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ABSTRACT:  

This paper follows the progress of deploying a prefabricated building overseas. In the Solar Decathlon in 2011, a 
solar-powered house was designed, constructed in New Zealand and then shipped to the USA for a ten day long 
competition. The First Light House received a high ranking in the student competition, winning major awards. This 
paper builds upon two previous papers describing the design, procurement, construction, and onsite management of 
the prefabricated First Light housing system. It draws from and summarizes student work encapsulated within the 
university-funded project. The paper summarizes on-site issues with a building constructed off-site, and as a project 
gave all involved highly practical experience with the real, hands-on side of commercial practice.  
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INTRODUCTION 
The Solar Decathlon is a competition held every two years by the US Department of Energy (DoE), where 20 teams 
of students compete to design, build, and compete with a solar-powered house. In 2011, a team from Victoria 
University in Wellington (VUW) entered the competition with the Meridian-sponsored First Light House. At the 
conclusion of the competition, the New Zealand team had gained a reputable 1st place in the Engineering 
competition, a frustratingly narrow 2nd place in the Architecture competition, and a highly satisfying 3rd place over all.  

This paper discusses the performance of the house on site, and debates the use of the Solar Decathlon as a 
teaching tool for a University. It makes reference to the work of four lead students completing Master of Architecture 
degrees during their Solar Decathlon entry. 

 

1. COMPETITION 
1.1. Assembly  
The design concept developed for the Meridian First Light house was based around the need to ship the building to 
the other side of the planet, as noted in Marriage (2011). Sizing the house to be exportable in containerisable 
modules was achieved, with a total of six full size containers being utilised, sent across the Pacific and then through 
the Panama Canal, to arrive in Baltimore before the Victoria University students arrived. Nuttall (2012) goes into 
considerable depth on the issues of containerization of the house, while Officer (2012) identifies potential short-
comings with the management structure. Both these documents are vital to a clear understanding of the process and 
the issues involved. 

An advance team comprised of 2 staff and 8 students arrived in Virginia, shortly after North America's most severe 
earthquake cracked the top of the Washington Memorial, and directly after Hurricane Irene had wrought havoc on the 
state of Maryland: soaking the grounds of the competition arena in West Potomac Park. Despite disrupted travel 
plans, 26 New Zealand students were eventually assembled, traveling in two shifts each day from Virginia to the 
Crane Rental Company to assemble the house. Three steel containers were unpacked in 30 degree heat, five pre-
assembled modules unwrapped and prepared, and the remaining central module assembled from the containerised 
pre-packed elements. In post-hurricane conditions, the Washington DC climate was hot, humid and sunny. Good 
conditions for a competition on solar power. 

 

1.2. Competition 
The competition is the largest and most expensive student competition in the USA, and therefore the world. During 
the assembly phase, 20 university teams start at midnight and assemble their housing modules with mobile cranes. 
Allowing for 1-2 cranes per site, the competition manifests itself as the largest intense use of mobile cranes on one 
site in north America for the entire year (First Light House, 2011). Due to good planning by the First Light team in 
securing the facilities of the Crane Rental Company, the New Zealand team managed a quick and speedy erection 
over 5 days, with the house being largely complete in 48 hours. Other teams, although relatively nearby in mainland 
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USA, arrived late on site, held up by inter-State regulatory issues over vehicle width, night-time travel restrictions, 
clashes with bridge heights etc. Our team’s decision to containerize the house certainly made sense in relation to 
delays on site: there were no traffic-related delays for First Light and the team almost achieving the desired 'first to 
complete' status, amidst glorious sunshine. Total assembly person-hours from a team of 15 students working 22 
hours per day for 5 days give a maximum total of 1650 hours spent, although actual productive working hour totals 
would undoubtedly be far less, as much of this time was on assembling landscaping. The primary erection time on 
the house was just 48 hours: a total of 660 person-hours to get the house in place. 

On the day that the competition dawned, however, conditions were overcast and rainy. Hardly a single ray of 
sunshine was seen for 9 of the following 10 days of competition, throwing off the ability of many teams to compete 
effectively in this competition of solar power. Competition requirements had been worked out to dovetail with the 
primary purpose of the event: public participation via tours of the completed houses. The New Zealand house had 
queues racking up record numbers outside the house, as it was tremendously popular. However, this did not go down 
well with the DoE organizers: queues indicated that the public were not circulating fast enough, and consequently 
New Zealand had the lowest number of visitors through: almost half that of the highest circulation. Luckily, visitor 
numbers were not a marked competition: it appears that our student guides were too talkative and our house was 
simply too interesting to make a quick trip. Nonetheless, while in New Zealand the house had recorded almost 20,000 
visitors over a period of nearly 4 weeks, in America the house logged 15000 unique visitors in just 10 days with 
approximately 300,000 visitors in total to the Solar Decathlon village (Media Report, 2011). 

