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Abstract 

Smart Mobile Factories (SMFs) bring prefabrication to 

the construction site, enabling just‑in‑time delivery, 

shorter haulage distances and lower carbon emissions. 

Although integrated digital twins and modular factory 

designs have demonstrated the technical feasibility of 

SMFs in construction, their value‑creation mechanisms 

for operators and clients remain unclear. Adapting the 

Business‑Model Canvas to SMFs, we identify four 

emerging archetypes. Two case vignettes illustrate the 

transition from a low‑tech, asset‑centric to a high‑tech, 

data‑centric service model. Finally, we propose a 

mapping that relates organizational digital maturity to 

suitable SMF business-model archetypes, which allows to 

indicate a possible path toward profitable and sustainable 

adoption. 

Introduction 

Construction activities account for roughly 6% of 

European gross domestic product, a percentage that has 

steadily declined in the past two decades (UNECE, 2025), 

trailing manufacturing in terms of productivity, schedule 

reliability, and environmental performance (Hamza et al., 

2019). Off-site prefabrication has long been held as a 

strategy for increasing productivity, but the approach is 

still suffering from the spatial and temporal disconnect 

between off‑site prefabrication plants and on‑site 

assembly zones. Transporting large components over long 

distances inflates fuel consumption and forces projects to 

maintain excess on‑site inventory, a phenomenon often 

called the just‑in‑time delivery paradox (Johansson et al., 

2024). Smart Mobile Factories (e.g., Figure 1) have 

emerged as  technological response to these limitations, 

reintroducing production flexibility into the construction 

context through mobility  (Matt, Rauch & Dallasega, 

2015).  

Moreover, recent research suggests that mobile factories 

can introduce a new level of efficiency and flexibility into 

construction projects by relocating production closer to 

the point of use (Wagner et al., 2020; Nahmad Vazquez, 

Garivani & Dackiw, 2024). Beyond just differentiated in 

logistics, SMFs are typically conceived as highly 

digitalized production systems, embedding sensors, data 

integration, and automated control within a controlled, yet 

relocatable environment (Ibid.).  

This setting facilitates process monitoring and data-driven 

coordination that is difficult to achieve in conventional, 

exposed, and constantly changing construction sites. The 

combination of mobility and digital control therefore 

distinguishes SMFs operationally and in terms of their 

data generation and decision-making potential. 
 

 
Figure 1: Smart Mobile Factory for Infrastructure 

(SMF4INFRA, 2025) 
 

Despite increasing conceptual maturity and pilot 

applications, the economic rationale for SMFs remains 

weakly articulated. Existing research has largely focused 

on technical configurations and productivity gains, with 

limited attention to value capture, revenue generation, and 

risk allocation (Matt, Rauch & Dallasega, 2015). At the 

same time, insights from servitization and Industry 4.0 

research highlight the potential of digital technologies to 

enable service- and performance-based business models, 

but these are primarily derived from stationary 

manufacturing contexts and insufficiently address the 

mobility, project-based organization, and site-specific 

constraints of construction (Grubic, 2014; Frank et al., 

2019). This gap is rather critical, as digitalization requires 

coordinated business model alignment across multiple 

actors (Kohtamäki et al., 2019), and the high upfront 

investment associated with SMFs amplifies financial risk 

perceptions when revenue logic is unclear (European 

Commission, 2025; Walzer et al., 2024b). Consequently, 

the relationship between organizational digital maturity 

and viable, scalable business models of SMFs remains 

poorly understood and is the center of this study. 

State of the Art 

Smart Mobile Factories 

A mobile factory is defined as a distributed production 

facility composed of reconfigurable and mobile 

production systems that can adapt capacity and 

functionality to site conditions (Dallasega et al., 2024).  



By physically relocating prefabrication activities to the 

construction site, these factories challenge the traditional 

separation between manufacturing and assembly. 

