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About i-Hub 

The Innovation Hub for Affordable Heating and Cooling (i-Hub) is an initiative led by the Australian Institute of 
Refrigeration, Air Conditioning and Heating (AIRAH) in conjunction with CSIRO, Queensland University of Technology 
(QUT), the University of Melbourne and the University of Wollongong and supported by Australian Renewable Energy 
Agency (ARENA) to facilitate the heating, ventilation, air conditioning and refrigeration (HVAC&R) industry’s transition 
to a low emissions future, stimulate jobs growth, and showcase HVAC&R innovation in buildings. 

The objective of i-Hub is to support the broader HVAC&R industry with knowledge dissemination, skills-development 
and capacity-building. By facilitating a collaborative approach to innovation, i-Hub brings together leading universities, 
researchers, consultants, building owners and equipment manufacturers to create a connected research and 
development community in Australia. 

This Project received funding from ARENA as part of ARENA's Advancing Renewables Program. 
The views expressed herein are not necessarily the views of the Australian Government, and the 

Australian Government does not accept responsibility for any information or advice contained herein. 

   Primary Project Partner 

 

  

 

 

 

 

 

The information or advice contained in this document is intended for use only by persons who have had adequate technical training 
in the field to which the Report relates. The information or advice should be verified before it is put to use by any person. 

Reasonable efforts have been taken to ensure that the information or advice is accurate, reliable and accords with current standards 
as at the date of publication. To maximum extent permitted by law, the Australian Institute of Refrigeration, Air Conditioning and 

Heating Inc. (AIRAH), its officers, employees and agents: 
 

a) disclaim all responsibility and all liability (including without limitation, liability in negligence) for all expenses, losses, damages and 
costs, whether direct, indirect, consequential or special you might incur as a result of the information in this publication being 

inaccurate or incomplete in any way, and for any reason; and 
 

b) exclude any warranty, condition, guarantee, description or representation in relation to this publication, whether express or 
implied. 

 
In all cases, the user should be able to establish the accuracy, currency and applicability of the information or advice in relation to 

any specific circumstances and must rely on his or her professional judgment at all times.  
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The i-Hub Yellow Book of Integrated Design 

Integrated Design delivers better architectural and engineering outcomes on projects. Done properly it can 
also reduce build costs, operational costs, and lessen environmental and climate impacts. 

This book describes how to implement or at the very least encourage integrated design on projects.  The 
principles come from research work carried out under the i-Hub Integrated Design Studios, a collaborative 
effort between The University of Melbourne, Queensland University of Technology, and the University of 
Wollongong.  The i-Hub program was initiated and managed by the Australian Institute for Refrigeration and 
Air Handling (AIRAH) and funded by the Australian Renewable Energy agency (ARENA). 

The book presents a distilled summary list of general principles to implement on projects followed by further 
detail on the underlying thinking behind the principles.  Further detail can be found in the detailed research 
reports produced as a part of the ‘Integrated Design Studios’ or IDS stream at www.i-hub.org.au  
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 2. INTEGRATED DESIGN 

 

Integrated design aims to produce better built environment outcomes through the integration the many often 
disparate parts of the design process. The ultimate aim is to create a ‘whole that is greater than the sum of 
the parts’. 

Implemented effectively integrated design promises outcomes that respond better to the various project 
stakeholders involved, are cheaper to build and maintain, and that perform better on an architectural, 
technical (engineering) and environmental basis. 

Integrated Design is not new, it is however sporadic and often ineffectively implemented in industry. Many 
of the reasons for this are related to aversion of perceived risk and change which results in design teams 
resorting to the comfort of what they know. This often takes the form of working in silos to solve their part 
of the design equation without minimal reference to others. 

The Principles of Integrated Design presented here offer an alternative to the status quo often encountered. 
They describe possible pathways for design processes that embrace co-rationalisation rather than a 
sequential exchange of information that sits segregated within individual (professional) boundaries. They 
encourage connections to be made across disciplines, bringing new insights and ideas that would not have 
been apparent in one discipline alone, and design outcomes where “The whole is much larger than the sum 
of the parts”1.  

This document presents guidelines to the establishment of integrated design processes in multi-disciplinary 
design teams.  The guidelines were formulated by testing integrated design theory documented in the 
literature for practical design environments.  

The work was undertaken as a part of the i-Hub Integrated Design Studios (IDSs) activity at the University 
of Melbourne, Queensland University of Technology, and the University of Wollongong.  The i-Hub program 
was initiated and managed by the Australian Institute for Refrigeration and Air Handling (AIRAH) and funded 
by the Australian Renewable Energy agency (ARENA). 

One of the early findings of the research was that integrated design processes need to be adaptable so as 
to cater to individual designers preferred methods of working. This document should therefore be used as 
a flexible framework for discussion with the design team in question to structure an integrated design 
process that is bespoke to the situation at hand. 

