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Abstract. There is a good amount of research on how collaborative design and
delivery practices, such as design & build, integrated project delivery and
alliances can help in achieving project goals, sustainability among other things.
Although the understanding of these collaborative practices and their advantages
has increased, a large part of construction projects are still conventional, design-
bid-build projects. The industry is fragmented not only when it comes to
separating the design stage from construction, but also when it comes to the
number of subcontractors and suppliers in projects. This situation is not going to
change any time soon, rather it looks the opposite. Construction projects are
becoming more and more complex requiring companies to specify their expertise
to a certain design, manufacturing or installation aspect. This is a discovery and
theory-led case study that explores key problems and opportunities, and
illustrates how theories are applied and adapted, or adopted, in a real-life setting.
The focus is on how a top tier main contracting company in New Zealand is
changing its practices to be more collaborative by involving the design and
construct teams, the client and stakeholders, on a regular workshop basis at the
pre-construction design stages in particular. The research question is “How to
use collaborative design and delivery practices at the preconstruction and
construction stages to achieve a circular economy?” The vision and aim is to
explore-with project examples-alternative insightful design strategies, reduce
waste to landfill, associated costs, as well as enhancing the environmental
impacts on the community. One of the introduced tools so far is an Environment
in Design (EiD) register, in conjunction with resource sorter training, and
recording all waste data, to achieve the main contractor and key stakeholders’
sustainability goals.

Key words. collaboration, complexity, construction industry, EiD, environmental
sustainability, value-adding change
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1. Introduction and background

1.1 Complexity of projects and project conditions

The Construction industry is still a largely fragmented industry. The supply chain in the
construction industry is broken down into some large contractors at the top and a vast number
of smaller companies as suppliers and subcontractors (Grabham and Manu 2022). Relationships
between the supply chain actors are temporary, supply chains are disassembled at the end of the
project and reassembled in a different form for the next one (Grabham and Manu 2022).
Another factor in the fragmentation are the contractual arrangements, separation and silo
behaviour between the design and the construction discipline. Design and construction stages
are still in many cases separated processes (Saini, Arig and Kulonda 2019). This despite the
increased awareness, understanding and partial adoption of the advantages and benefits of
collaborative practices for the project and the project teams (Oraee et al. 2019). The fragmented
nature of the industry has been identified as a barrier to advancements in multiple areas such as
lean construction (Toland and Collery 2023), knowledge management (Vaz-Serra and Edwards,
2021), digital technologies (Oraee et al. 2019) and circular economy (Yu et al. 2021).

He et al. (2015) created a six-category framework of project complexity. It consists of
technological, organizational, goal, environmental, cultural, and information complexities. Vaz-
Serra and Edwards (2022) define that number of project parties and parts, and uncertainty form
the major parameters of project complexity. The relationship of the parties and parts, and
decision difficulty enhance the complexity even further. The number of supply chain actors and
multifaceted relationships make construction projects by definition complex. Increasing
demand and supply for new technology both for building technology and building services and
demand for sustainability are also driving complexity of construction projects (Larsson and
Larsson 2020). It is suggested that collaborative forms of procurement are able to mitigate
project complexity (Ghaleb et al. 2022).

Another dimension of complexity are the complex conditions where the companies and the
projects operate in. The fragmented nature of the industry and the project complexity are of
course factors here as well, however, complex conditions often arise from the operating
environment (He et al. 2015). Climate change and more importantly mitigating climate change
are a global level phenomenon also influencing construction industry and adding pressure to
operate more sustainably. In addition, recent worldwide events, COVID-pandemic and Russia’s
war against Ukraine, have had impacts on the operating environment, eg materials’ supply chain
disruptions. There are also local factors such as local legislation, and local ecological, economic
and social environments which influence the complexity of the operating conditions (Luo et al.
2017). Companies in the construction supply chain are at times being required to provide
evidence of their performance in these complex conditions in certain types of design,
manufacturing and installation. This demand may be by the building authorities, banks,
insurance companies, and/or the clients /developers.

