 

energy investment studies, finding that organisations typically manage one uncertainty dimension in 

isolation while underestimating equally influential dimensions operating in parallel, a pattern directly 

visible across all four cases, where technological uncertainty is actively managed through modelling 

and pilots while regulatory, institutional and market uncertainties are treated as background conditions 

rather than equally active constraints.  

Yet organisations do not defer adoption under deep uncertainty. Instead, the empirical material shows 

the consistent pattern Sarasvathy (2001) describes as effectuation: proceeding from available 

resources and forming gradual commitments rather than optimising toward a predetermined outcome. 

A systematic review of 680 effectuation studies confirms that effectuation is most appropriate 

precisely under conditions of pure uncertainty where causal prediction is infeasible, the deeper the 

uncertainty, the more effectual reasoning outperforms causal planning as a decision logic (Salajegheh 

et al., 2025). P1's account of over a decade of theoretical modelling at Wallenius before the first 

physical installation illustrates the affordable loss principle, limiting financial exposure while 

maintaining strategic momentum. P3's staged fleet expansion from three to five vessels based on 

accumulated operational evidence illustrates how effectuation gives way to greater confidence 

through iterative learning. P5 illustrates effectuation operating at a smaller organisational scale 
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through deliberate commercial risk distribution. The charter relationship with LDC, combined with 

EU  

Innovation Fund co-financing, meant that the decision was not a full financial commitment by Wisby  

Tankers alone but a shared and bounded bet, precisely the affordable loss principle operating through 

commercial partnership rather than internal financial exposure. P6's account of wind tunnel testing as 

a rapid iterative validation mechanism illustrates effectuation at the technical design level, the 

combination of simplified models, physical testing and progressive installation allows the design 

process to advance under persistent epistemic uncertainty rather than requiring full resolution before 

proceeding.  

The most analytically significant finding is the deliberate separation between internal and external 

uncertainty management. P3's direct observation that it is always important to keep a straight face 

towards customers even though it is a work in progress, drawing an analogy to not wanting to know if 

something has gone wrong with the food you are eating, P4's academic confirmation that company 

reports do not present the full story, and P6's honest admission of not knowing what has been 

communicated outside because of being involved internally, together reveal that the internal-external 

gap is managed at a communications layer above individual technical and operational staff rather than 

by those staff themselves. This gap is not dishonesty but a structural feature of legitimacy work under 

uncertainty, organisations must maintain the appearance of rational and evidence-based decision-

making while navigating genuinely unresolved epistemic conditions (Meyer and Rowan, 1977).  

The uncertainty organisations face in WAPS adoption is not only about whether a particular 

technology will perform as projected, it is about whether they are positioning themselves correctly for 

a permanent structural transition whose direction is clear, but whose precise trajectory remains 

uncertain. This is what makes WAPS adoption strategically different from a simple efficiency 

investment, the decision is made under conditions where uncertainty about the technology is 

compounded by uncertainty about future fuel prices, regulatory trajectories and competitive 

landscapes across a 25 to 30 year asset lifecycle. Walker et al.'s (2013) deep uncertainty framework 

captures this condition precisely; these are not risks with known probability distributions but genuine 

unknowns whose bounds cannot be fully established in advance. Organisations that frame adoption as 

a strategic hedge against fossil fuel dependency, as P1 does explicitly, are not simply managing 

external communication, they are articulating a genuinely rational response to deep structural 

uncertainty about the future cost of inaction (Walker et al., 2013).  
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5.3 Modelling and Performance Claims  

Meyer and Rowan (1977) argue that organisations adopt formal structures primarily to signal 

conformity with institutional expectations rather than to guarantee technical efficiency. The empirical 

material provides strong support for this argument in the context of WAPS modelling. Across all 

cases, formal emissions calculations, performance simulations and regulatory metrics function as 

externally oriented signals of rational and responsible decision-making as much as internal analytical 

tools. Maersk's deployment of standardised indicators, CSRD and ESRS alignment and third-party 

ECO Delivery verification all signal institutional credibility independently of whether the underlying 

calculations are technically precise. Wallenius Wilhelmsen's use of CMIP6 projections and IPCC 

scenario families performs analytical rigour for investor audiences even when precise outputs cannot 

determine specific investment decisions.  

P6's account of the internal modelling process is the most analytically precise in the sample. 

Internally, models produce statistical distributions covering the full range of outcomes from worst to 

best, while corporate communications present single headline figures rather than the full performance 

range. This reduction serves Meyer and Rowan's legitimising function precisely: the single figure 

performs rationality and precision for external audiences while the uncertainty range remains 

invisible. P6's account of the wind tunnel versus CFD trade-off further reveals that thousands of 

design configurations are tested rapidly in wind tunnels, validated against computationally expensive 

CFD, then combined with ship performance models to produce the figures that appear in press 

releases. This multi-fidelity process is entirely invisible in corporate communications, which present 

percentage figures as straightforward technical outputs. The publication of Blackert et al. (2025) 

illustrates how this technical work constructs legitimacy beyond corporate communication, peer-

reviewed knowledge production reaches audiences who apply different validation standards from 

those governing ESG reporting, functioning as what Meyer and Rowan would describe as a formal 

structure signalling technical authority.  

P1's platform strategy provides a concrete illustration of how effectuation operates not only through 

internal pilot projects but through the deliberate co-creation of a testing ecosystem with external 

technology partners. By providing vessels as platforms for other developers to test their solutions, the 

organisation accumulates empirical knowledge through collaborative experimentation while 

distributing the financial and reputational risk of each individual trial. This is effectuated as co-

creation, proceeding from what is available (vessels with deck space and operational flexibility) and 

forming partnerships that allow gradual learning without requiring full technical certainty before each 

step.  
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Sarasvathy's (2001) effectuation framework illuminates how models are used under deep uncertainty. 

Models here do not produce certainty but sufficient structured reasoning to justify continued 

investment and communicate developmental progress, functioning as what Walker et al. (2013) 

describe as a means of bounding uncertainty rather than eliminating it. P5's account of voyage 

planning transforming from 25 to 150 waypoints illustrates the limits of pre-installation modelling, 

the operational transformation exceeded what any model had anticipated, demonstrating that 

modelling enables adoption but cannot fully predict its consequences.  

P2's identification of modelling's invisible screening function adds a final dimension that Meyer and 

Rowan's theory helps explain. Simulations that advise against adoption on unsuitable routes never 

reach public announcement, meaning the public face of modelling as a legitimising artefact is partly 

enabled by selective communication of favourable outcomes. This screening role means that 

modelling shapes the WAPS adoption landscape more broadly than public performance claims 

suggest, filtering out unsuitable cases before they reach the stage of public announcement and 

enabling the selective communication that makes modelling appear as a straightforward technical 

legitimacy tool rather than a complex and conditional analytical process.  

