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Abstract

:

The use of timber as structural building material is growing and a greater number of firms are looking to enter this raising market. Erecting a complex timber building usually involves combining the work of architects, structural engineers, builders, suppliers and/or supplier–builders, all of them having their own business models. The purpose of this research was to uncover the specific nature of business models in the timber structure building industry. First, a thorough mapping of these business models was undertaken. Second, underlying patterns were uncovered within these models. A triangulation method of secondary data, semi-structured interviews and participant observation was used to allow for an in-depth study of 23 stakeholder business models. The analysis shows that knowledge sharing appears as crucial and may be achieved through sustained collaboration. As a result, collaborative contract procurement modes seem to be the most appropriate for timber construction. Tight relationships with suppliers and supplier–builders also appear as prerequisites. Furthermore, stakeholder partnerships with universities appear common in the field, while prefabrication is increasing in popularity. These findings can be useful to grasp the prevailing business models in this industry given the sustained growth of the timber structure building market.
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1. Introduction


Since the industrial revolution, concrete and steel have been the main structural building materials used for the construction of tall and large buildings. Although timber structures are popular within the residential building sector in some countries, their use is still quite sparse in commercial, institutional, residential multi-story and industrial buildings [1]. However, since the 1990s, an increasing number of these buildings have been built using a timber structure in many countries around the world. The market share for timber structure buildings has grown in recent years [2,3,4,5,6]. For instance, in the province of Québec (Canada), the use of timber for non-residential buildings less than four stories has increased from 15% to 34% between 2006 and 2020 [7].



Engineered timber products such as glulam and mass timber panels developed in the last 30 years have opened multiple new building possibilities. To take advantage of these new options, stakeholders in the construction value chain, namely real estate developers, architects, engineers, general contractors, timber builders and material suppliers, will have to adapt their practices, as well as the construction wood product industry [8]. Reinventing the way value is delivered may also involve rethinking some aspects or the whole business model. However, research on the timber structure building industry business models remains at an initial stage at best and few studies have been published on this particular topic.



The purpose of this research was therefore to uncover the specific nature of business models found in this emerging niche. More precisely, the objective of the study was to identify context-specific contents and potential underlying characteristics within timber structure buildings industry business models. The Osterwalder and Pigneur [9] business model canvas was used to structure data gathering given its importance in the literature. This canvas integrates nine key elements composing a business model: value proposition, customer segments, clients, channels, revenues, key partnerships, key resources, key activities and costs. Secondary data, interviews and participant observation techniques were triangulated to gather relevant information and draw key inferences about those nine key business model elements. Data were then further analyzed to answer the two aforementioned research questions.



In this paper, the theoretical issues that underpin business models are presented, as are the state of research on the timber structure building industry and research efforts on business models in this industry. Then, the triangulation research methodology used to implement this research is discussed as it rests on three strategies: (1) secondary data collection; (2) semi-structured interviews; and (3) participant observation tools [10].



1.1. Defining a Business Model


The origins of theoretical conceptualizations around business models coincide with the rise of the Internet in the 1990s. Still at an early stage of its development, the field is undergoing rapid transformation and opportunities for greater formalization abound. Several authors have suggested definitions for the notion of business model [9,11,12,13,14,15,16,17,18,19,20,21,22]. Business models mostly explain how their different constitutive parts create a coherent model as a whole [11,16]. Timmers [13] put forth the following definition: “An architecture for the product, service and information flows, including a description of the various business actors and their roles; and a description of the potential benefits for the various business actors; and a description of the sources of revenues” (p. 2). Amit and Zott [14] suggested a more concise and value-driven definition: “A business model depicts the content, structure, and governance of transactions designed to create value through the exploitation of business opportunities” (p. 511). Taking a more concrete stand, Magretta [16] made the following proposition that posited the business model as a narrative:



“Business models, though, are anything but arcane. They are, at heart, stories-stories that explain how enterprises work. A good business model answers Peter Drucker’s age-old questions: Who is the customer? And what does the customer value? It also answers the fundamental questions every manager must ask: How do we make money in this business? What is the underlying economic logic that explains how we can deliver value to customers at an appropriate cost?” (p. 4).



Morris, Schindehutte and Allen [17], for their part, linked together key ideas from contemporary strategic management: “A business model is a concise representation of how an interrelated set of decision variables in the areas of venture strategy, architecture, and economics are addressed to create sustainable competitive advantage in defined markets” (p. 727). They further identified six fundamental components in a business model: value proposition, customer, internal processes/competencies, external positioning, economic model and personal/investor factors. Gulati [22] went further with an approach that explains how a business should be organized to operationalize the strategy of focusing on—and thus meeting—consumer demand; in other words, a business model explains how to sell solutions that meet the needs of consumers rather than just selling products. Gulati promoted the establishment of four types of actions and attitudes within companies: coordination, cooperation, capacity building and connection. For their part, Casadesus-Masanell and Ricart [21] argued that a business model “consists of a set of managerial choices and the consequences of those choices” (p. 103). Osterwalder and Pigneur [9] devised one of the leading conceptualizations in the field with the following definition: “A business model describes the rationale of how an organization creates, delivers, and captures value” (p. 14). They further decomposed a business model into nine elements: value proposition, customer segments, client, channels, revenues, key partnerships, key resources, key activities and cost structure. They devised the following canvas as a representation of business models.



This business model definition and conceptualization from Osterwalder and Pigneur [9] was used to conduct this research because of its importance in the literature (Figure 1). It also was most useful to facilitate the establishment of the semi-structured interview structure and data analyses due to its proximity to the vocabulary used by industry practitioners. Following this model, the value proposition is understood as the services or products the company delivers to its customers to solve their problems or satisfy their needs. Customer segments are customer groups with similar needs, attitudes and habits. Customer relationships define relationships established with each customer segment. Channels are the ways a company interacts with its customers. Revenue streams define the money the company makes from each customer segment. Key activities are the actions a company must undertake to be able to deliver value. Key resources are the resources, financial, material or human, a company uses to deliver value. Key partnerships are the alliances a company forges, usually with other companies, to reduce risk and improve its business model. The cost structure is what it costs to make the business model work.



Some studies have been conducted based on this canvas. For instance, Joyce et al. [23] designed the “triple layered business model canvas” to better encompass sustainable aspects into business models and exemplified its use with a Nespresso case. Franceschelli et al. [24] worked on business model innovation for sustainability using this canvas and based on a food start-up case study. Dijkmana et al. [25] developed a business model for the Internet of Things.