1-Radcliffe, D. F. (2006). Shaping the Discipline of Engineering Education. Journal of Engineering Education, 95(4), 263–264. 
https://doi.org/10.1002/j.2168-9830.2006.tb00901.x 
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 3. INTEGRATED DESIGN IMPLEMENTATION PRINCIPLES 

Integrated Design can be said to consider all aspects of a project from initial conception and framing, 
through to final construction, commissioning, and operation. The following table presents a high-level 
summary road map of recommended actions to implement integrated design on projects.  A fuller 
description of specific aspects can be found in Section 3. 

Phase Integrated Design Principles  

Before 
design 
starts 

Establish a clear set of clients integrated project delivery motivations and 
establish a supporting framework for this within the client organisation. 

Establish clear, shared, ambitious, client goals, and timeframe for achieving 
those goals.  

Put in place a behavioural based procurement framework that  
- rewards outcomes performance against KPIs, 
- encourages collaboration and co-design, 
- makes communication and information sharing easy. 

Write integrated design into the brief including specific goals and targets that 
cut across disciplinary boundaries ensuring these are clearly communicated as 
part of the project tender.   

Identify and assign an integrated design manager role that is independent and 
external to the client/design team. 

Design 
Initiation 
(Culture 
Setting) 

Create supportive environment for design: 

- Identify common spaces where team can assemble (ideally a project 
office if size allows). 

- Identify common communication/software platforms and protocols to 
facilitate collaboration (in consultation with design team members). 

Conduct culture setting exercises: 

- Common project inception workshops communicating goals/vision. 
- Be clear designing differently, articulate co-author mindset. 
- Establish understanding of reward for performance culture. 
- Establish relationships through face-to-face meetings. 
- Articulate culture of learning, understanding and valuing. 
- Embrace open ended solutions (encourage divergent thinking). 

Establish return brief with whole of design team. 

Determine and agree KPIs with design team. 
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During 
Design 

Convene a transdisciplinary design team (e.g. engineers, architects, 
construction contractors, building owner/manager/occupants, ID 
specialist/facilitator) with diverse skills and experiences.  Secure dedicated 
senior and junior resource time commitments. 

Understand the ‘whole of life’ purpose of the building. Allow designers the time 
to understand their own disciplinary issues in responding to brief/purpose and 
share these with the rest of the team.  

Conduct non-linear design workshops across different project aspects sharing 
outcomes or challenges across the team (weighted to front end).  

- Search for and articulate systems in design.  
- Examine architectural and engineering ‘extreme solutions’. 
- Extend beyond initial perceived barriers (cost, feasibility etc.) to 

generate and develop new ideas. 
- Recognise the circular/iterative nature of design by revisiting 

workshops at different times.  
- Consider the use of option evaluation matrix frameworks for decision 

making.  
- Value place, understand materials/energy flows. 
- Use visual based early design evaluation tools or rules of thumb. 
- Stipulate multi-functionality.   
- Articulate results against purpose/KPIs and share across team. 

Include multi-discipline critique/constructive feedback sessions. 

Establish a hierarchy of approaches: i.e. energy efficient building envelope 
(design and materials), building services (technologies and controls), and 
renewable energy (generation, storage, and control). 

After  
Design 

Follow through and close the loop.  Ensure successful implementation of 
designs developed by involving future parties. This may be through informed 
commissioning with the parties responsible for maintenance and operation, or 
through education of end building tenants/users. 
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 4. DETAILED LEARNINGS 

The principles of implementing integrated design uncovered through reviewing/interrogating the literature, 
and subsequently testing this in actual design environments fell into four general categories: 

- Client Aspects, 
- Procurement and Planning, 
- Culture Setting, 
- Design Process Specifics. 

4.1. Client Aspects 
The enemy of integrated design is ‘business as usual’, or more specifically individuals and teams 
doing things on projects the same way they have done them previously. The tendency to operate in 
the comfort zone of what we know is a basic human condition we often default to. Real change 
requires changes in mindsets and attitudes challenging what we think we know right from the start of a 
process. 

It is for this reason that the client plays a crucial role in establishing integrated design on projects. As 
project instigators clients are responsible for setting the tone of a project that will carry through every 
aspect of the process to completion. 

To successfully implement and facilitate integrated design on a project: 

Clients need to be committed to changing from business as usual delivery in the 
interests of better design.  Client management personnel should be capable passionate 
individuals believing in changing existing processes for the better. 

Clients need to provide project personnel with an empowered environment. Integrated 
design often fails through ideas presented to management by project personnel not being taken 
on board. Client project personnel need to be able to work in an empowered environment where 
they are supported by the wider client organisation to implement change.  

4.2. Procurement and Planning 
Procurement and planning set the operational structures that the delivery team will work within for the 
remainder of the project. Getting these structures right is core to achieving successful integrated design 
on projects. Individual’s, and company’s behaviours will respond to the incentivisation embedded in the 
structures in which they have been employed, the design will respond to the brief provided, etc.: 

Procure the right behaviours. Contract procurement frameworks that encourage people to think 
and change the way they currently do things in order to improve outcomes encourage integrated 
design. Performance based contracts with incentivisation such as alliancing with ‘pain share/gain 
share’ arrangements fall into this category (refer Figure 1).  The Integrated Project delivery suite 
of contract documents developed by the AIA in the United States is a good example of such a 
contract. 
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Figure 1 – Indicative Gain share/Pain share arrangements on a project. 
(adapted from www.builtintelligence.com – ‘How to intelligently set the 
Contractor’s share percentages and share ranges’, John Broome). 

