
Climate change mitigation market offers 
huge business opportunities for new 
construction services and products that 
improve sustainability in the built 
environment. The aim of this research is to 
examine the evaluation of sustainability 
innovations in the construction sector as 
well as demonstrate managerial practises 
for the evaluation of sustainability 
innovations for construction companies. 
This dissertation finds that construction 
companies can evaluate sustainability 
innovations by investigating the potential 
monetary benefits of sustainability 
innovations and it makes the following 
proposals: (i) Construction companies 
should evaluate sustainability innovations 
together with clients and value network to 
systematically manage the development and 
adoption of sustainability innovation; and 
(ii) construction companies can evaluate the 
monetary benefits of sustainability 
innovation to shareholders with the event 
study method, and to clients and tenants 
with real option analysis.  
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Abstract 
The climate change mitigation market offers huge business opportunities for new construction 
services and products that improve sustainability in the built environment. In spite of the 
opportunities provided by sustainability, the construction sector is slow in producing 
innovations. Earlier studies suggest that the evaluation of innovation is a critical stage of the 
construction innovation implementation process and a major capacity development area for 
the whole sector. The aim of this research is to examine the evaluation of sustainability 
innovations in the construction sector as well as demonstrate managerial practises for the 
evaluation of sustainability innovations for construction companies. 

The research utilizes a mixed-method research strategy. Both quantitative and qualitative 
data is collected and analysed with qualitative and quantitative methods to provide a more 
comprehensive understanding of the reseach topic. The study analyses sustainability 
innovations in the construction sector by using empirical data from innovation and 
construction projects. 

This dissertation finds that construction companies can evaluate sustainability innovations 
by investigating their potential monetary benefits and makes the following proposals: (i) 
Construction companies should evaluate sustainability innovations together with clients and 
value networks to systematically manage the development and adoption of sustainability 
innovations; and (ii) construction companies can demonstrate the monetary benefits of 
sustainability innovations to shareholders with the event study method, and the benefits to 
clients and tenants with real option analysis. This dissertation presents and tests two new tools 
that construction companies can use to evaluate sustainability innovations. 

Overall, this study contributes to the literature on construction innovation and to its practice 
by examining the evaluation of sustainability innovations in the construction sector. It does so 
by investigating the evaluation of sustainability innovations in construction projects and in the 
context of business management. Moreover, the present study demonstrates new managerial 
tools for the evaluation of sustainability innovations, i.e., event study and real option analysis. 

The research experiences of the present study indicate that real option analysis has major 
potential as a tool for design target setting in construction projects, which represents a very 
interesting avenue for future research. More research is also needed to develop and to validate 
the use of the demonstrated tools for the evaluation of sustainability innovations in different 
empirical settings and with larger data sets. Finally, future research should establish a practical 
innovation evaluation theory for construction managers. 
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Ilmastonmuutoksen hillintä tarjoaa merkittäviä liiketoimintamahdollisuuksia uusille 

rakennusalan palveluille ja tuotteille. Liiketoimintamahdollisuuksista huolimatta 
rakennusalan innovaatiotoiminta on hidasta. Aiemmissa tutkimuksissa innovaatioiden 
hyötyjen arviointi on tunnistettu keskeiseksi vaiheeksi rakennusalan innovaatioiden 
viemiseksi käytäntöön. Tämän väitöskirjan tavoitteena on tutkia miten rakennusalan yritykset 
voivat arvioida kestävää kehitystä edistäviä innovaatioita sekä yrityksen liiketoiminnassa että 
rakennushankkeissa. Lisäksi tutkimuksen tavoitteena on ehdottaa ja testata uusia työkaluja, 
joiden avulla rakennusalan yritykset, erityisesti urakoitsijat ja tuoteosavalmistajat, voivat 
arvioida kestävää kehitystä edistävien innovaatioiden taloudellisia hyötyjä. 

Tutkimus perustuu mixed method -tutkimusstrategiaan, jossa sekä numeerista että 
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edistäviä innovaatioita kartoittamalla systemaattisesti niihin liittyviä taloudellisia hyötyjä ja 
epävarmuuksia. Tutkimuksen tuloksena väitetään, että i) rakennusalan yritysten kannattaa 
arvioida innovaatioita yhdessä tilaajan, käyttäjien ja kumppaniverkoston kanssa 
innovaatioiden kehittämisen ja käyttöönoton vauhdittamiseksi, ja ii) rakennusalan yritykset 
voivat arvioida innovaatioiden taloudellisia hyötyjä osakkeenomistajille event study -
menetelmän ja tilaaja- ja käyttäjäorganisaatioille reaalioptioanalyysin avulla. 

Väitöskirja edistää rakennusalan innovaatiotoiminnan tieteenalan tietämystä tutkimalla 
empiirisesti kestävää kehitystä edistävien innovaatioiden arviointia. Väitöskirjan tulokset 
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Climate change mitigation is one of the greatest challenges facing society 

(UNEP, 2007; IPCC, 2014). It has led to the emergence of the fastest growing 

new investment market in the world with over US$300 billion in investments 

annually (Bloomberg New Energy Finance, 2016). Inside the climate mitiga-

tion market, the construction sector is assessed to offer a wide scope of op-

portunities for new cost-effective services and products that improve sus-

tainability in the built environment (McKinsey & Co., 2009). According to 

ISO definition (ISO 15392, 2008) sustainability refers to a state in which the 

components of the environment and their functions are maintained for pre-

sent and future generations. In the construction sector, sustainability relates 

to how the attributes of the activities, products or services used in construc-

tion work, or the use of the construction works, contribute to the mainte-

nance of ecosystem components and functions for future generations (ISO 

15392, 2008). Constructing buildings that have the capacity to adapt over 

time to changing uses and preferences with minimal conflict is an example 

of sustainability in construction (Kendall, 1999). 

In particular, the situation calls for fast customer-oriented innovations as 

the time frame for corrective actions is short, specifically in the construction 

sector, e.g., to produce almost zero energy buildings by the year 2021. More-

over, renewal in the construction sector has huge economic importance, be-

cause the built environment accounts for more than 20% of gross domestic 

product (GDP) and 50-60% of gross national wealth in most countries.  

Paradoxically, in spite of the sustainability opportunity, the rate of innova-

tion in the construction sector lags behind most other industries (e.g., Winch, 

1998; Slaughter, 2000; Dubois & Gadde, 2002; Seaden et al., 2003; Bygballe 

& Ingemansson, 2014). In practice, there is an urgent need for research to 

understand how sustainability innovation is currently managed in the con-



 2 

struction sector and to develop means to speed up the up the innovation pro-

cess. The present study is an attempt to address this need and to make a con-

tribution to the construction innovation literature. Here the construction 

sector is the segment of the economy in which companies operate in the busi-

ness of continuous asset, property, and facilities management, as well as in 

transaction services, project management, on-site production activities, 

manufacturing, distributions, and regulation (Carassus, 2004). Moreover, in 

the context of this research innovation refers to new products, processes, or 

systems that contain substantial and non-trivial improvements to existing 

products, processes, or systems, and that are actually used by a company 

(Slaughter, 2000). 

Classical economics literature on innovation has shown that innovation is 

a primary source for economic growth (e.g., Schumpeter, 1942; Solow, 1956; 

Schmookler, 1966; Freeman, 1974; Scherer 1982) and company competitive 

advantage (e.g., Barney, 1986; Bettis & Hitt, 1995; Teece, 2007) in market 

economies. Moreover, companies can improve profitability through innova-

tion (e.g., Griliches, 1957; Schmookler, 1966; Baumol 1993). Earlier con-

struction innovation studies suggest that also in industry innovations can im-

prove the competitive advantage and profitability of companies (Johnson 

and Tatum, 1993; Slaughter, 2000; Barlow, 2000; Miozzo and Dewick, 

2002; Seaden et al., 2003; Zimina et al., 2012; Bock & Linner, 2015). For 

example, a new design or technology may be the means through which a 

company can achieve the client’s objectives for a set of projects and improve 

the performance of a facility. In addition, an innovative reputation can in-

crease the potential market for a construction company, particularly in 

higher value or performance projects (Slaughter, 2000).  

The construction sector has characteristics that affect the innovation pro-

cess and the economic incentives to invest in innovation (Miozzo and 

Dewick, 2002; Manley, 2008; Whyte and Sexton, 2011; Bygballe & Inge-

mansson, 2014). First, construction is a project-based business. Conse-

quently, innovation adoption decisions and implementation are carried out 

in construction projects, which are often unique and uncertain (Winch, 1998; 

Slaughter, 2000). Second, the one-off nature of most building projects seems 

to limit the degree to which a given innovation will be applicable to other 

situations, reducing the benefits of innovation and therefore incentives to in-

novate from the perspective of construction companies (Barlow, 2000; Mi-

ozzo and Dewick, 2002). Typically, a firm will have the incentive to adopt an 

innovation only if it can later obtain a return on investment that justifies the 
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uncertain investment involved with the development and adoption of the in-

novation (Winch, 1994, Hall, 2004). Third, a construction project involves 

multiple stakeholders – e.g., clients, tenants, project-based firms and suppli-

ers – with different business models (Bygballe & Jahre, 2009). Therefore, 

innovation implementation in construction projects often requires extensive 

negotiations and a gain-sharing approach among multiple organizations to 

reach a common understanding and change practices in a coordinated way 

(Winch, 1998, Sheffer & Levitt 2012). Fourth, firms have to rely on the rela-

tionship with clients and the capabilities of clients and value network to pro-

duce innovations (Blayse and Manley, 2004). In particular, previous con-

struction innovation literature has recognized the key role of the end cus-

tomer, i.e. the client, the person or firm responsible for commissioning and 

paying for the construction project (Anumba et al., 1996). For example, cli-

ents can identify specific novel requirements to be supplied by developers, 

contractors and by manufacturing companies (Seaden & Manseau, 2001, 

Blayse & Manley, 2004), they can integrate knowledge across organizations 

(Barlow, 2000) and they can influence the way in which a construction pro-

ject is carried out (Rose & Manley, 2011; Pekuri et al., 2014). As the require-

ments related to  building design and performance increase constantly, close 

connections to clients, investigation of client needs, and the utilization of cli-

ent feedback in the management, design and development of new services 

and products are essential for construction innovation (Bock & Linner, 

2015).  

Earlier construction innovation research has identified the evaluation of in-

novation in construction projects as a critical stage of the construction inno-

vation implementation process (Winch, 1998; Mitropoulus & Tatum, 1999; 

Slaughter, 2000). At the evaluation stage the basis for the decision to invest 

is prepared through scanning external and internal information on the inno-

vation, and the evaluation of the potential costs and benefits of innovations 

is carried out in respect to specific project targets, such as financial targets, 

building qualities and long-term facility performance and risks (Slaughter, 

2000). In particular, an explicit investigation of the potential benefits of an 

innovation is critical at this stage is to reveal the full range of benefits of the 

innovation to the stakeholders of the construction project (Winch, 1998; 

Slaughter, 2000). However, while investment decisions on construction pro-

jects  in practice are typically based on feasibility studies, it is exceptional 

that, for example, the economic benefits of new design and technological so-
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lutions are evaluated in construction projects. For example, building invest-

ment feasibility studies and project documents do not typically contain quan-

titative analysis of life-cycle economic benefits and costs of design solutions 

(Elf & Malmqvist, 2009; Zimina et al., 2012). Moreover, the decision-making 

on the adoption of new technologies is not typically a systematic process in 

construction companies and the justification of investments is typically 

based on intuition rather than the analysis of benefits and costs (Mitropoulos 

& Tatum, 1999). According to Slaughter (2000), companies considering the 

initial use of an innovation need a systematic approach to identify the activ-

ities that can reduce avoidable uncertainty and risk, and increase the effec-

tiveness of the planned innovation use.  

