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Figure 1: Example of student design for mixed-use typology QLD (QUT) 

Abstract: 

With the growing awareness about the negative effects of the climate change on our planet, conversations regarding 
a possible carbon net zero future have become among those shaping the build environment.  Government-regulated 
emission targets provide top-down benchmarks related to the sustainability of construction projects, and there 
exists a wide body of research related their embodied and operational carbon, as well as technologies for onsite 
energy generation. One aspect impacting net-zero design rarely gets addressed: Opportunities for architectural and 
engineering designers to approach net-zero strategies jointly via integrated design. This paper investigates the 
application of Integrated Design principles based on in-depth joint academia-practice investigation about the topic 
as part of focused project that span over nearly 3 years. The resulting carbon net-zero outcomes are summarised in 
a ‘Carbon Catalogue’ for a select number of projects and Integrated Design principles leading to these outcomes get 
analysed in greater detail.   
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1. INTRODUCTION 

The construction industry is one of the major contributors to increased greenhouse gas concentrations in 
the atmosphere. Carbon net zero initiatives are a fundamental avenue in understanding and reducing the 
impact of CO2 emissions across different sectors. They provide a common ground for architects and 
engineers to work towards joint goals and targets. In this context, mechanisms for co-design are relevant 
to examine as traditional methods of collaboration neither seem to suffice in order to address the 
complexities of zero carbon design, nor do they seem to maximise the synergetic potential of Integrated 
Design.    

This paper consolidates key lessons learned from the Integrated Design Studio (IDS) program which 
represents one of three activity streams forming the wider Innovation Hub for Affordable Heating and 
Cooling (i-Hub). It 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. i-Hub was 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 

Within the IDS program, integrated design was applied to explore the possibility of ‘net zero’ for the different 
building typologies used as case studies in the studios.  This was done through encouraging the 
development of novel technologies for carbon reduction within a joint architect-engineer designer setting in 
academia, supported by industry consultants and technical specialists.  

The IDS teams from all three academic institutions selected fourteen case study projects in total covering 
eight different building typologies.  The resulting building typologies and associated learnings naturally fell 
into three main categories that became useful for the purposes of comparison, simple projects, complex 
projects, and specialist projects.  

The IDS teams aimed for participation and active engagement of both Architecture and Engineering 
students, consultants, and clients for the duration of each IDS. This summary report addresses both, 
findings related to how to practically implement integrated design as well as the findings in relation to Zero 
Carbon strategies for the selected building typologies.  

2. METHODOLOGY 

The authors were able to draw on references from three diverse sources during the two and a half-year IDS 
project that investigated Integrated Design approaches supporting zero carbon initiatives:  

At the outset of the project, the authors conducted an in-depth literature review both on zero carbon 
education in academia and its application in practice, as well as on Integrated Design principles. The 
literature review informed the strategy for setting up a series of semester-long design studios in an 
academic setting and resulted in a document that was titled ‘Catalyst for Integrated Design.’ It contained 
guiding principles for design studio leaders to follow 

The studios were part of common Master-level curriculum at the author’s home institution except for the 
involvement of engineering students as well as architectural and engineering consultants. The research 
team closely monitored the studios to extract key information about opportunities of and barriers to co-
design processes. Observations for each 15-week long studio got noted down each week and they 
subsequently were consolidated into a summary report. At the end of semester, semi-structured research 
interviews were conducted with all major project participants, hand in hand with a questionnaire that was 
filled out by the participating students. The questionnaire contained a combination of questions asking for 
qualitative responses, as well as a series of Leichhardt-scale questions for quantitative feedback. This way, 
authors gained highly detailed insights about the nature of conversation within the studios, the way zero 
carbon targets were introduced, and the way participants responded to these in an Integrated Design setting 
supported by industry experts.  

The third reference relates to a project feasibility vetting that was undertaken upon completion of each 
studio. Here, the engineering consultants reviewed design outcomes from the studios to select two or three 
examples to explore further and scrutinise in how far they represented feasible solutions that could be 
realised in practice. Key to the vetting process was an in-depth analysis of opportunities for zero carbon 
measures, both passive as well as active. For each selected building typology, a ‘Business as Usual (BAU) 
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kWh/a/m2 energy demand benchmark was established to then calculate potential carbon reduction 
achievable via the interventions suggested by the students.  