 
Developing a brief that provokes a different way of thinking - One key element of integrated 
design is to foster a different attitude about collaboration among project participants. The design 
brief hence needs to move away from familiar approaches and instead trigger novel approaches 
to design that – at times – may take participants out of their comfort zone in terms of ‘Business 
as Usual (BAU)’. In some instances, the formulation of the brief can be left open to allow 
collaborators to develop their own approach. This needs to be complemented by clear targets to 
be achieved by the designers, in order to provide them with a strong framework to define their 
collaborative process.  

Establishing the role of a Design Integrator – The role of an impassionate third-party design 
integrator was found to be highly beneficial in the studio testing that was undertaken. The design 
integrator was able to maintain a big picture view of design direction that many participants 
involved in the design were unable to. This role was often served by the studio leaders in the 
design studios. Overall, research shows the advantages of clearly defined roles and 
responsibilities, spread across the design collaboration process.  

Create a supportive environment for co-design: An integrated design team is most effective 
in a comfortable space, encouraging innovation and experiment, built on strong social 
connections. It is paramount that an integrated design team is a safe space where innovation and 
experimentation may occur in collaboration, built on strong social connections. Without these 
foundations the convention of design team hierarchy results in a serial structure, where 
engineering follows architectural design, validating and documenting but not sculpting or 
motivating a scheme. For this reason, most engineers shy away from open-ended design 
problems and experimental ideation for fear of critique or negative feedback and want the security 
of clearly outlined problems.   

Identify common spaces where team can assemble (ideally a project office if size allows). Provide 
a variety of space to facilitate different collaboration activities, i.e. formal workshopping spaces, 
casual discussion spaces, project resource spaces etc. Identify common communication/software 
platforms and protocols to facilitate collaboration. This should be done in consultation with design 
team members to ensure fit with IT and infrastructure capabilities and also to ensure buy in. 
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4.3. Culture Setting 
From the right culture and values, the right behaviours and results will naturally flow. Establishing the 
right unifying culture in a project team is essential for integrated design: 

Common Goals – Key to the formulation of the integrated design process is the articulation of 
common goals that are (equally) relevant to engineers as well as architects (over individual goals 
by either group). Ensure all participants feel involved right from the start.  Goals should not only 
be high level, but also include specific measurable targets against business-as-usual outcomes. 
Measurement of targets need not be confined to the objective aspects of a project, subjective 
aspects may be assessed and measured in subjective terms in consultation with the design team. 

Establish a trust culture – Relationships and mutual respect are key to facilitating collaboration.  
Face to face project initiation workshops should be held where designers get to know each other. 
These should contain both social and technical aspects where fellow designers understand the 
perceived challenges and opportunities facing each other.  It is important for designers to 
understand importantly ‘value’ what other disciplines bring to the project. 

Avoid minimising individual agendas - Seen in the context of achieving common goals, design 
collaborators frequently work towards specific ‘individual’ goals and agendas that are not clearly 
communicated to the rest of the team. Even worse, these agendas may at times even conflict 
with the common goals of the design team. An integrated design approach therefore requires a 
consolidation of individual goals into a broader agenda, or at least a clear delineation about how 
and where individual goals need to be ‘spun-off’ the joint effort. Clarity and transparency related 
to these issues is essential for integrated design to succeed. 

Allow space for innovation in program – The integrated design process should facilitate an 
environment where creativity and innovation can unfold. Too many, or too tight deliverables will 
likely over-constrain and limit ability to explore novel design solutions. Designers should have 
‘permission to fail‘, when searching for integrated design solutions. 

Vision, intent, strategy and culture first – The integrated design process should trigger 
designers to first reflect on why they design in a certain way. The limitations of traditional design 
and opportunities available in integrated design should be understood, i.e. explain the ‘why’ of 
integrated design. 

Flexible Structure – It is important for any integrated design process or structure developed to 
be flexible and non-judging enough to cater for the different skills and often idiosyncratic ways of 
working different designers will bring to the collective table to extract the best input from all 
designers involved. 

Good integrated design requires a ‘design co-author’ mindset – It is important that all 
participants in an integrated design process contribute to the authoring of the design.  This 
requires setting expectations on this front, and curating environment where individuals either feel 
empowered to contribute or are actively brought into design conversations. Environments where 
it is ok to fail need to be established and individuals natural communicating preferences respected 
and facilitated. It is worth noting that the design co-author mindset proved more difficult for the 
engineers taking part in the studios than for the architects. 

Face-Face interaction is important – Face-to-Face interactions were found to be far more 
effective in encouraging the quality of interactions required for integrated design.  Much of this 
was due not only to the improved communication but to the stronger social relationships 
established. If projects are necessitated to be delivered remotely it is suggested that designer 
relationships be first set up through face-to-face interactions at the start of the project. 
Co-design is a terminology that needs clarification - ‘co-design’ as a terminology that needs 
to be discussed by participants. Participants in an IDS project would need to collectively determine 
how co-design will be interpreted and implemented for that particular project. 

