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ABSTRACT

This paper discusses information from a research project investigating a new approach to designing
energy positive buildings that integrate renewable energy generation into the building fabric. Such
buildings can help reduce energy consumption and associated carbon emissions, alleviating fuel poverty
and lessening the need for costly grid upgrades. The main purpose of this study is to highlight the
current status of the UK construction industry and the need for improvements, which have been
documented over the years. Several enablers for the construction industry to change are identified,
including collaborative procurement methods, building information modelling (BIM), innovation and
energy positive buildings. The key findings from the review provide evidence that the energy positive
solutions put forward in this research project, linking collaboration, innovation and buildings with
reduced energy use and carbon emissions, could be used to improve the overall performance of the
construction industry. This provides a good knowledge base for the next phase of the research, which
includes interviews and workshops with construction industry stakeholders to further identify the
challenges, benefits and drawbacks of the potential building integrated energy positive solutions. The
combined body of information gleaned from this literature review, the feedback from construction
industry stakeholders, and case studies of energy positive buildings designed by the first author, will be
used to aid the development of the proposed outcomes of the research project, which will include a
continuous improvement tool, the case studies themselves and the development of an innovation portal.
Keywords: energy positive, innovation in construction, collaborative procurement.

1 INTRODUCTION
The first author is undertaking research associated with her role at the SPECIFIC Innovation
and Knowledge Centre (IKC), UK, in the context to their work on energy positive buildings
[1]. Three energy positive building projects designed by the first author and one designed by
others will be used as case studies in the research project, see Fig. 1 below.

This paper will examine existing literature on collaborative tools, techniques and
procurement methods for the delivery of a sustainable built environment, including how
innovation and change have been addressed in the construction industry to date (2018) and
the challenges experienced. Challenges the project will address are focused around the need
to reduce the amount of energy consumed by the built environment and the consequent
carbon emissions that are harmful to the natural environment. The building and construction
sector are responsible for approximately 30% of all global energy consumption and the
associated greenhouse gases [2], suggesting a solution to address this is necessary and timely.
Continuous improvement tools developed for construction and other industries will be
subject to further investigations as part of the overall research project, to determine whether
there is any evidence to suggest they could be used to encourage a more cohesive
environment for the delivery of energy positive buildings. This work does not form part of
this paper.
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Figure 1: Case Studies — Active Pod, Active Classroom, Active Office and Active Homes.

2 THE NEED FOR CHANGE
The need for the UK construction industry to improve performance has been widely reported
and two of the main reports on the state of the industry, “Constructing the Team” [3] and
“Rethinking Construction” [4], both commissioned by the UK Government, are cited in many
of the papers reviewed in this study, even those where research is non-UK focused [5]-[16],
emphasising their significance to the industry.

Egan [4], who chaired the Construction Task Force set up by the then Deputy Prime
Minister, John Prescott, in 1997, suggested the construction industry look to other industries,
such as manufacturing in terms of what has driven them to achieve radical changes and better
processes and identified some key drivers of change that have worked and are applicable to
the construction industry. These include: Committed Leadership; A focus on the customer;
Integrate the process and team around the product; A quality driven agenda; and Commitment
to people (ibid). However, ten years later in 2009, little improvement to the industry had been
made and another industry expert produced a report entitled “Never Waste a Good Crisis”
[17], which found the suggested approach to apply manufacturing experience to an industry
as different as construction was deemed unrealistic by the construction industry professionals
questioned. Twenty years later, in 2018, the drivers suggested by Egan [4] are still relevant
and not fully addressed.

Wolstenholme [17] further proposed that one of the greatest challenges to the industry
was delivering a low carbon economy through the built environment. The energy positive
case studies used in this research project (shown in Fig. 1 above) will demonstrate how this
might be possible.

3 ENABLERS OF CHANGE
3.1 Collaborative procurement

Collaborative procurement is described as “...an effective way for more than one client,
contractor, consultant or supplier to join together to procure work, services, materials or
goods, share expertise, promote efficiency and deliver value for money savings in the
delivery of a project...” [18].