 

Figure 2: Describing the wider context of the IDS studio setup 

Ultimately the vetting process allowed the authors to extract the percentage of potential carbon reduction 
based on various types of interventions, as well as onsite renewable energy generation.  Project vetting 
results per building typology was then mapped in one graph to allow for a comparison of zero carbon 
opportunities across 8 different building typologies.  

3. LITERATURE REVIEW ON ZERO CARBON AND INTEGRATED DESIGN 

In the context of the research presented here, the authors were drawing on an extensive body of literature 
depicting existing approaches to tackling environmental sustainability in a design studio context. Literature 
on zero carbon initiatives is exhaustive1,2,3,4 yet studies on integrated design methods that cut across 
professional disciplines to achieve zero carbon goals are few at best. 

The authors identified a gap between the principles and processes for Integrated Design addressed in the 
available literature (Steemers, 2006; 7group & Reed 2009; Lovins, 2010; Blizzard & Klotz, 2012; Casakin 
& Ginsburg, 2018), and its actual uptake in the industry.  

An underlying reason for this is that architecture and engineering students are typically taught design 
separately. Blizzard et al. (2012) evaluated the effectiveness of introducing whole-systems design (the 
basis integrated design), with case studies in multiple sections of a first-year engineering course. They 
reported that the case studies improve students’ consideration of several essential whole-systems design 
concepts. Van den Beemt et al. (2020) reported that interdisciplinarity in higher education is often 
implemented by mono-disciplinary people (Blizzard et al., 2012).  

Whole-system thinking forms the basis for “integrated design” in that it optimizes entire systems as a whole, 
rather than component parts in isolation. In literature integrated design is also coined as “whole systems 
design”, a collaborative design-based approach intended to promote collective theories and disciplines 
(Pittman, 2004). Based on Rocky Mountain Institute’s discussion (Lovins et al., 2010, p.  7) Blizzard and 

 
1 Stevenson, Fionn, and Alison Kwok. "Mainstreaming zero carbon: lessons for built-environment education and training." Buildings 
and Cities 1, no. 1 (2020): 687-696. 
2 Soebarto, Veronica. "Evaluation of The Use of Building Performance Simulation For Architectural Design Studio Projects." 
3 Hou, Shan. "An investigation into the development of low/zero carbon design training programmes for the purpose of disseminating 
the knowledge and skills of low/zero carbon design to architects in practice in England and Wales." PhD diss., Cardiff University, 2014. 
4 Lee, Jeehwan, and Myoungju Lee. "Educational Effectiveness of a Virtual Design Studio on Zero-Energy Building Designs: The 
Case of the US Solar Decathlon Design Challenge." Journal of Green Building 16, no. 4 (2021): 249-261. 
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Klotz (2012) adapted a definition for “whole systems design” for generalised applicability across design 
disciplines as follows: “Whole systems design considers an entire system as a whole from multiple 
perspectives to understand how its parts can work together as a system to create synergies and solve 
multiple design problems simultaneously. It is an interdisciplinary, collaborative, and iterative process.” 

Blizzard and Klotz (2012) systematically reviewed 49 articles (published between 1981 and 2010) and 
developed a universal framework outlining the process, principles, and methods of whole systems design. 
Table 1 shows the resulting framework. Lovins et al. (2010) at Rocky Mountain Institute (RMI) identified 17 
principles for applying integrated approach to practical design. This list was selected as particularly useful 
because of its comprehensiveness across the design process. 

Ten design principles applied in integrated design specifically for energy efficiency were presented by 
Lovins (2010). 

A best practice ‘Catalyst for Integrated Design’ document was produced through the study and 
consolidation of current literature on the subject.  This best practice model was then tested and refined with 
practical learnings through the successive design studios carried out. 

4. PROJECT CONTEXT 

The Integrated Design Studio (IDS) program was initiated early 2020, after extensive preparation and 
stakeholder engagement, involving the academic institutions, the managing entity (AIRAH), the funding 
body (ARENA) and other collaborators and partners who would directly be involved in running and 
supporting the individual IDSs. The studios within the IDS program provided broad coverage of the built 
environment gaining insights into the challenges and opportunities in several different building typologies:  

• Data Centres 
• Education 
• Emergency Services (Response facilities) 
• Aquatic Centres 
• Aged Care 
• Laboratories 
• Multi-Purpose Buildings 
• Transport Architecture  
• Mixed Use Developments in Tropical/Sub-Tropical Climates  

Several building typologies were explored in successive studios, or across more than one institution.  This 
strategy enabled a level of depth in exploration as well a breadth.   