5.4 Regulatory Alignment  

DiMaggio and Powell's (1983) concept of institutional isomorphism provides the primary analytical 

lens for understanding how regulatory frameworks shape WAPS adoption framing. Coercive 

isomorphism is visible in how multiple companies explicitly frame adoption in relation to EU ETS, 

FuelEU Maritime and IMO carbon intensity requirements. P6 confirms this from a technical design 

perspective, noting that regulatory frameworks shape design choices around tank size and power 

limits. Mimetic isomorphism is evident in the convergence of adoption narratives across organisations 

operating under the same regulatory environment, P5's active peer benchmarking network with 

Maersk Tankers, Odfjell and Klaverness illustrates mimetic pressure operating through deliberate 

information-sharing rather than passive imitation. Normative isomorphism operates through 

standardised reporting frameworks, sustainability expertise roles and third-party verification bodies 

such as Lloyd's Register. Deephouse et al. (2017) identify regulatory legitimacy as a distinct fourth 

criterion operating independently of pragmatic, moral and cognitive legitimacy, EU ETS and FuelEU 

Maritime constitute a separate compliance channel through which adoption is evaluated as legally 

appropriate or non-compliant, independently of whether it is commercially advantageous or morally 

praiseworthy. This regulatory legitimacy dimension explains why organisations frame adoption 

through explicit regulatory alignment even when the financial case is not yet fully established, 

compliance framing constructs legitimacy with regulatory audiences through a channel that 

commercial performance narratives cannot reach.  



54  

However, P1's account of pushing ahead of regulation since 2004 introduces the most significant 

complication, coercive isomorphism does not explain early adoption, and moral legitimacy in 

Suchman's (1995) terms can drive pioneering organisations ahead of institutional requirements. P3's 

confirmation that the Terntank expansion preceded FuelEU Maritime reinforces this temporal pattern. 

P5's account represents the opposite end of the spectrum, regulation was a definite driver, with 

Lloyd's Register validation a necessary contractual condition rather than optional legitimacy signal.  

The temporal distinction between early and mainstream adoption is captured most sharply by P2, who 

observes that the really early adopters from approximately 2020 to 2023 were probably driven by 

personal interest and supported by public research funding, while the most recent wave reflects a 

different logic entirely: companies like Stena and Maersk don't take decisions from their heart. This 

single observation encapsulates the shift from normative and values-based isomorphism to coercive 

and market-driven isomorphism more precisely than any documentary source in the corpus. It 

confirms that the mechanisms driving adoption are not stable over time but shift systematically as the 

technology matures and the regulatory environment tightens, exactly the temporal dimension the 

study contributes to the isomorphism literature.  

P2 also provides the independent expert perspective that frames what is at stake in the regulatory 

environment more broadly. The observation that the important step now is to ensure that the EU and 

IMO regulations come through and continue to strengthen the pressure on the shipping world 

confirms that the regulatory environment is understood across the field as something that must be 

actively maintained and strengthened rather than assumed to be stable (UNCTAD, 2025). This 

directly complements P6's concern about regulatory fragility from the opposite direction. P6's 

observation that a recent IMO proposal like FuelEU Maritime was declined raises the possibility that 

environmental regulations could weaken, which would reduce the commercial case for WAPS and 

undermine the legitimacy narratives built around regulatory alignment. Together these two 

observations reveal that regulatory alignment is not simply a stable institutional resource but a fragile 

one, dependent on the continued political will to maintain and strengthen climate governance 

frameworks (UNCTAD, 2025).  

Thornton and Ocasio's (2012) institutional logics perspective illuminates how organisations 

simultaneously navigate market, regulatory and sustainability logics, with the balance shifting 

depending on communicative context and audience. P3's two-stage communication strategy; money 

first, soft values second and P5's regulatory cost avoidance framing illustrate how different 

institutional logics are selectively deployed for different audiences (Thornton and Ocasio, 2012). This 

simultaneous deployment allows organisations to construct adoption as appropriate across a wide 

range of stakeholder expectations, reducing legitimacy risk by ensuring different audiences find 

different but mutually reinforcing justifications for the same decision.  
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Regulatory alignment and commercial strategic drivers are not always separable in practice. P1 

articulates this directly, describing wind-assisted solutions as risk mitigation against fossil fuel 

exposure, a framing that embeds regulatory compliance within a broader strategic logic of reducing 

long-term energy dependency rather than treating it as a standalone compliance obligation (Lin et al., 

2025). In a context where regulatory requirements are designed as ratchets that tighten progressively 

over decades and where asset lifecycle logic means investment decisions made now will shape cost 

structures into the 2050s, regulatory alignment and long-term strategic positioning are two dimensions 

of the same adoption decision rather than separate motivations.  

5.5 Legitimacy Narratives  

Suchman's (1995) three-dimensional legitimacy framework maps directly onto the empirical patterns. 

Pragmatic legitimacy is constructed through quantified performance claims, return-on-investment 

arguments and regulatory compliance framing, P3's two-stage strategy illustrates this being 

deliberately deployed first before moral legitimacy is introduced. Moral legitimacy is constructed 

through pioneer narratives, net-zero commitments and climate responsibility framing, P1 describes 

external communication as motivated by the desire to demonstrate to politicians and industry peers 

that emission-free shipping is achievable (Suchman, 1995). Cognitive legitimacy is constructed 

through normalisation of WAPS within fleet design descriptions, standardised reporting frameworks 

and industry-wide adoption signals, P2 confirms that what generates industry movement is the signal 

that a credible operator believes in the technology enough to install it, maintain it and continue 

expanding, independently of technical disclosure (Suchman, 1995). Regulatory legitimacy is 

constructed through explicit alignment with EU ETS, FuelEU Maritime and classification society 

requirements, constituting a distinct channel through which adoption is rendered compliant and 

institutionally appropriate independently of financial or environmental justification (Deephouse et al., 

2017).  

Meyer and Rowan's (1977) argument that formal structures signal rationality rather than guarantee 

efficiency is visible throughout. The absence of detailed modelling assumptions in public 

communications, the foregrounding of stable KPIs alongside acknowledged uncertainty, and the 

delegation of performance validation to third-party partners all reflect a legitimacy strategy in which 

rational and responsible decision-making is performed even where technical certainty is unavailable 

(Meyer and Rowan, 1977. Maersk's selective positioning of WAPS within subsidiary-level rather than 

flagship communication illustrates how organisations keep technologies whose legitimacy is not yet 

fully established at arm's length from core corporate storytelling. P3's account of how Terntank's 

communication has matured over time, from quite modest when they didn't have much to 

communicate to more mature as they know a little bit more what they are talking about, illustrates that 



56  

cognitive legitimacy is not simply claimed but accumulates through demonstrated operational 

experience, and that the confidence of external communication is partly a function of the depth of 

internal learning rather than solely a strategic construction.  

P6 adds a legitimacy dimension unique to technology developers and entirely absent from 

documentary material: academic publication as a parallel legitimacy mechanism. Blackert et al.  

(2025) illustrate this directly, providing peer-reviewed technical authority that reaches classification 

societies, regulatory bodies and academic audiences who apply different validation standards from 

those governing commercial sustainability disclosure. P6 also reveals the technical legitimacy 

challenge that corporate communications systematically avoid, the difficulty of making sails work on 

already optimised hulls, where installation may require structural changes or cargo reduction, a design 

complexity confirmed empirically by Blackert et al. (2025) and absent from public adoption 

narratives.  

However, the identification of academic publication as a legitimacy mechanism warrants critical 

qualification. While peer-reviewed research reaches audiences with different validation standards 

from corporate reporting, the actual legitimacy conferred depends on how those audiences receive and 

act upon the research. Classification societies may incorporate published performance data into 

certification frameworks, but whether individual shipping companies, charterers or insurers modify 

their adoption decisions based on academic publications remains an empirical question this study 

cannot answer. Academic publication may function more as a necessary condition for technical 

credibility with specialised audiences than as a sufficient condition for broader institutional 

legitimacy. The mechanism should therefore be understood as one channel within a wider legitimacy 

infrastructure rather than an independent driver of adoption decisions. 