Business Model Innovation


Porter [26] mentioned that, to be competitive, a company must stand out and maintain its competitive advantages over time. As to the competitive specification of today’s world, companies should continuously improve their products and services with innovative ideas and be synchronized with their competitors [18,27] for fear of lagging behind within their industry. Bringing innovation to products and services a company’s offers has for long time been seen as the way to innovate in business. Another way is to design innovative business models [14]. Companies should thus dynamically renew their business model and think about their long-term growth strategy [12,19,28,29,30,31,32]. Although large-sized companies are more likely to develop innovative business model approaches, Small- and Medium-Size Enterprises (SMEs) should not neglect using this strategy [33].





1.2. Business Models in the Construction Industry


Studies related to business models within the construction field argue that the concept of business model is important to consider. However, business models are not much used or are understood differently in the business world compared to academia [34]. The business models described by managers entail project deliverables and contract structures or business segments, rather than how their organizations deliver value to customers. Aki et al. [35] went further and investigated project selection at different firms. Their results show that project selection was not guided by any specific business model, but rather through a decision-making process dominated by short-term factors such as a need for work and profitability. Thus, the estimated expertise largely determines the kind of projects companies are willing to consider, regardless of their ability to deliver them [36].



The pressure to change is another staple of the construction industry. This economic sector also must evolve. For instance, strong attention is given to off-site construction potential and its impact on companies’ business models [37,38,39]. Many studies on business models and offsite construction, prefabrication or industrialization of the construction have been conducted [40,41,42,43,44,45]. One-stop-shop (OSS) rather than fragmented solution shops is an example of innovative business model in the renovation sector [46].



Going sustainable is another progress the construction industry will have to undergo [47]. This trend is supported by different building certification schemes such as LEED, BREEAM, DGNB, PassivHaus, HQE, etc. Unfortunately, knowledge about appropriate business model to put in place to support green transitions in not recognized enough [36,48,49,50]. For instance, according to Aha [51], prices and earnings must genuinely relate to performance delivered to customers and society and incentives should be given to long term service levels and performance of actual facilities while empowering professionals within the enterprise acting accordingly to long term objectives. Business models for zero carbon building adaptation have also been explored [52,53,54,55] as well as business models to enhance circular economy [56,57,58].




1.3. Business Models in the Timber Structure Building Industry


Research on business models in the timber structure building industry is rather scarce. Brege et al. [59] studied the link between business models and multi-unit buildings. Their multiple case studies include five major Swedish companies producing prefabricated timber building components. Their conclusions suggest that prefabrication should be the main element of business models and the rest of the model should be adapted to this core. Mayo [60], who studied the cases of thirty non-residential timber buildings, also suggested prefabrication will be central to wood construction practices in future. Höök et al. [61] investigated the impact of managing strategy with a portfolio of business models in a Swedish supplier of building components and systems and found their use can help gain achievements and facilitate management change in a company. A report produced by Michaelsen and Tran [8] highlights the trend of selling building system components that will affect the organization of value chains and the interactions within members of this chain. Furthermore, structural timber building business models need to include partnerships and alliances within the value chain [62].





2. Materials and Methods


To map timber structure building industry business models and identify common as well as distinctive elements, this work was based on the following hypothesis: since timber structure building industry is more fragmented, young and less mature, its business model will be different from steel and concrete structure building industries. Two research questions were also used: (1) Are there patterns into business models studied? (2) Which features the business model of timber structure building industry integrate? To answer those two questions, data were collected using a multi-method data collection procedure with a view to triangulating the results offered by these techniques. According to Mathison [10], triangulation ensures “various data sources and methods to lead to a singular proposition about the phenomenon being studied”. For this research, the studied phenomena is the timber structure building industry business models.



First, secondary data were gathered from business documents produced by professional bodies linked to the industry. They are easy to find but not complete. Second, 23 semi-structured interviews were conducted to deepen the insights and findings gathered while mining the secondary data. Finally, participant observation was used to better contextualize how business models and their constitutive dimensions could be refined while allowing for a deeper understanding of the context for their application through on-site field observations. These three qualitative research tools used together ensured the validity and reliability of the results [63,64].



2.1. Methodological Tool 1: Use of Secondary Data


Secondary data are mainly data coming from studies made by others [65,66]. Prior to completing the field portion of the research, an initial survey of the technical, trade and scientific literature was carried out on fifteen European timber structure buildings. These were selected because they are globally recognized flagships timber building cases and because multiple documents, articles, technical reports and grey literature documents related to them were readily available. There are among the first timber buildings recently build pushing heights and size common limits requesting the use of timber engineered products and most have been discussed and studied a lot. The names of those buildings could not be disclosed for confidentiality reasons since the executives met felt that outright disclosure would damage their firms’ respective competitive advantages. For every main stakeholder member of the value chain who participated in the completion of these fifteen buildings (realtors, architects, engineers, builders and suppliers), respective corporate websites and documentation were also analyzed in depth using the business model framework suggested by Osterwalder and Pigneur [9]. Those five stakeholders were chosen because they are the main actors of construction projects as explained above and the ones spending a lot of time on every project they participate to. Then, through the analyze, sixty company business models were then detailed prior to field interviews. As mentioned above, fifteen recently built flagship timber buildings were selected, and, for each of them, the value chain’s five main stakeholder companies’ business models were mapped. This served to mitigate the empirical risks to the validity and reliability of this research associated with the confidentiality agreed upon for the fifteen globally recognized European projects examined in earlier stages.



Secondary data were also used during and after the three-month field interview period carried out to gain a finer-grained understanding of the issues faced by stakeholders and to enrich the information gathered using other methodological tools described hereafter. Before every interview, the respondent’s company websites were consulted to add extra contextualization to the questions. Some technical booklets, company reports and marketing documents were gathered after the interviews, most of which came directly from respondents themselves, other materials were sometimes provided by their personnel. These were later used in the process to enrich the data output from the interview or to better contextualize it.




2.2. Methodological Tool 2: Semi-Structured Interviews


The fifteen European timber structural buildings originally selected for this research and mentioned above include diverse building types: multi-story residential buildings, cultural centers, hotels, institutional and office buildings. The architectural and engineering firms, the construction company and the timber material supplier for each building were identified and contacted through various channels (e.g., e-mails, LinkedIn, etc.). As explained above, they are the professionals having spent more time working on these building and the ones having more to say about. Sixty contacts were initiated and twelve provided positive responses, meaning 48 respondents did not answer, were not available or were not willing to participate to the study. The initial round of interviews was carried out in person at the location of the respondent, thereby allowing facility/project visits at the same time. Interviews were conducted in nine countries (Austria, Germany, Switzerland, Italy, England, Scotland, Norway, Sweden and Denmark) over a period of three months. Many of the respondents suggested we interview other leading timber structure building companies located in the same areas. Thus, a second round of interviews was carried out leveraging these opportunities through a snowball technique that helped gather more respondents [67]. The sampling was deemed complete when further interviews did not uncover new elements thus indicating that the sample saturation effect was then reached, a process consistent with recommendations in the literature [68,69].