The implications of procurement on the delivery of energy efficient buildings and the need
to move away from cost-driven procurement methods is discussed by Alencastro et al. [19].
They discuss how, although Design and Build (D&B), for example, was established to
encourage and enable better value for money, it is more often used to drive down costs, as
also found by Eriksson [20]. Their research found that a collaborative method of procurement
is essential to enable the inclusion of energy performance targets as a fundamental objective
at an early stage in the project (ibid).
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A study of the Australian construction industry [10] discussed how a no-blame culture
can enable collaboration and promote innovative thinking. Within the Australasian Project
Alliance procurement form referred to in the study, a “no-blame” behavioural contract clause
was added to demand behaviours that result in a collaborative culture change and beneficial
innovation, with all stakeholders having equal responsibilities.

Lloyd-Walker et al. [10] state that Design and Construct contracts can aid the use of
innovation to improve value for money. They also mention an increased popularity in
partnering arrangements, although evidence from the UK construction industry in 2015 found
only 5% of contracts used were Project Partnering Contract (PPC) 2000 and 3% Joint
Contracts Tribunal-Constructing Excellence (JCT-CE) [21], the two main forms of UK
partnering contracts. Lloyd-Walker et al. [10] cite Dulaimi et al. [22] who reference the
Singapore Governments C21 Report, which found that fragmentation and lack of integration
within the construction industry has reduced productivity and that “creativity, quality and
work innovation needed to be rewarded in order to promote innovation”. This is happening
in the UK through schemes such as the Welsh Government Innovative Housing Programme
[23], and Transforming Construction [24], both of which encourage innovative ways to
improve construction and deliver better value for money for new buildings.

Kilinc et al. [25] also acknowledge D&B procurement as providing an opportunity to
achieve innovation in the delivered project. Conversely, Eriksson [20] found that use of D&B
contracts can hinder innovation due to the lack of joint problem solving between designers
and contractors as the design is complete before the contractor is involved, resulting in a lack
of holistic design and construction. This was not the case when delivering the energy positive
case studies referred to in this project, where D&B aided the collaborative approach and use
of innovative technologies, as described by Kilinc et al. [25].

Naoum and Egbu [26] review procurement methods in relation to innovation and
technology, supply chain, lean construction, buildability, sustainability and value
management. Their research concludes that the usual criteria used by clients when assessing
tenders of time, cost and quality, are too simplistic for today’s complex construction projects
(ibid). However, in the first author’s experience, these criteria are still the main factors
determining procurement decisions. Naoum and Egbu [26] reference Ball and Fortune [5]
who found that embracing sustainable construction will facilitate a change towards the use
of partnering as a procurement process. After discussing how breaking the fragmented
approach of the traditional route and encouraging cooperation through an integrated method
of procurement to improve value of a project, Naoum and Egbu [26] conclude that, as clients
and their project teams experience the benefits achieved through a more collaborative
approach, a more integrated industry, where continuous improvement through team
integration is seen as critical, will emerge (ibid). For the construction industry to embrace
this, it needs to welcome “change” and allow innovative procurement methods to grow. The
change needs to be mainly client-driven, with support from the rest of the project team (ibid).
However, the Latham Report [3], advocating partnering and collaborative working, was
written 24 years before 2018, and the uptake has been slow since this date. Challender et al.
[8] suggest that the economic climate of austerity in 2013 significantly impacted on the trust
element of collaborative procurement, which could explain the slow uptake. The perception
that partnering is expensive has led to a return to competitive practices focusing on a short-
term perspective of securing lowest price, but they suggest Building Information Modelling
(BIM), as described in Section 4.2, could help revive collaborative working (ibid).

In conducting research into partnering arrangements and gaining contractor’s views,
Eriksson [20] found that clients and contractors viewed partnering positively, particularly for
large complex projects with high uncertainty, and it worked well when a collaborative culture
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was created amongst the project team. Eriksson and Westerberg [27] had previously
discussed the positive effect collaborative procurement has on project performance, including
cost, time, quality, environmental impact, work environment and innovation, with client
leadership, as found by Egan [4].

