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group of architecture students work jointly with Engineering experts to respond to environmental challenges faced
by two existing Schools located in the ACT. This type of facility is known to have specific energy demands due to
high variation of use throughout the day and the school-year. In addition, the geographic location (ACT) is
associated with a need for both cooling in summer, as well as heating in winter.
Based on a dedicated environmental agenda that was informed by representatives from the ACT government,
students explore novel approaches to address Net Zero Carbon principles across both school sites (one located in
central Canberra, the other in a suburban setting). Particular focus is given to understanding the energy needs of
the existing facilities, and the way environmental concerns impact on their function as teaching spaces.
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1. SUMMARY

1.1 Purpose
This report summarises all findings taken from IDS-02, and thereby marks the 100% completion milestone at the end
of the project. Information inherent to this report will flow directly into the ‘Lessons Learned’ from IDS-02, and they will
further be disseminated under the IDS Knowledge Sharing strategy associated to the program.

1.2 Executive summary
The IDS-02 ACT Schools was initiated early March after substantial stakeholder engagement that commenced in Q4
of 2019. In the first week of semester, a focused one-day kick-off workshop (face to face) set the goals and constraints
of the integrated design process and introduced all key project participants
Work undertaken as part of IDS-02, resulted in a number of key findings that can be summarised under two main
categories:
1) Analysis of the integrated design process, its opportunities, and challenges. A team of UoM academics has
diligently been observing and analysing the integrated design process as it unfolded and addressed all
stakeholders with a series of questions about their experience in applying integrated design in a dedicated study
after the semester.
2) Integrated design exploration of ACT Schools. Eleven individual design proposals were developed by
architecture students, who advanced their ideas for two different ACT School refurbishment sites, over the
course of a semester. These proposals reflect in-depth analysis of ‘Net Zero’ design approaches for School
Refurbishments, and they offer an array of solutions, tackling environmental design in different ways.
Recognising the speculative and highly experimental nature of the design explorations the design process was
coupled with a 6-8-week feasibility vetting process that took place after the studio’s completion. Here, the
collaborating consultants examined the students’ proposals to scrutinise certain ‘Net Zero’ related technologies
and their application in the context of School Refurbishment projects. The consultants analysed bespoke
technology solutions in greater detail and compare ‘Business As Usual’ approaches in School design, with the
outcome of the IDS. The findings of the vetting process have been incorporated into this report, and the full
consultant vetting report has been appended.
Key observations:
Integrated Design Process
•

Good integrated design requires a ‘design co-author’ mindset in all participant designers. It is crucial to ensure
that everybody's opinion is respected and valued.

•

To achieve truly integrated design, the definition of common goals is a key priority. Common tasks set at a
detailed level (as well as aspirational level), assist in facilitating co-authorship.

•

Achieving integrated design requires active curation: Engineers potentially struggle, when asked to become
involved in ideation processes, and architects often lack the skills of interpreting how engineering data can
advance their design thinking. Opinions differ on where this curation role sits (internal or external to the design
team), this will be interrogated in future studios.

•

Integrated design happens over a limited time window, once initial fact-gathering is complete, and deliveryfocused design has not yet commenced. The timing of this was found to vary across studios depending on the
strength of the guidance from the design curator (also to be further interrogated in future studios).
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•

Academic education plays a key role in introducing integrated design principles to aspiring professionals.
Ensuring that architecture students have a good understanding of basic climate analysis and passive design,
is a game-changer when it comes to their ability to advance design jointly with their engineering peers.
School Design and Refurbishment Exploration
The eleven design solutions by students highlight the breadth of opportunities in the design and refurbishment
of School projects in the ACT climate. Students embraced different aspects of environmental design both indoor,
as well as outdoor, and they addressed these on refurbishment elements, as well as newly built components of
their design
Selected key ideas that emerged were:
•

Passive design measures as a key priority
▪ Optimising the building envelope
▪ Fixed and dynamic shading
▪ Operable façade elements
▪ Wintergardens and Green Roofs

•

Active design measures as a key priority
▪ Introduction of Rooftop Solar Panels
▪ LED light fittings
▪ Mechanical ventilation with heat recovery
▪ Introduction of Heat Pumps (air source/ground source)
▪ Shift from natural gas consumption to all-electric services strategies.

Consultant vetting of student projects, showed major opportunities for achieving Net Zero Carbon targets:
Moving from a standard practice existing building to incorporating best practice initiatives results in Energy Use
Intensities less than 40kWh/m2.yr, with reductions in energy demand ~58% and energy consumption >52%. Further
reductions expected to be realised through more effective control strategies such as daylight linking. Electricity
generation from onsite roof-top solar panels would be predicted to exceed more than four times this amount. This
indicates that there is a significant opportunity for the school to not only be net zero carbon in operation, but to be net
positive energy in operation, with annual electricity generation exceeding annual consumption.
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2. PROJECT CONTEXT AND INCEPTION

2.1 Context to the ACT Schools Integrated Design Studio
In the lead-up to University of Melbourne’s start of semester, Prof. Brendon McNiven from the Faculty of Architecture,
Building and Planning, and Prof. Lu Aye from the Melbourne School of Engineering had engaged in intensive industry
consultation in order to search for compelling case-studies to investigate new technologies under the Integrated Design
Studio banner. Two IDS projects were chosen to run in parallel during Semester 1 2020, which span over 15 weeks
from early March until late June.
ACT Schools refurbishment is one of these two projects as its programmatic and functional specificity promise a fertile
testing ground for design exploration, in particular when considering Zero Carbon constraints. In the weeks leading up
to the start of semester, the Melbourne University team went on to gain internal Human Ethics Approval, select the
Design Studio tutors, establish the context for the IDS to integrate seamlessly with the existing curriculum, and chose
the Industry consultants to join in on the project.
2.2 Studio Inception
A number of pre-semester meetings with the project-participants revealed that an intensive full-day workshop at the
point of studio inception (week one of the semester) would represent the best possible start for the project. All project
participants signed off on this idea and assisted in programming the workshop, which took place on March 5th 2020. It
represented a day packed with introductory presentations, discussion rounds, and Q and A sessions that involved the
students, tutors, clients, consultants, and all academics involved in both studios. The workshop was partially run across
both IDS, and partly in isolation to allow project participants to be exposed to overarching issues, while also focusing on
their bespoke program. In addition to the benefits for integrated design information exchange, the initial kick-off
workshop also fulfilled the essential task to introduce all key IDS participants to each other and facilitate social bonding.

Figure 1: Solid discussions during the initiation workshop

Figure 2: IDS

introduction during the initiation workshop

2.3 Client Engagement
With the involvement of ACT Government representatives, the project is working with a client who oversees a great
number of school programs across the Territory. With some of the existing building-stock dating back to the 1960s or
earlier, environmental issues did not take centre-stage and many facilities perform poorly from an energy performance
perspective. The cost of energy consumption, building maintenance, as well as the productivity of students and teaching
staff all leave room for improvements.
Therefore, the ACT Schools IDS offers the ACT Government a fertile testing-ground to evaluate how existing assets in
their portfolio can/should be refurbished in order to address the above points. The client is keen to hear about new
technologies, but also to explore alternative modes of design via integrated approaches that combine architectural
sensitives with engineering expertise. ACT government/client representatives have taken an active role to remain
engaged in the IDS discussions, starting from their participation in the kick-off workshop and the facilitation of a student
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site-visit to both schools that occurred in early/mid-March. The client was keen to remain involved intermittently over the
entire duration of the semester and provide feedback, in particular at the mid-semester and end-of semester milestones.
2.4 Site Visit
The project team’s full-day visit to the two ACT School sites in early/mid
March offered the students, tutors and collaborators invaluable insights into
the key challenges and opportunities present at the two school sites
in/around Canberra. On the one hand, attention was given to the existing
architectural conditions and the functional aspects of the schools as
educational buildings. On the other hand, the visits represented an
opportunity to assess the current climatic conditions, the outdoor areas, the
building fabrics, and the technical and non-technical systems currently
installed to provide adequate human comfort levels within the schools.
Figure 3: Image from Site Visit – ACT Schools

Client representatives helped to orchestrate the dense schedule of visits on
the day and coordinate with school representatives to guide the project
participants around.
Joined by their tutors, students were asked to take stock and log/measure
the key characteristics of the existing facilities and their immediate
surroundings. The data collected on the day, in conjunction with the
information received from the operators, provided students essential
information with which to develop energy-masterplans for the two sites and
integrate their design proposals with real-world references to work with.

Figure 4: Image from Site Visit – ACT Schools
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3. DESIGN STUDIO PROGRESSION

3.1 Setup for Collaborative Design Integration
In order to provide guidance for the programming of Design Studio activities, and in particular their interface with the
investigation on integrated design, the IDS management established a detailed manual titled: ‘Catalyst for Integrated
Design’. Released approximately 2 weeks before the studio’s commencement, it combines aspects of design
collaboration that cut across architecture and engineering disciplines and it ties directly into the studio-teaching process.
The manual first addresses overarching aspects of design integration to then and delves into the specifics of
environmental building performance, human comfort, and mechanical design systems. The manual ultimately assisted
the studio tutors to coordinate their activities for advancing design concepts with key milestones for addressing and
integrating technologies throughout the semester.
General
Understand the limitations of traditional, non-integrated design (solutions).

•
•
•
•
•
•
•
•
•
•
•

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, 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

Focus on Performative design
• Address environmental building performance systemically across Arch and Eng
• Establish joint environmental targets per relevant building type à apply end-use performance metrics
o What are the mechanisms to address them in early-stage design?
o What are the mechanisms to address them in the advanced design stages?
• Develop an iterative Arch/Eng process for optimising performance (Optioneering)
• Search for integrated design responses to human comfort and environmental loads à understand how various aspects of
•
•
•

the Arch and Eng design are connected.
Search for synergies via design innovation rather than relying only on mechanical solutions (passive over active) … as
part of that…
foster multi-functional design – design elements in an integrated design should be doing more than one thing at once (at
least 3 things).
Define the characteristics that represent the ‘integratedness’ of a design solution. That’s what the success of this
project should (also) be measured against!

3.2 Schedule for Interdisciplinary Engagement
The studio tutors proposed a detailed IDS schedule in week two of the semester, based on his experience as design
studio leaders within a 13-15-week semester, as well as preparatory conversations held with the industry consultants,
the client, and the academic participants. The schedule addresses both the output requirements typically inherent to
Masters-level design Studio teaching at the Melbourne School of Design, as well as the specific IDS output requirements
for exploring novel technologies. In particular, the schedule maps out the intensity and duration of engagement between
the architecture students and the engineering consultants.
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3.3 Weekly interaction between Design Studio Participants
The ACT Schools IDS followed up the initial kick-off workshop with weekly guest presentations from architects,
engineers, and teaching/learning experts. The weekly 6-hour classes where therefore split in half between these guestpresentations and early concept design reviews of students’ works.
The initial three to four weeks (interrupted by the site-visit in week 3) were marked by lively discussions across all project
participants. Students were then asked to start presenting first preliminary responses to the site context of the two
schools in the form of an Energy Masterplan and other location-specific observations. In a 13-15-week design
programme much of the front end is taken up with briefing and bringing design parties up to speed with each other’s
discipline (in general knowledge terms), the back end is conversely dominated by design development and
documentation type activities. The ACT Schools IDS also required students to become familiar with quantitative analysis
and computer simulation processes to help with the assessment of environmental conditions on site.
The project team observed that in-between these two general phases, there exists only a brief period when core design
ideas are generated and formed. Once this occurs, it is difficult to materially change direction due to the momentum
involved. Designers hold preconceptions after this initial ideation and the natural tendency is to adjust direction rather
than to discard totally to start again. This means it is important to recognise when this ideation period is happening
ensuring everything and everyone is in place to make it as successful as it can be.
A first public presentation of building performance analysis and preliminary design concepts occurred at the IDS Midsemester presentations in late April. Following the mid-semester reviews, the students entered a seven-week period
where they developed their designs with the assistance of the studio tutors, design consultant and the engineering
consultants. These sessions were a combination of online workshops where work was discussed, and feedback
provided in a small group setting. Scheduled opportunities were also provided for students meet one-on-one with both
of the engineering consultants to work on refining the integration of their engineering systems. During these weeks, two
additional focus assessments were completed to assist students with the development of their concept and
documentation for final presentations. These tasks included developing detailed sections of the building envelope and
the preparation of a formal position on carbon neutrality and renewable technologies. The final student designs were
presented publicly at the IDS end of semester reviews in late June.

Figure 5: Sample student submission
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3.4 Impact of COVID-19 on Semester Planning, Level of Engagement and Studio Outcomes
The COVID-19 pandemic has impacted on student availability (a number of engineering students were unable to travel
to Australia to commence the studio in person) – combined with issues in advertising to engineering students resulted
in low numbers and a decision being taken to proceed with architectural students only, concentrating on their interaction
with engineering consultants and academics. As distancing restrictions tightened the studios were forced to transition
to remote (on-line) delivery. This transition has proved successful and in fact has some advantages in terms of design
interaction observation. Students, the tutor, and the Industry consultants take advantage of interactive online
communication features to review and discuss design ideas both verbally, as well as by annotating sketches,
plans/sections, and 3D models. Mid-semester and final reviews occurred online with the inclusion of a panel of experts.
At this point, it is not expected that the online delivery method will severely alter either the nature or quality of project
outcomes. Due to the extra week required to transfer all teaching online, the University of Melbourne extended the
duration of the semester by one week.
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4. DESIGN STUDIO FINDINGS

The findings from the IDS-02 Design studio are drawn from three main sources:
•
•
•

Firstly, observations during the studio that were logged and consolidated
Secondly, feedback from the participating industry consultants, the studio tutor, and the client, and
Thirdly, feedback from the participating students via an in-depth questionnaire.

4.1 Observations during the studio
The activities within the studio were observed throughout the semester by the IDS research team. The following are
the main observations regarding the process of integrated design and the contributing factors.
4.1.1 The roles within the studio:
The studio sessions were coordinated by the studio leaders throughout the semester, with the industry consultants
participating in approximately 50% of the allocated weekly session time (3 of the 6 hours of studio contact time). In many
of these instances the architectural and both engineering consultants were present and the inter-consultant discussions
served as a model for consultant interaction in the integrated design space. The discussions were often characterised
by the use of open-ended questions (‘In this context, how would you…?’ or ‘What do you think are…?’) This was
particularly useful for the students to witness and also to start participating in, given the lack of engineering students
and subsequent lack of opportunity for peer-to-peer integration.
The studios made use of three main modes of engaging with the students. These included:
•
•

•

Progressive presentations to the whole studio group, where integrated feedback and assistance from all
disciplines was provided by the studio tutors and industry consultants;
Small group workshopping (typically divided between the two different school sites) with the studio tutors
and sometimes also with the industry consultants, where students lead the discussions and actively asked
questions to assist with progressing their design response and integration of their engineering systems,
and
One-on-One sessions with studio tutors and industry consultants to delve into the detail of the design and
engineering systems and to assist the students to understand and implement opportunities for integrating
their architectural ideas. Within these sessions students often tabled feedback they had received from
other disciplines as a means of engaging with integrating the information. During these sessions the
consultants were able to more effectively depart from their quasi-advisory role and work with the students
in a more equitable and integrated manner, and in some instances contributed to the development of
effective design solutions.

The client had limited availability during the week to week studio sessions but had been a key figure in the early weeks
of the semester and the students had actively engaged with her during the site visit in week 3. Despite the restricted
participation in the studio sessions, the cline was responsive to student questions and provided commentary / feedback
on specific issues raised by the students via email, which was facilitated by the studio tutors.
The studio tutors were instrumental in coordinating the opportunities for student engagement with the various members
of the teaching team whilst also providing opportunities for personal engagement in significant weekly discussions with
the students. As a factor of time, the students had greater access to the studio tutors than to the industry consultants.
However, both the studio tutors were adept at keeping the parallel interests of the engineering requirements in focus
during their own sessions, rather than elevating design aspects above the engineering requirements or ignoring them
completely. The key message to the students here was that even when the consultants are not present, be mindful of
how they might engage with what is happening even if they are not there.
4.1.2 Development of the designs
The semester’s early stage focus was on the introduction to engineering discipline thinking and associated technology
ideas and introducing the students to the site and the brief. In the lead-up to mid-semester, the focus shifted to jointly
working up architectural and engineering aspects of the project in the form of assessing the current building and site.
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On the engineering side, the existing engineering services and building fabric were analysed. On the architectural side,
the programmatic and functional performance of the building were assessed. Detailed analysis of the site was relevant
to both and formed the basis for the integration of the two disciplines at this stage. From this analysis students identified
opportunities for development, encompassing both refurbished and new elements, and produced return briefs and an
initial design response. This initial design response was then interrogated in relation to building performance as a test
for the success of the integration of architectural and engineering ideas. This work formed the basis of the mid-semester
presentations.

Figure 6: Screenshot of online design reviews using annotations in Zoom

Following on from the mid-semester presentations, the students developed these initial designs, focussing on improving
both the engineering performance and aesthetic resolution of the design response in an integrated manner. Many
students become ‘stuck’ during this stage – seeming unable to adequately resolve one or the other (or even both) of the
engineering technologies or the architectural design aesthetic. For some students this was clearly a factor of not
adequately understanding the technological requirements or that they were lacking sufficient understanding of how to
effectively deploy appropriate passive environmental design strategies for this climatic context. For others, it was a
complete immersion into the technology at the expense of integrating the architectural aesthetic. Interestingly, even
where there were deficiencies in the integration between engineering and architecture, many students tackled the
pedagogical aspects of the brief quite well.
For many students, the ‘stuck’ points were temporal and the ongoing studio program and ability to meet with the
consultants on a one-to-one basis provided the avenue to explore the architectural and engineering performance of their
current positions and identify previously unseen possibilities for better methods of implementation and integration in
association with the consultants – who continued to act alternately as advisors and co-designers. The studio tutors in
particular reported that following these one-on-one sessions with consultants many students had made significant leaps
in their understanding of technologies and as a result were better able to understand the possibilities for integration.
The students showed a diversity of engagement with and interest in various engineering technologies as a means for
achieving the client’s net-zero carbon position that was sometimes at odds with the more practical requirements of the
ACT School’s climate, context and budget. This conflict also partially contributed towards unresolved architectural
outcomes for some students.
The final designs produced by the students reflected a range of creative responses, most of which focused on meeting
operational functionality of the school spaces and with somewhat more or less successful integration of engineering
aspects. Some of the designs could be categorised as more successfully creating design impact than others and
potentially this reflected the relative studio level of the individual students and the extent of their design experience.
Some effectively used the comparative energy worksheets developed by the engineering consultants and addressed
Report: Design Studio Outcomes (100% Milestone): IDS-02 ACT Schools I
The Innovation Hub for Affordable Heating and Cooling | iHub.org.au

