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SUMMARY 
 

The aim of this study was to provide a comprehensive analysis of a passive solar design, low energy, 
non-residential building in New Zealand.  
 
The evaluation looked at the performance of the Mathematics and Statistics and Computer Science 
(MSCS) Building in terms of its energy use and also at its ability to provide a suitable environment for 
its occupants. Using established post occupancy evaluation techniques, it was intended that the result 
of this research would be a resource that can be used to illustrate the benefits of incorporating low-
energy design into non-residential buildings, as well as providing a benchmark to which other 
buildings may be compared. 
 
The findings of the research determined that the building analysed was a good example of the results 
that can be achieved using solar design principles. It was deemed successful due to its low energy 
consumption, occupant satisfaction and thermal performance. 
 
INTRODUCTION 
 
Internationally there are numerous examples of passive solar design buildings that have achieved low 
energy consumption, without sacrificing occupant comfort. However there is a lack of New Zealand 
examples that showcase the results that can be achieved when passive design techniques are 
implemented. 
 
The objectives of this study were: 

• To review studies that had been carried out using Post Occupancy Evaluation (POE) 
techniques 

• To undertake a suitable POE on a passive solar design, low energy, non-residential building 
• To evaluate the performance of the selected building through comparison with existing 

benchmarks 
 
Although there are numerous of examples of low energy residential buildings in New Zealand there 
appears to be a distinct lack of published resources that look at low energy non-residential buildings. 
The publication of the performance of buildings incorporating low energy design can provide an 
increased awareness of the results achievable through the integration of these methods and 
technologies in contemporary buildings. In order to provide an extensive analysis of a building’s 
performance a suitable method of POE must be used. 
 
The goal of POE is to improve building design and construction so that occupant satisfaction, comfort 
and performance can increase, while the associated costs, (e.g. Design and maintenance costs) 
decrease. POEs are not only useful to the occupants and owners of the building but also to the 
designers, who can learn about both their mistakes and successes and can apply these findings to 
future projects. 
 
RESEARCH METHOD 
 
In order to establish the building’s performance, the following areas were investigated: 
 

• Energy use - calculating the Energy Use Index (EUI) for the building 
• Occupant satisfaction - using an occupant questionnaire (Probe) 
• Comfort in terms of the thermal performance - monitoring summer and winter temperatures 

 



The buildings EUI was used to normalise the energy use by incorporating floor area. The resulting 
units were kWh/m2.yr. This allowed comparisons to be made with the relevant benchmarks and 
targets, whilst also making future comparisons with other buildings possible. 
 
In addition to the Probe method the buildings thermal performance was also analysed through the 
monitoring of summer and winter internal temperatures. 
 
The way in which a POE is carried out is dependent on the circumstances for which it is being used. 
However, there are some standard approaches to POE. One of these standard approaches is the 
Post-occupancy Review Of Buildings and their Engineering (Probe) method (BRI, 2001). It was 
decided that due to ease of use, time required and ease with which comparable data is achieved, that 
the Probe method of POE would suitable for this study. 
 
The Probe process was developed to provide a standard method of documenting appraisal and 
performance data of selected buildings. The purpose of this process was to produce informative 
reports on the performance of recently occupied buildings that would be of interest to the building 
industry in the UK. It was intended that the publication of the results of these POEs in the Building 
Services Journal would encourage building service engineers to develop new, better, designs with the 
feedback that was obtained. 
 
Probe uses two main tools to conduct a POE: 

• The occupant survey method developed by Building Use Studies (BUS) to assess the 
occupant satisfaction with internal conditions. 

• The Energy Assessment and Reporting Method (EARM) used to analyse the energy use in 
each building. 

 
The Probe occupant questionnaire is used to measure the perceived satisfaction of the occupants. 
The questionnaire assesses the performance of the building by asking 63 questions that cover 12 
areas. The areas covered by the study are: 
 

• Personal background (age, sex, etc)   
• Building overall 
• Personal control 
• Air quality 
• Noise 
• Lighting 

• Comfort 
• Comfort overall 
• Health 
• Productivity 
• Requirements 
• Work area 

 
THE BUILDING 
 
The Mathematics and Statistics and Computer Science (MSCS) Building was recognised as an 
example of a passive solar design, low energy, non-residential building, that would be appropriate for 
this study. 
 
The MSCS Building has made use of techniques that are new to New Zealand, through the 
incorporation of passive solar design features. The building’s use of passive solar design features 
was intended to break the trend of contemporary buildings that tend to have a heavy -handed 
approach, in terms of the provision of full air conditioning systems (Architecture New Zealand, 1998).  
 