P4 contributes the most analytically original insight across the interview sample: first mover 

communication about WAPS investments functions not only as legitimacy management with existing 

stakeholders but as indirect lobbying for stricter environmental regulation. If regulation tightens, early 

investors gain competitive advantage while late movers fall behind. P4 describes this as clearly the 

case with Wallenius, which has historically positioned itself as a demonstrator of what is possible, 

demonstration is a form of political influence that accelerates the regulatory pressure eventually 

making adoption industry-wide. In Deephouse et al.'s (2017) terms, this is the institutionally 

innovating scenario in action: pioneer adopters do not merely demonstrate appropriateness within 

existing norms but actively construct the institutional environment within which subsequent adoption 

decisions will be evaluated, establishing normative templates that regulators use as benchmarks and 

competitors use as reference points. This political economy dimension reveals that legitimacy work 

serves not only current stakeholder relationships but the future competitive and regulatory 
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environment, extending Colleoni's (2013) argument that sustainability communication is a strategic 

legitimacy practice to encompass the regulatory landscape itself.  

P5 describes a legitimacy strategy fundamentally different from the pioneer narratives of larger 

organisations: legitimacy through delegation and association rather than independent communication 

investment. Allowing LDC and Bound4blue to do the advertising while following in their wake 

illustrates DiMaggio and Powell's (1983) mimetic isomorphism operating through deliberate 

partnership, smaller operators benefit from the legitimacy work of larger pioneers without investing in 

independent communication infrastructure, cascading institutional credibility through commercial 

relationships. P5 also describes active peer benchmarking with Maersk Tankers, Odfjell and 

Klaverness, cooperating during the adoption decision, sharing information about early experiences, 

illustrating how mimetic pressure in this market operates through deliberate information-sharing and 

collaborative risk reduction rather than passive competitive imitation (Bergman and Rabinowicz, 

2013).  

P2 provides the independent confirmation that completes the picture, observing that pilot projects 

matter primarily for their signal value: quite often the ship owners don't disclose the savings or the 

numbers, but the most important is just the signal value that we believe in this and we keep them on 

and install on sister vessels. P2 also observes that WAPS is particularly visible as a legitimacy signal 

compared to other efficiency measures: it's visible compared to changing to a new anti-fouling paint, 

which can be very expensive and maybe very efficient, but no one would notice. This visibility 

premium explains why organisations invest in WAPS as a legitimacy resource even when the financial 

case is marginal (Suchman, 1995).  

P2 adds a further dimension that explains why the visibility premium operates differently across 

market segments. Ferries and passenger operators can use WAPS actively in customer-facing 

marketing because their clients are directly aware of and sometimes willing to value the 

environmental dimension of the service. For shipping companies transporting bulk goods this is more 

difficult because cargo owners are not willing to pay more for environmentally friendly transport. The 

visibility of the sails therefore generates institutional credibility with regulators, peers and financiers 

rather than commercial premium with direct customers (Deephouse et al., 2017). This distinction 

helps explain why Wisby Tankers delegates legitimacy construction to commercial partners rather 

than investing in independent communication, for a small privately owned tanker operator, the 

institutional credibility generated by the installation is the primary return on the communicative 

dimension of the investment rather than any customer-facing premium.  
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5.6 Synthesis: Framing WAPS Adoption as Legitimacy Work Under 

Uncertainty  

The five analytical threads converge on a single overarching finding: WAPS adoption cannot be 

understood as a straightforward response to technical performance evidence or regulatory requirement 

but is best understood as a socially embedded and interpretive process in which organisations actively 

construct opportunity, manage uncertainty and engage in legitimacy work within an evolving 

institutional environment.  

The construction of expected benefits, the management of uncertainty, the deployment of modelling 

practices, regulatory alignment and legitimacy narratives are not separate activities but deeply 

interconnected practices that collectively constitute what it means to adopt WAPS strategically under 

deep uncertainty. Performance claims construct pragmatic legitimacy (Suchman, 1995). Pilot projects 

and staged commitments manage uncertainty while generating cognitive legitimacy through peer 

signalling (DiMaggio and Powell, 1983). Regulatory alignment constructs coercive and normative 

legitimacy while enabling the translation of sustainability logic into market logic. Pioneer narratives 

construct moral legitimacy and normative leadership (Suchman, 1995). Academic publication 

constructs technical legitimacy through peer validation operating independently of commercial 

communication (Blackert et al., 2025). Legitimacy delegation allows smaller organisations to benefit 

from institutional credibility accumulated by larger pioneers without investing in independent 

communication infrastructure (Wejnert, 2002). Bergman's (2017) threshold model provides the 

structural explanation for why this legitimacy work is so intensive, capital-intensive technologies with 

irreversible commitments require organisations to construct credible expectations before evidence is 

available, making legitimacy work a structural necessity rather than a communicative luxury.  

P6's contribution reveals that the same modelling work producing condition-specific performance 

distributions for internal engineering purposes is the source of headline figures constructing pragmatic 

legitimacy for external audiences. The gap between the statistical distribution P6 describes internally 

and the single percentage figure appearing in corporate communications is not a gap between truth 

and deception but between technical and institutional registers of communication, each serving 

legitimate purposes within a complex adoption ecology (Rogers, 2003). P6's concern about regulatory 

fragility adds an important temporal dimension, the integrated legitimacy project depends partly on a 

stable and strengthening regulatory environment, and if that environment weakens the commercial 

case for some installations becomes marginal and legitimacy narratives built around regulatory 

alignment lose their anchoring.  
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Taken together, these dimensions directly answer the overarching research question. Shipping 

companies and their technology partners frame and justify WAPS adoption under technological, 

regulatory and institutional uncertainty by combining simplified performance narratives that render 

uncertain outcomes credible, effectuation strategies allowing incremental commitment without full 

knowledge, institutional alignment practices signalling rationality and responsibility to multiple 

audiences, academic publication as a parallel technical legitimacy mechanism, and legitimacy 

narratives positioning adoption as forward-looking, appropriate and increasingly inevitable within 

current climate governance structures. The gap between confident public adoption narratives and the 

complex and uncertain picture emerging from technical expert accounts and candid interview 

reflections is not a failure of transparency but a necessary feature of legitimacy work in conditions 

where organisations must act before they can fully know and communicate before they can fully 

verify.  

The structural market transformation context that motivates this study also shapes the legitimacy work 

it documents. Organisations are not constructing legitimacy for an optional or reversible choice, they 

are constructing legitimacy for an early commitment to a permanent structural transition (Bergman, 

2017). This means that legitimacy work in this context is not simply impression management but an 

essential institutional function (Suchman, 1995). In a sector where the direction of travel is clear, but 

the pathway is uncertain, where regulatory ratchets will progressively tighten and where competitors 

are watching each other's adoption decisions for signals about the right pace and technology choice, 

communicating adoption credibly and appropriately is a prerequisite for strategic survival rather than 

a communicative luxury (DiMaggio and Powell, 1983). The organisations that construct legitimacy 

most effectively through pioneer narratives, peer benchmarking, staged commitment, regulatory 

alignment and academic publication are not merely managing perceptions. They are actively shaping 

the institutional environment in which all future adoption decisions in the sector will be made 

(Deephouse et al., 2017).  

