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ABSTRACT: Climate specific thermal design has been investigated in a recent study of low energy 
buildings. The thermal performance of four naturally ventilated buildings, one mixed mode and one air-

conditioned building has been investigated on the University of Newcastle campus. The research 
question asked wether thermal comfort was the primary environmental concern for low energy 
buildings in a temperate to sub-tropic climate. A three part multi-method approach to data collection 
was chosen. The empirical study combined a survey of user perceptions, climate measurements and 
observations of building use and occupant behaviour. Low levels of temperature satisfaction were 
found in winter and summer in the naturally ventilated buildings but acceptable temperature 
satisfaction was conveyed in the mixed mode and air-conditioned environments. Measured 
temperature and humidity data confirmed these findings. Observations revealed behavioural 

adaptations in naturally ventilated buildings were in response to the infiltration of outdoor temperatures. 
The paper concludes that the appraisal of the outdoor climate plays a pivotal part in the choice for low 
energy natural ventilation or mixed mode design. The study highlights the need for climate specific 
building design to ensure the best use and selection of low energy building comfort strategies.  

 
 

INTRODUCTION  
 
In Olgyay’s (1963) text “Design with Climate”, the idea of 
the “climate approach” to design was first introduced 

through his reflections on shelter. He credits the human 
ability to be adaptive for creating a diversity of building 
traditions across many climates. He also emphasises 
that regardless of the method, it has always been a 
fundamental aim to become more “thermostable” 
indoors. In our quest for thermal stability over the last 
century, it can be said that steady state air-conditioned 
environments have lowered our physiological tolerance 

for the variable indoor climates offered when using low 
energy passive design. 
Much has been written about the climate approach to 
building design, but the bio-climatic charts provided by 
Olgyay, Gentilli and Givoni have proven to be particularly 
useful in assessing thermal comfort conditions in these 
case studies. All three researchers have refined bio-
climatic charts to illustrate how thermal comfort 
tolerances are linked to indoor temperature and humidity 

conditions. In doing so, they also convey 
recommendations for providing comfort under varied 
climate conditions, using passive cooling, solar heating 
or mechanical heating and cooling supplements.  
The Newcastle case studies were undertaken to assess 
the potential for low energy design in that climate 
context. Figure 1.2 depicts an analysis of the Newcastle 
climate region using Gentilli’s (1978) Australian 

adaptation of the original Olgyay bio-climatic chart. It 
depicts the curved core comfort zone (CCZ), defined by 
outdoor humidity and temperature conditions. The CCZ 
conditions shift slightly between winter and summer. 
Here, the outdoor climate data is plotted for one full year 
and confirms that high humidity levels and moderate to 
high temperatures in summer can require air movement 
up to 4m/s. The chart also recommends solar and 

heater supplements up to 698W/m! to combat low daily 
temperatures in winter.  
In more recent times Givoni’s (2002) bio-climatic chart 
has been developed to advise upon best practise, 

climate specific design choices. Givoni theorises that 
optimal thermal comfort and low energy use should be 

achievable if climate specific materials, and design 
strategies are used. Figure 1.2 is an adaptation of 
Givoni’s bio-climatic chart showing a scatter plot of 
Newcastle temperature and humidity data. The 
bordered areas on this chart outline best practise low 
energy cooling choices relative to climate conditions. 
Newcastle’s high summer temperatures and humidity 
levels are shown at the top of the chart. The outdoor 
data lies outside the recommended zones for direct / 

indirect evaporative cooling, thermal mass or cross 
ventilation. Unfortunately, low energy cooling concepts 
could not be recommended for this region.  

  
Figure.1.1: Seasonal Outdoor temperature and humidity 
conditions plotted against Olgyay/Gentilli Core Comfort 

Zone. 
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Figure 1.2: Givoni’s recommendations for passive 

cooling concepts relative to temperature and humidity 
climate conditions 

 
Based on outdoor data, the Gentilli / Olgyay bioclimatic 
chart and the Givoni bio-climatic chart highlight the need 
for frequent cooling and heating supplements during 
summer and winter in the Newcastle Region. It is the 
selective use of heating and cooling supplements in this 
climate that is pivotal to maintaining low energy use in 

buildings designed for passive cooling or solar heating.  
The four Naturally ventilated buildings selected for this 
study are passively cooled using ventilation and thermal 
mass strategies and solar heated with minor personal 
fan assisted cooling and radiant heating supplements. 
Considering both climatic charts and some negative 
informal feedback from occupants in the naturally 
ventilated buildings, these strategies are not ideal for the 

Newcastle climate. It was important to discover to what 
extent these case studies were providing comfort.  

