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Abstract

This paper presents a description and an evaluation of the Team UOW Solar Decathlon House
project, particularly with respect to: learning outcomes and career development for students
involved in the project; the significant community/industry engagement in Australia and overseas
that the project has had; and the details of how the many design, funding and logistical challenges
were overcome by the team. The present authors believe that this information will be of
significant benefit to those interested in the education of architects, engineers, and designers, and
to universities or industries who are considering involvement in future international competitions
such as Solar Decathlons, and to practitioners involved in the design of sustainable buildings.

The paper provides a summary of the overall Team UOW campaign and milestones, details of the
project management approach taken and governance arrangements for the project, challenges in
fund-raising and sourcing of resources to complete the project, student training and learning
outcomes, and interactions with industries in the sustainable buildings and other sectors and
future activities. A brief qualitative cost-benefit evaluation of the project is also presented.

1. Introduction to Solar Decathlons

Solar Decathlons are the largest student-led competitions in the world and were initiated by the
US Department of Energy. The first competition was held in Washington D.C. in 2002 and others
have been held in the USA every two years since 2005. Three Solar Decathlon competitions have
been held in Europe and one in China. Each student team must design and build a net zero
energy, sustainable, attractive and affordable house with the added difficulty that the students
must transport their house to the competition site and then assemble and fit it out in 10 days. As
the name suggests the decathlon consists of 10 sub-contests, the exact specification of which has
varied somewhat between the various competitions.

The value of competitions such as the Solar Decathlon is that they engage students in authentic
and complex learning activities relevant to their degrees. Barth et al. (2007) indicated how
difficult it is to develop key competencies for sustainable development as this requires the
opportunity for both formal and informal learning in an interdisciplinary environment where
students can develop self-responsibility. Torres-Antonio (2013) studied 24 students who took part
in a Solar Decathlon event and concluded that the scale and difficulty of the project are important
factors that contribute to sustainability competence and development of leadership skills. In
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addition, Kos and de Souza (2014) outlined how the Solar Decathlon competition has provided
an invaluable vehicle to engage the public, industry and academia in promoting excellence in
renewable energy and sustainable buildings teaching and research. By linking research activities
in solar power, sustainable housing, energy modelling etc with learning activities and practical
outcomes, the Solar Decathlon provides a great opportunity to create a multi-disciplinary
research-teaching nexus.

Nevertheless mounting a credible and successful campaign is a very significant undertaking. This
paper presents the background to the Team UOW project, with a view to enhancing the chance of
success for teams, particularly from Australia, considering competing in a future Solar Decathlon.

2. Overview of the Team UOW Solar Decathlon China 2013 Campaign

By early 2011 authors Cooper and McCarthy had been interested in the potential for a team from
the University of Wollongong (UOW) to enter a Solar Decathlon competition for some time, but
had serious misgivings about the large scale and cost of such a venture. However, following the
establishment of the UOW Sustainable Buildings Research Centre (SBRC) initiative in 2011 it
was thought that a bid to enter a competition might be feasible, and an essay competition was run
for UOW engineering students with a first prize of a trip for two students to visit the 2011 US
Solar Decathlon finals in Washington. Following the return from Washington of these two
enthusiastic proponents of a UOW entry into the 2013 US competition, a small team of staff and
students developed a competition proposal to demonstrate how a typical Aussie ‘fibro’ house
(exemplified in figure 1) might be retrofitted to become an attractive and sustainable home. This
was the first ever proposal from any of the previous, approximately 160, Solar Decathlon teams
from around the globe to demonstrate how to upgrade an existing building rather than develop a
new building design from scratch.

Figure 1. Typical ‘fibro’ home of the type Figure 2. Illawarra Flame House at UOW
taken as the ‘original’ house in the concept Innovation Campus, after return from China,
design of the Illawarra Flame. with the SBRC at top left of the image.