 

1.3. Judged competitions 
Being a Decathlon, there are a total of ten competitions. Of these, five were judged: architecture, engineering, market 
appeal, communications, and affordability. A panel of judges toured each house, with set times and time limits, 
asking questions of the resident competitors and assessing the house for appropriate response in their category. 
Architecture judges included US prefab housing expert Michelle Kaufmann and others. Competition results were 
released progressively over the ten days of the competition period, with the market appeal competition being 
released on the very last day, resulting in an exciting finish where teams pipped each other at the final finishing post. 
Jagersma (2012) analyses in considerable depth the factors influencing the running of the house and the successful 
completion of the competitions. 

 

Source: (US Department of Energy, 2011) 

Figure 1: the New Zealand team final scores and rankings for all 10 competitions 

 

1.4. Measured competitions 
In contrast with the subjective nature of the judged competitions, the five measured contests were based straight on 
the numbers coming out of the official scrutineer's log books: hot water, appliances, comfort zone, energy balance, 
and home entertainment. This last competition had a small element of Survivor style elimination to it: part of the 
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marks were allocated by your neighbouring team, based on the ambience and cooking ability of your team's 'dinner 
night' efforts. While enjoyable, many team members were nonplussed that the choice of dinner and cooking ability 
could equate in value to the two years worth of hard work on the architecture and engineering. Some teams excelled 
at many of the competitions, only to fall at the post regarding some innocuous rule about the timing of the washing 
machine spin cycle etc. Clearly the competition is able to be ‘played’ by careful attention to the rules. Team First Light 
excelled at rule playing, and consequently kept their marks high: although their overall ranking started off at ninth 
place. Luckily for Team New Zealand, it climbed (refer to figure 1).  

 
1.5. Results 
Despite being primarily an architecture and solar-power competition, the results of the Architecture competition relied 
on the architecture of the house for only 10% of the overall mark. While most competitors undoubtedly felt their house 
was the best, the First Light house did appear to have an edge on other competitors. It was a new house, yet had 
already been erected twice before; it was crafted almost totally from timber where some others had used concrete 
more heavily as a feature; and the attention to detail in both design and fabrication had paid dividends. Judges 
approved of the “warm, natural and organic materials” and noted the “surfaces that begged to be touched” (Farrow, 
2012). Visitor comments were overwhelmingly similar. End results for Architecture were Maryland 96 points, New 
Zealand (Victoria) second with 95 points, and Appalachian State with 94 points (refer figure 2). The lowest score here 
was 80 points - it was a close run contest, with each team separated by only a single point. 

By contrast, in the Engineering competition results, the spread of points was nearly 30 points, and the team from New 
Zealand surprised themselves by coming first with 93 points. Maryland were further away in 4th place with 89 points, 
while Tidewater Virginia's incomplete status afforded them only 64 points (refer figure 2). The New Zealand team-
members were ecstatic with the first place win in Engineering, especially important given that no engineering 
students were involved in the VUW bid. Leading technologist was architecture graduate Ben Jagersma, with 
assistance from four under-graduates studying Building Science (Jagersma, 2012). This team enabled the project to 
win the engineering top spot, along with a first equal in Hot Water, and Energy Balance (refer figures 1 & 2).  

 

Source: (US Department of Energy, 2011) 

Figure 2:  Teams overall final scores and relative rankings for the Decathlon 

 

The most disappointing result for the VUW team was undoubtedly the competition for Appliances. Despite strong 
support from sponsor Fisher and Paykel, whose appliances worked flawlessly and consumed low levels of power, the 
low 14th place was caused primarily by the highly innovative First Light / Leap solar dryer. While performing well in 
trials in NZ, the use of this dryer relied on just one thing: some sunshine. Due to nine out of ten days being virtually 
sunless during the competition (statistically unheard of before, according to research by Southwell et al in 2010), and 
the solar hot water storage cylinder therefore not reaching the desired target temperature, it is perhaps more 
surprising that NZ did not come last in this particular competition. 
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The sophistication of the finished house also gained First Light a crucial third place in Market Appeal - judges made 
note of the “outstanding social spaces” and the “breathtaking centre” of the house (Farrow, 2012), allowing the team 
from Victoria University to push the Californians out of the top three, and to gain an overall bronze medal position in 
this 'architectural Olympics'. It is hard to be sure, as all team scores would have changed: but if the sun had shone, 
and the solar dryer been given the chance to work correctly, New Zealand may just have edged into second place.  

