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ABSTRACT: The process of designing fit for purpose building structures is a complex task, which 
includes a requirement to comprehensively conceive their physical performance. While in the 
architecture programmes of many overseas universities building physics is anchored as a mandatory 
subject (usually taught over two semesters), in New Zealand building physics is solely offered at 
University of Otago as part of an Energy Management degree.  Architecture students in New Zealand 
remain however, largely ignorant of the applied science of building physics. It therefore seems that 
architecture educators in New Zealand, in contrast to many of their overseas peers, consider building 
physics to be dispensable.  
 
This paper questions the justification for this. It elaborates on the importance of proficiency in building 
physics for meeting contemporary architectural challenges like affordability, peak oil and climate 
change. It argues that New Zealand is at the cross roads.  It needs to either cement building physics 
firmly in the architecture curriculum or, alternatively, limit the responsibility of architects to aesthetices 
and spatial layout.  It is believed the former direction will equip students with a better understanding of 
the built environment and enable them to respond to assignments more appropriately. 
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1 INTRODUCTION 

I am sure many other architects are doing the same thing and that all of us are probably repeating each other's mistakes. If 
one of us finds the answer, the rest won't know about it. Yet, even if you created a fine piece of architecture, it's a terrific 
black mark against your reputation when a simple thing like a leak occurs. 
Max Abramovitz, project architect of the United Nations building in New York in: Abramovitz, M. (1949) Proceedings of the 
University of Illinois conference on architectural education, February 21-23, p 134 

 

Anecdotally, building science, and the physical aspects of it in particular, played a more significant role in the architec-
ture curriculum of New Zealand's universities in former times. Over the years, though, elements of building science 
leaked out of the architecture education. Leaking of houses dawned as a major crisis simultaneously. Architecture 
educators in New Zealand are now left with two cardinal options: reversing the trend, and putting renewed emphasis 
on the technologies and sciences in the syllabus, or conceding withdrawal from this aspect of design by reforging the 
role of architects as being responsible for spatial qualities, solely. 

Architecture reacts to bounds set by many other disciplines. Economy, engineering, law, natural and human sciences 
are the confines within which design has to unfold. Design thereby is understood as the quest of creating a response 
to a set of aesthetic and functional objectives, an iterative process of synthesis and analysis. If the desired outcome 
involves physical objectives - it is suggested that this is almost always the case with architecture - physical consid-
erations must be part of the design process. Whilst architects do not need to be experts in all above mentioned 
disciplines, they need at least an accurate map to navigate between them. In New Zealand, this map currently con-
tains the label "Here be Dragons" where building physics should be located. Hazards remain unrecognised, and 
chances untapped. This is particularly troublesome when applied to the building envelope, as success or failure of a 
building is often determined there. Grand designs may collapse like a soufflé under a prematurely opened oven door, 
when their building envelope is leaking water or energy. 

This paper suggests to populate the map with clear features and a legend, allowing for a successful exploration of  
options to address design issues. At the very least this map should give an indication where strong currents, sub-
merged rocks and harbour bars are - to clearly indicate where extra care is needed! Building physics tuition provides 
the education needed for reading this map. 

The revised (2005) charter for architectural education as compiled by the UNESCO and the International Union of Ar-
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chitects (UIA), requires architectural education to convey: 

An adequate knowledge of physical problems and technologies and of the function of buildings so as to provide them with 
internal conditions of comfort and protection against the climate. (p 3) 
 

A similar requisite is given by the Commonwealth Association of Architects (CAA) in their Procedures and Criteria for 
Qualifications in Architecture, Recommended for Recognition by CAA (2007). Here, it is accepted that students need 
to develop frameworks of knowledge and understanding regarding how: 

a building behaves environmentally and the ecological and resource implications of that behaviour and its relationship to the 
comfort and activities of the users of the building; (p 11) 
 

Both articulations allude to core content of building physics teaching. In New Zealand's architecture programmes, 
these issues may be touched upon in design or building technology classes; yet, being able to appreciate the 
interplay of comfort, buildings and milieu requires more than fleeting exposure to building physics expertise. Arguably, 
architects should at least have a skill level enabling them to engage in a professional dialogue with building scientists, 
and especially develop an awareness as to when this discourse is necessary to produce outcomes that meet the ex-
pectations and needs of their clients!  