Producing closer to the site reduces transportation 

distances and delivers clear environmental and economic 

advantages (Ma et al., 2025). This proximity also supports 

more responsive production planning, reducing storage 

requirements and buffer inventories that remain a 

persistent source of inefficiency in construction logistics 

(Matt, Rauch & Dallasega, 2015). Moreover, the 

relocatable nature of mobile factories allows 

prefabrication benefits to be extended to remote or 

otherwise difficult project locations. From a sustainability 

perspective, SMFs contribute to lower transportation-

related emissions, improved resource efficiency, and 

reduced waste, while enabling the use of energy-efficient 

production technologies (Matt, Rauch & Dallasega, 

2015).Smartness in SMFs is achieved through the 

integration of advanced digital technologies that connect 

factory operations with site-level management systems 

(Čustović et al., 2023b). These systems provide a digital 

representation of processes, materials, and equipment, 

enabling more transparent and coordinated production 

control. Over time, accumulated production data supports 

performance benchmarking and improves the prediction 
of system behavior under varying conditions (Thelen et 

al., 2022). Recent empirical studies show that IoT sensor 

networks enhance quality monitoring in mobile factory 

settings (Tripathi et al., 2025). In addition, digital twin 

(DT) approaches allow production plans to be adjusted 

dynamically in response to uncertainty (Čustović et al., 

2025) and support informed decisions regarding factory 

relocation, considering schedule, cost, and environmental 

impacts (Cao et al., 2024; Ma et al., 2025). These 

developments position SMFs as data-intensive systems at 

the intersection of Construction 4.0 and service-oriented 

manufacturing (Jäkel et al., 2024; Karmakar & Delhi, 

2021; Sawhney et al., 2020). 

Business Model Aspects of Smart Mobile Factories 

Despite technological progress, the business model 

implications of SMFs remain weakly developed. The 

majority of SMF-related studies frame these systems 

primarily as technical solutions, emphasizing automation, 

system design, and efficiency gains (Matt, Rauch & 

Dallasega, 2015). As a result, commercially critical issues 

such as pricing mechanisms, asset and data ownership, 

lifecycle cost allocation, and inter-organizational 

governance are rarely examined in depth. This narrow 

focus limits understanding of how technical performance 

translates into economic value across project networks. 

By contrast, the servitization and Industry 4.0 literature 

studies the role of digital capabilities in enabling 

outcome-based services and collaborative value creation 

(Grubic, 2014; Frank et al., 2019; Čustović et al., 2023a). 

Yet, these models typically assume stable production 

environments and long-term customer relationships, 

assumptions that do not align with the temporary, mobile, 

and project-based nature of construction. When applied 

uncritically to SMFs, such assumptions obscure 

challenges related to demand volatility, site-specific 

customization, and short-term contractual arrangements. 

This disconnect becomes particularly problematic given 

the high capital intensity and demand uncertainty 

associated with industrialized construction solutions 

(Čustović et al., 2023b). Without explicit mechanisms for 

value capture and risk sharing, these characteristics 

reinforce financial risk perceptions and slow adoption. 

Although recent construction management reviews 

recognize that construction business models are evolving 

(Li et al., 2025), they offer limited guidance on how 

digital maturity, such as the integration of BIM, IoT, and 

DTs (Revolti et al., 2025), can be monetized in SMFs. 

Consequently, the state of the art lacks an integrated 

perspective that links digital maturity, mobility, and 

performance outcomes to sustainable business models for 

SMFs. 

Therefore, in this paper we investigate the research 

question: “Which business-model configurations are 

currently emerging for Smart Mobile Factories for 

Construction 4.0, and how can practitioners select the 

most appropriate configuration given their digital 

maturity?” 

