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ABSTRACT 

This thesis examines service trends in the operating environment of the forest-based sector 

on the level of companies and the evolving industrial production systems. The analytical 

framework is based on sociotechnical transitions research and service research knowledge 

bases on services and ongoing organizational changes in production and the markets. Three 

empirical studies have been conducted to detect service trends by investigating: 1) role of 

services in the European RDI roadmaps of the forest-based sector and parallel industries, 2) 

distribution of value and business model changes in the supply networks of industrial wood 

construction, and 3) market offerings and service innovation in sustainable housing 

construction projects in Finland. The empirical studies demonstrate evolving product service 

systems (PSS) in the further downstream customers of the forest-based sector, exemplified 

here by the construction sector. A game changing question for the forest-based sector is 

whether its industries and organizations focus on serving the PSS of today or whether they 

will seek to contribute to the next generation of PSS solutions, exemplified here by the 

potential for system change in construction regime. None of today’s PSS models alone 

capture the future PSS, but alternative scenarios are needed and assessment of their 

implications for the forest-based sector and future bioeconomy.  

 

 

 

Key words: forest bioeconomy, operating environment, sociotechnical transitions, services, 

business changes, multi-level perspective (MLP) 
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TIIVISTELMÄ 

Tämä tutkimus tarkastelee palvelukehitystä metsäalan yritysten toimintaympäristössä sekä 

yritysten liiketoiminnan muutoksina että laajemmin osana tuotantojärjestelmän evoluutiota. 

Tarkastelumalli perustuu yhteiskunnallisteknisen muutoksen teoriaperustaan, johon 

yhdistetään palvelututkimuksen alan käsitteitä kuvata palvelukehitykseen liittyviä 

organisatorisia muutoksia tuotannollisessa toiminnassa ja markkinoilla. Tutkimuksessa on 

tehty kolme erillistutkimusta. Palvelukehityksiä tunnistetaan tarkastelemalla 1) palveluita 

eurooppalaisissa TKI-tiekartoissa metsäalalla ja rinnakkaisilla aloilla, 2) arvon jakautumista 

ja liiketoimintamallien muutosta teollisen puurakentamisen toimitusverkostoissa sekä 3) 

markkinatarjoomia ja palveluinnovaatiota kehittyvissä tuotepalvelujärjestelmissä kestävän 

asumisen rakennusprojekteissa Suomessa. Näin havainnollistetaan tuotepalvelujärjestelmien 

kehittymistä metsäalan yritysten asiakasaloilla, joista tässä esimerkkinä on käsitelty 

rakennusalaa. Tutkimus nostaa metsäalan pelinmuuttajakysymykseksi, keskittyvätkö sen 

yritykset ja organisaatiot palvelemaan nykyisiä tuotepalvelujärjestelmiä vai tavoittelevatko 

ne kehittää seuraavan sukupolven tuotepalvelujärjestelmiin liittyviä ratkaisuja osana 

vallitsevan tuotantotavan, tässä rakentamisen regiimin, muutosta. Mikään nykyisistä 

tuotepalvelujärjestelmämalleista ei yksinään kuvaa tulevia tuotepalvelujärjestelmiä. 

Palvelukehityksestä tarvittaisiinkin vaihtoehtoisia skenaarioita ja arviota siitä, mitä eri 

kehityskuluista seuraa metsäalalle ja tulevaisuuden biotaloudelle. 

 

 

 

Asiasanat: metsäbiotalous, toimintaympäristö, yhteiskunnallistekninen siirtymä, palvelut, 

liiketoimintamuutos, monitasomalli (MLP) 
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INTRODUCTION  

This section explains the motivation for research into service trends, the research questions, 

and expected contribution of this thesis.  

Background and motivation for the research  

Services are recognized as important for the forest-based sector, and its renewal. The research 

on service trends in the forest-based sector has three overlapping research angles, which often 

remain detached: the macroeconomic developments of the operating environment, the 

organizational changes ongoing in the forest-based sector, and new models of a future 

bioeconomy. 

Services as a multifaceted trend for the forest-based sector 

The increasing role of services for employment and income in the developed economies, i.e., 

tertiarization of the economy, as well as the observation that many industries add services to 

their products, i.e., servitization in manufacturing, have drawn the forest-based sector 

research’s attention to service developments. Services have been assessed with respect to 

new business opportunities particularly in rural areas (Niskanen et al. 2007; Niskanen et al. 

2008; Weiss et al. 2011), structural changes and more versatile opportunities in the traditional 

forest industry countries such as Finland (Hetemäki 2011; Hetemäki and Hänninen 2013), 

and in terms of the renewal of the forest industry (Toppinen et al. 2013). While the forest-

based sector strategies and industrial development in this sector focus on tangible products 

and wood as raw material for several uses, the intangible services remain an ambiguous target 

for research (Näyhä et al. 2015). 

The vagueness inherent to services as ‘something intangible’ tends to underrate services 

in economic assessments as peripheral or even residual of the primary production and 

manufacturing industries (Gallouj and Windrum 2009). Nevertheless, not only did services 

become the largest economic sector in most Western economies already in the 1970s, also 

the economic activities of the primary, secondary, and tertiary sectors are now understood to 

be closely interconnected (Wölfl 2005). Today service sectors represent 70-80% of the 

national value added and employment in developed economies. Services, such as RDI, 

engineering, system management and logistics, are interwoven in the manufacturing 

processes, and technical expertise, installation, and maintenance support for the customers 

are necessary services for the adoption of the manufactured products (De Backer et al. 2015).  

Progress in information and communication technology and the removal of trade barriers 

have speeded up the international distribution of production tasks, and the fragmentation of 

value chains. Business services together with logistics, IT and infrastructure services have 

contributed to the emergence of global value chains, and the continuous search for 

competitiveness and efficiency across the international markets (De Backer et al. 2015). The 

ever-changing combinations of products and services illustrate the servicification of global 

value chains (Miroudot and Cadestin 2017). Servicification is understood as a broader 

question than the mere efficiency of manufacturing operations: not only manufacturing tasks 

are distributed internationally, but also international trade of services has increased (Sáez et 

al. 2014). Gaining an accurate picture of material and immaterial resource flows is 
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increasingly difficult. What used to be an appropriate way to assess manufacturing processes 

as value adding chains, does not fully capture value creation in service networks, which 

facilitate operations across several industries, and solve user problems in interaction between 

multiple firms across the globe (Miroudot and Cadestin 2017). 

In the 21st century, the question no longer concerns manufacturing versus services, but 

rather, it concerns the intersectoral relationships, technological advancements leading to 

creation of new services, and the qualitative changes characteristic to these developments 

(Maroto and Rubalcaba 2008). As illustrated by the global value chains, services are 

necessary infrastructures both for the manufacturing and service industries, and for trade. 

Standards, such as the nomenclatures for international trade and economic activities, have 

been changed in order to provide more information on services, notably the World Trade 

Organization’s General Agreement on Trade in Services in 1995, and the revisions of the 

ISIC and NACE classifications (Eurostat 2008; Miles et al. 2018). The role of services, 

particularly business services and service innovation, is important in support of well-

functioning innovation systems and economic growth, as noted, for example, in the OECD 

report on knowledge-intensive service activities in 2006, and the EU High Level Group on 

Business Services in 2014. 

Drivers, such as the digital transformation, or the Algorithmic Revolution, as it is called 

by Zysman (2006) influence the economy, irrespective of whether it concerns tangible or 

intangible resources, or material or immaterial processes. The blurring of manufacturing and 

services, together with digital manufacturing, robotics, bio- and nanotechnology, photonics 

and other enabling technologies could revolutionize manufacturing business models (De 

Backer et al. 2015). Examples of visionary technology futures have been portrayed, for 

example, in the “next production revolution” (OECD 2017), and “green and digital future” 

(Muench et al. 2022). 

Considering these evolving themes, it is not surprising that the forest-based sector 

research has been interested in services, and the impact of related changes in the operating 

environment. Researchers have formulated several questions for further analysis. For 

example, Hetemäki (2011) asks whether the traditional forest industry countries like Finland 

shift toward services, and whether know-how could become the engine of forest-based 

businesses if most of the manufacturing activities were located elsewhere. Similarly 

Toppinen et al. (2013) discuss whether the renewal of the forest industries is in fact a move 

toward business-to-business services. Näyhä et al. (2015) emphasize that more research is 

needed on how such developments would affect the forest product value-added chains and, 

for example, the geographical location of production tasks, or new business opportunities and 

the skills needed to capture value. Murcia et al. (2018) in turn ask what the long-term effects 

of tertiarization trends will mean for forests in developed and developing regions. 

Having stated the recognized need to understand service-related developments in the 

operating environment, these trends remain scarcely investigated in the forest-based sector 

research. Data and information are lacking to assess services and their economic prospects, 

such as the export potential of consultancy, education and training, or industry-related 

services (Hetemäki 2011). Nor are there timeseries data on forest-related services such as 

forest-based tourism, health and recreation services, and their outlook. Without data, 

econometric analyses and systematic assessments on service trends or their impact on 

structural changes in the forest-based sector are missing (Hurmekoski and Hetemäki 2013). 

Instead, the services trends are assessed regarding their impact on the demand for forest 

products and services. The attention, thus, is mainly on the market changes of the forest-

based sector organizations as of today. This especially includes how service trends affect the 
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use of forests, and further, how forestry operations and knowhow are changing. Furthermore, 

it includes how the forest industries and their product portfolios are changing, and 

consequently, how the forest industry countries, such as Finland, are changing. 

In the bioeconomy investigations services are estimated as part of the bioeconomic sector. 

Thus, the share of support services, biotechnology, and other servicing for production and 

conversion of renewable biological resources is approximated in a similar manner than it is 

done in other manufacturing and processing sectors (Rönnlund et al. 2014; Efken et al. 2016). 

Or the tertiary bio-based production is defined separately as the further refining of 

manufactured products, logistics of the bio-based goods, and the intermediating services for 

final consumption of such products (Kuosmanen et al. 2021, European Commission 2022). 

These approaches illustrate the challenges in assessing services in bioeconomic systems. 

Even though the importance of services has been recognized explicitly, the current statistics 

are not apt to capture the service activities—not to mention the new services that are currently 

being developed.  

Furthermore, not only is data missing on bioeconomy services, but also the bio-based 

products, their new markets, and circular production processes are difficult to quantify 

(Hetemäki 2014; Hurmekoski et al. 2018; Kunttu et al. 2020). Cross-sectoral developments 

challenge the traditional industry boundaries. The question is not only about services, but 

services are a necessary part of the economic system which is developing.  