Understand and value the other – It is only once a designer understands and importantly values 
the input from disciplines ‘other’ than their own, that true collaborative design occurs.  Not only 
are designers willing to give ground on their own wishes but the understanding invites 
opportunities for them to contribute to others objectives through multi-functionality. 
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Stipulate multi-functionality – Establishing a culture of multi-functionality in design engenders 
integrated design.  Having one design element serve multiple functions at the same time results 
in increased value and effectiveness of design elements.  It also makes them less subject to 
removal during value engineering exercises as they are contributing to outcomes on more than 
one front. 

4.4. Design Process Specifics 
Once team members have been set up in a project framework that encourages them to think out of the 
box towards better outcomes, and the right culture and values have been set, what remains is to create 
on the ground processes that facilitate production of the outcomes: 

Balancing individual and integrated approaches – The integrated design process should 
facilitate an appropriate balance to group thought (time interacting) and individual thought. It 
should articulate the desired project outcomes both from architectural and engineering 
perspectives, encouraging designers to understand what the ‘other’ has to offer, and to value this 
in the interest of embracing and incorporating it into their own ideas. 

Embrace design as an open-ended solution-finding activity. Make it clear to designers that it 
is not merely about solving well-defined problems. 

Recognise Integrated design ideation happens only after designers reach a level of base 
understanding in the disciplines to be integrated – The studios found that the process of 
integrated design only occurred effectively after designers had time to understand and feel 
comfortable with the value ‘others’ disciplines bought to the process. 

Experience levels of designers is an important consideration in integrated design – The 
experience of designers in ‘designing’ was found to be just as important as their experience in 
their technical fields.  For this reason, a balance of design experience should be provided around 
the table.  Experienced designers skilled in collaboration and development of designs balance 
the enthusiasm and fresh ideas of inexperienced designers.  Both are important to the process. 

Considering ‘extreme design’ as a starting point- Not necessarily the only approach, but 
nevertheless a rewarding alternative to common team-collaboration approaches, ‘extreme 
architecture’ and ‘extreme engineering’ ask project team members to first consider only their own 
goals and to work on concepts that only respond to those. These can then be shared with the 
design partners to highlight what solutions might look like if their input wasn’t considered. It is a 
great discussion-starter for teams with a strong integrated design agenda. In this context it is 
crucial to establish the engineers as co-designers and not simply as ‘consultants how help realise 
the architects’ ideas’. 

Avoid focusing on detailed solutions too early as well as the production of captivating visuals, 
that mainly address aesthetic aspects of the project. Accept that integrated design can be messy, 
with many options to be explored and discarded early on, and results emerging from interactive 
collaboration. 

Combine face-to-face and online collaboration & Make decisions explicit! - Research shows 
that a key element to successful integrated design is co-experience of participants. Some 
elements of this can occur via face-to-face meetings and presentations, others happen offline. 
Recent COVID experience shows that online collaboration platforms such as Microsoft Teams or 
online visual collaboration software tool Miro assist collaborators to engage online and share/log 
their work-in-progress and the associated decision-making process. This is an essential step to 
build up knowledge across collaborators and to increase their understanding about their tasks, 
and the tasks of their peers in other disciplines. 

Complement aesthetic and functional design considerations with associated performance 
feedback  - Feedback from the IDS highlights the tendency of engineering designers to lean 
towards the integration of project specifics, whilst architectural designers thrive in a context of 
visual form-making. In order to allow a shared perspective to emerge, it is highly beneficial to 
consolidate these two approaches and allow solutions to emerge via multiple design iterations. 
Being able to discuss design options with different visual and performative information combined, 
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boosts the designers’’ capability to confidently advance their design-thinking and decision-
making. 

Introduce early environmental simulation/energy performance software tools - Focusing 
predominantly on architectural designers, the research suggests that a crash-course in 
environmental simulation boosts their understanding on how to extract trend analysis regarding 
the physical building performance of their projects. Adding a component for energy performance 
analysis opens the door to work towards specific (carbon) targets. The introduction of associated 
tools/processes must be facilitated with great care as there is a danger that designers who are 
new to these tools at times lose sight of holistic design considerations and focus on meeting 
performance targets instead. It becomes essential that performance guides design but does not 
‘drive’ it.  

Accept that better performance outcomes don’t necessarily improve the aesthetics - As 
much as it is a declared goal of integrated design to improve the quality of a project, there is no 
guarantee that it will benefit/improve its aesthetics. Feedback from the IDS clearly points towards 
an understanding that optimising performative aspects of design (if done well) does not 
compromise a project’s aesthetic qualities. At the same time, these optimised solutions are often 
not immediately recognisable in the formal expression of a project. They are frequently embedded 
in various choices that form a holistic total. There may be some cases where the aesthetics are 
closely tied to physical building performance, but those involved on integrated design projects 
ought to be aware that this likely will be the exception.  

Architects and engineers have different preferences in communicating and engaging – 
Architects tend to be more visual in the way that they deal with the world and communicate, 
engineers more abstract and objective.  Visual communication was found to be the best universal 
language and was also useful as an analysis/collaboration tool with engineers presenting visual 
representations of figures. 