1.2 Sustainability and circular economy

Sustainability from the ecological point of view in construction projects can have multiple aims.
These aims can be linked either to the end-product (building in use) or to the construction and
demolition processes themselves. The construction industry has a substantial role in waste
production. Construction and demolition waste (CDW) is more than a third of all waste
generated in the European Union (European Commission n.d.). In Australia the sector generates
17% of all waste produced and there is an upward trend due to expanded construction activities
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(Hassan and Alashwal 2024). In New Zealand, CDW sent to landfills has also been steadily
increasing. CDW may represent up to 40-50% of all waste generated in New Zealand (Berry et
al. 2022, BRANZ n.d.). The waste levy charges for landfill CDW have been low, 20 NZD/tonne, in
New Zealand (Ministry for the Environment 2022) compared to many other Western countries
(Berry et al. 2022). However, the levy charges will increase to 60 NZD/tonne by 2024 (Berry et
al. 2022). A Circular economy, which involves high level of reusing and recycling of materials,
might offer a solution. A Circular economy is based on the following principles: design out waste
and pollution, keep products and materials in use, and regenerate natural systems (Ellen
MacArthur Foundation n.d).

Designing out waste (DoW) practice is a concept within circular economy and inextricably
linked to sustainability. Design for reuse and recovery, design for off site construction, design for
materials optimisation, design for waste efficient procurement, and design for deconstruction
and flexibility are five principles of designing out waste introduced by the Waste & Resource
Action Programme in the United Kingdom (Hassan and Alashwal 2024). The recovery rate of
CDW in European Union (EU) is reported to be at 89%. However, in terms of circular economy,
this figure might be misleading as the level of circularity can be poor (Caro et al. 2023). As an
example, 95 % of the CDW in Netherlands is down-cycled i.e. the material value is not effectively
recovered (Yu etal. 2021). In New Zealand it is estimated that 20% of the CDW is going to
landfill and 80% going to cleanfill sites” (BRANZ n.d.). Not only recycling, but also the level of
reuse and recycling of materials needs to improve.

1.3 Integrated design and construction approaches

Larsson and Larsson (2020) found that a high degree of collaboration (duration, intensity, depth
and width) has a vital role in sustainable project management. The benefits of collaborative and
integrated approaches have been well known since the 90s’ as reported by Best and Valence
(1999) and Berry (1999), and continue to be beneficial, especially as architectural, engineering
and construction (AEC) projects and their performance requirements become increasingly more
complex. Integrated design and construction approaches create a shared vision for the project as
it improves communication and the opportunities for closer collaboration amongst a greater
number of the consultants and contractors early on in the project. This would also include the
client, stakeholders and/or shareholders and can materially build trust among the project
parties (Best and Valence 1999).

The traditional design-bid-build (DBB) approach tends to be a linear process that can work
against the possibilities of optima solutions. The process is fragmented as there are often
numerous project participants who are often in conflict with each other, communications are
limited and it tends to restrict innovation in favour of conventional design solutions (Best and
Valence 1999). This can and still does cause the functional isolation of consultants (Berry 1999)
and can be particularly evident on the larger projects, where the number of teams within the
project is also large. The basic parameters of the design are set by just a few people (client and
designers) with little or no utilisation of the collective energy of the project team(s) and without
necessarily having regard to the effects those decisions might have on other consultants and
contractors involved at a later stages of the DBB process, and the delivered project/product at
the end of the project (Berry 1999).

An integrated multi-disciplinary team approach, starting at the earliest possible stage of the
design process, and with every aspect of the proposed project addressed in an integrated way,
will result in more optimal solutions to the design questions raised along the way - rather than
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being made in isolation. Potential problems can be identified by the team and avoided and not
left for others to solve later (Berry 1999, Emmitt 2017).

2. Research methodology

2.1 The overall research approach
The overall approach to the research investigation is a discovery and theory-led case study
(Thomas and Myers 2015) that explores both construction industry traditional and integrated
collaborative work practice theories, and the influence and inclusion of sustainability -the
realities and opportunities. The research investigation then explores how environmental
sustainability, and integrated design and construction collaborative theories are currently being
developed and adopted at the pre-construction stages by a top tier main contracting company in
New Zealand (Company A) and why.