Finally, the two rounds of interviews generated a total of 23 interviews lasting between 30 min and 2 h each. This allowed for business model mapping to be conducted for nine architectural, five structural engineering and three building firms, as well as for three engineered timber products suppliers and three supplier–builders. In addition to the 23 interviews mentioned above, six additional interviews were arranged and are detailed as follows: one with a wood board supplier, two with wood building technology developers and three with leading academics of international stature recognized in the field. These interviews were useful in two ways. First, they helped reach a broader understanding of the industry as a whole beyond the specialist perspectives derived from previous interviews. Second, they were used for their confirmatory value and to increase the validity of our research, which is why their own business models were not mapped. As such, 29 interviews were conducted (see Table 1).



The interviews were conducted with one or two members of each company contacted. All research participants gave their appropriate informed consent by signing a consent form. Interviews consisted of 30 open-ended questions included in an interview guide [70] (see the Appendix A). These questions were based on the various dimensions laid out by Osterwalder and Pigneur’s [9] business model conceptualization. Semi-structured interviews and open-ended questions were preferred since they allowed respondents to express complete ideas, experiences, opinions and feelings from their own perspective [71]. Two main themes were addressed: (1) the respondent’s experience related to the construction of timber structure building; and (2) their company’s business model. Themes were broken down into variables. The first variables were linked to the respondent’s experience with timber structure building projects (reasons for using wood, number of timber buildings realized, positive aspects related to their experiences, challenges, intention to go on with more of them, etc.). The variables of the second theme were the nine business model elements suggested by Osterwalder and Pigneur [9] in their above-mentioned framework. The interviews lasted between 1 and 2 h. Although the questions were determined beforehand, they were asked in a way to keep the conversation fluid. New questions were adjusted while remaining faithful to the original research objectives [72]. The interviewer made sure the discussion focused on the theme and variables previously mentioned. In the Result Section, to ensure confidentiality, respondents are identified by codes. The data gathered henceforth were further improved upon with participant observation.




2.3. Methodological Tool 3: Participant Observation


The third methodological tool used was participant observation. Participant observation is a methodological tool derived from the qualitative research methodology where the goal is to see and experiment a social phenomenon and its mechanisms from the inside [70,73]. The researcher’s goal is to then get as close as possible to reality as lived by the actors [74]. Mintzberg [75] used the terms direct research to express this simple way of visiting professional offices. Three months were spent in the field (Europe). Most respondent offices and/or building projects were visited during interviews. Documents, resources and company workers were observed. Three plant tours were also carried out. Free-flow field notes were taken. All the information gathered was then analyzed using a qualitative approach and the content analysis method.




2.4. Qualitative Analysis


A qualitative approach was used to analyze the data. This method consists of describing the specific characteristics of different elements (words, phrases, ideas, etc.) grouped together into categories, which emerge in addition to their quantitative meanings. The essence of the phenomenon studied resides in the nature and in the very specific content of the data analyzed, rather than only in its quantitative characteristics [76]. The three tools generated a lot of material that had to be filtered and categorized. The use of unpublished data must be carefully set [77] as not to delve into meaninglessness. Qualitative analysis is the main thread of content analysis in its search for meaning. It consists of a careful description of the various particularities which emerge from the compilations [66,70,71,78,79].



Content analysis of secondary data, answers to interviews and field notes was rigorously conducted to ensure reliability and validity of results [80]. A systematic procedure was followed to ensure the credibility of the research [81]. According to the research variables described above, a code system was established and coding performed [82]. The nine elements included in the business model proposed by Osterwalder and Pigneur [9] could thus be described and key factors they should include if an enterprise is to get involved into timber structure building projects identified.




2.5. Literature Review


To ensure relevant literature written about business models in the construction sector in general was found, systematic queries were performed. As a second step and to also find existing material on timber structure enterprises’ business models, a critical review process was conducted.



The systematic queries began with the selection of relevant databases based on their specializations. Five were identified, three from the engineering field and two from the management field: Web of Sciences, Compendex, Inspec, ABI Inform and Business Source Premier. Their selection allowed covering construction and business modeling topics. After many trials using a broad variety of related terms (construction, building, business models, collaboration, collaborative business mode, shared business model, value co-creation, innovation network, innovation ecosystem, value generating and co-creation), the following keywords were selected and combined to conduct queries in the five databases mentioned.



	
“construction”



	
AND “building”



	
AND “business models”






The related results were considered the most accurate and it was possible to deal with their number. Query 1 was conducted on Web of Sciences, Query 2 on Compendex and Inspec jointly, Query 3 on ABI Infom and Query 4 on Business Source Premier. No year limits were imposed and conference proceedings and academic articles were accepted since a high degree of precision and reliability was needed. Duplicates were eliminated and 176 articles remained. After screening the titles and abstracts, 55 articles were judged eligible. Records were mainly rejected if about water management, high technologies, building information modeling, the Internet of Things or life cycle assessments. From the eligible articles, 29 were included in either the Introduction or Discussion Section of this article. Figure 2 schematizes the results obtained.



Fifteen articles found by other means were discovered using critical review process. A critical review process implies the combination of strategic searches: building blocks, citation pearl growing, successive fractions and berry picking (see Table 2).



Building blocks and successive fractions strategies were performed using Boolean operators AND and OR in different databases: Web of Sciences, Compendex, Inspec, ABI Inform, Business Source Premier, Université Laval’s Library database Sofia and Google Scholar. Keywords mentioned in Table 3 were added progressively while conducting the searches.



Citation pearl growing and berry picking strategies were useful to find and select more related articles, authors and journals. Searches were stopped when no more new material could be found. Saturation was reached [85].





3. Results


Here is the description of the results found presented according to the nine elements of Osterwalder and Pigneur’s [9] canvas.