New Zealand's Institute of Architects gives this description of members of the profession: 

An Architect combines creative design with a wide range of technical knowledge to provide integrated forms for the built and 
natural environments (New Zealand Institute of Architects, n.d.). 
 

Whereas the statement acknowledges a role for technical knowledge, it also perpetuates the misleading dialectic of 
design and technology. Design in fact rests on the two legs of art and technology. Without technology, only art re-
mains. The paper postulates that current graduates are almost exclusively standing on the art leg of this combination, 
leading to outcomes that have their place rather in a museum than in the streets, as - while these designs may be 
aesthetically pleasing - they are not fit for a purpose. Graduates in general have not obtained adequate knowledge of 
technical matters, or tested their designs in this regard.  

While other natural sciences are useful to create fit for purpose buildings as well, physics is the most prominent. It is 
intrinsically interwoven with technology. The paper thus argues the case of building physics. It also proposes an 
alternative scenario for the architectural education in New Zealand. 

2 BUILDING PHYSICS 
Building physics is a component of building science. As such, the terms cannot be used synonymously. Building sci-
ence has a broader scope, encompassing all subjects related to buildings with a claim to be "scientific", whereas the 
applied science of building physics focusses on hygrothermal, acoustical and light related properties of building 
elements. In some countries, fireproofing of buildings is seen as an additional subject of building physics. As such, 
building physics sits at the crossroads of physics, building services and building construction (Hens, 2007). 

Physics can etymologically be traced to the Greek physis, meaning nature. Building physics indeed looks at aspects 
of buildings in relation to natural phenomena. 

However, building physics does not cover all physical problems associated with buildings. Structural calculations for 
example are usually not included in the subject, yet structural requirements are one of the constraints that building 
physics needs to include in considerations. Other parameters that building physics must respect are human comfort 
and health, design and material related restrictions, as well as ecological and economical cues. 

The loads building physics cares about are predominantly situated at the building envelope, and the result of a differ-
ence between outdoor and indoor conditions. Unsurprisingly, this is the locus where many New Zealand buildings are 
failing (Cupples et al., 2007; Howden-Chapman et al., 2005; Howden-Chapman et al., 2007; Clark et al., 2005). 

2.1 The building envelope 

The appearance of a building is largely defined by its envelope. But aesthetics cannot be the sole purpose of 
façades. Additionally to its determination of energy consumption and indoor noise levels, the building envelope has to 
play other roles. The ratio of opaque to glazed area for instance affects the level of satisfaction and privacy of occu-
pants through the availability of daylight and view. But whether it be fully glazed, fully opaque or something in 
between: the building envelope rightly has to be a clear demarcation line.  

The general strategy for a comfortable, energy efficient building can thus be summarized as optimising this 
separation between indoors and outdoors. This does not sit well with indoor-outdoor flow propaganda, and l’esprit 
nouveau notions of de-constructing the barrier between a building and its environment. True enclosure however is 
needed to shelter occupants from the imponderables of the great outdoors. Often overlooked in the desire to open up 
façades is the fact that an only notional circumference utterly fails as a semi-permeable membrane, allowing a 
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bidirectional appropriation: not only are the living quarters extended to the outside, but elements and creatures are 
invited in as well. Designing for indoor-outdoor flow, as often encouraged in New Zealand design teaching, may thus 
have trade-offs like loss of privacy and comfort, intrusion by contaminants, insects and rodents, and other forms of 
leakiness. Building physics deals with optimising the building envelope to attenuate impacts of natural elements, to 
use them where possible, while maintaining an indoor environment fit for human occupation. Thorough knowledge of 
material properties, calculation procedures that represent processes realistically, and proper detailing are the main 
tools for this. The author of this paper observed while teaching undergraduate and postgraduate architecture students 
at New Zealand universities that all three aspects are neither sufficiently understood by the student body, nor - when 
in isolated cases well addressed - adequately rewarded. Many architecture students in New Zealand graduate never 
having detailed a joint, or representing the building envelope with more than a pencil stroke. This unduly prioritises 
the aesthetic component of the building envelope, while leaving all functional requirements of it unresolved. Much 
more effort is put into designing outdoor clothing - a contraption with a significantly shorter expected performance 
time, and comparatively minuscule cost. 