The Research question is “How to use collaborative design and delivery practices at the
preconstruction and construction stages to achieve a circular economy?”

2.2 The research methods

Initially for the theoretical part of the research investigation a literature review was undertaken
to provide a selectively focussed contextualisation of how the industry work practices differ
between traditional and integrated approaches, and how environmental sustainability is already
or could be further included into those approaches and why.

For the case study involving Company A’s pilot trials the research method approach
involved two different, but closely linked and inter-related methods. Firstly a review of case
study Company A’s documented aims and learnings from a Waste Diversion pilot trial in 2023;
and the rationale for the development of the EiD (Environment in Design) Register Template and
KPIs, and the Resource Sorter training plan. Secondly, using observational research (Denscombe,
2007), Company A is currently running an EiD pilot trial ready for all of its construction projects
(and therefore all of its project teams) in future. This involves direct observational fieldwork (at
the pre-construction design stages), by recording the data collected for each of the KPIs on the
EiD register relating to 5 but linked categories. Project teams are observing things as they
actually and naturally occur in the design stage workshop meetings which include the
clients/stakeholders as part of the project teams, rather than being artificially created
(Denscombe, 2007). Different observers /teams on the various projects nationally may produce
different data to what is required, without clear guidelines. Therefore the use of an Observation
Schedule will minimise and potentially eliminate the variations from individual perceptions of
events and activities, and provide an Observation Framework for all observers/teams to use.
This potentially and hopefully provides consistency across the data collected in terms of the
KPIs in the EiD register template being observed in the fieldwork process and the resultant
natioanlly recorded data, to subsequently be analysed and learnings actioned by Company A’s
project teams.

The findings and/or learnings as shared by the case study Company A’s from their pilot
trials are described and compared with relevant literature (in section 4. Findings and
discussion), to determine the similarities or differences between the primarily theoretical
standpoint and Company A's innovative initiatives that they are testing and putting into practice.
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3. Company A case study

This is a discovery-led case study that describes and explores the key issues, the challenges
being experienced, and the opportunities being initiated and introduced by Company A -a top
tier NZ-wide contracting construction company. The company is changing its work practices to
be more collaborative, environmentally responsible, and cost effective, by involving not only the
design and construction project teams, but also the client and stakeholders on a regular basis in
workshop meetings right through the pre-construction design stages.

Company A has found that the construction industry does not collectively work together to
collaborate on environmental design aspects. The approach has always been in silos and the

Environment in Design (EiD) Register

Project: Template
Rev/Date:

ACTIVITY Post-Mitigati
Environmental Impact Change Management Strategy ost-Mitigation

Waste Environmental Impact

management . COSTS
o Environ- IMPACT e~ IMPACT over /
Ref. .y mental High DEIR) o High
Materials . Owner / STATUS positive > Under
Element Medium . ) Date be ) . Medium
People Action Design ) Ongoing environ-
Small e Raised comple- Small
Carbon Discipline Closed mental
emissions K6 ey awareness uLl
Best Practice Best Practice

Waste mgmt. Non Waste |Change to |Architect 23.1.2024 |1.3.2024 |closed Respecify an
recyclable insulation,

insulation landfill |recyclable which has a
has been insulation take back
specified scheme.

Figure 1. Environment in Design (EiD) Register with one example of an Environmental Element
(insulation), and the Change Management Strategy.

coordination is completed when the design is finished, thus giving no movement for redesigning
at minimal cost. Therefore, as part of Company A’'s new Business Plan in 2023, the
Environmental Strategy Plan took an approach that aimed to mitigate the project teams’ general
and observed lack of knowledge and practice regarding reducing/diverting construction waste
to landfill, and the associated environmental and cost disbenefits to the company. In addition,
Company A wanted to mitigate the lack of understanding of the environmental elements in the
design at the pre-construction stage(s) by building a common, consistently used Framework,
and holding Environment in Design workshop meetings throughout the pre-construction design
stages. Consequently, an extensive and detailed EiD (Environment in Design) register initiative
was set up and activated in late 2023, as a pilot trial for all of Company A’s construction projects
nationally, and the pilot trial is currently still running through 2024.

