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Abstract 

Many ventilation systems fail to meet the expectations of 

the occupants, despite the level of knowledge available 

to aid their construction, including best practice and 

good design criteria. This paper looks at how a ventila

tion system should be designed, installed and main

tained in order to maximise occupant satisfaction and 

minimise operating costs. Contemporary design solu

tions are discussed, and a case study of the new parlia

mentary building in Westminster, London, is presented. 
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Introduction 

Many ventilation systems fail to meet the expectations 
of the occupants, despite the level of knowledge available 
to aid their construction including best practice and good 
design criteria. Aft�r many decades of research, it is gener
ally accepted that to provide a high degree of occupant 
satisfaction, the internal environment should: (1) have an 
internal temperature of 21-24 °C; (2) maintain a humidi
ty level of around 40%; (3) provide sufficient fresh air to 
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dilute any contaminants (8.0 litres·s-1 per person mini
mum); ( 4) introduce supply air such that the air velocity is 
around 0.2 m·s-1. 

These figures provide the basis of a comfort envelope. 
They are not recent findings; many of the basic parame
ters were established over a century ago. It would there
fore seem a relatively simple task to provide a fresh and 
comfortable environment for the occupants of any build
ing. 

Between 1950 and 1970 , the building services indus
tries focussed attention on improving the hardware avail
able to construct air-conditioning systems within reason
able costs. It is apparent with hindsight that not all of 
these systems worked [l]. Many thousands of systems 
were installed that performed inadequately due to inap
propriate selection of hardware, poor design and defective 
maintenance. Regrettably, this has left a legacy of mistrust 
between the clients and the engineers whose ability to 
design an effective mechanical ventilation or air-condi
tioning system is held in doubt. 

The 1970s saw the emergence of the energy crisis and 
the need for energy-efficient ventilation systems. This 
trend has continued to the present day, but the emphasis 
has swung more in the direction of installations that have 
a low environmental impact. Again, the development of 
systems that were not fully tested has led to some indiffer
ent solutions. In any event, it is an unfortunate statistical 
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Table 1. Ventilation rates required for degrees of expectation of air 
quality (derived from data in Fanger [2]) 

Category Required ventilation rate in litres· s-1 per occupant 

no 20% 40% 100% 
smoking smoking smoking smoking 

A 10 20 30 30 
B 7 14 21 21 
c 4 8 12 12 

Assumes an outdoor C02 level of 370 ppm. 

fact that the ventilation engineer is unlikely to satisfy all 
the occupants of a building all of the time. If engineers 
achieve satisfaction ratings greater than 90%, they may 
consider this a success. 

Given this history, it is not surprising that the general 
consensus among clients today appears to be against 
mechanical ventilation and in favour of natural ventila
tion. 

Consider the criteria noted above. There seems little 
doubt that temperatures within the range 21-23°C pro
vide a reasonable, level of satisfaction. In the UK, the min
imum statutory t'emperature for a place of work is set at 
16 ° C. Unfortunately, there is no upper temperature level 
which is applicable to office environments. It is generally 
considered that this should not exceed 27 ° C on more 
than 2-3% of occasions throughout the year, but there is 
no reference basis for this figure. 

Considerably more controversy surrounds the ques
tion of what constitutes an appropriate allowance for ven
tilation air. In the UK the simple answer is 8 litres·s-1 of 
fresh air per person minimum for a non-smoking office. 
This figure has remained unchanged for many decades 
and is based upon a value that is likely to dilute the pollu
tion created by the occupants to an acceptable level. What 
the pollutants are is difficult to quantify as they relate 
principally to body odour. One pollutant often used as a 
measure of acceptability is carbon dioxide (C02) for 
which various criteria and legislation do exist: (1) to pre
vent the build-up of C02 to hazardous levels, a ventilation 
rate of0.3 litres·s-1 is required; (2) to satisfy UK Health & 
Safety legislation, an 8-hour exposure limit for C02 has 

-been set at 5,000 ppm, requiring a ventilation rate of 
around 1.0 litres·s-1; (3) if the recommendation that C02 
levels should not exceed 2,500 ppm is accepted, then this 
requires a ventilation rate of 2.5 litres·s-1; (4) to maintain 
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C02 levels below 1, 000 ppm and control body odour lev
els requires a ventilation rate of 8.0 litres· s-1. 