An informed process of interrogation and iteration can assist in the process of integration 
- An informed and intentional process can make a significant difference to the level of 
‘integratedness’ of a project or team. In the conventional design process, the role of any 
engineering designer is to validate architectural design. It was observed that the most valuable 
shared attribute of all engineering specialties is the practice of systematic analysis. The process 
of rigorously defining criteria, simulating potential scenarios and exploring the results with some 
level of objectivity can lead to optimized and unexpected results. 
Time pressures on delivery often negatively impact integration – The negative effect time 
pressures can have on ideation and integration should be considered in setting project timelines 
for delivery. It is also worth noting that shorter timeframes can be useful in smaller independent 
design charrettes or exercises as they encourage succinctness of solutions and encourage 
rationalisation of complexity. 
Materiality is a nexus of integration -  Drawing together architecture, structure/construction, 
and sustainability decisions on materiality are a nexus for design integration as it has direct and 
generally easily understandable impacts on all disciplines.  The discussion of materiality is often 
a good way to commence integrated design discussions. 

Reminders of how the common goals established at the start of the process translate to 
outcomes throughout the design is beneficial - Reminding participants of how the common 
goals established at the start of the design translate to outcomes at progressive design moments 
was found to be beneficial in this IDS through the hands-on guidance of the studio tutor and 
industry consultants to maintain designers’ focus.  Analysing the design regularly to assess 
performance against the outcomes and KPIs established at the start of the project is important to 
both ensure desired design direction is maintained and to also maintain designers focus. 

Multi-discipline design critiquing found to be important in facilitating integrated 
collaborative outcomes - The process of bringing multiple perspectives into focus, via 
collaboration and critiquing, as designs develop was felt to be important.  The process of design 
critiquing was discussed and observed to be more common in architectural design environments 
that in engineering. It was felt that an environment that encouraged a constructive critique process 
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involving all disciplines through the design was beneficial to the integrated design process as it 
assisted with communication and upskilling of disciplines in each other’s areas of expertise. 

Existing structural form restricts integrated design opportunities - Architects and engineers 
are willing and very much capable of working collaboratively to produce integrated design 
solutions for clients who are cognisant of the benefits of efficient building design. This fact holds 
for both new and retrofitted structures. While both engineers and architects can work 
collaboratively to achieve this goal, the scope of possible opportunities is narrowed in existing 
structures due to the restrictions imposed by the prevailing structural form and can be further 
compounded by the client brief. This is especially true if the client is resistant to any structural 
alterations. 

Follow through and close the loop – Even the best designs can fail through implementation or 
commissioning.  In is important to follow designs through bring future parties into the picture 
through informed commissioning involving the parties who will be responsible for operations and 
maintenance, or through education of building users. 

 

 5. OTHER OBSERVATIONS 

The broad array of Integrated Design Studios delivered an array of insights over the duration of two and 
a half years. With the key findings related to Zero Carbon design addressed in the Carbon Catalogue 
section of this report, this discussion centres on the learnings from the studios in relation to implementing 
Integrated Design. It addresses practical takeaways and specific recommendations for 
Architect/Engineer collaboration in practice.  

All parties participating in individual IDS studios were asked to reflect on their experience at the end of 
the studio experience. The resulting feedback offered in-depth insights on the co-design process 
experienced by the students (via a questionnaire), the tutors, the client, and the industry consultants 
(via individual interviews conducted online).  Several key themes were identified by the participants in 
relation to factors that support integrated design processes. Some of these are studio specific, but others 
are common to both the studio setting and the industry context. Many of the interviewees identified the 
importance of selecting the right people as part of the integrated design team.  

5.1. The client plays a major role in allowing Integrated Design to unfold 
Client impact on Integrated design starts with project procurement and the generation of the brief, it also 
extends to the way tasks by individual contributors are assessed.  

Interviews with project participants point towards the benefits for clients to understand the intricacies of 
developing a brief that allows their project participants to maximise the benefits of collaboration. This is 
not always a given. Stakeholder feedback suggests that on some IDS, the nature of the client brief 
changed, depending on the intended audience; goals often get divided into profession-specific 
deliverables, with a lack of common goals defined that cut across disciplines. Some studio leaders 
experienced challenges in getting students to focus on activities outside of their immediate deliverable 
scope (i.e. assessment scope). This finding translates equally to practice, where tight project budgets 
and time-constraints pushes professionals to only work to immediate deliverables.     

In contrast to the above scenario, the flexibility provided in the IDS, aimed to allow students to break 
away from the rigid identity of their roles as recipients of knowledge only, and towards critical and active 
participants in a co-design process. Students who received additional education (even at a basic level) 
of other disciplines could participate actively in interdisciplinary discussions, having a less siloed focus 
on design. In this context, it proved to be beneficial for experienced IDS practitioners to develop and 
implement staged training/emersion for less experienced colleagues. 

