


Building Type No. of Buildings TVOCWAGM 

(/lg m·3) 

Residential 

- Established 1081 1130 

- New 33 4500 

- Complaint 14 520 

Office 

- Established 60 180 

- New 1 4150 

- Complaint 51 490 

(source: derived from Brown et aI., 1994) 

Table 6: Comparison ofTVOC concentrations in established , new and complaint residential and office buildings 

When various studies of buildings specifically using natural Fresh air at whatever rate may be delivered by a mechanical or 
venti lation were reviewed, the findings are mixed. For natural ventilation system. Both of these methods of air delivery 
example, Hedge et al. (1989) found no statistical differences in are employed in the CH2 building. The findings related to the 
concentrations of carbon dioxide and monoxide, ozone and total system of fresh air delivery are mixed. In their comparison 
oxidants in two office buildings with different ventilation systems. between an air conditioned and adjacent naturally ventilated 
However, concentrations of formaldehyde, VOCs and respirable office cited previously, Hedge et al. (1989) found that health 
particulates were higher in the building with the HVAC system. impacts were significantly lower in the naturally ventilated office, 

although no significant correlation could be found between the 
Three offices in central London and one in a rural location, all pollutant concentrations and symptom prevalence. There was 
naturally ventilated, were evaluated by Phillips et al. (1993). some significance with feeling ill and formaldehyde levels. The 
Although the offices of the CH2 building are mechanically ventilated measurements of the indoor climate in 14 town halls were made 
during the day with filtered and conditioned air, the results of the in Copenhagen and compared with results of a questionnaire 
study are indicative of air quality in the toilets during the day and study of over 4000 employees (Skov and Valbjorn , 1987). No 
the potential levels of contaminants occurring in the building at statistical difference could be established between the naturally 
night. Carbon dioxide levels exceeded 1000 ppm in all of the ventilated and mechanically ventilated buildings, although the 
monitored offices at some time during the day over the two-month lowest prevalence of mucosal irritation and work-related general 
monitoring period. Carbon monoxide levels ranged from 1.9-5.4 symptoms were found in the oldest town halls. This latter finding 
ppm, which was 36-76% of the outdoor level. The lowest value appears to support the conclusion of Brown et al. (1994) cited 
was measured in the rural location . Peak levels corresponded to earlier. By contrast, another comparison between an air
periods of peak traffic. NOx levels followed a similar trend to CO conditioned and a naturally ventilated building (Parat et aI. , 1997) 
levels and peak values ranged from 0.11-0.137 ppm (23-68% of found that air microbial content was significantly higher and more 
outdoor level) for the three city offices. Ekberg (1996) confirms variable in the latter building . In addition, the fungal content of 
these higher values of indoor-outdoor level ratios. For an ach naturally ventilated building was strongly dependent on outside 
of 1.9 h·1, Ekberg demonstrated that the ratio of indoor peak levels, while that in the air-conditioned building was relatively 
concentration to outdoor peak concentration can be as high as 0.6, constant. No difference could be observed in various gaseous 
assuming a triangle concentration pulse, indoor pollution sources pollutants. 
and sinks to be zero and no filtration, for a mechanically ventilated 
building. Higher ventilation levels have been associated with reduced 

sick leave (Milton et aI. , 2000). These authors analysed the sick 

Health leave over one year for some 3700 employees in a large US 
manufacturer and found consistent associations of increased sickFisk (2002) refers to a study that found that there was a 35% 
leave with lower levels of outdoor air supply, but the reasons forreduction in short-term absence in buildings with higher venti lation 
this were not clear. The authors also found an association betweenrates. Another study cited by Fisk (2002) suggested "that a 10 cfm 
humidification and increased sick leave, which they suggest may(5 I S·1 ) per person increase in ventilation rates would decrease 
be due to the longer survival rate of common respiratory pathogensprevalences of the most common SBS symptons by one-third on 
in a more humid environment. average." Even higher ventilation rates have been advocated now 

for good health (Wargocki et aI. , 2002a). In a review of 105 papers 
Productivitythe effects of ventilation on health, comfort and productivity in non

industrial indoor environments, a multidisciplinary group concluded It should be noted that office productivity is a complex topic 
that outdoor air supply rates below 25 I S·1 per person increase and there are many factors which can impact on workplace 
the risk of SBS symptoms and short-term sick leave. The rate performance. Ventilation and indoor air quality are only two 
proposed for the CH2 building is 22.5 I S·1 per person, which while contributory factors along with temperature, noise, light, stress, 
considerably higher than current Australian building standards morale, workload and management. Isolating the effect of 
requirements , is still 10% lower than some current thinking in ventilation and air quality alone is therefore difficult. Reviewing 
Europe. the linkages between improved environmental conditions and 