While the research area of evaluating construction innovation has been es-

tablished, there seems to be a lack of knowledge and a need for studies 

(Winch, 1998; Slaughter, 2000) that address the topic both qualitatively and 

quantitatively in the setting of real life construction projects, where the in-

vestment decisions for construction innovation need to made systematically, 

rapidly and with limited, ambiguous and incomplete data. This research di-

rection has also been recognized as a major capacity development area for 

construction companies and the whole sector (Winch, 1998; Slaughter, 

2000).  

In this context, this dissertation focuses on examining the evaluation of 

sustainability innovations in the construction sector, i.e., on new services and 

products that aim to improve sustainability and contain substantial and non-

trivial improvements that are actually used in real life, and that are specifi-

cally associated with the design, construction and use of built facilities. In-

novation is an essential activity for utilizing the capacity of companies to 

solve the climate change challenge and to introduce new products and ser-

vices to the market (Rennings, 2000). However, the construction sector does 

not seem to produce innovations with a speed that can be expected of a mod-

ern industry despite the sustainability opportunity. This dissertation inves-

tigates how construction companies can evaluate sustainability innovations 

in the context of company innovation projects and construction projects. The 

evaluated sustainability innovations in the present study include cases of 

physical flexibility, modifiable ventilation capacity and a building integrated 

ground heat system. In the context of this work a “construction company” is 

defined as an organization performing some of the following functions of 

building construction: project development, project management, design 

and engineering, on-site production activities and manufacturing.  
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This dissertation contributes to the literature of construction innovation. 

In particular, this research is motivated by, and continues the work of 

Slaughter (2000) on systematic approaches to evaluate innovations in real 

life decision-making situations in the construction sector. Slaughter’s (2000) 

conceptual model for planning the use and implementation activities of con-

struction innovations in construction projects is described in more detail in 

Chapter 2.4. The present study adds new knowledge to the model by investi-

gating how construction companies can evaluate sustainability innovations. 

 

 

The business opportunity for sustainability innovations is huge in the con-

struction sector, yet the production of sustainability innovations in construc-

tion has been slow. The aim of this research is to examine the evaluation of 

sustainability innovations in the construction sector, as well as to demon-

strate managerial practices for the evaluation of sustainability innovations 

for construction companies. The purpose of the research is to increase 

knowledge on the evaluation of sustainability innovation in the construction 

sector.  

This dissertation has two research questions that address the evaluation of 

sustainability innovations in the construction sector from the innovation de-

velopment and adoption perspectives. With the first research question, the 

focus is on the evaluation of sustainability innovation development activities 

of construction companies. The focus is limited to the evaluation of client and 

value network engagement, and shareholder value relevance of construction 

company driven sustainability innovation projects as earlier studies (e.g., 

Barlow, 2000; Seaden & Manseau, 2001; Miozzo & Dewick, 2002; Blayse & 

Manley, 2004; Bygballe & Ingemansson, 2014; Bock & Linner, 2015) suggest 

that construction companies rely on clients and value network to produce 

innovations.   

RQ1: How can construction companies evaluate their sustainability inno-
vation development? 

The second research question addresses the evaluation of the potential 

monetary benefits of sustainability innovations in the investment feasibility 

evaluation phase of construction projects through real option analysis. The 

focus is on construction projects, as earlier construction innovation literature 

(Winch, 1998; Slaughter, 2000) has identified that construction innovations 
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are implemented in projects, and that the evaluation of innovation is a key 

stage of the innovation implementation process that can be used to reduce 

avoidable uncertainty and risk and increase the effectiveness of innovation 

use. Moreover, real option analysis (ROA) is a promising investment deci-

sion-making approach, in which embedded options, such as flexibility and 

adaptability in real asset investments are valued using option pricing tech-

niques that originate from the financial world. Earlier studies (e.g., de 

Neufville, 2003; Greden & Glicksman, 2005; van der Maaten, 2010; Vimpari 

& Junnila, 2015) suggest that ROA has great potential to enhance decision-

making in the construction sector. In this vein, the second research question 

which this research aims to answer is: 

 

RQ2: How can construction companies use real option analysis to evaluate 

sustainability innovation investments in construction projects? 

 

In the next section the structure of this work is presented in detail. 
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Figure 1. Research structure 

 

The dissertation consists of four appended articles that have been reviewed 

and published in academic journals and two appended articles that have 

been reviewed and published in scientific conference publications. All of the 

articles study the evaluation of sustainability innovation in the construction 

sector (see Figure 1) and all the data in the articles are related to sustainabil-

ity innovation in the construction sector. In Papers I, II and III the research 

focus is on studying construction company driven sustainability innovation 

projects and the evaluation of the innovation production of these projects in 

terms of client and value network engagement, and shareholder value rele-
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vance. Papers IV, V and VI examine how ROA can be used to evaluate sus-

tainability innovations in construction projects. The data of the present study 

is presented in Chapter 1.4 and the theoretical background is summarized in 

Chapter 2. 

Paper I investigates the challenges of sustainability innovation in the con-

struction sector. The purpose of Paper I is to provide an overview of the cur-

rent challenges of sustainability innovation in the construction sector. 

Paper II examines how company driven sustainability innovation projects 

utilize customer-oriented innovation models through a survey of sustainabil-

ity innovation projects. 

Paper III examines the connection between sustainability innovation an-

nouncements and the market value of publicly listed companies in the con-

struction sector. Innovation announcements and company financial data 

were collected and analyzed with an event study model. 

Papers IV, V and VI focus on investigating and demonstrating new prac-

tices for the evaluation of potential monetary benefits of sustainability inno-

vation in construction projects. Papers IV, V and VI are case studies that ex-

plore how ROA can be used for evaluating the potential monetary benefits in 

real life construction projects and present research processes for the evalua-

tion. The evaluated sustainability innovations included physical flexibility, 

modifiable ventilation system, and a building integrated ground heat system. 

The case organizations were public sector property owners including the 

largest property owner in Finland, and tenant organizations, i.e., an admin-

istration and a health care organization. The types of premises varied from 

offices to basic health care premises and the types of projects from retrofit to 

new building.  

The summary integrates the findings of the papers. 

 

 

This research utilizes a mixed method research strategy with both quanti-

tative and qualitative data (Creswell, 2014). Mixed methods research is an 

approach to research in which the investigator gathers both quantitative and 

qualitative data, integrates the two, and then draws interpretations based on 

the combined strengths of both sets of data to understand research problems 

(Cresswell, 2014). Mixed methods can be seen as a relatively new methodol-

ogy originating from around the late 1980s and the early 1990s based on 
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work of individuals in diverse fields such as evaluation, management, sociol-

ogy, evaluation and health sciences (Cresswell, 2014). Mixed methods strat-

egy was selected for the present study because it enables to obtain a more 

comprehensive understanding about the problem by seeing the problem 

from multiple angles and multiple perspectives. Moreover, the study has sev-

eral characteristics of pragmatism, which is typical for mixed method studies 

(Creswell & Plano Clark, 2011).  

The research design of the dissertation is convergent design. Convergent 

design involves the separate and parallel collection and analysis of quantita-

tive and qualitative data. The intent is to bring together and to compare the 

results of quantitative and qualitative analysis to gain multiple pictures of the 

research problem from several angles (Creswell & Plano Clark, 2011; Cress-

well, 2014). 

Convergent research design has four main phases (Creswell & Plano Clark, 

2011, Cresswell, 2014). First, quantitative and qualitative data are collected 

separately and concurrently. They have equal importance in addressing the 

study’s research questions. Second, the two data sets are independently ana-

lyzed by typical quantitative and qualitative analytical procedures. Third, af-

ter the results have been compiled, the interpretation of the results of the two 

databases are brought together and directly compared in a discussion. In the 

final step, the study interprets the extent to which and the ways in which the 

two sets of results converge and can be combined to create better under-

standing in response to the study’s overall purpose, and to which extent the 

two sets confirm the results of each other. Phases one and two are presented 

in each appended research paper and steps three and four are presented in 

the summary part of the dissertation. 

The key challenges of convergent design are the need for versatile research 

expertise, parallel construction of datasets, and successful merging of the da-

taset (Creswell & Plano Clark, 2011; Cresswell, 2014). First of all, the re-

searcher needs to master the research area and both qualitative and quanti-

tative research methods to perform mixed methods research. To manage this 

challenge, the research was conducted together with several co-authors, who 

have a deep understanding of and strong expertise in the construction sector, 

innovation, financial analysis, sustainability, data collection and analysis. Se-

cond, due to the concurrent timing of building the qualitative and quantita-

tive datasets, the mixed method researcher needs to start with the same 

measures/assessments with both quantitative and qualitative data in order 

to merge the results. This challenge was addressed by reviewing the state-of 
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the-art and following that by designing the data collection and analyses so 

that they addressed the same concept. Finally, the researcher needs to know 

how to merge the databases, and hence, be familiar with side-by-side com-

parisons. To overcome this challenge, the compiled results from the two da-

tasets were carefully weighted and interpreted. 

The research approaches of the articles included in this dissertation were 

selected based on the nature of the research problems and the aim of the re-

search (Creswell & Plano Clark, 2011). Paper I employed semi-structured in-

terviews to uncover the interviewees’ meanings in respect to sustainability 

innovations in the construction sector and to give freedom in the sequencing 

and wording of questions as a result of the interviewees’ responses (Robson, 

2002). A framework was created to structure the empirical analysis of inno-

vation projects in Papers II and III. The framework was called the sustaina-

bility business innovation (SBI) framework to underline the centrality of 

commercially viable solutions as a response to the sustainability challenge. 

The framework was originally presented by Kajander et al. (2010). The 

framework was based on service-dominant (S-D) logic (Vargo and Lusch, 

2004). The S-D logic approach provides a customer-centric view for evaluat-

ing, managing and developing innovation processes. According to S-D logic 

(Vargo & Lusch, 2004), the value of the innovation is co-created with the cli-

ent during the innovation process, rather than embedded in the output of the 

process. The framework comprises three components; discontinuity of inno-

vation, active customer participation and value network involvement. The 

premise of the framework is that an effective and efficient innovation process 

is based on customer and value network involvement and ambitious discon-

tinuous innovation targets. Active customer participation is beneficial for in-

novation, because it enables companies to target their development efforts 

according customer needs and value. Furthermore, value network involve-

ment enables companies to reduce the need for in-house technological and 

business expertise, and ensures that external ideas and resources are used in 

the development project. The discontinuity of innovation is one of the com-

ponents, because instead of incremental steps, businesses should aim to 

make radical leaps in new products and services. Discontinuity is particularly 

relevant for sustainability innovation due to the short-time frame for correc-

tive actions. The SBI framework is discussed in detail in Paper II. 

To deepen our understanding of the findings and to obtain quantitative ev-

idence for the comparison of the findings in the qualitative study, a survey 

was used in Paper II (Robson, 2002). In Paper III, the event study method 
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was selected since the aim of the study was to measure the market capitali-

zation impact of a specific event (Fama, 1998), sustainability innovation an-

nouncements of construction companies. Papers IV, V and VI utilized the 

single case study method (Yin, 2014) to understand how ROA, specifically 

the pay-off method, can be used for the evaluation of sustainability innova-

tion investments in construction projects. The aim of the case studies is to 

acquire a deep understanding of the nature, importance, and functioning of 

one or a few cases, and to report this understanding thoroughly, carefully, 

and credibly to the scientific audience (Lukka & Kasanen, 1995). 

In this dissertation, the data was collected from four main sources: literary 

resources (academic publications, research reports, financial reports, con-

struction project documentation, and industry news), expert interviews and 

workshops, and a survey. In general, quantitative data was used to statisti-

cally analyze client and value network engagement, and shareholder value 

relevance of sustainability innovation. In the case studies, quantitative data 

was used to demonstrate the quantification of the potential monetary bene-

fits sustainability innovation investments with ROA. Moreover, qualitative 

data was used to understand the studied phenomenon from the stakeholder 

perspective, and to perform the case studies at the construction project level. 