No wonder, then, that New Zealand's building sector stumbled into a multi-billion dollar crisis. The leaky building saga 
cannot be attributed to certain building materials or styles (which work satisfactorily in similar weather conditions 
overseas). It can however be attributed to designers refusing attention to detail. 

2.1.1 Energy efficiency 
The building envelope is also the place where the energy efficiency of a building is established. Currently, the contri-
bution of space heating to New Zealand's greenhouse gas emissions is quite low. The percentage of the residential 
sector of the overall energy consumption is only 13% (Ministry of Economic Development, 2005), and space heating's 
share is on average 34% of this (Isaacs et al., 2006). Efficiency improvements of the building envelope would thus 
not have a marked impact on New Zealand's greenhouse gas emissions. This is partly due to New Zealand's unique 
emission profile, which is dominated by agricultural greenhouse gas emissions. It is however also owed to the very 
low degree of space conditioning in New Zealand houses, where room temperatures below 16°C in winter are no ex-
ception. The World Health Organization recommends that indoor temperatures be no lower than 18°C for healthy 
adults in their prime, and above 20°C for everybody else (World Health Organization Regional Office for Europe, 
1987). International comfort standards also set 20°C as the minimum for winter comfort (American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers, 2004; ISO 7730, 2005). If all houses were heated to interna-
tionally excepted standards for healthy and comfortable living, space heating's contribution to the country's emission 
profile increased considerably. And lifting indoor air temperatures is inevitable to rid New Zealanders from the bane of 
an appallingly high excess winter mortality rate (Isaacs & Donn, 1993).  

Fuel poverty is an underlying reason for inadequate heating, and it affects large parts of the New Zealand society 
(Lloyd, 2006). It is therefore paramount to optimise the building envelope regarding its performance for the provision 
of habitable spaces, where healthy indoor conditions can be provided with minimal energy input. The negative effects 
of a poorly designed building envelope will otherwise exacerbate the current negative tendencies in the light of a 
looming peak oil crisis. 

In non-residential buildings in New Zealand, cooling loads can easily dominate the energy demand. Design thus has 
not only to deal with the cold seasons, but to provide convincing solutions for summer comfort as well.  

The time for trialling concepts to improve the performance of the building envelope has run out. Existing, very suc-
cessful, strategies need to be comprehended and employed, and mistakes must not be repeated: As a reaction to the 
energy crisis of the 1970s, increased insulation was utilised in European building envelopes. This however led to un-
expected negative consequences in some cases. Moisture build up in interstitial cavities was at first attributed to dif-
fusive processes, and ventilation layers seen as a solution. This is still the standard recommendation in New Zealand. 
In Europe however, it was later discovered that a lack of airtightness is the main driver for interstitial moisture prob-
lems. Additionally, ventilation is not necessarily the best way of dealing with this form of moisture ingress. This is 
insufficiently understood in New Zealand, with the potential consequence of repeating costly aberrations. By now ad-
vanced modelling software allows to gauge the performance of the building envelope in any chosen climate. These 
instruments need to be understood and utilised to apply lessons learned overseas to the New Zealand context. 
Building physic skills are needed for this, and universities the place to acquire them. 

2.1.2 Indoor environmental quality 
Indoor environmental quality, defined as encompassing indoor air quality, thermal, visual and auditory comfort, is a 
core concern of building physics.  