3.1. Value Proposition


3.1.1. Architects


Architectural firms offer services. Real estate developers need architects to design buildings they want to build. Architects’ value proposition involves creating built or living environments to the clients’ satisfaction. To do so, they design at different levels of detail. Most of the architects met demonstrated a strong preference for pursuing detailing to its final stage: “If we design it, we’re going to detail it, and build it, and do those things we don’t like to stop doing after planning, and we don’t like to take other people’s work and turn it into details for construction (A010)”. Depending on the contract procurement mode used, they also offer project management. An interesting aspect encountered in the field was the willingness of some architectural firms to help their competitors. As an example, one of the architectural firms met offers training sessions to other architectural firms. Knowledge sharing and collaboration thus seems to be part of the value proposition of some architectural firms. However, integrating sustainable development and/or energy efficiency into the design appears as most important for them.



In addition, architectural firms having the competency to design buildings while having in mind how timber structures will be used greatly help engineers to design timber structures in less time, less energy and at better cost.




3.1.2. Engineers


The value proposition of engineering firms is to offer structural design. Engineers work to produce detailed designs based on architectural designs, which can also include connector designs. “So the client had the architect’s design and then on that one, we worked for the client with the architect up until sort of a detailed design. […] and did the connection design as well (A013)”. Depending on the contract type, structural designs can be required at three different levels of detail, namely building design, detailed building design and piece design, which includes connectors, “how many screws, how many holes, where should the holes for the screws be (A017)”. The third design level is usually done by suppliers, but engineering firms can be sub-contracted. Structural design encompasses different calculation types, statistical calculations as well as fire and wind protection. All these structural design calculations need to be performed according to relevant building codes in countries where the building is built. “In this project I was involved in global aesthetics and the dynamic calculation for the project (A017)”. Engineers’ value proposition also integrates the willingness and ability to collaborate with suppliers and supplier–builders to make sure that the decisions they make are compatible with the rest of the value chain needs.




3.1.3. Builders


Builders’ value proposition is the installation of timber structures. They can also act as general contractors following client preferences and provide support in structural design if needed.




3.1.4. Suppliers


The value proposition of suppliers is the production of various engineered timber products including Glued Laminated Timber (Glulam), Crossed Laminated Timber (CLT) and/or Laminated Veneer Lumber (LVL). They produce the timber elements based on calculations achieved by the structural engineers. Thus, suppliers’ value proposition offers early involvements in the process so they can influence the drawings, thereby insuring the elements will be produced by their respective mills. Just-in-time deliveries also appeared as part of suppliers’ value proposition.




3.1.5. Supplier–Builders


Supplier–builders are typically responsible for building wood structures and delivering and installing them on site. They often prefabricate timber elements or modules. “What we deliver […] is the skeleton, the timber skeleton of the building. Meaning, a lot of timber columns, a lot of timber beams, diagonals, CLTs, staircases, elevator shafts. […] We deliver that as a self-standing structure (A016)”. Supplier–builders’ value proposition also involves taking part in the design in the early phases of the projects to make sure calculations and proposed structures can easily be produced and installed.





3.2. Customer Segments


3.2.1. Architects


Clients of architects are governments, real estate developers and contractors. Architects prescribing wooden structures can either work only with wood or also with concrete and steel. Some architects focus exclusively on a specific building type, they accept both private and public contracts and work with different contract procurement modes. Their geographic markets are mostly regional, with some projects led internationally.




3.2.2. Engineers


The engineers have the same clients. Connections with architects are also important, since engineers can be referred to clients by architects. The engineers met were mostly timber specialists. Some smaller companies, mostly freelancers, work exclusively on wooden structures. Timber frame, CLT, glulam and prefabricated projects can be executed. Medium-sized companies focus on timber but also work with other material. The biggest companies work with all kinds of material and timber is given to a specialized department. The engineering firms met had contracts from both the public and private sectors and all types of contract procurement modes were used. Some companies favor specific building types such as schools, educational projects, multi-stories and airports, while others work on everything. Their geographic markets are generally regional.




3.2.3. Builders


Clients for builders can be public entities or private project developers, but they can also be architects. For the building license seller met, clients repeating multiple identical projects (projects that do not build only once) are the ones targeted. They can work with all types of materials and some are timber specialists. Builders work on public and private buildings through different contract procurement modes. Some general contractors will take charge of the erection of timber structures, but they can also sub-contract. Markets can be regional or global.




3.2.4. Suppliers


Clients for suppliers are the construction companies. One of the suppliers interviewed has segmented its clients into three categories (A, B or C) according to their consumption habits. “Client A” is a client that always buys from them, “Client B” is a client that buys from them but also from others and “Client C” is a client that does not always pay his bill on time. The idea is to encourage “B” clients to become “A” clients and for “Cs” to become “Bs”. Suppliers are timber specialists; they work on public and private contracts and with all types of contract procurement modes. The three suppliers met are developing very dynamic markets worldwide.




3.2.5. Supplier–Builders


Supplier–builder clients are governments, real estate developers and contractors. They are timber specialists. The first supplier–builder met offered different products, but also focused on the very specific private market of high-quality regional hotels offering between 30 and 60 rooms. They refuse larger projects. The second supplier–builder interviewed offered glulam supplies to building and electricity projects and other types of infrastructure. Its market is mostly in the countryside and is private. They work with different contract procurement modes. The third, which offers timber frame prefabricated systems, mainly supplies public projects in its own country. They mainly work in the design-build contract procurement mode where they also act as general contractors, but they can only supply the material. They offer three types of prefabricated element packages: standard, plus pack and enhanced. They can supply their timber kit to other construction companies.





3.3. Customer Relationships


For the five stakeholders, all contracts are realized through dedicated personal assistance from experts. Work relationships are based on personal meetings and completing building projects. When working on public contracts, customer relationships are built through competitions since the stakeholders work together and get to know each other. For private projects, stakeholders have stable clients and relationships: these are the ones they work with repeatedly. Long-term relationships do not generally require efforts to maintain these links. New customer relationships are developed through the channels described above.




3.4. Channels


3.4.1. Architects


The architect’s new clients are mainly reached through marketing strategies. Small firms either do not promote themselves or work with a marketing agency. Big architectural firms either work with marketing agencies or have a marketing department in their organization. Some offices expect their professionals to recruit as part of their mandate. Architects also develop relationships with potential clients when they work on high profile buildings, win a bid, have a good reputation, are recommended by others or when their names are spread through word of mouth. Visits of building sites are also offered, some being public, others exclusive. Articles are published in specialized magazines, newspapers or architectural journals. Many companies participate in conferences, make presentations of specific projects, do television interviews and exhibits and prepare client events. Some also teach at universities. Webpages and flyers are also used. Finally, employee movement from one firm to another also contributes to the development of customer relationships.