The choice of data sources in each paper reflected the aim of the research. In 

Paper I, 11 semi-structured interviews of senior managers of construction 

companies and venture capital investors were conducted and analyzed. In 

Paper II, 44 sustainability innovation projects in the construction sector were 

analyzed. Three datasets were constructed for Paper III, i.e., construction 

company market data, sustainability innovation announcements of con-

struction companies, and data from four workshops. The main data sources 

for Paper IV were an investment case, government employee projections and 

3 workshops. Papers V and VI utilized investment case data, project briefing 

documentation and data from the workshops of a healthcare building pro-

ject.  

The research papers, research method, research approach and data are 

summarized in Table 1. 
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Table 1. Research methods, research approaches and main data sources used in the papers 

Paper Research 
method 

Research ap-
proach 

Main data Sources   

Paper I Qualitative Semi-structured 
interview study 

11 interviews with Finnish 
and international innova-
tion professionals  
 

  

Paper II Quantitative Survey study A survey of 44 innovation 
projects, workshops 

  

Paper III Quantitative Event study 30 innovation announce-
ments, company and mar-
ket data, workshops 

  

Paper IV Qualitative Single case study, 
real option analy-
sis  

Investment case, govern-
ment employee projec-
tions, workshops 

  

Paper V Qualitative Single case study, 
real option analy-
sis  

Investment case, project 
briefing documentation, 
workshops 

  

Paper VI Qualitative Single case study, 
real option analy-
sis  

Investment case, project 
briefing documentation, 
workshops 
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This chapter presents the theoretical background of the dissertation. The 

aim of this chapter is to briefly describe the main theoretical principles that 

have motivated and inspired the research process and, moreover, to identify 

the contribution of the dissertation to the existing literature. Additional in-

formation can be found in the appended articles. 

This study is linked to the academic discussion on the management of in-

novations that enhance sustainability in the construction sector. The Chapter 

summarizes the theoretical foundation of the present study from the follow-

ing perspectives: drivers of innovation, innovation processes, evaluation of 

the economic value of innovation investments, construction innovation and 

the economic value of sustainability innovation in the construction sector. 

Finally, the theoretical background of the dissertation is summarized. 

 

 

According to classical economics literature (e.g., Schumpeter, 1942; Solow, 

1956; Schmookler, 1966; Freeman, 1974; Scherer, 1982) innovation is a pri-

mary source of rapid economic growth achieved by industrialized nations. 

Moreover, innovation is a key component of company competitive advantage 

in market economies (e.g., Barney, 1986; Bettis & Hitt, 1995; Teece, 2007). 

Innovation research accelerated in the 1940s and 1950s as Schumpeter 

(1942) described innovation through the process of creative destruction and 

Solow (1956) established the importance of innovation to economic growth. 

Companies innovate to improve their financial performance. Companies 

can gain above-average profits through the competitive advantage created by 

innovation (e.g., Smith, 1776, p. 63-64, Baumol, 1993). However, as compe-

tition between firms tends to decrease above-average profits over time 
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(Smith, 1776, p. 62), firms need to constantly enhance their competitive ad-

vantage and profitability (Teece, 2007). Moreover, innovation can have a 

positive impact on the stock market value of company (e.g., Chaney et al. 

1991; Sood & Tellis 2009) as the market valuation of a company should be a 

forward looking indicator of firm performance (Hall et al., 2005). 

Earlier innovation research suggests that market demand is the key driver 

and source of innovation (e.g., Di Stefano et al., 2012). The larger the poten-

tial market is, the more innovation activity will be directed toward it 

(Schmookler, 1966). Changes in market conditions such as relative factor 

prices (Hicks, 1932) and customer problems (Rosenberg 1969), geographic 

variation in demand (Griliches, 1957), and potential new market opportuni-

ties (Vernon, 1966) affect the pay-off of investments in innovation.  

In addition to market demand, science and technology, and governmental 

regulations can also have a considerable effect on the magnitude and direc-

tion of innovative activity. Advances in scientific understanding and technol-

ogy can bring about technological innovation (e.g., Nemet, 2009; Di Stefano 

et al., 2012) particularly when coupled with a market opportunity. Freeman 

(1974) found that successful innovations couple technical opportunity with a 

market opportunity for example through experimental development and de-

sign, trial production and marketing. Moreover, governments can influence 

innovation activity for example through market pull and technology push 

policies that alter private costs and pay-off of innovation (Nemet, 2009). Im-

portantly Pavitt (1984) showed that industry specific attributes significantly 

affect the relative importance of each driver of innovation. 

 

 

Several scholars have studied and described innovation through process 

models at the company level, i.e., how firms match technology with demand 

and capitalize on technology and demand as sources of innovation and com-

mercialize the results successfully (e.g., Di Stefano et al., 2012). Research 

within this literature stream has been inspired by three research domains – 

new product development processes, open innovation, and service-dominant 

logic – which will be briefly discussed in the following. A number of studies 

have researched new product development (NPD) processes, which typically 

focus on the management of in-house R&D, manufacturing and marketing 
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(Zirger & Maidique, 1990), and are characterized by extensive process plan-

ning and operations under secrecy (Chesbrough, 2003a, 2003b, 2004; 

Michel et al., 2008). The stage-gate model is a well-known NPD process that 

applies process management practices to innovation processes (e.g., Cooper, 

1990, 2005, 2007). In the stage-gate model, product ideas are submitted for 

technical and market assessment. After a preliminary elimination phase, the 

surviving ideas are transferred to a detailed investigation. Following that, a 

decision on the business case is made and feasible ideas continue to the next 

stages, i.e., development, testing and validation, and full production and 

market launch. Every stage is followed by a control checkpoint.  

An increasing number of companies make greater use of external ideas and 

technologies in their own business, and let unused internal ideas and tech-

nologies go outside for others to use. Henry Chesbrough described and 

named this innovation process ”open innovation” (Chesbrough, 2003a), 

which has since become a highly popular concept in innovation research. The 

basic premise of open innovation is that the sources of knowledge for inno-

vation are widely distributed in the economy and hence firms should open 

up the innovation process to benefit from this knowledge (Chesbrough & 

Bogers, 2014). Only recently Chesbrough and Bogers (2014) re-defined open 

innovation as a distributed innovation process based on managed knowledge 

flows across organizational boundaries, using monetary and non-monetary 

mechanisms in line with the organization's business model. In this defini-

tion, innovation refers to the development and commercialization of new or 

improved products, processes or services, while the openness aspect is rep-

resented by the knowledge flows across the organizational boundary 

(Chesbrough & Bogers, 2014). Key company processes for the implementa-

tion of open innovation include strategic decision-making, seeking opportu-

nities and evaluating their market potential, establishing partnerships and 

developing a diverse partner base, capturing value through commercializa-

tion, and balancing incentives and controls (Huizingh, 2011).  

The S-D logic approach provides a customer-centric view for evaluating, 

managing and developing innovation processes. According S-D logic (Vargo 

& Lusch, 2004), the value of an innovation is co-created with the client dur-

ing the innovation process rather than embedded in the output of the pro-

cess. Hence, innovation development should always be strategically targeted 

at a specific client’s need. Moreover, Lusch et al. (2010) argue that integrat-

ing the innovator’s value network is an imperative asset in the innovation 

process. Value network integration enables the effective management of 
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some of key questions related to the development of innovation, such as what 

is the most effective way to involve suppliers and clients in the design process 

of services and how to coordinate the value network to speed up the innova-

tion process. In summary, the S-D logic approach highlights the importance 

of strong client participation and value network involvement in a successful 

innovation process.  

 

 

Whether or not to invest in the development or adoption of an innovation 

is a fundamental question for most firms. The literature on the evaluation of 

the economic value of innovations has addressed this topic and will be briefly 

reviewed in the following as it has considerably inspired the present study.  

A number of studies have researched innovation investment decision-mak-

ing, and suggest that innovation investment decisions are made under high 

uncertainty. In market economies, a firm will primarily have an incentive to 

invest in new services and products only if it can later obtain profits that jus-

tify the initial investment (Schmookler, 1966; Winch, 1994). Stoneman 

(2001) argues that the decision to develop or adopt innovations is fundamen-

tally an investment decision made in an uncertain environment. In effect, the 

benefits from adopting a new technology are received during the life of an 

innovation and, in contrast, the costs are typically incurred at the time of 

adoption and cannot be recovered (Hall, 2004). Therefore, as in the case of 

the investment decision, the adoption of innovation is characterized by un-

certainty over future profit streams, irreversibility that creates at least some 

sunk costs, and the opportunity to delay. According to Encaoua et al. (2013), 

the uncertainties that are associated with the use, development, and market-

ing of an innovation can be divided into the three classes. First, technological 

uncertainty refers to the fact that companies that have committed resources 

to research and development activities are never sure beforehand that they 

possess the expertise necessary to transform the research and development 

results into a technologically viable service or product. Second, strategic un-

certainty arises from the fact that a company developing an innovation is 

never sure of being the first to introduce the innovation to the market. Fi-

nally, market uncertainty refers to the fact when a company commits to an 

innovation project it cannot be sure that sufficient market demand for the 

innovation exists at the time of market introduction. 
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In particular, innovation adoption decisions seem to be primarily based on 

a comparison of the uncertain life-cycle benefits of the innovation with the 

uncertain total costs of adopting it, and information about innovation (Hall, 

2004). Especially uncertainty about benefits, costs, or length of life seems to 

slow the rate of innovation adoption (Hall, 2004), also in the case of sustain-

ability enhancing innovations (Allan et al., 2014). Developers of an innova-

tion can reduce this uncertainty and influence the adoption decision through 

disclosing relevant information about the attributes of the innovation. For 

example, Rogers (2003) has classified the attributes that influence the po-

tential adopters of an innovation to five classes; 1) the relative advantage of 

the innovation; 2) its compatibility with the potential adopter’s current way 

of doing things and with social norms; 3) the complexity of the innovation; 

4) trialability, i.e., the ease with which the innovation can be tested by a po-

tential adopter; and 5) observability, i.e., the ease with which the innovation 

can be evaluated after trial. Obviously other factors such as market size, in-

dustry environment and structure, and cultural and social determinants 

strongly influence the adoption of innovations (Hall 2004). 

Finding and investing in innovations that are valuable is an important and 

challenging task for companies (Koen et al., 2002). Innovation selection is 

challenging because decisions have to be made in a short timeframe, and 

available information is typically incomplete and ambiguous (e.g., Eisen-

hardt, 1989; Collan & Kinnunen, 2011; Cousins et al., 2011). Moreover, the 

return on investment for innovations is difficult calculate beforehand as the 

benefits are expected to spread over many phases of the firm’s activities and 

to stretch into the distant future (Kasanen, 1993).  

In practice, companies perform innovation scanning, screening and evalu-

ation to prepare innovation investment decisions (Deschamps, 2009; Cous-

ins et al., 2011 Farrukh et al., 2013). Scanning refers to the investigation of 

innovations new to the industry or outside the traditional industry boundary, 

and a general preference to explore new knowledge (Cousins et al., 2011). 

Screening refers to the process of selecting a few investment opportunities 

out of a larger set of scanned opportunities for a deeper pre-investment anal-

ysis before making a final investment decision (Brown & Campion, 1994; 

Metrick & Yasuda, 2011; Collan & Kinnunen, 2011; Chan & Park, 2015). Ac-

cording to Farrukh et al. (2013) the evaluation of the potential economic 

value of an innovation has three key steps; 1) exploring the opportunities of 

new technologies; 2) quantification of the potential return of innovation; and 

3) communicating with the stakeholders of the innovation in order to reach 
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a common understanding of assumptions and approach (Farrukh et al., 

2013). Moreover, according to Farrukh et al. (2013) the evaluation of the in-

novation should be done jointly with customers and stakeholders through a 

numerical and visual business case to facilitate the adoption of the innova-

tion.  