The quality of indoor air can be determined through the level of contaminants, smells or visual impairments that are 
harmful or give rise to discomfort. This quality depends on the quality of the outdoor air as well as on the strength of 
emissions from indoor sources. Thus, while indoor air quality is not entirely predetermined at the building envelope, at 
least the outdoor fraction of the pollution is directly affected by its quality. Only an airtight building envelope further-
more allows for an efficient and effective ventilation regime. Moreover, mouldy building envelopes will undoubtedly 
impact on indoor air quality, and subsequently the health of their occupants. Thus, they have to be prevented at all 
cost. Building physics simulations are indispensable to test design proposals in this regard. 
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Thermal comfort is a precondition for human well-being, as well as a component of healthy living conditions. In the 
absence of thermal comfort, stress symptoms occur, with associated negative health effects. 

Thermal comfort is highly valued; for example, in a study with low income households in the Hutt Valley, a large per-
centage of households were prepared to trade-off potential energy, and thus monetary, savings for higher indoor air 
temperatures (Howden-Chapman et al., 2009). Thermal comfort is largely determined at the building envelope. Insuf-
ficiently insulated or leaky building envelopes cannot fully be compensated by building services, and all attempts at 
doing so are inevitably wasteful and costly. 

The exclusion of outdoor noises is likewise a performance criterion for building envelopes, and thus a concern of 
building physics. 

To summarize: advanced understanding of building physics problems, in congruence with a pleasing aesthetic, is ne-
cessary to design a building envelope fit for the purpose of providing future-proof, habitable spaces. 

2.2 The link to building construction and detailing 

Building physics is not an abstract discipline. It deals with matter: building materials in an assembled form. The way 
components are put together naturally influences the performance of a building element, and reflects on the required 
properties of materials used to achieve a physical outcome. Building physics thus has to be viewed in the context of 
building construction, which is nothing other than design. The author of this paper experienced more than once that 
architecture students at master level had no concept of the relative difference of physical properties of basic building 
materials (like reinforced concrete, timber and steel), nor were they able to assemble materials in any meaningful way 
to form a functioning building element. Building construction is in New Zealand thus usually left to the builder, who 
may or may not have the training to translate a proposal for a sculpture into a building fit for purpose. Architecture 
graduates of New Zealand's universities will in many cases not be able to supervise the implementation, as they are 
typically lacking the skills to do so. Detailing should be the architect's forte in a dialogue with other building experts, 
like building services and structural engineers, as it truly is a design task. Yet many a graduate gets away with not 
ever having designed a joint in an appropriate scale in the course of their study. To do detailing properly, material and 
building physics skills are required. What is more, building physics has the toolboxes to test design proposals. 
Unused, all detailing remains in the realm of guesswork.  

2.3 Critical evaluation of design 

How do we evaluate design in student presentations? Design proposals can be put to tests: Does the design meet 
aesthetic requirements? Does it meet any functional requirements? Is it fit for the purpose? Students are usually not 
required to proof any of the hypotheses they are presenting with their drawings and models. The reception of their 
presentation comes back to a well presented narrative, and how colourful a picture they are rendering determines 
whether examiners follow and reward their proposals. The architecture education thus fosters skills in illusionism 
rather than sound academic practice. This can be traced to two phenomena: students usually get away with bold, un-
substantiated claims, and they are lacking the skills to do a proper job in establishing the performance of their design, 
as the basis for this is not sufficiently taught. 

3 THE ROLE OF BUILDING PHYSICS IN THE ARCHITECTURE CURRICULUM - 
INTERNATIONALLY AND DOMESTICALLY 

Building physics is an integral element of the architecture curriculum in German speaking countries (Germany, Aus-
tria, Switzerland and Liechtenstein), and taught widely in other European and South American regions. Most uni-
versities that offer an architecture education have a building physics chair, sometimes coupled with building techno-
logy. Undergraduate students in those countries are usually required to gain building physics credits to the equivalent 
of two semester classes. Stuttgart and Weimar universities are offering a Master of Building Physics programme. Er-
furt University offers a Master programme with an emphasis on Passive Houses, including the thermal building phys-
ics skills necessary to successfully design very energy efficient buildings. The degree of exposure to building science 
and technology traditionally varied in countries like Germany, France or Italy, depending on where the education was 
sought. In Italy, there is a differentiation between academy (less) and polytechnic style universities, the equivalent of 
which are Technical Universities or Universities of Applied Sciences in Germany. From the author's teaching experi-
ence, this differentiation is however at least in Germany no longer specific to the type of institution, but rather determ-
ined by individual faculties. Rarely however are technical aspects of design as under-represented in the architecture 
curricula of central European universities as they generally are in New Zealand, Australia, the United States and Eng-
land.  