6. Conclusion  

This chapter answers the research question and sub-questions, outlines the study's theoretical and 

practical contributions, reflects on its limitations and suggestions for future research.  
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6.1 Answering the Research Question  

This study examined how the adoption of wind-assisted propulsion systems is framed and justified by 

shipping companies and technology developers operating under conditions of technological, 

regulatory and institutional uncertainty.  

Regarding Sub question 1 on the construction of expected benefits, the study finds that organisations 

do not simply report what WAPS technologies deliver but actively construct perceived advantage 

through simplified performance metrics, selective modelling outputs and forward-looking narratives. 

The most significant finding is that benefit construction operates through a dual calibration invisible 

from any single vantage point in the adoption chain. Technology developers present condition-

specific best-case figures while shipowners further discount those figures for public communication. 

P6's insider account reveals that the ninety percent Oceanbird figure is achievable only under optimal 

routing and speed conditions, while internal modelling produces a full statistical distribution from 

worst to best outcomes. Corporate communications present single headline figures rather than the full 

performance range, illustrating the translation from internal technical complexity to external 

simplified claims. P5's account of deliberately choosing a conservative ten percent figure despite 

manufacturer projections roughly double that amount confirms that public performance claims are 

shaped by what different audiences will find credible as much as by what the technical evidence 

supports.  

The threshold dimension adds important depth to this finding. Bergman (2017) argues that threshold 

models better explain capital-intensive adoption than standard diffusion models beyond information, 

actors must possess specific resources, risk tolerance and capacity before adoption becomes viable, 

and commitment must precede verification rather than following from it. P3's account of navigating 

EX classification approval from classification societies, flag states and oil companies simultaneously, 

and P5's account of welded foundations that cannot be removed even if the sails are later removed, 

reveal that WAPS adoption involves institutional and structural thresholds that make adoption 

decisions partially irreversible. This irreversibility explains why organisations invest such effort in 

constructing confident benefit narratives before the empirical evidence that would justify such 

commitments is available. P3's account of observability provides the clearest illustration of how the 

technology proves itself in operational practice. When the sails fill and wind conditions are 

favourable, crew can see the savings in real time as RPM drops and main engine power reduces while 

speed remains constant. This immediate visibility explains why repeat orders and fleet-wide 

expansion follow from single-vessel pilots even before full-year performance data are available.  
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Regarding Sub question 2 on the framing of uncertainty, the study finds that uncertainty is actively 

managed through four distinct strategies that vary systematically across organisational contexts: 

formal scenario-based disclosure directed at investor audiences, operational containment through 

normalised reporting that minimises uncertainty acknowledgement, deliberate separation of internal 

epistemic conditions from external communication, and progressive empirical validation through 

staged pilots and iterative data collection. P6's account of sail-hull interaction as a structural source of 

performance uncertainty, confirmed empirically by Blackert et al. (2025), reveals that hull geometry 

can reduce wingsail lift by up to seventeen percent under beam wind conditions, a technical 

complexity entirely invisible in corporate communications. P2's observation that there are probably 

things that will emerge in operational practice that the industry simply does not yet have the 

experience to understand illustrates what Stirling (2010) describes as ignorance: uncertainty about 

what we do not yet know we do not know.  

The most analytically significant finding concerns the deliberate separation between internal and 

external uncertainty management. P3's observation that it is always important to keep a straight face 

towards customers even though the work is in progress, drawing an analogy to not wanting to know if 

something has gone wrong with the food you are eating, reveals that the gap between internal 

epistemic conditions and external communication is not accidental but deliberately managed. P4's 

confirmation from an academic perspective that company reports do not present the full story, and 

P6's honest admission of not knowing what has been communicated outside because of being 

involved internally, together confirm that this gap is managed at a communications layer above 

individual technical staff rather than by those staff themselves. Despite this uncertainty, organisations 

do not defer adoption. Instead, the empirical material shows patterns consistent with effectuation 

(Sarasvathy, 2001). P1's account of over a decade of theoretical modelling at Wallenius before the first 

physical installation illustrates the affordable loss principle. P3's staged fleet expansion from three to 

five vessels based on accumulated operational evidence illustrates how effectuation gives way to 

greater confidence through iterative learning. P5's account of shared financial risk through the charter 

relationship with LDC and EU Innovation Fund co-financing illustrates effectuation operating 

through commercial partnership rather than internal financial exposure alone.  

Regarding Sub question 3 on institutional alignment and legitimacy, the study finds that WAPS 

adoption is embedded within a multi-layered legitimacy project simultaneously constructing 

pragmatic, moral and cognitive legitimacy across different audiences and time horizons. P3's two-

stage communication strategy, deploying pragmatic legitimacy through cost savings and regulatory 

compliance framing in contract negotiations before introducing moral legitimacy through 

environmental responsibility narratives once commitment is secured, illustrates Suchman's (1995) 

three legitimacy types operating strategically rather than simultaneously. P6's identification of 
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academic publication as a parallel legitimacy mechanism reaching classification societies, regulatory 

bodies and academic peers who apply different validation standards from those governing ESG 

reporting reveals a legitimacy channel entirely absent from documentary material. P4's observation 

that first mover communication functions as indirect lobbying for stricter environmental regulation 

extends the legitimacy analysis beyond current stakeholder relationships to encompass the future 

competitive and regulatory environment that pioneering organisations are actively helping to shape. 

P5's legitimacy delegation strategy, allowing LDC and Bound4blue to do the advertising while 

following in their wake, illustrates how smaller operators construct institutional credibility through 

commercial partnership rather than independent communication investment.  

The temporal dimension of regulatory alignment is captured most precisely by P2, who distinguishes 

between early adopters from approximately 2020 to 2023 driven by personal interest and public 

research funding, and recent mainstream adopters for whom companies like Stena and Maersk don't 

take decisions from their heart. This shift from values-driven pioneers to business-minded mainstream 

adopters marks a fundamental change in what legitimacy resources are required and what institutional 

pressures are driving adoption forward. P2's further observation that the important step now is to 

ensure that the EU and IMO regulations come through and continue to strengthen the pressure on the 

shipping world, combined with P6's concern that environmental regulations could weaken following a 

recent declined IMO proposal, reveals that regulatory alignment is not a stable institutional resource 

but a fragile one dependent on continued political will to maintain and strengthen climate governance 

frameworks.  

Together these findings answer the overarching research question: shipping companies and their 

technology partners frame and justify WAPS adoption through an integrated set of practices 

combining simplified benefit construction, bounded uncertainty management, regulatory alignment, 

academic knowledge production and active legitimacy work across multiple audiences. Adoption is 

not a straightforward technical or economic decision but a socially embedded process in which 

organisations act before they can fully know and communicate before they can fully verify, navigating 

the tension between genuine uncertainty and the institutional expectation of rational and responsible 

decision-making. The gap between confident public adoption narratives and the more complex and 

uncertain picture emerging from technical expert accounts and candid interview reflections is not a 

failure of transparency but a structural feature of legitimacy work in conditions where organisations 

must justify irreversible commitments under deep uncertainty (Walker et al., 2013; Suchman, 1995).  

The adoption decisions documented in this study are not isolated choices but early positioning 

decisions within a permanent structural transition. The combination of asset lifecycle logic, regulatory 

lock-in and market-side sustainability demand means that companies understand WAPS adoption not 

as a temporary response to current conditions but as a long-term bet on the direction of the industry. 
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Legitimacy work under these conditions is not simply communication strategy but the institutional 

mechanism through which strategic commitments made under genuine uncertainty are made 

meaningful, credible and justifiable to the full range of audiences on which organisations depend.  