There are several qualitative and quantitative methods available to evaluate 

the potential economic value of an innovation (Henriksen & Traynor, 1999; 

Verbano & Nosella, 2010; Farrukh et al., 2013). The most popular economic 

evaluation method is discounted cash flow (DCF) analysis, which is relatively 

easy to use (Farrukh et al., 2013). However, several studies suggest that DCF 

based evaluation systems are incapable of evaluating investments that are 

highly uncertain and take place far ahead in the future (e.g., Sharp, 1991; 

Trigeorgis, 1993; Trigeorgis, 1996). It seems that DCF cannot capture the 

value of future opportunities under high uncertainty, because it ignores the 

value of the flexibility of the innovation (Dixit & Pindyck, 1995; Trigeorgis, 

1996; Scarso, 1996). Of the many evaluation methods available, the present 

study concentrates on a method called real options analysis (ROA). ROA has 

been proposed as a promising method to evaluate the economic value of 

highly uncertain investments in innovation. (Chesbrough, 2003a; 

Vanhaverbeke et al 2008; Collan, 2011; Farrukh et al., 2013). 

ROA is an approach that is often considered to supplement the popular 

DCF analysis when evaluating investments in real assets. In ROA, embedded 

options in real asset investments are valued using option pricing techniques 

originating from the financial world. The most widely known techniques to 

solve the option value are the Black-Scholes equation, binomial option pric-

ing model and the Monte Carlo method (Amram & Kulatika, 1999). In all of 

the methods, the option value is calculated by determining the range of val-

ues of the underlying asset. The key component in determining the range is 

finding out the volatility of the asset. This has been relatively straightforward 

in the original applications of finance where detailed historical data has been 

available. However, with real assets this is often very challenging. ROA has 

received criticism (e.g., Lander & Pinches 1998; Oppenheimer, 2002) for this 

exact reason, even though the practical applicability of the approach has been 

well acknowledged. Recently the calculus related to valuing real assets with 

ROA has become more straightforward. For example, in the fuzzy pay-off-

method (FPOM) only 3 pay-off scenarios (minimum, best guess, maximum) 

are needed for investment valuation (Collan et al., 2009). Option value can 

then be calculated simply with a typical spreadsheet. In the context of the 
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pay-off method, the real option value is the possibilistic mean of the positive 

side of the value terrain weighted by the positive area of the pay-off distribu-

tion over the whole area of the pay-off distribution (Collan et al., 2009).  

The context of the FPOM is possibilistic, that is, the evaluations are consid-

ered to be normative judgments and not probability distributions. The inspi-

ration for the FPOM originally came from the Datar-Mathews method (Datar 

and Matthews, 2004), which calculates the real options value from the pay-

off distribution of net present values (NPV) generated by Monte-Carlo simu-

lations. Collan et al. (2009) realized that the probabilistic theory used in the 

Datar-Mathews method (and in other mainstream ROA methods) to treat for 

uncertainty could for modeling purposes be replaced with the fuzzy set the-

ory (Zadeh, 1965). In the fuzzy set theory, different propositions have a de-

gree of membership in a set, i.e., the membership is 0 (complete non-mem-

bership), 1 (complete membership) or a value between 0 and 1 (an interme-

diate degree of membership). This realization allowed a simplification of the 

projection of uncertainty from three NPV scenarios: minimum, best guess 

(i.e., the most likely scenario, which is normally drawn up in investment 

analysis) and maximum. These three scenarios are treated as triangular fuzzy 

numbers that form a triangular pay-off distribution where the best guess sce-

nario has complete membership, the minimum and maximum scenarios 

have complete non-membership, and other scenarios in-between have inter-

mediate degrees of membership. The NPV from these three scenarios is used 

as the basis for the creation of a triangular fuzzy number that is interpreted 

as a (simplified) fuzzy representation of the uncertain project net present val-

ue (Collan et al., 2009). 

An increasing number of studies apply ROA to assess the economic feasi-

bility related to sustainable building investments. In the field of ventilation 

systems, Greden et al. (2006) applied ROA to evaluate the profitability of an 

innovative HVAC system. In a case study, the option to switch a naturally 

ventilated building into a mechanically ventilated building was examined 

with ROA. In addition, ROA studies have examined the profitability of solar 

collectors (van der Maaten, 2010), space flexibility and modifiability (de-

Neufville, 2003; Greden & Glicksman, 2005) and green building certificates 

(Vimpari & Junnila, 2014). 
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Construction innovation literature has emerged to study innovation in the 

construction sector. The definitions for construction innovation differ par-

ticularly in terms of business orientation. Construction innovation has been 

defined merely as a design solution for a building (Toole, 1998). In contrast, 

for example Slaughter (2000) and Seaden et al. (2003) define construction 

innovation as new products, processes, or systems that contain substantial 

and non-trivial improvements and that are actually used by a company. 

Moreover, the aim of construction innovation is to enhance company effi-

ciency (i.e., improved quality, lower production costs) and/or effectiveness 

(i.e., greater market share, client satisfaction) (Seaden et al. 2003). The pre-

sent study understands construction innovation in the line of Slaughter 

(2000) and Seaden et al. (2003).  

Innovations in the construction sector diffuse slowly (Winch, 1998). The 

construction sector has distinctive characteristics that affect the innovation 

process; value networks are complex by nature, activities are project-based 

and regulated (e.g., Winch, 1998; Miozzo & Dewick, 2002; Dewick & Miozzo; 

2004, Toole et al., 2013; Bygballe & Ingemansson, 2014). The slow rate of 

innovation diffusion can be attributed to an industry characterized by ex-

treme fragmentation and technological risk aversion due long time horizons 

and high capital costs (Sheffer & Levitt 2010). Moreover, the culture of low 

cost competitive bidding and principal and agent problems slow down inno-

vation diffusion (Sheffer & Levitt 2010). Moreover, a considerable share of 

construction innovations are systemic innovations that require multiple 

firms in a network to change practices in a coordinated way (Sheffer & Levitt 

2012). 

Clients can have a considerable effect on construction innovation. The end 

customer of the construction company, i.e., the client, person or a company, 

is responsible for commissioning and paying for the construction project 

(Anumba et al., 1996). Clients are a versatile group, which differ for example 

in terms of their experience and expertise, and business model. For example, 

investors are usually seeking short-term returns while user-owners usually 

have a longer investment horizon with broader scope of targets (Barlow, 

2000). Clients’ role in construction innovation is highlighted, as they specify 

the requirements for building performance and for project participants 

(Seaden & Manseau, 2001, Blayse & Manley, 2004), generate trust and col-

laboration between project participants (Bygballe and Ingemansson, 2014), 
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and often carry a number of the risks associated with the innovations (Nam 

& Tatum, 1997). Clients can have a considerable positive effect on construc-

tion innovation (Gambatese and Hallowell, 2011) particularly in the case of 

public sector clients with innovative demands (Bossink, 2004). In addition, 

client input can be valuable for the innovation development of construction 

companies. In fact, as the requirements related to a building’s design and 

performance increase constantly, it becomes increasingly important for con-

struction companies to actively investigate customer needs, and utilize the 

feedback in the management, design and development of new services and 

products (Bock & Linner, 2015). However, clients can also hinder construc-

tion innovation for example due to lack of domain experience (Nam & Tatum, 

1997).  

In addition to clients, systems integrators and manufacturing companies 

have a central role in construction innovation. In a complex industry such as 

construction, firms have to rely on the capabilities of other firms to produce 

innovations (Blayse & Manley, 2004). In particular, the role of a systems in-

tegrator, typically principal architect/engineer and/or principal contractor, 

can be central in construction innovation as an integrator, implementer and 

even the source of innovation (Slaughter, 1993; Nam & Tatum 1997; Winch, 

1998; Slaughter, 2000; Dewick & Miozzo, 2002). In effect, unless the sys-

tems integrator is convinced of the merits of the innovation, and has the skills 

to incorporate it into the system as a whole, innovation implementation is 

likely to be slow (Nam & Tatum, 1997). The systems integrator’s ability to 

invest in innovation seems to depend on three main factors; the structure of 

ownership and management, quality of in-house diffusion processes, and 

collaboration with firms and external sources of knowledge (Dewick & Mi-

ozzo, 2002). Finally, the R&D programs of manufacturing companies have 

been found to be key sources of innovation in the construction sector (Blayse 

& Manley, 2004).  

The implementation of construction innovations in projects is a key phase 

in construction innovation processes (Winch 1998; Slaughter, 2000; Blayse 

& Manley, 2004). However, according to the recent literature review on con-

struction innovation presented in Xue et al. (2014), the literature on con-

struction innovation processes at the project level is relatively limited, com-

pared to the literature streams that have gained most attention in construc-

tion innovation studies, such as collaboration.  

Within the literature focusing on the implementation of construction inno-

vation in projects, a number of studies are based on the research done by 



 22 

Winch (1998), and Slaughter (1998, 2000). According to Winch (1998), con-

struction innovation has three main processes. First, companies adopt new 

ideas, second, innovations are implemented in specific construction projects, 

and third, problem solving and learning during projects brings about new 

innovations and diffusion capabilities to companies (Winch, 1998). The key 

point of the model presented by Winch (1998) is that most construction in-

novations are not implemented in the firm developing the innovation but ra-

ther in the construction projects that the firm is engaged in at the time. 

Therefore, construction companies must first make the decision to adopt in-

novation, and also be capable of implementing it in projects.  

In line with the construction innovation model by Winch (1998), Slaughter 

(2000) developed a six-stage model for planning the use and implementation 

of construction innovation in construction projects from the construction 

company perspective. The aim of the model is to reduce avoidable uncer-

tainty and risk, and increase the effectiveness of innovation use. The six 

stages of the model are identification; evaluation; commitment; detailed 

preparation; actual use; and post-use evaluation. The stages are briefly de-

scribed in the following. At the first stage, construction project objectives and 

organization are clearly specified. Moreover, potential innovation alterna-

tives to achieve those objectives are searched throughout the value chain and 

also outside the construction industry.  

At the evaluation stage, the preliminary set of innovation alternatives are 

evaluated in respect to the project objectives and key criteria, e.g., financial 

targets, building qualities, long-term facility performance and risks (Slaugh-

ter, 2000). According to Slaughter (2000) an explicit investigation of the po-

tential benefits of an innovation is necessary at this stage to reveal the full 

range of the benefits of the innovation to the stakeholders of the project. The 

aim is to prepare the decision on adopting the innovation. Interestingly, 

while building investment decisions are typically based on feasibility studies, 

it seems to be an exception that the potential economic value of construction 

innovations is evaluated in construction projects. For example, building in-

vestment feasibility studies and project documents do not typically contain 

quantitative analysis of economic life-cycle benefits and costs of design solu-

tions (Elf & Malmqvist, 2009; Zimina et al., 2012). In addition, the adoption 

of new technologies does not seem to be a systematic process in construction 

companies. In fact, investment justification is often based on intuition rather 

than an analysis of benefits and costs (Mitropoulos & Tatum, 1999).  
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Following the evaluation stage, the construction company commits to the 

innovation that was selected after the evaluation (Slaughter, 2000). The 

company’s commitment is demonstrated through the allocation of resources 

to the implementation of the innovation, and often by making a public an-

nouncement on its decision to use the innovation. During the preparation 

stage, the construction project team needs to be able to accomplish two key 

activities; first to actually obtain the resources; and second to develop and 

train the personnel who will be involved in the onsite implementation. Dur-

ing the use stage, adjustments and changes are made to the innovation on-

site to obtain the expected benefits, or to enhance the level of benefits ob-

tained. Moreover, the on-site personnel learn about the innovation and how 

to use it. In the final stage, a post-use evaluation is carried out. The evalua-

tion compares the expected benefits and costs to the actual outcomes, and 

reviews and if necessary updates the project and company evaluation criteria 

based on the experience with the innovation. 