Methodology 

We pursued a design science approach, yet the nascent 

state of the field prevents iterative artifact testing (Hevner 

& Chatterjee, 2004; Peffers et al., 2007; Kuechler 

& Vaishnavi, 2008). Thus, we started from the canonical 

Business-Model Canvas (BMC) by Osterwalder & 

Pigneur (2010) and enriched it with three SMF-specific 

dimensions (smartness, mobility, site-specificity). The 

resulting SMF-specific BMC (Table 1) served as the 

a-priori coding framework for all subsequent document 

analysis (Hsieh & Shannon, 2005). Seven sources (partly 

peer-reviewed and a project report) were selected using a 

purposive sampling approach and structured reading 

because they (i) discuss SMFs or related 

mobile-prefabrication concepts, and (ii) contain at least 

one explicit reference to business-model elements. The 

corpus comprises: Dallasega et al., 2024; SMF4INFRA, 

2025; Martínez et al. , 2013; Park et al., 2019; Frank et al., 

2019; Grubic, 2014; Tripathi et al., 2025. Using the 

SMF-specific BMC as a coding sheet, each document was 

read line-by-line, and every passage that corresponded to 

one of the nine BMC blocks (value proposition, customer 

segments, channels, revenue streams, key resources, key 

activities, key partnerships, cost structure, customer 

relationships) was extracted. Extracted excerpts were 

entered into a shared Microsoft Excel workbook (one 

column per BMC block, one row per source). The 

spreadsheet was then synchronised on a collaborative 

MIRO board so that all co-authors could visualise the 

coding and discuss emerging ambiguities in real 

time. Two pilot projects, the SMF4INFRA hyperloop 

prototype for linear infrastructure (Figure 1) 

(SMF4INFRA, 2025) and the Flexible Field Factory for 

housing construction (Figure 2) (Martínez et al., 2013), 

are further used as case vignettes. 



 
Figure 2: Flexible Field Factory (Martínez et al., 2013) 

 

Result Analysis 

Several SMF elements for each of the nine blocks of the 

BMC are reported in Table 1. The coded BMC allows to 

reveal the SMF’s value-creation logic: the value 

proposition centres on just-in-time on-site prefabrication 

that cuts haulage distance and CO₂ emissions; channels 

and key resources (DT platform, IoT sensor network, 

mobile plant) describe how the service is delivered, while 

revenue streams (fixed-term lease, per-component 

assembly fees, transaction fees, DaaS subscriptions) 

reveal how value is captured. From these elements, two 

overarching insights emerge.  

First, the plant’s mobility reduces on-site inventory and 

creates a distinct cost item (relocation logistics) that can 

be monetised with low-to-mid digital-maturity business 

models (see Table 2). Second, the continuous sensor feed 

within the DT can enable a high-margin 

Data-as-a-Service (DaaS) revenue stream, but only when 

the SMF reaches a very high digital-maturity level. These 

patterns form the basis for the four business-model 

archetypes presented in the next section, each grouping a 

distinct combination of BMC blocks along the 

servitisation continuum.  
 

Table 1: SMF-specific Business-Model Canvas (BMC) 

BMC block SMF‑specific element derived from the 

literature 

Value 

proposition 

Just‑in‑time on‑site prefabrication that 

eliminates long haulage, cuts CO₂, and 

compresses the schedule, improved 

quality and quality control 

Customer 

Segments 

Large‑scale infrastructure owners (rail, 

tunnel, hyperloop); modular‑housing 

developers; public‑private partnership 

(PPP) consortia 

Channels Direct turnkey contracts; digital 

marketplace for on‑demand modules 

(online portal); BIM‑integrated 

procurement API 

Revenue 

streams 

Fixed‑term lease fee for the mobile plant; 

per‑component assembly charge; 

KPI‑linked performance bonus/penalty 

(schedule, CO₂); transaction fee on 

marketplace sales; subscription for 

real‑time production data (DaaS) 

Key 

resources 

Mobile modular plant (cranes, CNC, 

material mixers); BIM/DT platform 

(cloud server, GIS); IoT sensor network 

(temperature, vibration, GPS); skilled 

on‑site crew (fabricators, data analysts) 

Key 

activities 

Relocation logistics (move plant, set up 

utilities); production of components; 

on‑site assembly of prefabricated 

components; continuous data acquisition 

& analytics (DT updates); 

life‑cycle‑assessment feedback loop 

(track CO₂, adjust processes) 

Key 

partnerships 

Equipment OEMs (provide modular plant 

modules); local utilities (power, water, 

waste); logistics providers (fuel, auxiliary 

material transport); municipal authorities 

(permits, road closures) 

Cost 

structure 

Capital purchase/depreciation of the 

mobile plant; energy consumption (diesel 

generators, electricity); IT/cloud services 

(BIM licenses, DT hosting); training & 

certification of the mobile crew; 

maintenance & spare‑part inventory 

Customer 

Relation-

ships 

Long‑term service contracts 

(maintenance, upgrades); outcome‑based 

SLAs with bonus/penalty clauses; 

platform support desk for marketplace 

users; data‑portal access for DaaS 

subscribers 

Emerging Business-Model Archetypes of SMFs 

Based on the BMC elements presented in Table 1, we 

derived four distinct business‑model (BM) archetypes. 