Ey et al. [9] expand on Eriksson and Westerberg’s [27] research to investigate barriers
and challenges of collaborative procurement which they state is about “striking
organisational synergies within a construction project team to reduce barriers to innovation
and facilitate a cooperative project delivery”. The main human-related barriers found were
trust, communication, understanding of collaborators, cultural differences and relationships,
while the main commercial-related barrier was commercial pressures, specifically the
complexities of the commercial and contractual frameworks required to support collaboration
[9]. The study concludes by reporting that while collaborative procurement has the potential
to address some of the inherent difficulties facing the construction industry, there are barriers
and challenges to the success, which are difficult to address (ibid). The case studies used in
this project aim to tackle these challenges and remove some of the barriers.

3.2 Building Information Modelling (BIM)

The concept of BIM was first discussed as far back as 1962 by Douglas C. Englebart [28] but
became mainstreamed within the UK construction industry in 2011 to encourage
collaborative working practices to deliver construction projects by getting people and
information working together effectively and efficiently through defined processes and
technology [29].

Shibeika and Harty [30] examine how one company adopted digital innovation. To do
this, they use diffusion of innovations (DOI) theory, which examines how new ideas move
through a social system, to investigate how the innovation could change a complex firm, also
applicable to the wider industry. The authors begin by explaining the key role of BIM in
aiding the development of the construction industry. They recognise the complexity of the
construction industry, which can stifle the diffusion of new technologies and practices and
also the fact that organisations within the construction industry are constantly faced with
changes, as the industry evolves and with the varied nature of each individual building project
(ibid), concurring with research by Loosemore and Richard [11] and Matinaro and Liu [31].
This can make it more difficult for momentous changes to be diffused throughout the
industry, which is fast moving and involves many changing factors.

While procurement routes (such as partnering and frameworks) and systems (such as
BIM) exist to enable collaboration in construction projects, research studied within this paper
suggests it is easier to implement these on large projects. Edie.Insight [32] also found that
sustainable development is more likely to be driven by larger-sized construction companies.
However, 99% of UK construction contracting businesses are small or medium enterprises
(SMEs), which is of significant concern to the industry [32]. In a survey carried out by
Edie.Insight, respondents were asked to identify the three most significant sustainability
investment areas for their organisation during 2017/18 — only 33.33% identified “sustainable
product design/innovation”, which suggests it is not high on their agenda, possibly since it is
not always in their control and needs to be driven by the client (ibid). Alwan et al. [33] also
suggest that the proportion of small firms (up to 59 employees) making up the industry is one
of the cultural challenges to sustainability within the construction sector. A large proportion
of responsibility for reducing negative qualities of the industry lie with small companies. The
proportion of small companies also leads to a low level of investment in training, education,
innovation and research, resulting in most building personnel having only basic knowledge
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of global consequences of construction waste, pollution and emissions (ibid). The first author
has come across one example of a small UK practice of five full-time staff, Constructive
Thinking, that utilises BIM effectively for collaborative working even on small projects [34].

3.3 Innovation

Whilst Egan [4] suggested the construction industry learns from the manufacturing
industry, Salem et al. [35] cite the main features of the construction industry that differ from
manufacturing as: on-site production; one-of-a-kind projects; and complexity; the combined
effect of which is uncertainty throughout the whole project.

Shibeika and Harty [30] suggest that use of DOI theory is perhaps too linear to deal with
the complexities of construction and look to the work of Peansupap and Walker [36], who
suggest that change management and social network analysis may be more appropriate. DOI
and the non-collaborative, blame culture, are considered by Ajayi et al. [37] when examining
the cultural change needed in the UK construction industry to deal with reducing waste to
landfill. Ajayi et al. [37] found that organisational culture determines employees’ readiness
for innovation as well as their strategy and approach to innovation. Difficulties of adopting
innovation in construction stem from the complex nature of the industry and its reliance on
casual employment of labour force, i.e. it is not as stable as the manufacturing industry. The
fact that designers and contractors usually work independent of one another adds to the
difficulties, although this is addressed through collaborative working, enabled through
partnering and frameworks (ibid), as illustrated by the case studies forming one of the outputs
of this research project. Matinaro and Liu [31] discuss how a cultural transition to more
innovative thinking in the construction industry can impact on sustainability, proposing that
leadership is required to develop a culture towards change as also suggested by Kotter [38].
This is further discussed by Mousa [39] who uses Kotter’s [38] eight-step model for change
to consider an approach to transforming to sustainable construction in a developing country.
Costs are recognised as a major barrier to the widespread use of sustainable materials due to
higher upfront capital costs and a disregard for life cycle and performance, which is also
described in the research work of Darko and Chan [40].