Services and organizational changes in the forest-based sector 

The forest-based sector research on services, or trends in the markets focuses mainly on 

forest-based sector operations. Services and other intangibles, such as product and process 

qualities, renewable and traceable raw materials, environmental sustainability, and corporate 

social responsibility are recognized as part of the market offering of wood products 

(Toivonen et al. 2005; Wang et al. 2015; Holopainen 2016; Räty et al. 2016). Here services 

are a marketing question for the wood industries. Investigations on the renewal of wood 

industries have in turn assessed services as a question of competitiveness: services could be 

an element of the business performance of sawmills (Lähtinen and Toppinen 2008); a 

company’s competitive position could be improved by moving downstream in the value-

added chain, such as wood construction companies extending to real estate services (Brege 

et al. 2014), or the adoption of new digital tools could lead to business model change and 

service-based strategies in the wood industries (Makkonen 2018). There is potential in 

services that are supplementary to wood products, but services are challenging for the 

industry (Hansen 2016; Makkonen 2019; Näyhä 2020): innovations in new products and 

services are dealt with using a product-oriented approach, while customer-orientated business 

strategies, service skills, and service-based thinking are relatively new in the forest-based 

sector.  

Additionally, studies on service activities, such as forestry services and forest owner 

services, have identified ongoing changes. The markets for forestry services have changed 

due to outsourcing and the increasing role of service industry suppliers in forestry (Clark 

2005; Anderson 2006). Furthermore, changing forest ownership, and new customer needs 

are expected to create business opportunities in green services (Hull and Nelson 2011). In 

such markets, conservation and biodiversity knowledge can be a strategic capability for 

advisory forestry organizations (Wolf and Primmer 2006). Service provisioning for forest 

owners is expected to evolve to become more customer-orientated and value-based, but 
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again, the renewal of forestry organizations is foreseen to be slow (Mattila and Roos 2014; 

Mattila 2015; Andersson and Keskitalo 2019). 

Studies in the forest-based sector have applied analytical tools from the service and 

business research disciplines. For example, decision support systems have been examined 

concerning their service processes and various elements such as typologies of forest owners 

as customers, and the role of experts in forest extension services (Hujala et al. 2007). A better 

understanding of the service process could help to develop the decision support systems 

further. 

Researchers have followed the recent progress in the service research disciplines and have 

adopted new approaches to study forest-based sector questions. For example, the service-

dominant logic (SDL) by Vargo and Lusch (2004), and the service logic by Grönroos (2006) 

in the marketing management field are used in forestry services related questions (Mattila 

2015; Berghäll 2018; Hujala et al. 2019), as well as for the sustainable business models of 

circular bioeconomy (Lähtinen and Häyrinen 2022). Furthermore, interactions in wider 

service systems have been examined, for example, by applying the value innovation and 

social innovation conceptualizations for assessing the novel business models of forest leasing 

value networks (Laakkonen et al. 2018), or for the non-wood forest products and their market 

creation (Weiss et al. 2019). 

The question, thus, is not only about services or service providers per se, but the 

organizational changes. The above-mentioned studies have drawn attention to questions: 

What are the sources of competitiveness for forest industry companies or forestry service 

providers? How will customers adopt new solutions? How can knowledge-based decision 

making or innovation and sustainability be supported in the forest-based sector? 

However, the research field on services and service remains fragmented. For example, 

studies on forest industry companies and their machinery suppliers (Kuusisto 2006) or their 

customers (Davidsson et al. 2009; Viitamo 2013) may remain unrecognized in the forest-

based sector if such studies conclude their observations on servitization in manufacturing or 

processing industries rather than the forest industries specifically. The engineering 

disciplines are of particular interest for the forest-based sector analysis, since they scrutinize 

services in product-oriented firms and overall, as part of industrial production. Several 

concepts have been developed to describe combinations of products and services, such as 

product-service systems (PSS), hybrid offerings, integrated solutions or complex product 

systems (summarily in Rabetino et al. 2018). These illustrate company-level investigations 

of the manufacturing processes which also are connected to the macroeconomic phenomena 

of servicification and international distribution of value chains. The concepts describe change 

in the company operations and the markets. Business models are changing from products to 

services, and more service-based thinking necessitates a new kind of strategic orientation as 

well as new capabilities.  

Changes in the markets of forest products and services are more complex when 

considering the impact of technology development on services. Studies on digital forest 

information platforms (Pynnönen et al. 2021), virtual reality forest management services 

(Holopainen et al. 2020), and the data and material flows in the forest-based industries and 

their customers, such as the textile industry (Luoma et al. 2022), illustrate assessments of 

technology-enabled services and related changes in the forest-based sector. The changes 

related to services which are ongoing both within the forest-based sector and in the operating 

environment remain difficult to grasp. 
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Ambiguity of services in the future forest bioeconomy 

The brief summary of the forest-based sector research above illustrates the service trends in 

a changing operating environment. The competitive positions of forest-based sector 

organizations and companies are changing, and new opportunities as well as new competitors 

are emerging. This reorganization of operations is ongoing because enabling technologies, 

new markets, and processes are still developing. The value adding networks, including new 

services and the services to support the adoption of new bio-based solutions are evolving 

together with new bioeconomic solutions (Pelli et al. 2018). Bioeconomy services are 

emerging as a response to the changing operating environment, technologies, and knowledge. 

Investigations of new knowledge-intensive business services are necessarily cross-sectoral 

in response to the changing operating environments and new technologies (Miles et al. 2018). 

Analogous with the development of ICT leading to emergence of totally new service 

activities, also biotechnology is likely to create new services and an industry on their own 

(Gokhberg et al. 2013). 

Two research angles on service trends, examining macroeconomic and organizational 

changes, are often assessed separately in forest-based sector research. Consequently, broader 

themes such as the interconnection of service research and the algorithmic revolution may 

remain unrecognized in the forest-based sector. As examples, the value-based thinking 

described in service-dominant logic conceptualizations is already being applied to the 

management and engineering of automated systems (Spohrer and Maglio 2008; Breidbach et 

al. 2018), and service-based thinking is being incorporated in the technological scenarios of 

the future service economy (Chang et al. 2014). Both illustrate profound system changes, not 

a mere shift from products to services. 

Compared with research on bioeconomic developments, studies investigating the 

implications of service trends are few. The forest bioeconomy is understood by stakeholders 

in several ways: the forest bioeconomy developments can be studied as the forest-based 

sector renewal, the new bio-based industries emerging as well as the potentially contradictory 

visions of a bioeconomic system (Hurmekoski et al. 2019; Korhonen et al. 2020). There is 

no similar assessment of service developments, where service trends were recognized both 

as service sector developments, emerging new service industries as well as a systemic change 

to a service-based (bio)economy. 

Instead of the socio-techno-economic questions related to service trends, the forest-based 

sector research draws attention to a different kind of service-based thinking concerning 

natural resource questions, namely, ecosystem services. These services that forests produce 

remain narrowly incorporated in economic thinking and the markets of evolving bioeconomy 

(Hetemäki et al. 2017; European Commission 2022). They include provisioning services such 

as the production of food, water, wood, and other raw materials; regulating services such as 

carbon storage and climate regulation; supporting services such as nutrient cycles and oxygen 

production; cultural services such as providing spiritual and recreational benefits and 

aesthetic experiences. Integration of these services in bioeconomic models is sought for. As 

solutions are proposed natural capital accounting (Hetemäki et al. 2017), including value-in-

impact of ecosystem services in the forest products market analysis (Matthies et al. 2016), as 

well as assessing the benefits of forests to human health as tertiary products (Herpin-Saunier 

et al. 2018).  

Such questions are challenging to describe with the extant market structures, for example 

as developments of the forest-based sector and services. Rather, the ideas are similar to those 

elaborated in futures research as profound systemic changes to “the society of intangible 
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needs” by Malaska (1999) or “the upcoming seventh K-wave” by Wilenus (2021). Recently 

a more profound change of the economic system has gained attention, such as the biodiversity 

economics elaborated in the Dasgupta report (2021). As Hetemäki (2014, p. 15) states on the 

present era of changes: “The old models, methods and data are not necessarily very helpful 

in describing structural changes and the future—not only do they need to be updated, new 

models and methods must be introduced.” 

To conclude, forest-based sector research has recognized the services phenomena to be 

important in analyzing the forest-based sector, its structural changes, the evolving 

bioeconomy, as well as the challenges related to natural resources and their sustainable use. 

The overall picture, however, is scattered. Consequently, it remains an ambiguous target to 

capture and elaborate the service trends for the forest-based sector and future bioeconomy. 

Better analytical tools are needed. 

Research questions 

This research sets out to improve understanding of service trends in the forest-based sector 

and its operating environment. Empirical data is lacking for the forest-based sector services 

and there is a need for conceptual clarity about service trends. The overarching question 

directing this research, thus, has been the multifaceted nature of service trends, and the 

ambiguity of defining targeted questions for analyzing this phenomenon or its outlook for the 

forest-based sector.  

Firstly, the forest-based sector research already elaborates several levels of analysis 

concerning the changing operating environment. Service trends are a macroeconomic 

phenomenon, which affects the markets of the forest-based products, and consequently, has 

an impact on the operations of the forest-based sector organizations as well as use of forests. 

Organizational changes, in turn, often focus on the forest-based industries and forestry 

services without analyzing the broader context. Secondly, the structural changes already 

discussed in the forest-based sector have several implicit directions. In addition to shifts from 

products to services, and the search for improved competitiveness through the diversification 

of product portfolios and development of new services in the forest industry companies, the 

question is that of new bioindustries or a bioeconomic sector emerging, and potentially, also 

moving toward bioeconomic thinking which goes beyond the services exchanged in the 

markets of today. 

This research has a strong empirical stance, on one hand, to observe changes ongoing, 

and on other hand, assess them vis-à-vis the forest-based sector and bioeconomy. The 

research questions are:  

RQ1: What service trends are detectible in the operating environment, and how do they 

connect with the forest-based sector changes?  

RQ2: What implications do service trends have for the forest-based sector and 

bioeconomy? 

Research approach and expected contribution 

This research in the field of forest policy and economics is phenomenon driven. Its starting 

point is pragmatic: to gain a better understanding of service trends ongoing in the operating 

environment. The service trends have already been assessed in the forest-based sector 
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research as macroeconomic and organizational changes, but the overall picture of the 

developments or their impact on the forest-based sector is fragmented (Figure 1). 

Consequently, it is challenging to define models and methods necessary for describing 

structural changes or for assessing the future. 

Trends are perceivable from the past as directions of change, which may be quantified or 

qualitatively described as development tendencies. To detect a trend, the accumulation of 

knowledge over a long period of time is necessary. Figure 1 illustrates different angles of 

forest-based sector research on service trends. Servicification research provides one way to 

analyze the macroeconomic trends and their impact on forest-based sector operations, such 

as the international distribution of tasks in global value chains. Studies on organizational 

changes, in turn, elaborate both the shift from products to services and more organizational 

culture related changes toward customer-orientated strategies or value-based thinking. 

Neither the forest-based sector structural changes nor the future bioeconomy can be captured 

without a better understanding of the developments in services.  

