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analyzed. The results of this investigation set the premises for the definition of 
strategic approaches to introduce sustainable innovation in the programming 
phases of building projects, in the organization of delivery processes and 
management systems. The contribution of this work is to be found: in the 
knowledge expansion on the theory advancing sustainable industrial dynamics in 
the building industry, in the contributing to industrial context by providing 
strategic models for sustainable innovation policies; and in the provision of 
positive example of sustainable innovation introduction in the industry by 
shedding lights on economic, environmental and social advantages that these 
examples have produced so far in the industry.  
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results (environmental, social, and economic). This assessment allows to tease out 
design variables that generated changes in the building delivery processes, by 
mapping and discussing patterns describing the relation between different design 
solutions and consequential changes impinging on the delivery process. The 
results contributes to define guidelines and design organization models that can be 
strategically utilized to foster sustainable innovation policies, and establish good 
practice trends.  

 
This work is structured in seven chapters. The current chapter is an 

introduction of the work and explains the structure of the dissertation. The second 
chapter sets the theoretical backbone of this work. In particular, it focuses on the 
meaning and role of sustainable innovation in the building industry. To do so, the 
chapter discusses the state of art of the role of innovation within neoclassical 
economic principles and the relation with the building industry and its nature. 
Moreover, the chapter identifies the barriers to innovation introduction in the 
industry and the challenges that the call for sustainability has introduced in 
practice. Specifically, the chapter highlights how sustainability concepts generated 
critiques to the neoclassical economic models, as well as how it triggered 
opportunities for innovation generation. Lastly, by discussing the state of art on 
sustainable innovation management in the building industry, the chapter 
highlighted the limits of the studies and the opportunities for further works.   

 
The third chapter defines the aim, objectives, research questions and 

ontological position of this work. The hypothesis of this work, is that, despite the 
structural difficulties of the industry of strategically designing innovation 
introduction processes as advancement policies and practice, strategic innovation 
is critical to the sustainable advancement of the building industry. The thesis of 
this research is that the ability of shedding light on actors, factors and dynamics 
that limit (or facilitate) the introduction of sustainable innovation in the industry 
can help define guideline in support of strategic sustainable innovation 
introduction, planning and management in the industry, as development 
advancement strategy. The main research question is therefore: Is it possible to 
identify key stakeholders, design variables and methods, and delivery process 
characteristics that can assist in the introduction, management and promotion of 
sustainable innovation in the building industry, as a structured advancement 
strategy, rather than as ersatz dynamic?  The objectives of this research are: 

 1) Exploring the degree and the nature of impact that sustainable innovative 
design solutions analyzed can have on the supply chain, on the environment, 
social and economic context, in building projects.  

2) Shedding light on actors, factors and dynamics that facilitate or limited the 
ability to innovate/introduce change.  

3) Understanding the relation between design variables, delivery method, 
contextual characteristics, and social, economic and environmental results 
achieved in building projects. The ontological position for this work is to consider 
building projects as complex systems, and therefore to attempt understanding 
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innovativeness of such endeavors. Moreover, the chapter explains the design 
opportunities for sustainable innovation introduction both in the building 
characteristics, and in the delivery processes. The chapter concludes the 
discussion with considering external important aspects that might limit of enable 
sustainable innovation, such as the role of context, the one of the 
internationalization of the practice, and the role of building development 
strategies in the programming phase.   

 
The seventh chapter concludes the work by teasing out considerations based 

on the observed patterns. In particular the chapter, attempt to shed light on the role 
and nature of sustainable innovation in shaping the built environment. To do so, 
the rationale of considering building projects is discussed, by highlighting limits 
and opportunities of such approach, as well as considerations on the 
methodological approach are made. The core part of the this chapter discusses the 
importance of economics and sustainability in design organization, and in 
particular shed light on design variables, roles, links and external factors that need 
to be consider to implement structured strategies to introduce sustainable 
innovation in the industry. The chapter concludes by identifying future studies and 
suggesting future discussions regarding the role of the building industry in 
shaping the future of our built environment. 
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cooperation between private and public entities. Bossink (2011) explained that 
great degree of participation processes characterises these endeavours, as well as 
they allow organisations to acquire competitive advantage in the field of 
sustainability, and to shape market niche for environmental aware customers.  