Matinaro and Liu [31] recognise that challenges of innovation in the construction industry
are in part due to the diverse and multi-levelled nature of the industry and the fact that it is a
project-based industry, concurring with Ajayi et al. [37]. Whilst the industry is reported as
being non-collaborative and lacking innovation, it naturally works in a collaborative way,
necessary to deliver buildings. However, the authors state that innovation is stifled by
“ineffective leadership, ingrained cultures, outdated technologies, poor logistics and lack of
using solutions such as BIM” effectively. To enable change, “sustainable development must
be seen as an opportunity for the construction industry, not as a cost.” Matinaro and Liu [31]
state that innovation management is not seen as important to construction companies because
of practical and result-orientated ways of thinking, their main aim being to deliver buildings
to client’s briefs, within budget and to an agreed programme. An innovative organisational
culture includes features such as knowledge sharing, tolerance of mistakes (viewed as
learning opportunities) and good collaboration abilities, none of which are perceived
strengths of the construction industry (ibid).

Loosemore and Richard [11] found that the economic dilemma of innovation in the
construction industry stems from clients, who are unable and unwilling to provide scope and
time in projects for innovation to happen. Reasons included: internal governance constraints;
a lack of tools to value innovation in bids; a poor understanding of how built assets contribute
to core business objectives and a narrow understanding of their central role in driving
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innovation. Therefore, innovation only tends to occur on large projects or with clients who
procure multiple buildings. Most of the industry work with clients who procure buildings
rarely, who want the lowest price for their investment and who do not recognise the building
as a key long-term asset. Their research suggests that clients need to drive innovation and
allow the construction industry to innovate, but the construction industry needs to educate
clients to know this, to be aware of their role. The authors recognise that further research
could explore the reasons why clients may find this difficult or be reluctant to adopt their
recommendations (ibid). They refer to the McKell Institute Report into productivity in the
Australian industry, written in 2012, which declares that firms must “innovate or perish” [41],
a sentiment echoed by Farmer [42] in “Modernise or Die”, recognising that the construction
industry is always adapting and a large amount of innovation occurs, but the nature of the
industry makes it challenging to make bold, obvious innovation within the industry due to its
complexities [11].

3.4 The move towards energy positive buildings

In 1983 “Our Common Future” highlighted the important role buildings have to play in
saving energy, stating that a low energy path is the best way to a sustainable future [43].
Consequently, there is a large amount of literature on “green” or sustainable buildings, some
of which is summarised in this section.

Darko et al. [44] study drivers for implementing green building technologies. They find
the top five drivers as being: energy-efficiency; reduced environmental impact; water-
efficiency; occupants’ health, comfort and satisfaction; and company image. Darko et al. [45]
build on this initial research by undertaking a detailed literature review. Here, they identify
“Government regulations and policies” as being the top driver. However, in a review of the
barriers to green building adoption, Darko and Chan [40] found lack of green building codes
and regulations is also seen as one of the barriers, although lack of information, cost, lack of
incentives, lack of interest and demand, are also barriers listed.