Phenomenon-driven research investigates a perceived change, something that is 

unexpected or in question compared with the established system and its mechanisms. As 

defined in the organizational research for change management, it is “problem-oriented 

research that focuses on capturing, documenting, and conceptualizing organizational and 

managerial phenomena of interest in order to facilitate knowledge creation and advancement” 

(Schwartz and Stensaker, 2016, p. 245). Accordingly, this research seeks to contribute to the 

analysis of the forest-based sector changes by providing means to organize knowledge on 

service trends as well as sharpen the analytical focus of the forest-based sector investigations 

on this phenomenon. More targeted questions are crucial for collecting evidence on service 

trends, and further, for supporting policy and decision making toward the forest bioeconomy 

and sustainable use of natural resources. 

The research is at its foundational premises cross-disciplinary, and it combines:  

• sociotechnical transitions research as the theoretical basis for complex systems and 

their change, and in particular, the multi-level perspective (MLP) as an analytical 

tool to study system changes;  

• services research and service research disciplines as a knowledge base for services 

and service trends, including research-based conceptualizations and evidence on 

ongoing organizational changes. 

 

 

Figure 1. Pragmatic starting point of the research to gain better understanding on service 

trends in the operating environment vis-à-vis the forest-based sector and bioeconomy.  
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This thesis consists of three studies and a synthesis. Articles I-III contribute each a distinct 

empirical perspective on service trends in the context of the forest-based sector. The articles 

can be read separately in answer to RQ1-RQ2 in three different, but at the same time 

overlapping contexts: the forest-based sector and parallel industries; wood products 

industries and the supply networks for industrial wood construction, and wood construction 

and the evolving markets for sustainable housing solutions. This thesis explains the 

theoretical basis and the analytical framework of the research (section 2), describes the 

methodology used in the empirical studies (section 3), summarizes results from the empirical 

studies (section 4), and concludes key questions for the forest-based sector, and discusses the 

contribution and the limitations of this research (section 5).   
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ANALYTICAL FRAMEWORK  

The analytical framework in this thesis builds on evolutionary theorizing in sociotechnical 

transitions research. A multi-level perspective (MLP) on sociotechnical system change is 

used as a device to detect service trends in the context of the forest-based sector and 

bioeconomy. MLP has been developed as a conceptual tool for process-narratives for long 

historical changes in complex sociotechnical systems (Geels 2002). This section explains 

how MLP is here applied to collect evidence on service trends and to examine the changes in 

the operating environment. 

Multi-level perspective (MLP) and the evolving sociotechnical landscape 

Research into sociotechnical transitions seeks to better understand systemic changes and 

system innovations, and how systems, such as energy or mobility systems, could be 

transformed (Grin et al. 2010). Transitions are non-linear and difficult to manage due to 

complex interdependent processes. For example, directing a system to adopt a radically new 

technological solution or move toward improved sustainability requires changes in the 

operations of multiple actors, in individual organizations, in production and consumption 

modes, necessary infrastructure as well as institutions. Such changes typically take several 

decades to realize. They are “more evolution than revolution” as described by Rotmans et al. 

(2001). Gradual incremental changes and radical disruptive change are both part of 

sociotechnical transitions. Structural change is here defined as a shift between system 

elements, while a transition is a move from one system state to another (Loorbach et al. 2017). 

In other words, a transition is more profound than the structural changes of an industry or 

part of the economy.  

In the analysis of complex systems, the system boundaries are defined for the purpose of 

the analysis: system models are tools that can be used to investigate real-life phenomenon, 

but the system boundaries cannot be found as easily in the operating environment. Even 

though the models and conceptual tools do not provide means to predict the future 

developments, they assist in making sense of the operating environment, recognizing patterns 

of change from the past, elaborating these developments toward the future, as well as seeking 

for advancing the desired outcomes (Grin et al. 2010). 
The multi-level perspective (MLP) on sociotechnical change defines its target system 

based on the societal function that the system performs (Geels 2002; 2005). Change in the 

systems, such as energy, mobility, housing, food and agricultural systems are described 

across three analytical levels (Rip and Kemp 1998; Geels 2002): the landscape of the 

exogenous, relatively fixed infrastructures, as well as slow-to-change trends and abrupt 

shocks; the regime of the established rules of the game; and niches, as spaces of 

experimentation for ideas such as radically new technologies. Different dynamics 

characterize the stable landscape and the dynamic balance of the established regime, and the 

competing niches. The landscape’s exogenous developments create windows of opportunity 

for system change, place pressure on the regime and create momentum for the breakthrough 

of niche technologies. The outcome, in turn, depends on niche maturity and alignment 

between the three levels (Geels and Schot 2007). Thus, whether the regime persists the 

pressures, adjusts its processes, or a leap from one system state to another becomes possible. 
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On its theoretical basis, MLP is a multi-ontology construct and it accommodates concepts 

of evolutionary economics, innovation studies, science and technology studies, and 

institutional theories. It is a crossover between theories (Geels 2010; 2020). 

Evolutionary economic theories describe economic change with patterns of innovations 

across populations of firms; in which breakthroughs of radical innovations disrupt the 

accumulated competences, and lead to system discontinuities—resulting in the creative 

destruction, as described by Schumpeter (1939). Mechanisms of variation, selection, and 

retention explain why incremental rather than radical change characterizes the established 

sociotechnical systems. Technological regimes evolve along technological trajectories 

because cognitive routines and search heuristics drive engineers to search for solutions from 

the same direction (Nelson and Winter 1982; Dosi 1982). Path dependencies are built within 

the system, including its investments, infrastructures, and knowledge (Tushman and 

Anderson 1986). Network externalities strengthen the chosen technology path; the more a 

technological innovation is used, the more it spreads in a wider variety of application fields 

(Arthur 1988). On a macroeconomic scale, the co-evolution of science, technology, economy, 

politics, and culture results in pattern of long waves, as explained in the techno-economic 

paradigms by Freeman and Loucã (2001). 

While evolutionary economics focuses on lock-in mechanisms, transition studies seek to 

explain the lockouts, thus, the change from one system state to another (Elzen et al. 2004). 

Technology is not an exogenous factor of change, but rather, part of the social co-evolution. 

Variation, selection, and retention mechanisms of the sociotechnical system are described 

from a social scientific, quasi-evolutionary, perspective (Schot and Geels 2007; Geels 2010). 

Institutional theories provide detail on the interpretative socio-cultural processes of change, 

and the tensions inherent in interactions within the sociotechnical systems. The search 

heuristics, rules and routines not only constrain, but also enable action (DiMaggio and Powell 

1983; Scott 1995). They are part of the ruleset and grammar of sociotechnical regimes 

governing how actors, such as companies and organizations, operate and orientate in their 

environment (Rip and Kemp 1998). 

MLP has been used for historical process narratives of technological change, as well as 

for examining sustainability transitions (Geels 2011; Markard et al. 2012). Geels (2010; 

2020) emphasizes the use of MLP for heuristics. In this research MLP is not used to explain 

changes over time, but to detect service trends in the operating environment, and to examine 

changes in the operating environment, as well as in the forest-based sector toward a 

bioeconomy. 

MLP—or sociotechnical transitions models, overall—draw limited attention to services 

or service trends. Services are recognized as complementary assets for the established 

regimes, such as service networks or distribution channels (Geels 2011; 2018). They are 

intermediaries which are important for the diffusion of innovations. Knowledge-intensive 

business services (KIBS), research and technology organizations, and public and industry 

organizations also play a more systemic role in the network structure of the technological 

innovation system (van Lente et al. 2003; Kivimaa et al. 2019). They influence the processes 

of innovation systems. The evolving service-based economy, in turn, can be depicted as a 

global change across the whole economy and part of the macro-level for sociotechnical 

transitions (Rotmans and Loorbach 2010). It is noteworthy that these developments take 

place in all sociotechnical systems. 

In service research disciplines, in turn, both the role of technology in services and the role 

of services for innovation and technological development have been investigated. Service 

innovation studies were developed particularly from the 1990s onwards (Coombs and Miles 
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2000; Gallouj and Savona 2009; Carlborg et al. 2014). Investigations include analyses of 

service activities, companies, and the evolving service sector. Attention has been drawn to 

the specific characteristics of services, non-technological innovations, as well as the more 

general influence of service innovations on business development and technological change 

(Gallouj and Weinstein 1997; Sundbo 1997). The studies have examined how services or 

certain service industries, such as KIBS, evolve, and what takes place in company operations 

in the markets, that is, in service firms, in manufacturing firms, as well as any organization 

providing services to its customers (Miles 2016). Services, particularly KIBS, have been 

emphasized as being important for innovation systems and service innovation is essential to 

include in industrial policies (den Hertog and Rubalcaba 2010). 

Figure 2 depicts service trends as an evolving landscape of sociotechnical systems. MLP 

examines the sociotechnical system changes with a particular focus, such as energy or 

mobility systems. System changes take place within broader socio-techno-economic 

developments across several sociotechnical systems (upper part of Figure 2). These 

developments of the sociotechnical landscape include long stable development phases 

illustrated with gradual incremental changes, and short turbulent phases of technological 

discontinuities. Service trends (grey arrows), such as servicification of the economy at a 

macroeconomic scale, servitization of the manufacturing industry, or the changes in company 

strategies and operations depict structural changes, i.e., a shift between system elements. 

Service trends are gradual changes of the broader socio-techno-economic landscape, and they 

can be detected in all sociotechnical systems. 

Regime change of a particular sociotechnical system, and the service trends across several 

sociotechnical systems are distinct but overlapping perspectives of the changing operating 

environment of the forest-based sector. 

 

 

 

 

Figure 2. MLP on sociotechnical change and service trends as the evolving landscape of 

sociotechnical systems (own illustration, MLP, on the left, based on Geels 2005, p. 685). 
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Dynamic balance of rulesets in the sociotechnical regimes 

A regime is a central concept in MLP. While individuals and organizations are constrained 

by the system in which they operate, they also continuedly enact and shape the system and 

its rules (Geels 2005). Along with the neo-institutional theories, MLP understands 

institutions as processes (Geels 2020). Building on Scott’s (1995) three pillars of institutions, 

Geels (2004) defines that social stability and institutional change are outcomes of the 

alignment of the regulative, normative, and cultural-cognitive rulesets. These include the 

formal coercive rules and laws; normative pressure of values, role expectations and duties, 

and the taken-for-granted meanings and frames, including artefacts and symbolic processes 

(Scott 2014). 

Furthermore, Geels (2005) defines sociotechnical systems and regimes as organizational 

fields that guide social actors toward homogeneity and collective rationality (DiMaggio and 

Powell 1983). The sociotechnical systems consist of several interacting groups: engineers 

developing the technology, but also the finance, various suppliers, production, users, 

consumers, research, public authorities, and societal groups, such as, NGOs and media. On 

one hand, these groups have relative autonomy and their own selection environments, and, 

on the other hand, they share the dominant trajectories in the sociotechnical systems (Geels 

2005). There is a dynamic balance between the rulesets of the regime. When the rulesets are 

sufficiently aligned, the system is stable and the established sociotechnical regime is more 

solid and able to maintain gradual changes, make adjustments to niche innovations, and 

mitigate the tensions of the exogenous landscape.  