4.1. Focus on Integrated Design 

Academics from both Architecture as well as Engineering engaged jointly in intensive industry consultation 
to search for compelling case-study projects to investigate new technologies under the Integrated Design 
Studio banner.  

To provide guidance for the format and programming of Design Studio activities, and in particular their 
interface with the investigation on integrated design, the IDS management updated their detailed manual 
titled: ‘Catalyst for Integrated Design’. Released approximately 2 weeks before the studio’s 
commencement, the catalyst document combines aspects of design collaboration that cut across 
architecture and engineering disciplines to produce integrated outcomes. The manual first addresses 
overarching aspects of design integration to then delves into the specifics of environmental building 
performance, human comfort, and mechanical design systems. The manual ultimately assisted the studio 
tutor to coincide their activities for advancing design concepts with key milestones for addressing and 
integrating technologies throughout the semester. 

The studio tutor proposed a detailed IDS schedule in week two of the semester, based on his experience 
as design studio leader within a 13-15-week semester, as well as preparatory conversations held with the 
industry consultants, the client and the academic participants. The schedule addressed the output 
requirements typically inherent to masters-level design studio teaching, and the specific IDS output 
requirements for exploring novel technologies to support a Net Zero Carbon design goal. In particular, the 
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schedule mapped out the intensity and duration of engagement between the architecture students, 
engineering students, the regular architectural and engineering design consultants and guest consultants. 
After the initial online start-up workshops, the IDS moved into the period of bi-weekly 3-hour design review 
sessions. Next to the benefits for information exchange, the initial start-up workshops also fulfilled the 
essential task of introducing all key IDS participants to each other and facilitate social bonding, particularly 
between architecture and engineering students, and articulated the common goal of being involved in a 
design process above and beyond that of business-as-usual, and important precept to successful integrated 
design. 

  

Figure 3: Joint start-up workshops and ESD Consultant Introduction (UoM) 

A two-part Catalyst for Integrated Design guideline formed the basis for studio engagement from the start 
of the IDS program. It contained the following key headings: 

Integrated Design Principles 

• Facilitate an environment that prioritises working on common goals over individual goals 
• Establish trust among participants (open/non-judgmental/sensitized/willing/etc) 
• Allow every participant to understand what’s important to the others. 
• Explain the process each participant (group) typically goes through, in order to derive their desired output. 
• Understand why we often see things differently, and 
• develop a common language that cuts across discipline silos (metaphors/analogies/co-experience) 
• Call students ‘designers’ rather than architects and engineers. Engineering should empower architecture 

and vice versa 
• Set common targets and instill a sense of joint ownership … and 
• introduce a sense of shared responsibility across group participants 
• Knowing in action/heuristics: discuss and advance integrated design solutions on the fly… 
• start with educated guesses/rule of thumb, then verify validity of assumptions for preferred solutions 

Design Co-author mindset: This aspect of design is sensitive to the relationship between individual 
designers which can be complex.  Achieving an environment where all participants contribute in a co-
authoring capacity to the project was observed to be difficult. Many of the subsequent learnings from the 
studios revolved around trying to encourage this outcome (I.e., the need for flexibility in catering for 
designer's different modes of working and communicating, and the introduction of small common tasks to 
improve bonding between disciplines and designers). The relationship between individual designers was 
observed to be a significant factor in shaping the integrated design response. 

 

Figure 4: Data Centre WIP – Pan Shi (UoM) 
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Following on from the mid-semester reviews, the engineering consultants continued to provide, once or 
twice a week, one-on-one engineering feedback in the form of environmental design tutorials with students 
able to participate either as individuals or groups. Designers were guided through the process of modelling 
and testing their design proposition for its performance against common ‘Net Zero carbon’ parameters. 
Students used the engineers’ feedback from these tutorials to inform a refined version of their final design 
iteration, which optimised the performance of each of their designs to bring them closer to the ‘Net Zero 
carbon’ goal.  