The four business-model archetypes presented in Tables 

2-5 are not directly observed in the assessed literature as 

such but constitute an original typology constructed by the 

authors through pattern induction across the coded BMC 

elements. This is understood as being rather projective. 

Each archetype was interpreted as a coherent revenue 

logic and labelled according to the servitisation 

continuum (product‑centric → service‑centric → 

data‑centric). In a second step, we linked each cluster to 

the digital‑maturity level required to realise the associated 

activities (low to very‑high). Tables 2-5 summarizes the 

four archetypes, their defining BMC pattern, the primary 

adoption drivers, the construction sectors where they are 

most common, and the digital‑maturity prerequisite. 

Product-Plus (low digital maturity): In this archetype the 

SMF is treated as a capital asset that is bought or leased, 

and revenue comes from a per‑module assembly fee. 

Early pilots (Martínez et al., 2013) report exactly this 

cost‑plus arrangement, and servitisation theory locates it 

at the product‑centric end of the continuum 

(Grubic, 2014; Frank et al., 2019). Minimal sensor 

integration means the owner only needs a basic BIM 

model; risk is shifted to the contractor through the 

fixed‑lease payment. Product‑Plus therefore provides a 

baseline from which higher‑maturity models can be 

differentiated. 

 

 
 



Table 2: SMF-specific Business-Model: Product-Plus 

Core BMC 

pattern(s) 

Revenue: fixed lease plus per‑component 

assembly fee; Key Activities:  on‑site 

assembly; Cost:  CAPEX amortisation 

Adoption 

driver(s) 

Need for predictable cash‑flows and 

CAPEX spreading; high repeatability of 

components makes a fixed lease 

attractive; owners prefer to outsource 

assembly while retaining design control 

Dominant 

sectors 

Low‑rise modular and residential 

housing, industrial plant construction 

Required 

maturity 

Low (basic BIM, no continuous data) 

 
 

Outcome‑Based (medium digital maturity): This 

archetype ties revenue to the achievement of predefined 

KPIs such as schedule compliance or CO₂ reduction. 

Performance‑based contracts are documented in 

construction research (Li et al., 2024; Frank et al., 2019), 

and understood as used in the SMF4INFRA hyperloop 

case (Cao et al., 2024; Ma et al., 2025). Implementing this 

model requires a modest digital stack, such as a 

BIM‑linked DT for schedule forecasting and a limited set 

of IoT sensors that feed KPI data to the client’s dashboard. 

Outcome‑Based models adds a performance‑monitoring 

layer to Product‑Plus, preparing the SMF for more 

data‑intensive configurations. 
 

Table 3: SMF-specific Business-Model: Outcome-Based 

Core BMC 

pattern(s) 

Value:  schedule + CO₂ guarantees. 

Revenue: performance-linked bonus / 

penalty; Customer Relationships: SLAs 

Adoption 

driver(s) 

Contracts tie funding to schedule and 

carbon‑emission KPIs; risk‑sharing 

incentives push both parties toward 

performance‑based remuneration 

Dominant 

sectors 

Linear infrastructure (rail, tunnel), 

infrastructure renewal (bridges, dams) 

Required 

maturity 

Medium (real‑time KPI dashboard, basic 

sensors) 
 

Platform‑Marketplace (high digital maturity): This 

archetype turns the SMF into a digital hub that 

coordinates third‑party suppliers through an online 

marketplace. Platform‑based servitisation is well 

established (Grubic, 2014; Kohtamäki et al., 2019) and 

BIM‑linked API that would enable external vendors to 

submit designs and receive automated compatibility 

checks (Cao et al., 2024; Thelen et al., 2022). This 

configuration demands a full‑scale BIM model, open‑API 

interfaces, and a cloud‑hosted portal; revenue is generated 

via transaction fees and optional analytics subscriptions. 