This pilot trial requires that all projects identify and list the Activities, the Environmental
Element (of that activity) the Environmental Impacts and the Change Management Strategies
including necessary actions at the preconstruction design stages, and record them to provide an
inclusive, diverse and detailed national EiD data base for Company A (Figure 1).

4. Findings and discussion

4.1 Findings and discussion
Company A ran a one -off waste diversion trial in early/mid 2023 with a government
client/stakeholder on a large scale government project in Auckland involving three new
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buildings. The trial focussed on the separation of resources on the construction site, and how
Company A could potentially make changes as to how it used and disposed of excess building
products. This approach by Company A demonstrated the three key design principles of a
circular economy (Ellen MacArthur Foundation n.d), which keeps materials/resources in
circulation for as long as possible, as they are recovered and regenerated, which in turn
maximises value economically as well.

Company A realised that their on-site staff, in particular, needed resource sorting training
very early in the project, and decided to develop a formally accredited Resource Sorters
qualification for all on-site staff on their construction project sites going forward. Training has
been found to be “a pivotal factor” by Diaz Caselles and Guevera (2024, p. 15). Other studies also
suggest that sustainability-focused training of the onsite workforce can improve construction
processes and also help to achieve project objectives (Atta, Bakhoum and Marzouk 2021,
Stender and Walter 2009).

At the end of the waste diversion trial period over 90 percent of the project’s construction
waste by weight (71 tonnes during the 2023 trial period) had been diverted from landfill,
allowing the company to save 40% of the usual landfill costs for a similar scale and type of
project’s tonnage and categories of construction waste. When the CDW levy charges in New
Zealand will be increased from 20 NZD/tonne to 60 NZD/tonne by 2024 (Berry et al. 2022), this
waste diversion from landfill will have even larger cost impacts.

The waste diversion trial meant that Company A collaborated with a diverse range of
stakeholders, and it had commercial benefits as well as creating a waste management awareness
ripple effect across the supply chain companies as well.

Following, are reflective learnings taken directly from Company A’s write up by the team
after the Construction Waste Diversion trial concluded:

e “Approaching engagement as a long-term process, not just a one-off.

e Early design strategies make recycling easier and reduce the amount of waste going to
landfill

e Aiming to reduce designed vulnerabilities, include all parties affected with possible re-
design suggestions.

e Including community development and regeneration. Do not just focus on the building.

e Designing to specific product dimensions to reduce wastage e.g. set out grid layouts to
be aligned with material/ product lengths /widths.

o Off-site fabrication - less wastage than built in-situ on-site - less damage and less
weather protection required.

e Resource Training qualification to be developed and all of Company A’s onsite staff
need to undertake and pass to work on Company A’s construction sites.”

These findings by the Company A go well together with the literature. Designing out waste,
early design strategies and involving all parties early on in the process have been discussed in
the literature by many (Ajayi and Oyedele 2018, Larsson and Larsson 2020, Xu and Lu 2019,
Yang et al. 2017). Off-site fabrication as well as designing to specific product dimensions have
been identified in the literature also widely as a method to reduce waste of materials (Hassan
and Alashwal 2024, Yu et al. 2021).

4.2 The Environment in Design (EiD) Register

The EiD Register Template that Company A developed with a range of KPIs to be addressed and
that is currently being trialled, guides the team(s) on a discovery-led path to understand the
environmental elements’ of the design, the possible environmental impacts, and then through a
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change management process involving necessary actions by whom, and by when, to mitigate the
impacts at the pre-construction design stages.

Working with a proposed project baseline to change and increase the environmental
elements by around 50% will be a stretch for some of Company A’s projects where the design is
already well advanced. For others, where the concept is approved, and before developed design
has started, the framework will provide guidance, line by line of better environmental designs
and outcomes of 80% and above for positive environmental changes.

