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 ABSTRACT: Contemporary concerns for improving environmental performance in buildings have led 
to an increased interest in natural ventilation either on its own (NV) or in combination with air-
conditioning (mixed mode – MM) as an alternative to traditional HVAC systems. HVAC systems are 
widely used because they avoid many of the problems encountered with NV or MM – noise, dust, 
insects, odours, temperature extremes – and readily conform to steady state conditions of thermal 
comfort.  However it is possible that NV or MM can provide improved indoor air quality precisely 
through variations associated with external climate conditions. This paper introduces an ARC funded 
project evaluating comfort conditions in MM spaces, using field studies from two buildings. The first, a 
University campus building in Sydney, offers MM perimeter offices with air-conditioned central spaces, 
while the second, a commercial building in Melbourne, offers a series of MM spaces that can be used 
by workers from adjacent air-conditioned office spaces.  The aim of the project is to evaluate the 
feasibility of using MM either in place of or in association with traditional HVAC systems.  The 
outcomes of the project will be used to elaborate the justifications for inclusion of NV spaces and/or 
NV periods within contemporary office environments. This paper presents preliminary results of the 
field work at each location.   

Conference theme: Urban 
Keywords: Thermal comfort, Mixed-mode buildings, Hybrid ventilation 

 
INTRODUCTION 
Current practices in office buildings generally provide standardised indoor climates for all occupants using heating, 
ventilation and cooling (HVAC) technology. Typically adopting a building-centred, energy-consuming approach 
focused on creating constant, uniform-neutrality conditions, the primary purpose of HVAC systems is to provide 
acceptable indoor air quality and thermal comfort aiming for an optimum ‘steady-state’ temperature setting based 
upon Fanger’s PMV-PPD model (Fanger 1970). This ‘static’ approach to thermal comfort was intended to maximise 
safety and comfort. In contrast, a person-centred approach would purposely provide variability across time and 
space (Brager and de Dear 1998). Spatially, thermally differentiated areas would be designed to allow for individual 
thermal requirements. Temporally, indoor temperatures would gradually drift towards outdoor conditions in a way 
that would enable and encourage adaptations such as clothing changes and use of operable windows. 
 
Recent studies (Baker and Standeven 1996; Humphreys and Nicol 1998; Rowe 2004; Humphreys et al. 2007; Rijal 
et al. 2007) have made the case for greater environmental variation inside buildings, either via user adjustments to 
windows, shade devices, etc or by adaptive algorithms that more closely match HVAC set-points to prevailing 
outdoor temperatures. The ‘adaptive’ thermal comfort model (Humphreys and Nicol 1998; Humphreys et al. 2007) 
has advocated the shift towards variable indoor environmental conditions, underlying an essential aspect of 
sustainable building design, i.e. providing thermal comfort while reducing energy use and associated greenhouse 
gas emissions. Within conventional air-conditioned (AC) buildings, the HVAC system contributes to over half the 
energy and emissions required for building operation (AGO 1999). The move towards sustainability involves 
decreasing the reliance on active systems and pursuing more passive strategies of building design. One alternative 
is natural ventilation (NV) with occupant-controlled windows, however, while people may prefer a high degree of 
‘adaptive’ opportunities (Baker and Standeven 1996; Brager et al. 2004) they do not appreciate the thermally 
uncomfortable conditions likely to occur in NV buildings during unusually hot or cold weather conditions . As a result, 
building architects and engineers are exploring ‘mixed-mode’ (MM) ventilation as a way of combining the best 
features of NV and AC buildings (Brager 2006; Brager and Baker 2008). 
 
1. MIXED-MODE BUILDINGS 

The basic philosophy of MM or ‘hybrid’ ventilation is to maintain a satisfactory indoor environment by alternating 
between and combining natural and mechanical systems to avoid the cost, energy penalty and consequential 
environmental effects of full year-round air conditioning (Brager 2006; Lomas et al. 2007). These buildings provide 
good air quality and thermal comfort using NV and operable windows whenever the outdoor weather conditions are 
favourable but revert to mechanical systems for HVAC whenever external conditions make the NV option untenable 
for occupants. 
 