4.2. Feasibility Vetting 

The 14 weeklong studio sessions in each IDS were intended to be dynamic, creative, exploratory 
environments.  Emphasis was put on pushing boundaries toward zero energy buildings, and challenging 
current thinking.  As such, not all ideas produced were expected to be immediately usable. In order to 
complement the exploration during the studios, further feasibility work with the consultants and client 
occurred for each studio, to establish the ideas worth carrying forward.  Successful ideas were developed 
to concept level, providing the client with the opportunity to take them further into detailed design and 
implementation should they wish to do so.  

The participating Engineers in each IDS were contracted to carry the design ideas further to investigate 
their feasibility in a practical sense.  The process of assessing the various design outcomes was known as 
feasibility vetting and generally culminated in the production of a feasibility vetting report for each studio. 

5. RESULTS AND DISCUSSION  

5.1. INTEGRATED DESIGN LEARNINGS 

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.  

5.1.1. 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. 
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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. 

5.1.2. 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.  

Figure 5: Exemplar Sustainability Section Diagram 

5.1.3. Performance Benchmarking, Decision-making and measurements of success 
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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. 

5.1.4. 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 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. 

5.1.5. 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.   
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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.  

5.1.6. 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. 

5.2. THE CARBON CATALOGUE 

Next to the Integrated Design learnings, this catalogue offers deeper insights into the net zero potential of 
eight different building typologies. The typologies are neither exhaustive, nor are the results representative 
sector-wide for all climate zones.  The results nevertheless offer relevant insights on how active and passive 
interventions allowed designers to impact energy use intensity (EUI) on the projects investigated. The 
assessment presented here summarises the potential to achieve net zero for a select range of building 
typologies drawn from the studio experimentation and exploration across three universities in various 
locations and climates. All 14 building designs have been investigated in detail in vetting reports5 specific 
to the design brief explored in the studio. Although the typologies explored in these studios is not 
exhaustive, analysis of the studio prototypes results provides an opportunity to explore patterns and themes 
for future technology development.  

5.2.1. Net Zero  

In this analysis, net zero is defined in alignment with the International Living Future Institute’s (ILFI) Zero 
Energy Standard where, “One hundred percent of the building’s energy needs on a net annual basis must 
be supplied by on-site renewable energy. No combustion is allowed.”6 In the assessment of building 
typologies, this is captured in ‘net zero energy’ analysis of the design schemes’ passive and active 
interventions. Further, consideration of embodied global warming potential, as measured in carbon dioxide 
equivalent emissions, and holistic sustainability outcomes is also discussed as non-monetary benefits of 
sustainable design interventions.  

Each typology studied in the IDS program has been vetted for net zero potential. The pathway to net zero 
is typically:  

1. Establishment of business as usual (BAU) operational energy consumption as energy use intensity 
(EUI) for a typical building of the studio typology and location  

2. Identification of integrated interventions including passive design strategies, active services 
technologies and on-site renewable energy generation and storage technologies 

3. Estimate of EUI reduction from passive design strategies and active services technologies 
4. Estimate of EUI offset from on-site renewable energy generation and storage technologies to 

determine residual grid energy consumption 

 
5 All vetting reports www.ihub.org.au/the-knowledge-hub/  
6 https://living-future.org/zero-energy/certification/  
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5.2.2. Categories 

The range of building typologies considered in this study is determined based on the i-Hub IDS program 
schedule of studios. Fourteen studios were undertaken across nine building typologies. The building 
typology prototypes have then been categorised for this net zero energy analysis by the scale and function 
of their construction and operation into three groupings: 

• Simple typologies include those that have a simple construction and function requirements, i.e. 
minimal function-specific plant or equipment that consumes a significant quantity of energy on an 
annual basis.  

• Complex typologies include those that have a complex functional requirement on building 
construction and high demand for operational function. This category may also consider buildings 
that are 3 or more stories high such that the roof area available for solar PV systems compared to 
the total gross floor area is limited. 

• Specialist construction and function typologies include those that have very high energy 
demand from equipment specific to the building’s function and may have a complex-built form 
requirement.  