It was observed on several IDS how feedback mechanisms and interactions between clients, 
consultants, academics, and students throughout decision points during semester formed an important 
for the success of the project. 
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5.2. Balancing/integrating architectural and engineering input  
When considering the key aspects of balancing architectural and engineering output, IDS participants 
were unified in their identification that central to critical decision-making in a studio about sustainable 
built outcomes was the need for all students to have a good understanding of fundamental climate 
analysis and passive design. As one of the consultants noted, ‘everything leads from there…’. This was 
a challenge, as initially, many of the architectural designs did not provide substantial evidence of a 
knowledge of building science, in particular the properties of materials, and how the selection of 
materials influences internal heat gains and hence the cooling required to be met by a HVAC system. 

In this context, a commonly identified aspect was the need to help the architecture students to reach a 
point where they were able to use the engineering information as a toolkit for thinking differently about 
the design, rather than becoming fixated on overtly applying particular engineering ideas to a pre-
considered design. The IDS investigations unveiled that it helps to tailor the Integrated Design approach 
and the associated strategy for collaboration in consideration of the different project stages. 

The process of integrated design was described by the various consultants and studio leaders as one 
in which the participants work in a coordinated and complementary manner towards common goals, 
with an inherent understanding of the roles and responsibilities of other disciplines. Acknowledging that 
integrated design is iterative and ensuring that the consultants and the client understand that and are 
willing to go on the slightly unknown journey, was identified as important for the success of integrated 
design projects. The articulation of a ‘whole of project’ vision and engaging participants in this vision is 
a key to successful integrated design. Reframing projects as design elements to be integrated enabled 
the ‘whole of project vision’ to be articulated and intelligible at varying levels by students and with varying 
degrees of success  

That said, several studios also explored the benefits of ‘extreme design’ where project participants would 
first seek solutions only related to their own domain, which afforded designers an opportunity to see the 
impact of optimising engineering aspects over the architecture and vice versa. The need for balance 
was readily taken on board by some students together with the need to prioritise key design elements 
as part of the integrated process; however, several students struggled to bring multiple aspects into 
play. Students were encouraged to find creative ways of ‘connecting’ these elements to produce inspired 
integrated responses. Not all students grasped integration at this elemental level although some 
students responded with notable clarity in arriving at a design proposition.  

5.3. Performance Benchmarking, Decision-making and measurements of success 
The design process plays out differently for each project. Some IDS studios participants suggested 
staging the IDS with milestones and firm expectations; however, this may sway the goal toward defined 
deliverables and a conventional process. Ideally integrated design will evolve naturally. Triggers could 
be inserted at different points to re-focus designers. Suggestions included ‘proposition’ and ‘response’ 
games that can engage participants in collaborative and responsive behaviours. Other triggers relate to 
the introduction of specific qualitative and quantitative benchmarks to allow students to understand the 
impact of their design decision on the overall carbon performance of their projects. One such trigger 
was the introduction of computational tools to help quantify environmental design solutions (Passive 
Haus or otherwise) via parametric means. Another approach was the use of a decision matrix to 
establish rankings of different environmental solutions against predefined benchmarks.  

It emerged during the studios, that some Architecture students (or those in closely related fields) 
perceived certain tasks involving energy-related considerations exceedingly difficult to tackle. The above 
triggers helped them to establish a different mindset on how to pursue Zero Carbon strategies. 

5.4. Challenging existing attitudes towards design authorship 
It was observed that Cross-disciplinary engagement cannot be forced upon participants. It needs to be 
facilitated and curated, to then occur intuitively/unconsciously within the same cohort. Engineer/architect 
co-ownership can readily arise from recently shared challenges that re-emerge; and 
engineering/architecture discussion is more illuminating when accompanied by sketches, illustrations, 
and joint benchmarks that cross all boundaries. Projects can comprise grand gestures as well as many 
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small moments that can be capitalised on, and trigger opportunities for co-ownership that may seed co-
authorship. Experiencing this aspect of the integrated design process may be more important than the 
outcomes  

Current design paradigms often place engineering as following architecture in the design process.  This 
encourages a consulting type approach to the engineering where engineers are asked to comment on 
preformed ideas.  Design integration can occur in this model, however to a reduced potential with the 
initial ideation missing ideas founded in engineering aspects of the project. Early studios found this 
consulting model difficult to break free from. Close attention was paid in this studio to create a mindset 
of ‘design co-authorship’ in all participants (engineers and architects alike). 

At times students struggled to move away from early architectural ideas unless the right questions got 
asked; however, the state of ‘flux’ of many proposals hindered questions and critiquing. This “chicken 
and egg’ scenario was noted by several participants and is an important point to keep in mind for design 
co-authorship and integrated design overall. 

5.5. Integrated Design needs active curation  
The presence of a ‘third party’ studio leader in the integrated design studios highlighted the benefits 
such a role has to offer integrated design as a process.  Designers (students and consultants alike), 
tended to let the focus of the design task at hand dominate their problem-solving perspectives. The role 
of the studio leader was able to maintain a big picture dispassionate view of the design direction and 
degree of success in meeting the established high-level goals. In this capacity the studio leader (or 
integrated design facilitator), was able to curate the process towards the desired ends. 