  
1. METHODOLOGY  
  
To develop the methodology previous mixed method 
case study approaches were considered. In thermal 
studies surveys often provide a background to more 
detailed measured temperature and humidity data. 
These methods of data collection can be used to provide 
both short, moment in time thermal comfort preferences 
or more longitudinal studies of building comfort. Results 
from short-term studies are at the core of our knowledge 

on thermal comfort standards, in particular the Fanger 
steady state comfort model and the newly adopted 
DeDear et al Adaptive Comfort Standard (ACS), both 
adopted in ASHRAE Standard 55. Soebarto (2002) and 
Hyde (2002) have provided Australian precedents for 
long-term seasonal studies using surveys and measured 
data. Humphrey’s et al (2001) in the UK have conducted 
short term observational studies. Precedents for a mixed 
method of fieldwork incorporating strands of survey, 

measured and observed data also rest with the Leaman 
and Bordass (1998) collection of PROBE studies and in 
the United Kingdom.  
In order to answer the research question this case study 
approach has maintained an holistic picture of long term 
seasonal performance. It was important to be sure that 
thermal comfort was the primary environmental concern 

influencing building performance, occupant perceptions 
and occupant actions. In doing so this study combines 
the mixed method of Leaman & Bordass, the longitudinal 
focus of Soebarto and Hyde and the observational 
approach of Humphrey’s. Longitudinal studies of thermal 
comfort in Australian residential buildings have been 

most recently documented in hot humid climates (Hyde 
and Watson 2002) and temperate climates (Soebarto, 
2002) of Australia. These approaches have assessed the 
thermal building performance of residential buildings. 
There has been less work done to replicate such studies 
on non-residential buildings in the temperate to sub-
tropic climate of the NSW mid coast. As a point of 
difference, this study seeks to assess the suitability of 
passive design strategies in non-residential buildings on 

the mid east coast.  
Four naturally ventilated buildings, one mixed mode and 
one air-conditioned building have been the subject of a 
one-year multi-method fieldwork study conducted on the 
campus of the University of Newcastle. Concern over the 
bio-climatic chart results for the prevailing climate and 
reported discomfort events in summer and winter in 
naturally ventilated buildings has prompted a fieldwork 

study of each buildings thermal performance. The 
selected fieldwork approach has taken aspects of studies 
conducted in the UK and Australia to appraise the 
suitability of each thermal design concept.  
The selected case study approach draws upon three 
areas of data collection to gain a complete picture of 
thermal comfort. Recording occupant perceptions, 
measuring the indoor temperature / humidity climate and 

understanding more about building use and design 
required a survey, data loggers and building walk-
throughs. The Leaman (1996) survey was selected and 
used as an exploratory device to assess the perception 
of all environmental factors and ascertain the 
seriousness of the thermal issues. The survey was 
issued in March of 2002 to permanent occupants in all 
six buildings. Data loggers were located in offices on all 

levels and all key solar orientations of the naturally 
ventilated buildings. The mixed mode building was 
monitored via the building management system and the 
air-conditioned building was assumed to be a thermal 
stable environment and was not logged. The use of 
windows, doors and louvres, heaters, fans, and clothing 
were noted twice a week in the spaces that were logged.  
The buildings targeted for a full assessment were 
naturally ventilated and mixed mode buildings that could 

be easily studied within the same time period and climate 
context. For the purpose of this paper, the naturally 
ventilated buildings are those that have reduced energy 
use by eliminating the use of centralised mechanical 
heating, ventilation or air-conditioning (HVAC) 
supplements. Alternatively the mixed mode building 
reduces energy by switching between a HVAC system 
and a part fan assisted, part naturally ventilated 

approach. The AC setting consumed the most energy 
annually. The mixed mode building used close to half the 
energy of the AC building. The naturally ventilated 
buildings used the least energy, due to the complete 
absence of any mechanical comfort system and 
intermittent use of low energy radiant heaters and 
cooling fans. The influence of the sub-tropic to temperate 
climate was a particular concern in this study considering 

the Givoni and Olgyay Bio-climatic charts. The 
characteristically high humidity and temperature 
combinations in summer and lengthy periods of winter 
cold were a particular concern.  
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2. RESULTS  
  
The mixed method case study approach removes the 
limitations encountered when assessing only one or two 
indicators of thermal performance. The buildings were 

assessed across all seasons but the most significant 
opportunities to assess discomfort were recognised in 
the more extreme summer and winter data. 