 

 

Table 1. Rulesets of sociotechnical systems as a basis for detecting service trends (own 

elaboration based on three pillars of institutions in Scott 2014, p. 60).  

 

Rulesets / 

institutions 

Regulative Normative  Cultural-cognitive  

Basis of order Regulative rules 

(what are monitored 

as services)  

 

Binding expectations 

(what is expected 

from services or as a 

service) 

 

Constitutive schema 

(what are 

understood as 

services or as a 

service) 

Mechanisms Coercive Normative Mimetic  

 

Logic  Instrumentality 
(getting things 
done) 
 

Appropriateness 
(doing proper things) 
 

Orthodoxy 
(the way we do 
things) 
 

Indicators  Rules, laws, 

sanctions, 

standards 

 

Certification, 

accreditation, 

obligations, 

expectations  

Common beliefs, 

shared logics of 

actions, 

sensemaking 

frames, incl. 

artefacts 
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Table 1 summarizes how service trends can be detected based on the rulesets, and semi-

coherent configurations of sociotechnical systems. Services are instrumental for 

sociotechnical systems. Service trends become visible when monitoring the target system 

based on formalized rules, such as macroeconomic standards (services vis-à-vis other 

economic activities), or on a company level the market transactions as defined in contracts 

between the producer and customer. Regulative rulesets are slow to change. The statistical 

classification systems unavoidably lag behind new services enabled by technology, new 

configurations or new ideas tested in the markets (Miles et al. 2018). Changes of contracts 

between companies, in turn, can be negotiated at a quicker pace. Rolls Royce is an often-

mentioned example for servitization (Baines et al. 2007); instead of selling an engine for an 

aircraft, in the 1960s the manufacturer developed engine maintenance management and 

started to lease “power by the hour”. The example is illustrative of one of the product-service 

system categories and how change in the manufacturing industries in general can be assessed. 

In other words, while changing configurations in a system can be challenging to capture 

with established standards, qualitative categorizations have been developed to describe the 

changing normative rulesets and the logic behind market operations. For example, these 

categorizations can be used to describe what is appropriate in terms of task division between 

a producer and customer, how products and services are bundled into market offerings, or 

how the business model of a product-oriented firm differs from that of a service-oriented firm 

in an industry. These illustrate different dimensions of service trends which have been 

identified and further elaborated by the service research disciplines. 

Overall, service research provides information on changes in several sectors of economic 

activity. The understanding on as well as the means to capture and assess service trends have 

accumulated over the decades in different research disciplines. The empirical studies and 

conceptualizations developed in these disciplines describe gradually changing grammars of 

how companies operate in the markets and orientate in their operating environments, and deal 

with technological change as well as changing regulations and policy targets.  

Service research in business studies stems back to the 1970s, starting in the marketing 

discipline and the analysis of service firms to draw managerial implications to develop new 

or better services. Services both as activities, products and processes were first investigated 

in the service firms, and then overall, in any type of organization or in any actor-to-actor 

interactions (Fisk and Grove 2010; Gummesson and Grönroos 2012). Investigations on 

service firms brought attention to the distinct features of service provisioning, for example, 

the interaction between the service provider and user, and the role of customer experience in 

assessing service quality (Parasuraman et al. 1985; Zeithaml et al. 1985). Service innovation 

research, for its part, elaborated how the broad characteristics of service innovation are 

applicable both to the services and manufacturing industries (Gallouj and Weinstein 1997). 

Sundbo (1997) described this understanding on innovations along a service-professional 

trajectory; technology is just one element of innovation, while interactions and the intra- and 

inter-organizational learning are distinctive in services. Carlborg et al. (2014) outline the 

chronological development of research on service innovation from mere product innovation 

to the particularity of services, and further, to an integrated approach to both products and 

services, and from intra- and inter-firm interactions to wider system levels. Instead of an 

analysis on dyad or network relationships, today, marketing management researchers call for 

attention to business environment evolution (Möller et al. 2020) and emergence in service 

ecosystems (Vargo et al. 2023). 

Servitization in manufacturing, in turn, was defined in the late 1980s as a question of 

service operations management (Vandermerwe and Rada 1988). Servitization, or the 
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bundling of products and services, was examined both in terms of strategic management and 

engineering. Currently there are several engineering disciplines elaborating these themes, for 

example in sustainability design and environmental engineering of product-service systems 

(Mont 2002), operations management (Baines et al. 2007), as well as information systems 

engineering (summarily in Boehm and Thomas 2013). Here services as such are not the target 

of analysis, but rather, management and engineering of the increasingly complex Product-

Service Systems (PSS). PSS are developed both as intra- and inter-firm operations, and 

solutions are investigated for the broad functional economy targets (Tukker 2004) as well as 

for company competitiveness (Cusumano et al. 2015). 

These research fields exemplify how the changes ongoing in the markets have been 

analyzed, and which concepts have been defined to capture the changes, and to some extent 

also to direct them toward improved competitiveness, efficiency and/or sustainability. 

Analyses of company operations in markets have observed several directions in these service 

trends. For example, instead of a mere shift from products to services, product-oriented 

companies make several turns (Kowalkowski et al. 2017), simultaneously apply different 

strategies to different products, customers, or contexts, as well as experiment with open 

business models to extend service business either internally or through outsourcing (Visnijc 

et al. 2018). The product-orientation vis-à-vis service-orientation are not exhaustive 

categories to capture these ongoing changes. Furthermore, directing PSS development in 

markets has several implications. While PSS can be designed for sustainability, the outcome 

is not necessarily improved sustainability, but other benefits which, in turn, may result in 

negative environmental impacts (Tukker 2015). Product Service Systems do not lead to the 

outcomes they were designed for. Furthermore, bundling products and services into 

‘operations without operations’ illustrates automated systems applicable to any system 

definitions and for several goals in parallel (Breidbach et al. 2018). Service trends are part of 

the continuous ongoing configurations in sociotechnical systems. They can be assessed as 

part of the lock-in as well as lock-out mechanisms of the sociotechnical systems. 

Service trends at multiple scales of organizational change  

As described in the previous examples, services are an ambiguous target for analysis. Yet, 

the service research disciplines collect evidence on the ongoing changes, and conclude 

managerial implications for companies and organizations. In the service research emphasis 

is given to the definition of service both as product, process, and outcome (Miles 2016). The 

service research disciplines make an explicit distinction between services (plural) and service 

(singular). Here services refer to activities, outputs, or products exchanged in the markets, 

and service refers to process qualities and outcomes. Services are something 

quantified/quantifiable, while service as a quality characteristic is more difficult to measure. 

Service quality necessitates assessment by the user or beneficiary, which is affected by 

several factors beyond the control of the service provider (Vargo and Lusch 2004; Grönroos 

2006). Additionally processual changes include learning, which illustrates changes in intra- 

and inter-firm tasks, roles, and practices (Sundbo 1997; Toivonen and Tuominen 2009). 

These concepts illustrate the multifaceted phenomena related to service trends, and the 

challenges in capturing their impact. However, service research knowledge bases provide 

several angles on the intra- and inter-organizational changes in the markets: what has taken 

place in the company operations or interaction of multiple companies in a particular context,  



23 

 

 

 

 

Figure 3. MLP as a device to detect service trends at multiple scales of organizational 

changes ongoing in the operating environment.  

 

 

or organizational field, and further, how such observations have been produced into 

categorizations to assess the direction of change(s) on the scale of an economic sector, such 

as manufacturing or KIBS, more generally in the markets, or overall in the economy. 

Figure 3 shows how MLP can be used as device to detect service trends in the operating 

environment and think through implications of these changes for the forest-based sector. This 

research purposefully adopts a flat system ontology to system change. Service trends are part 

of the evolving sociotechnical landscape, and they are detectible as the organizational 

changes on multiple scales within and across the sociotechnical systems.  

Service research knowledge bases provide to gain more depth to sociotechnical system 

change. The evidence bases collected in service research are contextual, i.e., based on the 

empirical observations and analyses made in a particular industry or system/subsystem 

context. Analyses can focus on a specific industry, such as manufacturing industries or KIBS 

firms, and/or investigate an individual company, dyad of a service provider and user, 

network, or a wider service system. With its focus on a sociotechnical function, the MLP 

analytical framework is at a higher system level than the service research investigations on 

company operations, but at a lower system level than the gradual changes of markets, 

illustrated, for example, by servitization in manufacturing. Detecting service trends as 

empirical phenomena extends from a mere analysis of the past developments to the diverse 

contexts where gradual changes of sociotechnical systems take place.  

With the analytical framework, service trends can be defined as targeted cases for 

analyzing individual organizations, groups of companies, sub-groups, or subsystems of the 

sociotechnical system, and connecting the empirical observations to a broader sociotechnical 

transition—as here: assessing service trends in the context of the forest-based sector and 

bioeconomy.   
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METHODOLOGY  

This section describes the research design, data and methods applied in the three empirical 

studies. Service trends are assessed as the evolving sociotechnical landscape, and the service 

research disciplines provide the knowledge base and evidence on the ongoing organizational 

changes in the operating environment of the forest-based sector.  

Research design  

The three empirical studies conducted in this research seek to capture service trends as a 

multifaceted phenomenon observable in the forest-based sector and its operating 

environment. The forest-based sector itself is an evolving concept (Näyhä et al. 2015). On 

one hand, it includes the traditional forest sector, whose industries connect with an increasing 

number of other related industries, such as the supply industries of machinery, chemicals, 

and engineering, but potentially also with new customer industries, such as textiles. On the 

other hand, the forest-based sector also includes versatile other forest-based activities, which 

are given a more visible role in the bioeconomic context, such as recreation, health, and 

environmental services. The forest sector consists of primary production including the natural 

resources management, multi-purpose use forestry and supply of raw materials, the 

processing and manufacturing industries, (on the economic activity standards the NACE 

Rev.2 Sections A02 Forestry, C16 Manufacture of wood and of products of wood and cork, 

and C17 Manufacturing of paper and paper products), as well as the forest-related activities 

and employment in government, administration, research, and education (Forest Europe 

2020).  

In MLP terms the forest-based sector is an industrial subsystem which supplies raw 

materials, interim products and solutions for energy, mobility, housing, and other 

sociotechnical systems. The definition, thus, is closer to the traditional forest sector than the 

evolving bioeconomy conceptualizations. However, this definition allows studying the 

forest-based sector in several contexts of sociotechnical change by using MLP as the 

analytical framework.  

Table 2 summarizes the three empirical studies with the MLP analytical framework. 