3.4.2. Engineers


For engineers, having good relationships with architects is a key factor. Architects can refer engineers for specific projects. Some engineer firms have marketing departments. A good way for a firm to become known is to participate in conferences and presentations. Word of mouth is also a common way to recruit new clients. Personal contact is key when new projects are announced; calls are then made, or emails sent.




3.4.3. Builders


For builders, real estate developers and architects are important. One of the companies met does no marketing at all, the other two promote their services. In some cases, connections are unaided since old clients always come back. When required, international or local visits of offices or buildings are organized, and employees participate in exhibits and conferences.




3.4.4. Suppliers


Suppliers seek long-term relationships and try to develop new ones. Clients come to them because they are sometimes unhappy with other suppliers or because of their good reputation. Suppliers become known through word of mouth, or because they write guidelines, data sheets, test results and communicate these and participate in events such as fairs. They also do the usual marketing, use the web, ask for feedback and count on press releases. Personal meetings and visits to other stakeholders in the region and to potential international clients can also occur. The goal of the latter might be to learn how to adapt their processes to the laws and regulations of foreign countries. To popularize its new products, one supplier launched its products by sending sample boxes that were sent to thousands of architects. They also created a book for engineers which integrates all the engineering aspects available in four languages. It can be downloaded for free from their website. They also count on their history of good service.




3.4.5. Supplier–Builders


One of the supplier–builders met does no marketing at all and has a full calendar. Clients come by themselves. The other two supplier–builders interviewed participate in fairs to exhibit their products and educate people. They give lectures at conferences and sometimes invite people to their factory or for lunches and organize private meetings. They build their networks. Many of their large projects promote their companies naturally since journalists write about them. The biggest supplier–builder company met had a marketing and a communication department and had special funding to make videos and maintain a website and a Facebook account.





3.5. Revenue Streams


3.5.1. Architects


Projects are usually charged per hour: “We charge per hour. And we try to increase the rate charged every year (A019)”. One architect specified that revenues can also come from savings achieved on a specific project: “It could be a model with a client saying, “Okay. I have a 50 million euros budget. If you build this with the contractors that I tell you for 48 million, we get 20% of the saved money” (A009)”. Another architectural firm invests its revenues: “We don’t get money now. We invest in our work. And then we get the money when we sell the houses (A019)”. It was also mentioned that, since using structures made from engineered wood product is new, it is sometimes more difficult to make profits.




3.5.2. Engineers


For engineers, revenues come from their clients: “it’s the clients, it’s the subcontractors, it’s the developers. Whoever is our client, is the source of our revenues (A013)”. An engineering firm’s revenues come from the number of hours they spend working on their projects: “it’s hours. We sell the hours (A017)”. Flat rate, a percentage of the total cost of the building, is another way they are paid. Presenting at conferences can be another source of income: “We get a little bit- if some people go and speak at something, and they get sponsored to go there, but I mean, it’s tiny compared to everything else (A013)”.




3.5.3. Builders


Builders make money with project management and savings they make on the estimated costs of projects. Their revenues come from: “The big or not big cheques (A018)”.




3.5.4. Suppliers and Supplier–Builders


Main income for suppliers and supplier–builders is the sale of the material they produce.





3.6. Key Activities


3.6.1. Architects


The main activity of architectural firms is to develop concepts and draw plans. Depending on the procurement mode, project or site management can also be an important activity for architects. Sometimes, architects also determine the building costs, find construction companies, make connections, participate in construction meetings and supervise construction on site. Some of the bigger architectural firms met have a research unit, an urban design department or an interior design section. Some professionals are involved in teaching wood design expertise either at a university or to other architectural firms.




3.6.2. Engineers


Engineers produce plans and calculations for projects of different sizes. Depending on the contract, structural designs can be required at three different levels of detail: building design; detailed building design; piece design, which includes connectors, “how many screws, how many holes, where should the holes for the screws be (A017)”. The third design level is usually done by suppliers, but engineering firms can be sub-contracted. Structural design includes considerations for services, seismic activity, fire and acoustics according to relevant building codes.




3.6.3. Builders


Builders mainly manage projects. They can either do overall site management and hire a sub-contractor to erect the timber structure or do all the work themselves. Given their expertise and depending on the contract type, builders specialized in timber structure can be asked to detail the structural design to make it producible by the supplier if the “design and build” contract procurement mode is used. They then order the material and install it.




3.6.4. Suppliers


The suppliers’ key activity is to produce and supply the engineered wood products. To do so, they must often adapt the structural design they receive. To develop the business (building systems) and its markets, they write guidelines, although “competitors can have access to the design and repeat it, but this is what we have to do to create the markets (A001)”. They also put in place certification standards. They transfer knowledge to architects, engineers and builders and do market research. They also deliver on site. They can offer technical or consulting services, online services, sales and research and development. They are often involved in the early phases of projects; they consider assisting architects and engineers as part of their activities.




3.6.5. Supplier–Builders


Supplier–builder activities are similar to those of suppliers, but they also install the structure on site. When they prefabricate, the production process includes more steps and needs more time.





3.7. Key Resources


3.7.1. Architects


Architectural firms mostly hire architectural staff, integrating senior and junior professionals with university backgrounds. Many timber design architects have a strong interest in sustainability. Hired architects mostly learn and are trained once hired. One architectural firm also hires engineers to make sure designs are acceptable from an engineering point of view. Depending on the size of the company, managers, project managers, construction site managers, administration, marketing and financial positions are part of the structure. Architects need an office and material resources.




3.7.2. Engineers


Wood structure engineers are civil engineers. Their timber skills are mostly acquired after they are hired. They may have followed wood related courses as part of their degree. There is a shortage of structural engineers that are specialized in wood structures. The expansion of structural engineering firms is limited by the lack of competent and experienced engineers. Employee or timber structure specialists within firms are limited; they ranged from 1 to 15 for the firms interviewed. Internal knowledge transfer is then very important. Employee movement from company to company is an issue. To perform their work, engineers need an office and general software, 3D design software and general office materials.




3.7.3. Builders


Builders generally hire carpenters, but, in Norway, timber workers have an advanced diploma that allows them to build wooden structures. Civil engineers or workers with technical diplomas are generally those in charge of the projects. Builders also need offices and general software, 3D design software and general office materials.




3.7.4. Suppliers


Suppliers hire carpenters to work in their mills. Workers with more experience manage the operations. The management teams include all business departments. There is an emphasis on “Research and Development” and “Marketing” because building wooden structures is relatively new. The mills are in rural areas and they have offices in cities where engineers and other specialists prefer to live. Having an engineered wood product business in the southern region of Germany and/or in Austria seems to be easier and provide a competitive advantage since universities in the area teach wood structure specialties. Suppliers own factories and machines where they produce engineered wood products. They own or hire subcontractors to deliver. The suppliers have sales offices in many countries.