Typically, construction innovations are changes introduced into large, com-

plex systems (Slaughter, 2000). Slaughter (1998, 2000) divides the types of 

construction innovation into five categories. The categories are incremental, 

modular, architectural, system, and radical innovation. Incremental innova-

tions are modest improvements in a product, process or system, with no or 

only minor changes in the links to other components or systems. In contrast, 

modular innovations have a major improvement in a core concept or area, 

but no or only minor changes in the links to other areas or components. Ar-

chitectural innovations assume minor improvements to a core concept or 

area, but require considerable changes in other components or systems. A 

system innovation is a combination of innovations that are integrated to pro-

vide new functions or attributes. Finally, radical innovation is a significant 

new concept or approach. 

The evaluation and implementation process of construction innovations 

depends on the type of construction innovation. For example, while the eval-

uation of an incremental innovation can be straightforward, the evaluation 

of a system innovation must cover a combination of innovations at the sys-

tem level. Moreover, a system innovation cannot be directly compared to ex-

isting alternatives, since it often provides new features, but may instead be 

compared to the current existing system in respect to the reaching of the 

owner’s targets (Slaughter, 2000). 

 



 24 

 

The importance of sustainability in the construction sector has been grow-

ing during the past decades (Warren-Myers, 2012; European Commission, 

2013, World Green Building Council, 2014). Moreover, business opportuni-

ties for new cost-effective services and products that improve sustainability 

in the built environment are substantial (McKinsey & Co., 2009). The appli-

cation of the concept of sustainable development to the construction and real 

estate sector has been subject to standardization, for example, in the ISO 

15392:2008. The international standard (ISO 15392, 2008) proposes general 

principles for the analysis of sustainability along the whole lifecycle of build-

ings. Sustainability is presented as the minimization of adverse impacts and 

the encouragement of positive spinoffs at both the local and global scale dis-

cussing economic, social and environmental aspects. Environmental aspects 

include the use of resources and impacts on the environment such as energy, 

water, waste, greenhouse gas emissions and more globally resources deple-

tion, etc. Social aspects encompass impacts on life quality such as health and 

comfort and interactions with society such as social equity, cultural heritage, 

etc. Economic aspects include in particular lifecycle costs and the develop-

ment of property values. 

Several earlier studies have found that investing in sustainability and ac-

counting for the value of sustainability has economic significance for con-

struction sector organizations, e.g., property investors (Turner & Frankel, 

2008; Fuerst & McAllister, 2008; Eichholtz et al., 2009; Fuerst & McAllister, 

2011; Sayce et al., 2013), property developers (Bryson & Lombardi, 2009) 

and facility management companies (Nousiainen & Junnila, 2008).  

Property investors seem to benefit from eco-certified buildings through ad-

ditional occupier benefits, increased rental income, property value, and de-

creased property costs. For example, Fuerst and McAllister (2008, 2011) 

have documented that eco-certified buildings obtain a rental and an asset 

price premium. The authors found that there is a rental premium of approx-

imately 5% for a LEED (Leadership in Energy and Environmental Design) 

certification and 4% for an ENERGY STAR certification. Moreover, the pre-

mium for sales prices reached 25% for LEED-certified buildings and 26% for 

ENERGY STAR. In addition, Eichholtz et al. (2009) studied value differences 

between certified and non-certified properties. They compared properties 

with ENERGY STAR and LEED certificates to otherwise similar properties. 
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The results were quite straightforward; the buildings with certificates had 

approximately 3% higher rents than the buildings without certificates. In ad-

dition, studies (e.g., Shiers, 2000; Turner & Frankel, 2008) have shown that 

operating expenses are lower in certified buildings. However, more research 

evidence is needed on the connection between sustainability and real estate 

market value, and practical valuation methods to account for the value of 

sustainability in order to incorporate the sustainability qualities of buildings 

in real estate valuation practice (Warren-Myers, 2012). 

Sustainability can function as a competitive strategy in property develop-

ment and facility management. Bryson and Lombardi (2009) found that for 

property developers the economic benefits of sustainability include en-

hanced product differentiation, increased ability to attract tenants and inves-

tors that have incorporated corporate social responsibility into their business 

practices, and the reduction of long-term running costs. Moreover, custom-

ers expect facility management companies to engage customers into new sus-

tainability business development and value creation. For example, 

Nousiainen and Junnila (2008) found that large international end-user com-

panies appear to have new kinds of expectations towards facility manage-

ment companies. Facility management companies are expected to provide 

services supporting the environmental management of their customers, 

which offers new business development opportunities for the companies. 

Moreover, an increasing number of end-user companies wish to receive com-

prehensive reporting and recommendations on improving the company’s or 

a facility’s environmental performance.   

In spite of the increasing attention given to the economic impact of sustain-

ability in the construction sector, the academic literature discussing sustain-

ability innovation in the construction sector has emerged only quite recently. 

Most of the sustainability innovation studies in the sector focus on the role 

of regulatory authorities (Bröchner et al., 1999; Dewick & Miozzo, 2004; 

Manley, 2008). 

 

 

The theoretical background of this research is in innovation research (e.g., 

Schumpeter, 1942; Schmookler, 1966; Freeman, 1974; Scherer 1982), inno-

vation processes and evaluation of the potential economic value of innova-

tions (e.g., Cooper, 1990; Chesbrough, 2003a; Vargo & Lusch, 2004; Hall, 



 26 

2004; Greden et al., 2006; Farrukh et al., 2013), construction innovation 

(e.g., Winch, 1998; Slaughter, 2000) and the economic significance of sus-

tainability in the construction sector (e.g., Fuerst and McAllister, 2008; Eich-

holtz et al., 2009).  

The present study addresses a research gap concerning the evaluation of 

sustainability innovations in construction company innovation production 

and construction projects. Previous innovation and construction innovation 

studies suggest that a company will have an incentive to invest in the devel-

opment of new services and products only if it can later obtain profits that 

justify the initial investment. Moreover, earlier literature suggests that inno-

vating together with clients and value networks is essential to develop inno-

vations that are targeted at client needs and to reduce the market and tech-

nological uncertainties related to innovation process. However, research and 

knowledge on how construction companies can evaluate sustainability inno-

vation production is limited. Moreover, earlier construction innovation liter-

ature (Winch, 1998; Slaughter, 2000) has identified that construction inno-

vations are implemented in projects and that the evaluation of innovation is 

a key stage of innovation the implementation process to reduce avoidable 

uncertainty and risk and increase the effectiveness of innovation use. In par-

ticular, the benefits of construction innovations need to be explicitly exam-

ined in construction projects. According to earlier studies (Mitropoulos & Ta-

tum, 1999; Slaughter, 2000), more research is needed that addresses the 

topic both qualitatively and quantitatively in real life construction business 

and project settings, where investment decisions for innovation need to be 

made systematically, rapidly and with limited, ambiguous and incomplete 

data. The research area has also been recognized as a major capacity devel-

opment area for construction companies and the whole sector (Winch, 1998; 

Slaughter, 2000). Consequently, there is a need for empirical research on the 

evaluation of sustainability innovations in the construction sector. 

 

  

 

 

  



   27

This thesis includes six research papers. This chapter presents a summary 

of the papers. The summaries briefly review the main aims and contributions 

of each paper from the perspective of their contributions to the research 

questions of the thesis. Overall, the papers show how construction compa-

nies can evaluate sustainability innovations. The full papers are appended to 

the dissertation. 

 

 

The first paper investigated the challenges of sustainability innovations in 

the construction sector and the potential solutions to these challenges. In the 

paper, the challenges of sustainability innovations in the construction sector 

were evaluated via semi-structured interviews of venture capital investors 

(VC) and construction companies involved in sustainability innovations. The 

aim of the analysis was to identify the key challenges facing the construction 

sector in terms of producing sustainability innovations from the perspectives 

of construction companies and venture capitalists. The challenges identified 

in earlier studies were used as background material for the semi-structured 

interviews. After the analyses, three construction innovation experts were in-

terviewed to evaluate the results and suggest potential solutions to overcome 

the challenges.  

Three VCs and five construction companies were analyzed. The VCs head-

quartered in Finland have altogether invested more than 480 million euros 

in sustainability innovations, especially in renewable energies and in energy 

saving technology companies in Finland and elsewhere in Europe. The com-

panies were specialized in engineering projects, developing and manufactur-

ing steel structures, developing and manufacturing products for indoor en-



 28 

vironments, developing and manufacturing modular products, and produc-

ing lifecycle cost analysis services. Four of the construction companies were 

based in Finland and one was based in Sweden. 

The results of the article imply that complex value networks and team 

building are the key challenges of sustainability innovations in the construc-

tion sector from the perspective of innovating companies and financiers. In-

troducing innovations to the market is difficult due to the fragmented nature 

of the construction sector value network. Consequently, commitment and ac-

ceptance by multiple stakeholders is required in the innovation process. 

Every company and VC also raised the issue of team building, as there is a 

lack of multidisciplinary entrepreneurial teams capable of managing com-

plex value networks and innovations. Moreover, almost all VCs and compa-

nies pointed out pending regulatory decisions and the lack of R&D and com-

mercialization management competences as challenges to innovation. Sev-

eral VCs and companies identified long-term research and development 

background required for innovation, project-based operations, internation-

alization, and fundraising as challenges. A summary of the findings is pre-

sented in Table 2. 

 
Table 2. Summary of the identified challenges in companies 1-8  

Innovation  
challenge 

1 2 3 4 5 6 7 8 

Complex value network X X X X X X X X 
Team building X X X X X X X X 
Long-term research and development 
background for innovation 

X X X      

Pending regulatory decisions X X X X  X   
R&D and commercialization manage-
ment 

   X X X X X 

Project-based operations     X X X   
Internationalization      X X  
Fundraising       X X 

 

The challenges related to project-based operations in the construction sec-

tor, internationalization and fundraising, were present mainly in construc-

tion companies. In addition, in contrast to VC investors, all construction 

companies did not identify pending regulatory decisions as challenges to in-

novations. Moreover, while VC investors consider the length of time to mar-

ket and the sunk costs related to sustainability innovations as primary issues 
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in the area of R&D management, the companies felt that it is primarily a 

question of developing better tools and processes for innovation manage-

ment. 

After the analyses, three construction innovation experts verified that the 

findings are also applicable in Switzerland and further suggested that they 

are key challenges more generally related to innovation in Europe. The inter-

viewees argued that client demand is one of main drivers for overcoming the 

key challenges. In addition, the experts suggested the challenges also include 

convincing property investors and local policy makers of the benefits of sus-

tainability innovations.    

 

 

The second paper evaluates how commercial sustainability innovation pro-

jects in the construction sector utilize the contemporary market-oriented in-

novation models based on service-dominant logic (S-D), and the extent to 

which clients and value networks participate in the innovation projects. The 

paper analyzes the survey results of 44 company driven sustainability inno-

vation projects in the construction sector. The organizations participating in 

the innovation projects varied in type and size. In addition to privately owned 

companies, the participants included public utilities, municipalities and re-

search organizations. There were also differences in the total project budgets, 

which ranged from under € 50,000 to more than € 10,000,000.  

Based on the reviewed literature, a framework for sustainability business 

innovations (SBI) was created to frame the empirical analysis of the innova-

tion projects. The framework was originally presented in Kajander et al. 

(2010). The SBI framework consisted of three components: discontinuity of 

innovation, active client participation and value network involvement. The 

premise of the framework is that an effective and efficient innovation process 

is based on customer and value network involvement and ambitious discon-

tinuous innovation targets. 