The building can be described as a hybrid due to its use of both passive and conventional, active 
means of environmental control. The building is divided into two distinct areas the academic towers 
and teaching block which are linked by the atrium (see figure 1). The academic block relies on 
passive design while the teaching block is both naturally and mechanically ventilated.  
 



 

Figure 1 Typical floor plan indicating the three areas of the building 

 
The academic offices have been designed to allow individuals to have control of heating, lighting, 
shading and ventilation. These offices are north facing to gain the full benefit of winter sun for heat. 
The walls are highly insulated concrete panels that provide the thermal mass necessary to minimize 
temperature fluctuations. Each of the offices has a hot water radiator to provide heat in the winter. 
These radiators have thermostatic valves with limit stops, which allow the occupant some level of 
temperature variation within pre-set limits.  
 
The end walls are fully glazed allowing good levels of natural light in the rooms. Shading is provided 
using overhangs and sliding wooden shutters with adjustable louvres. Additionally Venetian blinds 
have been provided so that there is a large degree of control over the levels of light entering the room. 
 
The glazed wall has also allowed the use of natural ventilation, by providing a large sliding window, a 
hopper window, a trickle vent and a glass louvred window over the door, which offers a large variation 
in airflow in the rooms. The use of natural ventilation in these spaces has meant that mechanical 
ventilation was not necessary. 
 
The teaching block has been designed to allow for changes that may be required in the future. Large 
column-free spaces have been achieved through the use of long span precast concrete floor units 
and demountable partitioning. The sine wave floor units have been used in order to increase the level 
of thermal mass in areas that will be subject to large thermal gains from computers and other 
equipment. The shape of the sine wave panels also provides good light distribution from the light 
fittings. The unseen cavity of the sine wave panels provides a means of air supply (through circular air 
displacement fittings in the floor of the rooms above) as well as distribution of technology related 
services (cables etc). Spaces that have a high demand, such as the computer labs, are fully air 
conditioned, and all of the ventilation systems are controlled via a computer system. There are 
approximately 13 Air handling units with capacity’s from 0.75 to 3 kW. 
 
Heating for the University Campus is via a coal-fired hot water district heating system. Heat from this 
system is supplied to the building through radiators that vary in size (0.37 to 2.146 kW) depending on 
their location. Heating is carried out from February through to October on weekdays only, between 
6am and 9pm. 
 
Cooling for the building is achieved through the use of a naturally occurring underground aquifer. 
 



BUILDING PERFORMANCE 
 
Energy consumption 
 
The Energy Use Index (EUI) is given in Table 1, along with the benchmark EUIs for a building of this 
type. The EUI of the MSCS building was calculated using the gross floor area of the building. 
 
One of the problems encountered was the lack of information on the energy consumption required for 
heating in the building. At the time that the study was carried out monitoring of the heating required for 
the building was beginning so there were details on the past 6 months, covering approximately four 
months of winter.  Due to this lack of information assumptions were made to enable the calculation of 
total energy requirements of the building. 
 
The BETARG target (Baird et al, 1993) is weighted for the building type (end-uses and occupancy) 
and location (degree days). The ECCA target (2001) is a 15 year target for existing buildings.  
 

 EUI kWh/m2.yr 

MSCS 144 

BETARG target 172 

ECCA target 150 

Table 1 Energy consumption indices  

 
It can be seen in Table 1 that the MSCS building used less energy than the BETARG and ECCA 
targets. 
 
Occupant Satisfaction 
 
The questionnaire provided a subjective assessment of the comfort of the occupants, using a seven-
point scale. The major factors that are related to occupant comfort have been summarized in Table 2 
with the Building Use Studies (BUS) Benchmarks. The BUS benchmarks are recalculated annually, 
and are based on the previous 50 buildings analysed, which include a range of sizes and designs. 
 

 Staff Students BUS 
benchmark 

Design 5.52 5.61 4.74 
Needs 5.80 5.56 4.61 

Winter temperature 5.25 5.43 4.17 
Summer temperature 5.14 5.35 3.82 

Air quality overall NA 5.03 NA 
Winter air quality 5.07 NA 4.17 

Summer air quality 5.23 NA 3.82 
Noise overall 5.39 5.00 4.05 

Lighting overall 5.71 5.33 4.24 
Comfort overall 5.86 5.44 4.28 

Table 2 Summary of occupant satisfaction (1= Unsatisfactory; 7= Satisfactory) 

 
Due to the building being an academic facility the survey had to look at two different occupant types, 
part-time and full-time occupants. For this reason two separate questionnaires were used a full length 
(full-time occupants) version and a shortened version (part-time occupants). 
 