Prof. Ole Fanger has proposed a method of determin
ing the appropriate ventilation rate that went beyond an 
allowance based upon occupancy levels. This was embod
ied in a pre-standard called prENV 1752: Ventilation for 

buildings [2]. This draft proposed adding an allowance for 
any pollutant emitters within the building, including such 
things as carpets, photocopiers and wall coverings. This 
does seem eminently sensible. 

However, engineers identify with standards that may 
be clearly applied. The methods proposed for calculating 
the ventilation rate inprENV 1752 were considered not to 
be sufficiently robust, and therefore the advisory commit
tee refused to adopt the pre-standard. 

In many ways, the rejection of the pre-standard was 
unfortunate. It contained much more detailed informa
tion than any of the existing standards. One interesting 
aspect was the proposal to categorise the quality of the 
indoor environment at three levels: category A corre
sponds to a high level of expectation; category B corre
sponds to a medium level of expectation; category C cor
responds to a moderate level of expectation. The ventila
tion rates corresponding to these categories are shown in 
table 1. 

There is some debate over whether the adoption of 
prENV 1752 would have increased the ventilation allow
ance above the normally accepted minimum standards 
for office spaces (8  litres·s-1 per person). It is not easy to 
determine whether this would be the case, as prENV 1752 
allowed the designer to take a number of other factors into 
account. However, for office spaces, it is very probable 
that if followed, it would increase the ventilation rate, 
thereby increasing the energy consumed by the ventila
tion systems. On the other hand, the current guidance lev
el of providing a minimum of 8 litres·s-1 per person, 
regardless of other factors, could also lead to an over-pro
vision of ventilation air. 

An example of where this might happen could be in a 
large space such as a sports or leisure arena. Guidance in 
prENV 1752 would allow the ventilation rate to be 
reduced to 4 litres·s-1 per person. Due to factors such as 
the 'reservoir effect' for a sedentary audience, a category 
C environment is exceeded only after 150 min (fig. 1). 
Even with an audience with a high metabolic rate, the 
HSE 8-hour exposure limit would not be reached. This 
level of ventilation couHbe considered quite acceptable 
for such an arena space and would result in a 50% reduc
tion in the air supply rate which would significantly 
reduce both capital and running costs. 

Dix 



Fig. 1. Predicted C02 levels in a fully occu
pied 12,000-seat arena ventilated at a rate of 
4 litres-s-1• 
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This paper looks at how a ventilation system for a 
building should be designed, installed and maintained in 
order to maximise occupant satisfaction and minimise 
operating costs. Contemporary design solutions are dis
cussed and a case study presented. 

Natural Ventilation: The Simple Solution? 

Anecdotal evidence suggests that most people would 
prefer to work in a naturally ventilated space. Perhaps this 
stems from the belief that the workplace should replicate 
the domestic environment [ 3, 4]. Other reasons for prefer
ring naturally ventilated spaces may include a psychologi
cal preference for being able to open windows. This main
tains contact with the outside and makes the space feel 
less like a prison. The ability to open or close the window 
and control your own environment is understandably 
attractive [5, 6]. Unfortunately, other factors are likely to 
be present in the office environment which do not all arise 
in the domestic situation such as: (1) noise intrusion from 
busy urban environments; (2) office size; (3) restricted 
ability to move to another location to avoid solar gain; 
(4) in shared spaces - who has control of the window? 
(5) thermal gain from equipment and the particular envi
ronment required for the use of VD Us. 

The task of the engineers becomes more exacting wh�n 
they attempt to achieye the target criteria for comfort, 
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temperature, air velocity and air quantity in a naturally 
ventilated space. 

There are a number of methods that can be applied to 
evaluate to what extent these criteria may be met. But it is 
clear that in the UK climate, well-designed naturally ven
tilated buildings will still break out of the comfort enve
lope on a number of occasions. Although the engineer can 
apply a number of sophisticated tools to predict to what 
extent this is likely to happen, the accuracy of the predic
tions depends upon a number of assumptions, not all of 
which are readily quantifiable. Also, the design must 
acknowledge the effect of global warming which predicts 
that hot summer temperatures (last experienced in 19 97, 
one of the hottest summers on record) will be experienced 
three times a decade by 2020 [7]. 

The client - and it must be the client, not the engineer 
- is faced with a difficult decision. To what extent will 
business efficiency be compromised when the conditions 
in the building extend beyond the comfort envelope? Dis
cussions with property agents indicate that this can have a 
great influence on the market. Following the summer of 
19 97, tenants who endured overheated office spaces were 
determined not to accept anything less than air-condi
tioned spaces. 