Existing international comfort standards, e.g. the American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) Standard-55 (ASHRAE 2004), ISO 7730 (ISO 2006) and pr-EN 15251 (CEN 2007) mainly 
cover thermal comfort conditions under steady state conditions based on laboratory experiments. Field studies 
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(Humphreys and Nicol 1998; Nicol and Humphreys 2002; Rowe 2004; Nicol and Humphreys 2009) have led to the 
inclusion of an Adaptive Comfort Standard (ACS) serving as an alternative to the PMV-based method for free-
running, i.e. NV buildings (ASHRAE 2004). However, the scope of the ACS option is heavily constrained to naturally 
conditioned, occupant-controlled spaces in which thermal comfort conditions of the space may be heavily influenced 
primarily by operable windows which open to the outdoors and which can be readily adjusted by the occupants of 
the space. When mechanical cooling systems are provided for the space, the ACS is not applicable (Nicol and 
Humphreys 2002; Turner 2008). The potential flexibility offered by the standard is not available to hybrid buildings, 
which may operate in a passive, natural ventilation mode preferentially, and equipped with only supplemental cooling 
and heating for peak periods; or that control airflow using a building energy management system (BEMS) rather than 
occupant intervention; or to spaces where operable elements are not connected to the outdoors, must therefore 
resort to the more restrictive PMV-PPD method as a result (Turner 2008).  
 
By comparing field studies in two recent commercial and institutional buildings from Melbourne and Sydney, this 
paper investigates thermal comfort conditions within NV or MM spaces located within traditionally AC buildings. The 
buildings used for this study are Macquarie University’s (MQ) Commerce building (Building E4A) at North Ryde in 
Sydney and the National Australia Bank (NAB) building at Docklands in Melbourne.  
 
2.  THERMAL COMFORT: THE ADAPTIVE CONCEPT AND MIXED MODE SPACES 

Thermal comfort is currently defined within two internationally recognized standards, the ASHRAE and British 
Standard BS EN ISO 7730 as “that condition of mind which expresses satisfaction with the thermal environment” 
(ASHRAE 2004). So the term describes a person’s psychological state taking into account a range of environmental 
and personal factors. Generally air temperature, humidity, air velocity clothing and metabolic activity are the common 
variables to be considered, however other comfort factors like a sense of relaxation and freedom from worry and 
pain should be considered (Darby and White 2005). These aspects represent a major impact on a person’s thermal 
comfort, what de Dear defines as “perceptual relativity”, i.e. when people interact with their environment (de Dear 
2004). Established by ASHRAE Standard 55 (2004), “reasonable comfort” considers 80% of occupant satisfaction as 
a reasonable limit for the minimum number of people who should be thermally comfortable in an environment. 
However, occupant comfort complaints are the biggest routine operational problem in business administration, “if 
one person is too hot, someone else nearby is too cold, and tomorrow both complaints may be reversed” (Opitz 
2008). In fact people employ adaptive strategies to cope with their thermal environment like removing clothing, 
change in posture, choice of heating, opening windows or moving to non-AC areas.   
 
The debate between the heat-balance and the adaptive approach has dominated the development of thermal 
comfort science in recent years (Nicol and Humphreys 2002). The thermal comfort standard used by ASHRAE is 
based on experiments in climate chambers initiated by Fanger in the 60s. This approach combines the theory of 
heat transfer with physiological thermoregulation to determine different comfort temperatures for people in a specific 
environment: individuals studied in tight controlled situations. The adaptive approach, on the other hand, is based on 
field studies demonstrating that people are more tolerant of temperature changes than laboratory studies suggest. In 
fact, people act consciously and unconsciously to affect the heat balance of the body, what is called behavioural 
thermoregulation. In this way, comfort is normally achieved in a wider range of temperatures than predicted by 
ASHRAE standards (Heschong 1979; Nicol and Humphreys 2002). As Heschong (1979) interestingly points out 
comfort is a relationship between thermal content and human imagination. As humans we are capable of adapting to 
most thermal experiences but mostly we are in need of variations to avoid “thermal boredom” (Kwok 2000). 
 