With the teaching comes the research. Building physics chairs are often involved in an extensive research pro-
gramme, with results being absorbed by industry and regulatory bodies. Yet, recently, building physics chairs united in 
the Permanent Conference of Building Physics Professors at European Universities and the Permanent Conference 
of Building Technology Professors in Germany published an open letter addressed to science ministers and university 
chancellors (Ständige Konferenz, 2010), in which they express a concern regards a perceived tendency to 
amalgamate the respective chairs. The above mentioned associations are convinced that to reflect the growing im-
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portance of their disciplines, both chairs are not only needed, but should - in the interest of the goal of sustainability - 
rather be developed further. From this, it can be taken that the role of building physics is by no means sacrosanct at 
central European universities, and that sustaining the significance of building physics and technology in an architec-
tural education is an uphill battle in Europe as in other parts of the world. 

In New Zealand, research in the architecture departments of the 3 institutions offering an architectural education is 
only marginally concerned with applied building science or construction. The main provider of construction and 
building science research is the building and construction industry through its building levy sponsored research 
institution, BRANZ. 

None of the three universities that offer an architectural degree in New Zealand include building physics in the cur-
riculum. Needless to say that there are no respective chairs at New Zealand universities, either. Building physics is 
only offered at University of Otago as part of an Energy Management degree. Architecture students in New Zealand 
however remain in their majority ignorant of the applied science of building physics. Only one New Zealand university 
(Victoria University of Wellington) runs a Building Science programme. Links to the Bachelor of Architectural Studies 
exist on an introductory level, and interdisciplinarity is generally valued within the programmes. Nonetheless, building 
physics is not a subject in Victoria's architecture programme. The syllabus of the other two New Zealand institutions 
offering architecture degrees does likewise not contain building physics explicitly, though traces of it may be embed-
ded in other subjects. 

Whilst architects cannot be expected to be building physics experts, they need enough skills of the matter to be 
aware of their own limitations, which will occasionally result in an acknowledgement that a project demands the 
involvement of a specialist. When the challenge allows to proceed on their own, they have to know about tools and 
methods to come up with tailored solutions for building physics problems. Some architecture students might even 
want to specialise in building physics. 

From the author's limited experience of teaching building physics classes at university in New Zealand, many stu-
dents cherish the insights gained, as they add meaning to their design. To be even more pregnant, though, building 
physics needs to be integrated in design studio teaching, and tackle the issues raised there. 

4 DISCUSSION 

I believe that almost all students of architecture enter school wanting to acquire a broad technical competence in structures, 
materials and methods of construction, and environmental control systems for buildings. They want to learn to design 
elegant structures like those of Santiago Calatrava. They want to learn to use materials as creatively as Renzo Piano. They 
want to become masters of daylighting and natural heating and cooling. By the end of their first year, we have educated this 
desire out of them. By the end of their first year, they believe that studio is important and technical classes are not.  
Edward Allen (2005) Topaz Medal Speech, available at 
http://www.sbse.org/announcements/documents/TopazMedalSpeech.pdf  

 

As Cheng (2006) rightly notes: it is uncertain how "input" in architecture schools translates into "output" in architectur-
al practice, and thus shaping the trajectory of exploration is a more noble cause than spoon-feeding architecture stu-
dents knowledge. Yet, every projectile has an origin. How are graduates supposed to develop an interest in things 
they are not even aware of? Moe (2007) argues that architects need an operational understanding of the physicalities 
and materialities, as well as of the benefits and limitations of technology to develop reliable concepts of sustainability. 
Technology, in his view, is by now human nature, and as such needs to be core content of an architectural education 
that cares about human beings. Yet, as Friedman (2007) remarks on the example of architectural education in the 
United States, content addressing the concrete realities of building is steadily escaping from architecture curricula. 
The same phenomenon can be observed in New Zealand. 