While the three studies were published in peer-reviewed journals as independent research, in 

practice the research proceeded as successive stages of analysis: Article I assessed the role 

of services across industrial sectors, and it led focusing the attention to business changes; 

Article II scrutinized the shift from a PSS business model to another, and its findings 

highlighted the role of non-technological innovations in industrial processes; and Article III 

examined service innovation as part of the evolving PSS, which, in turn, brought the different 

scales of sociotechnical system change to the fore. Although this may sound a straightforward 

process in elaborating both the multiple levels and scales of sociotechnical change, in reality 

the process was not linear. Typical for phenomenon-driven research, the research remains 

open during the course of investigations to be modified as needed, and even changed, due to 

emerging questions (Schwarz and Stensaker 2016). 
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Table 2. The empirical studies (I-III) with the MLP analytical framework to detect service trends. 

  

MLP analytical levels  I II III 

Landscape/service 

trends  

Increasing role of 

services 

Servitization in 

manufacturing  

Evolving Product-Service 

Systems (PSS) 

Indicators to detect 

service trends 

Services and service Economic activity 

standards (NACE)  

Role configurations  

Organizational 

changes (incl. 

categories derived 

from the service 

research) 

[strategy orientation 

in an industry] 

PSS business 

models, activity 

systems changes  

Service innovations in 

evolving PSS, and 

changing market offerings, 

value propositions 

Sociotechnical regime -  

 

Industrial 

construction 

Housing construction 

The forest-based 

sector context 

Forest-based sector 

& RDI in 

Bioeconomic 

industries, 

Processing, 

Manufacturing, 

Energy efficient 

buildings, and 

Vehicles 

Supply networks, 

incl. wood industries 

among other 

suppliers 

 

 

Construction projects, incl. 

material, product, and 

solution suppliers among 

other construction project 

tasks  

Niches - Wood construction Sustainable housing, incl. 

wood construction, energy 

efficiency, resource 

efficiency, green 

infrastructures, and social 

/communal solutions 

 

 

Consequently, the three study contexts exemplify different system boundary definitions 

for assessing the forest-based sector and its change in Articles I-III: 

I. “Services in the forest-based bioeconomy – analysis of European strategies” 

included the strategic partnership sectors indicated in the EU-level forest-based 

sector strategies and the technology platform’s strategic agendas. The starting point 

for the analysis was the forest-based sector and the study examined how to assess 

the increasing role of services in the forest-based sector vis-à-vis the technological 

platform, and the close-by strategic sectors in the EU. 

II. “Servitization and bioeconomy transitions: Insights of prefabricated wooden 

elements supply networks” was based on confidential business data on three wood 

element products. The starting point for the analysis was industrial construction as 

a customer of the wood industries. The study examined how servitization affects the 

evolving bioeconomy, or more precisely, which business model changes can be 

detected in the manufacturing supply networks around the forest-based industries. 

III. “Service innovation and sustainable construction: analyses of wood vis-à-vis other 

construction projects” included eight sustainable housing projects which were 

identified via convenience sampling to find comparable cases, i.e., projects of 

similar size realized in approximately the same time. The starting point for the 

analysis was sustainable housing construction, thus, the wood construction supply 

networks were assessed among other solution providers in the markets. The paper 
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explored how evolving PSS affect the complex product systems of construction, or 

more precisely, which service innovations can be detected in the markets where the 

forest-based industries operate. 

Indications of service trends, i.e., the standards and categorizations of organizational 

changes, were defined for each study separately based on several disciplines (see also Table 

3 on data and methods). In Article I the basis for assessing the role of services in parallel 

sectors was the distinction between services and service which had been made explicit in 

service research disciplines. In Article II changes in industrial supply networks were assessed 

with production economics tools to capture intangible value creation, and the operations 

management categorizations on product service systems to describe the business model 

change (Baines et al. 2007; Neely 2008). In Article III generic service innovation research 

categories were used to elaborate evolving PSS and the assessment of market changes was 

further scrutinized with the assistance of marketing management categorizations on value 

propositions (Payne et al. 2017). The synthesis of the three studies builds on the MLP 

analytical framework. 

The categorizations chosen to detect service trends in a particular research context are 

illustrative to the ways of assessing services as a multifaceted phenomenon in the forest-

based sector’s operating environment. As such, the purpose of this research is not to explain 

the operating environment changes, nor justify one approach over another for such analysis. 

Instead, MLP has been used as an analytical tool to systematize information on service trends 

and their implications for the forest-based sector.  

Data and methods  

Table 3 summarizes the data and methods in the three studies. Excluding confidential 

business data on supply networks in Article II, the data were sourced from publicly available 

documents, websites, international and national company databases, and online registers. The 

main method for analyzing the textual data is a qualitative content analysis: in this respect 

Article I is a review of strategies and RDI roadmaps, Article II is an analysis of business 

descriptions of companies, and Article III consists of analyses of both the project descriptions 

and individual companies’ market offerings. 

In addition to these aspects, Article II analyzed three wood element products with a value-

added trade analysis, a method developed to assess the international distribution of global 

value chains. Although services are not measurable as a precise volume or proportion of 

activities in the manufacturing industries, intangible value creation describes services 

embedded in all economic activities, thus, also within the wood industry value networks. 

In addition to these aspects, Article II analyzed three wood element products with a value-

added trade analysis, a method developed to assess the international distribution of global 

value chains. Although services are not measurable as a precise volume or proportion of 

activities in the manufacturing industries, intangible value creation describes services 

embedded in all economic activities, thus, also within the wood industry value networks. 

The value-added trade analysis replicated the method used in the studies conducted by 

the ETLA Economic Research for different types of products and services (Ali-Yrkkö 2013; 

Ali-Yrkkö and Rouvinen 2015). The bill of materials was the basis for identifying successive 

tiers of production, i.e., the list of materials and components used in a manufactured wooden 

element including details on suppliers and prices. In addition to this, further information was 

also sought from the three companies, as well as by contacting the first-tier suppliers directly. 
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Table 3. Data, methods and knowledge bases in the three empirical studies.  

 

Empirical context  Data Methods  Knowledge bases on 

service trends 

I Services in the 

forest-based 

bioeconomy – 

analysis of 

European strategies  

Documents from forest 

and bioeconomy 

strategies, and EU 

Horizon 2020 RDI 

roadmaps of FTP, and 

bioeconomy, 

processing industries, 

manufacturing, 

energy-efficient 

buildings, and green 

vehicles 

Review, qualitative 

content analysis  

Services and service 

research (generic from 

service sector 

economic and 

innovation research, 

marketing research, 

business and strategic 

management 

research) 

II Servitization and 

bioeconomy 

transitions: Insights 

of prefabricated 

wooden elements 

supply networks 

Supply network data 

of 3 wooden elements 

from three companies; 

Company financial 

data from international 

company databases 

and national registers  

Value-added trade 

analysis (distribution of 

value; identification of 

companies in the 

successive tiers of 

supply networks) 

Production economics: 

research on global 

value chains  

(Ali-Yrkkö and 

Rouvinen 2015) 

 Company (N=120) 

business descriptions 

in international 

company databases 

and national registers 

(company websites as 

additional data 

sources)  

Qualitative content 

analyses  

Operations 

management: 

PSS categories 

(Baines et al. 2007; 

Neely 2008);  

Business models as 

activity systems (Zott 

and Amit 2010) 

III Service 

innovation and 

sustainable 

construction: 

analyses of wood 

vis-à-vis other 

construction projects  

Project 

descriptions/publicly 

available data on 8 

sustainable housing 

construction projects  

Qualitative content 

analyses (identification 

of companies; PSS and 

service innovations) 

Service innovation 

research (generic, 

summarily by Coombs 

and Miles 2000; 

Gallouj and Savona 

2009)  

 

Company (N=89) 

marketing 

communications from 

the company websites 

(company databases 

and registers as 

additional data 

sources) 

Qualitative content 

analyses (identification 

of PSS and service 

innovations, assessment 

of value propositions); 

Thematic analysis 

across the analyzed 

datasets. 

Marketing 

management: 

Value proposition 

categories (Payne et 

al. 2017) 

 

 

The value-added trade analysis replicated the method used in the studies conducted by the 

ETLA Economic Research for different types of products and services (Ali-Yrkkö 2013; Ali-

Yrkkö and Rouvinen 2015). The bill of materials was the basis for identifying successive 

tiers of production, i.e., the list of materials and components used in a manufactured wooden 

element including details on suppliers and prices. In addition to this, further information was 

also sought from the three companies, as well as by contacting the first-tier suppliers directly. 

The value added of each supplier company was approximated by using value-added margins 

and was further divided geographically based on the supplier company information. The 
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resulting observations on the international business structures of the supply network were 

tested and clarified in interviews with industry federation representatives who also provided 

expert views on the trends in specific supply industries. Product-wise analyses were 

presented as relative shares of the geographical distribution and production stages, 

corresponding to the level of detail in the studies conducted by the ETLA Economic 

Research. Article II also briefly concluded the findings concerning industrial wood 

construction vis-à-vis the previously analyzed cases. 

A major contribution of this research step, however, was that it directed attention to the 

real-life value networks as a particular research context for service trends in sociotechnical 

systems. Rather than a mere question of value distribution internationally, the blurring of 

economic activity categories in the supply networks emerged as a more targeted question for 

further scrutiny.  

Mixed methods are typical for pragmatic studies, thus, choosing the best method for the 

purpose. The research questions and procedures are considered in each step of the inquiry: 

what motivates the research, and what the procedures are to meet those goals (Morgan 2013). 

In phenomenon-driven research the challenges encountered, new questions and perspectives 

emerging during the research can lead to new openings. In this research, such a turning point 

was the deeper analysis on business models in Article II. After the value-added trade analysis, 

data on all companies identified in the three supply networks were assembled into one dataset 

and organized into economic activity (NACE) categories.  

The same analytical design was repeated in the successive study. Furthermore, Article III 

analyzed real-life value networks, but the companies were identifiable in the publicly 

available project descriptions and marketing materials. The eight projects were first analyzed 

separately, and all companies identified were then assembled into one dataset. The dataset 

was categorized according to the construction project tasks, thus, the analysis extended to the 

established roles in the construction regime.  

In all studies the textual data were analyzed to identify, describe, and exemplify service 

trends with the chosen indicators of organizational changes. Hsieh and Shannon (2005) 

define three approaches of content analysis as analytic methods for textual, visual, and other 

datasets, where both quantitative and qualitative analysis can be applied. In an inductive 

approach, or a conventional qualitative content analysis, keywords/codes are derived from 

the data to produce a thematic analysis and to conceptualize latent knowledge. A deductive 

approach uses pre-defined codes for theory-driven analysis to confirm or test a theory, or like 

in this study, to expand the understanding of a phenomenon. A summative approach, in turn, 

produces a quantification of a specific content via keyword counting. A thematic analysis, 

thus, is a qualitative data analysis to identify, organize and interpret themes in textual data. It 

can be used as a generic approach (type of analysis) or as an integral part of a wider 

methodology, such as, grounded theory (King and Brooks 2019). This research applied a 

generic approach to the thematic analysis.  