2.4 Limitations of the studies and knowledge gaps 

A review conducted by Dickinson, Cooper, and McDermott (2005) explained 
that the dominant research stream is the one exploring determinant of innovation, 
yet they suggest the importance to conduct further studies also on the other 
streams identified by Wolfe (2014). In line with Bossink (2011), Kajander (2016) 
explained that, although many studies focused on the economic value of 
sustainability for the construction sector (Turner & Frankel, 2008; Fuerst & 
McAllister, 2008; Eichholtz et al., 2009; Fuerst & McAllister, 2011; Sayce et al., 
2013; Bryson & Lombardi, 2009; Nousiainen & Junnila, 2008), most of the 
sustainability innovation studies in the sector focus on the role of government 
(Bröchner et al., 1999; Dewick & Miozzo, 2004; Manley, 2008). Beside such 
limited focus of analysis, Dickinson, Cooper, and McDermott (2005) explained 
that another great limitation for the studies of innovation in the building industry 
is the accessibility to information. This seems to be due to the ability of researcher 
to discover and describe innovation, as well as  to the reluctance in the industry to 
share information due to the competitive intelligence that innovation-related data 
might represent. A consequence is the lack of empirical studies in innovation in 
the construction industry (Wolfe 1994; King and Anderson 1995). This seems to 
be due to at least three reasons: the first one is the length of the data collection 
activities; the second one is the scattered nature of type of data that needs to be 
collected; and the third reason is the plurality of units and level of analysis. For 
instance, some authors relied on practitioners experience to explore innovation 
(Ling 2003; Sexton and Barrett 2003), others used projects as unit of analysis 
(Nam and Tatum 1997; Pries and Janszen 1995), or firms and business (Bossink, 
2002). Moreover, Betts and Landsey (1993) identified at least six level of 
analysis, namely individual, projects, firm, client, product, and industry 
characteristics. Although among these levels, the firms have received most of the 
analytical attention (Seaden and Manseau 2001), a number of authors has 
suggested adopting multi-level approaches to study innovation (Gann and Salter 
2000; Blayse and Manley 2004; Winch 1998; Bossink 2004; Dickinson, Cooper, 
and McDermott). Such approach could also allow the understanding on the role of 
innovation across different stages of project cycles, which are otherwise studied 
independently. 

In line with Dickinson, Cooper, and McDermott (2005) suggestions on further 
studies, this work is aimed at contributing to the knowledge on innovation 
management in the building industry under the aegis of sustainability. To do so, 
this work proposes the ontological position of considering buildings 
characteristics and delivery process as complex systems, and therefore to explore 
such systems as unit of the analysis. This approach - that will be further explained 
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in the next chapter - allows to consider different constituents of sustainable 
innovation in the industry, as suggested by (Dickinson, Cooper, and McDermott 
2005); to rebalance the focus of level of analysis moving from firm-based studies 
to multi-level approaches (Slaughter 2000; Sidwell et al. 2001); and to understand 
the type and impact of innovation within its operating context. In line with Ling 
(2003), the ultimate objective of this work is to contribute to the studies on 
sustainable innovation management with knowledge to support the future 
definition of robust models that can predict potential outcomes of successful 
innovations within the aegis of sustainability (Dickinson, Cooper, and McDermott 
2005).  
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definition of the methodological approach that will be described in the following 
chapter. 