3.7.5. Supplier–Builders


Supplier–builders also hire carpenters to work in mills and have a well-organized management team. They face the same issues as suppliers, as well as own factories and machines where they produce engineered wood products.





3.8. Key Partnerships


In this section, partnerships are understood as official agreements between two stakeholders. They imply formal contracts. Most of the time, respondents preferred talking about collaboration relationships shared with other stakeholders. Gosselin et al. [86] identified collaboration relationships between stakeholders in structural timber building supply chains. In this study, collaboration relationships refer to informal exchanges of various sorts.



3.8.1. Architects


When asked about their partnerships, architects mentioned their contracts with other architectural firms to complete a bigger project or subcontracting during a project. Sometimes they will get together with another architectural firm and no contract is involved. One of the firms specified having collaborations with other architectural firms to transfer knowledge. This same company has created a sister company to construct a building. At least half of the nine architectural firms met mentioned collaborative research projects with universities. Some of these architects are, or were, university lecturers.




3.8.2. Engineers


Engineers mentioned having stable work habits where collaboration and team work functions well. Some of them are, or were, university lecturers.




3.8.3. Builders


Builders also have repetitive collaborations with engineering firms. One of them mentioned having had a closer than usual relationship when working on a specific timber building. They drove to the supplier “to learn about the product and each other and establish a tighter relationship (A018)”. Builders also share contractual relationships and collaborations with other stakeholders.




3.8.4. Suppliers


Suppliers also develop partnerships with universities. A large proportion of their research and development is done through academic studies.




3.8.5. Supplier–Builders


Supplier–builders also work with universities. They usually use contracts to sub-contract engineering services, and they can set up consortiums or joint-ventures when projects are too big. “Sometimes our competitors become collaborators (A016)”.





3.9. Cost Structure


3.9.1. Architects and Engineers


In the UK, the largest expenditure for architects and engineers is rent. Elsewhere it is labor or working hours: “It’s about 75, 80% of the budget (A022)”, that are the most expensive. Wood expertise training is also costly: “The teaching of all the people (A004)”. Deadline extensions also represent costs or money lost. Research also costs money, but itcan sometimes be used as a tax deduction. Buying computers, software and marketing were also mentioned.




3.9.2. Builders


For builders, in one case, “builder’s salaries are 30%, materials are 30%, and subcontracting is 40% (A018)”. Overall, labor and product purchases seem to be the costliest.




3.9.3. Suppliers and Supplier–Builders


For suppliers and supplier–builders, raw material, employees and electricity were mentioned as the costliest. Fire and acoustics were cited as the most important cost drivers in wood construction. A supplier–builder explained: “Our employees and our material, the wood we buy, and whatever, and the whole material, […] this is probably half of it and the other half is subcontractors. So you can say 25% employee cost, 25% material, 50% subcontractors (A007)”. Investment in the development of the product and certification and adaptation to construction industry regulations is major for suppliers and supplier–builders. They are the ones having to prove the product they are offering respects laws and regulations and is the best option.






4. Discussions


Putting the pieces together: Mapping business models of the structural timber building industry were combined with the Osterwalder and Pigneur [9] canvas and the analysis conducted. Thus, the structural wood building business models of the industry could be resumed and mapped as follow.



4.1. Features of the Timber Structure Building Industry


Figure 3 demonstrates key factors and features of the timber structure building industry. There are some specific features pertaining to the timber structural timber building industry, and some are also shared by the construction industry in general. They are presented through next lines.



4.1.1. Similarities and Distinctions among Stakeholder’s Business Models


All stakeholders have different value propositions, but all of them include services. Suppliers and supplier–builders’ value proposition also integrates the fabrication of products. Relationships within the value chain are mostly built through projects completion and personal relationships. It should be noted that participation to conferences and shows is very central to the development of all stakeholder’s businesses and relationships. A main distinction within the chain relates to customer segments. Suppliers rather aim at worldwide markets for their products, whereas architects, engineers, builders and supplier–builders rather have local or regional markets. There was an exception for one architect and one engineer interviewed: they are known internationally and work in many countries. This happen when the professional is highly specialized and experienced. Architects’ and engineers’ revenues are mostly made per hour. Builders, suppliers and supplier–builders often are remunerated based on projects deliveries. Key activities of all stakeholders integrate collaboration aspects. Finding the right human resources is often an issue. especially for engineers. Expertise is difficult to find. Partnerships are key to the industry and generally involve unformal collaboration especially with suppliers since they are leading the industry development. Costs most of the time include training of workers.




4.1.2. Early Stage of Maturity: Mostly Small Businesses for Now


Most structural timber building enterprises are small businesses. This is especially true for architect and engineering firms. Builders and suppliers-builders can also be reasonably small. Somme suppliers too although some are pretty big. It can be partly explained by the fact that the structural timber building industry is not matured yet. It is still growing fast and it creates a strongly dynamic industry where all players must continuously adapt their practices and business models. The business models mapped here is thus called to change over time, it is a growing industry business model.




4.1.3. Sustainability Is a Strong Motivation, Especially for Architects


When asked why enterprises choose timber, sustainability efforts and interests in greening buildings are the main reasons mentioned. This is especially true for architects since all interviewed firms answers incorporated allusions to “being good for the environment”. Stakeholder engagement is common to green businesses [87]. This is an argument often used to sell and propose wood as structural building material. It has been proved that timber elements production emits less GHG emissions and stores more of them during building lifetime [88].




4.1.4. The Suppliers Are the Industry Development Leaders


The data gathered in this study indicate that suppliers are leading the industry development. These stakeholders develop their respective timber engineering products, and the rest of the industry tries to follow. Architects are learning to design for timber structures but the participation of suppliers and supplier–builders is often needed, or drawings must often be redone or adjusted if suppliers have not been consulted. On top of that, security of timber buildings still must be proved, and it is mostly supported by suppliers. They drive safety exercises and tests and pay for them.




4.1.5. The Structural Timber Building Industry Is Not Mass Standardized


Even if structural timber building industry is subject to different codes and standards, construction with timber is not mass standardized yet. For example, glulam sizes are different from one product to another. Concrete and steel building materials benefit from international standardization and client usually have access to product specifications into which available elements and respective mechanical and physical properties are described. This is not the case for the structural timer building industry. Each supplier offers its specific and different products which ask for more efforts and knowledge from designers.