Network effects increase platform value as more suppliers 

join. Platform‑Marketplace occupies the service‑centric 

pole of the servitisation continuum, extending 

Outcome‑Based by adding active ecosystem 

orchestration. 

 

 

 

 

Table 4: SMF-specific Business-Model: Platform-Marketplace 

Core BMC 

pattern(s) 

Channels:  online portal; Revenue: 

transaction fee; Partnerships: 

OEMs + utilities; Key Resources:  DT 

platform 

Adoption 

driver(s) 

Coordination of many third‑party 

suppliers along a moving front requires a 

shared digital ecosystem; economies of 

scale and network effects make a 

marketplace financially viable 

Dominant 

sectors 

Complex infrastructure projects with 

many suppliers; emerging urban‑retrofit 

projects 

Required 

maturity 

High (full BIM‑linked twin, open APIs) 

 

Data‑as‑a‑Service (very high digital maturity): this 

archetype monetises the continuous IoT stream from the 

SMF, offering analytics‑as‑a‑subscription. IoT‑driven 

construction services can show high margins for 

subscription‑based data models and digital‑twin literature 

confirms that a cloud‑hosted twin can act as a data broker 

(Thelen et al., 2022; Cao et al., 2024). DaaS requires 

end‑to‑end IoT streaming, a cloud analytics stack, and 

secure APIs that expose anonymised sensor feeds to 

subscribed parties (e.g., OEMs, insurers). Revenue here 

can stem from subscription fees, pay‑per‑analysis 

charges, and licensing of aggregated datasets, making the 

model largely volume‑independent. DaaS sits at the far 

end of the servitisation ladder, representing the ultimate 

digital transformation of SMFs and delivering a 

high‑margin, recurring‑revenue stream. 
 

Table 5: SMF-specific Business-Model: Data-as-a-Service 

Core BMC 

pattern(s) 

Key Resources:  IoT sensor network; 

Revenue:  subscription for data/analytics; 

Value:  real‑time insights for OEMs 

Adoption 

driver(s) 

Monetisation of sensor data reduces 

rework, warranty costs, and downtime; 

high‑value OEMs seek fleet‑wide 

performance analytics; space constraints 

make just‑in‑time logistics dependent on 

real‑time data 

Dominant 

industry 

sectors 

Modular housing, high‑rise construction, 

and critical industrial‑plant upgrades that 

use predictive‑maintenance services 

(power stations) 

Required 

maturity 

Very High (continuous IoT streaming, 

cloud analytics) 
 

As of writing this study in 2026, it is understood that both 

Platform-Marketplace  and DaaS are considered emerging 

and aspirational configurations based on technical 

feasibility rather than current mature market standards. 

Mapping of Case Vignettes to BM Archetypes 

The SMF4INFRA hyperloop pilot is a mobile 

prefabrication plant that manufactures pre‑cast concrete 

tunnel segments for a Swiss hyperloop tunnel 

(SMF4INFRA, 2025).  

 



The Flexible Field Factory (Martínez et al., 2013) is a 

truck‑mounted production plant that manufactures 

prefabricated elements for low‑rise residential housing in 

Spain. The two illustrative projects are examined by 

populating the SMF‑specific Business‑Model Canvas 

with the information extracted from their respective 

reports and checking the consistency of each case with the 

block patterns that define the four archetypes (Figure 3). 

The SMF4INFRA hyperloop pilot aligns mostly with the 

Platform‑Marketplace archetype in terms of ambition. In 

this project, a DT‑enabled marketplace can coordinate a 

large number of component suppliers through an 

ecosystem, and a transaction fee can be levied on each 

component sale. Because the plant also streams 

continuous IoT data for performance monitoring, a 

Data‑as‑a‑Service element can be added on top of the 

primary platform model. In contrast, the Flexible Field 

Factory (Martínez et al., 2013) exemplifies mostly the 

Product‑Plus archetype. It is assumed the plant is leased 

on a fixed‑term basis and generates revenue through 

per‑module assembly fees. No continuous sensor data are 

reported for this case, so the model remains at a 

low‑to‑medium digital‑maturity level, and no secondary 

archetype is evident. Taken together, these two vignettes 

provide partial validation of the four‑archetype typology.  