According to Humphreys and Nicol (1998), straightforward applications of the Fanger equation underestimates 
human adaptability to indoor climate by about 50% leading to excessive energy use and inappropriate design 
(Humphreys and Nicol 1998). The adaptive approach to thermal comfort is based on the findings of surveys that 
focus on gathering data about the thermal environment and the simultaneous thermal response of the individuals in 
real situations, keeping researcher intervention to a minimum, as achieved in our Melbourne and Sydney case 
studies. The fundamental assumption of this approach is expressed by the adaptive principle: “if a change occurs 
such as to produce discomfort, people react in ways which tend to restore their comfort” (Nicol and Humphreys 
2002). Both Angela and Max are conducting observations that have already given indications related to people’s 
adjustments to their environment. For example, at the NAB, there is a frequency of people entering the tea pot room 
indicating the need for a break from their work but also that the need to enter a different thermal environment; hence 
seeking relaxation as well as fresh air. There is a clear association between the comfort conditions and people’s 
actions that links comfort temperatures to the context in which individuals find themselves. Research at the NAB 
looks into people’s behaviour and how they move into the NV tea pot area from their AC office space, what they do 
and where they come there. Patterns of movement and various chosen activity will reveal physical and psychological 
adaptations providing indications about the space and its comfort acceptability. 
 
Comfort has both a spatial and a temporal dimension, as users respond to different weather or different activities by 
adjusting clothing levels, temperature settings, window openings or by moving to another space (Hawkes 1997). The 
option for people to react to a specific thermal situation reflects the opportunities to adapt to their environment and 
the possibility to achieve good levels of comfort. Well designed spaces should be able to provide different thermal 
conditions in the one location (Ong 1997). Ong suggests the need for heterogeneous conditions reflecting the 
complexity of our sensory experience, allowing users to seek various environmental conditions according to their 
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particular needs at a given time. In this respect, the NAB is the only building in Australia that includes a key 
innovative design, the MM space1, and integrating natural ventilation within AC commercial buildings.  
 
3.  CASE STUDY 1: NATIONAL AUSTRALIA BANK, DOCKLANDS, MELBOURNE 

The National Australia Bank (NAB) building (Figure 1 was the first new commercial building built as part of the 
reconstruction of Melbourne’s Docklands.  As one of the largest single tenant commercial buildings in Australia, with 
140,000 m2 of office space suitable for around 4000 employees, the building features a series of MM spaces along 
the Northern façade, giving users the possibility to choose between active mechanical air-conditioning (AC) or 
natural ventilation (NV), depending on outdoor weather conditions. 

 

 

 

 

 

 

 

 

Figure 1: Plan, National Australia Bank Melbourne                Figure 2: Plan of the North End Tea Point, Level 6 

 
The study at NAB focussed on a single space, level 6 Northern Tea point (Figure 2), as part of the MM north façade. 
In this zone the hybrid ventilation system allows workers to switch between air-conditioning and MM using the 
control panel Figure 3). The MM spaces provide a unique setting to investigate people’s response to NV within AC 
environments. 

 

         
 
 
 
 
 
 
 
 
 
 
 

Figure 3: The control panel                               Figure 4: Overview of the room and the instruments 

The methodology used includes quantitative data collection, with instruments monitoring temperature, mean radiant 
temperature, relative humidity (RH), air-velocity and radiation (Figure 4). Two people counters were used to 
determine the population of the room at 5 minute intervals. This data will be complemented by qualitative data from 
questionnaires and field work observations of user behaviour in the space, to be conducted for a period of one week 
four times throughout the year (corresponding to the seasons).  

 
4. CASE STUDY 2: MACQUARIE UNIVERSITY COMMERCE BUILDING, SYDNEY 

Macquarie University's (MQ) North Ryde campus is located within the Sydney metropolitan region. Commissioned in 
2006, the Commerce building is a 7-storey office building occupied by academic and administrative staff. Consisting 
of MM cellular offices with operable windows along north and south perimeter zones separated by AC central open-
plan office space, the entire façade is built on a louvre system featuring external solar shading over the northern 
windows (Figure 5). Automated high and low external louvres provide natural ventilation to each floor, with 
adjustable internal grilles to control airflow, supplemented by user-operable windows. Indoor temperature and 
outdoor weather sensors prompt the Building Management System (BMS) to switch into AC mode whenever a peak 
temperature greater than 25°C is sensed in any zone. During AC mode, internal temperatures are maintained at 

                                                             

1 Mixed-mode refers to a hybrid approach to space conditioning using a combination of natural ventilation from 
operable windows, manually or automatically controlled, and mechanical systems, i.e. air distribution and 
refrigeration equipment for cooling. The NAB is the only one in Australia with this particular system (CBE, 2005).  
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24°C (±1.5°C) as defined in the building’s algorithm. BMS switch-over to NV is conditional when external 
meteorological conditions and the indoor thermal climate fall into an acceptable zone for the occupants 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Commerce Building Typical Floor Plan 
 