It is also a mistake to focus only on the summer condi
tions when deciding whether a building can be successful
ly naturally ventilated. This has led to problems in a rrnm
ber of recently com_pleted naturally ventilated buildings 
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Fig. 2. In traditional mixing systems, air enters the space at high 
velocity in excess of 2 m·s-1• The energy in the air jet then induces 
movement in a significant volume of room air. If the inlet diffusers 
are properly spaced and rated, this will provide a general air velocity 
that does not exceed 0.25 m · s-1• Supply air temperature differentials 
may be as high as 12 ° C. 

where minimum ventilation rates have not been main
tained during th� winter. Clearly, relying upon fixed 
openings (trickle ventilators) to maintain a minimum 
fresh air rate over'a range of wind strengths and speeds is 
unlikely to succeed. Current thinking suggests that guar
anteed winter ventilation rates are best achieved by me
chanical ventilation. 

Mechanical Ventilation Systems 

The last 5 years have seen a considerable change in the 
types of mechanical ventilation systems installed in the 
UK. This has been driven by a number of factors, some 
more commendable than others. Installations are now 
required to accommodate: (1) a reduced environmental 
impact; (2) an increase in occupant satisfaction rating; 
(3) a reduction in energy costs; (4) a reduction of the 
installation costs; (5) marketability; (6) 'fashion' engineer
mg. 

With regard to reducing energy costs, the ultimate aim 
_ would be a building which is effectively cost-neutral. Such 

a building would on balance generate all the energy it 
requires. T�ere would be times when it _could export sur
plus generated energy which would be re-imported at a 

78 Indoor Built Environ 2000;9:7 5-86 

� 

i:::::::���::::=:::::���===�==::::t� 
W.arm polluted gases are 
extracted ,;it high level, with 
lit tie recirculation 

Fig. 3. Displacement systems introduce air at low level, very low 
velocities and temperatures of around 19 ° C. When the thermal loads 
match the displacement air cooling load, displacement airflow pat
terns are established. A stratif ication boundary occurs when the net 
upward airflow equals the incoming airflow which should be kept 
abov�. 

the occupied zone. 

later time, thus it would be a net zero user of imported 
refined fuel. 

The previously popular specification of large all air 
central plants connected to terminal installations, such as 
variable air volume (VA V) units (fig. 2), has changed in 
favour of fan coil installations and displacement or under
floor based systems. Displacement ventilation systems 
(fig. 3) have enjoyed particularly good press. Persuasive 
arguments have been proferred that displacement sys
tems: (1) provide high levels of occupant satisfaction; 
(2) eliminate draughts; (3) minimise the recirculation of 
pollutants; (4) reduce energy costs. Several of these claims 
have some foundation. 

This comparison provides a powerful argument for dis
placement ventilation systems. On the debit side, the dis
placement systems alone will rarely satisfy the needs of 
institutional organisations, due to their inability to cater 
for anything other than moderate cooling loads (25 W · 

m-2) in traditional buildings [8]. This has led to the mar
riage of displacement systems with 'complimentary' cool
ing systems such as chilled beams and/or chilled ceilings 
(fig. 4, 5) [9, 10]. Initially, it was claimed that these add
on cooling systems did not compromise the attractive 
concept _that displacement systems _do not recirculate 
room pollutants. This claim did n9t stand up to common 
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Chilled ceiling 

Fig. 4. Chilled ceilings transfer around 50% of the heat by radiation. 
They work by cooling the ceiling surface via chilled water pipework 
arranged in a serpentine coil fixed to the back of the panel. 

sense scrutiny, particularly when advocates claimed that 
the cooling output of the relatively small chilled beams 
was primarily by radiation. Recent research indicates 
that, as suspected, this is not the case. 

The results of the research show that chilled ceilings do 
produce re-circulatory air paths within the space. With 
chilled beams, the extent of the mixing will introduce pol
lutants from the mixed air region well into the occupied 
zone. This can extend to the point where the system has 
similar characteristics to that of a conventional mixed 
flow system. In addition, the primary airflow rate is likely 
to be significantly above the minimum required in order 
to ensure that the stratification level is above the occupan
cy level. 

Care also needs to be taken in the design of chilled ceil
ing systems to ensure that the so-called 'office rain' effect 
does not arise. This problem occurs when condensation 
forms on the ceiling to the extent that it drips off the ceil
ing panels, or chilled beams. It is likely that this problem 
may be overstated, but if it does occur the consequences 
may be significant. This leaves the control regimes neces
sary to prevent occurrence at the mercy of poor mainte
nance, or malfunction. 