Page | 14

this in their presentations, while others relied only on solar access modelling to address their responses across wider
issues than daylighting and solar access. The climatic context and appropriateness of proposals for the specific building
typology were also seen as unresolved issues for a few of the final designs, indicating that these students had not
adequately reasoned the suitability of proposed approaches in this context. Even at the final presentations, quite a few
students continued to struggle with the quantification of their environmental performance. This is an area that consultants
raised as something that could be improved in future iterations of the studio by introducing common rule of thumb
analyses and standards for the students to use during the semester and noting a clear goal that should be achieved in
terms of the engineering requirements and client driven environmental response.
4.1.3 Communication
The shift to online teaching as a result of the COVID-19 pandemic restrictions resulted in a reliance on virtual platform
tools, rather than engaging with the students in a face to face studio setting. Whilst the studio tutors, industry consultants
and students all quickly adapted and developed methods for presenting work, providing real-time feedback and markup of student work using the Zoom annotate functions etc., the general consensus was that some of the collaborative
nature of the studio did not transfer into the digital space. The engineers in particular noted the lost opportunities for
having everyone in the room to discuss/collaborate in more or less detail as relevant to particular design responses.
During the course of the semester, the continued reference to the industry participants as consultants rather than
designers may have contributed to the quasi-advisory roles being reinforced (for both students and the consultants
themselves), rather than progressing towards a more equal student – design specialist co-authorship mode. Similar
commentary surrounds the identification of student projects as belonging to them (‘your project’) rather than the work of
the team (‘our project’).
4.1.4 Understanding Professional Specificity (and actively curating a balance)
Striking a balance between architecture and engineering requires active curation. The early weeks of engagement
between architects and engineers on the ACT Schools IDS revealed the need for the architecture students to first get
familiarised with how Engineers provide input into their design processes. The students seemed to try to understand
how to ‘use their feedback’ within their design process, instead of opening up towards a joint co-design process. At the
same time, the engineering consultants struggled to tackle the project from an architectural perspective; from the
beginning both parties seemed to be producing designs they felt represented each (ignoring the other).
This method emphasised the differences in the two approaches in designers’ minds and articulated the prospects of
needing to navigate the spectrum in-between the extremes in future design. Once equipped with this perspective it was
easier for designers to understand that it is a balance between the two. Observations in the other IDS observed found
that designers tended to follow the information in front of them without necessarily understanding the extents of the
design spectrum.
This aspect was also remained relevant during the remainder of the semester. However, the adoption of one-on-one
sessions allowed for the engineers to engage more directly with students to jointly progress their designs, rather than
simply providing feedback in the more presentation focused sessions. This indicated that incremental advancement
towards integrated thinking is happening in certain aspects of this studio.
4.1.5 Good integrated design requires a ‘design co-author’ mindset in all participant designers
Integrated design is the coming together of multiple disciplines to produce design solutions that meet ‘whole of project’
visions. Early observations in the Integrated Design Studios (IDS’s) identified that not all designers are used to working
in this way. This continued to be a challenge for the studios during the entirety of the semester.
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.
The studios found this consulting model to be difficult to break free from. Attention needs to be paid to create a mindset
of ‘design co-authorship’ in all participants (engineers and architects alike).
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Design Co-author mindset: This aspect of design is sensitive to the relationship of individual designers which can be
complex. Whilst we feel it is an important point to have uncovered, we believe it will take some iteration in adjustments
of the studio mix and nature of the integrated design process being trialled.
This iterative nature in the research, refining the findings and adjustments over multiple studios is one of the reasons
multiple IDS’s were planned. Future studios will help refine the findings and close the gap that currently exists.
4.1.6 Working toward Common Goals
The difficulty of articulating common goals that address zero carbon in the joint architect / engineer effort was one key
element identified as requiring further investigation during the second half of semester that became evident across both
IDS run this semester. As much as the engineering consultants are used to following the architect’s lead in the
articulation of a design direction, it appeared that they at times do not yet trust their ability to actively work on common
design goals that go beyond the articulation of specific technologies. Whereas architects tend to thrive in an environment
that still has undetermined outcomes, engineers tend to focus on pragmatic responses to solution findings that – at
times – may limit the potential for achieving novel, and truly integrated design outcomes. In order to overcome this
obstacle, each profession needs to challenge the others’ way of thinking and approaching a potential solution-space.
Looking back at this from the end of the semester standpoint, there is still the need define the common goal more clearly
for the benefit of all participants and to optimise opportunities for innovative responses that will still address the overall
requirements.
4.2 Feedback from the participating industry consultants, the studio tutor, and the client
Feedback from each of the key professional participants in the studio was obtained by conducting a series of
interviews. This included the architectural consultant, both engineering industry consultants, both studio tutors and the
project client. The scope of the interviews included consideration of factors that enable or constrain integrated design
in both studio settings and the industry context, as well as seeking opinions on the impact of the studio brief and the
nature of individual professional contributions to the studio and the integrated design process. The value of tertiary
level integrated design education was also canvassed along with identification potential areas for improvement in the
practise and teaching of integrated design processes.
4.2.1 Integrated design drivers
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. This was
specifically noted as:
People who are already mentally on board with the idea of an integrated design process and having some basic
understanding of what that means. Damon van Horne – architectural consultant
It has to initially be of interest because they can see that there is a benefit to bringing disciplines together and
understanding everyone's speciality and how everyone adds to the problem solving that is good building design. Patricia
Stocca – studio tutor
A key factor would be an understanding of the need for integrated design and the willingness to be open to the knowledge
of other disciplines… The students had to be willing to learn what impact other disciplines and science in particular would
have on their discipline as a result of climate change. Beth Mitchell – client

The importance of a client who understands the value in strategic thinking as part of good design was identified as
important and therefore, the right clients could play a significant role in the project team with regards to the potential for
successful integrated design.
In addition, the ability of the team to communicate effectively with each other was noted as a significant contributor to
enabling integrated design. This ranged from the ability to ask leading questions to help unpack the project elements
from various viewpoints, to the basic technical proficiency of team members and their ability to understand the
discussions on various levels, right through to issues of broader equity in the team:
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There needs to be an acknowledgement or a feeling of equality within or across the different participants, making sure that
everybody's opinion is respected and is valued rather than there being a kind of hierarchy. Allowing people, the space to
be able to input and to not be fearful of saying the wrong thing. On the flip side, there is this need for people to have a will
to listen and a want to understand - to be able to put yourself in someone else's shoes. That kind of external considering is
really beneficial. Jessica Hogg – engineering consultant

Providing appropriate time and space for those types of communications to occur was also seen as aligning with the
opportunities for practitioners or students to ask questions, consolidate knowledge and create opportunities for ideation
and the ‘a-ha’ moments to occur. There was a general acknowledgement that the online format and restrictions enforced
by the Covid 19 context somewhat hampered this process:
If we could have engineers and architects working, talking next to each other with a fat pen, scribbling on a wall it would
have been far more engaging. Whereas we were a bit restricted to taking turns - engineer gives a presentation about how
you design engineering stuff, and then the architects take a turn. It was a bit clunky. Nick Adams – engineering consultant

A number of the participants identified that establishing clear guiding principles and common goals for the team/studio
were essential factors for enabling integrated design, and progress should be continually measured against these
principles and goals.
4.2.2 The brief
The interviewees expressed quite differing opinions about the nature of the project brief. On the one hand, the studio
tutors were of the opinion that while the initial project brief provided sufficient scope for students to engage with various
aspects and to produce a body of work that had sufficient technical rigour, the specificity of the way it was written proved
problematic for the students. The studio tutors observed that the level of detail somewhat inhibited the design process
as students became fixated on independently addressing the detailed requirements rather than focussing on developing
a design concept that encompassed the detailed requirements.
On the other hand, some of the industry consultants identified the competing complexities of the brief and thought the
brief was too broad in scope and lacked sufficient direction with regards to specific integrated design goals.
Typical design studios are quite open ended and allow the students to guide themselves and learn through a process. But
with this one, because of the engineering component and the actual client component, it almost needs to be narrowed
down and be more selective as to what was required of the students. It would have been interesting to decide at the start
of semester that the aim was for a net-zero design and that all the designs should use the Passivehaus standard –
because we didn’t really pick one standard – it was left up to individual choice. Damon van Horne – architectural
consultant

Interestingly, the client identified that because the brief was essentially in the form of a return brief to the client, the
students were able to adequately synthesize the integrated the design brief requirements specified by the client with the
individual schools’ differing requirements. There was scope to incorporate the alternate client visions (i.e. directorate
and individual school) because the brief was not overly detailed.
One industry consultant identified an opportunity for the consultants to work more closely with the students on refining
the return brief, which may benefit the integrated design process.
4.2.3 Nature of studio tutor and consultant contributions
There was a strong consensus from the interviewees that linking their professional experiences to the studio via case
studies and current industry practice workshops and/or discussions assists students understand how innovation and
integrated design occurs. Understanding real experiences and how current industry practices and processes are
working or not in relation to issues such as designing for climate change, budgetary constraints, building maintenance
and lifecycle etc. also allowed students to see opportunities for departing from industry business as usual in a realistic
and achievable way to improve built environment outcomes.
When discussing their own roles, the consultants naturally focussed on how their own discipline contributed to student
learning. The studio tutors were aware that they were responsible for actively curating the processes unfolding within
the studio and focussed on working with the students to encourage them to understand how their design ideas could be
adapted so that they could fulfill both architectural and engineering aspects of the brief. This included repeatedly
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engaging with the design brief to consider ongoing possibilities for integrating environmental technology, pedagogy and
design considerations concurrently. The architectural consultant considered that his participation in the regular design
critiques allowed students to reiterate thinking about the siting, form and materials and to keep in mind the aesthetic
composition of the project to balance the intense engineering performance needs of the client.
In the absence of engineering students, the engineering consultants were cognisant of the imbalance of experience and
knowledge and as a result assumed a quasi-advisory role. They focused on the balance between proving technical
information about alternatives and encouraging the students to think for themselves about the most appropriate
solutions. The weekly engineering input was very useful for students as it provided regular feedback on progressive
design changes, allowed the engineers to steer students in slightly new directions to better integrate the engineering
ideas with their design responses.
Meanwhile, the client identified that her insights into how the buildings work once they are built was most useful to
students. It helped them understand the problems with the base infrastructure and building fabric in a lifecycle sense.
We talked about the issues with the aged design of the schools. It was good to be able to say to students, this part was
designed 60 years ago and this works really well. Yet other parts were designed much more recently, but actually didn't
work so well. Beth Mitchell - client

At the same time, the consultant team and studio tutors all identified the proficiency of their fellow team members in
discussing aspects across disciplines to support students in their interrogation and integration of design and engineering
considerations.
The engineers helped the students to understand the technical aspects by challenging them to understand how they
would work in that design and to help the students identify suitable modifications. Jo Lettieri – studio tutor

4.2.4 Critical decision-making when balancing architectural and engineering input
When considering the key aspects of balancing architectural and engineering output the interviewees 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 basic climate analysis and passive design. As one of the consultants noted,
‘everything leads from there…’.
Another commonly identified aspect was the need to help 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.
Balancing the feedback from the consultant team so students had a range of higher-level concept and design thinking
and detailed architecture and engineering resolution was also important. This gives students the opportunity to
understand the practical application of the various theories.
The importance of using precedents has already been noted above, but they also identified by many of the consultants
as a critical influence for the development of appropriate student work processes within the integrated studio:
We need to start with precedent projects that are really good examples of integrated design. Projects that have
successfully achieved a good sustainability outcome, through solid engineering and with an architectural response that
works hand in glove with that engineering design. These are projects that could be a guiding star for students’ own
designs. Damon van Horne – architectural consultant

In the context of a studio where sustainability a key element, the client identified that determining what the long term
or future looks like was also of great importance in guiding architectural and engineering responses.
That's not only a question of energy source, or climatic variation or client needs. It's also a question of long-term
maintenance and adaptable use. And this needs to be reflected in both master planning and detailed design. Beth Mitchell
- client

4.2.5 Aesthetic and functional compromises
All interviewees agreed that at some point during the semester, most students had struggled to adequately integrate
the aesthetic and functional aspects the project. However, for many students this was a temporal stage, and they were
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able to work through it with the assistance of the consultants and tutors to varying degrees of success. A number of the
consultants identified that constraints are typically a key part of the developmental process for architecture and that
those constraints are actually opportunities to think creatively and develop the function in a way that is aesthetic.
The more successful students were generally those with more design experience who generated stronger initial design
ideas that were then worked up iteratively to balance aesthetic and functional requirements. The less successful
students either let the engineering dominate their design response without integrating it architecturally, or made a
decision to focus on the architecture and pedagogy without sufficiently addressing or integrating the engineering:
I don't know if you can start an integrated design process from the very first second of the studio. If you do, you need to
work for a period diagrammatically and think about just pure orientation, insight, and so on. But then there needs to be a
moment when the designers can actually think sufficiently to come up with a robust enough concept that they can develop
as a final design, so that they can then also then bring in engineering equally into that and inform it. But if you don't have
some kernel of a good concept of a design initially, then your project's never going to hold together. Damon van Horne –
architectural consultant

It was identified quite early in the semester that many of the students had very little exposure to engineering or
sustainable design principles coming into the studio. The teaching team worked to address this issue, but the students
had to learn an extraordinary amount of information at a very fast pace and understanding the basics was challenging
for some students. That led to some of them struggling with the final integration or prematurely abandoning potentially
good ideas.
…maybe you had an aesthetic idea, and it kind of had some legs but because you started to analyse it too soon, you've
killed that idea before you had time to refine and let it become a little more valid. Damon van Horne – architectural
consultant

4.2.6 Integrated design definitions
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 commentary manner towards common goals, with an inherent understanding of
the roles and responsibilities of other disciplines. Several participants also specifically identified that it included the ability
to question and challenge one’s own thinking and current working processes so that the built outcomes are optimised.
Acknowledging that integrated design is iterative and ensuring that all 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.
A really good example of integrated design needs to be undertaken and actually built to gain an of understanding of how
long those iterative processes take. What's the cost of the final bill? What's the long-term operational cost? What are the
costs and benefits of designing with this approach? I think we would find that the benefits far, far outweigh the cost,
particularly if we look at the lifecycle of the building. But there is currently no feedback mechanism. “It is like baking a cake
not being able to taste it.” Beth Mitchell

There was agreement that the process needs to be curated and typically this role has fallen to members of the design
team:
For much of my career in the last decade, I was that voice going between siloed thinking - it then became less about
design and more about design management to try and come to an integrated design solution. Jo Lettieri – studio tutor

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 in order to come to a
more widely considered final design.
4.2.7 Constraints impacting on ability to engage in integrated design and architect/engineer collaboration
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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The current architect /engineer relationship is typically a transactional type of arrangement where the architect asks the
engineer for specific information and the engineer answers questions rather than taking the lead. The discussions about
what the building should be, or what the goals are for the building and how can we merge it all together don’t often
happen. Nick Adams – engineering consultant

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. The client also noted that budgets
don't necessarily match an integrated design view. Construction budgets are set to get the design built. They don't
allow the timeframe, nor the budgetary consideration for those things that reduce long-term costs.
4.2.8 Value of experience of integrated design at university
All the interviewees agreed that experiencing integrated design processes as a part of their higher degree education is
beneficial for students. It prepares students for working in multi-disciplinary teams in practice and exposes them to the
typical language and processes used by various other disciplines.
If we want integrated designs moving forward, and I believe that they're absolutely critical to our ability to produce climate
resilient and low to zero emission buildings, it's absolutely critical that each student step out of their higher degree studies
with an understanding of integrated design processes, and an ability to implement them in their discipline. Beth Mitchell –
client

4.3 Feedback from the participating students
There was a mixed level of environmental design experience among students who attended this class (median score
2.25). The majority of respondents highlighted they either had little-to-no Environmental Design experience, or simply
had come across it in other classes.
Students listed: Time assigned to the dialogue between Architects & Engineers, Imagination and creativity, and Indepth knowledge of technology for collaboration as the key design-drivers affecting successful environmental design
to achieve renewables/zero carbon goals.

Figure 7: Key design-drivers affecting successful environmental design

With a median score of 4.625 (out of 5), the vast majority of participants felt that the client’s brief supported them in
achieving a balance between architectural and engineering design. Asked about the impact the brief had, and the way
it was written/communicated, some students seemed to appreciate its configuration saying: The brief was clear and
communicated well, whereas others struggled with elements of it, as they state: it felt like the goalposts kept moving
throughout the semester. The brief could have been more thorough and specific, so we were clear on what we were
trying to achieve from the outset. Students found budget constraints most difficult in the context of the brief, as well as
ways to calculate the balance between keeping portions of the building and replacing others with better environmentally
performing elements.
Prompted about the most critical decision-making points when balancing architect/engineer input for generating
environmentally optimised design solutions, students responded: Good integrated design requires a constant back and
forth, with critical design decisions occurring weekly. They did highlight the relevance to express architecture and
engineering through all elements of design; not just the active systems, and to translate architecture aesthetics into
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engineering-helpful components. Like incorporating the roof angle for solar radiation, mechanical system, ventilation as
biophilic connection). Some respondents added more critical reflections in response to the above question, as they
state: I felt like I didn’t yet fully grasp the scope of possible engineering strategies so the biggest “question” was a need
for more detailed information on engineering principles. Because the time/ interactions with engineers was so limited I
didn’t feel like I achieved true integrated design.
The inspiration for your School refurbishment were broad and varied. Overall, students listed presentations by, and
conversations with the engineers, external research, readings, and project precedents as key elements. Others referred
to considerations about the most appropriate technologies. One student alluded to discussion of environmental
principles in the first few weeks, followed by a “guess and check” trajectory, ideation, based on precedents, to then
check feasibility with the engineers.
According to the students, the engineers contribute to the authorship of design solutions primarily by supplying
background data and knowledge, by giving Yes/No checks on design concepts, and via consultancy-type feedback.

Figure 8: Reflection on input provided by the Engineering Consultants

Asked about the most useful guidance by the consultants, students referred to the one-on-one sessions with the
engineers, as they allowed for proper conversations about our specific ideas, rather than generic feedback. The
architecture students appreciated their input on background information, such as energy-use benchmarks, feasibility
and cost of different technology, but also how the engineers helped them to increase their understanding on how the
technologies could work and how to make them more useful in the building design. One key response did highlight that
the engineering consultants were showing students the possibilities of integrated design. Showing that there isn't one
specific look for a "green building”.
With a median score of 4.75 (out of 5), nearly all students argued that the input by consultants strongly increased their
‘level of understanding of’ environmental issues and associated solutions
Students expressed their desire to spend more time with the consultants in 1 to 1, or small breakout rooms, to explore
specific ideas further. The negative impact of COVID 19 was clearly noted, as one student expressed: I would try to
draw more sketches to share my thinking with them, that way, I could get more feedback from them. Others lamented
the lack of engagement with engineering students, saying: it would be interesting to run the studio with engineering
students that perhaps have their own interests in using specific systems.
A critical voice reflected on the nature of interaction with the engineering consultants, asking for: more interaction when
designing, rather than providing consultation after designing, as well as ways to help them benchmark certain
engineering solutions. This was seconded by others who stated: at times it felt like we weren’t really questioning whether
or not our proposals would be truly effective in reality, out of concern that this level of rigor would be too challenging for
us. Sometimes I almost wanted a push in a specific direction, but felt like they were just very supportive of everything I
mentioned.
In IDS-02, students did not feel that they had to compromise aesthetics and functional design aspects when balancing
architectural and engineering concerns (median score 2.25). One half responded that it was totally, or rather not the
case, the others felt ambivalent about it. Students argued that frictions between aesthetics and performance could be
avoided, because both formed part of design considerations straight from the get-go, thereby offering more creative
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solutions. One student pointed out that it seemed very possible to make engineering components into aesthetic
highlights.
Despite the overall positive feedback about the IDS, students also reported a number of challenges when advancing
their design-thinking with environmental/engineering constraints in mind. Incorporating engineering solutions into design
concept, was listed as a key challenge, as well as introducing more technologies and their practical applications, to
make my building more reasonable. The latter argument raises an interesting point, related to the tension within the IDS
to achieve feasible outcomes, whilst at the same time aiming to explore highly innovative and ‘out of the ordinary’ design
solutions.
Other barriers and constraints in architect/engineer collaboration related predominantly to knowledge-gaps, time
constraints on projects, and the way both domains experience education in isolation.

Figure 9: Challenges reported by the students

A major shortcoming of having to run the IDS without the involvement of engineering students was brought to the point
by an architecture student, who explains: I had hoped that the environmental/engineering knowledge would be shared
with architecture students in a collaborative fashion where we could feed off of each other’s ideas and work with
engineers to find new solutions. Instead it felt that we were receiving some engineering basics but then asked to translate
them into new concepts by ourselves without sufficient background to do so successfully. We only had a few minutes
each week to confirm with engineers that our proposals were feasible, but even the assurance of feasibility didn’t
necessarily mean it was the best way of going about the project.
This valuable feedback points towards the need for more continuous engagement with engineering collaborators
throughout the semester. It will be crucial to secure the involvement of engineering students to the program in future
IDS iterations.
Asked about their definition of ‘Integrated Design’, students responded in many different ways: (responses include, but
are not limited to)
•
•
•
•
•

It is a holistic approach to design that blends architecture and engineering seamlessly.
Working with multiple contributors on a project from the first step, all together
Ideally, a collaborative process between architects and engineers to arrive at solutions that would have been
impossible had engineers been consulted late in the design process.
Understand architecture from macro to detail, and considering both fields at the same time when doing the
design
Integrated design is more than architectural and engineering design, it relates to a broader range of
knowledge like research in economics, science and political policies.