6.2 Theoretical Contributions  

The study makes several analytical and empirical contributions to research on organisational 

legitimacy, innovation under uncertainty and institutional theory. While the study does not propose 

new theoretical frameworks, it provides empirical evidence that extends, nuances and contextualises 

existing theory within a previously unexamined empirical setting: maritime decarbonisation 

technology adoption under deep uncertainty.  

First, the study applies legitimacy theory (Suchman, 1995; Meyer and Rowan, 1977) into the 

empirical context of maritime decarbonisation and environmental technology adoption under deep 

uncertainty. Beyond existing applications of legitimacy theory in sustainability research (Ellram et al., 

2022; Colleoni, 2013), this study identifies two legitimacy mechanisms not previously examined in 

this context. Academic publication is identified as a distinct legitimacy mechanism operating with 

different audiences and validation standards from corporate sustainability reporting. P6's account of 

how peer-reviewed research reaches classification societies, regulatory bodies and academic peers, 

confirmed by the publication of Blackert et al. (2025), reveals that technology developers construct 

legitimacy through parallel channels that corporate ESG communication cannot reach. Legitimacy 

delegation is identified as a strategy through which smaller organisations construct institutional 

credibility through commercial partnership rather than independent communication investment. P5's 

account of allowing LDC and Bound4blue to carry the communication burden while accumulating 

goodwill and front-runner reputation through association reveals how mimetic isomorphism 

(DiMaggio and Powell, 1983) operates through deliberate partnership in capital-intensive sectors 

where smaller operators cannot match the communication infrastructure of larger pioneers.  

Second, the study provides empirical evidence of effectuation logic (Sarasvathy, 2001) operating at 

the engineering design level within established capital-intensive organisations. While systematic 

reviews confirm that effectuation research has expanded beyond its original entrepreneurial context 

(Salajegheh et al., 2025), empirical demonstrations of how effectuation manifests in technical design 

processes remain limited. P6's account of the multi-fidelity modelling process, combining simplified 

overview models, wind tunnel testing and detailed CFD simulation in iterative cycles, illustrates 

effectuation operating where the goal is not predictive certainty but sufficient confidence to take the 

next incremental step. P1's platform strategy, providing vessels for other developers to test solutions 

while distributing financial and reputational risk, illustrates effectuation as co-creation across 
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organisational boundaries. Rather than claiming a theoretical extension, this study offers a concrete 

empirical demonstration of what effectuation looks like in practice when established organisations 

navigate technical design decisions under persistent uncertainty, where iterative means-driven 

experimentation replaces goal-driven optimisation as the dominant decision logic.  

Third, the analysis reveals a pattern in institutional isomorphism literature (DiMaggio and Powell, 

1983). Whereby the relative weight of coercive, mimetic and normative isomorphic pressures appears 

to shift across adoption phases. P2's distinction between early adopters driven by personal interest and 

public funding and recent mainstream adopters making business-minded decisions confirms that 

normative and values-based pressures dominate early adoption while coercive and mimetic pressures 

become more prominent as the technology diffuses toward mainstream (Thornton and Ocasio, 2012). 

P1's account of Soyagroup and Wallenius pushing ahead of regulation since 2004, contrasted with 

P5's account of EU ETS and FuelEU Maritime as definite drivers for Wisby Tankers, illustrates how 

the same regulatory environment produces fundamentally different adoption logics depending on 

organisational position in the adoption timeline (Wejnert, 2002; Pashkevich et al., 2026). P6's concern 

about regulatory fragility adds a further dimension, isomorphic pressure is structurally contingent on 

the durability of the regulatory environment, and if that environment weakens the mechanisms driving 

mainstream adoption may lose their institutional anchoring. This temporal and conditional framing of 

isomorphism extends DiMaggio and Powell's framework by showing that isomorphic mechanisms are 

not stable across time but evolve systematically as innovations mature and regulatory landscapes 

shift.  

Fourth, the study provides empirical detail to the sociology of technical knowledge by showing how 

engineering expertise is translated, condensed and selectively communicated across the boundary 

between technical and institutional registers (Meyer and Rowan, 1977; Rogers, 2003). P6's account 

reveals that internal modelling produces statistical distributions covering the full range of outcomes 

from worst to best, while corporate communications present single headline figures. This gap between 

internal statistical complexity and external simplified communication illustrates the knowledge 

translation process Meyer and Rowan (1977) describe, where formal structures signal rationality to 

institutional audiences. What the empirical material adds is concrete detail on how that translation 

occurs in practice within an emerging technology context, it is not a failure of transparency but a 

structurally necessary feature of communication between audiences with different epistemic 

expectations and validation standards.  

Fifth, the study empirically demonstrates two scenarios from Deephouse et al.'s (2017) updated 

legitimacy framework in a novel industrial context. Regulatory legitimacy, conformity with EU ETS 

and FuelEU Maritime as a distinct legitimacy criterion, is shown to operate independently of 

pragmatic and moral legitimacy, enabling organisations to construct adoption as legally required 
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independently of whether it is commercially optimal or environmentally praiseworthy (Deephouse et 

al., 2017). The institutionally innovating scenario is illustrated through P4's account of pioneer 

adopters functioning as indirect regulatory lobbyists, actively constructing the institutional 

environment within which subsequent adoption decisions will be evaluated rather than merely 

demonstrating appropriateness within existing norms (Deephouse et al., 2017).  

Finally, the analysis points to a relationship between adoption thresholds and legitimacy construction 

that may warrant further investigation. WAPS adoption involves significant institutional, technical 

and commercial thresholds, including classification society approval, flag state regulatory 

requirements, permanent structural installation of welded foundations and coordination of commercial 

relationships across shipowner, charterer and technology provider, that make adoption decisions 

partially irreversible in ways that Rogers' (2003) standard diffusion theory does not fully capture 

(Bergman and Rabinowicz, 2013). The legitimacy work organisations invest in constructing credible 

adoption narratives appears partly shaped by these threshold characteristics, the more irreversible the 

commitment, the more intensive the legitimacy construction required to justify it before empirical 

evidence is available. Bergman and Rabinowicz (2013) provide cross-sectoral comparative evidence 

from agricultural technology adoption suggesting that threshold dynamics are not unique to maritime 

shipping but may characterise capital-intensive technologies more broadly. Whether adoption 

threshold characteristics and legitimacy work intensity are systematically related across capital-

intensive sectors undergoing technological transitions remains an open empirical question for future 

research.  

6.3 Practical Contributions  

For shipping companies, the study shows that credibility depends as much on how adoption is 

communicated as on what the technology delivers. Across the cases, technology developers present 

optimistic performance figures while shipowners further adjust those figures downward when 

communicating externally. This pattern of simplified headline claims may help build short-term 

credibility but risks creating problems as real operational data accumulate and can be compared 

against earlier promises. P3's call for more standardised ways of measuring performance reflects an 

awareness of this risk from within the industry. Being more open about the range of possible 

outcomes, and acknowledging that results depend on specific conditions, would serve the industry's 

long-term credibility better than presenting single best-case numbers. The Terntank case shows that 

treating wind propulsion as a normal part of vessel design, rather than framing it as a pioneering 

experiment, is an effective way for operators to signal that the technology is proven and operationally 

straightforward.  
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For technology developers, P6's observation that people underestimate how difficult it is to make sails 

work on ships already designed for efficiency points to a gap between what is communicated publicly 

and what the technology involves. Developers who are upfront about the conditional nature of 

performance, as Bound4blue's technical paper with Odfjell demonstrates (Bound4blue and Odfjell, 

2024), are likely to build more lasting credibility than those who lead with optimistic figures without 

proper qualification. P6's account also shows that publishing in peer-reviewed journals strengthens 

credibility with technical audiences such as classification societies and regulators in ways that 

commercial sustainability reports cannot. The Blackert et al. (2025) wind tunnel study illustrates this 

in practice, providing independently rigorous performance data that support technical credibility 

separately from marketing.  