In early 2012, Team UOW became the first Australian team to win entry to a Solar Decathlon. In
fact, the entry was accepted for both the US competition and the first Solar Decathlon China
competition to be held in Datong 400 km west of Beijing. The team and members of UOW’s
senior executive decided to participate in the Chinese competition for a number of reasons
including: a likely overall lower cost, the rich cultural experiences (and challenges) that would
await the team in China, and for the strategic attractions for both the University and potential
sponsors/supporters in engaging with organizations and individuals in the most populous country
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of the world. However, competing in the Chinese competition, rather than that in the US, carried
very significant risks, not least because this was the first competition to be run in Asia.

In the case of the Solar Decathlon China 2013 (SDC2013) competition five of the sub-
competitions were judged by panels of international experts, or ‘juries’, and were entitled:
Architecture; Engineering; Solar Application; Communications; and Market Appeal. The
remaining contests in the SDC2013 comprised performance tests of the house in operation
including: Energy balance; Thermal Comfort; Hot Water; Appliances; and Entertainment. Each
of the ten contests was worth 100 points, maximum. Some of the key milestones, deliverables
and outcomes of the project were as follows:

a)

b)

f)

9)

h)

In January 2012 the Team UOW Technical Proposal was accepted and the team won entry to
the SDC2013 finals. $100k cash was available from the organizers and released
progressively over 18 months following satisfactory completion of the deliverables below.
This quantum was matched up-front by the UOW vice-chancellor to kick-start the project.

A significant number of major reports and resource deliverables had be developed by the
students for judging on a strict timetable including: i) a Schematic Design Proposal and 1:50
scale model of the house; ii) a website (separate from the university website -
http://www.illawarraflame.com.au/); iii) a Design Development Report and Workplace
Health and Safety (WHS) Plan; iv) a comprehensive Building Information Model (BIM); v)
the Team UOW as-built final Project Manual (pp.861) and BIM Manual (pp.135).

The Team UOW leadership group attended two workshops in Datong in May and November
2012 for development and planning of the schematic and development phases.

During January to March 2013 the house was constructed under cover at TAFE Illawarra.
The vast majority of this work was completed by the students themselves with assistance
from TAFE teachers and a number tradespersons.

In April 2013 the house was disassembled (in 4 days) and reassembled (in 7 days) at the
UOW Innovation Campus, for a formal ministerial launch and a 3-day community festival.

In May 2013 the house was disassembled, packed in seven shipping containers and shipped
to Tianjin Port. Significant delays were experienced in clearing customs, quarantine, etc.

In mid-July 2013 over 50 students and teachers from Team UOW travelled to Datong for
their 5-week stay. Accommodation for the 19 teams from around the world (over 600 team
members) was in a single brand new (not fitted out) office block immediately adjacent to the
competition site. Facilities were basic, to say the least, and entertainment options for the
students were very limited. Ten Chinese exchange students from Beihang University and the
Chinese Academy of Sciences joined Team UOW to help with interpreting during the public
exhibition periods.

After the 10-day competition period Team UOW was announced as the overall winner of
Solar Decathlon China 2013, with the highest overall score in the history of Solar Decathlon
Competitions (957.6/1000); a record that still stands despite two more recent competitions in
the US and Europe. The team came first in five out of the 10 competitions: Architecture;
Engineering; Solar Application; Hot Water; and Energy Balance; and second by one point in
Communications and Market Appeal. In the ten-day display period the students and staff
toured >35,000 people through the house (about one every 8 seconds) and >300,000 people
attended the competition site; probably the largest Solar Decathlon competition to date.
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3. Project Management and Governance

One of the key strengths of the Solar Decathlon competition framework is the very multi-
disciplinary nature of the activities that students need to undertake. But this also presents a
challenge to those staff championing and coordinating a given team’s efforts. Of crucial
importance is obtaining active ‘buy-in’ to the project from individual academic staff in Faculties
and Schools throughout a given University. In the case of Team UOW a significant number of
academic staff from UOW disciplines such as engineering, business, marketing, science, creative
design, and human geography were inspired by the premise of the Illawarra Flame House and
played vital, active and enthusiastic roles in supporting, guiding and mentoring the students. In
addition, TAFE students and staff from building and construction, plumbing, electrical,
hospitality, and architectural drafting disciplines joined the team.