5.3. Results  

5.3.1. Simple 

Energy use reductions of 50-60% are possible for simple typologies through implementation of passive 
strategies, such as natural ventilation and daylight, then the implementation of active technologies, 
including high performing HVAC or heat recovery ventilation, and enhanced energy management/ control. 
The significant reduction potential is possible because most energy consumption is general building 
services rather than specialised equipment. For school buildings, operation characterised by daytime-only 
occupation enhances the potential for on-site generation fulfilling the energy demand. For ambulance 
stations, the BAU EUI is very similar to a domestic residential typology, lower than other typologies explored 
in this study, such that significant energy use reduction is possible through passive strategies and market 
ready technologies. Both typologies were appropriate for PassiveHouse design interventions due to their 
construction and operation scale. 

Both typologies are generally one or two story and therefore the roof area available for solar PV systems 
can generate more energy than the energy demand. In terms of generation technology, these typologies, 
in the climates specified in the studios, can achieve ‘net negative’ energy with market-available solar PV 
systems, in the range of 150-320% BAU EUI. 

As the simple typologies have been demonstrated to have the potential to achieve net zero energy, future 
technology exploration could be focused on the refinement of energy efficient equipment, including 
specialised equipment and solar panel sizing, to optimize net zero buildings for cost. Alternatively, rather 
than optimizing for cost, exploration into district wide energy demand could allow schools to offset the 
energy demand of nearby buildings or infrastructure that cannot supply their own energy through on-site 
generation only.  

It should be noted, for the school typology, the estimate of the BAU baseline EUI is based on conventional 
classrooms and does not consider high school trade, computer and science facilities that would have 
specialised loads for function-specific equipment. A deeper investigation into this equipment and potential 
efficiency and use management interventions would support all schools achieving net zero energy. Further, 
the IDS program was limited to climates specified in the studios, an exhaustive range of Australian climates 
could be investigated to understand the shift in impact of both energy use reduction interventions and solar 
PV generation potential. Both the school and ambulance station designs demonstrated the high impact of 
PassiveHouse design approach, particularly for simple buildings on the scale of domestic residential 
buildings, this could be explored further.  
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Table 1: Summary of simple Typology design interventions 
 

INTERVENTION AMBULANCE STATION SCHOOL 

Energy use Building  
fabric 

√ Passive House standards 
for detailing and air-
tightness 

√ Increase insulation 
performance and 
airtightness 

Passive  
design 

√ Optimized building 
orientation and façade 
Cross-ventilation 
Good daylight 

√ Shading devices 

HVAC  
performance 

√ Ground source heat-
pump 
Heat recovery ventilation 

√ Heat recovery ventilation 

Energy supply On-site energy 
generation 

√ Rooftop solar 
photovoltaic system 

√ Rooftop solar photovoltaic 
system 

On-site energy  
storage 

√ Battery   

 

 

Figure 6 Example of student design for Ambulance Station typology (UoM) 

5.3.2. Complex construction and function 

Energy use reduction varies from 25% to 40% for complex typologies dependent on climate and specialist 
equipment loads. Additionally, the comparison of new buildings and retrofits demonstrated greater potential 
for energy reduction for new builds that can utilize high performing building envelopes, potential 
implementing Passive House standards. Further investigation is required to refine these results for the 
range of differing complex typologies, particularly for mixed-use buildings where it is difficult to 
comprehensively determine generalised equipment loads. This typology category requires greater 
refinement to best quantify net zero potential. 

All the prototypes investigated had potential for significant rooftop solar PV energy generation due to the 
Australian climate, achieving 10-50% BAU energy offset. The number of stories of a complex building 
typology can govern the impact of rooftop generation: Roof to GFA ratio limits the ability to generate all 
energy demand on-site. Additionally, the scale of freedom of designers to implement large PV arrays affects 
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the scale of impact. For the studios that focused on cost-effective implementation, the on-site generation 
potential was less. Market availability and cost generally limit the implementation of other renewable energy 
technologies such as wind power or other innovative energy sources.  

The complex typologies have been demonstrated as having potential for significant energy use reductions 
but, in some cases, not achieving net zero energy. Future technology exploration into the efficiency and 
control of specialist equipment such as hospital equipment for aged care buildings, could further the energy 
use reductions possible for these buildings. It is not cost effective to scale up on-site energy further for 
these typologies, but green power purchase agreements could provide a net zero operational carbon 
emissions pathway through off-site renewable energy generation.  