For policymakers, P6's concern about regulatory fragility is the most practically important finding. 

The business case for wind propulsion depends partly on a stable and strengthening regulatory 

environment. P2 confirms this from an independent perspective, noting that the important step now is 

to make sure EU and IMO regulations come through and continue to strengthen pressure on the 

shipping industry. If frameworks such as EU ETS, FuelEU Maritime or IMO emissions targets are 

weakened, this would undermine both the financial case for installing wind propulsion and the 

credibility narratives that allow companies to justify investment under uncertainty. These regulatory 

frameworks do not only serve environmental goals. They provide the institutional conditions that 

allow organisations to present adoption as rational, appropriate and strategically necessary despite 

genuine uncertainty about long-term performance. Weakening them would disproportionately harm 

early adopters who have already made irreversible commitments based on regulatory expectations, 

potentially discouraging early action in future technology transitions.  

6.4 Limitations  

The most significant limitation is the unevenness of the empirical base. Maersk did not respond to 

interview requests despite repeated outreach, meaning that case rests entirely on documentary 

material. The practitioner dimension of the analysis is therefore available only for Wallenius  

Wilhelmsen, Terntank and Wisby Tankers. P1 participates as a group-level Soyagroup strategist rather 

than as an operational representative of Wallenius Wilhelmsen as a listed entity, and P6 participates as 

a Wallenius Marine engineer rather than as a representative of Oceanbird as a separate joint venture. 

Both positions are analytically valuable but mean that certain dimensions of these organisations are less 

directly accessible than others.  

Six interviews provide sufficient analytical depth and saturation for an interpretivist qualitative study 

of this scope (Bryman and Bell, 2015) but cannot represent the full range of perspectives within any 
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case organisation. As P6 honestly acknowledges, even insider accounts may not fully bridge the gap 

between internal and external communication since the translation layer above technical staff is not 

directly accessible through interview. The reliance on publicly available documents means the study 

captures how adoption is publicly narrated rather than how decisions are made internally, and 

interview access to internal processes is necessarily partial.  

All four case companies operate under European regulatory frameworks and findings may not transfer 

directly to shipping markets operating under different or weaker institutional conditions. The study 

examines adoption within a specific institutional environment characterised by EU ETS, FuelEU 

Maritime and relatively strong climate governance structures. Whether the legitimacy mechanisms 

identified here operate similarly in markets with weaker regulatory pressure or different ownership 

structures remains an open empirical question.  

Finally, the decision to foreground legitimacy theory and uncertainty frameworks as the primary 

analytical lenses directs attention toward certain patterns while rendering others less visible. 

Alternative theoretical perspectives including political economy approaches, organisational 

psychology frameworks or supply chain governance perspectives would illuminate different but 

complementary dimensions of the same phenomenon. The choice of legitimacy theory as the 

overarching lens privileges institutional and communicative dimensions of adoption over economic 

calculation, power dynamics or cognitive decision-making processes that other frameworks would 

foreground.  

6.5 Future Research  

The most immediate priority is longitudinal research tracking how adoption framing changes as real 

operational data become available. P1's observation that the first physical Oceanbird installation has 

only just taken place marks a turning point. Over the next five to ten years, fleet-wide performance 

data will make it possible to examine whether the gap between projected and actual outcomes creates 

credibility problems for organisations that made bold public claims. Do companies that 

communicated cautiously maintain stronger credibility than those that presented optimistic figures? 

How do developers and shipowners adjust their narratives when reality does not match expectations? 

Research addressing these questions would carry the findings of this study into the post-adoption 

phase, where credibility built on forward-looking promises must be sustained through actual results.  

Future research could examine whether the relationship between adoption thresholds and credibility 

construction observed here holds in other contexts. WAPS adoption involves institutional, technical 

and commercial thresholds that make decisions partially irreversible and genuinely risky. The more 

irreversible the commitment, the more effort organisations appear to invest in building credible 



68  

narratives to justify it. Whether this pattern applies across other capital-intensive decarbonisation 

technologies, such as offshore wind installation, carbon capture infrastructure or hydrogen production, 

where adoption decisions involve long asset lifecycles and uncertain outcomes, remains an open 

question.  
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Appendix I: Interview Guide  
The interview guide was developed in alignment with the study's theoretical framework and coding 

structure. Separate but aligned versions were used for academic experts and industry practitioners. 

Questions were designed to explore how actors interpret and engage with WAPS adoption, uncertainty 

management and legitimacy construction in practice rather than to verify or falsify claims made in 

corporate documents. All interviews were conducted online and lasted approximately 45 to 60 

minutes.  

   

Introduction (5 minutes)  

The interviewer introduces themselves and the study, explains the purpose of the research and 

confirms consent to record. The participant is informed that they may withdraw at any time and that 

quotations will only be attributed with their explicit permission.  

   

Section A: Background and Role  

These questions establish the participant's professional context and relationship to wind-assisted 

propulsion systems.  

A1. Could you describe your current role and how you engage with sustainability initiatives or wind-

assisted propulsion in your day-to-day work?  

A2. How long have you been working in this area and what has your involvement with wind-assisted 

propulsion specifically looked like?  

A3. How does wind-assisted propulsion fit into the broader decarbonisation strategy of your 

organisation, or, for academic participants, how do you situate it within the broader maritime 

decarbonisation landscape?  

   

Section B: Construction of Expected Benefits  

These questions explore how performance expectations are formed, communicated and evaluated.  

B1. How does your organisation evaluate the potential benefits of wind-assisted propulsion systems? 

What criteria or indicators are most important in that evaluation?  

B2. Which benefits are most important internally cost savings, emissions reductions, regulatory 

compliance, reputational considerations or something else?  

B3. How confident are you in the performance estimates that are communicated publicly about wind-

assisted propulsion? Do you think these figures are sometimes oversimplified or optimised for 

communication purposes?  

B4. For academic participants: From a research perspective, how robust or accurate are the fuel 

savings and emissions reduction estimates typically presented in industry sources and by technology 

suppliers?  
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Section C: Framing and Management of Uncertainty  

These questions explore how uncertainty is experienced, managed and communicated.  

C1. What kinds of uncertainties do you face or observe when considering investments in wind-

assisted propulsion technologies? Could you describe the most significant ones?  

C2. Do you think there is a difference between how uncertainty is handled internally within the 

organisation and how it is communicated to external stakeholders such as customers, investors or 

regulators? If so, how do you navigate that gap?  

C3. Do you sometimes need to act or commit before you can fully trust the numbers or before full 

empirical verification is available? How does your organisation manage that situation?  

C4. How do geopolitical developments, political uncertainty or shifts in regulatory direction affect 

how you think about long-term investments in wind propulsion technologies?  

C5. For academic participants: From what you have observed across the industry, how do shipping 

companies typically manage the gap between modelled performance projections and actual 

operational outcomes?  