Governance Committee

Dean of Engineering (chair) Team UOW Academic Coordinator

Deputy UOW Academic Coordinator ~ Student Project Manager

DVC-Research Representative Student Representative

TAFE Representative UOW CFO Representative i
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Figure 3. Team UOW governance structure. Figure 4. Team UOW sponsorship and

marketing prospectus.

Fortunately the present authors and the student leaders of Team UOW had direct contact with the
student team leaders of the First Light team from Victoria University, New Zealand (who came
third in the 2011 US competition). Discussion of the many challenges that were likely to confront
Team UOW proved to be invaluable and the Masters dissertation of Officer (2013) provided a
comprehensive and frank assessment of the project management and governance challenges and
approaches taken at various times throughout the First Light campaign. Officer (2013) also
provided information about the budgeting, sponsorship and support gathered by First Light,
which was extremely useful to Team UOW for planning and managing stakeholder expectations.

Key lessons learned from the First Light campaign included: i) the importance of having a
number of scholarships available to support student leaders (the UOW Vice Chancellor agreed to
four PhD/Masters scholarships being made available); ii) the importance of a clear governance
structure for the project, which should include senior University staff (Team UOW’s governance
structure is illustrated in Figure 3); and iii) the necessity of having a dedicated project manager
involved from the start of the project.
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4, Challenges

The Solar Decathlon China project presented a seemingly endless array of challenges and
difficulties that were progressively overcome over the two-year duration of the project, including
the following highlights.

Design Codes. The team had to design the house to not only meet the Australian Building Code
due to its final destination being in Australia, but also to meet a modified Chinese Building Code.
Some specific challenges with the Chinese Code included: the requirement to treat the house as
both a residential and a public building, which required the team to design for 4-5kPa live loads
and to include a fire suppression system. The team was also prohibited from penetrating the
ground in any way and was required to design for earthquake loading.

Fund raising. The overall cost of the project was over $900k in cash. Significant efforts were
made by the student team to win sponsorship. To this end a Sponsorship Prospectus (Figure 4)
was developed and the Sponsorship, Marketing and Communications team worked hard with
mentors from the university and industry to attract in-kind and cash sponsorship. This task
proved to be extremely difficult and should not be underestimated by other Australian teams
considering entry to a Solar Decathlon. By comparison with many of the teams from overseas
Team UOW found it very difficult to gain cash support. For example, many of the Chinese teams
had very substantial support from benefactors and industry, while other teams such as Team
Israel apparently had almost their entire project funded from government sources. Towards the
end of the project Team UOW engaged a professional fund-raising team to assist, but even with
this expertise, only a small fraction of the required cash funding was raised external to UOW.

One of the key learning outcomes for the present authors was that sponsorships and other support
should be formally secured well in advance of the start of the competition. Great uncertainty and
difficulty can otherwise arise, as exemplified by the delay of over 3 months, just prior to the first
build of the Illawarra Flame, in receiving an eventual ‘no’ from a potential international sponsor
who had previously indicated they would support the team.

Workplace, Health and Safety (WHS). This represented a major issue since very many student
members of Team UOW had little or no construction experience at the start of the project. Yet
they undertook the vast majority of the construction of the house (with the exception of key
trades such as electrical systems, welding/fabrication, etc) and by dint of very rigorous safety
training and procedures adopted no incidents or injuries occurred throughout the three builds and
re-builds of the house. Indeed, the Team UOW student Design & Construction Manager won the
individual UOW WHS 2013 Award for his contribution to this achievement.