4.3 Key learnings from the EiD pre-construction design stage -pilot trial

Company A’'s developed EiD Register framework currently being trialled (started late 2023 and
continues through 2024), is part of their new Environment Strategy Plan. It includes focusing
on sustainable construction practice and products (that conserve and protect the environment)
at the pre-construction design stage(s).

Following are some of the statements or reflective learnings by the team taken directly from
their early findings/learnings so far:

e “Holding the first EiD meeting with all stakeholders setting goals and deadlines (absolutely
aligns with integrated /collaborative design and construction management practices)-
then schedule regular follow ups on the measurable actions their impacts and whether
goals are able to be/being met.

e Engaging with subcontractors at the pre-let stage to reduce waste and promote the
circular economy.

e FEducating the company’s teams on sustainability and the (natural) environment.

o (Offering the wider community resource sorter courses and an associated qualification’.

o Implementing waste management plans on all of Company A’s projects with an expectation
of a 70% minimum diversion of waste from landfill and at least 3 different product bins (eg
plastic, timber, steel/ metals etc).

e Recording all waste statistics nation-wide across Company A projects to track and monitor
waste diversion goals.

e The EiD process needs to be instigated and involve the whole project team, and is best
suited for ECI contract.”

The literature reviewed also revealed important issues concerning stakeholder engagement
in sustainable construction, and therefore effectively supports the development of this EiD
register. Diaz Caselles and Guevara (2024) suggested that the endorsement of sustainable
practices among construction stakeholders could be effectively achieved through the creation of
frameworks and rating systems anchored in KPIs. Collectively, the findings underscore the
pivotal role stakeholders play, along with the necessity for developing robust frameworks. Diaz
Caselles and Guevara (2024) continued further by suggesting that “future research must delve
into the effectiveness of these frameworks and KPIs, assessing their flexibility and impact across
varied project scales and stakeholder interests” (p. 16) basically supporting the work Company A
are initiating, and that “investigations into the scalability of sustainability initiatives will further
ensure that these practices are not merely theoretical ideals but actionable strategies integrated
throughout the construction process” (p. 16).

5. Conclusions, future research and opportunities

The Research question was “How to use collaborative design and delivery practices at the
preconstruction and construction stages to achieve a circular economy?”
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The consequent overall approach to the research investigation was a discovery and theory-
led case study of construction industry traditional and integrated collaborative work practice
theories, and the influence and inclusion of sustainability realities and opportunities. The
research investigation then specifically explored how these environmentally sustainable, and
integrated design and construction collaborative theories were, and are currently being
developed and adopted at the pre-construction design stages, by a top tier main contracting
company in New Zealand (Company A).

As a result of the known state of the construction industry’s fragmentation and increasing
complexity of the projects and project conditions, Company A decided to change its Business
Plan in early 2023. The new plan included an Environmental Strategy Plan, which in turn
initially led to the waste diversion trial of a suite of 3 government buildings, in mid 2023, and
then later in 2023 to develop and introduce the pre-construction design stage EiD register that
is still being trialled across all of their projects, and which may not conclude until later in 2024
or into 2025. Recently, in Company A’s first review meeting of the EiD register in-use, there was
a large number of activities already evidencing environmental impacts, and those impacts
require mitigation. Most of these issues would not have arisen without the use of the EiD
register and the collaborative approach on the projects. Very recently, in January 2024 published
literature highlighted the currency and innovation of this kind of pe-construction design stage
approach by relaying the importance of the creation of scalable sustainability frameworks, and
associated rating systems anchored in KPIs for construction projects, and the need to test how
robust and flexible they are across a range of scaled projects.

5.1 Future opportunities
Company A wants to integrate the new EiD register framework into all of their projects and this
will mean stronger project teams - i.e. not working in silos as they work through environmental
problem solving for example, and when working with clients that want an integrated,
collaborative team approach and more sustainable buildings. The company will continue using
the Resource Sorters qualification for all of their on-site staff in particular on future projects.
Future research could involve following up with Company A to create a longitudinal record
of the impacts, scalability and flexibility of the EiD register framework for a diverse range of
construction projects. The impact of the Resource Sorters qualification on the projects of
Company A and the industry wider could and will be investigated further.
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