   

Section D: Modelling and Performance Claims  

These questions explore the role of modelling and simulation in adoption decisions.  

D1. To what extent do you rely on performance estimates, modelling or simulations when evaluating 

wind-assisted propulsion systems? How important are these tools in your decision-making process?  

D2. What role do pilot projects and demonstration installations play in validating the technology and 

building confidence in its performance before wider deployment?  

D3. Now that vessels are operating with wind propulsion installed, are you beginning to gather real 

operational data? How does it compare to what the models projected before installation?  

D4. For academic participants: What are the main challenges in translating model results into 

operational outcomes? What is most often overlooked or underestimated in the modelling process?  

   

Section E: Regulatory Alignment  

These questions explore how regulatory frameworks shape adoption decisions and framing.  

E1. To what extent were regulatory developments such as EU ETS, FuelEU Maritime or IMO climate 

targets a direct driver of the decision to adopt wind-assisted propulsion? Or did the decision precede 

these frameworks?  

E2. How do you think the current regulatory landscape including the Wind Reward Factor in FuelEU 

Maritime and the Carbon Intensity Indicator has changed the business case for wind propulsion 

compared to a few years ago?  

E3. Do you feel that your organisation responds to regulation or that you try to get ahead of it? How 

does that posture shape how you communicate your wind propulsion initiatives?  
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E4. For academic participants: Do you think wind propulsion is well integrated into the current 

regulatory framework, or does it still struggle to fit within regulatory categories designed primarily 

around fuel types and emissions accounting?  

   

Section F: Legitimacy and External Communication  

These questions explore how adoption decisions are communicated and legitimised to external 

audiences.  

F1. How do you communicate investments in wind-assisted propulsion to external stakeholders such 

as customers, investors, regulators or the broader public? Do you lead with emissions reductions, cost 

savings, regulatory compliance or something else?  

F2. Has the way you frame or communicate wind propulsion changed as your programme has 

matured and as you have gathered more operational experience?  

F3. To what extent do you look at what other shipping companies are doing when considering or 

justifying your own investment in wind-assisted propulsion?  

F4. To what extent are sustainability initiatives like wind-assisted propulsion important for 

maintaining legitimacy and credibility with your key stakeholders beyond just the financial returns?  

F5. For academic participants: From what you have observed, do pilot projects primarily serve 

technical learning purposes or do they also serve strategic and communicative functions towards 

external audiences such as regulators and investors?  

   

Section G: Closing Reflections  

G1. What do you think people outside the industry most misunderstand about adopting wind-assisted 

propulsion systems?  

G2. Is there anything important about how uncertainty is managed or communicated in this context 

that you think is often overlooked in public or academic discussions?  

G3. Is there anything else you would like to add that we have not covered?  
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Appendix II: Thematic Coding Structure  
This appendix presents the thematic coding structure used to organize and analyze the empirical 

material. Codes were developed through a combination of deductive coding derived from the 

theoretical framework and inductive coding emerging from the data itself. The five overarching 

themes structure both the empirical findings (Chapter 4) and the analysis (Chapter 5).  

   

Theme 1: Construction of Expected Benefits  

Definition: How organizations construct, calibrate and communicate expected performance outcomes 

from WAPS adoption.  
Sub-theme  Description  Representative Data Examples  Participant(s)  

Dual calibration  Technology developers and  "The manufacturer projected roughly double that P5 

shipowners each calibrate  figure but we chose ten percent as credible and 

performance figures for different defensible"  

audiences   

Condition-specific 

performance  
Performance claims achievable 

only under specific routing, 

speed and weather conditions  

"The ninety percent figure is achievable under 

 P6 optimal routing and speed 

conditions but produces substantially worse numbers 

if conditions change"  

Statistical 

distribution 

condensation  

Internal models produce full 

performance ranges that are 

condensed into single headline 

figures externally  

"We can get what is the worst 2.5% and the best P6 

2.5%. We get the spread of the performance as well"  

Vendor optimism  
Technology suppliers present 

best-case scenarios  
"Vendors want to paint the pig as good as  P1 

possible"  

Lack of 

standardization  
No industry-standard 

measurement methodology yet 

established  

"No figures have been published yet that are one P3 hundred 

percent reliable"  

Auxiliary vs. full 

propulsion 

distinction  

WAPS as 10-20% efficiency 

improvement vs. 90% 

decarbonization concepts  

WAPS auxiliary technology delivers 10-20%  P4 

while full wind propulsion targets much higher reductions  

EX classification 

thresholds  Institutional approval 

requirements for explosive 

atmosphere equipment on 

tankers  

"We have to come in so many instances to even 

 P3 get a design approved by the 

[classification] societies, the flag states and the 

different oil companies"  

Irreversibility of 

structural 

commitment  

Welded foundations cannot be 

removed even if sails are later  
removed  

"One of the biggest investments is actually 

 P5 producing and installing the 

foundation. And that cannot be removed if the sails 

would for some reason be removed because they are 

welded to the ship"  

Observability in  Immediate visibility of  "We can see the savings at once. We see when it P3 

blows. And when we fill up the sails. Then we pull 

down the RPM"  

real-time operations performance on bridge 

instruments  

   

Theme 2: Framing of Uncertainty  
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Definition: How organizations acknowledge, manage and communicate uncertainty in WAPS 

adoption decisions.  
Sub-theme  Description  Representative Data Examples  Participant(s)  

Formal  Using IPCC scenarios and climate 

scenario-based  projections in investor disclosure 

 communications  

Wallenius Wilhelmsen deploys formal IPCC Documentary 

scenario analysis and identifies WAPS viability as strategic 

risk  

Operational  Minimizing uncertainty containment 

 acknowledgment in operational  

reporting  

"Reporting has not been subject to  P3 (quoting  

uncertainty"  Terntank report)  

Internal-external Deliberate gap between internal 

separation  epistemic conditions and external  

communication  

"It is always important to keep a straight face P3  

towards customers" / food analogy   

Progressive  Staged pilots and iterative data 

empirical  collection to reduce uncertainty 

validation  over time  

Terntank fleet expansion from three to five 

vessels based on accumulated evidence  
P3  

Sail-hull  Hull geometry disturbs airflow, 

interaction  creating structural performance 

uncertainty  variability  

"Sharp corners on the hull create separation 

points where airflow detaches"  
P6  

Routing freedom Operational conditions may not  "It might be that there is too much wind or 

you are short on time"  
P6  

constraints  allow optimal routing assumed in 

models  

Measurement 

complexity  
Multiple simultaneous variables 

must be monitored to isolate sail 

savings  

Wave height, temperature, hull cleanliness, 

propeller pitch, rudder drag, engine condition, 

air compression, tidal currents  

P3  

Poly-crisis context  
WAPS adoption occurs within 

broader uncertainty including 

geopolitical instability and energy 

transition  

"When you have uncertain times and the  P1  
polycrise situation, you tend to be much more short-sighted"  

Risk mitigation 

framing  
WAPS as hedge against fossil fuel 

dependency rather than additional 

risk  

"WAPS should be understood as risk  P1  
mitigation against fossil fuel exposure"  

Ignorance 

dimension  
Uncertainty about what is not yet 

known  
"There are probably things that come into the P2 

operational phase that we simply just don't have 

the experience yet as an industry"  