The discontinuity of innovation is one of the components, because instead 

of incremental steps, businesses should strive to make radical leaps in new 

products and services. Discontinuity is particularly relevant for sustainability 

innovation due to the short-time frame available for corrective actions. Dis-

continuity of innovation entails a twofold benefit of creating new business 

opportunities, as well as having a potentially greater impact on reducing the 
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environmental burden. Moreover, S-D logic argues that active client partici-

pation is beneficial for innovation because it enables companies to target 

their development efforts according client needs and value. Furthermore, 

value network involvement enables companies to reduce the need for in-

house technological and business expertise, and ensures that external ideas 

and resources are used in the development project. In addition to these com-

ponents, a rapid commercialization process with built-in feedback loops is 

needed for two reasons. First, in regard to the environmental benefits of sus-

tainability innovations, sooner is considered better. Second, entirely new 

products and services entail great risks. Therefore, development projects 

aiming at radical innovation should attempt to enter the market at the earli-

est possible moment. In the framework provided, sustainability is under-

stood as a value that penetrates the entire innovation process, including all 

of its decision points. A summary of the components involved in the sustain-

ability innovation framework is presented in Table 3. 

 
Table 3. Sustainability business innovation framework (Sivunen et al., 2013) 

Primary SBI components Description 
Discontinuity of innovation Projects should strive to make radical 

innovations instead of incremental im-
provements. 

Active client participation The client must be seen as a co-creator 
of value and thus should participate ac-
tively in the entire project. 

Value network involvement The value network consists of actors 
other than the client, such as regula-
tory bodies, competitors and universi-
ties. Its involvement heightens an or-
ganization’s sensitivity to external 
ideas and enables ideas to be exploited 
more efficiently. 

 

The results indicate that over a third of the examined projects lack all the 

required innovation components of the SBl framework. Moreover, only 14 

percent of projects have all three SBI components in line with S-D logic. Less 

than half of the projects, 41 percent, include two or three components. The 

presence of SBI components in the studied projects is presented in Table 4.    

 

Table 4. The frequencies of SBI components in the studied projects (Sivunen et al., 2013) 

All three components  13.6% (6) 
At least two components 40.9% (18) 
At least one component 65.9% (29) 
None of the components 34.1% (15) 
Note: n = 44  
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The active customer participation component refers to the client participat-

ing actively in the innovation project, or bearing the main responsibility 

throughout the entire project. The empirical analysis suggests that active cli-

ent participation is the most common component in the studied projects with 

a clear margin for discontinuity of innovation and value network involve-

ment, as displayed in Table 5. The clients participated actively in the projects 

in over 50 percent of the cases. Clients’ active participation in projects, or 

project responsibility and close cooperation from the idea to the market stage 

are found in a greater proportion of projects, 70.5 and 61.4 percent, respec-

tively. Furthermore, the few projects that have incorporated the elements of 

successful SBI in their activities do not seem to utilize feedback from a quick 

market entry.  

Table 5. A comparison of the frequencies at which specific innovation components and sub-
components are present in the examined projects (Sivunen et al., 2013) 

SBI component 

Subcomponent 

Percentage frequency (quantity) 

Discontinuity of innovation 
Change in customer behavior 
Change in organization’s value crea-
tion 

Active customer participation 
Customer is active or bears the main 
responsibility 
Close cooperation from the idea to 
market stage 

Value network involvement 
Business-oriented value network 
Technology-oriented value network 

Note: n = 44 

36.4% (16) 
65.9% (29) 
56.8% (25) 
 
 
52.3% (23) 
70.5% (31) 
 
61.4% (27) 
 
 
31.8% (14) 
6.8% (3) 
29.5% (13) 
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The paper suggests that sustainability innovations fail commercially in the 

built environment because they lack active client participation and value net-

work involvement, and they aim for incremental instead of radical improve-

ments. Moreover, the paper demonstrates that S-D logic can be used to un-

derstand client and value network involvement in company-driven innova-

tion projects in the construction sector. 

 

 

This paper focused on the evaluation of the economic value of SBI to con-

struction sector company shareholders by investigating the possible connec-

tion between SBI and firm market value in the construction sector. It contin-

ued the research done on SBI in papers I and II by studying whether these 

innovations have relevance to big construction companies’ market capitali-

zation and shareholders. An event study model was used to analyze 30 SBI 

announcements and the financial information of 10 large international con-

struction companies. The turnover of the companies range from 1.2 billion to 

20.2 billion euros, and the companies operate in the fields of construction 

sector project development, construction related services, engineering and 

infrastructure, and property solutions, and in several different markets, 

mostly in Europe.  

The research process of this paper had 4 phases. First, previous studies on 

the effects of environmental performance and innovation on market value, 

and sustainability innovation in the construction sector were covered to de-

velop a testable hypothesis and select a suitable econometric model. Second, 

the event study method was presented and the econometric model for this 

study specified, and following that the abnormal returns were computed and 

aggregated. The abnormal returns for the event study were computed based 

on the following methodology (MacKinlay, 1997): 
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where  is the period-  abnormal return for security ;  is the period-  
normal return for security  is the period-  return on market portfolio 

;  

 

 

 

 

 

 

 

 

 

 

 

An appealing quality of the event study method is that the direction of cau-

sation is quite clear. In an event study approach, the stock price of the firm 

is explained by the event after controlling for trends and volatility (Khotari & 

Warner, 2006). Thus, the event study measures the stock market reaction to 

new information in an event, which is assumed to be proportional to the net 

present value of the new information. Third, empirical data was collected and 

three data sets were constructed; construction sector companies, SBI an-

nouncements and financial data. Altogether over 500 potential SBI press re-

leases were scanned and the tentative SBI press releases were analyzed fur-

ther as to whether they actually contained any SBI components; client in-

volvement, value network integration and discontinuity of innovation. The 

analysis and classification process for the announcements included four ex-

pert group workshops. The workshops focused on a qualitative and quanti-

tative evaluation and ranking of the selected press releases. An announce-

ment was classified as SBI if it was thematically related to sustainability and 

contained client involvement, discontinuity of innovation and a value net-

work. Finally, the hypothesis on the connection between SBI and firm market 
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capitalization was tested with the event study model for 30 innovation an-

nouncements of 10 companies, and the results were presented as shown in 

Table 6. 

 

Table 6. Results for the base scenario. Table presents the variance , abnormal return 
, cumulative variance , cumulative abnormal return  and cu-

mulative test statistic for the base scenario. 

 

As illustrated in Table 6 there are a total of 30 SBI announcements of which 

22 have positive abnormal return  and 8 have negative abnormal re-

turn. The cumulative abnormal return  for all events is 0.82%, 

which is statistically significant at the 0.05 significance level.  The results im-

ply that shareholders seem to recognize the potential economic value of SBI 

in construction companies. The empirical findings indicate that SBI an-

nouncements and firm market value in the construction sector are statisti-

cally significantly and positively associated. SBI announcements are associ-

ated with a 0.82% increase of a construction firm’s stock market returns. The 

main finding is well-aligned with the findings from earlier studies suggesting 

that innovation announcements (e.g., Chaney et al., 1991) and sustainability 

announcements (e.g., Klassen & McLaughlin, 1996) are positively associated 

with abnormal stock price increases.  
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The findings are relevant for the top management of construction compa-

nies in terms of business development. In effect, public commitment to SBI 

may have a positive shorter-term impact on construction company market 

capitalization. Information on SBI can be useful to stock market investors for 

assessing the future growth potential of a construction firm. It could be that 

an SBI announcement can be seen as a proxy for a firm’s innovation capabil-

ity and a subcomponent of a firm’s intangible assets that generate future cash 

flows.  

 

 

This paper studied how real option analysis (ROA) can be used to evaluate 

a sustainability innovation investment that enhances building physical flexi-

bility in a construction project. The purpose of this paper was to explore how 

ROA can be used for valuing flexibility in an office retrofit project, present a 

research process for valuing the flexibility in the retrofit investment case, and 

evaluate the empirical usability of real option valuation results compared 

with traditional discounted cash flow (DCF) valuation results. This paper 

acknowledges that ROA has been developed particularly to emphasize the 

uncertainty of future cash flows. In contrast to the current industry standard 

for investment evaluation, the discounted cash-flow method, it operates with 

future options rather than adjusting financial variables such as the discount 

rate, which could result in myopic decisions particularly when evaluating 

new service and product concepts.  

In this paper, the potential economic value of flexibility was evaluated in a 

case study, which is an office retrofit project of a large property owner in Fin-

land, Senate Properties. Senate has experienced that DCF cannot properly 

independently address the uncertainty in the space requirement of the ten-

ants. In short, the uncertainty is incorporated into the DCF by adjusting the 

discount rate, which is a single number depiction of the risk of an investment. 

Thus, for determining the economically justifiable value of flexibility, Senate 

would have to determine the difference in the discount rate between a flexi-

ble building and a non-flexible building. Compressing the uncertainty of the 

space requirements into a single percentage number is not very intuitive and 

comprehensible. On the other hand, in ROA, the range of uncertainty is ex-

amined without adjusting the discount rate. 
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A newly introduced ROA method, the fuzzy pay-off method (FPOM) for real 

options valuation (Collan et al., 2009), was used for valuing the flexibility. 

The main advantage of the method is its practical applicability, i.e., only three 

scenarios (minimum, best guess and maximum) are needed for the valua-

tion. These three scenarios are treated as triangular fuzzy numbers that form 

a triangular pay-off distribution where the best guess scenario has complete 

membership, the minimum and maximum scenarios have complete non-

membership, and the other scenarios in-between have intermediate degrees 

of membership. This asymmetrical information is used as the basis to form a 

triangular pay-off distribution that is “a graphical presentation of the range 

of possible future pay-offs the investment can take” (Collan et al., 2009), 

which is illustrated in Figure 2. 
 

 

Figure 2. A triangular pay-off distribution defined by three points describing the net present 
value of a prospective investment; percentages 20 and 80 are for illustration purposes only. 

 

A seven-phase research process was used to create the three scenarios re-

quired for the FPOM. The research process involved defining vacancy sce-

narios for rental agreements, transforming them into potential income 

achievable with flexibility, estimating the cost of flexibility, comparing the 

potential income with the costs and valuing the real options.  The data of this 

paper included investment case, rent-roll, building design and layout data 

and data from expert workshops. 

The case study shows that a specific type of innovation investment that en-

hances sustainability, physical flexibility, can be evaluated with ROA from 

the client and tenant perspective. In particular, the applicability of the fuzzy 

pay-off method into a practical investment case was found straightforward, 

because the assignment of probabilities into different uncertainty scenarios 

was unnecessary. For the case building, the present value of the pay-off from 

flexibility ranged from negative 58 eur/sqm to positive 130 eur/sqm, de-

pending on the tenant.  
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The analyses revealed the economically feasible extent of flexible space and 

where it should be located. For the client, the Senate, these analyses provided 

guidelines for the designers to plan the new layout to be as economically op-

timal as possible. The tenant specific analyses are an important addition to 

the first argument that the whole building should not be constructed to be 

flexible.  

This paper points out that the client’s investment experts perceived ROA as 

a valuable approach to systematically sharing and analyzing investment de-

cision-making information inside the company. The main advantage of the 

method compared to DCF valuation was the handling of uncertainty, i.e., in-

dividual tenant risks were assessed more carefully and systematically by ac-

knowledging several sources of information. Also, the projection of the three 

scenarios into the building layout provided Senate with a comprehensible re-

sult that showed the potential vacancy for each. tenant. 