As a result, there was agreement that the integrated design process benefits greatly from third party 
curation. In the absence of such a role this task typically falls to members of the design team which is 
not ideal as it is difficult to pull back and appreciate overall directions, design balance, and outcome 
success.   

From an engineering viewpoint opportunity was identified for participating more actively in the curation 
of the integrated design process by fostering multidisciplinary thinking within teams and to establish 
processes that empower anyone from any discipline to ask the client why, to question the brief and to 
challenge the vision to come to a more widely considered final design.  

The constraints to integrated design were seen as largely relating to traditional professional fee 
allocation and available time budgets for consultants to undertake their scopes of work. Design thinking 
is often built into architectural processes, whereas engineering processes revolve around assessing a 
provided design, so the processes and time allocation are not adequately aligned.   

Conservative, low risk models of insurance for engineers was also identified as a constraint, with 
overdesign for safety factors potentially hindering the ability to design something more adventurous.    

One of the clients noted that budgets do not necessarily match an integrated design view. Construction 
budgets are set to get the design built. They do not allow the timeframe, nor the budgetary consideration 
for those things that reduce long-term costs. 

5.6. Proposing the role of ‘Design Integrators’ on projects 
As highlighted in the previous section, active curation of the collaborative process among project 
stakeholders is an essential factor for success. At the start of a project collaborators at times do not yet 
fully understand how to engage with others via an integrated design process; they tend to focus on their 
immediate individual deliverables. Some collaborators feel pushed to revert to the workflow they were 
used to from prior projects, in particular if tight deadlines and financial risk pressures them to generate 
output in a short amount of time. With bespoke delivery targets and contractual obligations, joint goals 
can easily be side-lined. The IDS experience highlights the benefits of third-party curation via an agent 
who actively promotes integrated design approaches. This agent helps to liaise and balance between 
individuals and their targets, to establish a collective understanding of overarching goals that promote 
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zero carbon outcomes. It is relevant for those in that role to be able to understand the key deliverables 
of others involved, and to be able to tie them to the bigger picture for co-design.  

The role of the ‘Design Integrator’ could become an essential agent on medium-to-large-scale projects 
with a high level of complexity and input required from various stakeholders. Those holding these roles 
could work alongside the project manager with the task to assist in introducing decarbonisation targets 
as part of the briefing and tendering process, to then assist in guiding and monitoring supply-chain input 
during design and construction. The role could be tied to the role of Sustainability Manager with good 
oversight over zero carbon targets both for design (e.g. Green Star), or operation (such as ASHRAE), 
and expand from a sustainability focus into other areas benefitting design integration.  

5.7. Digital Technology as an enabler for Integrated Design 
Prioritising the key aspects of the design that can define a unique outcome remained a challenge for 
some IDS participants. The use of digital environmental analysis tools such as PHPP –Passive House 
Planning Package energy modelling software, allowed some students to enhance, and underpin their 
understanding of how buildings interact with their environment at multiple levels. In addition, there exists 
a demonstrated capability for computational analysis and parametric design to inform material selections 
that impact on the energy performance goals on a number of project types investigated. These digital 
tools allowed students to quickly compare several options of their design hand in hand with the 
associated environmental impact.  

Optioneering via parametric means as an approach to optimise building performance allowed designers 
to better understand the relationship between good design and performance, inform their understanding 
of building systems and the environment, and broaden their own perspective in a way that will support 
better integration of design inputs. 

5.8. Contract Procurement methods have a major impact on ID to unfold 
Investigations on several IDS highlight that there is a strong argument for including construction 
(together with architecture and engineering) at the concept and feasibility stage (e.g. through alternative 
procurement methods such as very early contractor involvement). Contractors (construction companies) 
can be engaged in the design process under several different procurement options, such as Early 
Contractor Involvement (ECI) or Design and Construct (D&C) contracts. The overall goal is to ensure 
cost-effective value that aligns the design to achieving the best possible outcome for the client. 
Collaborative contracting facilitates integrated whole-life delivery solutions, and it is suitable for contracts 
extending into the operational phase of projects. One of the most distinguishing features of the above 
collaborative contract models is that they prioritise values shared performance over individual 
performance. 

The Integrated Design approach, incorporating client, architecture, engineering and construction 
management, can best be supported in industry through an Integrated Project Delivery procurement 
model. This procurement model also addresses some of the issues raised by participants in several 
IDS, perhaps suggesting that future IDS activities involving universities, clients and consultants could 
mimic such an alliance contract. 

Clients will possibly perceive collaborative contracting approaches as a potential risk. Conventional 
competitive tendering might initially promise to offer ‘the best bang for your buck’ when it comes to their 
capital expenditure on projects. This is where government regulations and incentives are required to 
benefit those who can demonstrate better carbon performance of their projects in operation (ultimately 
reducing Total Cost of Ownership via lower energy bills. In order to move towards a Zero Carbon future, 
more education is needed to help make co-design become the mainstream approach embraced by all.  