Although the community centre (retrofit) typology did not demonstrate significant energy reductions when 
compared to new builds, this is partly due to the establishment of BAU EUI. For this exploration, a EUI was 
used based on the existing building, constructed based on old building code compliance. In contrast, other 
studios used current industry benchmarks for BAU EUI. Further, the quantification of avoided whole of life 
embodied carbon emissions could be undertaken to demonstrate the life cycle cost savings of adaptive re-
use and retrofits.  

Mix-use typologies presented a challenge in quantifying energy use reductions due to the variability of 
energy loads. Where specialist equipment is required for multiple tenancies, including aged care, retail and 
food preparation, the breakdown of energy consumption is difficult to quantify. The thermal loads for space 
heating/cooling can be targeted for energy use reduction but it is difficult to adjust the reductions for total 
building energy use. This cannot be generalised, particularly across climate zones, and needs to be 
undertaken on a project-by-project basis. 

The BAU baseline Energy Use Intensity estimates used in these prototype designs can vary widely based 
on building age, climate, function, and scale. A survey of metered data from across multiple climate zones 
could support more accurate estimates for BAU energy consumption. 

Table 2: Summary of complex construction and function typology design interventions 

 INTER- 
VENTION AGED CARE 

COMMUNITY 
CENTRE 

(RETROFIT) 
 MIXED USE 

Energy use 

Building  
fabric √ 

Passive House 
standards for 
detailing and air-
tightness 

√ 

Increase 
insulation 
performance 
and 
airtightness 

√ 

Increase insulation 
and glazing 
performance 
Secondary roof for 
tropical climate 

Passive  
design √ 

Optimized building 
orientation, massing 
and façade 
Cross-ventilation and 
stack ventilation 
Good daylight 

√ 
Shading 
devices √ 

Optimized building 
orientation, massing 
and façade 
Cross-ventilation 
and stack ventilation 
Good daylight 

HVAC  
perform
ance 

√ 

Ground source heat-
pump 
Heat recovery 
ventilation 
Energy management 

√ 
Heat 
recovery 
ventilation 

√ 

Ground source heat-
pump 
Heat recovery 
ventilation 
Energy management 

Energy supply 

On-site  
energy 
generati
on 

√ 
Rooftop solar 
photovoltaic system √ 

Rooftop solar 
photovoltaic 
system 

 
√ 

Rooftop solar 
photovoltaic system 
Green roof 
enhanced solar 

On-site  
energy  
storage 

√ Battery   √ Battery 
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Figure 7: Example of student design for community centre (retrofit) typology (QUT) 

5.3.3. Specialist Construction and Function 

Energy use reduction varies widely for this category based on the range of typologies with specialist high 
energy load functions, from 1%-30%. These typologies require a detailed exploration site-specific 
requirement rather than generalised broad rules of thumb.  

Aquatic centres and transport building have large site and roof areas that allow large amounts of renewable 
energy to be generated onsite, 50-60% using both market-ready and innovative technologies. Laboratories 
could achieve 30% BAU offset from on-site energy generation, demonstrating that greater energy use 
reduction is needed, namely a refined exploration of laboratory equipment efficiencies.  For data centres, 
an unconventional approach toward net zero energy is required, by scaling up the scope and harnessing 
the heat created by the building, it is possible to power buildings in the wider community. A similar strategy 
may support better energy efficiency for transport buildings, by developing technologies to harness the 
excess kinetic energy of a braking train, the rail transport network could move towards large energy 
reductions for the larger transport system. This demonstrates the value of master-planning with an 
integrated design team to plan for a low emission future 

This study highlights that specialist typologies cannot have generalised net zero potential. For the 
‘Specialist’ category, further exploration will be required to achieve greater net zero potential for most 
typology prototypes. Their Energy Use Intensity is generally higher, when compared to the simple and 
complex typologies. With inherently large components from specialist equipment, detailed mechanical and 
electrical engineering technologies need to be explored in industry to reduce the energy consumption and 
subsequent carbon emissions of these buildings. The assumption that these typologies have reduced 
potential may be reconsidered as the generation potential for some specialist typologies is greater than the 
simple and complex typologies based on the building form.  