 
2.1 The Survey  

The survey identified that thermal comfort is the primary 
environmental concern for occupants of naturally 
ventilated buildings in a sub-tropic / temperate climate. 
Between 16 and 47 occupants in each building 
responded with response rates between 44% and 81%. 
The mean survey results in figure 1.3 indicating that NV 
buildings performed less satisfactorily compared to 
summer and winter temperature satisfaction scores in 
the MM and AC buildings. Interestingly, the summer air 

quality figures were also considered to be poor in the NV 
buildings possibly reflecting the high summer humidity 
also shown on the bio-climatic charts.  
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Winter  
Temp.  

  
3.6  

  
2.5  

  
2.9  

  
2.1  

  
3.9  

  
4.4  

  
4  

  
4.2  

  
4.4  

1= Uncomfortable  
7=Comfortable  

Summer  
Temp.  

  
2.2  

  
1.5  

  
2.1  

  
2.6  

  
4.8  

  
4.4  

  
3.5  

  
3.7  

  
3.9  

1= Uncomfortable  
7=Comfortable  

  
Control  

  
3.7  

  
3.5  

  
3.7  

  
2.9  

  
1.9  

  
1.5  

  
2.4  

  
2.6  

  
2.8  

1=None  
7=High  

  
Health  

  
3.6  

  
3.2  

  
3.7  

  
4.1  

  
3.4  

  
2.8  

  
3.2  

  
3.3  

  
3.5  
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Productivity  

  
-12  

  
-16  

  
-12.5  

  
-3.7  
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Figure 1.3: Mean survey results relating to thermal 
comfort and air quality  

 
2.2 Measured Results 
The measured data analysis is based upon Soebarto’s 

use of scattered temperature plots adapted here to ,be 
compared against the deDear ASHRAE Adaptive 
Comfort Standard (ACS) and the Olgyay / Gentilli bio-
climatic chart. Figures 1.4 and 1.6 illustrate the 
relationship between outdoor and indoor temperatures 
for summer and winter. Steep regression slopes indicate 
strong relationships between indoor and outdoor 
temperatures, indicating the susceptibility of the indoor 

environment to the outdoor environment. The ACS 80-
90% acceptability zone (shown as diagonal lines on 
figures 1.4 & 1.6) and the steady state temperature limits 
(shown as horizontal lines) have been overlaid onto 
these charts to depict the acceptable comfort zones. 
Figures 1.5 and 1.7 depict where the indoor humidity and 
temperature data lies in relation to the Olgyay / Gentilli 
core comfort zone. 
Figure 1.4 indicates a zero regression slope for the MM 

building (horizontal) and a very low rate of indoor 
temperature change due to outdoor conditions. It was the 
most comfortable of the low energy building cases, using 
a mixture of mechanical and passive design to sustain 
temperatures within the summer steady state and 
adaptive 80-90% temperature ranges. The NV settings 
show greater temperature variations due to outdoor 
influences but these were often contained within the high 

range of the 80-90% ACS acceptability range. All 
temperature data fell within the acceptable ACS limits for 
both building types. The temperature results do explain 
the differences between the discomfort perceived in the 

NV building and more comfortable conditions in the MM 
building. However, whilst identifying some very high NV 
temperatures above the ACS range, the more variable 
temperatures in the NV buildings should be considered 
acceptable according to the comfort boundaries of this 
chart.  

Figure 1.4: Summer temperature results plotted against 
ACS and Steady State indoor comfort limits 

Figure 1.5: Naturally Ventilated / Mixed Mode Summer 
comparison, using Olgyay/Gentilli Core Comfort Zone 

 
Figure 1.5 indicates the zones where indoor temperature 
and humidity incidences fell about the Olgyay / Gentilli 
core comfort zone (CCZ). The NV indoor climate is much 

more varied than in the mixed mode building. The chart 
indicates that air movement up to 3-4m/s is required to 
combat conditions in the naturally ventilated spaces. 
Interestingly, moments when the air conditioning is in 
use in the mixed mode building are clearly identified by a 
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separate grouping of readings in the 30 – 40% humidity 
range. The high and varied humidity and temperature 
combinations shown outside the Core Comfort Zone of 
this chart best attribute the summer discomfort in the NV 
settings to the high indoor humidity levels. 