The question about the usefulness of learning about integrated design processes as part of their university education,
elicited a very positive response, with 75% saying it was ‘extremely useful’ and the rest attesting it to be ‘quite useful’.
(median score: 4.75 out of 5).
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5. STUDIO DESIGN OUTPUT - Select Examples

A select number of student projects have been taken further by the Engineering Consultants (Arup) in order to
consolidate feedback and extract some key data. The following two sections summarise information contained in
Arup’s consolidation/vetting document. The full 41-page document can be found as an appendix to this document.
5.1 Passive Measures
The students were encouraged to consider passive design measures as a key priority. Given the students’ experience
when visiting the schools, they were cognisant that the building fabric of the existing buildings was not currently
suitable for a carbon neutral development, with clear impacts on energy consumption, thermal comfort and general
indoor environment quality.

Figure 10: Passive strategies

The following initiatives were proposed across the student submissions:
•
•
•
•
•
•
•
•
•
•

Insulation within the building envelope, including floors, walls, roof
High performance window systems, double glazed low-e thermally broken at a minimum
Thermal mass inside the thermal line
Airtight building envelope
Operable façade elements positioned to enable natural cross and stack ventilation
Fixed shading through eave projections or similar
Dynamic shading through deciduous vegetation and/or automated actuators
Mitigation of thermal bridging
Wintergarden with glazed roof
Green roof.
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5.2 Active Measures
The active measures proposed by the students ranged more widely. Although for many this studio was their first
exposure to building services systems, they were inspired by a number of innovative ideas, complemented by widely
accepted best practice initiatives.

Figure 11: Active strategies

The following initiatives were proposed:
•
•
•
•
•
•
•

Photovoltaics (PV)
LED light fittings
Mechanical ventilation with heat recovery
Air source heat pumps
Ground coupled heat pumps
Anaerobic biodigester
Algae facades.

All of the students proposed an all-electric services strategy, with no natural gas consumption. For onsite renewable energy
generation, all of the students incorporated roof-top solar panels, with some also utilising building integrated photovoltaics.
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6. SUMMARY OF CONSULTANT VETTING – Performance relative to BAU
6.1 Present: Existing Opportunities
Although it is tempting to focus on the exciting opportunities in new buildings, the fact remains that most school buildings
already exist and therefore it is critical to focus on the capacity to reduce the environmental impact of these existing
buildings. It is generally more challenging to do this effectively, as the building aspect and geometry is largely fixed, and
building envelope upgrades are often highly invasive and costly. Every project will have its limitations and nuances
which will have an impact on the optimal design solutions.

Figure 12: Opportunities in existing school buildings

Developing a benchmark for existing buildings can be difficult as a result, however targeting a percentage of
improvement based on current performance of the schools is always possible. Commonly recommend initiatives:
•
•
•
•
•
•
•
•

Insulation upgrades
Window replacements
Upgrade lighting to LEDs
Add blinds
Paint roof with high solar reflectance index (SRI)
Building sealing
Add external shading
Addition of PV.

6.2 Future: New Build
New buildings provide significant opportunity for design interventions to ensure sustainable outcomes. To achieve
best practice, targets should be set that exceed compliance and existing building energy use intensity. Sources such
as the London Energy Transformation Initiative (LETI) and the Royal Institute of British Architects (RIBA) develop their
targets with consideration of net-zero potential and a focus on the climate emergency.

Report: Design Studio Outcomes (100% Milestone): IDS-02 ACT Schools I
The Innovation Hub for Affordable Heating and Cooling | iHub.org.au

Page | 25

Figure 13: Design consideration hierarchy (Arup)

The design of new schools should follow a clear energy hierarchy, with an envelope first approach to reduce demand
and leaving renewable energy and carbon offsets as final solutions that complement the efficient design and services.
An all-electric services approach enables net zero carbon in operation without the need for offsets, helping to
influence the market of renewable energy generation and removing the consumption of fossil fuels onsite. This is
typically acknowledged within industry as the most credible way to achieve net zero carbon and is far simpler to
incorporate into new buildings. Although not quantified in operational greenhouse gas emissions, the embodied
greenhouse gas emission of the materials for new schools should not be underestimated, given the time value of
carbon, the adaptation and reuse of existing structures should be prioritised.
6.3 Baseline vs Best Practice
Taking guidance from the studio student submissions, the modelling analysis has identified nine key variables for
assessment. A base case has been established that is expected to represent typical existing building stock, with poor
performing building envelope, inefficient lighting and natural ventilation. The space heating is assumed to be gas-fired,
with domestic hot water provision from direct electric, as identified in the two case studies. A best practice case has also
been nominated, with high performance building envelope, lighting efficiency compliant with NCC 2019, and Passivhaus
standard of air tightness. Mechanical ventilation with heat recovery is incorporated for fresh air provision, and the
development is all-electric, with space cooling, space heating and domestic hot water all provided by heat pumps. A
number of elements have been kept consistent between the two bounding case studies –the equipment load has been
based on NCC Section J 2019 provisions, as has the domestic hot water demand. Cooling is assumed to be provided
to ensure appropriate thermal comfort is achieved, as previously outlined.
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Figure 14: Input parameters (Arup)
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6.4 Key findings
The results have shown that the improvements to the building fabric and building services have the potential to reduce
the energy usage intensity (EUI) of a school in the ACT to less than 40kWh/m2.yr. Electricity generation from onsite
roof-top solar panels would be predicted to exceed more than four times this amount. This indicates that there is a
significant opportunity for the school to not only be net zero carbon in operation, but to be net positive energy in
operation, with annual electricity generation exceeding annual consumption.
Given the importance of the learning environment and its inherent impact on the wellbeing and learning capacity of the
students, the beneficial impact that building envelope and natural ventilation initiatives have on indoor environment
quality, in particular thermal comfort and air quality, should also be considered and prioritised when determining the
most appropriate strategy to achieve net zero carbon schools.

Figure 15: Energy Usage Intensities (Arup)
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7. CONCLUSIONS

7.1 Conclusions and integration into the wider IDS programme
This first iteration of the ACT Schools IDS has undoubtedly become a major success. Against the backdrop of a difficult
start to the semester, with engineering students unable to join, and the sudden move to online teaching, the IDS
managed to create an environment facilitating architect/engineer collaboration (with carbon net zero targets as a focus),
in which integrated design interactions could be studied.
The trial IDS teaching framework, paired with experienced educational experts, and equally proficient engineering and
architecture consultants, supported students to challenge the existing dogma of (often sequential) design collaboration.
Via the integrated design approach, nearly a dozen of environmentally optimised, and architecturally challenging
proposals were developed by students over the course of the semester. The studio progress was logged by the IDS
team via detailed observations. They noted the particularities of the integrated design process, and the nature of the
architect-engineer dialogue from beginning of the semester, all the way to the final presentations and beyond. At the
completion of the studio, the IDS research team managed to extract key qualitative, as well as quantitative information
from all studio participants to allow them to scrutinise the advantages and challenges of integrated design processes.
The observations reflect some of the conditions met by professionals in everyday practice, but they also offer ample
suggestions for process-improvement, change in attitude, and suggestions on how to set up integrated design processes
to maximise the output of all involved. At the same time, the reflections from those involved, also offer constructive
criticism on how to improve the IDS program for future iterations.
The output generated by the students represents a dense array of solutions, that address the functional and operational
requirements of the client, whilst challenging existing conventions. Inspired by the consultants and the studio tutor, the
students included and tested a range of highly innovative technologies, both for the existing building stock as well as
the new additions. These solutions provide highly beneficial feedback to the client and serve as an inspiration for
discussions within their government organisation. Beyond this quality, some key solutions have been taken further by
the consulting engineers, in order to produce an in-depth investigation about the energy performance of schools, with a
detailed comparative study on zero Carbon interventions vs BAU.
Based on the positive client feedback, and the aim to investigate the design of schools further in the context of the IDS
program, a second ACT Schools IDS was started in Semester 2 2020.
Summary findings have been presented in the executive summary section of this report.
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Design Studio
Outcomes
IDS-02
APPENDIX A
SELECTED STUDENT WORK

M A C Q U A R I E

P R I M A R Y

S C H O O L

CARBON NEUTRAL RETROFIT & ADDITION

KHUE NGUYEN

1063855

STUDIO 42 - ZERO CO2

MACQUARIE PRIMARY SCHOOL

21 JUNE 2020

daylight
LIGHTING RANGE FOR CLASSROOMS

EQUINOX

200 lux

500 lux

1000 lux

WINTER SOLSTICE

SUMMER SOLSTICE

EXISTING CONDITION

AT LEAST 250 LUX FOR 80% OF ANNUAL
3650 HOURS

EQUINOX

WINTER SOLSTICE

SUMMER SOLSTICE

DAYLIGHT AUTONOMY

PROPOSAL
KHUE NGUYEN

1063855

STUDIO 42 - ZERO CO2

MACQUARIE PRIMARY SCHOOL

21 JUNE 2020

envelope

CROSS LAMINATED
TIMBER

EXISTING BRICK
MASONRY AND
WINDOWS

Modularity
Prefabrication
Low embodied CO2
footprint
Sequestered carbon
Construction time
visual aesthetic

Demolition waste reduction
Construction time

METAL PANEL

HYDRONIC ON-SLAB
HEATING R-3.4

METAL CLAD CLT ROOF R-6.4
(ZERO ODP & LOW GWP)

NIAMER OT BALS ELFFAW

INSULATED METAL PANEL
CLT WALL R-4.88 (ZERO ODP)

OVERALL NORTH-SOUTH SECTION
THROUGH CLASSROOM SPACES

KHUE NGUYEN

NEW CONSTRUCTION

1063855

STUDIO 42 - ZERO CO2

HYDRONIC ON-SLAB HEATING
ON EXISTING SLAB R-3.4

EXISTING TO REMAIN

1m 2m
0
SCALE: 1:100

MACQUARIE PRIMARY SCHOOL

BRICK VENEER CLT WALL
R-4.4 (ZERO ODP & LOW GWP)

5m

10m

21 JUNE 2020

retrofit
ORIENTED STRAND
BOARD (OSB) SHEATHING
15MM
ROOF AIR AND VAPOR BARRIER

PARTIALLY THREADED
TIMBER SCREW

R-5.2 FIBRE-FREE RIGID PHENOLIC
INSULATION
110MM
DAMP PROOFING MEMBRANE
METAL ROOF
TIMBER BATTEN

PARTIALLY THREADED
TIMBER SCREW

GUTTER

PRE-ENGINEERED BRACKET

METAL FASCIA

FULLY THREADED TIMBER SCREW

BRICK VENEER TO
MATCH EXISTING
PREFINISHED METAL
FLASHING

R-1.2 5-LAYER CROSS-LAMINATED TIMBER (CLT) CLT PANEL
145MM
PERMEABLE WEATHER RESISTANT BARRIER (WRB) MEMBRANE
ROLLER BLIND
OPERABLE DOUBLE GLAZED LOW-E WINDOWS
WITH THERMALLY BROKEN ALUMINIUM FRAMES

ACOUSTIC WALL PANEL
EXISTING DOUBLE BRICK MASONRY WALL
TO REMAIN
POLISHED CONCRETE FLOOR TILE
EMBEDDED UNDERFLOOR HEATING PIPES

R-3.5 FOIL FACED
FIBRE-FREE RIGID
INSULATION
80MM

R-3.4 FOILBOARD INSULATION
50MM
SCREED

EXISTING CONCRETE
WAFFLE SLAB TO REMAIN

BRICK TIE
VENTED CAVITY 40MM

SILL FLASHING
WEEPHOLE

WALL TO FLOOR STEEL ANGLE
ANCHOR BOLT
SILL PLATE
STEEL REINFORCING
PARTIALLY THREADED TIMBER SCREW
SELF-TAPERING MASONRY SCREW

WALL SECTION AT CLASSROOM ANNEX

KHUE NGUYEN

1063855

0.5m
0
SCALE: 1:25

STUDIO 42 - ZERO CO2

MACQUARIE PRIMARY SCHOOL

1m

2m

21 JUNE 2020

VIEW OF OUTDOOR CLASSROOM
KHUE NGUYEN

1063855

STUDIO 42 - ZERO CO2

MACQUARIE PRIMARY SCHOOL

21 JUNE 2020

MACQUARIE PRIMARY SCHOOL

BRINDABELLA BUILDING
REFURBISHMENT AND EXTENSION
PROJECT

Studio 42:CO2Zero

Macquarie Primary School

Razan Shannak 1147432

IMPROVING BUILDING PERFORMANCE PASSIVE SYSTEMS

NATURAL VENTILATION
•

IMPROVE EXISTING
NATURAL VENTILATION
MECHANISM

•

RED/GREEN LIGHT SYSTEM
ALERTING OCCUPANTS TO
OPEN OR CLOSE
WINDOWS

OPERABLE CLERESTORY WINDOWS

NATURAL VENTILATION MECHANISM IN THE NEW BRINDABELLA BUILDING

BUILDING ORIENTATION
NORTH EAST ORIENTED EXTENSIONS

•

EXTENSION POCKETS
WITH SOUTH AND NORTH
FACING WALLS

•

EASILY SHADED NORTH
FACING WINDOWS

•

INDIRECT SUNLIGHT
THROUGH SOUTH FACING
WINDOWS
SOUTH WEST ORIENTED EXTENSIONS
TREATING THE PRIENTATION ISSUE IN THE BRINDABELLA BUILDING

Studio 42:CO2Zero

Macquarie Primary School

Razan Shannak 1147432

25

IMPROVING BUILDING PERFORMANCE PASSIVE SYSTEMS

DAYLIGHT
•

IMPROVE DAYLIGHT LEVELS
IN ALL CLASSROOM

•

SOUTH FACING GLAZING
ELIMINATES GLARE

NORTH ORIENTED GLAZING WITH
OVERHANG SHADING

INTERNAL GLAZING (LIGHT BORROWING)

•

•

LARGE GLAZINGS AT
BREAKOUT SPACES
IMPROVING DAYLIGHT
LEVELS IN THE CIRCULATION
AREAS.

SOUTH ORIENTED GLAZING

INTERNAL GLAZING FOR
LIGHT BORROWING

BREAKOUT SPACES AND CORRIDOR AREA
WITH LARGE WINDOWS
BRINDABELLA BUILDING INTERNAL AND EXTERNAL GLAZING TO IMPROVE DAYLIGHT LEVELS

DAYLIGHT TESTING
•

•

CLASSROOM LUX LEVEL
HIGHER THAN 300 ALL YEAR
LONG

LUX LEVELS
0
200

NATURALLY LIT
CIRCULATION AREAS

400
600
800

Mar 21st

Winter Solstice

Equinox

DAYLIGHT TESTING

Studio 42:CO2Zero

Macquarie Primary School

Razan Shannak 1147432
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IMPROVING BUILDING PERFORMANCE PASSIVE SYSTEMS
SOLAR ROOF TILES
WOOD BATTENS
WOOD RAFTER

EXISTING BUILDING ENVELOPE
•

AIR TIGHT BUILDING

•

IMPROVE ROOF AND
EXTERNAL WALLS
INSULATION

•

SELECTING ECO
CONSCIOUS MATERIALS

•

SOUND PROOFING BARRIER
FOR INTERNAL WALLS

•

DOUBLE PANE GLAZING
WITH TIMBRE FRAMES

•

EXTERNAL WALLS R VALUE 3.0

•

ROOF R VALUE 3.2

MOISTURE BARRIER
PLYWOOD BOARD 2MM
EARTHWOOL INS. 150MM
PLYWOOD BOARD 2MM
RIGID INSULATION BOARD 50MM
EXISTING PORTAL FRAME STEEL STRUCTURE
PLASTERBOARD FINISH 12MM

BRICK 112MM
AIR CAVITY 25MM
PLYWOOD BOARD 2MM
MOISTURE BARRIER
RIGID INSULATION BOARD 50MM
MOISTURE BARRIER
EXISTING PORTAL FRAME STEEL STRUCTURE
PLASTERBOARD FINISH 12MM

VINYL FLOOR FINISH 5MM
PLYWOOD BOARD 10MM
MOISTURE BARRIER
RIGID INSULATION BOARD 50MM
CONCRETE SLAB

COMPACTION
EARTH

KEY SECTION

Studio 42:CO2Zero

BRINDABELLA EXISTING BUILDING DETAIL FOR IMPROVED ENVELOPE

Macquarie Primary School

Razan Shannak 1147432

27

PERSPECTIVE KITCHEN AND KITCHEN GARDEN

Studio 42:CO2Zero

Macquarie Primary School

Razan Shannak 1147432

21

STUDIO 42 NET CORBON ZERO
MACQUARIE PRIMARY SCHOOL
FINAL PRESENTATION
22/06/2020
JINXI WEI_1098725
--Reduce carbon emission with comfort experiences

Studio 42_CO2 Zero

Macquarie School

Jinxi Wei_1098725

PASSIVE DESIGN

Electric operable louver
adding insulating layer on roof
Air flow entrance at leeface
wooden gradting to shelt sunlight

Southwest shading in Balcony

Southwest landscape insulation

Water Heating System
Section of refurbishing Brindabella through classroom
Scale 1:100
0.5

1

Clerestory introduce wind and light
2m

French windows at courtyard
Kitchen Garden

Shelter in Southwest Atrium

PV panels
PV panels& water collection

Section of refurbishing Brindabella through classroom
Scale 1:100
0.5

1

2m

Studio 42_CO2 Zero

Macquarie School

Jinxi Wei_1098725

GREEN TECHNOLOGY USE
Net Zero Carbon Building

Existing building energy consumption - with fuel switched
Existing building energy consumption

WorldGBC Definition:
A not zero Carbon Zero building is highly energy efficient with all
remaining energy from on-site or/and off-site renewable resources
KEY PRINCIPLES:
1, Measure and disclose carbon
Carbon is the ultimate metric to track, and buildings
must achieve an annual operational net zero carbon
emissions balance based on metered data.

Floor area
3626
Electricity consumption
Electricity consumption
Heating gas consumption
Heating gas consumption
Heating load
139116
CO2 emissions 123
CO2 emissions 34

m2
105028 kWh/yr
29
kWh/m2.yr
556464 MJ/yr
153
MJ/m2.yr
kWh/yr
Tonnes CO2/yr
kgCO2/m2.yr

reinforce building envelop

Floor area
3626
m2
Electricity consumption 105028 kWh/yr
Electricity consumption 29
kWh/m2.yr
Heating system:
Ground source heat pump
N
Air source heat pump
N
Biogas
Y
Heating electricity consumption
34779 kWh/yr
Heating electricity consumption
10
kWh/m2.yr
Total electricity consumption
139807 kWh/yr
Total electricity consumption
39
kWh/m2.yr
CO2 emissions 126
Tonnes CO2/yr
CO2 emissions 35
kgCO2/m2.yr

Water Heating System

Floor area of refurbished space
1160
m2
Improvement in building fabric
50%
Improvement in internal electrical equipment 50%
Electricity consumption (refurbished space) 22363
kWh/yr
Electricity consumption (refurbished space) 19
kWh/m2.yr
Floor area of new space
200
m2
Electricity consumption (new space) 3856
kWh/yr
Total electricity consumption (new plus refurbished)
26219
CO2 emissions 24
Tonnes CO2/yr
CO2 emissions 17
kgCO2/m2.yr

Algae Technology

Solar energy （PV panel）

2, Reduce energy demand
Prioritise energy efficiency to ensure that buildings are
perforing as efficiency as possible, and not wasting
energy.
Introduction of Algae Technology
3, Gererate balance from renewables
Supply remaining demand from renewable energy
sources, preferably on-site followed by off-site, or from
offsites.