Dataloggers randomly located throughout the building record air temperature and relative humidity at 5 minute 
intervals throughout the study. Outdoor weather conditions were collected from a nearby automatic weather station, 
and BMS data was collected from the University’s Office of Facilities Management (OFM). Field studies used mobile 
observations to supplement continuous monitoring of occupant workplaces, using the thermal comfort ‘sputnik’ 
system (Figure 6). These provided detailed thermal comfort measurements for air temperature; mean radiant 
temperature, relative humidity, and air speed at a height of 0.6m within each occupied zone. Standardised comfort 
questionnaires were used to record occupant perceptions of thermal comfort within their workspace, including 
standardised clothing garment and metabolic activity check lists allowing the calculation of various comfort indices, 
e.g. Predicted Mean Vote (PMV), Effective Temperature (ET*) and Standard Effective Temperature (SET*), etc. 
(ASHRAE 2004). Statistical analyses were performed using Minitab statistical software.  
 
 
 
 

                Figure 6: ‘Sputnik’ thermal comfort system 
used for the Sydney MM field study 

 
 
 
 
 
 
 
 
 
 
 
 
5. PRELIMINARY RESULTS 

5.1 NATIONAL AUSTRALIA BANK, MELBOURNE 
The survey was conducted on the 29th April 2009 between 10:30 am and 3 pm. The people counters established that 
an average of 200 entries per day with 100 occurring between morning tea and lunch time. Most people entered the 
room at least twice per day, which means that only 66 people (33%) were in the room at the time of surveying. Thirty 
people volunteered to answer the survey, a response rate of just below half. The average age of respondents was 
33 years with 43% females and 56% males. The majority of people surveyed, 73%, have been working at NAB for 
more than one year and 97% of them worked previously in an AC office mainly in Melbourne. 
 
Throughout April, outdoor temperatures ranged between a minimum of 7°C and a maximum of 32°C. During the 
week of observations, from the 20th to 24th April, the average outdoor temperature was 16°C, quite typical for autumn 
in Melbourne as temperatures were often in the mid-20s (Figure 7). Internal temperatures during this same period 
ranged between 23-25°C. 
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Figure 7: Outside temperature maximum and minimum and inside temperature 
 

As seen in Figure 8 workers declared on average that they were neutral to slightly cool (4.34). However for all of 
them the thermal environment was acceptable and for 87% there was no need for change even if 13% would have 
liked the room to be warmer (Figure 9). Furthermore, 70% declared that there was no need for any change in the air-
movement but 26% would have liked more air movement. However 94% didn’t open the window during the day of 
the survey.  
When people were asked how the temperature was at that particular moment, 70% answered that it was ok and for 
23% it was perfect Figure 10). The majority of people surveyed declared they didn’t adjust their clothing level 15 
minutes prior to answering the survey. Only 13% stated they did. Most subjects wore similar clothing ensembles, 
60% wore pants/skirt, shirt, socks/pantyhose and shoes. The addition of a vest/cardigan was declared by 40% of 
respondents. 
When asked to describe the room, half of respondents indicated that the room was full of light, while nearly a quarter 
stated that the room was full of fresh air and a good place to work (Figure 11). Interestingly, 33% of the answers 
pointed out that the room was warmer than the rest of the office while 16% of the answers indicated that it was 
cooler than the rest of the office. The predominant activity conducted in the space is simply having a break or getting 
away from the work desk (Figure 12). 10% of respondents indicated that they were there to enjoy the view. Use of 
the kitchen facilities is also significant, with many respondents having lunch or coffee.   
 

  
Figure 8: Likert scale analysis: How do you feel now in this room?        Figure 9: Response rates 

 

                         
Figure 10: Response rates                                                                  Figure 11: Response rates 
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Figure 12: Response rates                                                               Figure 13: Response rates 

When asked about the qualities of the space, the view was the most frequent response, followed closely by the fact 
that the room was simply an alternative to their usual work station (Figure 13). One third of respondents indicated 
that they liked the fresh air, while nearly a quarter appreciated the social aspect of meeting other workers. Several 
indicated that the space provided a place where they could feel more relaxed, either with or without bringing work. 
Interestingly, ten percent of respondents considered the space warmer than the rest of the office, while the same 
number considered the space cooler.  This is above what would be expected of a normal PMV/PPD response, 
possibly indicating responses to the different mix of air and mean radiant temperature.   