 

 
Figure 1.6: Winter temperature, results plotted against 

ACS and Steady State indoor comfort limits 
 
Figure 1.6 plots winter temperature conditions using the 
Adaptive Comfort and steady state limits. The mixed 

mode MM building sustained indoor temperatures within 
the adaptive 80-90% temperature range and winter 
steady state range. This time the indoor temperatures of 
the mixed mode building registered a substantial 
regression slope relationship with outdoor conditions, a 
moderate mean temperature and low minimum 
temperatures. These results acknowledge some of the 
winter discomfort registered in the MM surveys. Once 
again the naturally ventilated settings were most 

uncomfortable, experiencing a majority of low 
temperatures well below the ACS and steady state 
range. The NV settings are varied in slope but closely 
related to outdoor temperature changes. The naturally 
ventilated building experiencing the regression slope with 
the lowest winter temperatures also registered a minor 
influence from outdoor temperatures. This may be due to 
the high proportion of internally exposed precast 

concrete mass in that building. 
Figure 1.7 depicts winter temperature and humidity. 
Whilst the naturally ventilated buildings have been 
constructed across a variety of lightweight to high mass 
construction types and mixed orientations, the survey 
and measured data shows they all performed poorly in 
terms of summer and winter thermal comfort. It follows 
Givoni’s recommendation that there is no passive cooling 

strategy that would completely cope with this climate. 
The buildings in this study required cooling and heating 
supplements beyond the radiant heaters and fans 
provided variations in the NV and MM settings. Again the 
NV bio-climatic conditions were more varied than those 
in the mixed mode building. The chart indicates that the 
NV spaces were generally very cold and heating up to 
799W/m" was recommended at times. In the absence of 

recorded humidity data the mixed mode zone is based 
on actual measured temperatures and an assumed 

mechanically modified humidity range of 30 – 60%. The 
mixed mode building has successfully sustained core 
comfort zone conditions only three quarters of the time 
and did not reach the unreasonably low temperatures 
noted in the NV buildings. 

 

 
Figure 1.7: Naturally ventilated/mixed mode winter 

comparison, using Olgyay/Gentilli Core Comfort Zone 
 

2.3 Observations  
Clothing observations have also been used to indicate 
how each building moderates the indoor environment 
against outdoor influences. Figures 1.8 and 1.9 illustrate 
the clothing adaptations observed across the full year. 
Clothing was ranked on a scale of 1 being the least 
amount and five being heavily clothed. The male and 
female occupants wore less during summer in the 

naturally ventilated settings and wore more in winter. The 
air conditioned comparison building and mixed mode 
building occupants were least affected by summer or 
winter conditions, lesser regression slopes indicate that 
more stable clothing patterns prevailed.Figure1.10 gives 
a record of building use over the full year. Again, like the 
clothing data, these behavioural choices indicate how 
much the indoor environment has moderated the outdoor 
influences. A mixed use of occupant ventilation choices 

was made across all buildings. It was most common 
however, to open up the NV buildings as temperatures 
increased and close them down as outdoor temperatures 
decreased. This may have led to detrimental thermal 
effects in summer when it could have been more 
advisable to shut down the building to eliminate heat and 
humidity infiltration during the summer peaks. 
The mixed mode building registered little interaction 

between the manual ventilation options and its 
occupants. This is revealed by the zero regression slope 
(horizontal line). Whilst it was common across all building 
types to close down for winter, occupants still registered 
their satisfaction with the mechanical system by closing 
down during summer as well. Alternatively the naturally 
ventilated buildings registered a variety of ventilation 
uses across the year clearly showing that occupants 

exercised their individual need or desire to operate 
windows doors and louvres to gain airflows. 
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 Figure 1.9: Male clothing choices and outdoor 
temperature 

(Clothing Levels: 1= arms/legs exposed (0.3 to 0.5Clo), 2= legs 

or arms covered lightly/arms or legs not (0.5 to 0.6Clo), 3= legs 
arms covered lightly (0.6 to 0.7Clo), 4= legs/arms covered 
heavily (0.7 to 1.0Clo) 