Krippendorff (2019) argues that the distinction is artificial between quantitative and 

qualitative content analyses: a content analysis is always interpretation which involves 

making inferences from the text to the contexts of their use. An algorithm-assisted analysis 

is based on a qualitative assessment when developing the research design, testing, and when 

instructing the procedures. The in-depth qualitative analyses in turn contribute to a broader 

scale analysis by exploring and defining the concepts necessary in analyzing large datasets. 

For a content analysis to be replicable, clear instructions for interpretations are needed, 

including explicating the context that guides the inferences (Krippendorff 2019). 
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This research emphasizes the qualitative, interpretative nature of the content analyses 

made: the research approach in all three studies is explorative and aims to detect service 

trends, describe organizational changes with concrete examples, and discuss the findings vis-

à-vis the forest-based sector context, including bioeconomy developments. Articles II and III 

both analyzed approximately a hundred companies, categorizing the companies into smaller 

groups, which structured the analysis toward an in-depth assessment for each sub-group 

separately, rather than organizing and coding of large datasets. Furthermore, although pre-

defined tools for interpretation, transparent processes and objectivity of analyses were 

sought, the relation between the data and analyses was explorative.  

The pre-defined categories from service research gained more detail with the examples 

of services and/or PSS. In individual studies, this led to checking the observations with other 

parts of the datasets, and as needed, to extend illustrative examples for the whole company 

dataset. For example: 

I. The points which were challenging to categorize with the predefined codes were 

cross-checked across the dataset and discussed with the team of authors. For 

example, ‘services to society’, ‘benefits’, ‘users/beneficiaries’ were identified for 

cross-checking through the whole dataset.  

II. When compiling the company dataset, the database descriptions, especially for the 

small and medium-sized companies lacked detail for PSS. The whole dataset was 

cross-checked with the company websites for descriptions of products, service 

and/or solutions supplied for the case products. This complementary data clarified 

the inconsistencies found, for example in terms of what the suppliers do or which 

roles subsidiaries play in the supply networks. Additionally, interviews with 

company representatives, suppliers, and industrial federations were used to 

triangulate data and verify the conclusions formed from the analysis. 

III. Datasets for projects and companies were analyzed for concrete examples of service 

innovations as well as different types of value propositions. Services as outputs, 

inputs and processes formed the basis for detecting service innovations, and the 

questions of what, who and how guided the assessment of value propositions. Thus, 

rather than precision, the analysis targeted illustrative examples of evolving PSS. 

Company databases and registers were a means to triangulate the data from company 

marketing materials (incl. business descriptions, but also RDI project financing). As 

a final step, the examples collected both from the projects and company data were 

scrutinized in a thematic analysis by clustering the examples to identify recurrent 

patterns in the data. While the PSS literature already indicated purposive changes as 

themes to describe the evolving PSS, such as improved competitiveness or 

efficiency, also other patterns emerged. These are described in the findings as 

potential disruptions embedded in evolving PSS. 

Following the pragmatic approach, as applicable, a quantification of results was also 

carried out to compare industries, and for example, assessing the relative share of sample 

companies in each category. However, the quantifications describe only the cases analyzed 

and should not be generalized to wider target groups or other contexts.  
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RESULTS 

This section describes results of the three empirical studies and presents a synthesis of the 

implications derived from them for the forest-based sector. 

Service trends: services, organizational changes and the potential for system change 

Table 4 summarizes the studies on service trends in I) the forest-based sector vis-à-vis its 

strategic partner industries, II) industrial wood construction, and III) sustainable housing 

construction. The categorizations derived from the service research disciplines can be 

grouped under three headings of organizational changes detectible in the operating 

environment. Firstly, service trends are captured by assessing changes in services, thus, the 

market transactions of service inputs and outputs. Secondly, service trends can be assessed 

through their qualitative process characteristics, thus, including how roles and tasks are 

redefined in the interactions of providing service. Thirdly, service trends can be assessed as 

the potential for system change embedded in the changing sociotechnical systems, thus, the 

services and service provisioning enabled by technology, but at the same time, enabling 

technology adjustments and dissemination.  

 

 

Table 4. Summary of the categorizations used in the three empirical studies to detect service 

trends and assess related organizational changes. 

 

  Services as inputs, 

outputs, and 

processes/solutions 

Service as qualitative 

process characteristics  

 

System change 

potential  

 

I 

 

Increasing role 

of services 

Non-production 

activities and non-

products  

(transactions/ services 

for fee) “services 

separately” 

Strategic orientation of the 

company operations 

(value 

creation/interactions); 

“service-orientation to 

understand the customer 

needs” 

 

- 

[evolving 

bioeconomy] 

II 

 

Servitization in 

manufacturing 

 

 

Business model 

change: extension of 

the tangible product to 

the customer as 

integration-, product- 

or service-oriented 

PSS 

Business model change: 

extension of the company 

operations to/within the 

customer processes as 

use-oriented or result-

oriented PSS; “co-

production of solutions”  

Integration 

infrastructure, 

attention to system 

dynamics, incl. 

non-technological 

innovation  

III 

 

Evolving 

Product-Service 

Systems (PSS) 

in the markets 

 

Service innovations, 

either new service 

outputs, inputs, or 

processes in PSS; 

pre-determined value 

propositions 

Changes in market 

offerings indicating service 

innovation as change 

potential in PSS as the 

new feedback loops, 

capacities, and contexts; 

from transitional to mutual 

value propositions and 

“co-creation of value” 

Changing 

practices and 

de/re-

configurations in 

the markets, 

attention to 

emergence and 

open outcomes 
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Services in the RDI roadmaps of industrial systems 

Article I assessed the forest-based sector strategies and the European-level bioeconomy and 

strategic partnership RDI visions and roadmaps: the services identifiable in the parallel 

sectors’ technological development directions and resource allocations for research and 

development provide a point of comparison for the forest-based sector. Services are defined 

as ‘intangibles’, i.e., the activities separate from primary production and manufacturing–

processing and the outputs separate from tangible products. Service in turn is defined as 

strategic choice for value creation and for business model development. The key finding is 

that although services were part of the development agendas in all of the RDI roadmaps 

analyzed, the forest-based sector and bioeconomy strategies tend to assess services as support 

functions to industrial production, while the strategies of the process industry, energy-

efficient building sector, manufacturing, and green vehicles also recognize services as new 

service business opportunities inherent to industrial development. For example, 

environmental accounting and climate change mitigation services as a business opportunity 

gained more attention in the other strategic partnership RDI roadmaps than in the forest and 

bioeconomy strategies. 

The study discusses manufacturing logic vs. service logic—or as Vargo and Lusch (2004) 

define it, goods-dominant vs. service-dominant logic—as the two analytic frameworks from 

the service research disciplines to describe the changing approaches to value creation: 

enabling technologies allow closer interaction with users and beneficiaries, and the design of 

solutions by leaning on the user/beneficiary resources and processes. The forest-based sector 

strategies highlight services to society, i.e., the benefits of the ecosystem services by forests 

and the sustainable management and use of these resources. These services are part of the 

industrial production value chains, but they remain at a broader societal level than the 

services illustrated in the strategic partnership RDI roadmaps.  

The study concludes two distinct lanes of investigation for analyzing the increasing role 

of services in the context of evolving bioeconomy: 1) explicating the role of services in the 

bioeconomy supply chains in order to improve efficiency and the existing processes, and 2) 

elaborating service as a means to better understand the changing business models and modes 

of value creation which may lead to system-level changes.  

Servitization and increasingly integrating industrial production systems of construction  

Article II further scrutinized the modes of value creation and elaborated the increasing role 

of services in changing business models. The PSS business models identifiable in the 

industrial construction supply networks indicate a source of renewal for wood industries due 

to the spillover of both technological and non-technological innovations across industries. 

MLP is used as an analytical framework to assess servitization as the organizational changes 

in individual companies, in the supply networks and at the level of industrial production 

system. Key findings are two-fold. Firstly, the global servicification development and the 

increasing international distribution of production tasks in the global value chains is 

challenging in the context of industrial wood construction. The largely domestic and regional 

supply networks for construction illustrate activity systems that are market specific. Moving 

downstream in the value-added chain as a strategic choice to servitization would limit the 

options of forest industry companies that seek large-volume international markets. Secondly, 

the PSS business models are identifiable in all industries involved in the supply networks. 

Assessing servitization developments solely in the manufacturing companies restricts the 
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view on market changes; the evolving digital systems, information infrastructures and data-

as-a-service offerings exemplified in the supply networks describe an increasing integration 

across manufacturing, services as well as primary production. Moving upstream of the value-

added chain, such as to new bio-based raw materials produced by the forest industries, 

involves the service infrastructures already developed in the industrial production processes.  

The study discusses how servitization, as a gradual reconfiguration in production systems, 

at the same time maintains and disrupts the established regimes. In addition to a point of 

comparison between the forest-based sector and other sectors, servitization provides a 

perspective on the system dynamics of the construction sector, renewal of wood products 

companies, as well as the evolving bioeconomy. Focusing on the existing products and 

production modes—such as the efficient material supply, or the wood industries moving 

downstream in the value-added chain—serves as a means to maintain the established 

construction regime and its gradual change. Simultaneously, technology-enabled integration 

of production processes already enables rethinking value creation and capture, extending the 

value potential of the forest-based sector across the whole industrial construction system, 

thus, also to the real estate sector and to users/beneficiaries. An example of the ongoing 

changes are the intermediaries in trade and logistics: while their role in the construction 

supply networks is partly decreasing due to the products and materials available in the 

manufacturers’ online systems, they seek to provide information as a service. The 

information attached to the materials and products enables an efficient flow of resources, 

transparency of operations and verification of compliance with standards. But more so, digital 

tools and digital products allow companies to develop efficiency throughout the whole 

construction life cycle and beyond to reuse and recycle of the products and materials. 

Redefining the value potential from sustainable production requires reverse thinking and 

disrupting the established regimes: paradoxically, instead of thinking of advanced services 

as a move downstream in the value-added chains, servitization could also lead to higher 

attainable added value by moving upstream in the value chains.  

Evolving product-service systems in the markets of sustainable construction 

Article III further scrutinized the system dynamics due to service developments and 

elaborated changing value creation in evolving PSS. The service innovations identifiable in 

the sustainable housing construction markets exemplify the system change potential inherent 

to PSS as new service outputs, input from the service companies, and changing processes. 

Here attention is no more on wood construction solely, nor manufacturing servitization as in 

Article II, but several types of PSS for sustainable housing solutions, including wood as well 

as resource efficient, energy efficient, communality development, and green infrastructure 

construction projects. With the assistance of the MLP framework, the data analyses connect 

the empirical observations about company market offerings, the configurations developed in 

construction projects, and the construction system change. The study discusses the evolving 

PSS for the potential system change in construction in general, and regarding wood-based 

solutions in particular. The key findings are that similarly to other sustainable housing 

construction projects, wood-based solutions bundle products and services into solutions and 

seek to create efficient industrial processes which are based on evidence of sustainability 

performance of the technical infrastructures. Analyses on service innovation and value 

propositions, however, illustrate that the wood-based solutions aim at industrial efficiency in 

the established construction processes, while the parallel sustainable construction projects 

and the contributing companies exemplify more versatile service innovations. Examples 
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include experimentation on how ecological and social functions become part of the technical 

infrastructure solutions, and how smart city solutions extend from housing to energy, 

mobility, local services, and to climate-smart future living concepts.  