'Even so, the evidence is that properly designed dis
placement ventilation systems give rise to high levels of 
occupant satisfaction, even when they generate air move
ment in the space comparable with conventional mixing 
systems. This may be due to the higher fresh air rates, or 
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Fig. 5. Chilled beams are essentially finned tubes through which 
chilled water is circulated. They come in two main forms: active, 
where ventilation air is forced over the finned coils and passive 
where there is no forced ventilation. 

the inherent low air velocities and noise levels generated 
by displacement systems. In addition, many ceiling dis
charge systems suffer from poorly selected diffusers, 
which create excessive air movement in the occupied 
zone. 

Assuming that displacement systems do provide im
proved comfort conditions, there are situations where 
their adoption is difficult. As stated, displacement sys
tems are unable to deal effectively with heat loads greater 
than 25 W · m-2. Ignoring solar gains, this would effective
ly only deal with the heat gains from occupants and light
ing. Achieving a cooling rate of 25 w.m-2 would require a 
minimum of 5 litres·s-1-m-2 of fresh air, or 50 litres per 
person based upon I person per 10 m2• Therefore, dis
placement ventilation systems require air volumes in the 
order of 5 times that of a fan coil installation and probably 
more, to operate in true displacement mode. 

In many buildings, such as high-rise office spaces, this 
is not practical due to the increased size of the distribu
tion ducts. Ceiling-mounted systems are therefore the 
only practical solution and can take many forms. One 
such system (fig. 6) claims to produce a 'displacement 
effect'. 

Currently the most popular system in the UK is the fan 
coil system. This has a number of important advantages. 
Such installations may usually be installed for the lowest 
capital cost and will provide a high degree of flexibility, 
both in terms of the loads that they are able to handle and 
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High entrainment 
dlffueere create a 
'dieplacement 
effect' at low level 

Fig. 6. An alternative ceiling supply system claims to achieve a 'dis
placement effect' by introducing cool air via high induction diJTusers. 
This system has the advantage of being able to atisfy higher cooling 
loads as the air is introduced to the room at temperature differentials 
ofup to 14 ° C. Due to the high room air entrainment rate, this differ
ential is rapidly reduced to around 0.5 ° C some l m below the diffus
er. The air jet continues to fall to floor level where it is claimed to 
establish a displacement effect. 

the degree of controllability. In addition, the technology is 
readily understood by designers, and fault diagnosis is 
well within the grasp of competent maintenance staff. 

On the down side, the systems are not �s energy effi
cient as other systems due to their inability to maximise 
the benefit of free cooling. This may be graphically dem
onstrated by the need for chillers to cool fan coils even on 
days when there is snow on the ground. In addition, fan 
coil units contain small inefficient fans and need regular 
maintenance and cleaning, which often requires regular 
access to the ceiling void within the occupied zone. 

Even so, fan coil units remain as one of the most popu
lar forms of HVAC system, particularly on speculatively 
designed buildings or where individual control is required 
to a number of small spaces [11, 12]. 

Mixed-Mode Systems 

For many decades there have been a large number of 
buildings that are neither fully mechanically ventilated, 
nor fully naturally ventilated. Until recently, this strategy 
did not carry a label, but rec_ent work by the Building 
Research Establishment has developed a set of useful defi-
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nitions that describe the approaches that may be taken in 
developing a mixed-mode solution [ 13]. 

(1) Contingency designs make the provision for future 
addition or removal of mechanical systems. For example, 
a naturally ventilated building may be planned to give 
appropriate space provision for the later addition of me
chanical ventilation or comfort cooling. This may arise 
due to a change in use, or change in climatic conditions. 
Conversely, a mechanically ventilated, or comfort cooled 
building may revert to natural ventilation if comfort cool
ing were no longer required. 

(2) Complimentary designs utilise a combination of 
natural ventilation and mechanical systems. These de
signs can be further subdivided into: (a) Concurrent sys
tems that use mechanical cooling and ventilation when 
required but rely upon opening windows for a majority of 
the time. The ability to open the windows increases the 
tolerance of the occupants to a wider operating range of 
conditions. (b) Changeover systems may call for the use of 
mechanical ventilation or air conditioning as required by 
the season or even the time of day. The changeover strate
gy needs careful design so that it is readily understood. It 
is very easy for this system to default to a situation where 
relience is placed on the mechanical system for a majority 
of the time. 

(3) Zoned designs utilise different systems in different 
parts of the building, depending upon occupancy, usage or 
location. 