 

  
Figure 1.10: Female clothing choices and outdoor 

temperature 
(Clothing Levels: 1= arms/legs exposed (0.3 to 0.45Clo), 2= 

legs or arms covered lightly/arms or legs not (0.45 to 0.55Clo), 
3= legs arms covered lightly (0.55 to 0.65Clo), 4= legs/arms 
covered heavily (0.65 to 1.0Clo) 

 

3. DISCUSSION  
 
The mixed method fieldwork approach has yielded 
strong evidence to suggest that in a temperate to sub-
tropic climate these naturally ventilated buildings have 
not always delivered temperature comfort during 
summer and winter. In contrast the mixed mode building 
registered acceptable comfort conditions that were 

comparable and sometimes better than the AC 
environment whilst using half the energy consumed by 
the comparison AC building.  
In summary the survey highlighted that:  

• NV occupants were least satisfied with indoor summer 
and winter temperatures.  
• MM occupants were most satisfied with summer 
temperatures, more than the NV and AC buildings, and 
winter temperature satisfaction equalled that of the AC 
building.  
• NV indoor air quality was poor in summer suggesting 
the presence of high humidity.  

• MM indoor air quality was more satisfactory than the 
NV and AC environments.  
The survey offered strong reasons to focus upon thermal 
comfort issues in the NV buildings. The measured data 
collected in the next stage revealed further evidence of 
thermal discomfort. 
 

 
Figure.1.11. Building Operation Choices  

Operation Codes: 1= Cross vent- all open, 2= Cross vent – 
corridor vent closed, 3= Single sided vent- ext wall, 4= Single 
sided vent- int. wall /corridor open, 5= Single sided vent- internal 

wall/corridor closed 

 
In summary the summer measured data revealed:  
• NV buildings adhered to the ASHRAE Adaptive 
Comfort Standard (ACS) but with a broad variation 
between very high and low temperatures.  

• The MM building adhered to the “optimum mid range” 
of the Adaptive Comfort Standard (ACS) with a tightly 
controlled range of summer temperatures.  
• The NV indoor temperatures increased moderately with 
outdoor air temperature increases (0.35°C – 0.43°C / 
1°C # OAT), and experienced very high temperature 
maximums (35 - 38°C).  
• The MM building revealed no relationship between 
indoor and outdoor temperature changes and 

experienced moderate maximum temperatures (32°C).  
• The MM and NV buildings revealed similar mean 
temperatures (24 - 25°C).  
• Adherence to the Adaptive Comfort Standard (ACS) in 
the NV buildings did not guarantee good temperature 
satisfaction.  
• The NV bio-climatic conditions frequently lie outside the 
Core Comfort Zone (CCZ) and the chart prescribes the 

need for dehumidification or air movement in the range 
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of 0.5 – 4m/s.  
• The MM building bio-climatic conditions lie within the 
CCZ at all times.  
• High indoor humidity in combination with moderate to 
high summer temperatures have identified the cause of 
summer discomfort and indoor air quality concerns.  

The necessary occupant forgiveness factor that forms 
the basis of the Adaptive Comfort Standard (ACS) is 
questionable in light of the summer survey and raw 
temperature results in this climate. Adherence to the 
ACS comfort range has not sufficiently explained the 
discrepancy between low temperature satisfaction in the 
NV buildings and high satisfaction in the MM buildings. 
Using the ACS results only, infrequent NV temperature 
highs and regular temperature fluctuations would have to 

be sufficient to explain the temperature dissatisfaction in 
the NV cases. If it had not otherwise been shown that the 
humidity data has also had a compounding discomfort 
effect then these findings could have contradicted the 
“reduced expectation” basis of the ACS chart. (DeDear 
et al (1996)  
Instead, the Olgyay / Gentilli bio-climatic charts have 
revealed that most of the time the indoor bioclimatic 

conditions lay outside the Core Comfort Zone (CCZ) in 
NV buildings. The chart prescribes that these high 
temperatures and humidity levels can often be combated 
using air flows that effect personal evaporative cooling. 
The other cooling alternative would lie with the 
intermittent use of dehumidification. Unfortunately, the 
inability to dehumidify the indoor environment without the 
use of costly mechanical plant equipment does not exist 

for these NV buildings. Based upon these results, 
passive NV cooling alternatives are not feasible in this 
temperate to sub-tropic climate.  
In summary the winter measured data revealed:  
• NV occupants reported and experienced dramatically 
low temperatures below the ACS limits two thirds of the 
time in three of the four NV buildings.  
• The MM building sustained temperatures within the 

lower portion of the ACS limit.  
• The NV relationship between outdoor and indoor 
temperature change was similar for summer and winter, 
mean temperatures (15.5-18.5ºC) and minimum 
temperatures were also very low (10-12ºC).  
• The MM buildings relationship with outdoor temperature 
change was close to that of the least responsive NV 
building result, the mean (21.3ºC) and minimum 
temperatures (17ºC) were low but reasonable.  