Biophotovoltaic Cell Device (BPV)
CO2

4, Improve verification and rigour
Over time, progress to include embodied carbon and
other impact areas such as zero water and zero waste.

1. SolarLeaf external louvers
2. Brackets with thermal breaks for
the transfer of loads to the primary
structure
3. Pipework for the medium to enter
and leave
4. Sub-frame and rolled steel U
section
5. Pivot fixing allowing rotation
6. Metal cladding
7. Supply of pressurised air
controlled by magnetic valves.

1

Energy using of MACQUARIE
5

3

4

6

solar energy to
electrical energy

7

Biophotovoltaic Cell Device (BPV):
A device that uses a microorganism to convert solar energy to electrical energy. It
has an anode, cathode and external circuit. Algae is placed on the anode side.

TOTAL ESTIMATE ELEC (USED)
TOTAL ACTUAL ELEC (AT GRID)
TOTAL ACTUAL ELEC (INCL PV)
TOTAL GAS
TOTAL GAS in kWH

Studio 42_CO2 Zero

111,603.64
105,028.00
109,229.12
556,464.0
154,573.3

kWh
kWh
kWh
MJ
kWh

Algae Biomass:
The biomass resulting from the growth (30KWh/m2.year) is automatically
harvested through an algae separator and collected in a temperature-controlled
container. Then, this amount is removed to an outdoor biogas plant to produce
biogas.
Biogas:
Upon arrival to the external biogas plant, up to 80% of biomass is converted into
methane.

Macquarie School

Solar Panel

Algae Technology

Hydro-thermal conversion
Algae Biomass

Biogas

gasburner

Water Heating System

Jinxi Wei_1098725

GREEN TECHNOLOGY USE
wind cap

Thermal pressure Ventilation

wind cap will open in summary and close in winter

glass panel

heat-absorbing material
Sunlight penetrating the glass panel and heating the heat-absorbing
material. Then the air in chamber will be heated and becomes lower in
density, so that it rises up and flushed out og the building. New fresh air
will into the building due to negative pressure.

Wind Blade

N
PV Panels
Exterior cladding
(standing seam system ,metal panels)
Insulation

Window for air flow

suspended ceiling

Bookshelf

Double Glazed Window

Sun Louver

Blackboard

Algae Technology
·acoustic insulation
·absorbing CO2
and creating O2 by
photosynthesis
·generating energy
·shading sunlight

detail section 1:20
0.5

1m

BUILDING PERSPECTIVE
External Perspective

Studio 42_CO2 Zero

Macquarie School

Jinxi Wei_1098725

BUILDING PERSPECTIVE

Studio 42_CO2 Zero

Macquarie School

Jinxi Wei_1098725

STUDIO 42 | CO2 ZERO

FORREST PRIMARY SCHOOL

Studio E | Enquan Tang | 1005842
Semester 1, 2020

FINAL PRESENTATION

Studio 42 | CO2 Zero

Forrest Primary School

THE JOURNEY

Enquan Tang | 1005842
Clerestories for Natural
Ventilation

outdoor area without
vegetation

Gas Boiler

We’re not just
teaching maths.

Evaporative Cooling
System

They call me
the Bin-Lady.

We need to get
rid of the gas.

Let’s go
home.

We need
STEM

Hot and
Cold!

Japanese Kindergarten Culture
Wall

7

W
N

6

2
3
1
5
4

S
1.Existing Block D-Poor thermal comfort
2
3
4.Existing Bus Stop
5.Existing Open Green Area with Playing Facilities
6.Low Storey Residential Area
7.Parliament House

E

Poor insulated Metal
Roof Panel

Single Glazed Window
with interior Blinds

Studio 42 | CO2 Zero

Forrest Primary School

Enquan Tang | 1005842

PV panels in glazing (SOLARWATT ®
VISION 60M, 40% transparency, 19.4%
material for shading.

Makerspace

PV in Glazing

Lvl structural Beam

Air Source Heatpumps

Rear glass

Aluminum frame

PV Panels
“Zinco Base”
“Sedum Carpet”
Geotextile Filter
Drainage Layer
Root Barrier
Protection Mat
Waterproof
Roof Deck

PV Panels on ZinCo ® Base Frame +
Lightweight Extensive Greenroof
(146,861 kWh/Year)

Studio 42 | CO2 Zero

Forrest Primary School

Enquan Tang | 1005842

STRATEGIES

• Shading
especially during the summer under strong sun

• Natural Daylighting + Ventilations+ Acoustic

• Greenroofs + Greenwalls

• PV Panels + Greenroof

The proposed green roofs and green

Facing the north orientation, the proposed PV panels

greening landscape to support the Can-

solar production results (146,861 kWh/Year).

natural daylighting and also can achieve natural ventilation to guarantee good air qualities.

the 40% transparency PV glazing can not only
The continuous curved acoustic ceiling panels

With the ZinCo ®
extensive greenroof (ZinCo ® sedum carpet), the per-

solar energy.

acoustic environment and assist the process

Also, the green roofs and green walls
can provide natural insulation to reduce

the greenroof can provide a cool and surface for the PV

the need for heating and cooling.

CALL-OUT

Studio 42 | CO2 Zero

Forrest Primary School

Enquan Tang | 1005842

Existing Building Performance

Radiation

Daylighting | Morning

Daylighting | Afternoon

Existing Envelope R-Value

Estimate Proposed Envelop R-Value

•Roof-R 2.35

•Roof-R 11.06

•Wall-R 1.72

•Wall-R 5.18

•Window (single glazed)-R 0.18
Reduction of the Carbon Emmisions & Energy Consumptions ( Glazing System e.g.)-data from Spekel

Studio 42 | CO2 Zero

Forrest Primary School

Enquan Tang | 1005842

Kitchen Garden
• Arrival of the proposed pathway
• Organic Food Educations
• Outdoor Learning
• Central Yard

Studio 42 | CO2 Zero

Forrest Primary School

Enquan Tang | 1005842

Makerspace
• Handmade Educations

FORREST PRIMARY SCHOOL
Final Review
Tahlia Kite

Existing Block D - Over lighting

Renovation - Skylights
15 panel solar array (72 cell 410W system) will be adequate to
offset the carbon expelled by Block D renovation and new proposal
generated per year

Daylight Analysis/ Energy Consumption Data

New Build

Studio 42_C02Zero

Forrest Primary School

Tahlia Kite_1069532

Perspective, Kitchen Garden
Studio 42_C02Zero

Forrest Primary School

Tahlia Kite_1069532

Forrest Primary School
Final Presentation

Thank you

Design Studio
Outcomes
IDS-02
APPENDIX B
TRANSCRIPT OF INDUSTRY/TUTOR
INTERVIEWS

Integrated Design Studio 02 ACT SCHOOLS I – Interview with Beth Mitchell (Director – Asset
Strategies, Sustainability and Environment, Infrastructure and Capital Works, Education, ACT
Government)
Q1: What are the key factors/drivers that enable successful Integrated Design in the studio setting?
A key factor would be an understanding of the need for integrated design and the willingness to be open
to the knowledge of other disciplines. In this case, it was architecture and engineering, with ecological
sustainable development applied over the top – creating a need to understand all three aspects. The
challenge in this studio also included introducing landscape architecture. Students had to engage with
various ESD elements, many of which they probably had not encountered before, and understand how
they interfaced with their own discipline (architecture). The students were willing to learn what impact
other disciplines and science in particular would have on their discipline as a result of climate change.
Their designs accommodated higher levels of water flow, higher temperatures, solar infrastructure to help
reach zero emissions.
Q2: Please tell us about the studio brief’s impact on achieving integrated design solutions (considering the
way it was written and communicated). Please reflect on the level of detail and the language of the brief. Was
it adequate? (if not, what could be changed?)
The brief was almost like a return brief. The brief came directly from the client schools, as opposed to
coming from the directorate, so was quite powerful. The students were able to understand the client’s
requirements in the language of the schools, who might not have understood the need for integrated
design Because it wasn't overly detailed, so there was a lot of scope to fit that alternate vision of the client
in there. Sometimes we over engineer the brief, because we know what the desired outcome is, but our
desired outcome may not be the only desired or possible outcome. Having a less defined brief allows for
the innovation of thought, innovation of design that we were seeking in this in the studio. It is the
freedom of thought that sometimes creates those innovations that might be the most cost-effective way to
achieve the outcome. But, if we apply a cost consideration at the front, people will necessarily constrain
their ideas.
Q3: What were the most critical decision-making points/questions to answer when balancing architectural
and engineering input for generating environmentally optimised design solutions? Where did the inspiration
for the students’ solutions come from? How did the engineers contribute to the authorship of those
solutions?
It is a question of what does the long-term look like and what do we need from these spaces. That is not
only a question of energy source, or climatic variation or client needs, it's also a question of long-term
maintenance and adaptable use, as the school environments are changing in their pedagogy.
Understanding that the long term isn't set is really important, because there are issues of flexibility, and
also maintainability. In the school context there is are a huge number of architectural engineering
solutions that don't function because they are not maintainable, and they don't offer flexibility of use. The
engineering solutions are hived off in such a way that you can't have adaptable spaces, and you simply
can't zone things differently from the original layout. That is a really hard question for students in a
Master's year level who perhaps haven't been out practicing yet.
Some of the students were quite interested in different technologies. There were a lot of students who
were being introduced to engineering, perhaps for the first time and getting really excited about what
those engineering solutions might be, and how they can integrate them into their designs. The inspiration
for a lot of those students came from how we create a comfortable environment internally.
Where the student wanted a grounded design, the engineers were quite willing to accommodate that.
Whereas when the students wanted a really innovative, out of the ballpark design, they also allowed the
student to evolve that approach. We saw really different ways of heating and cooling spaces and they went

from the very conventional to the extraordinary, and the engineers allowed the students to explore that
diverse range of options for the sites.
Q4: What guidance by you was most useful for the students (and why)? How did your input increase their
‘level of understanding of’ environmental issues and associated solutions? What would you change in order
to maximise your input (if anything)?
I think a lot around how buildings work once they're built, highlighting some of the things that in design
look really workable, but then when they're put into practice might have failings. We talked about the
issues with the aged design of the schools. It was good to be able to say, this part was designed 60 years
ago and this works really well. Yet other parts were designed much more recently, but actually didn't work
so well. Talking them through the sort of problems that we have in the building fabric and giving them a
‘warts and all’ view of the base infrastructure on site was what helped them see the opportunities for
improvement. It also provided them with narratives for different situations. Being really open with them
about experience and knowledge was the most important thing.
Some of the discussions I had with them around my own my own career path, and how I've ended up
where I have was surprising to them. Your career doesn't always end up the way that you envisage it will
but be open to that. Explore the different things that you might be interested in because you might
absolutely love doing this right now but you're an architect, and maybe you want to be an engineer.
Due to COVID-19, I had other roles that I was fulfilling, and I wasn't able to be involved to provide
ongoing input as they developed their solutions. I wasn't able to fully take that journey with the students,
so I wasn't able to see the various iterations of their design, to really see how far they had come and what
the thinking was behind their designs.
Q5: Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns? If yes, please explain why and how. Could this be avoided?
There were a couple of students who hadn't resolved their designs fully and they had created functional
design issues. There was one student who embedded the building into the landscape, but then not
considered that people could walk off the top of the building and fall a fair distance. There were some
designs that were not quite as resolved as they could have been, but if there was more time, they could
have been resolved more fluidly.
I'm wondering whether you want to avoid those functional design issues in the early stages (or not). Let
students see the functional issues and then say this is what would need to happen for this design to be
resolved, and work with them on resolving that design path. Put your ideas on paper and have a look at
them but be very aware of the functional aspects. Exploring and coming up with ideas is great, but the
problem we see in the school portfolio is very often the ideas aren't resolved. You want freedom of
aesthetic design, but the lack of balancing architecture and engineering is what has created the vast
majority of problems in the schools that I see. We'll see an aesthetic function, like a very high thermal
chimney that is architecturally quite grand, but it doesn't function. In that particular example it was about
the lack of integrated design, because the architect and the engineer didn't work together to figure out
that the airflow within the building couldn't accommodate that size of thermal chimney.
Constraint goes a long way. You can still have amazing design with a level of constraint applied where
you're actually thinking more modestly and less grandiose. Sometimes those designs can be the most
beautiful and the most functional. Unfortunately, there is this view that architecture has to be grand and
it has to be imposing but it doesn't always need to be that way. When we look at buildings that are built to
be comfortable for young students, we don't want them to be imposing - we want them to be welcoming
and calm and inclusive rather than large statements in the landscape.

Q6: What did students struggle most with when asked to advance their design-thinking with
environmental/engineering constraints in mind?
I think the students struggled most with their limited amount of understanding of sustainable design
principles coming into the studio. They had to learn an extraordinary amount of information at a very fast
pace and I think that led to them struggling at the final integration. Not having a base level course for all
architectural and engineering students to take around ESD makes it very difficult for them to try to
integrate those principles. We should be teaching them to integrate them from the get-go.
Q7: What barriers and constraints to architect/engineer collaboration exist (outside of the actual design
process)? Time-poor/fees/contracts/…?
In the government construction context, there is a limited amount of knowledge amongst policymakers
and budgetary sections. Understanding long term value for money in the frameworks of government is not
always very evolved, so that can lead to budgets that don't necessarily match an integrated design view.
Quite often budgets will be set on the construction, to get the design built. It doesn't allow the timeframe,
and it doesn't allow budgetary consideration for those things that reduce our long-term costs.
Years ago there was a survey that identified over a building's lifetime, 20% is spent on the actual
construction and 80% on its operation. So, when we talk about value for money and setting appropriate
budgets to allow integrated design, what needs to be at the forefront is that the capital cost of our
buildings is the smallest component of the building's cost in its lifetime. Investment upfront into that
integrated design process, and actually working through it in a collaborative manner needs to happen. A
really good example of integrated design needs to be undertaken and actually built to gain an of
understanding of how long those iterative processes take. What's the cost of the final bill? What's the
long-term operational cost? What are the costs and benefits of designing with this approach? I think we
would find that the benefits far, far outweigh the cost, particularly if we look at the lifecycle of the
building. But there is currently no feedback mechanism. I know some of the engineers who worked on our
schools a decade ago have asked “how's it running?” because they don't know. And there's no process to
allow them to know. “It is like baking a cake not being able to taste it.”
Q8: How would you describe integrated design?
It is looking at the design process like you're looking through a crystal and seeing all the different angles
and directions that you can go and figuring out which one is that fine point that you end up at. I see
integrated design as diversity and acceptance – being able to really open your eyes, challenge your own
thoughts, and challenge the current working processes so that we optimise what we end up with. We need
to be aware of how we assist this process and how we build teams that are able to work easily together and
accept each other's knowledge. Professionals like to believe that we have acumen in our own area and
when that is challenged it can be confronting. We need to stop feeling confronted by differences and by
new ideas, and to actually start to reassess our own beliefs, our own thoughts and our own discipline - to
ask ourselves “is this right?” and not just “is this right?” but “is this right in this context?” Because, what I
know might be absolutely right in a certain context, but if you change that context, then someone else
might have a different view. The difficulty is deciding which of those views comes out as the resolved view
of the group. I think humans struggle with accepting a group's ideas rather than an individual's ideas.
Q9: How useful was it for students to experience an integrated design processes as part of their higher degree
education?
Essential. If we want integrated designs moving forward, and I believe that they're absolutely critical to
our ability to produce climate resilient and low to zero emission buildings, it's absolutely critical that each
student step out of their higher degree studies with an understanding of integrated design processes, and
an ability to implement them in their discipline.

Integrated Design Studio 02 ACT SCHOOLS I – Interview with Damon van Horne (Grimshaw)
Q1: What are the key factors/drivers that enable successful Integrated Design in the studio setting?
Starting with the big picture of the goals of the studio and what the consultant and the professional team
want to achieve is important. Having really clear guiding principles would be a constant measure
throughout the studio and keep it on track.
Secondly, having the right mindset of the consultants involved and with the right client in that process.
With Arup and myself and the studio leaders, there were lots of really useful and productive sessions
throughout the semester that exposed students to some solid, integrated thinking. The key success criteria
was having the people already mentally on board with the idea of an integrated design process and having
some basic understanding of what that meant.
The third element was the level of the students, ensuring you have students with certain capability to
enable some of the more fundamental elements of design studio to happen with less chaperoning. The
more junior levels really struggled with the studio - they just couldn't keep up with the demands.
We didn't have any engineering students and that would have really changed the dynamic of things. I
don't know how, for better or worse, but it would have been really interesting to see that relationship
between engineering students and architecture students.
Q2: Please tell us about the studio brief’s impact on achieving integrated design solutions (considering the
way it was written and communicated). Please reflect on the level of detail and the language of the brief. Was
it adequate? (if not, what could be changed?)
It wasn’t developed enough. Typical design studios can be quite open ended and allow the students to
guide themselves and learn through a process because the task is quite straightforward. Because of the
engineering component and the actual client component, this one needed to be narrowed down and be
more selective as to what was required of the students.
Q3: What were the most critical decision-making points/questions to answer when balancing architectural
and engineering input for generating environmentally optimised design solutions? Where did the inspiration
for the students’ solutions come from? How did the engineers contribute to the authorship of those
solutions?
To understand basic climate analysis and passive design was a critical piece. Starting with solid precedent
projects that are good examples of integrated design. Projects that have successfully achieved a good
sustainability outcome through solid engineering, but with an architectural response that works hand in
glove with that engineering design. That gives students a guiding star for their own design. Daylighting
analysis was very useful and some students were able to achieve that using software with assistance from
Arup. However, even at the final review, some students just still couldn't get their head around the basics
of where the sun's coming from and how it gets into your building (building orientation and solar
analysis). That's critical, because everything leads from there. If you get the passive design, right, then you
can do any kind of fancy gizmos stuff, which is more fun. We had somebody looking at algae but if you
don't have the basic orientation right, all that's kind of pointless.
The students would make general design decisions of their own and then we would critique that decision
and give the students feedback. The engineers would be able to get students to think about the glazing, or
changing the sill height, or adding an eave, or some external shading, or think about what the
composition of that wall is, or how the slab is made. Then I would say - think about the views, think about
the access, think about how this form fits into the overall composition. In terms of the engineer inputs, it
was very useful for the students to have that weekly, biweekly sessions with them to assess the design
moves and sometimes it would steer them in new directions. Sometimes they would take on the
engineering and integrate it more or less, some more successfully than others, but it was that constant
refinement of a concept.