The benefits of the MM system in this space is difficult to separate from other qualities of the space; the view, the 
kitchen facilities, the social aspect, the chance to relax somewhere away from the pressures of work at the desk.  
However, since many respondents regarded the room as being slightly warmer or slightly cooler than at their desk 
indicates that the variation from desk temperatures is important, giving workers a break from the constant conditions 
of AC, and possibly encountering a different mix of air and mean radiant temperatures. That many respondents 
regarded the air as being ‘fresh’ indicates a perception of qualitative difference in the nature of air being breathed, 
whether due to its temperature, humidity, air speed, oxygen content, or other (e.g. odours).  What may be significant 
here is the opportunity to enjoy indoor air quality conditions that are different to those encountered at the 
workstation.  
  
5.2 Preliminary RESULTS: Macquarie University COMMERCE buildinG, SYDNEY 
Figure 14 below shows daily outdoor temperatures recorded during this period plotted against internal temperatures 
measured from the HOBO dataloggers and averaged across each zone. Between March to June there was a 
steadily decline in outdoor temperatures as the study shifted from autumn into the winter months, and each zone 
mirrors these changes (typical for a NV building). Based on one-way ANOVA statistical analyses, the average 
outdoor temperature of 14.7°C was significantly cooler (p = 0.000) than average temperatures for the North (22.6°C), 
Central (22.4°C) and South (20.9°C) zones. As expected, the north façade experienced significantly warmer 
temperatures than Central and South zones, whereas temperatures in the South zone were significantly less than in 
Central offices. The variability of these temperatures is also worth noting. The Central zone experienced less 
variability than the perimeter due to constant air-conditioning throughout these zones. In contrast, the variability in 
northern offices was greater than the southern zone. These temperature ranges are due to the use of HVAC when 
temperatures rise towards the 25°C cooling set-point and drop towards the 18°C heating set-point, which explains 
why temperatures rarely exceed these extremes. The northern façade is also susceptible to high solar heat gains 
from office windows, suggesting the blips present in the data. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Internal Temperatures for the Sydney field study (Weekdays between March and June 2009) 
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Figure 15: Internal temperatures for the Sydney study showing effects of AC to NV switch-over 

 
In order to show what happens to indoor temperatures during AC to NV switch-over, a typical week in the study 
period was chosen (as shown in Figure 15 above). During NV mode, temperatures are allowed to rise towards the 
25°C cooling set-point at which time; AC mode turns on, automatically shutting the windows and stabilises the 
internal temperatures to around 24°C (±1.5°C). These events are present in Figure 15 when the temperatures peak 
at 25°C during the middle of the day. 
 
Over 100 questionnaires have been conducted with representative samples of both genders (37 males and 63 
females) for Sydney’s field study. Clothing insulation (clo) values were recorded using a standardised check-list of 
typical office clothing items (ASHRAE 2004). The average clo value for females (0.78) was significantly higher than 
males (0.62, p = 0.002). Clo values were also plotted against outdoor and indoor temperatures for any significant 
relationships. This data was binned into degrees and thus analysed using weighted linear regressions. The clo 
relationship with outdoor temperatures was non-significant (p > 0.05), however, Figure 16 below illustrates a 
significant negative clo relationship with indoor temperatures (p = 0.000). With R2 = 89.1%, this suggests that indoor 
temperatures have a strong influence on the amount of clothing insulation worn by the building occupants. As indoor 
temperatures increase, occupants will remove items of clothing. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: Clothing insulation relationship against indoor temperature for Sydney MM field study 

On the basis of AC/NV mode at the time of the questionnaire, it was possible to compare responses during each 
mode of operation, i.e. AC and NV modes. Table 1 below highlights some of the key study variables being 
investigated throughout this study. The only significant difference found was Actual Mean Vote (AMV) wherein 
participants rated their level of comfort across a 7-point Likert Scale (ranging from Cold (-3) through Neutral (0) to 
Hot (+3)). Within AC mode, the average AMV was neutral (-0.02), which is significantly cooler (p = 0.01) than the 
average AMV during NV mode (0.80). This suggests most people found the building to be slightly warmer during NV 
mode compared to AC mode, possibly due to the increased indoor temperatures needed for the NV algorithm to 
start. Other variables did not achieve any significant levels of difference. Thermal preference was significantly 
different. People did not want the thermal environment changed during AC mode (2.16) whereas during NV mode, 
occupants preferred to be cooler (1.73). Temperatures were significantly different which can be verified by Figure 15 
above which demonstrates that when the building is in NV mode, indoor temperatures will rise until the 25°C cooling 
set-point.  