Full-time occupants included academic staff, technical staff, postgraduates and secretarial staff. It 
was felt that these people would be best suited to the full-time occupant survey due to the length of 
time they would spend in the building each week and throughout the year. The amount of time spent  
in the building by occupants was important because the people that spend the most time in the 



building would have a greater understanding of how well the building performed under different 
conditions, such as extreme climates. 
 
Part-time occupant’s, mainly undergraduates, were seen as the building users that would spend only 
a small amount of their time each week in this building during their time at the University. These 
people were seen as less likely to have experienced the performance of the building under a variety 
of conditions, for example they were not expected to have experienced the building under summer 
conditions due to the university term. 
 
Overall the results of the survey show that the building was rated highly by both the staff and the 
students, bettering the BUS benchmark in almost all areas. The building achieved a level of occupant 
satisfaction that was in the top 5% of the BUS dataset percentiles based on comfort.  BUS dataset 
comfort percentile is based on the results of previous studies using five variables; noise, lighting, 
summer temperature, winter temperature and overall comfort. 
 
The summer and winter temperatures were perceived as being comfortable by both the full-time and 
part-time occupants of the building. The building demonstrates a good ability to maintain a stable 
environment in both summer and winter with no extreme temperature variations.  
 
The only real problems related to the temperatures in the building were due to the operation of the 
campus heating system. The campus heating system is shut down on the weekends so the 
temperatures in the academic block tended to be below what was considered comfortable to the 
occupants on Monday mornings.  
 
The overall air quality in the building was perceived as being good by the occupants, with no unusual 
results recorded. This suggests both the natural and mechanical ventilation systems manage to 
successfully meet the buildings loads. However one reoccurring comment regarded the air quality in 
the fully air conditioned computer labs located in the basement. These rooms were said to be stuffy 
and demonstrated an uncomfortable amount of temperature variation, which can be attributed to the 
large loads associated with the computers and people located in the space. This problem may have 
resulted from the operation of the air conditioning systems.  
 
Overall the amount of noise in the building was found to be at a level that could be considered 
acceptable by its occupants. However there were comments that suggest the amount noise of in 
some areas can be disruptive to some of the occupants. These areas tended to be around meeting 
rooms, double height spaces and in the atrium. The main causes of problems in these areas were 
surface finishes and the natural ventilation system used in the academic towers. The surface finishes 
in the building do not provide very good sound absorption, while the natural ventilation design allows 
sound to travel easily between spaces. 
 
In general the lighting was of an acceptable standard to both the full-time and part-time occupants. 
The only major difference between the staff and students was the amount of glare from the sun and 
sky. This difference can be attributed to the fact that the main spaces used by part-time occupants are 
on the south side of the building, thus avoiding the problems associated with sunlight. 
 
The full-time occupant’s main concern associated with the natural light was the penetration of low 
angle winter sun into the north orientated offices. This sunlight was difficult to block, despite the 
sunscreens and venetian blinds, and created unwanted glare on computer screens. This problem 
seemed to occur for only for a short space of time around midday during winter, but could not be 
controlled by the occupants.  
 
Thermal Performance 
 
Temperature monitoring was carried out in order to assess the thermal performance of the building 
during a range of external conditions. The temperature monitoring was carried out during summer 
from the 30th of November 2000 through to the 14th of February 2001. Three weeks of winter 
monitoring was carried out between the 22nd of June 2001 and the 13th of July 2001. 
 
Over the entire summer monitoring period an external temperature range of approximately 23°C was 
recorded, with a maximum 30.6°C on the 10th of February 2001 and a minimum of 7.5°C on the 31st 



of December 2000. The lowest recorded internal temperature in any of the spaces that were 
monitored during this period was 13.3°C (Room 612), while the maximum was 26°C (Room 712). 
 
During the winter monitoring period the temperature range was approximately 21°C, with a maximum 
of 18.8°C on the 5th July 2001 and a minimum of -2.1°C on the 23rd June 2001. The lowest recorded 
internal temperature in the in any of the spaces that were monitored during this period was 13.85°C 
(Room 712, heating system switched off), while the maximum was 24.3°C (Room 602, with heating 
system switched on). 
  

Room temperatures 7/12/2000 - 14/12/2001 
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Figure 2 Temperatures recorded during one week of summer monitoring 

 
During the week of summer monitoring shown in Figure 2 the openings and shading devices in rooms 
703 were altered. The times at which these changes took place have been indicated by arrows 1 and 
2, on Figure 2.  
 
