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SUMMARY 
Building designers continue to confront the opposing demands for increased performance from 
building services and for reduced impact of the building on the environment.  New design philosophies 
and skills enable the generation of superior solutions to those created with conventional philosophies.  
Several emerging trends discussed include: - 

• the responsibility to integrate architectural & engineering values 
• the shift in philosophy from “provision of equipment” to “provision of a benefit” 
• the task of assessing the contributions from renewable energy sources  
• the use of sophisticated simulation programs in modelling these new tasks and philosophies 

These trends hold great promise in assisting designers to create high performance, environmentally 
conscious facilities.  
 
THE THIRST FOR FOSSIL-FUEL POWERED SERVICES 
High performance1 facilities are a relatively recent phenomenon. Comparisons of floor plans between 
the 1920’s and the 1960’s demonstrate the departure from naturally lit, naturally ventilated facilities to 
floor plans with central zones, artificially lit and climate controlled. 

        
Figure 1. Comparison between the Strauss Building (1924) (left) and the Cummins Engine Inc Building 
(1961) (right) 
With the diminishing of perimeter ratios and the ever-extending capabilities of air conditioning and 
artificial lighting, there appears to be a diminishing of the study of a façade’s thermal and lighting 
performance. From a “sizing equipment” perspective, the impact of insulation, shading, thermal mass 
or daylight became less significant considerations alongside the growing [servicing] needs of offices.  
 
The increasing demand for higher level of services was evidenced in the NMFS HLRP, where 
information supplied by the majority of users requested individual offices capable of simultaneous 
operation of two computers and a printer.  The function of these spaces was envisaged such that one 

                                                 
1 For the purposes of discussion, the term “high performance” refers to those facilities where extremely high levels of building 
services are required by occupants in order to achieve building operation and function.  Examples include hospitals, 
laboratories, and “high technology” offices. This is in contrast to some forms of sustainable architecture where extremely low 
environmental impact is achievable if the occupant can accept somewhat lower levels of service, often only for brief periods 
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computer would be continually involved in processing data, while the other computer is used for report 
writing and printing, and communication. Some offices were required to serve a further laboratory 
function (eg. the dissection of fish remains).  A representation of the historical progression of 
increasing internal heat gains is provided in Figure 2. 
 

       
Figure 2 Progression from naturally lit/ventilated offices, to modern offices, to high performance offices. 
Many high performance buildings have specific, significant HVAC performance demands.  The 
simultaneous maintenance of the air temperature, humidity, cleanliness, pressure, and air velocity 
within set limits despite severely fluctuating ventilation rates remains a key challenge to HVAC design 
in laboratories as for art galleries, libraries, computer-intensive offices, and hospitals.  
 
IMPACT OF ENERGY CONSUMPTION UPON THE ENVIRONMENT 
The history of energy use per capita has remained relatively static, until the successful 
commercialisation of air conditioning and vertical transportation allowed the A/E team to provide large 
facilities of greater comfort, greater spatial efficiency, and greater capabilities for lighting and electrical 
tools.  
 

 
Figure 3 1930-1950 saw the rise in power consumption as result of air conditioning.  

Source BSRIA 1999. 
 
Amongst other things, Figure 3 portrays the differences between developed countries and developing 
countries. It also portrays the simultaneous destruction of eco-productive area. The year 1990 is 
highlighted by the author to draw attention to a point of time when the world as an average may have 
become unsustainable. 
Continuing world wide population growth and technological achievements have led to significant 
depletion of natural resources, land and water pollution, global warming, and isolated incidences of 
climate change1.  The built environment represents approximately 40% of the world’s energy use2, of 
which the overwhelming majority is provided by fossil fuels.  In recognition of the need to create 
sustainable building practices, governments around the world have moved to introduce rating 
schemes that attempt to quantify a building’s performance in terms of the total impact of the building 
upon the environment.  Examples include the LEED scheme (United States), BREEAM (United 
Kingdom) and Nat HERS (Australia).   
The NMFS HLRP was designed to meet the requirements for a Gold rating in the LEED scheme.  