The aquatic centre demonstrated very significant reductions, the built form of this typology had a large role 
to play in this and provides a significant opportunity for aquatic centres to achieve net zero and look to 
ambitious sustainability outcomes. Future technology exploration could focus on on-site water recycling 
and the energy consumption of such systems. The transport building performed similarly, achieving 
significant reductions due to a large roof canopy with significant solar PV. The program of a transport 
building would have a major impact on its net zero potential where food retail and mixed-use spaces 
increase the BAU energy load in exchange for greater community utility.  

Data centres could not achieve significant reductions however, through re-scoping the design scale, there 
are opportunities for ambitious energy savings on a district scale. Studies could explore the technology 
needed to harness the waste heat of data centres on a community scale. 
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The laboratory typology posed an interesting challenge, the strict functional requirements of the typology 
limit interventions in some cases. Further exploration of laboratory equipment, as well as the embodied 
carbon of laboratory buildings, is needed to support a net zero pathway. 

The BAU baseline EUI estimates used in these prototype designs could vary widely between 
locations/climates. Detailed energy modelling or metered data surveys could refine these estimates in future 
studies for a comprehensive survey of net zero potential of typologies across Australia. 

Table 3: Summary of specialist construction and function typology design interventions 

 INTERVENTION AQUATIC 
CENTRE DATA CENTRE  TRANSPORT 

BUILDING  LABORATORY 

Energy 
use 

Building fabric √ 

Polycarbon
ate facade 

  √ Increase 
insulation and 
glazing 
performance 

√ Increase 
insulation 
performance 
and 
airtightness 

Passive design √ Optimized 
building 
orientation
, massing 
and 
shading 
Cross-
ventilation 
Good 
daylight 

 Energy 
monitoring 
and 
manageme
nt 

√ Optimized 
building 
orientation, 
massing and 
façade 
Cross-
ventilation 
and Good 
daylight 

√ Optimized 
building 
orientation, 
massing and 
façade 
Cross-
ventilation and 
stack 
ventilation 
Good daylight 

HVAC 
performance 

√ Passive 
solar water  
Ground 
source 
heat pump 

√ (Efficient 
server 
equipment 
specificatio
n) 

√ Ground 
source heat-
pump 
Relaxed 
temperature 
set-points 

√ 

Ground source 
heat-pump 

 Energy 
supply 

On-site 
energy 
generation 

√ 

Rooftop 
solar 
photovoltai
c system 
Piezometri
c pads 

√ Rooftop 
solar 
photovoltai
c system 
Solar road 
system 
Omni-
processor 
 

√ Rooftop solar 
photovoltaic 
system 
Piezometric 
pads 

√ 

Rooftop solar 
photovoltaic 
system 

On-site 
energy 
storage 

 

 

√ Thermal 
energy 
(used off-
site) 

√ Battery   
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Figure 8: Example of student design for data centre typology (UoM) 

 

5.4. Summary Observations 

This investigation has produced strong preliminary results for the potential of the net zero energy for the 
select building typologies explored in the IDS program.  Most prototype buildings explored in this program 
would be able to achieve net zero operational carbon emissions through green power purchasing 
agreements, the data centre building may be an exemption for this scenario due to its extremely high energy 
consumption. A broad range of typologies and climates could be analysed for net zero potential based on 
future NABERS metered data and full envelope and system energy modelling, there is precedent for such 
work in the global market, such as the ASHRAE (2012),1651-RP Development of Maximum Technically 
Achievable Energy Targets for Commercial Buildings. 

 

 Figure 9: Summary of typology prototypes’ energy grid consumption after implementing the net zero pathway 
interventions where (-) indicates more energy is generated than consumed by the typology.   
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6. CONCLUSIONS 

6.1. Evaluation of the research impact and associated technology 

Despite its setting in a predominant academic environment with no fixed budgets or real-life project 
constraints, the IDS program has wide-ranging implications for both industry and the academe. University 
students frequently had to go through a steep learning curve to gain a basic understanding of environmental 
design and Zero Carbon benchmarks. Such a steep learning curve would not be required in practice. 
Reflections and lessons learned during the 2 ½ year program are nevertheless transferable across both 
domains as they frequently touch on issues that concern practice as well as university education. The need 
for a different emphasis during project procurement and project initiation by the client, process change 
enacted by the architectural and engineering designers, and a different attitude towards collaboration was 
evident throughout all the studios run under the program. This did not only relate to the way architectural 
and engineering designers interact, but also to the way clients formulate their brief, plus the way integrated 
design actively gets curated via expert input.  