54 The Australian Journal of Construction Economics and Building [VoIS, No 2J 



productivity, Fisk and Rosenfield (1997) also caution that much of 
the research is from laboratory experiments and their relevance 
to "real-world settings is uncertain". For example, Wargocki et 
al. (2002b) demonstrated the significance of pollution loads on 
simulated office work. Some more recent measurements in call 
centres appears, however, to confirm the link between airflow 
rate and the productivity of the workers in that type of workplace. 
Tham (2004) found that increasing the supply of outdoor air at 
24.50C from 5 to 10 I S ·1 per person decreased the talk time of 
call-centre workers in a tropical country significantly, compared to 
a supply temperature of 22.5°C. The impact on the productivity of 
26 northern European call-centre operators of a variable airflow 
rate, in conjunction with clean and used air filters, was investigated 
by Wargocki et al. (2004). Replacing a used filter with a clean filter 
reduced talk-time by about 10% at the high flow rate but had no 
significant effect at a lower rate . Talk-time increased by 8% with 
a used filter and high flow rate, but decreased by 6% with a clean 
filter. These findings are perhaps of significance to the operation of 
the CH2 building air filter system. 

CONCLUSIONS 

Since the building has yet to be completed, commissioned and 
occupied, conclusions about the effectiveness of the ventilation 
strategy and its impact on occupant health are necessarily 
speculative. However, clean fresh air in adequate quantities is 
clearly required for human health and perceived well being . The 
daytime fresh air supply for the CH2 offices will be provided by 
a mechanical system at a rate of 22.5 I S·1 per person, which is 
slightly lower than currently advocated in Europe but significantly 
higher than required by current building standards in Australia. 
In the toilets and at night, however, ventilation of the offices will 
be induced by natural means. Ventilation of the offices at night is 
mainly required for cool ing, rather than the removal of pollutants 
and ventilation effectiveness at night may not influence air quality 
during the daytime. However, removal of odours and particulates 
from the incoming air in the toilets, especially those near ground 
level, may be inadequate if natural ventilation alone is used. 

High levels of ventilation are now often advocated to improve 
indoor air quality, health and productivity. However, a survey of 
56 HVAC office buildings in nine countries all over Europe found 
that although there was an average ventilation rate of 25 I S·1 per 
person, nearly 30% of occupants and 50% of visitors still found 
the air unacceptable (Bluyssen et al. 1996). High ventilation 
rates alone are therefore no guarantee of acceptable indoor air 
quality. The same study concluded that the materials, furnishings 
and activities in the office and the ventilation system itself were 
the important sources of air pollution, not the occupants. The 
measures taken to reduce the internal sources of pollution in 
CH2 such as low emission fittings and the use of plants to absorb 
pollutants should be effective and therefore the major source of 
pollutants will be external. Given its inner city location and the 
possibility of excess particulate levels, the efficacy of the filtering 
system will therefore be a major determinant in indoor air quality. 

Evidence for reduced sickness due to higher ventilation rates 
does not appear to be conclusive. In the study of over 6500 office 
workers, Bluyssen et al. (1996) could not establish a correlation 
between the occupants' health.and their acceptability of the air 
quality, although there was a significant correlation between 
perceptions of air quality and measured ventilation rates. In terms 
of a direct link between ventilation and productivity, the evidence 
is to date mainly from experiments, rather than measured data 
from real-life conditions. Some measured productivity gains 
amongst call-centre workers have been linked to airflow rate, but 

not necessarily at high levels. The effect of ventilation rate on 
performance is therefore not independent of other factors such as 
temperature and filter system condition. Productivity increases will 
be achieved indirectly if there is less sickness-related absence. 
The current evidence suggests this is likely to be the major benefit 
of the ventilation system proposed for the CH2 building . 
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CITY OF MELBOURNE RESPONSE 

Reading a detailed analysis of air quality can be a bit like reading 
fine print on the potential side-effects of standard prescription 
medicine - without a strong sense of perspective it can sound 
alarming, even when the chances of any such effects are remote 
in the extreme. Aye and Fuller, in their paper on CH2 's proposed 
ventilation system, raise a series ofpoints that similarly must be 
read in context and with perspective. 