Cost, Energy and Environmental 

Considerations 

In the UK, buildings are responsible for 40% of the 
total energy consumption [14]. These are therefore a prop
er target for control, given the current pressure to reduce 
energy consumption and C02 emissions. 

Considerable effort has been put into improving the 
levels of thermal insulation in our buildings. Now the 
energy needed to heat the ventilation air has become the 
greater component of total building heat loss. Regardless 
of whether the space is mechanically or naturally venti
lated in winter, ventilation air has to be heated to an 
appropriate temperature. To demonstrate the energy con
sumption and cost consequences of heating outside air, it 
is worth examining some simple facts. 

_ 

If we look at the power required to heat 8 litre·s-1 of 
ve!)tilation air, using a typical UK winter design tempera
ture of -3 ° C, the load equates-to approximately 230 W 
(table 2). If the same volume of air is heated via a mechan: 
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Table 2. Heating energy and C02 emission 
(8 litres· s-1 ventilation air per person) 

Natural ventilation 

I_ 

Energy, W · h £/person/h 1 

230 0.0023 

C02, kg·h-1 

Simple mechanical ventilation 
Mechanical ventilation with heat recovery 

240 0.0030 
90 0.0013 

0.05 
0.06 
0.03 

1 Based on an energy cost of £0.05 per kWh for electricity of £0.0 l per kWh gas and 1 per
son per 10 m2• 

Table 3. Energy costs per office occupant 
(based on 1 person per 10 m2 earning an 
average salary of £20,000) 

Building type Delivered CosLper % of annual 
e.necg /annum pet on/:urnum salary 
k 1·111-2 (L-] L 

Typical air-conditioned office 
Good-practice air-conditioned office 
Good-practice naturally ventilated office 

420 
235 
120 

140 
80 
40 

0.7 
0.4 
0.2 

ical ventilation system, the fan power has to be added. 
Using a typical ventilation plant this would add a further 
3 W · l itre-1 • s-1 of air moved, equating to an additional 
24 W, remembering-that at least 16 W of this will be con
verted into useful h�at gain. If a heat recovery system is 
added to the mechanical system with an efficiency of 
7 5 %, this could reduce the power consumed by the system 
to around 90 W. 

This clearly demonstrates the improved efficiency 
achieved by using mechanical ventilation with heat recov
ery in terms of cost energy and the reduction of C02 emis
sions. Clearly, when the annual cost of running fan-pow
ered systems is addressed, the balance is different unless a 
mixed-mode system is adopted. Whilst the cost saving 
may equate to some £5,000 per annum for an office build
ing with 500 occupants, this is a relatively small sum com
pared with the payroll cost. The cost of employing the per
son benefiting from these 8 litres·s-1 of heated fresh air is 
on average some £10.00 per hour. The energy cost of pro
viding the air is less than £0.01 per hour. Furthermore, 
most heat recovery installations often produce savings 
that have a payback perio<l in excess of 15 years. This 
rarely provides sufficient incentive to invest in heat 

- recovery on purely financial grounds. A more altruisiic 
reason such as a genuine desire to reduce environmental 
impact is required, or differently, the introduction by gov
ernment of an energy tax. 

An Engineering Approach to Ventilation 

The cost of reduced occupant production is also wor
thy of examination. The effect that excursions beyond the 
comfort envelope have on human performance is not well 
documented. If precise data were available that demon
strated that a given increase in temperature reduced 
human performance by a quantifiable degree, the engi
neer would have a powerful analysis tool. For example, if 
we look at the energy costs per office occupant, assuming 
1 person per 10 m2 and an average salary of £20,000 (ta
ble 3) it can be seen that it would only take a 0.2% 
decrease in occupant efficiency, due to lower comfort lev
els, to counteract any saving in energy costs. Clearly, there 
are other issues to take into account, such as the environ
mental impact. However, the difference between the ener
gy consumption of a good-practice air-conditioned office 
and that of a good-practice naturally ventilated office is 
relatively small in financial terms. 

When designing a heating system for a naturally venti
lated building, the engineer is justifiably concerned that 
energy will be wasted by the occupant opening the win
dows during the winter. A number of systems have been 
designed that shut down the heating system if the win
dows are opened. It is understood that this is a standard 
requirement in France. -Experience has shown that unless 
the windows are opened, there is a strong possibility that 
reliance. upon the trickle vents alone_ is likely to lead to a 
ventilation rate below 8 litres· s-1 _per person for an appre
ciable proportion of Lhe Lime. Again, this will lead to a 
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greater reduction in energy than predicted by calculation, 
but at the risk of lowering the quality of the indoor envi
ronment. 