The various technologies investigated often needed careful introduction both by the studio leaders, as well 
as the participating industry consultants. Students frequently needed to get ‘sensitised’ towards their use 
and learn how any specific technology could impact on environmental performance of their design, then 
approach optimised solutions iteratively in conjunction with other relevant design factors. Many of the 
solutions presented relied on market-ready technology that got implemented for specific contexts – 
depending on building typology, functional constraints, spatial characteristics, and holistic environmental 
principles. In most instances, passive design measures resulted in major benefits in Zero Carbon 
performance, energy need reduction achieved could then get complimented by onsite renewable energy 
generation. 

6.2. Limitations 

The scope of this study has been set to best utilize the value of the prototype data created in the i-Hub 
integrated design studios. The explorations of the studios have value as a microcosm of free and 
experimental prototype design however it is important to understand the context and associated constraints 
of this program. The interpretation of net zero potential for the various prototypes acknowledges this. 

The building designs were primarily developed by university students at the undergraduate and master’s 
level, undertaking architecture or engineering degrees. As a result, the extent, refinement, and innovation 
of the technologies explored are limited by the level of knowledge students entered the studios with.  

The vetting reports collated and compared in this study were undertaken by a range of industry 
professionals, across engineering, environmentally sustainable design (ESD) and architecture. Therefore, 
there is variation in the scope and detail included in the reports for different buildings.  

The typologies presented in this comparison are not exhaustive and the number of studios and schemes 
developed for each typology varies based on the IDS program schedule. Further, each studio focused on 
a specific location and associated climate. Therefore, the conclusions of the technology potential are limited 
in application to the location in Australia where the studio brief was established.   

Investigations into new innovative technologies to support zero carbon initiatives via integrated design 
revealed that 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 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.  

6.3. Changing the industry paradigm to make co-design a mainstream approach  
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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 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. 

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.  

6.4. Relevance for Academic Curriculum Development  

All participants agreed that experiencing integrated design processes as a part of a higher degree education 
is beneficial for students. It prepares them for working in multi-disciplinary teams in practice and exposes 
them to the specific vocabulary and processes used by various other disciplines.   

The IDS model shows promise for future application in academia. The frequent design tutorials with the 
studio tutor and industry consultants offered fertile ground for multiple perspectives to be considered with 
each design iteration in some groups. In these same groups peer-to-peer critiquing was also observed and 
with the support of the studio appeared to give rise to more integrated development of designs that enabled 
key architectural and engineering priorities to be upheld through each iteration. It was observed however, 
that in at least one group students struggled to uphold some early project aspirations through design 
development, at the same time as they faced struggles to balance the workload. 

6.5. What Comes Next 

A strong degree of knowledge sharing also occurred as a part of the IDS activities. The three institutions 
are keen to see the work produced continue to be disseminated amongst industry, and for the knowledge 
gained to be employed in assisting integrated design to gain traction.  In this light the IDS proponents will: 

•       Continue to publicise the ‘Catalyst for Integrated Design’ document encouraging building owners and 
industry groups to adopt principles of integrated design in the procurement of projects. 

•       Further articulate and publicise the ‘Carbon Catalogue’. This document has the potential to be a stand-
alone document providing guidance on where to start with net zero design.  

•       Continue to take part in industry discussion around integrated design and its related areas (regenerative 
design etc).  As a part of this further integrated design symposiums have been mooted perhaps on a 
biennial basis in Melbourne.  

•       All three institutions involved in i-Hub (The University of Melbourne, The University of Wollongong, and 
Queensland University of Technology), have indicated forward plans to continue the integrated design 
studios in a self-funded form. 
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•       Further dissemination through involvement in IEA Annex 80, an international energy research 
programme in the buildings and communities field with the objective of providing resilient cooling of 
building. 

It is envisaged that opportunities for further work in the net zero field to be carried out will continue to arise 
as government and private industry grapple with meeting zero carbon targets.  The work produced in the 
integrated design studios places those involved in it in a strong position to partake in these opportunities to 
further the net zero cause. 
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