3.2.1 Defining complex systems 

Complexity theory is generally utilised to describe phenomena that do not 
respond to linear trajectories, show unique behavioural pattern, are composed by 
high degree of components and interconnections, and are highly responsive to 
external and internal input. A complex systems is defined as system with a large 
number of elements, which are capable of exchanging stimuli with one another 
and with their environment (Ottimo 2003). It is since the 1960s that the scientific 
community has been at work to define and explore the concept of complex 
system, as well as its application in many disciplines and fields. Senge (1990) 
explained that complex systems are dynamic and are characterized by subtle cause 
and effect  relations, over time. Later, Sterman (2000) further explained that 
dynamic complexity arises because systems are: dynamic; tightly coupled; 
governed by feedback; nonlinear; history-dependent; self-organizing; adaptive; 
counterintuitive; policy resistant; and characterized by trade-offs. Moreover, 
Gandolfi (2008) and De Toni and Comello (2005) also identified characteristics, 
such as: high number of constituting elements; interaction between elements; 
delayed effects; existence of feedback; open system; network based systems; 
multi scalar nature; dynamic; both robustness and fragility of connections; 
innovative; unpredictable in their feedback loops; responsive to external and 
internal input; hierarchy organized and/or self-organized; dynamic equilibrium 
between order, disorder and chaos; partial autonomy of its constituting elements; 
and existence of internal paradoxes. These systems are also characterised by the 
inner contradiction of fragility and robustness. The more complex the systems are 
and the more robust. Yet the more complex the system is and the higher is the 
probability that a punctual failure could generate the entire system failure. Every 
change can represent both an advancement opportunity and a potential threat to 
the system. Although, the concept of complex system has been and still is 
evolving, it is only in the beginning of the 1990s that the discipline of engineering 
management has largely relied on the concept of complex system to elaborate and 
define management strategies both for products and supply chain (Hobday 1998). 
Only in the early 2000, a number of authors (Choi, Dooley, Rungtusanatham , 
2001) formally demonstrate how supply chain and networks can be conceived as 
complex systems, and therefore managed with customized management models 
according to the complexity systems characteristics. This management approach 
has been often utilized for a vast range of fields, including the building one, which 
been already described as complex systems, since many years. 

3.2.2 Building projects as complex systems  

Many authors (e.g. Turin, 1980, Groak 1992; 2003; Winch 2000; Nightingale 
2000; Allen 2008; Bachman 2008) have recognised and described building 
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industry reduce the risk of embarking into innovative projects that are often 
portraited as high risk (Slaugther 1993). 

Yet, if innovation is not managed properly, it could also lead to difficulties for 
the industry to absorb the changes; to the generation of unexpected environmental 
and social effects; and/or to emergence of possible economic mismanagement. 
Considering that innovative sustainable building projects are always different, so 
their delivery processes are, it is critical to attempt reducing the risk of system 
disruption. To this end, it is fundamental to map and observe the system 
characteristics and dynamics. 

Specifically, by observing buildings as complex systems, it is necessary to 
map innovation patterns, responsibilities, results, impact on delivery process in 
order to understand the relation cause-effects between innovative sustainable 
design solution and effects environmental, social and economic results achieved. 
Moreover, it is important to identify the mutual relation between these aspects, 
and the ability to read these connections, in order to provide feedback and inform 
designers, policy makers, and industrial participants. The more systems are 
observed, the more accurate is the prevision of the cause-effect relation between 
sustainable innovation introduction and effects produced. This is important to 
define better strategic sustainable development strategies, envision better design 
solutions, and reduce the industrial risk of undertaking innovative endeavour. 

Understanding the complexity and the dynamics of sustainable building 
projects is therefore significant to contribute to the development of our built 
environment and to respond to emerging social, economic and environmental 
changes. 

3.2.4 Assessing complexity and sustainability 

Together with the efforts of defining complex systems, the scientific 
community has been heavily at work on the exploration of methods to assess 
complexity (Ciza, Rendhir, Minu 2016; Taleb 2007; Bertuglia and Vaio 2011; and 
De Toni, Comello 2005). These efforts soon identified the limits related to the 
reductionist approach to undertake measurement and/or phenomena assessments. 
As Ciza, Rendhir, Minu (2016) explained, reductionism is based on the principles 
that every phenomena can be simplified and explained by analysing the most 
basic components; every phenomena is the exact sum of its part; and there exists a 
linear connection between the starting point of a phenomena to its mature state. 
These principles seem to be not applicable to complex systems, since many 
studies have identified  that the measurement of complexity is depending upon: 
number, variety, and links of constituting elements, as well as subjectivity 
principles, such as the role of the observer, and the aspects of complexity 
observed (Bertuglia and Vaio 2011). As a consequence, methodological 
assessments in this field seems to suffer of the same limits related to the 
reductionist approach. In particular, measuring and assessing complex systems 
such as building design projects remains a mutable and difficult operation to 
effectively undertake, considering that sustainability principles span across 
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The next chapter will explain the methodological approach and methods 
utilised for this work, attempting to consider the complexity of building 
characteristics and development processes under the introduction of sustainable 
innovation as change to the system.  