• The NV building with the best satisfaction score 
recorded the lowest mean temperature suggesting a 
discrepancy highlighting the benefit of direct sunlight 
onto occupants but not onto loggers.  
• The best NV temperature results did not record the best 
survey results.  
• NV bio-climatic results were mostly below the Olgyay 
Core Comfort Zone (CCZ).  

• The MM bio-climatic results were below the Olgyay 
CCZ one quarter or the time.  
• The Olgyay chart prescribed heating between 117W/m! 
and 698W/m! during winter.  
The winter results in the NV buildings suggest that 
regardless of under desk radiant heaters the very low 
ambient temperatures in the logged spaces were not 
easily overcome. Direct solar gains onto occupants in 

north facing offices seems to have delivered more 
favourable comfort scores, but generally the presence of 
thermal mass surfaces ideal for summer cooling, have 
had detrimental thermal sink effects during winter. 
Although the MM building did experience temperature 
variations in response to outdoor temperature changes, it 

still maintained a sometimes low, but satisfactory thermal 
range for occupants.  
The summary of observational findings is as follows:  
• Occupants regularly relied upon cross ventilation 
controls, personal fans or clothing variability to achieve 
indoor comfort in NV buildings.  

• It is unclear whether these actions contributed to 
establishing comfort, but the survey indicates that the 
actions were not always effective or appropriate.  
• The NV buildings were “opened up” when outdoor 
temperatures were high and “closed down” when outdoor 
temperatures were low.  
• The MM building showed no relationship between 
ventilation and the outdoor temps.  
• In the NV buildings less clothing was worn as outdoor 

temperatures increased and more clothing was worn as 
outdoor temperatures decreased.  
• The MM and AC buildings showed some relationship 
between clothing levels and outdoor temperatures, MM 
occupants were slightly more responsive than in the AC 
setting but much less responsive than in the NV 
buildings.  
The strong regression relationships between building use 

and clothing choices in the NV buildings indicate that 
these choices were made in response to outdoor climatic 
influences indoors. The tendency to use full cross 
ventilation seems to relate to the belief that by increasing 
the airflow through a room a cooling effect will result. 
Interestingly, this seems to be the primary choice over 
fan use, the use of which was very low in the NV 
buildings considering poor thermal survey and indoor 

bio-climate results. This indicates either an inability to 
achieve appropriate comfort using personal fans, a 
limited provision of such equipment or workplace 
disruption due to high airflows. The use of radiant 
heaters was more widespread but seemed unable to 
effect overall ambient room temperatures due to high 
levels of exposed thermal mass surfaces which were 
more desirable for summer cooling.  

  

CONCLUSION  
 
The mixed method case study approach has revealed 
that thermal comfort was the primary concern when 
using low energy thermal strategies in a temperate / sub-
tropic climate. In particular, high summer humidity levels 
and temperatures and cold winter temperatures have 
delivered a double-edged sword for NV buildings. The 
temperate to sub-tropic climate makes it difficult to justify 

the generous use of exposed internal thermal mass for 
cooling when it does not deal with the humidity problem 
and inhibits low energy radiant space heating in winter. 
Instead, more light weight but well insulated building 
envelopes, oriented correctly for winter solar gains onto 
occupants and thermal mass might better deal with the 
winter problem. Alternatively, the closing down of high 
mass buildings in summer and adequate heating of 
thermal mass in winter might also improve thermal 

performance. A more integrated use of fan systems and 
desiccant filtering of warm humid airflows during summer 
might limit poor comfort conditions without the use of 
mechanical dehumidification. Beyond this, the mixed 
mode building has undoubtedly offered an adaptable mid 
range of energy use whilst maintaining a high level of 
year round seasonal comfort.  
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