4.1.6. Labor Competition Explained by Lack of Specialists and of Timber Trained Employees


It is a characteristic of the industry; well-trained and experimented employees are scarce and rare. Since timber engineering is not taught in every civil engineering and architecture university and technical program, employees usually need to be trained once hired. It results in a competition between enterprises of the industry for skilled employees and can also limit enterprises growth.




4.1.7. A Strong and Absolute Collaboration between Stakeholders Is Needed


Collaboration is needed in all construction projects [89,90]. Therefore, since well-trained employees are scarce, knowledge about timber engineered products and timber construction requires really high degree of sharing. This promotes a very strong collaborative environment within the timber construction value chain even among potential competitors. This was also noted by Toppinen et al. [91]. Many interviewees mentioned their interest in working for the development of the industry and not only their own business. This was also pointed by Uusitalo and Lavikka [92]. Since work with these new products entails risks and does not yet benefit from established standardization, stakeholders rely on each other for both help and information sharing. Since building with wood products is still young and not yet standardized, information held by the most experimented is shared. This finding is consistent with Rogers’ (2003) explanation that, when an innovation is in its early stages, interaction, communication and collaboration are high to mitigate risks.




4.1.8. Participating to Conferences or Shows Is a Must


Almost every stakeholder mentioned attendance at conferences as being a major conduit for knowledge sharing. Participation in conferences should be a part of all business models since it is arguably where the most advanced ideas are exposed and discussed. It is also an opportunity to meet with all members of the construction value chain. All types of businesses that make up the industry are at the same location at a given moment in time, thus offering the best scenario to establish new contacts and explore novel ideas. Great value can be extracted from such heterogeneous sets of contacts. Missing conferences would potentially prevent businesses from keeping up with this fast-growing industry.




4.1.9. Collaborative Procurement Modes Are Better Suited to Timber Structural Building Industry


When design and construction phases are planned simultaneously, construction times are usually better than when they are planned in subsequent phases. Collaborative types of contract procurement modes seem to be needed and justified. This way, less back and forth is required between architects and engineers responsible for design and other stakeholders in charge of the actual construction.




4.1.10. Partnerships with Universities Are a Common Feature within the Industry


The data collected show an intimate link between leading timber industry stakeholders and universities. Partnering with universities can lead to process innovations [93]. Many architects, engineers, suppliers and supplier–builders have commented on their collaboration with universities. They either do research in collaboration with university partners or have been (or are) teaching (as lecturers, adjuncts, instructors, etc.). Suppliers and especially supplier–builders collaborate with universities to develop their products or certify them.




4.1.11. Prefabrication Is an Important Part of the Structural Timber Industry’s Future


Prefabrication’s main advantages are decreased construction times and increased quality. In addition, conception, construction and installation are often led by the same team. Suppliers are involved in the conception process. The architects and engineers still must undertake the appropriate design and calculations for the building and the structure, but the other steps involve a smaller number of organizations since production and assembly are taken care of by the main stakeholder. Decreasing the complexity of a project as well as the number of workers and exchanges between them will naturally increase the efficiency of the building process. Pelli and Lähtinen [94] argued “Servitization and new business models could potentially contribute to a system transition in construction towards improved sustainability”. Brady et al. [95] stated that “integrated solutions business models best opportunity is in the context of private finance initiatives in the public sector or large clients who require repeatable solutions in the private sector”. Data also suggest that less marketing effort needs to be carried out by prefabrication specialists.




4.1.12. Strongly Regulated Work Environment


The construction industry is strongly regulated [96]. This characteristic limits opportunities for innovations. Managing changes within that industry can be hazardous and costly. Country respective building codes do not always allow timber constructions and often limit its uses. Timber product suppliers are often the ones paying the price. They must prove their products are respecting Building code standards although they differ from the norm.




4.1.13. Fragmented


The structural timber building industry is fragmented as the construction industry is in general. Many actors are involved in a construction project using either steel, concrete or timber for its structural material. Communication can easily become an issue since so many workers are involved especially when using traditional contract procurement modes [97,98].





4.2. Rethinking the Business Model Canvas for the Structural Timber Construction Industry


Difficulties to use the Osterwalder and Pigneur business model canvas in the Timber Building Industry could at least partially be explained by Aki, Pekuri and Haapasalo [34], who pointed out how business models in the industry are differently understood than in the academy. In the industry, business models are often expressed as business sectors or project portfolios, while in academia business models refer to a range of activities that allow firms to generate and deliver value, as explained in the Introduction. The construction industry is based on projects, bringing an ephemeral nature to value chains. Paradoxically, this industry is also very structured and regulated. Stakeholders cannot act independently since projects are executed in teams. Their respective business models are affected and modeled by the other construction value chain members’ respective business model. This latter aspect results in few possibilities of business model differentiation, which leads to the argument that Osterwalder and Pigneur’s [9] business model canvas would benefit from further adaptation to better suit the Timber Building Industry.



Indeed, while the Osterwalder and Pigneur business model canvas proved useful to structure data gathering for this study, it has some limitations and blind spots, as explained hereafter. For example, respondents’ answers related to value proposition and key activities were very similar to one another. When asked about customer relationships, answers were also partial and unspecific. Precise information about costs and revenues were also difficult to obtain, but some participants nevertheless agreed to provide general information. Partnerships seen as formal agreements between two firms being were not well understood by interviewees. However, as already discussed, many usual interactions were rather presented as collaborative relationships.



Upon completion of this research, three major areas of improvement appear so relevant changes can be made to the business model canvas in order to increase its relevance to the wood building industry (Figure 4).



(1) The customer segment portion of the canvas should be split into three parts, namely the tenure (public or private), building types and geographic areas that firms prefer to address. This would allow better accounting for customer characteristics, experience, idiosyncrasies and preferences.



(2) Collaborative spaces should be added to all dimensions of the canvas. As shown in Figure 3, the word collaboration appears quite frequently in the canvas. Collaboration in the timber building industry appears as central to project success. This word is found in many elements that constitute the canvas, but it does not contain a specific area related to the concept. A way to improve the canvas so it better suits the industry would be to include an expression of the importance of collaboration to every dimension in the canvas.



The value proposition’s box should integrate a collaboration zone where a collaborative value proposition would be mentioned. For instance, one of the architect firms met offered training sessions for other architect firms wanting to learn wood building design. The customer segments portion of the canvas should include a zone for project delivery methods as well as methods favoring collaboration.



Customer relationships should integrate relationships developed to foster collaboration with the industry members. The same may be said for channels as some of them should be used to collaborate. In addition, certain revenues might this way be generated by this reliance on collaboration. Furthermore, part of the key activities would then be executed with the explicit goal of developing collaboration. As for key resources, some of them would also be used to collaborate.