����



 

 
 

Chapter 4 

Methodology and Methods 

The previous chapter has explained the ontological position if this work, as 
well as has stated the research questions, being: 

1) Which types and impacts of innovation can generate sustainable results? 
2) What actors and behaviour can facilitate the introduction of sustainable 

innovation? 
3) Which type of building characteristics can be used as a strategic ground for 

creating sustainable buildings?  
4) Is it possible to identify links between types and impacts of innovation, 

building design characteristics and sustainability results achieved? 
 To answer to these questions, this chapter will explain the methodological 

approach, rational of analytical parameters, and the methods utilised to produce 
the analysis showed in chapter five and the findings and discussion in chapter six. 
In line with Yin (2018) this work was organised in a number of reiterative steps, 
as showed in Figure 1, namely: research design, research preparation, data 
collection, analysis, and sharing results.  
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Understanding these links can facilitate the direct feedback of the design 
decisions in relation to the social, economic and environmental effects generated 
or to be generated, and therefore to inform design and delivery processes (Figure 
1). Doing so, it would be critical to both define better strategic policies and design 
solution, as well as to reduce the risk of the industrial participation of innovative 
sustainable projects endeavours.  

 

 

Figure 4: The image highlights, in the model of complexity for sustainable building projects, the 
relations between design change and impact produced. The image, by highlighting areas of the system, 
shows the example of the relation between a design change in a building element (for example the roof), 
the areas of delivery process impacted by such decision, as well we the nature of the impact achieved 
within social, environmental, and economic domain. 

4.2.1 Case Study Selection 

The case studies selected are contemporary public or semi-public projects. 
The rationale for this selection is that public projects are described by Groak and 
Krimgold (1989), Nigra (2010), and Tombesi (2007) as project-based experiences 
that represent a critical and significant way in which the construction industry 
brings together its output and tests its procedures, then buildings stand as the 
physical outcomes of the processes involved, and should be used to verify the 
validity of the decisions made within them, and therefore represents examples of 
innovative endeavours. The ability to establish a connection between as-built 
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in the European Standard UNI EN 16627:2015 (CEN, 2015) which identifies the 
building design characteristics, elements and services that are considered when 
making decisions about the design of sustsinable buildings. They are: dimensions, 
shape, floor number, access and circulation, structure, environmental control 
systems and water treatment. The index is used as a base for completing the 
description, yet a degree of flexibility is maintained in case of critical innovative 
features not covered by the index. The reason for this flexibility is based on the 
fact that every building is different (Turin, 1980, Lindgren 2016), and therefore 
flexibility is needed in order to gauge the complexity of each project. To this end, 
other aspects such as environmental context, orientation, and architectural 
characteristics (e.g. relation between opaque and transparent components, or 
volumetric configuration) have been added to the list, as they may generate 
impacts regarding social, environmental and economic aspects. For each project 
analysed, all building design characteristics, elements and services have been 
described on the basis of both architectural documents provided by the architects, 
and interviews carried out with them, as well as by conducting at least one site 
visit to each building project. The delivery process was also described, in order to 
relate the impact that each design decision might have on the supply chain, and 
therefore to understand if specific design decisions cold trigger particular 
sustainability changes and results (Nigra, 2017). Many authors have described 
building delivery as a fragmented process in which a variety of skill, knowledge 
and materials flows interacts during different phases acting within certain 
regulatory and institutional framework (Gann and Salter, 2000). Moreover, every 
delivery process is different, as projects are (Turin, 1980), yet Tombesi (2008) 
and Nigra and Marfella (2014) explained that the crucial phases that are organized 
around projects are: building opportunities generation, building scope and 
formulation, project definition and control, building production, building erection 
and building functioning. Each of these phases have been described for each case 
study selected. In line with the model proposed by Tombesi (2008), and later 
discussed by Nigra and Marfella (2014) for each project, the building opportunity 
generation was described by looking at commissioning characteristics (promoter, 
land owner, client type, type of bid), financing system, and programming process. 
The building scope and formulation was described by the explanation of the 
project boundaries, scope, and design characteristics, whereas the project 
definition and control phase was described by the management and organizational 
forms used in developing the project. The phases of building production and 
erection were described by exploring manufacturing processes, supply chains, 
suppliers and builders roles, building sequences, and worksites organizations. 
Lastly, the building functioning phase was described by exploring building use 
dynamics, maintenance aspects, and spatial flexibility where relevant. The 
rationale of using such model to describe the building process is two-fold. Firstly, 
the model allow flexibility, both to gauge all the specificity of the each project 
analysed and to detect path of innovation, by defining broad conceptual areas of 
analysis rather than relies on guidelines or standard management and delivery 
systems procedure. Secondly, the model is intrinsically characterised by an 
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epistemological backbone that portrays the delivery process and the relation with 
the project design as a complex system.  