 

 

The fifth paper investigated and demonstrated ROA as a new approach to 

the evaluation of the economic benefits and pay-off of sustainability innova-

tion in a real life construction project. The research was carried out as a case 

study, which was a healthcare construction project in Finland aiming to pro-

duce new facilities for over 280 healthcare professionals. The evaluated sus-

tainability innovation investment in the case study was a modifiable ventila-

tion system. The system enables adding more ventilation capacity and in-

creasing ventilation rate if necessary, which can produce significant eco-

nomic benefits to the tenant during the use of the building. The economic 

benefits of a modifiable ventilation system were measured as cost savings 

from a potentially lower sick leave rate for the tenant organization. In this 

study, the fuzzy pay-off method (FPOM) was used to compute real option 

values. Moreover, the main sources of data consisted of tenant’s strategic 

plans, case projects’ feasibility study reports, articles and briefing, and expert 

workshops.    

The research process, i.e., the valuation of the potential economic benefits 

of the modifiable ventilation system investment, proceeded in seven steps:  

1)  Documenting the current state of the tenants’ personnel sick leave rate 

and annual costs and estimating yearly personnel reduction/growth (i.e., the 
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percentage of personnel per year) and the distribution of the sick leave rate 

during the investment period;  

2)  Assessing the potential effect of increased ventilation rates on the sick 

leave rate based on the findings from earlier literature and expert workshop; 

3)  Comprising three different scenarios of annual sick leave rate reductions 

by connecting the findings from phases 1 and 2;  

4) Converting the scenarios into potential cost savings scenarios achievable 

with increased ventilation rates;  

5)  Calculating the real option value of the economic benefits using the po-

tential cost saving scenarios;  

6)  Calculating the costs of investments;  

7)  Calculating investment pay-off, i.e., real option pay-off for the invest-

ment by converting the cost savings scenarios to net pay-off scenarios by tak-

ing into account the costs of investments.   

The main finding of this article is that ROA seems to be a viable method to 

evaluate the economic benefits and profitability of investments in sustaina-

bility innovation, such as a modifiable ventilation system, in real life con-

struction projects. The investments seem to have several option characteris-

tics such as high uncertainty and long investment period. ROA with FPOM 

takes this uncertainty of into account through three pay-off scenarios: mini-

mum, best guess and maximum. This is also a key difference between ROA 

and DCF investment calculations as DCF typically accounts only for one pay-

off scenario and the discount rate is adjusted to account for uncertainty, 

which is not very intuitive and comprehensible.  

While the results of this study are only suggestive, the economic benefits 

associated with better indoor air quality (IAQ) seem to be considerable. The 

economic benefits of better IAQ was almost 4 million euros and the modifia-

ble ventilation system investment had a positive real option pay-off exceed-

ing 0.5 million euros. It appears that for the tenant it is profitable to pay up 

to 5.3% (1.6 eur/SQM/month) higher rent for the building with a modifiable 

ventilation system compared to a similar building in the same location with 

only a standard ventilation system, keeping other things equal.  

The results from this quantitative analysis revealed interesting insights also 

to the investor. In effect, in the case that the tenant is willing to pay such a 

premium for better IAQ through a modifiable ventilation system in the new 

building, better IAQ can also be seen as a rental upside for the building 

owner. The magnitude of the economic benefits of IAQ investments docu-

mented in this article is in line with findings from earlier studies (e.g., Fuerst 
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and McAllister, 2008; Eicholtz, 2009) on the increased rental income of eco-

certified buildings. 

The managerial construction of this analysis, i.e., the ROA process and out-

put presented in this study, was used as an investment feasibility analysis 

document in the actual investment decision-making process of the project. 

The decision-makers appreciated particularly the systematic ROA process 

which brings experts together to incorporate the sources of uncertainty and 

the numerical presentation of the potential economic benefits and costs re-

lated to the investments. Later on in the building briefing process, the results 

of this analysis were applied in setting the target value of design for the ven-

tilation system. Moreover, the ROA approach was also used for the optimi-

zation of building service flexibility and adaptability in the project.  

The results have practical implications for investors, designers and tenants. 

ROA is a promising approach to analyze the potential economic value of sus-

tainability innovation investments. Moreover, ROA may help to alleviate the 

potential principal-agent and asymmetric information problems in the in-

vestments. In practice, it may facilitate project stakeholders to effectively and 

transparently communicate the characteristics, uncertainties and benefits of 

the investments. The empirical analysis produced in this paper was perceived 

valuable by the case study tenant and investor and can be used as guidance 

and motivation for further applications of analyzing the economic benefits of 

and setting targets for indoor environment investments.  

 

 

The sixth paper addresses the evaluation of sustainability innovation in-

vestments in a real life Public Private Partnerships (PPP) construction pro-

ject setting. PPPs are an established alternative to direct investment in con-

struction projects in the municipal sector. The purpose of this paper was to 

use ROA for evaluating risk management actions and investments in a 

healthcare project based in Finland. The three main sources of uncertainty 

were identified related to the targets of the client organization of the project. 

Accordingly, the risk management investments for managing the uncertain-

ties were proposed and their potential economic value was examined with 

the developed ROA process. ROA was used to evaluate investments in flexi-

ble design, physical flexibility of the healthcare building and a building inte-

grated on-site source energy. 
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The potential economic value of flexibility designed in a parking structure 

was 680 000 € in comparison to the original design. Physical flexibility for 

managing the uncertainty in final space demand was found to have a value 

of 460 000 €. The building integrated on-site energy source production for 

addressing the uncertainty in raising energy costs was found to have an op-

tion value of 440 000 €. The client received benefits from ROA such as deci-

sion-making information directly applicable to investment decision and 

guidelines for developing briefing and design management documents; thus, 

potentially improving project profitability in later life-cycle stages.  

This case study showed that ROA can be used to evaluate opportunities and 

uncertainties inside a PPP project, and to evaluate the potential economic 

value of investments to realize opportunities and cope with the uncertainties.  
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The aim of this research is to examine the evaluation of sustainability inno-

vations in the construction sector as well as demonstrate the use of real op-

tion analysis for the evaluation of the potential monetary benefits of sustain-

ability innovation investments. Next, the findings of the papers are discussed 

relative to the aim of the research. 

The results of the qualitative and quantitative data suggest that construc-

tion companies can evaluate their sustainability innovation development by 

investigating client and value network engagement in their innovation pro-

jects. The results of the present study imply that the complex value network 

of the construction sector is a key challenge of sustainability innovations as 

commitment and acceptance by multiple stakeholders is required in the in-

novation process to introduce sustainability innovation to the market (Paper 

I) and that this challenge could be alleviated through client demand and in-

tegration (Paper I). This is in line with S-D logic (Vargo & Lusch, 2004), 

which argues that the value of an innovation is co-created together with the 

customer and the value network during the innovation process. Based on the 

fundamentals of S-D logic, an SBI framework was created in this research to 

evaluate the client and value network engagement in company driven sus-

tainability innovation projects (Paper II). The framework consisted of three 

components; active client participation; value network involvement; and dis-

continuity of innovation. The premise of the framework is that an effective 

and efficient sustainability innovation process is based on customer and 

value network involvement and ambitious discontinuous innovation targets. 

According to the empirical results, a considerable share of the projects are 

carried out and economic value is created without active participation of cli-

ents and value networks. In fact, half of the studied projects lacked active 

participation by the client, over 65% of the projects had not integrated the 

value network, and utilization of market feedback for rapid market entry was 
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infrequent (Paper II). The findings suggest that the understanding of the cli-

ent and value network involvement in a company’s sustainability innovation 

projects is central to construction companies, and S-D logic can be used to 

improve that understanding (Paper II). 

In order to understand whether sustainability innovations in the construc-

tion sector already have actual shareholder value, an event study was con-

structed to analyze the shareholder value relevance of sustainability innova-

tion production (Paper III). In an event study approach, the stock price of 

the firm is explained by the event, in this case SBI announcement, after con-

trolling for trends and volatility (Khotari & Warner, 2006). The results imply 

that stock market investors recognize and positively value the SBI announce-

ments of construction companies (Paper III). The announcements and firm 

market value in the construction sector are statistically significantly and pos-

itively associated; an announcement is associated with a 0.82% increase of a 

construction firm’s stock market returns. The main finding is well-aligned 

with the findings from earlier studies suggesting that innovation announce-

ments (e.g., Chaney et al., 1991) and sustainability announcements (e.g., 

Klassen & McLaughlin, 1996) are positively associated with abnormal stock 

price increases. It could be that SBI announcement can be seen as a proxy for 

a firm’s innovation capability and a subcomponent of a firm’s intangible as-

sets that generate future cash flows. In particular, the client and value net-

work engagement described in the announcement may signal to investors 

that a construction company’s innovation process is managed well relative to 

identified challenges of sustainability innovations (Paper I). 

Earlier studies (Winch, 1998; Mitropoulus & Tatum, 1999; Slaughter, 

2000) have suggested that the evaluation of the potential benefits of an in-

novation in a construction project is a key stage of the construction innova-

tion process. In particular, the evaluation of the potential benefits appears to 

be essential for sustainability innovations in the construction sector to over-

come a key challenge concerning convincing property investors and local pol-

icy makers of the benefits of sustainability innovations (Paper I).  

In practice, this evaluation of the potential benefits can be a challenging 

task, which is carried out in a limited timeframe and with incomplete data. 

The findings suggest that real option analysis (ROA), particularly the fuzzy 

pay-off method (FPOM), can be used to evaluate the potential monetary ben-

efits of sustainability innovation investments in the feasibility evaluation 

phase of construction projects (Papers IV, V and VI). ROA processes for the 

evaluation of potential monetary benefits were proposed, and FPOM for ROA 
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was used to evaluate the potential monetary benefits of physical flexibility, 

modifiable ventilation system, a building integrated energy production sys-

tem and the flexible design of a car-parking garage to clients and tenants in 

real life construction projects (Papers IV, V and VI). The case studies suggest 

that sustainability innovation investments seem to have several option char-

acteristics such as high uncertainty and a long investment period. As demon-

strated by the findings (Papers IV, V and VI), FPOM takes this uncertainty 

into account by systematically setting three pay-off scenarios; minimum, 

best guess and maximum. This is also a key difference between ROA and tra-

ditional DCF investment calculations as DCF typically accounts only for one 

pay-off scenario and the discount rate is adjusted to account for uncertainty.  

The analyses presented in Papers IV-VI demonstrate that FPOM can be ap-

plied in real life project decision-making situations with limited timeframe 

and incomplete data (Papers IV, V and VI). Furthermore, the feedback from 

practitioners in Papers IV-VI suggests that the proposed ROA process can 

enhance investment decision-making for example by bringing project stake-

holders together to share investment decision-making information, identify 

the sources of uncertainty and review the numerical presentation of the eco-

nomic benefits and costs of sustainability innovation investments.   

Together the findings provide a fresh view on the evaluation of sustainabil-

ity innovations in the construction sector, both at construction company and 

project levels. The findings add to the knowledge on the evaluation of sus-

tainability innovations in the construction sector by examining and demon-

strating new systematic approaches, i.e., event study and ROA for the evalu-

ation of sustainability innovations in the construction business and project 

contexts. Figure 3 illustrates the key findings of this dissertation. 

Overall, this dissertation provided answers to both research questions and 

found that construction companies can evaluate sustainability innovations 

by investigating the potential monetary benefits of sustainability innovations 

(RQ1). Construction companies can evaluate their sustainability innovation 

production by investigating and understanding the client and value network 

engagement, and examining the shareholder value relevance of their sustain-

ability innovation projects (RQ1). In addition, in construction projects con-

struction companies can evaluate sustainability innovation investments by 

examining the potential monetary benefits to clients and tenants with ROA 

(RQ2). This dissertation makes the following proposals:  
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i. Construction companies should evaluate sustainability innova-

tions together with clients and the value network to systemati-

cally manage the development and adoption of sustainability in-

novation in the construction sector; and  

ii. Construction companies can evaluate the potential monetary 

benefits of sustainability innovation to shareholders with event 

study and to clients and tenants with real option analysis.  