5.9. Making Integrated Design a mainstream approach  
In a contemporary project setting in practice, targets for individual contributors are frequently clearly 
defined with tight project deadlines and submission protocols governing project progression throughout 
various project stages. Conventional contractual obligations introduce risks to project participants who 
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explore new pathways for collaboration and the mindset of most collaborators therefore typically relates 
to focusing on their immediate individual deliverables first. In a linear workflow where one party develops 
an idea for the other party to then continue working on to resolve any issues, this approach has worked 
more or less over the past few decades. This workflow is not sufficient for addressing Zero Carbon 
goals, where frequent iterative design processes require expert input from various professionals in short 
intervals, connecting different datasets for rapid evaluation. Built environment professionals need to 
embrace a new paradigm for collaboration that prioritises common, overarching goals over individual 
deliverables and change their behaviour to facilitate design integration.  

Willingness and positive attitude of professionals is not enough though. As described in this report, 
changes to contractual frameworks need to be enacted where co-design gets incentivised and actively 
curated by the client. This change towards collaborative contracting (or Integrated Project Delivery) 
needs to go hand in hand with the re-articulation of goals in the brief, as well as a change in how 
collaborators get procured in the first place. 

5.10. Communicating the benefits of early stage integrated design  
Responses from all IDS participants (both academic and industry) point towards the benefits of design 
integration early on. One of the key problems identified within the activity stream was a tendency towards 
a ‘linear design’ mentality among collaborators. In other words: the expectation of architects to develop 
their ideal in isolation to then pass on their designs to the engineers. Those would then verify and 
advance the design proposal via empathetic engineering that simply served to confirm or reject the 
architects’ ideas.  

When it comes to tackling Zero Carbon design, this approach is nonsensical.  Many fundamental 
decisions early on have major impact on the performance of the final design. In a quest for carbon 
reduction involving embodied energy and operational energy, different options need to be evaluated by 
balancing functional, aesthetic and environmental considerations when the project’s geometry is not yet 
locked in.  

Such an endeavour cannot be realised via a linear, sequential design process. It requires co-design 
among collaborators, where the quest for solutions is iterative, particularly in the early stages. Only by 
stating key joint goals that include environmental targets and by allowing designers to jointly explore 
decisions that have a major influence on achieving these targets can the potential for integrated 
solutions be maximised. In that sense, project procurement and adequate briefing lay the foundations 
for Integrated Design to unfold, and the client plays an important role as facilitator.  

Communicating the benefits of early stage integrated design isn’t enough. Clients need to actively 
address the reasons why individual project parties tend to focus on individual, rather than joint goals, by 
introducing qualitative targets to be met as a team (rather than simply focusing on individual outputs per 
discipline). Project participants then require incentives to stray from their ‘Business as Usual’ approach 
to balance out the risks associated with greater dependency on others to meet certain targets.  

5.11. Improving developer and building owner decision making capabilities  
The investigation of collaborative design settings on multiple studios run under the IDS activity stream 
clearly point towards substantial benefits of early adoption of Integrated Design principles for all project 
participants. Co-design processes not only strengthen the information flow across supply chain 
members, but the resulting joint effort also equally benefits clients and developers who receive a higher 
quality asset where sustainability and zero Net Carbon outcomes can intrinsically get tied to a project’s 
design. The investigation of novel technologies undertaken by the aspiring graduates (and supported 
by industry experts), highlight in great detail the mechanisms for carbon reduction on projects, hand in 
hand with a reduction of energy needs. Both active and passive measures demonstrated clear energy 
demand reduction achieved embedded and operational energy of different project types. For most of 
the project types investigated, the savings range somewhere from 30-40% all the way to excess energy 
supply via renewables (with PV rooftop solutions being the most common example). The only instance 
where the proposed measures had no major impact on the energy needs of a type were data centres 
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which have a disproportionally high energy demand due to their particular function. Results showcased 
in the IDS Carbon Catalogue illustrated different pathways for carbon reduction on 8 different building 
types. As much as some examples are highly context dependent, they nevertheless offer a great 
reference for decision making by owners and developers when it comes to zero carbon approaches. 

Workflows that include the introduction of a ‘decision matrix’ or computational analysis in close-to real 
time, offer greater certainty about project outcomes. The earlier such feedback can be provided, the 
greater the opportunity for clients and developers to take necessary steps to adjust their project brief.  

In addition, the data stemming from the exemplar projects forming part of the carbon catalogue offer 
high-level insights into the carbon-reduction possibilities and measures to be considered by designers 
and contractors. This informs owner decision-making either directly in case their project typology aligns 
with one of those presented here, or in for instances where the IDS methodology for analysis can get 
applied to derive benchmark data on project types that differ from those included in this summary 
document.  

5.12. Updating Integrated Design Principles based on IDS feedback 
Going through the process of delivering 14 Integrated Design Studios within the IDS activity stream has 
offered the participating academic institutions valuable insights of how the collaborative work 
environment needs to be set up to maximise the potential for Net Zero Energy design.  Next to informing 
the Carbon Catalogue published as a separate document, the findings also reinforce points made by a 
prior study undertaken at the Rocky Mountain Institute. Their ‘Factor 10 Engineering Design Principles’ 
were initially designed to help change engineering design to achieve radical energy efficiency (in the 
order of a factor of 10). Here they get reinterpreted in the light of the findings from the IDS activity stream.  