 

 

Figure 5: The image shows the areas that describe the delivery process according to the model 
proposed by Tombesi (2008). 

4.2.3 Identification of innovation Type and Impact 

The understanding of the types and impacts of innovation is aimed at 
answering to first research question of this work. The type of innovation is 
explored for each building characteristics identified (site, concept, orientation, 
architectural characteristics, dimension, shape, construction systems, internal 
partitions and windows, environmental control systems and water treatment and 
sewage connections), by relying on the innovation theory by Slaughter (1998). 
The impact that such innovations on the delivery processes (building opportunities 
generation, building scope and formulation, project definition and control, 
building production and erection, and building functioning.) is explored by relying 
the theory expanded by Shilling (2010).  

Slaughter (1998), by developing the theory of innovation types by Henderson 
and Clark (1990), defined five types of innovation in the building industry, 
namely, incremental, modular, architectural, system and radical. These types of 
innovation were defined by Slaughter (1998) as follow: 

Incremental: this innovation is a small change, based upon current 
knowledge and experience. 
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this might require a higher innovation absorptive capacity than the one available 
within corporate boundaries.  

4.2.4 Identification of roles and responsibilities 

The definition of roles and responsibilities in the introduction of sustainable 
change or innovation can help understand the development opportunities and 
responsibilities that each of the actors involved has, in both the definition of 
building components and delivery process. This understanding will determine the 
answer to the second research question of this work regarding actors and 
behaviour that can facilitate the introduction of sustainable innovation. This 
would be possible by understanding the connections and the impacts that each 
decisions can produce both in terms of influence on the supply chain and/or 
results achieved. To do so, each design decision is explored in terms of 
responsibilities with the aim of understanding who played a crucial role in the 
introduction of innovation. The actors explored are institutions, clients, designers, 
consultants, builder, industry and other, in case of any particular individual or 
entity that does not fall into the previous actor definitions.  

Table 2: The table provides the definitions of the types of actors involved in building projects 

TYPE OF ACTOR DEFINITION 

Institutions 
 

Any public or private organization, establishment, foundation, society 
devoted to the promotion of particular program, i.e. National, Regional 
or Local Government 

Client 
 

Any person or group that relies on the professional advice to achieve 
the development of a program 

Designer 
 

Architects, Interior Designers, Landscape Architects, Urban Designers 

Consultants 
 

Mechanical Engineers, Service Engineers, Civil Engineers, Any other 
type of engineering or professionals services 

Builder 
 

Construction/Building Companies 

Industry Supplier and Manufacturers  

Users/Other 
 

Any person or group that is likely to use directly or to be indirectly 
connected to the life of the project, i.e. primary users, local 
communities  