The hyperloop pilot demonstrates how a 

high‑digital‑maturity SMF naturally adopts a 

platform‑centric business model (with an optional DaaS 

add‑on), whereas the Flexible Field Factory shows that 

even a low‑to‑medium‑maturity SMF can achieve notable 

productivity gains by employing a Product‑Plus 

configuration. This mapping exercise is only an early 

suggestion that the digital‑maturity level of an SMF is a 

decisive factor in determining which business‑model 

archetype best fits a given project and organization. 
 

 
Figure 3: The case vignettes and archetypes mapped on the 

servitisation continuum 
 

Proposed Business-Model Archetype Map 

To help practising stakeholders to identify a suitable 

business-model archetype for their SMF plans, we 

propose a simple to use business-model archetype map 

(Figure 4). This map positions the envisioned SMF along 

three practical dimensions: the intraorganizational digital 

maturity, the interorganizational maturity and the 

servitisation continuum. Taken together, this leads to a 

three-step screening logic for early-stage feasibility 

assessment: stakeholders first populate the SMF-specific 

BMC shown in Table 1 with the project’s actual 

resources, activities, and partners; then assess intra- and 

interorganizational digital maturity (low, medium, high, 

very high) based on BIM depth, sensor coverage, and API 

openness; and finally identify the matching archetype(s) 

described in Tables 2-5 (Product-Plus, Outcome-Based, 

Platform-Marketplace, and/or Data-as-a-Service). 
 

 
Figure 4: BM archetypes mapped along digital maturity levels 

 

Discussion 

This study makes three original contributions to the 

emerging field of research on SMFs for Construction 4.0. 

First, we create the first typology of SMF business 

models. Second, we illustrate and partially test these 

typologies with two independent case vignettes. Third, we 

synthesize these findings in a Business-Model Archetype 

Map (Figure 4), which helps stakeholders, such as 

contractors, investors, and public agencies, to align their 

digital capabilities (BIM, IoT, DT) with an appropriate 

revenue structure, and capitalize on the benefits 

documented in SMF life‑cycle studies. This map aligns 

digital maturity in SMF contexts with the servitization 

continuum. 

The four archetypes uncovered in the results correspond 

in principle to the servitisation continuum described by 

Grubic (2014) and Frank et al. (2019). The case mapping 

shows that a high‑maturity DT (SMF4INFRA) enables a 

Platform‑Marketplace revenue logic, whereas a 

low‑maturity plant (Flexible Field Factory) relies on a 

Product‑Plus structure. This pattern mirrors the 

servitisation continuum: firms progress from product‑plus 

offerings to data‑driven services as their digital 

capabilities mature. Furthermore, the sectoral distribution 

in Table 2 shows distinct servitisation drivers. In linear 

infrastructure, the dominant driver is performance‑based 

risk allocation: governments and financiers attach 

penalties / bonuses to cost and time schedules, and CO₂ 

KPIs, which align naturally with the Outcome‑Based 

archetype (Frank et al., 2019). The concurrent use of a 

Platform‑Marketplace arises because a moving front 

requires real‑time coordination of multiple suppliers, a 

rather classic ecosystem‑centric servitisation pattern 

(Grubic, 2014). In modular housing, the primary driver is 

cost predictability; developers may prefer a fixed lease 



that spreads the capital burden of the mobile plant (most 

closely related to Product‑Plus).  

But as data‑collection technologies become cheaper, 

housing firms may add a Data‑as‑a‑Service layer to 

extract value from sensor streams, reflecting the 

“data‑driven servitisation” stage identified by Frank et al. 

(2019). Further, industrial plant construction can combine 

both drivers: high CAPEX pushes firms toward leasing, 

while simultaneously stringent certification deadlines 

create a need for outcome‑based guarantees. Finally, the 

nascent adoption of data‑centric models in urban retrofit 

projects is understood as primarily driven by space 

scarcity and the necessity for just‑in‑time logistics, which 

arguably only a real‑time data service can reliably 

support. 