Q4: What guidance by you was most useful for the students (and why)? How did your input increase their
‘level of understanding of’ environmental issues and associated solutions? What would you change in order
to maximise your input (if anything)?
I gave a presentation during the studio on a project and it discussed the passivhaus standard and the
challenges of achieving that, but it also talked about the design process from sketch to foundations and
construction completion. We often came back to that during discussions and I saw things from that
presentation showing up in their work. But in a more day to day or, session to session impact, it was the
design critiques. Thinking about just pure aesthetic composition was good, because as the architect, I
wanted to keep bringing that back to the table because the engineering was so intense, and the needs of
the client were so intense that it could have resulted in a project that was purely engineering driven. I had
to keep coming back and saying think about the material, think about the form, think about the siting things that you wouldn't typically do if you're just looking at refurbishing a school for better performance.
Having architecture consultants who have specific experience with the subject would be ideal. I was able
to use some of my tertiary education experience. Universities are very similar in some ways, but it's a
whole different budget and scale at primary school level. The engineers were able to more easily apply
their knowledge across scales because it's, more quantitative. I don't think either Jess or Nick had, lots of
in depth experience designing primary schools but they were able to contribute because it's purely
analysing numbers and improving performance.
It would have been interesting if we had started the semester aiming for a net-zero design and specifying
that all the designs use the passivhaus standard. Having a simple metric would have been a useful tool.
Then I probably would have been able to be even more helpful for engineering as well design.
Q5: Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns? If yes, please explain why and how. Could this be avoided?
Maybe a little compromised. Maybe four or five students were able to do both the analysis, to try to get
some sort of energy improvement, and at the same time, come up with a convincing design. The rest
struggled - they could do the analysis, but the design was never resolved or just didn't hold together.
I don't know if you can start an integrated design process from the very first second of the studio. If you
do, you need to work for a period diagrammatically, and think about pure orientation, insight and so on.
But then there needs to be a moment when the designers can actually think sufficiently to come up with a
robust enough concept that they can develop as a final design, so that they can then also then bring
engineering equally into that and inform it. If you don't have some kernel of a good concept of a design
initially, then your project's never going to hold together. I think that happened to some of the students they came in just thinking about engineering and looking at the existing buildings. There was no
generative seed of design thinking relating to this larger conceptual idea. The more senior students were
able to do that because they were more fluent in design.
Q6: What did students struggle most with when asked to advance their design-thinking with
environmental/engineering constraints in mind?
If there was a clear solid foundation of a concept early enough in the design process, then the iterative
cycle was much easier - come up with a move, assess it through engineering and aesthetics, refine, repeat,
repeat. Whereas lots of the students came up with a design, had an assessment, and when it crashed they
almost started over, they kept coming back to the beginning with a whole new plan. They didn't have
enough support in aesthetic thinking, and the engineering requirements felt too dominant. Maybe you
had an aesthetic idea, and it kind of had some legs but because you start to analyse it too soon, you've
killed that idea before had time to refine and maybe become a little more valid. Maybe just hold on the
engineering until you get that concept to more of an advanced point and then analyse it.

Q7: What barriers and constraints to architect/engineer collaboration exist (outside of the actual design
process)? Time-poor/fees/contracts/…?
One is the insurance model of engineering versus architecture. The engineering insurance model is based
on factors of redundancy, and often causes them to oversize for factors of safety - this is mechanical, as
well as structural. This hinders their ability to try something more adventurous, because they have to
remain low risk, according to their insurers.
The other is fee structure. On a typical project, the engineering scope is quite wide but as a proportion of
fee to work, their fee is smaller than design. Lots of architecture is done through management, as well as
documentation and construction. The engineering fees are as a proportion smaller, and they have to be
very tight with the amount of time they pick up the pen. Whereas architects only work by picking up the
pen. If you want an engineer to sit down and think through a problem iteratively it's costing them a lot of
money. For architects that's just built into our process, because they want a concept out of us so we have
to come up with an idea. For engineers, it's give us something, we'll assess it and we'll get it back to you.
To have a design process, which is very iterative, be integrated with an engineering process, which is kind
of an exchange, you need to change the fee structure of the engineers so that they can have more time to
be involved in the design process. Otherwise, it's we've done this, assess it. Now we've done this, assess it,
and it's never quite integrated. In my experience, there are times when there’s been a good integrated
approach but it's probably because the engineers are able to do things without really having to do a lot of
actual production - it can be conversations or presentations or workshops. To have them create a model
that assesses the performance of the design only really be able to do that once or twice, whereas the
architects will create a model every week.
Q8: How would you describe integrated design?
Everybody would say something different, and even though it's all premised on the idea that everybody
knows what integrated design is, I don't think they really do. It is acknowledging that design is iterative
and ensuring that the consultant team and the client understands that and is willing to go on that slightly
unknown journey. If you had that understanding upfront, you'd get a better outcome, and it would be
truly integrated. Whereas I think a lot of people think integrated means that you just get the engineers on
board earlier.
Q9: How useful was it for students to experience an integrated design processes as part of their higher degree
education?
Crucial. I'm a big proponent for combined architecture, engineering degrees as a stream of education.
That is a growing curriculum in Australia and in other areas it's been happening for longer. It is very
visible that you don't have that in a lot of design.

Integrated Design Studio 02 ACT SCHOOLS I – Interview with Nick Adams (Arup)
Q1: What are the key factors/drivers that enable successful Integrated Design in the studio setting?
Having the right range of people and the mix of inputs from the studio leadership and advisory point of
view of (Grimshaw plus Arup) gave a pretty good balanced overall perspective of the different aspects that
we're trying to include within the integrated design studio. The different influences of building services
design and sustainability and architecture, primarily, but also a bit about pedagogy as well, through Beth.
Having equal opportunity for each of those perspectives to talk and input and give practical advice to the
students was important. It was hampered by COVID... It would have been far more engaging if we could
have been side by side talking about a problem. You could have engineers and architects working and
talking next to each other with a fat pen, scribbling on a wall. Whereas we were a bit restricted and it was
a bit clunky - here's an engineering idea, now here’s an architectural one, and here's another engineering
one. We didn't have that natural to and fro and back and forward. I think we kind of put up with it and
did as best we could, but it was hampered a bit.
Clear expectations of what is expected of the students from the outset is important. I don't think we did
well in the ACT schools, with saying here is what your end target will be and here's what we're expecting
you to deliver by the end of this project. I think that eventuated and evolved through the project. A big
part of that was the engineering students not being involved so we had to recalibrate how much the
industry advisors would do versus what would we expect the students to do. So next time, I'd have a really
clear picture from the leadership perspective of where we think students should be, and then every step of
the way inching them towards that goal.
Q2: Please tell us about the studio brief’s impact on achieving integrated design solutions (considering the
way it was written and communicated). Please reflect on the level of detail and the language of the brief. Was
it adequate? (if not, what could be changed?)
I think it was a little unclear about the ambition of the project in whether we're talking about broad brush
sustainability, or we're talking about zero carbon. Or we're talking about new buildings, or we're talking
about existing buildings, or we're talking about the bit of the building that were changing, or is it the
whole facility? I think at different steps of the way that message changed and it wasn't clear to everyone
involved where we were trying to get it to. It would really help having that clarity from the outset.
Q3: What were the most critical decision-making points/questions to answer when balancing architectural
and engineering input for generating environmentally optimised design solutions? Where did the inspiration
for the students’ solutions come from? How did the engineers contribute to the authorship of those
solutions?
Deciding how much to tell the students and how much to get them to do themselves. Coming from nonarchitectural training background it's hard for me to have a good marker of that balance. There's
necessary teaching that we've got to do in both architecture but probably more from an engineering sense.
The day right at the start of the course where we presented a primer in sustainable building design and in
various mechanical strategies, and what we mean by zero carbon and all that sort of thing - that went
pretty well. The essential download of information. Deciding how far to go down that track is an
important decision to make. And important to decide perhaps for each studio afresh as to how much we
teach, how much do they to self drive this?
The inspiration for the students' solutions came from themselves to a large degree. They were very selfmotivated and self-driven. I was really impressed with how much they just bit into it and ran with it. They
did a lot of research themselves. They did take on board the ideas that all the industry advisors were
talking about and melded that all together. I felt it was a pretty open-ended problem and they navigated
that quite well. So that speaks to the training that they've had in the previous years to deal with that sort
of situation.

The engineers contributed through the references and the teaching material provided. That download of
information of relevant things that they might consider, and different principles that they might think
about to determine whether they are relevant or not.
Q4: What guidance by you was most useful for the students (and why)? How did your input increase their
‘level of understanding of’ environmental issues and associated solutions? What would you change in order
to maximise your input (if anything)?
Students gave a bit of feedback about the sustainable design presentation that I did early on – it was a
broad primer on various aspects of sustainable design, passive design and different principles. Yep. So I
think That seemed to be what they wanted to find out about. Also, Jess's input, which was talking more
broadly about zero carbon design, policy related issues, and where does energy come from - those kinds of
technical inputs they found useful and wanted to find out more about.
Probably the biggest thing I’d change would be the format. If it was in person, you could roam around,
talk to people for a little bit in a different way that would be more engaging. Because of COVID, I think it
was just talking at people, and you can't really tell if that's hitting the mark or not. The one-on-one
sessions were good. It gave them a bit more of a chance to talk in in depth.
Q5: Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns? If yes, please explain why and how. Could this be avoided?
No, not really. The students were really good at trying to engage them together, trying to merge the
thinking together and not prescriptively thinking that bit's architecture and that bit's engineering. They
weren't really constrained by that. Perhaps, if anything some of them went a little bit too scientific, maybe
and that compromised the architecture.
I think it's a lived example of how would you try to do this - they've gone through it for half a year and
then they think: the way I did that wasn't great, I'll try it again differently the next time I do it. So in this
case study format, they come out of it and learn from just doing it more often.
Q6: What did students struggle most with when asked to advance their design-thinking with
environmental/engineering constraints in mind?
They probably went a little too far into the environmental space. They were trying to use techniques that
they might have read somewhere is a sustainable idea but it didn't necessarily fit with the type of building,
the climate or for the usage of the building. The proposed technique might compromise the environment
for teaching kids, or it might be distracting for kids or affect the flow of people through the building. So I
think they struggled to try to join all those aspects together in the one package. It takes a bit of
experience.
Q7: What barriers and constraints to architect/engineer collaboration exist (outside of the actual design
process)? Time-poor/fees/contracts/…?
Engineers often get engaged at a later stage of a project, so by that stage, the bones of the concepts are
developed. So sometimes procurement is a problem - in the sense that the architect is often the principal
consultant, and engineers are engaged to the architect. It can be a transactional type of arrangement
where the architect just calls for information - spatials for ducts and plant rooms, or some column sizes, or
a structural grid. It's not about let's imagine what this building could be together - What should it be?
What are the environmental goals for the building? How can we merge all that together? It has become a
bit transactional by market forces. Fees dropping down and procurement routes guiding behaviour, to
some extent as well.
Engineers have also slowly learned in industry not to take the lead with things. So often, there's a
relationship where the engineer only answers questions, they don't provide vision. They don't think
beyond what their scope is. At university engineers are really creative and really thoughtful and they're
not constrained by different things. We often get graduates or vacation students that will come in and ask

why we do things in a particular way. It's through years of working that slowly they just lose that
inquisitiveness, or the even the thought that they could envision something, or they could change the
direction of a project. I think engineers do themselves a bit of a disservice, to be honest. It’s a learned
behaviour but also, it's influenced by the contractual setup as well, because engineers are the third or
fourth party to come to the table.
Again, on that procurement front, it's the design and construct kind of procurement which doesn't give a
lot of scope for total design. Its focus is on value driven design, where it's the least possible cost to deliver
the lowest hurdle of the brief. It is fascinating when you go and do refurbs of existing buildings. If you
look back on buildings from the 80s, and earlier than that, you can often reuse them for something
because there's enough space, there's enough capacity. There was forethought for what this could be
designed to - the foundations can handle lots of levels on top of them, plant rooms are big enough to
reconfigure and lift cores are big enough. But everything's as efficient as it possibly can be now.
Q8: How would you describe integrated design?
It's a design that considers all aspects. At Arup we call it total design. It's considering all disciplines in the
formulation of your design. It's not just thinking from an engineer's head, or an architect's head or from
an owners point of view, but it's combining all those different viewpoints together to come up with your
final design. So an engineer should feel like they're completely able to question an owner - Why do you
want that? Is that really what you want or is that just because you've seen it somewhere else? Challenging
the brief, challenging the vision, and questioning to come to a more widely considered final design.
Q9: How useful was it for students to experience an integrated design processes as part of their higher degree
education?
I think it's really useful. If nothing else, it's a taster of how industry works. Ultimately, working in a team
with different sub consultants and partners, then trying to integrate that together is the role of an
architect or an engineer, but for those architecture students, that's a taste of how they're going to work.
They're going to have to get advice from a specialist, they're going to have to try to understand it, and then
merge it in with their final design. The architects are often the ones that have that role of pulling it all
together and integrating it together, so it's really important for them.

Integrated Design Studio 02 ACT SCHOOLS I – Interview with Jessica Hogg (Arup)
Q1: What are the key factors/drivers that enable successful Integrated Design in the studio setting?
There needs to be an acknowledgement or a feeling of equality within or across the different participants,
making sure that everybody's opinion is respected and is valued. Rather than there being a hierarchy,
allowing people the space to be able to input and to not be fearful of saying the wrong thing. On the flip
side of that there is this need for people to have a will to listen and a want to understand. To be able to put
yourself in someone else's shoes - that kind of external considering is really beneficial.
Q2: Please tell us about the studio brief’s impact on achieving integrated design solutions (considering the
way it was written and communicated). Please reflect on the level of detail and the language of the brief. Was
it adequate? (if not, what could be changed?)
It was great that the brief was provided by the client- in terms of what's needed. Then through the site
visits as well, the students picked up what other building users were saying. Then providing a return brief
is a fantastic way to do it. In terms of enabling integrated design, it's really challenging because it was just
architecture students, rather than having the engineers as well. From my perspective, I wasn't involved in
helping the students or certainly not knowingly develop the brief - that was kind of them disseminating
the information themselves. My role was probably more of a consulting approach, really, because you're
not there with them when they're when they're writing the brief or when they're throwing in ideas about
what that brief should be.
Having more of an opportunity to have one on one sessions would probably be good - having that set time
to have that creative workshopping to help develop the brief in equal parts between two. It's kind of like
as the roles that we played seemed to be advisory rather than fully part of their design team. There's a
limiting factor of coming in once a week or once every two weeks and they've progressed their design but
we haven't been involved in that creative developmental process.
Q3: What were the most critical decision-making points/questions to answer when balancing architectural
and engineering input for generating environmentally optimised design solutions? Where did the inspiration
for the students’ solutions come from? How did the engineers contribute to the authorship of those
solutions?
The initial inception of the studios was really beneficial. I think having that day or half a day, where we
had some presentations and workshops separated into smaller groups was an opportunity to be in person,
pre the lockdown getting too stringent, so it felt very dynamic. More so than moving forward, which was
certainly more rigid. The presentations at the beginning, and workshopping some ideas, throwing some
innovative ideas out there, and giving the students a baseline of what industry is currently doing and how
we currently approach things was useful to spark a few little seeds.
Some of the architecture students hadn't had any or had very little exposure to engineering systems. So it
was a big challenge for a lot of them to try to understand what the systems are doing and what they are
for. Some students were incredibly engaged through their own research, through their own interests or
their own motivation, they would go really deep into the engineering and really wanted to learn more
about it. Whereas others were more focused on a kind of traditional, more aesthetic approach and were
more comfortable with the siloed aspect. This is my box of architecture and this is what I do and the
engineers will do their thing.
I felt like my role in this was an offer of considering alternatives. Encouraging the students to think for
themselves around what the most appropriate solution was, rather than give them the answer. From an
integrated perspective, this probably wasn't the correct approach. Students had an idea and they were
starting to develop it, and it was kind of guiding them in a way or asking them if they've considered
certain things that were also key. It was certainly more tending to their ideas rather than giving them the
ideas. And that's probably because of working as a tutor before - and that's the response that you want

from the students to get them to do the work. So there's probably a bit of a challenge for me in the
different roles that were needed across the studio versus tutoring.
Q4: What guidance by you was most useful for the students (and why)? How did your input increase their
‘level of understanding of’ environmental issues and associated solutions? What would you change in order
to maximise your input (if anything)?
They were very interested. They were really engaged, which was great. They wanted to know what the
current issues are within industry, what we're currently facing on projects. One of the key points around
facing this climate emergency is how we respond within the built environment. So having experience of
existing projects, projects that we're working on and being able to relate it back was really valuable. It
connects them with industry and the current challenges that we're facing.
It would have been great if the engineering students would have been there from an integrated
perspective. But otherwise, to maximize input there's probably a degree of availability - being able to
respond on a more regular basis so that the students don't only get to see you every week or two weeks. I
think that could be really beneficial.
There was a balance in the delivery of whether we do one-on-one sessions, or whether you do whole group
sessions and how that best works. In the one-on-ones there would be more of a maximization of input,
definitely. It's more specific and bespoke. But you potentially have the issue that you might end up
repeating yourself a lot, or you might tell one student one thing and another student another thing, so
equity between the students may be challenged. So variation between the formats would be a good option.
Being able to respond to questions on a more regular basis is useful for student learning so that they aren't
stuck and not able to get a response for it.
Q5: Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns? If yes, please explain why and how. Could this be avoided?
I don't believe that they were compromised, but that's probably my opinion around how I think the
constraints of function are a key part of the developmental process for architecture and that those
constraints are actually opportunities to think creatively and develop the function in a way that is
beautiful, that is aesthetic. Did the students all manage to do that? Probably not. But I think that was
probably more a limitation in seeking out the opportunity and the creativity more than anything else. I
think something can certainly be functional and beautiful.
Q6: What did students struggle most with when asked to advance their design-thinking with
environmental/engineering constraints in mind?
A lot of the students had very little engineering exposure prior to this. Even understanding some of the
basics - it's just a different mindset that can be a different way of viewing something or thinking about
something or understanding the point of a heat transfer pump or how a heating system works. It took
some of them a little while to understand how their design was or wasn't the most optimal or appropriate
on the basis of the engineering side of things.
A lot of them still managed to get there, but some of them didn't. Some charged ahead with their
approach anyway - they decided to have a certain initiative or approach, and it guided them around some
of the issues or problems, but they just kind of carried on with it anyway. So it did really vary amongst the
students.
Q7: What barriers and constraints to architect/engineer collaboration exist (outside of the actual design
process)? Time-poor/fees/contracts/…?
Definitely fees and associated lack of time. If we had unlimited time on things, it would be great to do it. It
also certainly requires an engaged client, who would be facilitating the integration, or if not an engaged
client, someone within the design team would need to be driving it. That means that someone has to

think outside of the current way of working - it needs to be encouraged and fostered and nurtured within
the organization that you work in.
I guess the other thing that I've found around integration in general is actually bringing in a building
contractor at an earlier stage to get the actual construction perspective, the buildability issues up front.
That is really beneficial, but that's just not how we typically traditionally appoint contractors. There's a bit
of a mindset with any large industry, with any system that we work in, of this is how we've always done it,
and this is how we're going to keep on doing it. So there needs to be that motivation to do something
differently and courage and willingness to enable that.
Q8: How would you describe integrated design?
A design team that functions as a single organism - there's different parts it, each doing their job, but it's
this whole system that is working in perfect unison. It's coordinated and complimentary. That's pretty
abstract but it would be great if that's how we could function as a team in an ideal world. There's an
inherent understanding that needs to exist, of what everyone's different roles, responsibilities and
disciplines are really about so that you've got them in the back of your mind every time you make a
decision. You're kind of thinking for multiple people, or considering their perspective, without them
having to be there every time you're designing something.
Q9: How useful was it for students to experience an integrated design processes as part of their higher degree
education?
It is great - the students were super engaged and super interested. Having a real-life project to work to
and having a real life client, a real problem and a real challenge was fantastic. It gave them an insight into
how an engineer thinks, what are the things that we worry about, as one of the things that they need to
then consider within their design. It will set them up ready for working within industry, preparing them
for how it (integrated design) happens, well obviously not integrated design in an ideal world, but
certainly for having engineers within your team and considering what their needs are, what they're asking
you to do, as well as understanding different constraints.