During the previous week of monitoring the openings and shading devices in rooms 702 and 703 
were in the same positions, and as a result the temperatures that were recorded were very similar. No 
changes were made to room 702 to provide a control during the week shown in Figure 2. Once the 
settings in room 703 were changed the temperature dropped away from the temperature recorded in 
room 702.  
 
The first fall in internal temperature (arrow 1, Figure 2) was caused by the increased ventilation rate 
that resulted from opening the windows 
 
Changes to openings shading devices of Room 603 were also made (arrow 1, Figure 2). These 
changes meant that the openings and shading devices in rooms 603 and 703 were in the same 
position. Figure 2 shows that rooms 603 and 703 were performing in a similar fashion until the 
shading devices were changed once again in room 703 (arrow 2, Figure 2), where there is another 
drop in the room temperature. 
 
This fall in room temperature can be attributed to the fact that there is little or no direct solar gain in 
room 703; due to the windows being covered (both external and internal shading) arrow 2 (Figure 2). 
The lack of solar gain means that the thermal mass cannot store heat to release when the external 
temperature falls. The increased rate of ventilation has meant that the rate of heat loss due to air flow 

 1 
 2 



has also increased. The combination of these two factors has led to a reduction in the ability of the 
room to achieve a stable temperature. 
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Figure 3 Temperatures recorded during one week of winter monitoring 

 
During the winter monitoring period (Figure 3) the 30th of the June was a Saturday and the 1st of July 
was a Sunday so the heaters were off from 9pm on the 29th of June until Monday the 2nd of July 
(indicated by the black arrow on the graph). When the central heating system is switched off the 
offices become reliant on solar and internal heat gains.  
 
The graph shows that even without heating the rooms experience a rise in temperature that ranges 
from 2.2°C and 4.1°C between 9am and 4pm. However the heat lost overnight exceeds the heat that 
is gained during the day so the temperature is following a downward trend.  

 
The introduction of heaters has reduced the level of fluctuations that are taking place in the offices. 
The change in temperatures is most apparent during the morning and afternoon where the time taken 
for heating is reduced when heating up and increased when cooling down. This can be seen on the 
graphs as the gradient of the temperature curve. When the heaters are not operating in the space the 
gradient of the line tends to be steeper than when the heater is in use. This suggests that the sun is 
having a larger effect on the temperature in the offices than the heaters. However the heaters are still 
required to provide enough heat for the offices to maintain a comfortable environment during periods 
where there is little or no direct sun (solar heat gain). 
 
Overall, it was found that the level of control given to occupants allows a large range of conditions to 
be achieved, from very stable temperatures through to very variable temperatures, depending on the 
preferences of the individual. 
 
Building performance summary 
 
From the analysis of the energy use of the MSCS building it can be seen that it is a good example of 
a low energy building. It has achieved an energy use index that is lower than the benchmarks that 
exist for buildings of this type in New Zealand. 
 
As well as being low energy, the results of the Probe questionnaire showed that the building provides 



an environment that is considered suitable by its occupants. This building has managed to achieve 
this level of satisfaction with a hybrid solution rather than a conventional active system (such as 
mechanical Heating Ventilation and Air Conditioning). 
 
As a result of the temperature monitoring that was carried out it was concluded that the conditions 
that were present in the building were at a level that could be considered comfortable by most of the 
occupants. The recorded temperatures that would be considered uncomfortable by occupants tended 
to occur outside of the normal operating hours of the building (generally early morning). 
 
CONCLUSIONS 
 
The Mathematics and Statistics and Computer Science building has proven to be a good example of 
the results that can be achieved using passive solar design principles. It was deemed a good example 
for the following reasons: 

• The building has achieved a level of energy consumption that is under recommended 
benchmarks for buildings of this type. 

• The results of the Probe occupancy survey indicated that the building provides an 
environment that is considered to be more than acceptable by the occupants.  

• The building provides an environment that would be considered comfortable (in terms of 
temperature) by occupants without relying solely on conventional mechanical HVAC systems. 
This has been achieved through the use of passive solar design principles that give individual 
occupants control over the temperature and ventilation in their environment. This individual 
allows the occupant to achieve their personal level of comfort. 

 
The MSCS building provides an environment that is at least as good, if not better than a more 
conventional alternative while using less energy. 
 
The Probe method of investigation has proven to be an efficient method of conducting a post 
occupancy evaluation. It was felt that this was an efficient method due to its ease of use, time 
requirements and the results that are achieved. The results that have been produced are in a format 
that makes comparisons relatively straightforward.  
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