When it comes to key partnerships, they should include informal relationships fostered to enhance collaboration as well as the more formal usual ones. Finally, the cost structure box would then of course integrate the cost of collaboration.



(3) The emphasis on partnerships should be central to business models. Beyond classical representations of the business model canvas, one important outcome of this research is showing the importance of partnerships as defining elements of the timber building sector. Partnerships are key to developing successful business models in this industry. They also remain a defining element of the value creation process for all stakeholders involved.





5. Conclusions


Timber used as a structural material in the non-residential building sector is steadily gaining in popularity.



This study’s contribution is threefold. First, it innovates by mapping out the business models of the timber structure building industry. This work has not been done before. Second, it examines a range of business model key factors and features that are relevant for academics and practitioners alike. Those features should drive strategic, tactic and operational planning of business involved in timber structure construction projects. Third, it suggests a business model template to be used by timber building stakeholders interested in adapting their practices to overcome market shares. The business model presented in this study is the reflect of a fragmented and growing industry that is the timber structure construction. It could apply to any other emerging building construction material. More than anything else, training, R&D and strong communication are heavily needed in such a context.



There are certain limitations to this work. Although it was possible to extract the main tendencies for the timber structure building industry business models, few timber buildings were studied. In addition, because of the availability of professionals at time of the fieldwork, it was impossible to meet and interview all main stakeholder’s enterprises involved in the construction of the fifteen timber buildings. Finally, some regional characteristics may limit the application of the business model suggested.



Many research-oriented opportunities remain open for further enquiry. For instance, timber structure building industry business models could be compared with ones describing the steel and concrete building industry to find out what is specific to the timber building sector as they experience increasing rivalry with the latter’s rise in popularity. For their part, managers in the industry can use these results to better adapt their business models to enter the emerging timber structure non-residential building market with a view to unlocking superior value creation.
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Appendix A


List of questions for the interviews:




	
Could you briefly tell me about your company’s history?



	
What is the size of the company? (No. of employees, annual turnover)








Value Proposition



	3.

	
In your opinion, what are its main strengths, what distinguishes your organization from its competitors?







Key Activities



	4.

	
Can you tell me about the company’s main activities? In your opinion, what are the main reasons why customers decide to work with you?




	5.

	
What expertise are they seeking?




	6.

	
What are your missions?




	a.

	
Types of projects




	b.

	
Types of contracts













Client Relationships



	7.

	
Who are your most important clients?




	8.

	
What kind of relationships do you have with your clients?




	9.

	
How do you start a relationship?




	10.

	
How do you maintain them over time?







Customer Segments



	11.

	
The CIRCERB Chair was created especially to promote the wooden building, something you are already doing brilliantly. How did you come to value wood constructions? How important is the use of wood as a structural material for non-residential buildings within your company today?




	12.

	
What other markets does your business occupy?




	13.

	
In your opinion, are they complementary or rather dominant compared to wood? (% wood vs. steel)




	14.

	
What are the motivations that lead your company to work on projects with wooden structures?







Key Resources



	15.

	
What is the level of expertise and training of your employees with wood? Professionals, technicians?




	16.

	
Are your employees comfortable to work on buildings with wooden structures upon hiring? How they develop the skills that allow them to work with wood?




	17.

	
Could I get a copy of the Operation “flowchart”?




	18.

	
Can you describe the company’s human resources?







Key Partnerships



	19.

	
In your wooden structure projects such as ____________, what type of business relationships was established?







Channels



	20.

	
Who gets to know about your services and how do they learn about them? How do you reach your customers? What main visibility elements is the business using to be known/to improve its notoriety?




	21.

	
Do you have some examples of project that reflect your core business? Are projects your business card?







Costs



	22.

	
What are the main cost sources for your business? What are the drivers of these costs (client requests, supplier issues, unforeseen difficulties on a technical level, etc.)?







Revenues



	23.

	
What are the main revenue sources?







Projects



	24.

	
Was the ______________ building an exceptional or routine project for your business?




	25.

	
Why was wood chosen as structural material for this/these buildings?




	26.

	
What were the positive elements for you company about working on this/these building(s)?




	27.

	
What were difficulties or challenges faced when working on this/these building(s)?




	28.

	
If your company had to do this/these project(s) over again, what would you do differently?




	29.

	
Would you like to share something else related to this/these project(s)?




	30.

	
Do you have anything to add?
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Figure 1. Business model canvas. Image adapted from: Osterwalder and Pigneur [9] (p. 237). Source: Strategyzer.com. 
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Figure 2. Results of the systematic queries; adapted from the PRISMA flow diagram [83]. 
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Figure 3. Timber building industry business model summary. 
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Figure 4. The revisited timber building industry business model canvas. 






Figure 4. The revisited timber building industry business model canvas.



[image: Buildings 11 00170 g004]







[image: Table] 





Table 1. Interviews sample details.
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	Expert Categories
	Number of Interviews
	Countries





	Architects
	9
	Austria, Denmark, England, Germany, Italy, Sweden, Switzerland



	Structural engineers
	5
	Austria, England, Norway, Switzerland



	Builders
	3
	Austria, England, Norway



	Suppliers-Builders
	3
	Austria, Germany



	Engineered timber product suppliers
	3
	Austria, Norway, Scotland



	Wood board supplier
	1 *
	Sweden



	Timber building technology developers
	2 *
	Scotland



	Academics
	3 *
	Austria, Germany, Scotland



	Total
	29
	9 countries







Note: * indicates confirmatory interviews.
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Table 2. Search strategies used for the critical review of the relevant literature; adapted from Booth [84].
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	Building Blocks
	Subdividing a search query in multiple variants and combining them using Boolean operators



	Citation Pearl Growing
	Scanning relevant article to find additional relevant terms to add to the search strategy



	Successive Fractions
	Searching databases using relevant terms found in relevant articles with the AND operator



	Berry Picking
	Scanning articles for relevant references, citations, authors and journals
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Table 3. Keywords used to complete the critical review.
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	Primary Keywords
	Secondary Keywords
	Tertiary Keywords
	Quaternary Keywords





	Construction
	Building
	Business models
	Value proposition



	
	Timber building
	Collaboration
	Clients



	
	Wood building
	Collaborative business model
	Costumers



	
	
	Shared business model
	Channels



	
	
	Value co-creation
	Revenue



	
	
	Innovation network
	Resources



	
	
	Innovation ecosystem
	Activities



	
	
	Value generating
	Cost



	
	
	Co-creation
	Partnerships
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