Integrated Design Studio 02 ACT SCHOOLS I – Interview with Jo Lettieri (Studio Leader)
Q1: What are the key factors/drivers that enable successful Integrated Design in the studio setting?
When I looked at this question, I started thinking about what integrated design means to me. Having
come from studying engineering, then working as an ESD engineer and studying architecture at the same
time, I think I didn't realize it at the time, but my approach has always been integrated. So I struggled
with this as a way of thinking because it's the way I think anyway. Much of my career in the last decade, I
was that voice that was going between siloed thinking - so it became less about design and more about
design management to try and come to an integrated design solution.
The engineers that we had on board for the studio, were of a similar kind of ilk. They were already
integrated in their design approach and they gave great feedback to the students, commenting on
architecture, as well as engineering. We were very fortunate to have very similar thinking in the studio
from the consultants and studio leaders' perspectives.
Asking leading questions of the students was very important during the ideation time. We did a lot of that
ideation during the studio's zoom time. Then, when they broke out into their one on ones, even though I
wasn't part of those, the students would come back and report those aha moments, and you can see there
was a shift in thinking. That seemed to help. There's something about, not a shyness, but less of an
inclination to just ask those silly questions that you think are silly, but are necessary for ideation to
happen.
Good design is as much about the client and what they bring to the table as it is about the design. We
were very fortunate to have Beth as our strategic thinker in this space. She was very concerned about cost
and budget and what's realistic, but also she's aspirational in terms of sustainable outcomes. So, she was
sort of propping the students up in allowing them to think more broadly. Getting out of the nitty gritty,
and thinking more, you know, what is possible I think it's a good factor.
Q2: Please tell us about the studio brief’s impact on achieving integrated design solutions (considering the
way it was written and communicated). Please reflect on the level of detail and the language of the brief. Was
it adequate? (if not, what could be changed?)
The students were a bit overwhelmed, because we'd asked them to be part of that brief development
journey and the idea of a brief is just so foreign to them. I think the way it was communicated and written
was too detailed, I think it inhibited the students. We loosened it up a little bit because they were coming
back with questions about having to do certain things because their ideas were more about adding a
completely new wing or providing community focus.
So I think we've learned a little bit about not being so specific. IN second semester we actually zoomed
right out to the client's aspirational level. So they have a little bit of a metric detailed brief that they have
to address, but it's in the context of a broader way of thinking so that they can manipulate it to suit their
design outcomes.
Q3: What were the most critical decision-making points/questions to answer when balancing architectural
and engineering input for generating environmentally optimised design solutions? Where did the inspiration
for the students’ solutions come from? How did the engineers contribute to the authorship of those
solutions?
The site visit, the site analysis and the seed ideas. We put a lot of emphasis on the site analysis, hoping
that together with their design research on the seed ideas, that they would actually synthesize that
information in their design response. That didn't always happen. Quite often, they got fixated on a seed
idea - I remember there was a lot of negotiation and persuasion where students really wanted to include a
seed idea, but it was a bit of greenwashing, including some of these ideas so the design is sustainable.

It was clunky when students were trying to balance it because it was their first time having an engineering
idea and trying to respond to the brief and the site visit in an architectural way. It was a learning process
for them know how to synthesize it rather than just take from a shopping list of seed ideas, and place
them into your design. That penny dropped for quite a few of them and then it became very integrated.
When they let go of the studio being this label of an integrated design studio, and I must include
engineering, and more about, it's just another design studio, and we've been given all these tools to think
about it differently. It's a bit more challenging because we're thinking about it in this integrated way.
The mid-semester assignment was about drawing from their research of seed ideas, to start to think about
the design response. On reflection, maybe we could have communicated that differently because that's
already setting them up to look at that shopping list, rather than to look at the site and respond to it in an
integrated way, using the tools and the research that they have done. Move onto design ideas rather than
just having the seed ideas visible.
Arup really helped unlock that for a lot of students, trying to get them to let go of some of those ideas and
really challenging them – asking them how it was going to work, or did they really need to include that
aspect.
The seed ideas were good and they had passive aspects to them, but I almost feel we probably could
include an assignment only on thinking about things in a passive way, thinking about simple things like
orientation and the building envelope as a starting point, rather than the exciting different technologies
that you add on.
I was reflecting on whether or not some more focus on precedent ideas - what worked, what didn't work,
why not, why was it appropriate etc. Dissecting it a little bit more, rather than taking an idea they've seen
somewhere else and forcing it into their design solution. A little bit more of time to discriminate what
worked and didn't work, could help the students a little bit more. Because many of them came back with
passive ventilation and night purging and things like that, that just won't work in the ACT climate.
Q4: What guidance by you was most useful for the students (and why)? How did your input increase their
‘level of understanding of’ environmental issues and associated solutions? What would you change in order
to maximise your input (if anything)?
One student had a pergola and the focus was very much about a sense of arrival and it was this beautiful
moment where you would be under this - so it was a big shift when we started to think about whether it
could be more than just shelter. He was thinking about a steel structure as an architectural device
connecting three different spaces and how he might integrate PV panels on it. We looked at ideas of
having fritting patterns on the glass to try to provides protection from the sun as well as trying to get PV
energy out of it. It was a truly integrated moment for him where he could integrate architecture,
structures and engineering.
For another student, the landscape really started to become a key aspect of the project – the school as an
Earthship and submerging the classrooms below ground. Initially, it was about the thermal aspect but
then she started actually thinking more about the landscape, and what that actually offered to the school.
So it was a big shift for her and it gave her this landscape perspective on the project that she didn't have
originally - architecture and landscape, as an integrated way of thinking.
Having a session with students looking at precedents when they've come a little way into the ideation
would be good. Giving them things to look at, but really getting them to think about why it's relevant to
the project. Getting them to understand what works for the project and how they are actually using the
technologies. Spending a bit of time on that, when they get stuck, when ideation is happening just to help
unlock them. I would have liked them to recognize it a bit earlier, so maybe having a more focused session
on it.
Q5: Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns? If yes, please explain why and how. Could this be avoided?

I think in terms of being compromised when balancing, I don't think I'd call it compromise. I think
students got stuck and you can always make anything work in terms of aesthetic and functional - that's
the art of synthesizing all those balances of engineering and architecture. I don't think anyone walked
away thinking this could have looked so much better if they didn't do the engineering aprt. I think they all
embraced it. They got stuck but I wouldn't say compromised.
Q6: What did students struggle most with when asked to advance their design-thinking with
environmental/engineering constraints in mind?
Students were using engineering ideas for aesthetics without understanding the technology. Then they
struggled to let go of their aesthetic inspirations for better engineering or more integrated engineering
and aesthetic solutions.
Q7: What barriers and constraints to architect/engineer collaboration exist (outside of the actual design
process)? Time-poor/fees/contracts/…?
The contractual arrangement, the fee and the client. The Swinburne project had a really great client that
was aspirational, wanted a great outcome and for it to speak sustainability. That helped not have things go
below the line, which is quite often the case. The whole basis of that building was that it had to meet
certain environmental performance criteria, so the collaboration between engineer and architect just had
to happen because it was a common goal. That was a big shift to traditional barriers that you see - where
everyone's just working to a really tight fee.
More recently, I'm working on the metro tunnel project, and with the contractual arrangements in a PPP
scenario there's huge constraints to allowing collaboration to happen - it boils down to the fee and time
input.
Q8: How would you describe integrated design?
If we think about climate change as a time of adversity, that we need to almost take off our individual
discipline hats and actually start to approach design problems that respond to the issue. That issue is
climate change and the built environment. So how do we do that? It's not any more just about the
engineer and architect. It is so much about the client for successful projects.
Now that we've got this common goal towards climate change, we need to think how we respond to that,
given the technology platforms that are becoming more and more integrated by default. People are
starting to think about the BIM model now as a formal submission on a lot of projects and I think that
helps with integrated thinking, but everyone still approaches it from their own discipline. When the
goalpost shifts, which they have with climate change, and you've all got the same agenda, only then can
you design in a truly integrated way. When that agenda becomes focused as one common that's when it
will really happen and take off.
Q9: How useful was it for students to experience an integrated design processes as part of their higher degree
education?
We had some really good feedback. Whether they were completely happy with their design or not, it got
them to think about design in such a different way. I think it was very useful for them. When they got
stuck, it almost provided another avenue or constraint to relook at the same problem through a different
lens. Sometimes it unlocked it for them and sometimes it didn't. But it gave them more tools to keep
going down the design process.

Integrated Design Studio 02 ACT SCHOOLS I – Interview with Patricia Stocca (Studio Leader)
Q1: What are the key factors/drivers that enable successful Integrated Design in the studio setting?
It has to initially be of interest to the students. They have to have chosen the studio because they can see
that there is a benefit to bringing the disciplines together in their undergraduate years and understanding
everyone's speciality and how everyone adds to the problem solving that is good building design. You
need to have a student that is engaged with learning new concepts because for the first time, they were
allowed to understand the nitty gritty of building services design. In order to be a good architect, you have
to understand how much space these engineering services occupy in a building and understand the
fundamental science behind them. The studio was an opportunity to work with industry partners, to get
that knowledge of what the various disciplines do and why they are important to the overall building
design problem.
The premise of the with primary school design studio is a really good brief for the students to get because
it's kind of domestic in scale. It's not too complex in the construction types that are generally used, so it
gives them a flavour of a lot of things. It's a very practical studio because we teach them nitty gritty site
analysis that they can then take from this studio, and it will help them to do a lot of that analytical
thinking and the research that's required to have a bit of rigour behind your decision making.
I think that the whole premise for any integrated design studio is to take students through the
fundamentals of how to approach a design brief. As part of that week on week learning, we're always
coming back to the concepts of integrated design and understanding the problem that we're ultimately
wanting to solve, which is to reduce our reliance on fossil fuels and mitigating climate change.
A lot of students that are attracted to doing an architecture degree, are quite imaginative in their thinking,
so having a changing scenario in front of them doesn't put them off. The beauty of having a student that
with exposure to integrated design is that they understand the language that is typical to engineering
disciplines. They know how to ask the right questions, or they've already had an exposure to
understanding why it's important for the mechanical engineer to get things right. By integrating
disciplines early on in the process you can challenge conventional thinking and talk about concepts that
don’t allow business as usual for some building services design options.
Q2: Please tell us about the studio brief’s impact on achieving integrated design solutions (considering the
way it was written and communicated). Please reflect on the level of detail and the language of the brief. Was
it adequate? (if not, what could be changed?)
With any studio, it's important that the brief not take on too much, but not take on too little. It needs to
be a good chunk of work that students can delve into in a lot of detail, and produce something that shows
a really good level of thinking and a good body of work by the end of the semester.
How we pitched the brief for the two school sites in first semester was quite good, because mostly
students didn’t take on too much and produce designs that were too unresolved at the end of semester.
The brief was written broadly enough, but still had enough different aspects to it that required students to
find a solution that suited their design experience. You could see in the final outcomes that the more
senior students resolved the brief at a higher level of thinking.
Q3: What were the most critical decision-making points/questions to answer when balancing architectural
and engineering input for generating environmentally optimised design solutions? Where did the inspiration
for the students’ solutions come from? How did the engineers contribute to the authorship of those
solutions?
It was the selection of the industry consultants. We had people with the right blend of a lot of different
skill sets. We were quite unified as a team and I think it would have been quite easy to have continued on
with that blend of people into second semester.

We spent so many weeks at the outset teaching them the fundamentals of ESD that it was really
important to show them the application of the theory - this is what it can do for you, as an architect, when
you have to come to solve a problem that is as multifaceted as designing for climate change is. The
engineers would steer students to the science or the theory behind different solutions. As the studio
leaders and architects in the room, and the industry consultants as the engineers, it was always looking at
suggesting case studies or drawing details to show students how their design concept would actually need
to be thought through to make it work. We were all drawing on our daily practice as either architects or
engineers to facilitate the learning.
Q4: What guidance by you was most useful for the students (and why)? How did your input increase their
‘level of understanding of’ environmental issues and associated solutions? What would you change in order
to maximise your input (if anything)?
My work as an ESD architect was of most relevance, but also the fact that I had worked on so many school
projects and understood the nitty gritty behind the design brief so we could direct students quickly and
very explicitly as to what was relevant to that particular client. The client was not only looking for an
environmental solution, they were also looking for a pedagogical solution. Also Jo's background in
education, and in being both a civil engineer and an architect meant that she could see it through both
lenses. So these skills worked well with the fact that it was an integrated design scenario where you need
to integrate technology to make buildings function.
To maximise our input, more work needed to be done by the faculty at setting out the learning agenda. It's
not a normal studio in the sense that you're not working autonomously – it is a multi-pronged studio.
Bringing on board everyone's opinions and desires for the studio ultimately gets you a better product but
it requires so much coordination to bring all the players together.
Q5: Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns? If yes, please explain why and how. Could this be avoided?
I would answer that question more in terms of the education design brief. When you're working with a
government school, and especially knowing what those projects entail, I always felt torn about how I
counselled the students. I know how tight budgets are, and I know what's ultimately achievable in that
space and what can be highly imaginative design options but don't really answer the brief for the school. I
didn’t want to quash some ideas that were just unrealistic, but also didn’t want the outcomes to be too
rigid or too boring. I think the more senior students could understand how we were assessing their work
and they were mature enough to know what to do with that information.
A studio needs to be a time of freedom for the students, and a time of exploration. You want them in that
high-level thinking space for as long as they can be, because it's really important that they recognize that
you've got to have some big imaginative ideas and from that can come some really good nitty gritty stuff.
This could be avoided by having a client that isn't a government client where it's always about the budget.
But the ACT government is quite a progressive government. They are so much smaller, with a
demographic that is wealthier than other cities in Australia, so they can be the testing ground for policy.
Working for the ACT Directorate, or the ACT government in general, is not like working for the Victorian
Department of Education.
Q6: What did students struggle most with when asked to advance their design-thinking with
environmental/engineering constraints in mind?
Some students didn't take on board the engineering aspects closely enough. They all produced really
intelligent, flexible learning spaces that could accommodate changes in teaching styles. Some students did
the pedagogical stuff well, and although they understood and could appreciate the building services, some
of the designs that were produced in the semester, didn't take on board the engineering ideas that we had
talked about. They weren’t translated into an actual design or communicated in a drawing. So we might

need to pitch the final assignment and the wording of the final assignment to make that design and what
we want to see on the final design drawings far more explicit.
Q7: What barriers and constraints to architect/engineer collaboration exist (outside of the actual design
process)? Time-poor/fees/contracts/…?
Having the right personality types on your projects. Having people that are willing to be lifelong learners
and not just keep churning out the same old stuff. A lot of that is also time constraints because people are
working to budgets. Clients also need to be very willing to invest in things that they believe will make a
change to how much energy they consume, or how their building adapts to a warmer climate. or how the
building can adapt to passive design principles to supplement some of the mechanical services. It's all
personality based. If you get someone really rigid that won't be collaborative from the outset, you're not
going to get as good a result.
Q8: How would you describe integrated design?
Something that looks seamless. Or something that is complicated, but looks simple. It's really easy to tack
on the services or the mechanical plants or things like that, at the end. But make it look seamless - that's
when you know that everyone has an appreciation of what the other discipline does.
You've got to give the students that dry, nitty gritty information of what something is and how big it is,
and what it does. So it can feel a little dry at the start but if students persevere with it, they'll come out of
it with a lot of information that they can apply to any project.
Q9: How useful was it for students to experience an integrated design processes as part of their higher degree
education?
I don't think we're yet doing it at Melbourne, because a lot more work needs to be done outside of the
teaching calendar to put together a curriculum that is genuine about integrated design. The benefit that
the students in semester one have is that they are working closely with industry engineers and that's the
one thing that they don't get in another studio. But to actually be breaking down some barriers between
the architecture faculty and the engineering faculty - we're nowhere near that yet.
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Design Studio Outcomes – IDS-02 APPENDIX C
QUESTIONNAIRE Students Responses
1. Have you had any experience with Environmental Design prior to this Integrated Design
Studio? Please select one option
There was a mixed level of environmental design experience among students who attended
this class (median score 2.25). The majority of respondents highlighted they either had littleto-no Environmental Design experience, or simply had come across it in other classes.
2. What are the key design-drivers that affect the success of environmental design to achieve
renewables/zero carbon goals on a Date Centre project?
Level of existing expertise of individual contributors

0.8

Imagination and creativity

2.3

In-depth knowledge of technology for collaboration
Time assigned to the dialogue betw. Architects &
Engineers
Software skills to simulate and analyse building
performance

1.6
2.5
1.0

3. Did the client’s brief support you in achieving a balance between architectural and
engineering design?
With a median score of 4.625 (out of 5), the vast majority of participants felt that the client’s
brief supported them in achieving a balance between architectural and engineering design
4. Please tell us about the impact the brief had, and the way it was written/communicated? Was
it adequate? (if not, what could be changed?)
•

•
•
•
•
•

The brief was a bit vague - it felt like the goalposts kept moving throughout the semester.
The brief could have been more thorough and specific so we were clear on what we were
trying to achieve from the outset.
The brief was well communicated from both the studio leaders and the client, both were
on the same page from the outset which was good.
Brief was adequate but a little broad. I think it could benefit from some additional
limitations
The brief actually changed some part of my architecture concept thinking, I think it is
enough.
Had to develop our own brief from site visit to Canberra which was a learning
experience, but helped along by tutors
The brief was clear and communicated well but what wasn’t at all clear were budget
constraints and other limiting factors given it was a renovation project of a public school.
It was not clear how much of the building we were supposed to maintain, and how to
calculate the environmental balance between keeping portions of the building and
replacing others with better performing elements.

•
•

it was adequate. The brief is clear and understandable
I think it was interesting when I saw the brief for the first time, which was quite unique
comparing to traditional studio and more closer to the practice in reality. I think it's
adequate.
5. What were the most critical decision-making points/questions to answer when balancing
architectural and engineering input for generating environmentally optimised design
solutions? Describe in your own words!
•

•
•
•
•

•
•

•

They were constant - I think good integrated design requires a constant back and forth,
with critical design decisions occurring weekly - because the time/ interactions with
engineers was so limited I didn’t feel like I achieved true integrated design.
are both the architectural and engineering solutions working towards the same goal?
How is architecture and engineering expressed through all elements of design; not just
the active systems.
It is how to translate architecture aesthetics into engineering-helpful component. Like the
roof angle for solar radiation
Could an 'engineering requirement' (solar, mechanical system, ventilation) be
incorporated into architecture systems as well (solar as shading, ventilation as biophilic
connection, etc)
I felt like I didn’t yet fully grasp the scope of possible engineering strategies so the
biggest “question” was a need for more detailed information on engineering principles.
How could the engineer technology service for the architecture design, it may consider
what is the best way to improve a defined building. Also, in order to get the extra effect,
how to manipulate the building design when considering to use a technology.
As an architecture student, I considered how to make the user feel comfortable in the
space which is under my architectural aesthetics. But the key point is site analysis to give
me some passive design strategies.

6. Where did the inspiration for your solutions come from?
• A combination of conversations with the engineers and external research, readings,
project precedents
• achieving carbon neutrality, considering renewable technologies and lifespans of
systems, also considering what the most appropriate technologies were for the
requirements of the spaces
• Presentations from Arup were extremely helpful. Also having the chance to visit the site
and learn about the context helped me select appropriate solutions.
• Some precedents using the form of origami, Japanese paper art.
• Researching thermal heat and underground comfort zones to incorporate into a semisubmerged classroom for students to play on top of
• Based on some discussion of environmental principles in the first few weeks, my designs
followed a “guess and check” trajectory, coming up with an idea based on precedents
and then checking feasibility with the engineers.
• communicate with tutor and online research. The precedent research is important to get
more ESD knowledges.
• PV panels in glazing as shading structure. And the combination of PV panels and
extensive green roofs.
7. How did the engineers contribute to the authorship of those solutions?

By supplying background data and knowledge

2.3

Giving Yes/No check on your design concepts

2.3

Via consultancy-type feedback

1.9

By providing initial idea / inspiration

0.9

As co-authors or co-creators of ideas

0.7

8. What guidance by the consultants was most useful for you (and why)? Describe in your own
words!
•
•
•
•
•
•
•

•

The one-on-one sessions were the most helpful when we got to have proper conversations
about our specific ides, rather than generic feedback
providing data on the existing energy usage of the buildings and acting as consultants
that encouraged and strengthened our ideas
Showing us the possibilities of integrated design. Showing that there isn't one specific
look for "green buiulding"
The feasibility and cost of some cooling & heating system.
providing certain tools to use for measuring success of design, pushing ideas to extremes
and telling us when we were going in the wrong direction
The consultants helped me find specific products on the market I hadn’t heard of which
helped solidify proposals.
Help me to understand how the technologies could work and how to make them more
useful in my own building design. It could reall help me to understand why I should do
this and what kind of things should consider when choosing one technology.
The awareness of thermal bridging, which was a mistake I made for the initial proposal.