 

2. RETURN TO SENDER 
2.1. Shipping back to NZ 
From the high point of winning third place in the competition, the team then had to spend four days removing the 
house from the site at West Potomac Park, and then dismantling it in the Crane Rental yard once more. Almost 
predictably, the sun came out again for this stage, and temperatures soared inside the steel containers where the 
building was repacked. The five assembled modules were prepared again for the long voyage back to New Zealand, 
as to leave the house in the USA would have incurred considerable amounts of sales tax: but would have saved on 
considerable amounts of shipping costs (Nuttall, 2012).  

Due to the five house modules being oversize for a standard container, the costs for transporting the house was 
considerable: a completely knocked down version would have taken up less volume, and if it had been fitted within 
standard containers, presumably the cost would have been substantially less. Regardless of this, because the 
university had auctioned off the house to the highest bidder before the house even left NZ soil, it had to be returned 
to its homeland, despite offers from adoring Americans who wanted to buy it and retain it in the USA. 

Students flew back to New Zealand to complete their assignments and exams, while the house modules were shrink 
wrapped and eventually trucked back to Baltimore for shipping to New Zealand, arriving back just in time for 
Christmas. 

 

2.2. Sale of House 
On the return to NZ, while waiting for the house to be returned to Wellington, it was noted that the 'buyer' of the 
house could not complete the deal, and so Victoria University was now once again the proud owner of a modular 
house, in various pieces, incurring storage charges at a freight yard. Extensive negotiations by other parties were 
eventually resolved by the sale of the house to new permanent owners in Hawkes Bay.  

Speculation could be made here about other possible end uses for the house, and compared to what other 
universities undertook with their houses on completion of the competition. Most universities elected to retain their 
solar powered house as a teaching tool for future generations of students, with conversion to a faculty office or 
exhibition home of some sort. Some, such as Team Canada, had designed with a local ethnic minority native 
population in mind, and so their house was set to be ‘returned to the people’. New Zealand's house having already 
been sold to an independent end use buyer raised discussion - mostly of admiration that the kiwis had produced a 
house that people would feel comfortable enough to live in, but also regret that it was not being retained by the 
university to showcase intellectual knowledge gained.  

The winner, Maryland University, had entered the competition twice before, so their experience in competing before 
would have been invaluable. Team China, not placed highly in the finishing places of the competition, had recycled 
their entry: composed of three insulated steel containers laid out in a Y formation, and called the Y house, this team 
project simply positioned the containers on site, laid recycled decking to the surrounds, partially clad the outside with 
timber battens, and opened the doors to compete. This approach did not gain credit in competitions such as Market 
Appeal. In retrospect, Team China's poor showing in the competition may have been a tactical approach - learning 
from others what to do / what not to do, as the next Solar Decathlon will be held in both California and China in 2013. 

 

 2.3. Re-Assembly / Final assembly  
Sale of the house for the second and final time was eventually resolved by the University, and the house has been 
installed on a site in Waimarama, a coastal beach village in Hawkes Bay: a very appropriate location. Decking 
extents have been changed, as have landscaping, as one would expect in an adaptation to a new and unique site. 
The main difference is that the adjustable steel foundation system has been adapted to a permanently piled concrete 
foundation, with the house placed and assembled on top of this changed foundation exactly as it was by VUW. 
Progress on this site as a permanent dwelling took months, with some delays due to severely bad winter weather. 

The new owner of the house did not employ VUW for the erection and assembly of the building, and aside from an 
assigned VUW project manager during purchase and erection phases, the assembly in this case was by commercial 
builders and took notably much longer than the team of students accomplished during the competition (2-5 days to 
complete, between 660 to 1650 hours, as noted in 2.1 above). Total assembly person-hours from a team of 2-4 
experienced workmen working 40-hour weeks for 2-3 months give a very approximate total of between 640 to 1900 
hours spent. It is possible therefore that total hours spent on assembly is similar in both cases, but the hours were not 
accurately documented. An aim for future prefabricated housing assembly-time is for just two people to assemble the 
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house within a fortnight, for a total of 160-200 hours. This is not an unreasonable goal – in 2012, a modular 
construction company was observed in Wellington to erect a prefabricated school building in under 80 person-hours. 