 

 
Figure 3. The structure of evaluating sustainability innovations in the construction sec-
tor in the dissertation  

 

 

This research contributes to the body of knowledge on managing sustaina-

bility innovations in the construction sector and demonstrates managerial 

tools for the evaluation of sustainability innovations in the construction sec-

tor. The contribution of this dissertation can be assessed by first looking at 

the parts individually and then in their entirety.  

The presented theoretical background introduces and organizes relatively 

scattered literature on the evaluation of sustainability innovations in the con-

struction sector. The theoretical background is useful for both researchers 

and practitioners, because it introduces the state of the art of research and 

managerial implications. 

Paper I empirically analyzed sustainability innovation challenges at the 

construction company level. The paper was the final publication in a unique 
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series of papers (Kajander et al., 2010; Kajander et al., 2011; Sivunen et al., 

2011) investigating the topic and it increases our understanding of the cur-

rent challenges of sustainability innovation in the construction sector. The 

main findings of the paper were in line with earlier construction innovation 

studies and underlined complex value networks as the key challenge for sus-

tainability innovation in the construction sector, and the importance of client 

demand for overcoming the key challenge. Furthermore, the paper suggested 

that the challenges also include convincing property investors and local pol-

icy makers of the benefits of sustainability innovation. 

Paper II examined customer and value network engagement of sustainabil-

ity innovation projects in the construction sector. The paper is among the 

first studies to test S-D logic in the context of the construction sector and 

empirically evaluate client and value network engagement in sustainability 

innovation projects in construction.  

Paper III was the first known study to test statistically the connection be-

tween sustainability innovations and the market value of construction com-

panies. The paper makes an empirical contribution by investigating the 

shareholder value relevance of sustainability innovation.  

Paper IV showed how investments in physical flexibility can be evaluated 

with ROA from the real estate owner and tenant perspective. The paper 

makes an empirical contribution by demonstrating the use of ROA in a real 

life construction project. Real options literature, especially in the real estate 

and construction sector, has been calling for new applications of ROA in a 

practical setting. This paper adds to it with an example of evaluating flexibil-

ity in a retrofit investment case. 

Paper V was among the first studies to apply ROA to analyze the potential 

monetary benefits of indoor air quality (IAQ) to the building owner and ten-

ant in a real life construction project. The empirical contribution of the paper 

is in the evaluation of a modifiable ventilation system investment with ROA 

in a real life construction project. By examining the economic benefits of the 

investment, this study increases understanding of how the potential mone-

tary benefits of sustainability innovation investments can be evaluated at the 

feasibility evaluation phase of construction projects.  

Paper VI showed that ROA can be used to reveal opportunities and uncer-

tainties inside a PPP project, and the paper deepens our understanding on 

how to evaluate the potential economic value of innovative investments to 

realize opportunities and cope with uncertainties. 
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Overall, the dissertation contributes to the literature of construction inno-

vation by examining empirically the evaluation of sustainability innovation 

in the construction sector. It does so by investigating and suggesting a sys-

tematic approach to evaluate sustainability innovation in construction busi-

ness and project decision-making from the construction company perspec-

tive. In particular, the approaches help construction company practitioners 

to evaluate the potential monetary benefits of innovations to shareholders, 

clients and tenants.  

This dissertation indicates that sustainability innovations need to be care-

fully evaluated by construction companies as client and value network en-

gagement seems to be central for creating successful sustainability innova-

tions in the sector, and stock market investors have recognized their role, and 

investments in sustainability innovation can be unprofitable. Practitioners 

can use service-dominant logic to understand the client and value network 

engagement of sustainability innovation production, and event study to eval-

uate the shareholder value of sustainability innovations. 

In particular, this research is motivated by and continues the work of 

Slaughter (2000) on systematic approaches to evaluate innovations in real 

life decision-making situations in the construction sector. The aim of Slaugh-

ter’s (2000) work is to reduce avoidable uncertainty and risk, and increase 

the effectiveness of innovation use. The present study continues the work of 

Slaughter (2000) by investigating and suggesting methods for the evaluation 

stage of the innovation process. In practice, ROA is a potential approach for 

the evaluation of sustainability innovation investments in respect to project 

objectives. ROA facilitates the explicit investigation of the potential benefits 

of innovation, which is necessary to reveal the full range of benefits to the 

stakeholders of the project. In particular, FPOM would seem to work well in 

real life project decision-making situations with a limited timeframe and in-

complete data to quickly evaluate the feasibility of promising sustainability 

innovation investment alternatives. In effect, ROA is a promising tool for 

construction innovation gatekeepers to conduct investment feasibility stud-

ies that contain quantitative analysis of life-cycle economic benefits and costs 

of design solutions that for example Elf & Malmqvist, (2009) and Zimina et 

al. (2012) call for. Moreover, ROA can help practitioners to reduce avoidable 

uncertainty and risk of innovation implementation, and increase the effec-

tiveness of innovation use.    

 



   47 

 

This section evaluates the mixed-method research process and the quality 

of the research. A mixed-method study can be evaluated using the following 

criteria (Creswell & Plano Clark, 2011; Creswell, 2014):  

• use of a mixed methods design; 
• employment of rigorous procedures in the methods used for data 

collection and analysis; 
• collection of both quantitative and qualitative data and analyzing 

them;  
• merging, embedding or connecting the databases so that their com-

bined use provides a better understanding of the research problem 
than just one source or the other; 

• use of consistent mixed methods terms 
The present study uses convergent design and integrates all features of the 

design, as presented by Creswell and Plano Clark (2011). In this study, both 

quantitative and qualitative data have been collected and analyzed using rig-

orous procedures, as presented in each paper. Furthermore, the research 

connected the data sources and findings to provide a more comprehensive 

understanding of the research problem. For example, qualitative case study 

data was utilized to develop and demonstrate ROA for evaluating the poten-

tial monetary benefits of sustainability innovation investments. This would 

not have been possible by utilizing only quantitative data. In contrast, the 

quantitative data revealed new insights on the engagement of clients and the 

value network in construction innovation processes that would not have been 

possible to generate utilizing only qualitative data. Finally, this dissertation 

uses research terminology according to Creswell (2014). 

The quality of any empirical social research is typically evaluated using four 

tests of construct validity, internal validity, external validity and reliability 

(Yin, 2014), which are discussed in the following. Construct validity refers to 

identifying correct operational measures for the concepts being studied (Yin, 

2014). Construct validity can be improved by using multiple sources of evi-

dence, establishing a chain of evidence and having key informants review the 

drafts of study reports. In the present study, the construct validity was im-

proved by collecting multiple data sets, and analyzing the data sets with qual-

itative and quantitative methods. Moreover, each paper presents a chain of 

evidence. Finally, the findings of this research have been benchmarked 

against earlier research and to a large extent reviewed by informants. 
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Internal validity is a concern for explanatory research, when an investigator 

is seeking to establish causal relationship (Yin, 2014) as in the case of event 

study research. In this research, internal validity was carefully enhanced 

through the following procedure. First, an initial theoretical statement or ex-

planatory proposition was formulated. After that, the findings were com-

pared to the statement and the statement was revised. Finally, the revised 

statement was compared against the other details of the case, and in the case 

studies examining ROA to the findings from the other cases. This procedure 

was a series of iterations to increase internal validity (Yin, 2014).  

External validity refers to the generalizability of results beyond the scope of 

the immediate study (Yin, 2014). This mixed-method study utilizes both 

qualitative and quantitative data. Consequently, the generalizability of the 

results is better than in the case of using only one type of data (Cresswell, 

2014). However, the empirical analysis of the present study is limited in 

terms of innovation orientation and geographical area. The main target 

groups of this research were innovative construction companies and clients 

in Finland. Consequently, the generalizability of the results to the whole con-

struction sector is limited as only a limited number of construction compa-

nies are innovation-oriented. Moreover, the results of this dissertation are to 

some extent generalizable to innovation-oriented construction companies 

outside Finland. While the majority of the data was collected in Finland, the 

data contains characteristics that indicate that the results are generalizable 

to other countries. For example, Paper I contains interviews and validation 

data of international experts collected in Switzerland, and the event study in 

Paper III contains data from Germany, the United Kingdom and Australia. 

Moreover, the findings were continuously compared to earlier international 

literature and expert feedback. In addition, the evaluation methods exam-

ined in the present study have been applied in other contexts in earlier liter-

ature, for example, in finance and managerial systems. 

The key idea of the reliability test is that a researcher who follows the same 

procedures and conducts the same study over again as the earlier researcher, 

arrives at the same results and conclusions (Yin, 2014). The aim of reliability 

is to minimize the errors and biases in a study. Yin (2014) proposes the 

means of using a study protocol and developing a study database to improve 

the reliability of research. The present study was carefully planned in ad-

vance including research data collection procedures and questions, and re-

porting of results. In addition, the research progress and results were moni-

tored and reviewed regularly by the co-authors of the papers. Documentation 
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and the archiving of data and evidence were taken care of and the data was 

securely stored. Furthermore, a study database was developed, and all data, 

including transcribed interviews, company and project data and question-

naires, have been stored. Finally, the results of this research have been re-

viewed by several external experts during the academic peer-review and pub-

lishing process as well as reported publicly internationally.  

 

 

This study has been an empirical investigation on the evaluation of sustain-

ability innovations in the construction sector. The results of this research of-

fer a basis for three principal future research directions.  

First, further research is needed to validate and enhance ROA and event 

study for the evaluation of the potential monetary benefits of sustainability 

innovation. It would be valuable to study ROA in different empirical settings 

and also conduct follow up studies to provide more evidence on whether the 

assumptions and results of ROA case studies are valid and reliable when the 

case buildings become operational. Moreover, future researchers could re-

peat the event study of this dissertation with a larger data set as an increasing 

number of construction company sustainability innovation announcements 

are available. 

Second, the results and research experiences of this dissertation suggest 

that besides the evaluation of sustainability innovation investments ROA has 

also potential for building design target setting especially in the complex con-

struction projects of owner-occupier organizations. ROA could be used to set 

targets for construction projects’ monetary benefits, costs, building design 

and qualities, and schedule. In essence, it could be that ROA target setting 

enables a better common understanding of potential monetary benefits re-

lated building qualities for project stakeholders. A benefit-driven construc-

tion project management model could improve the incentives for innovation 

through value-based gain-sharing approaches, and facilitate the adoption of 

sustainability innovations in projects. Therefore, future research should con-

sider ROA as a tool to set targets for construction projects.  

Finally, a key avenue for further research and for the construction sector is 

taking the Slaughter model (2000) for construction innovation implementa-

tion further by establishing a practical innovation evaluation theory for con-

struction decision-makers based on scientific evidence and case examples. 

The theory should address continuous innovation scanning and evaluation, 



 50 

and the engagement of clients and the value network to construction innova-

tion projects. Hopefully the new knowledge created in this research on the 

evaluation of sustainability innovations in the construction sector acts as an 

impetus for the future research for this theory. 
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Climate change mitigation market offers 
huge business opportunities for new 
construction services and products that 
improve sustainability in the built 
environment. The aim of this research is to 
examine the evaluation of sustainability 
innovations in the construction sector as 
well as demonstrate managerial practises 
for the evaluation of sustainability 
innovations for construction companies. 
This dissertation finds that construction 
companies can evaluate sustainability 
innovations by investigating the potential 
monetary benefits of sustainability 
innovations and it makes the following 
proposals: (i) Construction companies 
should evaluate sustainability innovations 
together with clients and value network to 
systematically manage the development and 
adoption of sustainability innovation; and 
(ii) construction companies can evaluate the 
monetary benefits of sustainability 
innovation to shareholders with the event 
study method, and to clients and tenants 
with real option analysis.  
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