Other usage factors suggest that in practice, buildings 
with natural ventilation use less energy than those served 
by mechanical systems. Outside the heating season (Octo
ber-May) many buildings, such as schools, tum the heat
ing system off. This may give rise to the problems early in 
the morning of the occasional cold day, but this policy 
generates considerable savings as there are zero standing 
losses. 

Operation and Maintenance 

Mechanical ventilation systems will only guarantee a 
regular supply of fresh air if they are properly installed, 
commissioned and maintained. Following the comple
tion of numerous investigations into systems that were 
performing poorly, a number of problems consistently 
arise: (1) poor commissioning; (2) maintenance staff who 
do not understand how the system is supposed to work; 
(3) clogged filters, and ( 4) poorly set up control systems. 

It is not surprising that many ventilation systems fail to 
perform satisfactorily given the extent to which they are 
neglected. The commonest fault (occurring in 80% of 
installations inspected) is with dampers that do not oper
ate correctly. These are often found to be fixed in the full 
recirculation position. On most occasions, this does not 
arise from any drive to reduce energy, but from a failure 
of the maintenance staff to recognise the fault. When 
questioned, maintenance operatives frequently fail to un
derstand the control system set up, particularly when 
enthalpy, C02, or air quality sensors are installed [16]. 

In many buildings, the occupancy level may vary con
siderably (auditoria, museums, sports arenas, lecture 
theatres). It is therefore understandable for the design 
engineer to attempt to modulate the fresh air rate to suit 
the occupancy level. This requires a sensing device that 
will effectively monitor return air conditions and control 
the fresh air dampers. These usually take the form of 
indoor air quality or C02 sensors. Experience has shown 
that indoor air quality sensors have a very limited re
sponse to all but heavy pollutants such as cigarette smoke. 
This renders them ineffective in the standard office envi
ronment. Better performance will be provided by C02 
sensors, but there are two reasons to question whether 
they are sufficiently robust for general use. Firstly, the 
sensor needs to be accurate over a relatively small concen
tration range (300- 1,200 ppm). Secondly, the sensors 
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need to be regularly inspected and re-calibrated. It might 
be reasonable to expect this high level of maintenance in 
the aircraft industry, but it is unrealistic to expect such 
care to be expended on an office ventilation system. 

It is clear that proper maintenance procedures are 
essential to maintain good operational performance from 
ventilation systems. To assist in this, the designer must 
keep system operation as simple as possible, avoiding any 
complex control algorithms that defy interpretation. 

Case Study: The New Parliamentary Building, 

Westminster (Portcullis House) 

The New Parliamentary building in Westminster, London, is an 
example of how all of the above principles can be embraced, when 
the right opportunity comes along. 

Background 

The New Parliamentary Building is located opposite Big Ben, one 
of London's most familiar landmarks. It is designed to provide office 
accommodation for the UK's 650 MPs who are currently housed in 
inadequate accommodation within the existing Houses of Parlia
ment. The brief for the building demanded the highest quality of 
internal room conditions in terms of air quality, temperature and 
acoustics for MP offices, Select Committee and ancillary accommo
dation. 

The central urban site where the building is constructed suffers 
from considerable traffic pollution. It was necessary, therefore, for 
the building to have a sealed facade to the site boundary. Key aspects 
of the brief were that there should be mostly cellular accommodation, 
but also Select Committee and ancillary accommodation. There 
would be: 10 m2 per person office occupancy; 2.5 m2 per person in 
meeting rooms; 10 W · m-2 office machines cooling; office back
ground noise level to NR35; meeting room background noise level to 
NR30; a background lighting level of 350 lux; room temperatures of 
22 ± 2 ° C; room relative humidities of 30-70%; smoking permitted; 
meeting rooms designed to broadcasting standards; a 120-year build
ing design life, and low building energy consumption. 

With regard to the environment in the building, the aim of the 
design was to use fully the ability of the passive structure of the build
ing, through design of form and choice of materials, to maintain the 
indoor climate. Thus, at the earliest stage in the design, a strategy was 
established with the architect so that: (1) the facade as a 'living wall' 
provided the means for modifying and using external influences; 
(2) room conditions would be controlled by the thermal performance 
of the fabric; (3) window solar performance would be based on the 
passive cooling capacity of the rooms, which in turn would be based 
on the extent of exposed thermal mass and night ventilation abilities; 
(4) the facade and the roof would be part of an integrated ducted 
ventilation and heat recovery system, and (5) groundwater would be 
used as a means of cooling warm summer fresh air. 