 
In order to understand the roles and the behaviour of such actors, this work 

relies on the use of the eco-innovation sustainability management model by 
Bossink (2013). Such model describes types of individuals, organizational forms, 
and business environments that favour the development of innovative sustainable 
ideas. Moreover, the model identifies actions and level of management that that 
connect the innovation development dynamics between individuals, organizations 
and environments. These levels are co-ideation, co-innovation and co-
institutionalization. For each of these levels, the model specifies actors, styles, and 
characteristic that can facilitate the introduction of sustainable innovation at many 
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levels. The first level is the co-ideation which describes the activities of 
developing sustainable innovative ideas, that can later be turned into solutions for 
business. The key actors in at this level are leaders, champions, and entrepreneurs. 
Bossink (2013) defines 1) leaders as individual or entities who can stimulate the 
emergence of sustainable innovative ideas; 2) entrepreneurs as entities or 
individuals who are able to recognize the opportunities for success and are not 
driven by risk aversion, and 3) champions as the creative drivers for innovative 
ideas and initiatives. They create links, form teams, and act as knowledge brokers. 
Bossink (2013) explained further that the eco-ideation level is characterized by 
management challenges such as the integration of sustainability concepts into 
corporate strategies of business or firms; as well as by opportunities such as the 
ability to lead firms or business into new markets and develop their growth 
potential. The second level is the co-innovation, in which innovative sustainable 
ideas turn into business proposals. The organizational forms in this management 
level are: 1) teams (groups in which leaders, entrepreneurs, and champions meet); 
2) projects: opportunities, which are the opportunities to experiment and test 
sustainable innovation ideas, co-innovate and test results; and 3) business, or 
firms, that are the aggregation of individuals that hold the knowledge to perform 
co-innovation on a number of different projects. These entities need individual 
profit but have to cooperate with other individuals to achieve sustainable 
innovation. This level of management is characterized by challenges such as 
development of sustainable and profitable business; as well as by opportunities 
such as firms developing firms with long-term competitive positions. The third 
level is the co-institutionalization that is characterised by business environmental 
forces that enable commercial firms to grow and have an impact on industries and 
societies. These forces are market and society, knowledge and technology, and 
policy and regulation. Bossink (2013) explained that firms are able to innovate 
based on market demand. Sustainability has a lot of market potential, as well as 
the one of market opening. Markets and governments have the responsibility of 
sustainability towards societies. Societal discussions are open and have great 
potential to influence firms and business.  

Knowledge and technology have the ability to foster continuous technological 
progress influence firms to innovate. Within this context, firms that are able to 
refresh their ideas and change through time are the ones who have sustainable 
innovation capability. The firms that have this capability are major change agents 
in the industry. Moreover, depending on political climate, the government is in the 
position of plan and execute regulation and policies to promote sustainability. 
When government are positive towards sustainability can either stimulate 
innovators, or define performance-based regulations. The main management 
challenge of these environmental forms is to reinforce the demand for 
sustainability; as well as the main opportunity is support the emergence of 
sustainable industries and societies.  
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Figure 6: The figure above shows an adaptation of the Eco-Innovation Sustainability Model by 
Bossink (2009) 

The eco-innovation sustainability model is use as lenses to understand the role 
of each actors analysed within the three levels of the model. This model is used 
because it allowed to understand which are the behaviour and the management 
levels that can be crucial beyond the traditional organizational structures of 
projects. Therefore the model will be used to understand the opportunities of 
fostering sustainable innovation that actors can generate beyond their traditional 
roles. 

4.2.5 Identification of sustainable social, economic and 
environmental results 

After defining the building characteristics and delivery processes (as 
described in section 4.2.2), the types and impacts of innovation (see section 4.2.3), 
the role and actors involved in the delivery of sustainable innovation (see section 
4.2.4), this work proposed to qualitatively detect the sustainability results 
achieved in each case study analysed. To do so, by relying on post-occupancy 
evaluations, energy rating certifications, interviews carried out with the designers 
and participants in the design development process. This understanding is critical 
to be able to explore the relation between sustainable design decision and results 
achieved, in order to explore the cause-effect relation between innovative 
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Competitive and comparative advantage 
Knowledge acquisition 
Property/land value increase  
Saving on energy spending 
Job creation 
Increase of assets value over traditional buildings  
Circular economies generation  
These types of results were explored by relying on the results parameters 

listed in table 3. Such parameters served as guideline to detect and report the 
results that were described on the projects by documents analysed. In particular in 
each case study, the design decisions were explored within each sustainability 
domain (environmental, social, and economic) to see whether they generated 
problems, did not create any impact, introduce any specific sustainability strategy, 
achieved sustainability results, or created extra benefit on the project or its 
context. These parameters, as described in table 4, are defined according to the 
work conducted by authors such as Dimitrijevic and Langford (2017),  Lawther 
and Nigra (2013), Jones, (1989), Maneschi, (1998), and Ruddock (2009), who 
since at least ten years are at work to define and critical read assessment 
parameters for the built environment. This reading is important to understand the 
relation between design decision, innovation and possible result to achieve. This 
system therefore in not aimed at assessing results, rather at reading the existing 
results (already assessed by specific methods, such as BREAM or LEED, Post- 

Occupancy Evaluations, and other typical of the industry), to be able to link 
those to the design decision taken on the projects. 

 

Table 3: Area of impact, type of results, and parameters (Nigra and Dimitrijevic, 2018) 
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