COMPARISON OF CONVENTIONAL TO ALTERNATIVE APPROACHES 
The following table is meant to summarise the essential differences between a conventional approach 
and an alternative approach utilising some emerging trends:- 
 

CONVENTIONAL APPROACH ALTERNATIVE APPROACH 
• Separate responsibilities for architects and 

engineers 
 
 
• Building fabric performance by architect.  
 
 
• Opportunities and threats provided by the 

site are primarily addressed by the 
architect. 

 
 
• Equipment selection by engineer 
 
 
 
 
 
• Engineering activities focused on provision 

of equipment. 
 
• Engineers provide cooling equipment and 

light fittings. 
 
• Equipment is selected for a singular worst-

case scenario. Design is not sensitive to 
the quality of weather data. 

 
 
 
• Equipment solves problems. 
 
• One piece of equipment can have several 

conflicting roles. Where failure from conflict 
could be experienced, it can be fixed by 
over-sizing equipment. Equipment 
arranged to solve operational problems. 

 
• People are the same. Where air 

temperature is within range and a 
complainant is too hot or cold, that person 
must be outside the statistical boundaries 
upon which the system design is based. 

 
• Sizing tools are required. Energy analysis 

is less important.  
 
 
• No requirement for modelling or simulation 

of airflow  
 
 
 
• Documentation focussed on procurement 
 

• Sharing of responsibilities for architects 
and engineers – both are responsible for 
comfort, light and energy consumption. 

 
• Building fabric performance is a shared 

responsibility 
 
• All parties react to the features of the local 

environment – good views, prevailing 
winds, availability of sunshine, weather 
profiles. 

 
• System selection is a shared 

responsibility, reflecting architectural 
concerns and the capacity of the 
architectural role to influence 
performance.  

 
• All A/E activities focussed on providing a 

benefit. 
 
• The A/E team provides comfort and light. 
 
 
• Profiles are utilised to determine system 

selection. These profiles allow the 
accurate consideration of the potential for 
renewable energy. Weather data quality is 
important 

 
• Equipment is a problem. 
 
• Systems are de-coupled so that they don’t 

affect each other’s performance. They are 
arranged to operate at their most efficient 
point. 

 
 
• People are different. Systems should 

accommodate the variety in people. 
Thermal conditions are defined in terms of 
comfort, not the air temperature. Individual 
control is given greater importance. 

 
• Simulation tools are required to provide 

profiles for energy, light and comfort. 
Sizing is a by-product of that analysis. 

 
• Provision of a benefit often includes CFD 

modelling (for example, determining the 
interaction of a laboratory ventilation 
system with the room shapes.) 

 
• Documentation focused on 

commissioning. 
 



DISCUSSION OF ALTERNATIVE TASKS FOR ARCHITECTS IN HP/EC DESIGN 
 
Che Wall4 describes an alternative approach to building design, particularly relevant for the high 
performance, environmentally conscious facility.  He writes “Essential to achieving these goals [of 
economic and environmental sustainability] is an integrated design approach where the thermal and 
visual considerations of a building are considered in conjunction with its economic impact and other 
issues related to good architecture and planning”. 
 
The NMFS architects (Ferraro Choi & Associates) undertook integration at a philosophical and 
schematic level. Co-ordination of light shelf benefits and other features required interaction between 
the consultants, directed by the architects. Of most value was the ability of the architect to weigh the 
concerns of the various consultants (in financial and functional terms) and provide integrated solutions 
consistent with the brief.  
 
Global trends in other fields, demonstrate there is a shift away from “provision of a product” to the 
“provision of a benefit”3,6. Provision of a benefit may take the form of social interaction, thermal comfort 
or light or fire safety or energy efficiency. This was evident in the NMFS design process5 where the 
neighbouring stream provided spaces for social interaction and the orientation strategy.  An alternative 
role for architectural professionals is the direction and integration of benefits. Often this results in an 
improved services performance for a perimeter space compared to one where benefits are provided 
by products only.  
 