In the traditional view, architects are the unifiers of art, science and technology. In some countries like New Zealand, 
however, the balance was incrementally shifted towards the arts. Science and technology have subsequently leaked 
out of the architecture curriculum, with technology being largely left to the trades to sort out, and science to off-cam-
pus research establishments. Inevitably, this entails a degradation. Clearly, this vacuum is intolerable for everyone in-
terested in a fit for purpose build environment. Hens et al. (2001) propose to formalise this split, yet lifting the status 
of building science and technology again by introducing a new academic education to fill the gap, they call building 
engineering. This education is supposed to be similar to civil engineering, but with an exclusive focus on buildings. 
Building engineering would have an emphasis on the building sciences. Architects' role would consequently be re-
duced to being sculptors of buildings. This split would be a logical continuation of the historical development. Archi-
tecture and civil engineering emanate from the same root, and the eventual division can be attributed to a growing 
complexity of the tasks. Contemporary challenges have certainly added to the complexity, thus a growing specialisa-
tion seems warranted. Yet, a split takes away the control of the building project from the architect. It is left unclear 
where it is supposed to rest instead. Hens et al. propose design teams in response. A way for architects to retain 
some control may then be by assuming the role of team leader therein. However, the concern remains that design 
solutions created this way are corrective rather than generative, unless an exceptionally well adjusted team is 
established. 
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In Sweden, the role of architects is already confined to form and shape of a building, and consultants are responsible 
for its technical aspects (Burke & Yverås, 2004). But these consultants are perceived to increase the cost of the 
design, plus architects are not always aware of the necessity to consult. As a result, moisture problems are a persist-
ent issue in new houses in Sweden (Burke & Yverås, 2004). Thus, the split does not seem to have produced a desir-
able outcome there.  

The UNESCO/UIA charter for architectural education (2005) in contrast suggests to further diversify the architectural 
education itself. It is easily conceivable to allow for a specialisation in building engineering within an architectural edu-
cation. This entails the advantage of architects preserving the pivotal role in the building process, integrating the 
contributions of all experts into a whole, without the need to hold a team responsible for the result, including all the 
pitfalls of a blurry ownership of problems. In this model, though, it might be necessary to involve other architects with 
other specialisations in a project. The common ground however, and thus the basis for integration, will be larger 
among members of the same discipline, going back to the same incubators. Yet: regardless of the prospect of 
collaboration: architects need at least be enabled to proceed to a future specialisation by laying the foundations 
during an architecture education. 

Finally, building physics and detailing should not be taught in isolation. They are an integral part of a valid design pro-
cess, and as such their place is in the design studio. This however requires either an upskilling of design tutors, or the 
ideal team discussed above as educators. 

CONCLUSION 
Maintaining that architects are responsible for technology, but not enabling students to gain the required skills for the 
job amounts to negligence. Architecture educators have to make a decision on the role of architects, and provide tu-
ition accordingly. If architects are viewed as being responsible for the aesthetics and spatial qualities of a building 
project solely, the current education might suffice. The gap that is left then has to be filled by another academic dis-
cipline. If however, as recommended here, technology is seen as architects' responsibility, at least the seeds for the 
successful mastering of this task need to be sown in the architectural education. Building physics provides the tool-
box necessary for making sense of details, and the technical aspects of design. It should thus be taught in studio, as 
an integral part of the design education. 

In addition to education, it would be worthwhile to introduce a review cycle: putting architectural hypotheses scientific-
ally to the test, with published third party post occupancy evaluations. There is currently no institutionalised way of 
learning from each other's mistakes in architecture, and all too often architectural successes are celebrated solely 
based on picturesque renderings. If architecture has the intention of fitting humans, this purpose cannot seriously be 
met with an illustrated fairy tale. How to design a building that satisfies human needs must be debated, tested, and 
the outcome of these deliberations must be taught. Architects need to raise the bar of architectural practice by instig-
ating third party, post occupancy evaluations of their hypotheses. Every design remains speculative until it was suc-
cessfully tested. We are currently lacking these checks. Failures and successes can only with these controls become 
the yardsticks for architecture students! 
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