For instance, Aye and Fuller make repeated references to the 
quality of outdoor air entering the CH2 toilets and the potential for 
undesirable odour. They say outside air may on occasion exceed 
targets for PM10 particles and that during 2003, potentially at the 
time of bushfires and dust-storms, they exceeded the 2008 goal for 
ozone and particulates. 

While this may be the case, the perspective must be applied 
that more than 600,000 people in the City of Melbourne every 
week day breathe this very same air - some of them all day 
long - and that staff are unlikely to linger for extended periods 
in the office toilets. Furthermore, the same air has been used to 
naturally ventilate the City of Melbourne's Commonwealth Bank 
Building offices for many years, with no particular history of odour 
complaints. The CH2 toilets closest to ground level, which the 
authors are most wary of, will be mechanically rather than naturally 
ventilated. People enjoying just one cup of coffee at any of the 
city's plethora of outdoor cafes can expect to inhale a great many 
more pollutants than they are likely to encounter in regular visits to 
a CH2 bathroom. 

Aye and Fuller acknowledge their paper is based on readings 
taken from an air quality monitoring station 19 metres above 
ground (rather than CH2 's desirable 38 metres) and 750 metres 
away. However it is important to understand this station is about 
seven city blocks distant in an area much closer to wide busy 
roads than the narrow and often closed-off streets surrounding 
CH2• The nearest main road to CH2 is Bourke Street, which in very 
recent times has been substantially and permanently closed to all 
but tram traffic in the vicinity of CH2• To reintroduce significantly 
more traffic to Swanston St, as alluded to by the authors, is a very 
long bow to draw. It would require the removal of millions of dollars 
in street infrastructure, the reversal of long-held Council policy and 
the risking of a renaissance in pedestrian and retail activity in the 
street, as measured in 10 years of award-winning research. 

In regards to the quality of the building's air filters, the City of 
Melbourne has a rigorous maintenance program for all its buildings 
that is well within the Australian standards - and this most certainly 
extends to regularly measuring indoor air quality and routinely 
cleaning and replacing air filters. 

Aye and Fuller draw on two studies - one in 1987 and one in 
1997 - to question whether naturally ventilated or mechanically 
ventilated buildings are preferable. Apart from the fact this begs 
the question why there are not a great many more studies on the 
subject, it also should be read in context. Apart from the toilets, 
CH2 is not and never was intended to be a naturally ventilated 
building. It will be ventilated by filtered air, with outdoor air being 
used only on cool nights when the building is empty and as an 
energy saving technique only. 

Further clarification is also required for the authors' reference to 
higher ventilation rates in CH2 being considerably higher than 
Australian standards but below some current thinking in Europe. 
Certainly the CH2 design team believes the higher-than-standard 

ventilation rates will help staff be more effective at work, but it 
expects the system to provide far greater benefits by minimizing 
air mixing between occupants working in the same area. This 
means workers will be much less exposed to the seasonal colds 
and flu passed by the mixed air common to most other Australian 
office buildings. It is through this and a plethora of other factors 
- certainly not ventilation rates alone - the designers expect to 
reduce sickness in the workplace. 

In relation to productivity, the authors make a point with which 
there can be little disagreement. Temperature, noise, light, 
stress, morale, workload and management all have a part to play 
alongside ventilation and indoor air quality on the satisfaction 
and productivity of workers. To that, the CH2 design team would 
add a plethora of other factors: the materials used, office layout, 
aesthetics, the ability to contribute and workplace values are just 
a few. 

Ultimately, CH2 was designed to reflect the planet's ecology, which 
is an immensely complex system of interrelated components. Just 
as it is impossible to completely assess the role of any part of this 
ecology without reference to the whole, CH2 comprises many parts 
that work together to create a harmonious environment. Context 
and perspective must be applied at every step of the way. 
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