Logistics. Undoubtedly some of the greatest challenges lay in the logistics of not only building
the house three times in 6 months, and building it within 10 days in China, but also transporting
the house to the competition site. The latter included dealing with multiple Australian and
Chinese shipping agencies; Chinese port, customs and quarantine authorities; Datong City
Council; and SDC2013 organizers. Key members of Team UOW had to take a very proactive
approach to this issue, which included demanding that the organizers have a teleconference with
all the international teams and the agencies mentioned above to resolve many outstanding issues,
including significant delays in the release of the teams’ houses by the Chinese port authorities.

Procurement of materials and equipment for the house, often under very heavy time pressures,
was also a major challenge. Fortunately the UOW finance officers were particularly helpful in
streamlining procurement processes so as to facilitate rapid order processing and payments.
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5. Student Training and Learning Outcomes

Some of the greatest benefits of the project came from the wide range of student teaching and
learning outcomes. Throughout the four and a half semesters of the project, more than 100
students and teachers were directly involved from a very wide range of disciplines. This was a
truly multi-disciplinary project with students collaborating across disciplinary boundaries for
very significant periods. The Illawarra Flame formed the basis of projects, assignments and
presentations across at least a dozen subjects, from digital design, through electrical engineering,
to social geography. Literally dozens of presentations have been made by students about their
project to people at all levels including a TEDEX presentation by the lead student, Lloyd Niccol.
Development of student leadership skills was one of the other great outcomes from the project.

More than 30 students completed theses and ‘for-credit’ projects related to the Illawarra Flame.
At least 10 students completed internships and professional experience. In terms of professional
practice and on-the-job training over 65 students and teachers obtained their NSW White Cards
(a site safety qualification), and every student on Team UOW has since obtained employment or
progressed to Higher Degree Research. Two students have set up their own house retrofitting
businesses. A number of the Chinese exchange students are now studying their PhDs at UOW.

The decision to compete in China, rather than the USA, was a good one from the point of view of
the very in-depth, and sometimes challenging, cultural experience the students gained in Datong.

-----

e e R e

Figure 5. Part of the competition site, Figure 6. Team UOW and the lllawarra Flame House
August 2013. at the SDC2013 competition site.
6. Building Community and Industry Engagement

One of the key issues in the development of the Team UOW campaign was the need to raise the
profile of the project in order to bring in potential collaborators, supporters and sponsors, since
the overall cost of the materials, labour, transport, etc was going to be extremely high. In
addition, the student team felt strongly that their project was about improving the existing
building stock in the Illawarra Region and beyond, and therefore about improving the well-being
of people in their homes. A number of key activities, events and initiatives that the team
delivered were important in this context.

Development of the team identity and branding was driven by students from the School of
Creative Arts. The development of this identity proved critical to the long-term success of the
team and ensured that the team were not dominated by a particular student group/discipline.
Marketing to student groups at UOW was important and included BBQ’s held on campus with
Illawarra Flame merchandise on offer. This ensured the team was firmly established within 6
months, with students and staff recruited from the schools of Marketing, Journalism, Creative
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Arts, Humanities, Science, Law as well as Civil, Mining, Environmental, Electrical, Mechanical,
Material and Mechatronics engineers.

The name of the ‘lllawarra Flame House’ was chosen to draw an inspirational link between the
spectacular transformation of the Illawarra Flame tree in spring (to a tree adorned with a mass of
beautiful flowers), and the desire to effect a transformation of the Illawarra Region to one with a
mix of traditional heavy industries and new and environmentally sustainable businesses. A
photography competition was launched in Spring 2012 for the community to take snaps of the
Illawarra Flame trees in bloom. This caught the imagination of the region and received
widespread publicity in local press and media.

Local organizations were vital in terms of industry support for the team. As an honorary fellow at
the SBRC, author Jones became a key mentor to the team and three of the building design
students were embedded in the Wollongong office of Architects Edmiston Jones. Three more
students were embedded in Northrop Consulting Engineers’ structural design office with one of
the senior structural engineers overseeing their work. Other businesses joined the effort including
BlueScope who provided assistance in the development of the photovoltaic thermal (PVT)
system, Energy Matters in PV application, and Taylor Brammer in landscape design.