9. What would you change in order to maximise their input (if anything)?
•
•

•
•
•

•
•

More time with them!
the dynamic was different to what it would be in practice because we are students and
they are qualified engineers... it would be interesting to run the studio with engineering
students that perhaps have their own interests in using specific systems. Sometimes I
almost wanted a push in a specific direction but felt like they were just very supportive of
everything I mentioned.
more 1 to 1s or small breakout rooms to explore specific ideas further. So students with
the same interests could have more intensive sessions.
I changed some heating strategy and added one more spare heating system. And
removing one cooling system.
I would have benefited from significantly more detailed engineering information, at times
it felt like we weren’t really questioning whether or not our proposals would be truly
effective in reality, out of concern that this level of rigor would be too challenging for us.
I would try to draw more sketch to share with them my thinking, and it could get more
feedbacks from them.
It was the material of the shading structure in the courtyard space. I was using PV panels
for shading, which created a very dim space. They mentioned the PV cells can be

embedded in glazing to create more transparency. It was a great idea that has solved the
dim issue but also contributed to better architectural aesthetics.
10. Did the input by the consultants increase your ‘level of understanding of’ environmental
issues and associated solutions?
With a median score of 4.75 (out of 5), nearly all students argued that the input by consultants
strongly increased their ‘level of understanding of’ environmental issues and associated
solutions
11. Were aesthetic and functional design aspects compromised when balancing architectural and
engineering concerns?
Overall, students didn’t feel that they had to compromise aesthetics and functional design
aspects when balancing architectural and engineering concerns (median score 2.25). One half
responded that it was totally or rather not the case, the other felt ambivalent about it.
a. Students alluded to the reasons behind the above, as well as the challenges one might
be faced with:
•
•

Because it was a consideration in the design process from the beginning.
incorporating engineering with architecture from the beginning offered more
creative solutions
• I did not feel that aesthetics were compromised. It seemed very possible to make
engineering components into aesthetic highlights.
• I think my aesthetic works well with engineering concerns. Because the
consultants gave me a lot of hints in terms of the material selections and
technology to solve the issues.
b. Do you think this can be avoided? If so, please explain how!
•
•
•
•

Yes, more time with the engineers will be good.
It may be constrained when it comes to practical and economic considerations,
but it still gets potentials to be aesthetically pleasing.
The compromise can be reduced by closely cooperate with consultants. Rising
solutions to discuss rather than rising only demand then receiving requirement.
I think this is unavoidable, but this is also the direction for mutual discussion and
study in the future. In the future, they can complement each other,

12. What did you struggle most with when asked to advance your design-thinking with
environmental/engineering constraints in mind? Describe in your own words!
•
•

•

Knowledge of the technologies and their practical applications
I really enjoy engaging with more architectural ideas, for example I would have
liked to explore pedagogy further as a design driver, but felt like the studio was
not encouraging of this.
I think not being able to physically collaborate, work on drawings together etc.

•
•
•

•
•

My greenhouse and origami roof both have fatal weaknesses. Improving them
and keep my core concept at the same time is challenging
incorporating engineering solutions into design concept
I had hoped that the environmental/engineering knowledge would be shared with
architecture students in a collaborative fashion where we could feed off of each
other’s ideas and work with engineers to find new solutions. Instead it felt that we
were receiving some engineering basics but then asked to translate them into new
concepts by ourselves without sufficient background to do so successfully. We
only had a few minutes each week to confirm with engineers that our proposals
were feasible, but even the assurance of feasibility didn’t necessarily mean it was
the best way of going about the project.
introducing more technologies to make my building more reasonable
Whether I need mechanical HAVC for the new proposed building.

13. Please list the barriers/constraints (outside the actual design process) that exist in
architects/engineer collaboration?
Knowledge gaps

3.2

Time-constraints on projects

1.9

Education in isolation

1.5

Contractual / fee barriers

1.0

Inability to define joint goals

0.5

14. "How would you describe integrated design?
It is reality. I think it should be the emphasis of university teaching.
•
•
•

interdisciplinary collaboration is built into the design process
people from multiple industries coming together to design
it’s a holistic approach to design that blends architecture and engineering
seamlessly.
• It is important but very less of my previous studio focus on engineering or
environmental knowledge, so it is great to learn integrated design.
• working with multiple contributors on a project from the first step, all together
• Ideally integrated design is a collaborative process between architects and
engineers to arrive at solutions that would have been impossible had engineers
been consulted late in the design process.
• Understand architecture from macro to detail, and considering both fields at the
same time when doing the design
• Integrated design is more than architectural and engineering design, it relates to a
broader range of knowledge like research in economics, science and political
policies.
15. How useful was it for you to learn about integrated design processes as part of your university
education?

The question about the usefulness of learning about integrated design processes as part of
their university education, elicited a very positive response, with 75% saying it was
‘extremely useful’ and the rest attesting it to be ‘quite useful’. (median score: 4.75 out of 5).
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Research

Analysis

Discussion

Introduction
This section provides an
introduction to the project,
outlining the background and
summarising the process that has
been undertaken.
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iHub IDS-02
Schools

Introduction
Studios

iHub is an initiative led by the
Australian Institute of Refrigeration, Air
Conditioning and Heating (AIRAH) in
conjunction with University of
Melbourne and supported by the
Australian Renewable Energy Agency
(ARENA). It aims to facilitate the
HVAC industry’s transition to a low
emissions future, stimulate jobs growth
and showcase HVAC innovation within
buildings.

Research

There are three key initiatives, of which
the Integrated Design Studios (IDS) is
one. Two IDS were undertaken in 2020
semester one at the University of
Melbourne, one for schools (which this
report summarises) and another for data
centres (which is covered separately).

Analysis
Discussion

For the schools IDS, Masters of
Architecture students were tasked with
providing designs for two existing ACT
schools, with the aim to transition them
to net zero carbon. Weekly studios were
held over the 13 week semester, with
engagement from tutors, Grimshaw and
Arup. At the end of semester, eleven
students submitted their designs
proposals.
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Net Zero Carbon

Introduction

A key part of setting a net zero carbon
strategy is to first define what is meant
by net zero carbon. This term is
commonly used across industry but
refers to different definitions
interchangeably, often due to a lack of
consensus on where the boundary is
defined for a building project.

Studios

It is often argued that a truly net zero
building would be carbon neutral
through its whole lifecycle, with
emissions associated with the materials,
construction, operation and end of life all
quantified and accounted for.

Research
Analysis

For the design studios, the students were
encouraged to define their interpretation
of net zero carbon. For some students,
this meant net zero in operation, and for
others it resulted in whole-of-life carbon.
Very few of them referred to the Climate
Active building standard, which includes
refrigerants, waste and water impacts in
its definition of net zero operational
carbon.

Discussion

For the purpose of this study we have
reviewed only the operational energy
impacts of the schools.
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Process
The project has been delivered through
a multi-stage process:

Introduction

•

University studio completed during
semester one 2020

•

Student submissions reviewed and
net zero carbon initiatives
aggregated

Studios

•

Modelling of recommended
initiatives to quantify the energy
impact

•

Analysis

Desk top study determined best
practice initiatives and quantify
energy consumption

Research

•

The aim of the work since the design
studio has been to quantify the benefit
of the initiatives recommended and
provide the option for a optimal
pathway to achieve net zero operational
carbon within schools.

Results interrogated and presented
with recommendations

Discussion

This report forms part of the final
project submission to ARENA.

Integrated
Design
Studios

Student
Submissions

Research

Integrated Design Studios

Invest in Arup
24856
Net Zero
Schools

Modelling

Linked IiA

IDS-02
Report

Output

Final
Report

Vetting

Studios
This section summarises the
integrated design studios at the
University of Melbourne, with
an introduction to the two ACT
case studies and the final student
submissions.
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Summary

Introduction

The Integrated Design Studio for
schools was hosted by the Melbourne
School of Design at the University of
Melbourne during semester one of
2020.

Studios

Two existing primary schools in the
ACT were used as case studies for the
studios, one located in central Canberra,
Forrest School, and the other in a
suburban setting, Macquarie School.

Research

The 11 Masters of Architecture students
were given the task of developing
strategies to help the schools transition
to net zero carbon, through a partial
renovation and a partial new-build
extension. Each student was allocated
one of the schools and they were
working independently.

Analysis
Discussion

At the beginning of semester the
students were able to visit both the sites
through a trip to Canberra, allowing for
a visual inspection of the schools. This
enabled an appreciation of the site
context whilst providing opportunity to
interview both building users and the
ACT Government representative about
existing issues with thermal comfort,
indoor environment quality and energy
performance at each of the schools.

Studio inception workshops completed at the
beginning of semester
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Macquarie School

Introduction

Macquarie School is located in the northern
suburbs of Canberra and was originally built in
the late 1960s, with refurbishments taking place
between 2008 and 2014.

The main wall construction is a brick veneer,
assumed to be uninsulated. Single glazed
aluminium framed windows are used
throughout. The roof construction is metal deck,
and the floor construction is a slab on grade,
also assumed to be uninsulated.

Studios
Research

The space heating is a gas-fired hydronic
system, with some localised cooling provision
through split units. Domestic hot water is
provided by direct electricity, and the whole
development relies on natural ventilation for
fresh air provision.
Several issues were identified through
interviews, as well as visual inspections:

Analysis
Discussion

•

Too hot in summer and too cold in winter

•

Significant infiltration of cold air coming in
during winter. In particular, this is through
the toilets, which are kept open during
recess/lunch.

•

Library air conditioning is not particularly
effective and loud

•

The school had to hire portable air
conditioning units over summer due to the
significant heat (upwards of 32 degrees
Celsius)

Satellite image of Macquarie School (googlemaps)

Element

Details

External walls

Brick veneer

Roof

Metal deck

Windows

Single glazing

Lighting

Fluorescent

Ventilation

Natural

Heating generation

Gas-fired forced draught boiler

Heating system

Hydronic system with radiators

Cooling

Split system in localised areas

Domestic hot water

Direct electric

Solar panels

14kWp (estimated, 56 panels)
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The energy data for Macquarie School has
been provided by the ACT Government. The
2019 data is shown in the graphs inset.

Introduction

In total, the school consumed ~262MWh of
energy (gas and electricity combined). Based
on a floor area of 3,626m2, this equates to an
Energy Usage Intensity (EUI) of
72kWh/m2.yr. It should be noted that this
excludes the consumption of any onsite
renewable electricity.

Studios
Research

60% of the annual energy consumption is
gas, which is all associated with the space
heating of the development. This highlights
how significant space heating load is in the
Canberra climate, with an older building
stock.

Analysis

As part of the review process for the existing
schools, Arup estimated an energy
breakdown informed by the site survey. This
is shown in the tree diagram, and indicates
that the biggest consumer of electricity is
expected to be the air conditioned supplied
to the localised areas.

Discussion

The solar panel production is not included in
the data as the array is located behind the
meter. Based on a 14kW array, we would
expect this would produce approximately
19,600kWh of electricity annually, equating
to approximately 15% of the school’s total
annual electricity demand, or ~7% of total
annual energy. On this basis, the total EUI is
expected to be around 78kWh/m2.yr.

Electricity

Gas

Electricity

35,000
30,000

Energy Consumption / kWh
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Macquarie School
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2019 Monthly Energy Data, Macquarie School

Estimated Energy Breakdown, Macquarie School
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2019 Energy Source, Macquarie School
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Forrest School

Introduction

Forrest School is located just south of Canberra
central business district. It was originally built
in the late 1950s, with refurbishments taking
place between 2009 and 2015.

The main wall construction is a brick veneer,
assumed to be uninsulated. Single glazed
aluminium framed windows are used
throughout. The roof construction is metal deck,
and the floor construction is a slab on grade,
also assumed to be uninsulated.

Studios
Research

The space heating is a gas-fired hydronic
system, with evaporative cooling provided
throughout. Domestic hot water is provided by
direct electricity, and the whole development
relies on natural ventilation for fresh air
provision.
Several key issues were identified through
interviews, as well as visual inspections:

Analysis
Discussion

•

Too hot in summer, and too cold in winter

•

Evaporative cooling has been good for
cooling during summer but was problematic
during the bushfires with smoke being drawn
in

•

BER building is very hot in summer, and
very cold in winter. Automated louvres are
only automatically controllable and are very
noisy when they operate. Affects student
learning when conditions are too hot

•

The rooms get progressively colder the
further away they are from the boiler room

Satellite image of Forrest School (googlemaps)
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Electricity

Gas

Electricity

60,000

The energy data for Forrest School has
been provided by the ACT Government.
The 2019 data is shown in the graph inset.

Introduction

In total, the school consumed ~373MWh
of energy (gas and electricity combined).
Based on a floor area of 5,364m2, this
equates to an Energy Usage Intensity of
70kWh/m2.yr. It should be noted that this
excludes the consumption of any onsite
renewable electricity.

Studios

65% of the annual energy consumption is
gas, which is all associated with the space
heating of the development. This
highlights how significant space heating
load is in the Canberra climate.

50,000

Energy Consumption / kWh

Contents

Forrest School
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Research

Jan

Analysis

As part of the review process for the
existing schools, Arup estimated an
energy breakdown informed by the site
survey. This is shown in the tree diagram,
and indicates that the biggest consumer of
electricity is expected to be the
equipment.

Discussion

The solar panel production is not included
in the data as the array is located behind
the meter. Based on a 10.5kW array, we
would expect this would produce
approximately 14,700kWh of electricity
annually, equating to approximately 10%
of the school’s total annual electricity
demand, or ~4% of total annual energy.
On this basis, the total EUI is expected to
be around 72kWh/m2.yr.
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2019 Monthly Energy Data, Forrest School

Estimated Energy Breakdown, Forrest School
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2019 Energy Source, Forrest School
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Student Proposals

Introduction

Following the site visit to Canberra to
inspect the schools, weekly virtual design
studios were undertaken with the eleven
students.

Studios

Each week, the students were given a brief
to focus on, with guidance from the studio
leaders. Representatives from Grimshaw
and Arup were involved in the weekly
sessions to discuss ideas and integrate into
the process.

Research

The design challenge included both a
renovation element of the existing building
and a new-build extension, challenging the
students to think about complexities of
refurbishments compared with the
flexibility of new design.

Analysis

The final submissions were accompanied
by a 10 minute presentation from each
student to a panel of industry experts,
followed by an open discussion and
feedback.

Discussion

The students proposed a number of
different initiatives to assist the schools in
achieving their target of net zero
operational carbon. These are summarised
on the following pages.
Extracts from student submissions
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Passive Measures

Introduction

The students were encouraged to consider passive
design measures as a key priority. Given the
students’ experience when visiting the schools, they
were cognisant that the building fabric of the
existing buildings was not currently suitable for a
carbon neutral development, with clear impacts on
thermal comfort and general indoor environment
quality.

Studios

The following initiatives were proposed across the
student submissions:

Research
Analysis
Discussion

•

Insulation within the building envelope,
including floors, walls, roof

•

High performance window systems, double
glazed low-e thermally broken at a minimum

•

Thermal mass inside the thermal line

•

Air tight building envelope

•

Operable façade elements positioned to enable
natural cross and stack ventilation

•

Fixed shading through eave projections or
similar

•

Dynamic shading through deciduous vegetation
and/or automated actuators

•

Mitigation of thermal bridging

•

Wintergarden with glazed roof

•

Green roof

Extracts from student submissions
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Active Measures

Introduction

The active measures proposed by the students
ranged more widely. Although for many this
studio was their first exposure to building
services systems, they were inspired by a
number of innovative ideas, complemented
by widely accepted best practice initiatives.
The following initiatives were proposed:

Studios
Research

•

LED light fittings

•

Mechanical ventilation with heat recovery

•

Air source heat pumps

•

Ground source heat pumps

•

Anaerobic biodigestor

•

Algae facades

Analysis

All of the students proposed an all-electric
services strategy, with no natural gas
consumption.
For onsite renewable energy generation, all
of the students incorporated roof-top solar
panels, with some also utilising building
integrated photovoltaics.

Discussion
Extracts from student submissions

Research
This section summarises the
research work undertaken to
outline typical best practice and
leading practice in school
design, and identify typical
energy benchmarks for schools.
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Resources
A variety of resources have been
reviewed as part of the preliminary desk
top research.

Introduction
Studios

The review has highlighted that there
are various initiatives taking place
within Australia to help schools to
reducing their energy consumption and
improve indoor environment quality.
These initiatives appear to largely be led
by State Governments, and include
guidance packs for existing schools to
help incorporate initiatives, mostly
through basic upgrades, engaging
students and operational control.

Research

In NSW, the Schools Energy Stars
rating scheme exists, and allocates a star
rating (from 1 to 6) depending on the
energy consumption of the school.

Analysis
Discussion

It has been confirmed with NABERS
that they are proposing to develop a
NABERS for Schools rating scheme.
They are currently in the early stages of
development and are engaging with
relevant parties for provision of energy
and water data of existing developments
to help guide the targets. The tool is not
expected to be released until July 2022.
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EUI Benchmarks

Australian sources
Non-Australian sources

Introduction

A review of published data provides a wide
range of what’s deemed to be a
representative Energy Use Intensity (EUI)
for schools.

Studios

Some sources from the UK, including data
from CIBSE, LETI and RIBA, are likely
over-estimates of ACT schools
consumption due to the colder climate in
the UK. The CIBSE data is from 2008,
therefore the stated typical and best
practice is expected to be outdated. The
LETI and RIBA data has been established
to set minimum energy performance given
the urgency of the climate emergency, and
should be seen to be current best practice.

Research
Analysis

The Australian benchmark data also ranges
widely, part of which would be expected
due to the climate differences between the
states, and based on whether the EUIs are
targets or current performance. A review of
the School Energy Stars calculation
confirms that the linear regression used to
determine the star bands is based on NSW
schools. The Sustainability Victoria (SV)
data is defined as 250kWh/yr per student;
an assumption has been made for the
purpose of the assessment of 10m2/student.

Discussion

It is interesting to note that the SV target is
defined by number of students rather than
Gross Floor Area, identifying the potential
inaccuracy of GFA for normalisation
metric for schools due to the varying
degree of occupancy density.

Macquarie School
78kWh/m2.yr
Forrest School
72kWh/m2.yr

Average 90 kWh/m2.yr
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196.0
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Baseline
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Energy Breakdown

Heating

Introduction
Studios
Research

Establishing a typical energy breakdown
for a school is more challenging. This is
due to a lack of sub-meter data for existing
developments that would help to facilitate
an overview of where energy is being
consumed within the building.

Thermal comfort is affected by a number of variables
including temperature asymmetry caused by low
internal surface temperatures, and draughts caused by
leaks in the building envelope and natural
ventilation. The building envelope is the main
contributor to these effects.

Three sources have been reviewed – the
Carbon Trust in the UK, and the ACT
Government and Victorian Government
Departments of Education.

Lighting is also shown to typically make up
significant proportions of energy in existing schools.
The Australian data is broadly similar with lighting
expected to be around 20-30%, but is significantly
less in the UK data. This is likely due to the early
phase out of halogen and tungsten lamps in the UK.
These lamp types are commonly found in old
Australian building stock – much less efficient than
LED, but with a lower capital outlay. Control
systems also likely lack automation, resulting in
wasted energy when spaces aren’t in use.

The Carbon Trust data was developed in
2018, the ACT data in 2012, and the
Victoria data in 2016, therefore we would
expect some variability between the data.

Analysis
Discussion

Heating forms a significant part of all of
the data sources, but varies between 3060%. Much like most existing building
stock that was built more than ten years’
ago, the heating demand of older schools
tends to make up a significant proportion
of the total energy consumption. This can
be attributed to poor envelope performance
due to the lack of energy efficiency
requirements in the National Construction
Code at the time of design.
This has an impact not only on the energy
consumption of the buildings, but on the
indoor environment quality of the spaces.

Domestic Hot Water

Lighting

Equipment

ACT 2012 Data

Although the Australian data indicates equipment
loads are relatively low, with the growing use of
computers and other digital learning equipment,
coupled with improved building fabric, this could be
expected to rise.