Brejnrod et al. [46] describe a method to calculate the “absolute sustainability’ of
buildings, meaning that a buildings annual environmental burden is less than its share of the
earth carrying capacity. One of the ways to reduce energy consumption was identified as
reducing the impact intensity per energy unit, achieved by using renewable energy generation
locally and by the public energy supply, which aligns with the energy positive case studies
used in this research project. Meanwhile, Kosai and Tan [47] present a study of zero energy
buildings from an energy trilemma perspective, finding that on-grid zero energy buildings
with renewable energy delivered a better performance than off-grid zero energy buildings —
also aligning with energy positive buildings developed as part of this research project. Roaf
and Nichol [48] advocate a change in design thinking back to more environmentally adaptive
design of buildings. The authors state that consideration of building performance by
architects at an early stage in the design process does not happen in many modern buildings.

The research of Attia [49] is dominated by ideas of regenerative design, cradle to cradle
design and biomimicry, for environmentally effective sustainable buildings. An integrated
design process and design-bid-build procurement are key to delivering low-energy buildings
at zero or little extra cost, whereas the traditional, linear approach leads to missed
opportunities (ibid). Rasekh and McCarthy [50] showed that to be sustainable, it is essential
to be innovative. The main challenges they found were capital cost uplift, knowledge about
sustainable buildings, and the necessity for early engagement of contractors, echoing findings
from other research described in this paper.
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While the research examined used different terminologies and focused on slightly
different aspects of “green” buildings, the main thread is the same — that there is a need to
reduce the amount of energy used by the built environment but, in order to address this, it is
critical to understand the challenges and drivers for change.

4 DISCUSSION

The literature examined above, clearly points to a need for a different approach to enable
collaboration and innovation in construction, to deliver energy positive buildings,
highlighting many challenges the construction industry faces. A collaborative approach was
shown to be effective on large, complex projects, but these are still highlighted as pilot
examples and not the norm. Nor have they been shown to work on smaller projects. It is
timely to examine this now as it is twenty years since Rethinking Construction [4] and the
industry is fast approaching the targets set out in Construction 2025 [51]. The need for an
innovative solution is becoming ever more pressing and there is a gap in knowledge around
this, as the literature illustrates.

The literature review has helped to refine the aims and objectives of the research project
and provided evidence that this research is needed and is appropriate at this moment in time
(2018). The main aim of the project is to investigate a new approach to procuring energy
positive buildings, that integrate renewable energy generation into the building fabric to
reduce the energy consumption of buildings and associated carbon emissions while
improving user comfort within buildings.

Several common factors that affect the ability for the construction industry to work
collaboratively were identified in the literature. These include: trust, cost, fragmented nature,
risk, clients, culture, traditional procurement, time, funding, size of firms, communication,
technology, lack of information and regulations; all of which need to be addressed to improve
the overall performance of the industry and to enable innovation in construction, particularly
to enable energy positive buildings. The first author proposes that energy positive buildings,
such as those designed by the first author (see Fig. 1 above), which include innovative
elements and are delivered in a collaborative way, could address many of the challenges
facing the construction industry, as well as global challenges to reduce energy use in the built
environment.

5 CONCLUSIONS
From the literature examined, there is strong evidence of links between collaboration,
innovation and energy positive buildings, which address global environmental issues,
suggesting that creating energy positive buildings in a collaborative way using innovative
techniques and technologies could help transform construction.

Some research has explored the use of manufacturing techniques for lean construction,
but there is room for further research in this area to aid the use of innovative sustainable
techniques and technologies in construction. Whereas the challenges, drivers and barriers to
innovation in construction are well documented, no clear solution has been identified within
the literature. While collaborative working and innovation are identified as necessary to
enable an energy efficient built environment and that such an environment is essential to
addressing environmental, economic and social concerns, perceived costs, lack of knowledge
and procurement methods appear to be the main barriers. There is a belief that enabling
delivery of energy positive buildings through innovation and a collaborative process should
be client-led. The way the client deals with procurement affects the entire construction
process, including the degree of integration and cooperation between the project team [27].
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These findings suggest the gap in knowledge is in finding a way to successfully implement
collaborative working and innovation in one-off projects and to educate clients in how this
approach could benefit them in the long term, providing a strong evidence base for the first
author’s research project. The case studies shown in Fig. 1 will aid this education process,
through engagement with construction industry stakeholders. Further work will describe the
next stage of this project which involves collecting data on the case studies.
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