One of the aims of the team was to reach the trades groups involved in building and refurbishing
houses; who have not been seen traditionally as advocates for sustainable technologies and
practices. Part way through the initial build at TAFE, with the services still visible, an open
evening was held for local tradesmen and women. Some 70 seasoned plumbers and electricians
heard TAFE lllawarra Faculty Director, Marty Burgess, extol the achievements of the students as
a vision for the future of the trades. The visitors could see the potential and were impressed.

The team also lobbied for support in high places exemplified by the then Prime Minister, Julia
Gillard, recording a one-minute video message of support, including her hope “to see Illawarra
Flame houses blossoming soon in suburbs right around the country”. This came just in time for
the official opening and festival of sustainability organized by events management students prior
to the house being shipped to China. During the festival over 1500 visitors came through the
house, learning about all the engineering innovations and sustainability features.

During the time in China there was a huge following back in Wollongong with the public gripped
by the online scoreboard and the constantly updated live Team UOW blog and the student
communications team maintained a major profile with interviews with CCTV, ABC and CNN.

7. Costs and Benefits

The project was a very significant undertaking and was certainly the largest student activity ever
carried out at UOW. The total estimated cost (cash) of the various activities was over $900k with
some of the major components being: i) initial house construction ~$330Kk; ii) design and re-
assembly ~$86k; iii) marketing and communications ~$85k; iv) events $25k; v) transport and
logistics (including container hire, shipping, etc) ~$170Kk; vi) travel and accommodation ~$95k.

The benefits to the students were extremely significant in many areas including: technical
knowledge and skills; interaction with industry practitioners; project management; leadership and
communication skills development; and increased personal effectiveness and confidence.

The key benefits to the university came primarily from exposure to, and engagement with, a
range of audiences, but particularly: potential new students and staff in Australia, Asia and
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elsewhere; industry collaborative research partners; and the general community. The team and the
university worked hard on developing a strong media presence and were rewarded with very
significant coverage and exposure. By January 2013 the following statistics applied: 250 media
mentions; the website (www.illawarraflame.com.au) received 2,894,856 hits and was visited over
37,000 times by over 20,000 unique visitors; over 31,000 people reached on Facebook in a single
month; and Team UOW on-line videos were viewed over 18,000 times.

One key outcome of the competition was development of the Illawarra Flame House as a unique
research facility, which was transported back to UOW (Figure 2). Team UOW chose to bring
their house back home, whereas virtually all other teams accepted various levels of remuneration
from Datong City Council to leave their houses at the competition site for future exhibition.

8. Conclusions

Team UOW, as others before them, learned first-hand that a Solar Decathlon project is one of the
most rewarding, challenging and life-changing experiences one can have in life. Some key
learning outcomes for future teams might include the following: i) start early and develop not
only the house design/logistics but lock-in financial and in-kind support; ii) involve university
senior management as active supporters/participants; iii) develop a core leadership group early,
including a full-time project manager; iv) learn as much as possible, first-hand, from other teams
and visit other competitions; iv) ensure that key academics have their normal workloads
significantly reduced, including at least one person nominated to lead the project full-time.

To quote Richard King, who is held to be the Father of the Solar Decathlon, at the time of the
Team UOW win ‘“Team UOW from the University of Wollongong in Australia held the winning
trophy high this morning and rejoiced in a remarkable victory. Its entry was the first retrofitted
house entered in a decathlon. ... The end result was a modern, very energy-efficient house that
won the praise of everyone—especially the jurors—who went inside for a tour. This morning, the
team was awarded first place in Architecture and Solar Application! 1 will remember them as the
team from Down Under who always greeted you with a friendly “G’day, mate!”’(King 2013)
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