The aim was to produce an inherently stabler room environment 
than the norm that addressed a full range of physical and perception 
comfort aspects, and which 'failed safe' if any parameter moved out 
of the range assumed by th!! design. 
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In global environmental terms, the result is a design that has an 
energy consumption target of 90 kWh· m-2• a-1 (based on a 50-hour 
week including ventilation, heating, cooling, lighting, office small 
power and miscellaneous electrical power allowance). This contrasts 
with a typical (type 3 [17]) air-conditioned building with comparable 
use which would be expected to use 402 kWh. m -2. a -1. As a compar
ison, a good-practice naturally ventilated building would be expected 
to consume between 124 and 140 kWh·m-2. a-1. In C02 emission 
terms [18] the building reduction equates to more than 2,600 tonnes 
per year. 

The Building Facade 

The cladding system had to provide a solution to the apparently 
conflicting requirements of an outdoor view, room daylight control, 
passive and active solar energy collection, excess solar heat protec
tion, the minimisation of room heat loss, ventilation supply and 
extract and room heat recovery (fig. 7). 

The fenestration super-glazing consists of triple panes with cavi
ty-ventilated blinds. The outer double glazed unit is argon filled with 
a low emissivity coating to retain winter heat. The inner cavity con
tains retractable dark louvre blinds designed to maximise the ab
sorbed solar heat. This cavity is ventilated with a proportion of room 
extract air and acts as a solar collector. The blind material and finish 
were chosen specifically to maximise short-wave solar absorption 
and minimise long-wave heat loss in association with low emissivity 
coatings on the glazed surfaces either side of the ventilated cavity. 
This arrangement results in less than 25 W·m-2 summer solar heat 
gain across the floor area of a 4.5-metre-deep perimeter room. In 
shading performance terms, the glazing system is comparable with 
external shading, but in energy efficiency terms exceeds it because of 
its solar heat recovery ability. 

The window arrange�ent uses a light shelf to preserve room day 
lighting when solar shadin,g is in use to avoid the 'blinds down, lights 
on' scenario. This permits a larger glazed area because without lumi
naire heat gain, the room can cope with more solar gain. Although a 
typical light shelf does not increase the total daylight introduced into 
the room, it significantly reduces internal to perimeter ctmtrast and 
increases daylight usability and with it reduces luminaire electrical 
consumption. The particular light shelf form has a corrugated reflec
tive surface designed to maximise high-altitude diffuse skylight 
reflections, but to reject the lower altitude direct short-wave sun 
radiation. This arrangement has the added benefit of almost dou
bling the daylight levels in north facade rooms facing other buildings 
little more than 8 m away. 

In many senses, the facade is a highly active system. It has many 
elements serving a wide variety of functions at differing levels and for 
differing orientations. Yet it is predominantly a passive system with 
the occupant-operated blinds as the only moving component across 
which the ventilation air is drawn. 

Cooling 

To satisfy the brief requirement for an occupied room tempera
ture range of 22 ± 2 ° C, but using passive cooling, required an in
depth understanding of the constantly changing heat flows into, with
in and then out of the room. All of this is non-steady state, with heat 
flows in and out occurring at differing times and related to-the room's 
thermal capacity and a variety of time constants. The facade of high 
ovetall thermal resistance means that most of the room daytime heat 
gain is retained, so for a large proportion of the year, there is a heat 
-excess to be managed. This heat is-stored, first to deal with the nighf 

An Engineering Approach to Ventilation 

Fig. 7. The facade. 

heat loss and to avoid boost heating prior to morning occupancy and 
then to allow night ventilation to remove surplus heat from the build
ing. 

The exposed room surfaces are used for the heat storage and heat 
load shifting purpose because of their ability to function with small 
temperature difference changes and to take full advantage of both 
radiated and convective heat transfer. The thermal inertia of the 
floor void is also used although predominately this has a supply air 
temperature stabilisation effect. Each room has a barrel-vaulted 
white concrete ceiling together with dense raised floor tiles and archi
tect-designed 50-mm precast wall panels. The high thermal capacity 
room surfaces have a density range between 50 and 200 kg·m-2 pro
vided at the area of approximately 2.5 m2·m-2 of room floor area. 