 

3. CURRICULUM 
3.1. Teaching tool  
University involvement with the First Light House is therefore more or less at an end: there is some likely ongoing 
availability for measurement (being negotiated at a rate of one week per year or similar), to enable Building Science 
students to go to site and take measurements to validate their computer modeling of thermal values in housing. 
However, with the house being situated 5 hours drive away, and available for rent only at a high daily rate, interaction 
by students with the house is realistically going to be low, if at all. 

 

3.2. Curriculum integration 
Of more concern however is, so far, the lack of curriculum integration of the house into core architectural and building 
science subjects. This is in marked contrast to some of the schools of architecture in the USA where the importance 
of the Solar Decathlon as a valued learning experience is more fully understood. It is understood that in some US 
schools, the curriculum has been reformed, or centered around a possible school bid for - or successful entry into - 
the Solar Decathlon each two years. While this is outcome focused, it does concentrate the School's teaching on 
producing designers who know a lot about producing small, energy efficient, solar-powered housing. This is, 
arguably, not a bad outcome at all.  

Incorporating lectures about the house is one thing: incorporating knowledge learned is very different. The full 
knowledge gained is now resident within the students, ready for designing the next generation of homes. Due to 
minimal staff involvement, few of the current VUW lecturers have access to the knowledge gained. Indeed: no one 
person has all the knowledge. The four student’s master’s theses have in effect become the prime repository of 
knowledge gained. Key student Nick Officer notes in his thesis (2012) that it was not until September / October 2011 
that a clearly understandable assignment of management roles and responsibilities was achieved, almost two years 
after a structure was proposed by the students. Even more interestingly, Officer notes that:  

The foreign environment should have added additional stress to the project team, yet it was often talked about within the 
student group as the period of the project that was least stressful…   A removal from the academic environment could be in 
part credited to this success. The student team was no longer juggling class work with the project, and the environment in 
which the project had become such a part of was removed… [and] A growth in the responsibility of the student team was 
exhibited throughout the project [and] roles that had been nominated for professionals in the 2009 proposal had now been 
assumed by students. 

Of course, the best way of learning is by doing. As the option of a Solar Decathlon is not available to the school every 
year – or possibly, not ever again – then alternative practical means of education need to be devised.  

 

3.3. Future attendance at Solar Decathlon 
Education at VUW is aimed at producing a graduate with a far wider range of experience in design, with projects 
being undertaken such as train stations, art galleries, apartment blocks etc. Projects as small as an individual house 
are not concentrated on greatly (except for in 2nd year), and energy efficiency is not researched with great depth 
unless an elective in Sustainably Engineered Systems is being pursued: typically only by Building Science students, 
not students of Architecture. There is certainly more room for VUW to incorporate learning from the Solar Decathlon 
2011 competition, even if the university never wants to enter another Solar Decathlon competition again. The next 
available SD competition in the USA or China would be in 2015, as the date of entry for 2013 has already passed.  

 

3.4.  Alternative projects  
The Solar Decathlon is not, of course, the only route in which an architecture school can gain such practical 
experience, although it is the most pre-eminent one. The options that it offers, in competing with 19 other schools, 
and drawing from a crowd of hundreds or even thousands of other architecture schools, is a very different situation 
than can be offered in New Zealand, where there are only three schools, and where the government has significantly 
less deep pockets than the US Government has (the DoE puts in seed funding of $2million per competition - paid 
direct to the competitors - each time the competition is run, and there are numerous other costs).  A similar type of 
competition would be unlikely to ever run in New Zealand, nor in Australia. 

But there are other options. Unitec, in Auckland, runs a program (“Studio 19”) where one house is built per year, by 
specialist lecturer Dave Strachan, who is qualified as both an architect and a carpenter (The Big Idea, 2010). A small 
group of under 20 students is selected to design, produce full working drawings for and then construct the house, on 
campus, for later transport to the final client site. This process gains a more productive output for the selected 
students involved, learning carpentry crafts otherwise not experienced by architecture students and thus is an 
obviously intensive but hugely rewarding outcome for those involved. All costs incurred are paid by the eventual 
client, and at least one of these projects has gained an NZIA Award for Architecture. Strachan notes that:  
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The jury was fizzing about the fact it had been put together by these students. It really is awesome, because it is our 
industry, through the NZIA, acknowledging that this is a valued form of architectural education. It is quite a strong statement. 
This is the first time a project designed and built by students has been acknowledged by our profession. And of course, it 
actually stands on its own architectural merits. (Unitec News, 2011). 

On a similar wavelength, Unicol in New Zealand (a practical skills-based training college) also build a house or two 
per year, and auction them off for charity to cover costs. These houses are however designed by external architects, 
not students. Other options also include working for Habitat for Humanity, a Christian charity, who are happy to 
accept time and skills donated, so that students get some experience, but it is at a very much reduced level. 