This also highlights the need to fully “commission” a building – that is, leave it in a state where the 
occupant is satisfied. For the NMFS, it required a definition of satisfaction. Occupants defined exactly 
how they used a space. One result of this was that for extremely brief periods, exceptional levels of 
service (i.e. higher than conventional) were required in the laboratories, yet for most other times a 
lower-than-conventional service was required. This emphasised the capabilities of solar-assisted 
systems to provide HVAC benefits and the opportunities for occupant-control.  
 
COMPUTER SIMULATED REALITY FOR NMFS 
Alternative tasks and philosophies require alternative design tools. The NMFS required the following 
design tools to achieve its goals: - 

• Radiance, for the assessment of daylight contribution throughout the space. 
• Thermal Analysis Software (TAS), for the assessment of comfort throughout the space.  
• Phoenics (CFD), for the assessment of airflows. 

 
Radiance modelling allowed the lighting design engineers to determine whether the proposed light 
shelves permitted direct solar glare onto the work-surface during occupied times. Modelling 
determined that the HVAC systems did not need to cater for the simultaneous operation of artificial 
light and peak diffuse solar radiation for external offices (Figure 4).  
The architect devised the multi-bladed design that simultaneously reflected light into the offices while 
shading the glazing.  The engineer “decoupled” the design by allowing light switches to compensate 
for the daylight contribution. The architect and engineer co-operatively worked the task/ambient 
lighting system into the furniture and the ceiling (Figure 5).  

 

Figure 4 Artificial light not required for ambient   Figure 5 Sizing of lighting at night.  



TAS was used to generate profiles of air temperature, relative humidity and mean radiant temperature 
for each zone. It was used to assess the effectiveness of the light shelf scheme in shading solar 
energy. This was then used in comfort calculations to determine the ability of the proposed equipment 
to provide a thermal environment with a Predicted Mean Vote (PMV2) of –0.5 [standard deviations]. 
Elements of the building fabric (colour, insulation, mass) were modelled to determine their impact 
upon the comfort equation. 
 
The following table compares a conventional HVAC solution [VAV] with an alternative solution [radiant 
cooling]. 

VAV APPROACH RADIANT COOLING APPROACH 
 
 

 
 
VAV cooling requires cooler air temperatures to 
achieve equivalent degrees of comfort. The 
conventional designed system was only capable 
of providing a space “slightly cool”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Only programs that calculate mean radiant 
temperatures can provide comfort assessment. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Radiant cooling on these parameters is 
capable of more variety in conditions than 
VAV equivalent. It is capable of providing a 
space that is “cool”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The motion detector shuts off the equipment 
when the occupants go to lunch. This creates 
more impact for radiant cooling than VAV. 
 

                                                 
2 Note that the negative number reflects that the more people will find this cooler than comfortable. Such a PMV allowed 
occupants with comfort preferences towards lower temperatures to be satisfied. 



VAV APPROACH RADIANT COOLING APPROACH 
 
 

 
VAV cooling requires more dehumidification 
cooling energy than the radiant cooling scheme.   
 
Chillers providing cooling energy operate on an 
average COP of 5.0. Chillers selected to provide 
significant dehumidification duty. Operating point 
is not most efficient. 
 
Total energy penalty for VAV over radiant 
cooling alternative is an additional 35% fossil-
fuel energy per annum for a lesser degree of 
comfort and flexibility. 
 
Standard analysis [CAMEL] cannot indicate 
match between solar or other renewable energy 
sources and the thermal needs of the space. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Radiant cooling on these parameters requires 
less cooling capacity than VAV equivalent. 
Radiant cooling is more sensitive to solar gain 
than to transmission. The advice for fabric 
design is that effective shading is more 
important than insulation.  
 