The system change potential of evolving PSS in the construction sector is more profound 

than mere material substitution in the existing construction processes for the established 

regime. Bundling the ‘tangibles’ and ‘intangibles’ illustrates how evolving PSS redefine the 

accustomed system boundaries and challenge the established business models: for example, 

electrical installation companies offer electricity as a service, or a supplier of solar energy 

systems offers cloud services and mobile applications for users to accumulate the necessary 

market data in support of possible regulation change. Both examples illustrate how 

companies create the necessary means to enable the market growth of new solutions. In 

addition to production efficiency, more open business models are able to experiment with 

organizing the functions of the built environment anew. Resident service providers but also 

the residents themselves operate using the digital platforms of rental housing companies. 

Paradoxically, thus, increasing integration leads to new de/re-configurations of tasks. 

Standardization due to fine-granule modularity and customization in turn leads to increasing 

diversification. Residents are no more final users and consumers of the sustainability 

solutions offered to them but also contributors and service providers of peer-to-peer 

platforms. These empirical observations demonstrate that none of the PSS models alone 

capture the future PSS, as perceivable in the designs for resource integration, greater 

efficiency, improved sustainability, advanced digital systems, or smart functionalities. 

Alternative scenarios should be investigated and their impact assessed on wood construction 

and the forest-based sector operations.  

Implications for the forest-based sector and evolving bioeconomy  

Examples of service trends collected in the empirical studies provide detail on the evolving 

sociotechnical landscape. While the outcome of the sociotechnical change remains open, the 

empirical studies complement each other in assessing service trends and their implications in 

the operating environment. The value-added chains of the forest-based sector and its strategic 

partners are part of the value networks of the increasingly integrated industrial production 

systems of the construction sector, and both are examples of the ongoing changes in the 

markets: how companies seek to maintain and improve their competitiveness, how they 

operate in interaction with other market players in order to benefit from the emerging 

opportunities, for example, by adopting and adjusting new technology in their operations. 

These changes are ongoing. However, they unfold differently for the forest-based sector 

depending on the system boundary definition chosen when analyzing the operating 

environment. 

To assess the implications of service trends for the forest-based sector, Figure 4 shows 

the three system boundary definitions used in the empirical studies. The linear value-added 

chain (lower part of Figure 4) illustrates the intra- and interorganizational changes in the 

forest-based sector organizations. Assessing changes in services, i.e., the transactions of 

inputs and outputs, directs attention to structural changes in the forest-based sector, such as 

the forest-based industries adding services to their products to remain competitive, or 

providing the services necessary to support the renewal of the forest-based sector. In terms 

of the MLP analytical framework, these are changes in subsystems within a sociotechnical 

system. The ascending arrows, in turn, illustrate the changes in the construction regime. 
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Figure 4. The three empirical studies provide complementary perspectives on service trends. 

 

 

Assessing processual changes and interactions within the supply networks reveals how the 

customer industry and its processes are changing. The question mark indicates discontinuities 

of broader socio-techno-economic system change. The assessment of service innovation and 

changing PSS market offerings directs attention to the system change potential embedded in 

the sociotechnical systems.  

With concrete examples, the empirical studies demonstrate that service trends are 

challenging to capture within the forest-based sector value-added chains solely. The support 

services in the forest-based sector are already recognized as new business opportunities in 

other industries, for example, as environmental accounting and climate change mitigation 

services for engineering, manufacturing and processing industries. For improving efficiency 

of the forest-based sector value-added chains, Article I concludes that it would be important 

to utilize the service research and service innovation conceptualizations to support the 

realization of the forest-based sector goals. For industry success, a crucial question is to 

understand the customer process beyond the b2b contexts, thus, further downstream of the 

value-added chains.  

An analysis of how value networks are organized and how services contribute to the 

system dynamics in the construction sector shows that while the forest-based industries focus 

on efficient, transparent processes to serve the existing production systems, there are more 

profound experimentations identifiable in the construction supply networks, as well as by the 

customers and users of the forest-based sector solutions. Articles II and III detect the new 

infrastructures which are forming out. There are digital tools to integrate upstream and 

downstream of the value-added chains in novel ways. As-a-service platforms involve service 

providers and users, thus, interactions between companies and consumers/residents, as well 

as peer-to-peer activities of users and beneficiaries. In order to benefit from the increasing 

integration of industrial production systems in wood construction, Article II discusses the 

need for better understanding of the non-technological innovations along with the 

technological change. Co-producing solutions in the sociotechnical system of construction 

could open the possibility, for example, to connect the wood construction supply networks 
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and the emerging bioindustries anew. Instead of mere efficient biomass material flows 

attention could focus on the organizational changes ongoing in the supply networks. The new 

service infrastructures enable increasing efficiency for several functions of the built 

environment, including technical performance as well as the solutions for social and 

environmental sustainability. Article II asks: How can the wood products companies serve 

those customer processes that ensure their own success in a changing construction system? 

What does wood provide for the customers, real estate sector and users beyond the present-

day solutions in the built environment? Wood products industries, their supply chains, and 

the sustainable forest use as a production system serve several functions for the increasingly 

integrating industrial systems. Co-production of solutions takes place on multiple scales of 

transitions, across individual companies, supply networks and sociotechnical systems. 

An analysis on the evolving PSS examines how value is proposed to be defined, created, 

delivered, distributed, and captured in company interactions, and reveals the de/re-

configurations ongoing in the markets. Servitization unfolds as a systemic change, where 

accustomed system boundaries and the established business models are challenged. From the 

perspective of evolving markets, Article III emphasizes the need to understand the parallel 

PSS already developed. This could be done by carrying out comparative case studies on wood 

and other sustainable construction solutions, and by combining these contextual analyses 

with more general views of the organizational changes, for example, by utilizing large dataset 

analyses of the pioneer companies in the markets. Both in-depth and general perspectives are 

needed to grasp the systemic changes, to construct alternative scenarios on the evolving PSS, 

and to assess the implications of these scenarios for the wood-based solutions, wood 

industries as well as the forest-based sector developments on a broad scale. None of today’s 

PSS models alone capture the future PSS, and that is why alternative scenarios are needed.  
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DISCUSSION AND CONCLUSIONS  

The aim of this research was to contribute to the analysis of changes in the forest-based sector 

by providing means to organize knowledge on service trends as well as sharpen the analytical 

focus of the forest-based sector research on this phenomenon. This section concludes the 

findings obtained using the analytical framework of MLP and discusses the contribution and 

limitations of this research. 

Questions on service trends for the forest-based sector 

The empirical studies assessed service trends with three overlapping system definitions and 

the categorizations derived from service research to detect service trends in each study 

context separately. As summarized with the MLP analytical framework, these studies are 

three distinct but complementary perspectives on service trends and change in the forest-

based sector, i.e., the structural changes of forest-based value-added chains, system change 

in the construction regime, and the evolving PSS in the markets. Service trends are observable 

as part of the changing sociotechnical systems and, as demonstrated in the empirical studies, 

the gradual changes in the operating environments of the forest-based industries (Table 5). 

Key questions for structural changes and the future can be concluded as follows. Firstly, 

the question of service trends is necessarily also a question about customers and their 

changing processes. When analyzing service trends of the forest-based sector, it would be 

important to assess the organizational changes on multiple scales, such as in  individual  

 

 

Table 5 Synthesis: service trends as part of the evolving sociotechnical landscape, and the 

key questions for structural changes and the future. 

   

 Services as inputs, 

outputs, and 

processes/solutions 

 

Service as qualitative 

process 

characteristics  

 

System change 

potential  

 

Gradual changes in 

the operating 

environments of the 

forest-based industries 

 

Add-on and support 

services; increasing 

understanding of 

customer processes; 

“co-production of 

solutions”  

Adaptation to the 

customer processes 

and integration of 

industrial processes; 

data as a service, and 

non-technological 

innovations;  

“co-creation of value” 

Parallel PSS 

developed; 

experimentation; as-a-

service platforms, and 

processes of de/re-

configurations 

Perspective on the 

forest-based sector 

and bioeconomy 

Structural changes in 

the forest-based 

sector 

System change in 

construction 

Evolving markets  

 

Key questions for 

structural changes and 

the future 

 

The question of 

service trends is 

necessarily a question 

about the 

customers/users and 

their changing 

processes. 

The question of 

service trends is a 

question about 

enabling technologies, 

role of services, and 

systemic change.  

The question of 

service trends is a 

question about change 

potential, and it 

extends beyond the 

present production 

paradigm. 
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companies, or for producer-customer dyads, networks, and at higher system levels all in 

parallel. This helps to understand how the macro(economic) trends, such as servitization or 

digitalization, translate into observable signals of the changing operating environment. If the 

analyses on services focus on the support services or the service business opportunities 

already found in the forest-based sector value-added chains, the radar for a future outlook is 

limited. A forest industry company may well start assessing their business options by asking 

the question whether or not to add services to products, and whether or not move 

downstream—or upstream—of the value-added chains. However, converting the support 

services into new service businesses, or combining the new bio-based solutions with services 

to support their adoption by new customers can be expected to affect the business models 

and the way operations are organized in the forest-based sector. 

Secondly, for analyzing service trends as part of increasingly integrated production 

systems, the question of changing processes extends also to technological change. Parallel to 

technology-enabled services, the question also concerns services to enable technology. The 

forest-based sector and its organizations may seek to play an active role in the sociotechnical 

system changes, for example, by developing support services to improve process efficiency 

for material substitution, or by rethinking the value-added chains in the construction sector 

to exploit new business opportunities with digital tools. The outcome of systemic change, 

however, is not manageable by any single industry or sociotechnical sub-system alone. In 

service research terms, serving customer processes in a manner that they can support the 

forest-based sector goals, or support to sustain the forest-based industries’ success, is a case 

of providing knowledge-intensive services. Instead of the knowledge-based services 

delivering a solution to the customer, here the emphasis is on involving the customer/user 

resources to make use of the solution provider’s resources. Technology is adapted in 

interactions which are open to new feedback loops, ideas, positive and negative externalities. 

While this observation allows seeking windows of opportunity to direct the change—for 

example, to renew the forest-based industries or to develop new nature-based services—the 

outcome remains open.  