Table 1: Comfort data summaries for Sydney MM field study 

Study Variable AC Mode (n = 81) NV Mode (n = 25) Significance 
AMV -0.02 0.80 p = 0.01 

Acceptability 1.75 1.73 p > 0.05 
Preference 2.16 1.73 p = 0.02 

Clo 0.73 0.68 p > 0.05 
Productivity -0.5% 0% p > 0.05 

PMV -0.25 0.19 p > 0.05 
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Temperature 21.9 24.0 p = 0.03 
 
6. DISCUSSIONS 

As shown in Figures 16 and 17, internal temperatures are clipped at 25°C as this is the peak temperature zones can 
experience before the BMS switches into AC mode. Before this transition, office spaces will gradually increase in 
temperature due to increased solar loads, particularly in the North zone, which experiences significantly warmer 
temperatures than both the Central and South zones. Up till this point, occupant comfort is said to be neutral, as 
judging from the summary data present in Table 1 above. However, what isn’t clear is what happens when the 
building activates the HVAC system. Currently the building’s MM ventilation algorithm, upon a temperature greater 
than 25°C has been sensed; the air-conditioning system will lower and maintain temperatures around 24°C (± 1.5°C 
depending on concurrent outdoor weather). As can be illustrated in Figure 15 above, there is a lag effect after an AC 
mode switch-over event. This may be due to inconsistencies depending on the position of the BMS sensors, but 
overall it takes 30 minutes to reach optimal temperature. Comfort votes taken before and after these periods 
propose that occupants tend to feel warmer leading up to AC mode operation as internal temperatures are allowed 
to rise towards the 25°C set-point. Correspondingly, as highlighted in Table 1, the average AMV when the building 
was in NV mode is slightly warmer than neutral (1.17).  
 
When the building switches into AC mode, internal temperatures are maintained at around 24°C. Contrastingly, the 
average AMV whilst AC mode was in operation was neutral (0.00) which suggests that occupants preferred these 
conditions (Rowe 2004; Brager and Baker 2008). However, while PMV values during both these modes do not 
suggest any significant differences (both -0.25 and 0.19 are within the limits of a Neutral vote), more conclusive 
evidence is needed to define occupant perceptions of the thermal environment whilst the building switches between 
AC and NV mode. A meaningful analysis would be to investigate any differences in clo values through both 
operation modes. The Sydney field study relies heavily on the temporal effects of thermal comfort, especially as this 
building is capable of switching between modes various times during a day. While the majority of the data presented 
here was collected in typical winter months, i.e. Figure 14 shows that outdoor temperatures rarely rose above 20°C 
between April and June, what can be expected during summer months occurred during March in Figure 15, in which 
high outdoor temperatures, often above 20°C will force the building into AC mode as internal temperatures during 
these periods exceed the building’s natural ventilation limits.  
 
Not only do indoor environments influence clothing choices but so too does the outdoor weather (Morgan and de 
Dear 2003; De Carli et al. 2007). For NV buildings, occupants tend to change their clothing according to external 
conditions as the building more closely matches the prevailing outdoor temperatures. However, as Figure 16 
demonstrates, occupant clo values are only moderately related to indoor temperatures and not outdoor conditions.  
Perhaps there is a difference in these relationships when the building is in AC mode and when it is in NV mode. As 
yet, there is not enough conclusive data to suggest these correlations, but this may be highlighted later on in the 
study.  
 
CONCLUSION 

The two case studies presented here adopt different approaches to mixed mode ventilation, with the NAB building 
offering mixed mode ventilation in a break-out area adjacent to workspaces, and the Commerce building using 
mixed mode ventilation within workspaces. While these two approaches have necessitated slightly different 
methodologies for evaluating thermal comfort, it is clear that there are benefits in each of these approaches over a 
traditional air-conditioning system.  Of particular interest are the points of change from one mode to another, either 
spatially, as with the NAB building, or temporally, as with the Commerce building. Comparison between the different 
comfort conditions in each case study will form a future component of this project, but for now what is evident is that 
steady-state models are inadequate for describing thermal comfort conditions in mixed mode buildings, and that new 
temporal and spatial models need to be developed.   
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