Sustainability Victoria

It should be noted that the types of school can make a
significant difference to the energy load breakdown –
whether the schools are primary or secondary,
whether they have swimming pools and/or showers
etc can all have an impact, in addition to the size of
the classes and overall occupancy density.
Carbon Trust

Other
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Present: Existing Opportunities

Introduction

Although it is tempting to focus on the exciting
opportunities in new buildings, the fact remains that
most school buildings already exist and therefore it
is critical to focus on the capacity to reduce the
environmental impact of these existing buildings.

Studios

It is generally more challenging to do this
effectively, as the building aspect and geometry is
largely fixed, and building envelope upgrades are
often highly invasive and costly. Every project will
have its limitations and nuances which will have an
impact on the optimal design solutions.

Research
Analysis

Upgrade to LED
lighting only
Target: 5W/m2

Seal leaky doors and
windows

Retrofit shading
elements to reduce
peak loads

Replace gas water
heater with
condensing gas or
solar hot water,
replace electrical
heaters with heat
pump or solar hot
water

High efficiency
appliances.
Target: Within 1-star
efficiency of best
available

Upgrade HVAC to
high efficiency
systems, improve
building control and
management systems

Retrofit improved
insulation.

Developing a benchmark for existing buildings can
be difficult as a result, however targeting a
percentage of improvement based on current
performance of the schools is always possible.
Commonly recommend initiatives:

Discussion

•

Insulation upgrades

•

Window replacements

•

Upgrade lighting to LEDs

•

Add blinds

•

Paint roof high SRI

•

Building sealing

•

Add external shading

•

Addition of PV

Typical initiatives encouraged for upgrading existing schools

Replace windows
with double glazing
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Future: New Build

Introduction

New buildings provide significant
opportunity for design interventions to
ensure sustainable outcomes. To achieve
best practice, targets should be set that
exceed compliance and existing building
energy use intensity. Sources such as LETI
and RIBA develop their targets with
consideration of net-zero potential and a
focus on the climate emergency.

Studios
Research

The design of new schools should follow a
clear energy hierarchy, with an envelope
first approach to reduce demand and leaving
renewable energy and carbon offsets as final
solutions that complement the efficient
design and services.

Analysis

An all-electric services approach enables net
zero carbon in operation without the need
for offsets, helping to influence the market
of renewable generation and removing the
consumption of fossil fuels onsite. This is
typically acknowledged within industry as
the most credible way to achieve net zero
carbon, and is far simpler to incorporate into
new builds.

Discussion

Although not quantified in operational
carbon, the embodied energy of the
materials for new schools should not be
underestimated, given the time value of
carbon, the adaptation and reuse of existing
structures should be prioritised.

Passive Design

Building envelope
• 50% improvement on
NCC targets for insulation
and glazing performance
• Air-tightness targets
• Shading
• Daylight
• Free cooling through
effective natural
ventilation

Electrify

HVAC
• Heat pump
Hot water
• Solar or heat pump

Reduce

LED lights
HVAC controls
HVAC efficiency
Equipment efficiency
Mechanical ventilation with
heat recovery

Renewables

Offset

Onsite
• Solar PV on 70% of roof
area
• Solar hot water
Offsite
• Green Power

Carbon offsets purchased
Planting trees onsite

Analysis
This section outlines the analysis
process that has been
undertaken, summarising the
methodology and the key
initiatives reviewed.
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Methodology

Introduction

The process for vetting the initiatives
has been undertaken using Rhino and its
associated plugins – Grasshopper,
Ladybug and Honeybee.

Geometry developed in Rhino

A geometry from one of the buildings at
Macquaire School has been chosen as a
representative layout, which includes
classrooms, staff room, office and
ancillary spaces including toilets.

Studios
Research

Using a parametric modelling process,
the developed Grasshopper script
establishes the expected heating and
cooling demand for each of the cases.
The RMY weather data for Canberra
was used for this purpose. Usage
profiles have been developed based on
industry guidelines, these are provided
in more detail in the Appendix.

Analysis developed in Grasshopper

Analysis
Discussion

The results were post-processed based
on proposed services strategy to
determine the overall energy
consumption from the heating and
cooling plant. Additional calculations
were completed to estimate other
services consumption within the
building, such as ventilation fans and
domestic hot water.

Post-processing in Excel
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Thermal Comfort

Introduction

When determining the most appropriate pathway
for achieving net zero carbon in operation, it’s
important to ensure that a minimum level of
comfort is achieved through the design strategy. A
building with no heating and cooling would clearly
be the most energy efficient, but the space would
not be fit for purpose as a learning and teaching
environment.

Studios
Research

The two ACT case studies highlight how aged
building stock has inherent challenges with thermal
comfort – too hot in summer and too cold in winter;
draughty; with localised discomfort. These comfort
issues appear to largely be due to the inefficiencies
of the building envelope, with a lack of insulation,
poor window performance and gaps and cracks
within the façade.

Analysis
Discussion

Thermal comfort is a complex subjective
experience, and it is widely acknowledged that it is
not simply determined by air temperature alone, but
is influenced by a number of both human and
environmental variables. A thermal comfort
assessment is outside the scope of this work;
however, we have provided commentary in the
results on which design options we believe to
provide an acceptable level of thermal comfort
based on our experience and best practice
guidelines.

For the purpose of the assessment we have assumed
a temperature band of 20°C to 24°C throughout the
year, with three metrics of air tightness assessed.

Indoor Environment Quality interconnectivity, BB101 2018
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Indoor Air Quality

Introduction

The impact of indoor air quality on the
learning ability of students is well
documented. With high concentrations of
carbon dioxide (CO2) causing drowsiness and
a lack of concentration, it is essential that
CO2 levels in teaching spaces are kept to
below the recommended average level of
1000ppm.

Studios
Research
Analysis

However, this is often challenging to measure
and control with natural ventilation. During
the winter months, as the external
temperature is commonly around 5°C in the
morning in ACT, the likelihood of windows
being opened to allow fresh air provision is
severely diminished. If the windows were to
be opened, it would be at the detriment of
thermal comfort due to the cold drafts caused
by the cold incoming air. There is therefore
often a compromise between thermal comfort
and indoor air quality during the winter
months when relying on natural ventilation.

Discussion

For the purpose of the assessment we have
reviewed the impact of both natural
ventilation and mechanical ventilation on
energy consumption. We have assumed both
systems are capable of providing a minimum
ventilation rate of 12 L/s.person, as required
in AS1668.2 for schools.

Ventilation spectrum, BB101 2018
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Baseline vs Best
Practice

Introduction

Taking guidance from the studio student
submissions, the modelling analysis has
identified nine key variables for assessment.

Studios
Research
Analysis

Variable Inputs

Base Case

Best Practice Case

External wall, R-value m2K/W

1.0

3.0

A base case has been established that is
expected to represent typical existing building
stock, with poor performing building envelope,
inefficient lighting and natural ventilation. The
space heating is assumed to be gas-fired, with
domestic hot water provision from direct
electric, as identified in the two case studies.

Roof, R-value m2K/W

1.0

6.0

Windows, U-value W/m2K

6.5

2.5

Shading

None

1m horizontal projection

Air tightness

Leaky

Passivhaus

Ventilation

Natural

Mechanical with Heat Recovery 90% eff

Lighting

15 W/m2

4.5 W/m2 (NCC 2019)

A best practice case has also been nominated,
with high performance building envelope,
lighting efficiency compliant with NCC 2019,
and Passivhaus standard of air tightness.
Mechanical ventilation with heat recovery is
incorporated for fresh air provision, and the
development is all-electric, with space heating
and domestic hot water both provided by heat
pumps.

Heating system

Gas fired boiler (90% efficient)

Reverse cycle heat pump (seasonal COP 3.1)

DHW system

Direct electric (100% efficient)

Heat pump (seasonal COP 3.1)

Discussion

A number of elements have been kept
consistent between the two bounding case
studies – the equipment load has been based on
NCC Section J 2019 provisions, as has the
domestic hot water demand. Cooling is
assumed to be provided to ensure appropriate
thermal comfort is achieved, as previously
outlined.

Fixed Inputs
Weather data

Canberra RMY

Occupancy density

10 m2/person

Cooling system

DX split (COP 3.1)

Roof, solar absorptance

0.45 (NCC 2019)

Windows, SHGC

0.45

Floor, R-value m2K/W

Uninsulated slab on ground

Equipment

5 W/m2 (NCC 2019)

Misc fans

Toilets etc, based on hand calc

DHW

7L/day per person (NCC 2019)
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On-Site
Renewables
60m2

Introduction

An estimate of onsite renewable generation using
photovoltaic panels has been completed based on
the modelled geometry. The building at Macquaire
School that has been used for the analysis has a
total roof area of 1286m2, pitched at 8°.

Studios

Assuming a panel geometry of 1 x 1.6m and a
panel capacity of 330Wp per panel, this could
allow for 496 panels, to a capacity of 162kWp,
based on typical allowance for access.

167m2
707m2

352m2

Using standard efficiency losses for panels, the
output has been determined at panels for different
orientations. The panel outputs have been found to
be:

Research
Analysis

•

North: 1,645 kWh/kWp

•

East: 1,574 kWh/kWp

•

South: 1,455 kWh/kWp

•

West: 1,530 kWh/kWp

In total, this arrangement has the potential to
provide at least 250,000 kWh/yr, with the
East/West aspect having the smaller yield overall.
This equates to a predicted generation intensity of
~210kWh/yr per m2 GFA.

Discussion

No other onsite renewables have been assessed as
part of the work, but additional solar panels could
be explored across other typical structures
associated with schools such as sheds and shade
pergolas.

West facing
1530 kWh/kWp

East facing
1574 kWh/kWp

North-facing
1645 kWh/kWp
South-facing
1455 kWh/kWp

Results and
Discussion
This section summarises the
results of the analysis and
discusses the recommendations
for existing and new schools for
achieving net zero carbon in
operation.
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140

Introduction

Each case has been assessed with two
generation methods for space heating - a gasfired boiler and an electric heat pump. This
helps to highlight the impact of heat pumps on
energy consumption, given their high
efficiency compared with gas boilers.

Studios

The results indicate that moving from a
standard practice existing building to
incorporating best practice initiatives results
in EUIs less than 40kWh/m2.yr, with
reductions in energy demand ~58% and
energy consumption >52%.

Research
Analysis

Interestingly the best case scenario only falls
within the 4 to 5 star band set by the School
Energy Star rating and exceeds the
Sustainability Victoria target of 25kWh/m2.yr.
This may be due to climate differences
between the states (the School Energy Star
rating scheme is based on linear regression of
NSW data), but it also may reflect that the
modelled temperature control of 20-24°C is
not typical in a school environment, with
extended temperature bands likely to be more
in the realms of 18-26°C.

Discussion

There may also be an over-estimation of
consumption in the modelling due to the
allocation of usage profiles and absence of
lighting reduction due to sufficient daylight
provision.

120
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100
88

EUI / kWh/m2.yr
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Energy Demand
Heating

Studios
Analysis
Discussion

The assumptions for equipment loads have been based
on provisions within the NCC Section J 2019 and
have been kept consistent between the two cases. The
assumption for domestic hot water demand has also
been informed by the NCC Section J 2019, but the
base case assumes a direct electric generation whereas
the best case assumes a heat pump.

Research

The dominance of lighting in both cases is interesting.
A limitation of this study is that it only compared the
impact of improving lighting power density, not more
effective control strategies. In principle classrooms
mostly teach during the daytime, and with relatively
low lux level requirements combined with narrow
floor plans, in theory artificial lighting could mostly
be designed out and a learning environment could be
100% daylit for much of the year. With a 50%
reduction in artificial lighting usage, the EUI would
be expected to drop to ~30kWh/m2.yr.

Lighting

Equipment

Fans

Pumps

Misc fans

Misc pumps

DHW

External Lighting

140
58.0%

120

120

100

100

EUI (kWh/m2/year)

Introduction

A review of the energy breakdown from the base case
gas-fired heating scenario shows that lighting forms
the largest energy end-use (44% of consumption),
with heating also significant (35% of consumption).
Equipment, domestic hot water and cooling represent
9%, 5% and 5% respectively.
In the best case, lighting is also the significant energy
demand (40% of consumption), but heating is a small
proportion (8% of consumption) due to the improved
building fabric and the efficiency of the heat pump.
Equipment becomes more dominant, at 28% of
consumption.

Cooling

Energy Consumption

140

EUI (kWh/m2/year)
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Energy
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Impact on Base Case, Demand
Heating Demand

Studios

-2.8%

-2.0%

-10.7%

-22.8%

Window U-value
2.5

R3 Walls

R6 Roof

Average
Infiltration

-35.0%

-5.4%

0.0%

-19.3%

-59.2%

Mech Vent

MVHR

MVHR +
Average Infil

40

30

20

10

0
Base Case

Passivhaus
Infiltration

1m Shading

NCC 2019
Lighting

Research

Impact on Base Case, Consumption

100
-0.6%

Analysis
Discussion

-0.4%

-2.2%

-4.8%

-7.3%

-1.1%

-39.8%

2.3%

R3 Walls

R6 Roof

Average
Infiltration

Passivhaus
Infiltration

1m Shading

NCC 2019
Lighting

Mech Vent

90

The lighting has the most significant impact, as
the lighting power density drops to less than a
third of that in the base case, therefore the
overall consumption drops by nearly 40%.

Base Case

50

The impact on the space heating and cooling
demand is most noticeable when improving the
air tightness of the building envelope, with a
23% reduction in demand when improved to a
typical practice level, and a 35% reduction
when improved to Passivhaus levels.
Incorporating an MVHR system reduces the
heating and cooling demand by nearly 20%.
However, these initiatives appear to be less
impactful when reviewing total consumption.
This is largely due to the efficiency of the heat
pump reducing the overall proportional impact,
however, here the electrical consumption of the
MVHR unit is also realised. Overall the
MVHR unit appears to make minimal
difference to the total consumption.

Cooling Demand

5.1%
60

EUI Demand / kWh/m2.yr

Introduction

To help inform the analysis, each initiative has
also been assessed in isolation, reviewing the
impact of each item on the base case. The
results are presented for both the impact on the
heating and cooling demand, and also on the
total energy consumption.

70

-0.6%

-9.3%

MVHR

MVHR +
Average Infil

80
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Impact on Best Case, Demand

Studios
Research

For the heating and cooling demand, the
infiltration appears to have the largest impact
overall, with a leaky building envelope
expected to more than double the demand of
space heating and cooling. Even moving from
a Passivhaus level of infiltration to a more
typical leakage rate would increase the
heating and cooling demand by an additional
69%. A mechanical ventilation system
without heat recovery would cause the
heating and cooling demand to increase by
nearly 60%.

Analysis

With total energy consumption, again the
initiatives are less impactful and the lighting
has the most significant impact, with the
overall consumption nearly doubling.

Cooling Demand

Best Case

70
60

EUI Demand / kWh/m2.yr

Introduction

The initiatives have also been reviewed in
insolation against the best case, quantifying
the impact of their removal. The results
following a similar pattern as to the previous
assessment, however the degree of impact is
slightly different.

Heating Demand

50
168.3%
40
68.7%

30
20

12.2%

8.7%

Window U-value 6.5

R1 Walls

58.6%
27.9%

22.9%

No Shading

Inefficient Lighting

10
0
Best Case

Average Infiltration

Leaky Infiltration

No Heat Recovery

Impact on Best Case, Consumption
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Contents

Building Envelope
Improvements

Introduction

The analysis has reviewed the impact of both
passive and active measures on the overall
energy demand of the development.

Studios
Research

Improvements to the building envelope have
a large impact on the heating and cooling
demand, but when a heat pump is used, the
proportional impact is seen to be less due to
its high coefficient of performance. However,
the building envelope performance is key for
establishing acceptable levels of thermal
comfort, whilst helping to mitigate the impact
of future climate shocks.

Analysis

For the Canberra climate, it is typically
recommended that the thermal performance
of any element of the building envelope is at
least 1.40W/m2K, in order to maintain
internal surface temperatures above 16°C, as
is recommended to avoid discomfort with
temperature asymmetry.

Discussion

The airtightness of the building envelope is
also key to establishing thermal comfort,
mitigating draughts caused by gaps and
cracks at interfaces between constructions.

Passivhaus approach to building envelope (Passivhaus Institute)
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Contents

Mechanical
Ventilation with
Heat Recovery

Introduction
Studios

The analysis indicates that incorporating
mechanical ventilation with heat recovery
reduces the energy performance by ~5%,
however, it is key that the building
envelope has a reasonable level of
insulation and airtightness for the MVHR
unit to be of most value.

Research
Analysis

The expression of ‘building tight and
ventilating right’ is critical, as relying on
natural ventilation within a learning
environment has its limitations due to its
inconsistency and impact on comfort
during the winter months. It is therefore
best to view the opportunity and benefit of
MVHR systems with their compounding
benefits on both energy consumption and
occupant wellbeing.

Standard practice design

Discussion

The Canberra climate lends itself well to
heat recovery due to its colder winter
temperatures. If heat recovery is not
incorporated in a proposed mechanical
ventilation system then although the indoor
air quality would be improved compared to
natural ventilation only, the additional fan
power results in a missed opportunity in
reducing overall energy demand.
Passivhaus design
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Contents

All-Electric

Introduction

A key enabler for a net zero operational carbon
development is an all electric solution, with no fossil
fuels consumed on site, removing the need for
purchasing of carbon offsets.
As there is variability between the different states as to
how green the grid currently is, it will likely be
necessary for the development to purchase Green Power
and/or establish a Power Purchase Agreement to
achieve carbon neutral status.

Studios
Research
Analysis

There are of course complexities with converting
existing developments from gas-fired boilers to heat
pumps. Air-source heat pumps, as have been assumed
in this analysis, are at their lowest efficiencies when the
heating demand is highest. This results in the need to
effectively oversize the units, which typically therefore
do not run at their full capacity for the majority of the
year. More space is therefore required compared to a
gas-boiler, and the units can be noisy. The impact on the
peak electrical load of the development would need to
be assessed, and the environmental impact of
refrigerants should not be underestimated, with a move
to low Global Warming Potential recommended.

Discussion

However, the technology is evolving, with the use of
natural refrigerants providing much higher efficiencies
at lower external temperatures. Splits systems are well
known, cheap and simple to install, and can provide an
easy solution for heating and cooling provision. With
the incorporation of solar panels, there is also a
significant opportunity for the domestic hot water to be
coupled with the onsite renewable generation.

PPA Process (epa.gov/greenpower/physical-power-purchase-agreements)
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Heating
Fans
DHW

120

Studios

The results have shown that the improvements
to the building fabric and building services
have the potential to reduce the energy usage
intensity of a school in the ACT to less than
40kWh/m2.yr, with further reductions
expected to be realised through more effective
control strategies such as daylight linking.

Research

Generation from onsite roof-top solar panels
has been predicted to exceed more than four
times the estimated annual consumption. This
indicates that there is a significant opportunity
for the school to not only be net zero carbon in
operation, but to be net zero energy, with
annual generation exceeding annual
consumption.

Analysis
Discussion

Given the importance of the learning
environment and its inherent impact on the
wellbeing and learning capacity of the
students, the beneficial impact that building
envelope and ventilation initiatives have on
indoor environment quality, in particular
thermal comfort and air quality, should also be
considered and prioritised when determining
the most appropriate strategy to achieve net
zero carbon schools.

Cooling
Pumps
External Lighting

Lighting
Misc fans
Base Case

Equipment
Misc pumps

67.3%
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Introduction

The analysis has reviewed a number of the
recommendations proposed by the Masters of
Architecture students as part of the University
of Melbourne integrated design studio.

EUI / kWh/m2.year
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Appendices
This section outlines the profiles
that were used for the modelling
exercise.
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Simulation Profiles
The following usage profiles have been used in the modelling and have been kept consistent between both the base case and best case models. In the absence of accurate data these profiles have
been informed by the Green Star and NABERS modelling guidelines.
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