Consequently, the third point for consideration: the question of service trends extends 

beyond today’s industrial systems and calls for assessing the impact of alternative scenarios 

for the forest-based sector. The empirical analyses demonstrated the tensions within service 

trends. These tensions do not only concern the macro-level developments of digitalization, 

urbanization, globalization and tertiarization, but also act as signals which are identifiable in 

company operations and market interactions. Regarding the evolving PSS, a game changing 

question for the forest-based sector is whether the forest-based sector focuses on serving the 

PSS of today or whether it will seek to contribute to the next generation of PSS solutions. In 

this research the question was exemplified in sustainable housing construction as the PSS 

developed for energy and resource efficiency, urban functionality, and climate change 

adaptation, as well as green infrastructures, human health, and wellbeing. Such solutions are 

already developed in the markets.  

Services for society, such as the multiple benefits provided by forest ecosystem services, 

and the social, economic and environmental benefits created by the sustainable management 

and use of forests, can be understood as one lane of system integration. It is noteworthy that 

due to the analytical focus of this research on industrial production and sociotechnical system 

change, forestry and sustainable forest management remain in a relatively invisible role 

within the analyzed value-added chains. When assessed from the perspective of the industrial 

supply chains and networks, forestry serves the present forest-based industry value-added 

chains and their efficiency. The starting point for developing alternative scenarios for forests 
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or forestry services in the future bioeconomic processes is narrow. However, the benefits 

produced via sustainable management and the use of natural resources already serve several 

other ‘customers’. Instead of service outlooks or predictions of probable market 

developments, alternative scenarios are needed as a necessary testing ground for the forest-

based industry strategies, for innovative solutions for bioeconomy services, as well as for 

forest-based processes designed for the future bioeconomy. 

Contribution and implications 

The analytical framework in this research is based on evolutionary theorizing. MLP was used 

as device to examine structural changes in the forest-based sector and development of a future 

bioeconomy. The analysis does not lead to conclude an outlook for the future, but rather, 

emphasizes systemic understanding on the operating environment. The contribution of the 

analytical framework is that service trends and the forest-based sector are placed within a 

broader sociotechnical change including both incremental changes and system 

discontinuities. The macroeconomic developments of the operating environment, the 

organizational changes ongoing in the forest-based sector, as well as new models of a future 

bioeconomy can be assessed within the same analytical device. Changing the perspective 

from a forest-based sector value-added chain to the industrial production system of 

construction and, further, to the evolving markets, translates the exogenous trends of 

manufacturing servitization or automation of services into endogenous developments already 

ongoing in the forest-based sector value networks.  

The empirical studies explicate service trends in concrete examples of services and PSS. 

Consequently, the questions already assessed on service trends in the forest-based sector 

research gain more detail. For example, the question on global value chains and trade in tasks 

(Hetemäki 2011; Näyhä et al. 2015) is defined in the context of industrial construction as a 

market-based question: regulations and standards related to construction are local, but at the 

same time, digital infrastructures and data as-a-service operations are ongoing, and 

potentially changing the construction regime. Additionally, the question of forest industry 

servitization (Toppinen et al. 2013; Brege et al. 2014) is becoming more divergent: moving 

downstream is one option for servitization but increasing the integration of industrial 

processes and the consequent de/re-configurations could enable rethinking the added value. 

These openings are difficult to capture within the forest-based sector value-added chains. The 

forest-based sector’s search for novel solutions depicts technological trajectories and path 

dependencies built within the sociotechnical systems. 

The empirical analyses in this research demonstrate that increasing efficiency, but also a 

paradigmatic change potential already resides in the industrial networks and company 

interaction in several lanes of future developments. From the perspective of the forest-based 

industries analyzed in the three studies, the responses to service trends can be framed as a 

move between the value-added chain tasks, an active part playing in the system change of 

construction, or an assessment of the systemic change ongoing as something beyond one’s 

own decisions, and open to a wider variety of development paths than the dominant 

production paradigm suggests. For the forest-based sector researchers developing alternative 

scenarios on forest product markets or the use of forest resources, these perspectives can 

function as steppingstones for scenario storylines which are new but still credible for 

practitioners, as well as policy and decision makers. 
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New bioindustries and related servicing due to biotechnologies and new bioprocesses 

have already been explored in technology innovation related studies (e.g. Miles et al. 2018; 

European Commission 2022). The analyses in this research on industrial wood construction 

and sustainable housing construction showed that new biomaterials, processes and 

technologies are only emerging in the markets—including the examples of engineered wood 

for multistory construction, sensors and green infrastructures. New solutions developed by 

the forest industries, for example, for substituting plastics or different chemical compounds 

were not exemplified in the analyzed supply networks. Overall, bioeconomy supply chains 

for new solutions and processes are only forming out. The questions on services and system 

change potential are timely both for the traditional forest-based value chains, the emerging 

bioindustries and the future.  

Even though this research does not describe the next-generation PSS, the de/re-

configurations, dismantling of operations and diversification of market operators provide 

necessary elements for building plausible alternative scenarios of digital servitization, 

circular designs, sharing platforms and sustainable bioeconomy solutions. What seems 

speculative thinking in one industrial context, may already be found in another context to be 

tested and applied in the markets. The present thesis demonstrates the importance of system 

boundary definitions in analyzing trends and their impacts for the forest-based sector in a 

systematic manner. In accordance with systems thinking principles, system boundaries exist 

for analytical purposes only. A system cannot be found in terms of precise definitions in the 

real world. In order to support decision makers, researchers need to be clear in 

communicating their results together with the system definitions used in the analysis, thus, 

including what is left out of the analysis, and which implication these choices have on the 

conclusions made. 

Limitations 

In this research the perspective is deliberately from the outside-in to the forest-based sector 

change and bioeconomy on multiple levels and scales of organizational change. The approach 

chosen has its limitations. MLP on sociotechnical transitions was combined with knowledge 

bases of the service research disciplines, in particular the conceptualizations from operations 

management and marketing management. The approach was pragmatic and systematized 

information collection on service trends. The picture that unfolds for service trends in the 

forest-based sector operating environment is general. Introductions to the heterogenous 

service research fields remain brief and the key questions on service trends concluded in the 

end for the forest-based sector are, in principle, applicable to any industrial activity—not 

specific to the natural resources sectors alone.  

Instead of a phenomenon-driven approach and three parallel angles of the empirical 

investigations, a theory-driven approach could have resulted in more solid grounds for future 

research. By assessing the ontological and epistemological basis more thoroughly, a suitable 

service research conceptualization could have been selected to study one service trend with 

the MLP framework. Such further scrutiny could also have contributed to the theory 

development of MLP. For example, service innovation research could provide means to 

tackle the radical vs. incremental innovation divide noted by Geels (2018), or the marketing 

management discipline on complex business environments (Möller et al. 2020) or on 

institutionalization in service ecosystems (Vargo et al. 2023) could contribute to the micro-

foundations of sociotechnical regimes (Geels 2020). With more thorough theory work, 
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hypotheses on cause-effect chains could have been made, and a service trend analyzed for its 

implications, for example, on the likely organizational changes in the forest-based sector. 

This research did not seek an explanatory model, nor an outlook on services in the forest-

based sector. The empirical studies illustrate analyses in breadth, not in depth.  

The content analysis methods applied in this research are a fairly simple analytical 

approach. The contribution of this research is in the contextualization of service trends for 

the forest-based sector. Instead of the qualitative assessments, the categorizations and 

conceptual models defined in Articles II and III could also be used for computational data 

analysis of large datasets. The analysis of large datasets for one service trend specifically 

would contribute more evidence on the operating environment. Such an analysis, however, 

cannot be made without the initial qualitative analysis, and validity check of the results 

attainable from computational methods. 

Phenomenon-driven research is bound to its context, time, and space. The three empirical 

studies can be assessed concerning their scientific scrutiny: are the data, methods, analysis, 

and the means to the conclusions described transparently—also reflecting the possible 

weakness of the approaches chosen? Is the analysis replicable in similar contexts and with 

the data sources of today? From the synthesis perspective, however, a more interesting 

question would be to test the analytical framework: would a similar synthesis be made if 

different forest-based sector contexts were chosen, and based on these choices, if different 

service research knowledge bases were utilized? For example, forest-based tourism was 

analyzed with the indicators of organizational change derived from research on hospitality 

services, consultancy services with those from research on knowledge-intensive business 

services, or digital forest owner services with those from service science. When concluding 

the three questions for the forest-based sector, did the empirical analyses capture something 

fundamental about the sociotechnical landscape of the evolving bioeconomy? 

For an evaluation of this research and the synthesis made, thus, user assessment is invited 

from the reader: are the perspectives novel for the forest-based sector and bioeconomy 

transitions? Furthermore, can the reader translate the examples of services, PSS and the 

organizational changes presented in this thesis to similar examples from their own operating 

environment, and possibly, elaborate further examples of likely—or intriguing—future PSS? 

If the answer is yes, then the pragmatic-empirical approach of this thesis to consider system 

changes can be deemed as justified. 

Future research  

The previous sections already indicate several avenues of future research on service trends: 

empirical analyses to connect in-depth case studies with higher system-level aggregation of 

the operating environment changes in the forest-based sector; foresight and outlook studies 

combining qualitative scenario storylines with a quantitative scenario analysis of a future 

bioeconomy; and more through theoretical groundwork toward explanatory models, or more 

solid grounds to simulation of alternative sociotechnical developments in order to assess their 

impact on the forest-based sector. 

The analytical focus proposed in this research calls for cross-disciplinary research. 

Whether the research question was about customers of the forest-based solutions, 

technology-enabled services, or service innovation, forest-based sector researchers will 

benefit from closer collaboration with service researchers. Likewise, service researchers 

studying company operations, and changing markets, will benefit from a broader view on the 
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social, technological, economic, environmental, and policy developments that have resulted 

the past trends and affect the future. 

Shift between system elements illustrates something we know to detect and describe as a 

change, such as move from one value-added chain tier to another, from products to services, 

or from person-to-person services to automated services. A move from one system state to 

another is more abstract and ambiguous when described ex-ante. Collaboration with 

practitioners, stakeholders, policy and decision makers is essential in transitions research. For 

example, bioeconomy services could be a future-oriented question of interest both for the 

forest researchers and service researchers—not only as a question of biotechnology, but also 

a question of human-nature interactions in a digital era. The urban forestry research 

community is already exploring these themes, but the question is relevant also in rural 

contexts and for traditional forest-based activities. Transitions research frameworks could be 

used to tackle questions on the sustainable use of forests from a new angle, for example, in 

services for climate change mitigation and adaptation or biodiversity conservation.  

Natural resources sectors are a timely context for analysis on sociotechnical transitions. 

Technology is not a panacea; breakthrough technologies create new solutions but also new 

kinds of problems. Analyses of alternative scenarios also require a critical assessment of the 

PSS and service-based solutions with new digital and algorithmic infrastructures, including 

ethical considerations of the bioeconomy markets, and de/re-configuration of industrial 

processes. In pragmatic terms, conceptualizations or models are not the point, but rather the 

outcome and use of research; how the forest-based sector research is able to contribute to 

forest professionals and practitioners, the forest-based industries and organizations 

orientating in an uncertain world. 
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