Limitations and Future Research 

The evidence base for this study is rather small, 

purposively selected, and heavily Euro‑centric. 

Consequently, (i) emerging or niche SMF revenue models 

may be missing, (ii) sustainability conclusions rely on a 

limited set of LCA studies, (iii) no primary data (surveys, 

interviews, or field observations) were collected, (iv) 

cost‑estimation and unit‑economic analyses are absent, 

and (v) rapid advances in IoT, blockchain, AI and 

performance‑contracting could generate business‑model 

configurations beyond the four archetypes presented. To 

address these gaps, future research will certainly have to:  

(1) expand the literature pool by adding recent scientific 

papers, industry white papers, technical reports and 

region‑specific case studies (e.g., North‑America, 

Asia‑Pacific) to capture additional revenue models 

and test the universality of the presented typology;  

(2) collect mixed‑methods stakeholder data (surveys 

and semi‑structured interviews) to validate the 

archetypes, map preferences (Wu et al., 2024), 

perceived barriers (Tan et al., 2025), and 

willingness‑to‑pay for services such as 

Data‑as‑a‑Service;  

(3) apply appropriate cost‑estimation / unit‑economic 

analysis methods (see Marcinkeviciūtė et al., 2025; 

Walzer et al., 2024a; Walzer et al., 2026) to quantify 

CAPEX, OPEX and ROI for each archetype;  

(4) track firms longitudinally to document the evolution 

from Product‑Plus to Data‑as‑a‑Service and identify 

the critical capability‑building turning points; 

(5) conduct comparative, longitudinal case studies (for 

example high‑rise urban vs. linear‑infrastructure 

projects) to evaluate net‑present value, CO₂ 

emissions, schedule adherence and risk exposure; 

and, lastly, 

(6) refine this initial three-step screening logic into a 

calibrated multi‑criteria decision‑analysis (MCDA) 

tool that integrates financial, environmental and risk 

criteria from a standpoint of epistemological and 

methodological plurality (Walzer, 2025) that also 

considers social aspects, such as human-technology 

interactions (Johansen et al., 2024; Tan et al., 2026). 

Conclusions and Implications 

This study may be a first to analyse the business model 

aspects of SMFs across varying degrees of digital 

maturity. This was achieved by adapting the 

Business‑Model Canvas to the construction context.  

The analysis revealed a four‑archetype continuum 

(Product‑Plus, Outcome‑Based, Platform‑Marketplace, 

Data‑as‑a‑Service) that aligns with the servitisation 

ladder, and is ordered by increasing digital‑maturity 

requirements. The three‑step screening logic  

operationalises this insight and two real‑world pilots 

(SMF4INFRA hyperloop and the Flexible Field Factory) 

demonstrate that SMF projects can illustrate the identified 

archetypes fairly well, yet require further validation. 

The typology itself yields concrete implications: For 

practitioners, the four archetypes make explicit which 

digital investments (depth of BIM models, IoT sensor 

layers, openness of APIs) are prerequisites for moving 

from low‑value (Product‑Plus) to high‑value 

(Platform‑Marketplace, Data‑as‑a‑Service) revenue 

models, enabling staged technology roll‑outs and, 

respectively, risk‑adjusted financing. Policymakers can 

steer SMF deployments toward the most sustainable 

structures by embedding CO₂‑performance KPIs in 

outcome‑based contracts and utilising, for example, 

tax‑credit incentives. For scholars, the work extends 

servitisation theory to a mobile, construction‑site context 

and establishes a baseline for longitudinal research on 

business‑model evolution in Construction 4.0 

environments. Moreover, this work provides a taxonomy 

that can be used as a coding scheme in future empirical 

studies of digital-enabled construction ventures. 

In conclusion, SMFs for Construction hold the promise of 

reconciling the speed and precision of factory production 

with the flexibility demanded by on‑site construction. By 

clarifying how value can be captured, this paper helps 

advance SMFs from a purely technical curiosity into a 

potentially commercially viable, sustainability‑enhancing 

construction paradigm. The archetypes and the screening 

logic presented herein lay the groundwork for both 

immediate industry adoption and a future agenda of 

scholarly inquiry. 
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