In truth however, getting a group of students to design, detail, and build a transportable home, especially to the other 
side of the world, is a highly risky business - points that VUW no doubt dwelled over for considerable amounts of time 
before agreeing to the First Light project. In reality, such a process is best left up to commercial practices that can 
specialize in that area. 

 

4. PRACTICE 
4.1. Commercialisation  
As a practical construction example, the First Light house turned out remarkably well – no doubt much to the surprise 
of some. Use of a professional construction company obviously helped greatly - both in maintaining high quality 
output, but also in avoiding health and safety incidents. However, Mainzeal, while happy to help with that project, did 
not have a residential wing and thus had no interest in an ongoing construction relationship with the university 
regarding the house. For this reason, as well as others, VUW may have been better off to partner with Fletcher 
Construction, the largest supplier of building products in New Zealand, and a major industry force in the residential 
market. However, VUW showed no interest in commercializing the First Light house after the win in the US, and so 
while this could be viewed as a dead end, VUW did not appear to perceive this as a bad outcome.  

The four key students did not however believe that all that work had been completed just for the sake of a single 
competition. Firmly believing in the process - and the product - of a significantly prefabricated, energy-efficient home, 
with design values significantly higher than the existing competition, the four original students (Eli Nuttall, Nick 
Officer, Anna Farrow and Ben Jagersma) teamed up with registered architect Guy Marriage and formed a company 
to take it further: First Light Studio (First Light Studio, 2012). 

 

4.2. Prefabrication costs 
The Meridian First Light House was a one-off, designed specifically to meet the needs of a US competition, with one 
goal firmly in mind: to win in the competition. That it did win a place, and perform so well, is a credit to the designers 
but should not detract from the fact that the building would not have been cost-effective to produce en masse in New 
Zealand. At an estimated (competition) cost of USD $303,467 for the 75m2 one bedroom bach, the construction rate 
is $4,053/m2 which is far higher than what many would wish to pay. Judges in the Market Appeal contest had noted 
that “Whereas this house has a high pricepoint, the quality of the design and execution and the materials used make 
this a good value for the target market” (Farrow, 2012). Bell (2009) notes that prefabrication can save considerable 
amounts of time on site, but that it does not necessarily follow that the building costs will be less. None withstanding 
that the finished estimated build cost was for arguably New Zealand's most sophisticated and technically complicated 
small home ever: with a typically unsophisticated house in the NZ building industry having an average construction 
cost of around $1,700/m2 (with none of the advanced features that First Light House came with), any commercial 
version of the house would need to target a market at a significantly lower cost point than the competition version.  

 

4.3. Future of First Light 
Marriage notes in 2011 that “there is no doubt that a simpler, cheaper, and more versatile version of First Light could 
be rolled out to the wider NZ community.” The new company First Light Studio has therefore completely redesigned 
the house to provide version 2, which will have to offer more for less. It is planned to have two bedrooms for a start, 
and thus be slightly larger (90m2), while offering excellent thermal comfort. While the competition house did indeed 
have “the ability, almost unique in NZ, of having a fully adjustable foundation system that can cope not just with 
undulating terrain, but also adjustability to cope with settlement in areas struck by seismic activity” (Marriage, 2011), 
the expense of such a system is not needed for everyday housing that is designed to stay a lifetime in one place, and 
as such, the new foundation system will be cheaper, simpler, albeit without seismic adjustability and thus, sadly, less 
earthquake resistant.  

The construction method has been significantly simplified, and the modules have been changed to flat pack format, 
with the roof revised and greatly simplified. First Light Studio is in collaboration with a modular housing manufacturer  
to provide construction and installation of the revised house. It is no longer quite so appropriate for a university 
competition, but is now more suitable for the Kiwi dream home pocket instead.  
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CONCLUSION 
This paper has reflected on the outcome and running of the SD2011 competition and provides a commentary on the 
process of competing in the competition. It has summarized the competition results as well as acknowledging the 
transport issues of a shipping a house to and from America. The paper acknowledges the difficulties involved in 
integrating a project of this size into a university curriculum, and addresses the alternative projects that are being 
undertaken by other universities. The paper shows a glimpse of the issues that have arisen on the project, even if this 
is only a small part of the full story. Along with two previous papers (Marriage, 2010, 2011) this paper traces the 
evolution of the VUW First Light House from inception as a student project, through the construction of the house, 
and finally to the running of the competition entry in Washington DC. For further information, refer to the work of 
Nuttall, Officer, Jagersma and Farrow (all 2012). 
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