Chillers “allowed” to operate the most efficient 
point. COPs reach 8.0.  
 
The dehumidification profile above has a good 
match to solar radiation profile. This matching 
of profiles motivated the engineering team to 
consider solar dehumidification systems. 
 

 
TAS was used to model sun paths (refer Figure 6) and to comment upon shading schemes. TAS 
allowed the full benefits of the shading provided by orientation to be accounted for.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Shadow modelling from TAS. 



Phoenics was used to simulate the displacement system’s maintenance of Foyer conditions. After 
discussions with the architect, it was decided that the Foyer would have two modes of operation – 
firstly as a transient space where occupants crossed through the Foyer to enter the building, and 
secondly as an exhibition space. In transient space mode, the Foyer space was tempered to 260C at 
head height, while in exhibition mode it was cooled to 230C at head height. Refer to Figure 8 for a 
colour plot portraying the temperature distribution in exhibition mode.  
 
The selection of the Foyer scheme required considerable discussion and modelling to demonstrate 
that the required comfort performance could be provided, without having to maintain such a large 
glazed space cool throughout it’s entire volume at the conventional 230C. The other feature of the 
planning was that the Foyer acted as a buffer between tightly controlled laboratory spaces and the 
outside environment.  

 
Figure 8 Foyer in exhibition mode. Note that only the occupied zone is conditioned. 

 
Figure 9 Containment of pollutant generated within fume hood. 



Phoenics was also used to model pollutant containment within the fume hoods and air velocities within 
the laboratory. Figure 9 displays the flow disturbances of people standing in front of the hood and of 
the room shape. 
 
LESSONS LEARNT 
 
Several valuable lessons arose from the NMFS design process: - 

• Integration on a philosophical level can have far more benefits than on a spatial level. This 
was evidenced particularly in the building orientation and façade development of the NMFS.  

• Interdisciplinary co-ordination has become more important for architects in HP/EC facility 
design. A key debate during the NMFS process was the typical height of the ceiling. The 
conflict between minimising heat gains while exploiting daylight was resolved through façade 
development by the architect. 

• The philosophy of “Provision of a benefit” alters many design decisions. For HVAC systems, 
this means incorporation of comfort simulation as a task. In this particular area, the influence 
of architects can be significant as they specify the relative proportions of vapour barrier, 
insulation, thermal mass and layout. 

• The differences between a sizing approach and a simulation approach are significant. If the 
A/E team is commissioned to provide HP/EC design, simulation is what dictates sizing. 

• With non-conventional measures, the benefits must be clearly defined in functional and 
financial terms if the A/E team is motivate the client and the local market to adopt them.  

• Computer modelling of profiles can highlight renewable energy opportunities and enable them 
to be critically assessed and economically designed. In particular, the role of thermal storage 
for solar heat energy was highlighted in profile analysis. Further analysis of storage capacity 
has provided the client an option to incorporate further solar air-conditioning measures. One 
such measure has the capacity to utilise the solar heat gained over the weekend to maintain 
thermal conditions in the facility over the weekend and provide some storage for the 
approaching week.  

• Documentation for HP/EC facilities incorporates more than how to construct a space; it also 
defines how to handover a facility and how maintenance and commissioning operations will 
occur. 

 
CONCLUSION 
The NMFS design process incorporated many emerging trends in the HP/EC design process. 
Specifically, the integration of architectural and services schemes which typically allowed a superior 
services performance than those conventional schemes focussed on products.  
 
Computer simulations of profiles allowed many advances in the design process including: - 

• Financial and functional assessments of opportunities for renewable energy involvement 
• Design assistance for the façades and for services schemes  
• Determination of appropriate controls and settings 
• The testing of designs on paper. 

The basic facility design was assessed independently as providing superior services performance and 
energy reduction in the order of 35%3. Further renewable energy measures have been documented 
and are being assessed in the context of client priorities. 
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3 Unfortunately, the assessors were incapable of modelling comfort. 
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