Affordable loss 

principle  
Limiting financial exposure while 

maintaining strategic momentum  
Over a decade of theoretical modeling before P1 first 

physical installation  

Shared financial 

risk  
Risk distribution through  "We had to take a very limited financial risk. P5  
commercial partnerships and public If we would have done the investment  

funding  ourselves, the investment risk would have  
been considerably higher"  

Positive surprises Anticipated uncertainties resolving Atlantic Orchard became more stable in  P5  

 into unexpected benefits  rough seas than sister vessel without sails  
(expected listing did not occur)  

   

Theme 3: Modelling and Performance Claims  

Definition: How modeling practices function as both technical tools and legitimacy signals.  
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Sub-theme  Description  Representative Data Examples  Participant(s)  

Dual role of 

modelling  
Models serve internal engineering Models produce statistical distributions 

 P6 needs and external legitimacy  internally while simplified figures go 

external construction simultaneously  

Multi-fidelity 

validation  
Combination of simplified models, "Wind tunnel testing allows many  P6 wind tunnel 

testing and detailed  configurations to be tested rapidly while CFD  

CFD  provides full-scale accuracy"  

Decade of pre-

operational 

modeling  

Long-term commitment based  "The entire Wallenius and Oceanbird  P1  
entirely on theoretical projections development process from 2010 relied on  

theoretical models alone"  

Platform strategy  Providing vessels for other  "Giving the vessels as a platform for other  P1 

developers to test solutions  developers. Okay, come and test your solution  

on our vessel"   

Digital twin 

refinement  
Ongoing improvement of  Terntank digital twin still being refined with 

simulation models through  RISE and SSPI, data not yet clean enough to 

operational data  present publicly  

P3  

Operational 

consequences 

exceeding models  

Real outcomes that pre-installation Voyage planning transformed from 25 to 150 

models could not anticipate  waypoints  
P5  

Spillover learning  
Route optimization service  Learning from WAPS generates value 

beyond developed for WAPS vessel now  individual installation 

applied to sister vessel without sails  

P5  

Screening function  
Models filter out unsuitable cases "On this route it is not a windy route and before 

public announcement  savings will be too small. So simulations are 

also important to detect when it is not a good business case"  

P2  

Peer-reviewed 

validation  
Academic publication as technical Blackert et al. (2025) wind tunnel study 

legitimacy mechanism  provides institutional credibility beyond  

corporate communication  

P6  

   

Theme 4: Regulatory Alignment  

Definition: How regulatory frameworks shape adoption framing and legitimacy construction.  
Sub-theme  Description  Representative Data Examples  Participant(s)  

Coercive isomorphism Adoption driven by  "EU ETS and FuelEU Maritime were definite 

regulatory pressure (EU  drivers"  

ETS, FuelEU Maritime, CII)  

P5  

Mimetic isomorphism Peer benchmarking and  Cooperating with Maersk Tankers, Odfjell and 

information sharing among  Klaverness during adoption decision early 

adopters  

P5  

Normative 

isomorphism  
Professional values and 

sustainability expertise 

driving adoption  

Early adopters from 2020-2023 driven by 

personal interest and public research funding  
P2  

Pioneer adoption 

preceding regulation  
Early action ahead of 

institutional requirements  
Soyagroup and Wallenius pushing ahead of 

regulation since 2004  

P1  
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Regulatory validation  
Regulation arriving as 

confirmation rather than 

trigger  

Terntank expansion decision preceded FuelEU  
Maritime implementation  

P3  

Temporal shift in 

adoption logic  
From values-driven to 

compliance-driven  
"Companies like Stena and Maersk don't take 

decisions from their heart"  

P2  

Regulatory fragility  
Risk that environmental 

regulations could weaken  
Recent IMO proposal similar to FuelEU  
Maritime was declined  

P6  

Regulatory necessity for 

future pressure  
Need for continued 

strengthening of climate 

governance  

"The important step now is to ensure that the EU P2 

and IMO regulations come through and continue to 

strengthen the pressure on the shipping world"  

Lloyd's Register 

validation  
Classification society 

approval as contractual  
requirement  

Lloyd's Register validation necessary for Wisby P5  
Tankers installation to proceed  

Regulatory 

categorization 

challenges  

Wind not fitting neatly into 

alternative fuel frameworks  
Focus shifted from local pollutants to climate 

 P4 regulations where wind has 

more opportunities  

Risk mitigation 

embedded in  
Regulatory alignment within Wind-assisted solutions as risk mitigation against P1 

broader strategic logic  fossil fuel exposure  
regulatory compliance  

   

Theme 5: Legitimacy Narratives  

Definition: How organizations construct and communicate institutional credibility for WAPS 

adoption.  
Sub-theme  Description  Representative Data Examples  Participant(s)  

Pragmatic legitimacy Economic rationality through cost Two-stage strategy: cost savings and  P3  

 savings and ROI framing  regulatory compliance first  

Moral legitimacy  
Environmental responsibility and  Communication shifts to softer values once P3 pioneer 

leadership narratives  customer commits  

Cognitive legitimacy  Normalizing WAPS as standard  Terntank presents WAPS within historical 

 Documentary vessel design component  trajectory of fleet 

renewal  
Visibility premium  

Sails generate more  "It's really visible compared to changing to P2 

communication value than invisible a new anti-fouling paint, which can be very 

efficiency measures  expensive and maybe very efficient, but no  
one would notice"  

Visual game framing  Sails as low-cost but high-visibility "It's a visual game — you look good and  P3  

legitimacy resource  make big savings"  
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Communication  Legitimacy narratives evolving as "In the beginning, we were quite modest. 

 P3 maturity over time  operational experience accumulates Along the way, 

our communication has  

been more mature. Because we know a little bit 

more what we are talking about"  

Pioneer identity  Demonstrating what is possible to "Inspire others and demonstrate to  P1  

 influence future regulation  politicians and industry peers that  
emission-free shipping is achievable"  

Flat decision-making Ownership enabling pioneering  "We find a solution that looks good. We  P1  

structure  behavior  propose to the CEO. Propose to the owner  
and he says yes"  

Academic publication Peer-reviewed research reaching  Blackert et al. (2025) reaching 

classification P6 as parallel legitimacy audiences corporate  societies, regulatory bodies and 

academic communication cannot  peers  

Technical challenges  Difficulty of making sails work on Installation may require structural changes P6  
avoided in public  optimized hulls 

communication  
or cargo reduction, absent from public adoption 

narratives  

Indirect lobbying  First mover 

communication as through  political influence  

demonstration  

"Demonstration is a form of political 

 P4 influence that accelerates 

regulatory pressure eventually making 

adoption industry-wide"  

Legitimacy delegation Smaller operators constructing 

credibility through commercial 

partnership  

"We are allowing LDC and Bound for Blue P5 

to do the advertising. We sort of follow them in 

the wake of this"  

Signal value over  Pilot projects mattering 

primarily performance  for institutional 

credibility disclosure  

"The most important is just the signal value P2 

that we believe in this. And we keep them on. 

Especially install on sister vessels"  

Market segment  Ferry operators can use WAPS in 

differences in visibility customer-facing marketing while  

premium  cargo operators generate  
institutional credibility with 

regulators  

"When it comes to ferries, like Stena and 

 P2 Scanlines, they can of 

course use this more actively in the marketing. 

But other shipping companies were not so"  

Peer consultation  Deliberate information-

sharing networks  during adoption 

decisions  

Cooperating with Maersk Tankers, Odfjell P5 

and Klaverness, sharing information about 

early experiences and benefits/drawbacks  

   

   

  