The use of such room surfaces has demonstrated the remarkable 
robustness of thermal mass passive cooling. Typically, the effect of 
doubling the machine heat gains for part of a day is so small as to be 
virtually unmeasurable in terms of room dry resultant temperature. 
Doubling it all day and every day, for example, affects the tempera
ture by less than 1 ° C. This shows the inherent overload capacity of 
passive thermal mass cooling. Likewise, 2 days of peak summer heat
wave hardly registers an effect, simply because any slight increase in 
room temperature swing from day to night significantly increases the 
mass heat storage capacity. This overload capacity is greater than 
that provided by a conventionally sized room air-conditioning unit. 

The room thermal capacity handles the internal room heat gains. 
However, for fresh air ventilation, when the outside air is above 
19 ° C, groundwater at about 14 ° C is drawn from two on site bore
holes to cool the air down to room temperature (fig. 8). 

To make further use of this natural resource after it is used for 
cooling, the groundwater feeds a greywater system serving toilet cis
terns, to reduce the building's demand for refined mains water. 

Ventilation System 

The mechanical ventilation system (fig. 9) provides 100% outside 
air to each room by way of a network oflinked floor plenums on each 
floor and vertical ductwork in the facade (fig. 7). Not only does the 
system allow year-round ventilation with generous quantities of out- _ 

side air together with satisfying the higher heating needs of displace
ment ventilation, but it also permits the recovery of solar heat from 

Indoor Built Environ 2000;9:7 5-86 83 



Wellhead Buffer 
Tank 

Greywater Tank 

Fig. 8. Groundwater cooling. 
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Displacement Ventilation 

the window system, the occupants, their electrical equipment and the 
room radiators. 

The heat recovery devices are rotary heat exchangers located in 
each of the rooftop turrets, operating at an efficiency of 85 %. They 
are of the hygroscopic type to recover moisture from the exhaust air 
and reduce winter supply air humidification requirements. Concerns 
about exhaust air to supply air contamination were discounted after a 
review of their successful use in Scandinavian hospitals. 

Very low pressure loss air handling and duct system components 
have been selected to achieve a ventilation energy use target of 
1 W · litre-1 of air supplied. This compares with typical fan energy use 
of between 2 and 3 W·litre-1• To achieve this means avoiding long 
duct runs and, in particular, minimising bends, duct expansions and 
control dampers. This led to the !ow-pressure plenums arrangement 
and duct linking of all roof air plant. 

The fan total pressure generated by supply and extract fans added 
together is only 640 Pa with a fan efficiency (fan, drive, motor and 
inverter combined) of 65%. Typically, the air-handling plant compo
nent face velocities are 1.2 m · s-1, with 0.65 m · s-1 across the filters. 

The fans have variable speed inverter drives so that they can be 
commissioned to match the actual duty and avoid the sizing and 
selection margins which can become a lifelong energy penalty. This 
specification gave both the maximum allowable fan total pressures 
together with the lower commissioning set points alongside the nor
mal sizing duties. The normal night time ventilation rate is set at half 
that of daytime flows to provide adequate night cooling. Instead of 
switching off half the roof turret air plant, all are run at half speed 
because this greatly reduces the fan pressure required and hence pow
er requirements, as well as increasing coil and heat recovery efficien
cies. Flexibility of the ventilation system was of prime importance. 
Too often, heating and ventilation systems are stripped out long 
before most of the components need replacing due to proposed -

Fig. 9. The Yentilation system. 
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changes in room use and arrangement. The objective in this case was 
to find a single system that could serve most different room types, 
thus avoiding a services refit prompted by each change of room use. 
To achieve this, the distribution ductwork and extract was integrated 
into the window surrounds, and hence the building and partition 
grids, while the floor plenums with the associated raised floor tiles 
were intended to allow flexibility in siting supply diffusers. 

To complement this, the system supplies only 100% fresh air with 
no recirculation of extracted air. So whatever a room contains now or 
in the future, be it for meeting rooms, print/copy equipment, heavy 
smoking, general office use or simply a need to remove volatile mate
rials off-gassed from furniture and furnishings, the system is appro
priate. Not only does this make the services more compatible with 
the long life of the building fabric, but it also reduces the embodied 
energy content of the normal engineering services cyclical replace
ment throughout the lifetime of the building. 

The system operates at constant volume and constant tempera
ture. Room temperature control is provided by the room thermal 
inertia supplemented by radiators in winter, so that modulation of 
supply temperatures or air volumes to each room is avoided. Operat
ing the ventilation as a variable air volume was considered, particu
larly as most of the hardware is provided. However, this was dis
counted because ductwork pressures are so low that it is doubtful that 
pressure sensors would register a meaningful and predictable propor
tional band. Besides this, the energy benefits of VA V over the very 
low pressure constant volume system are small. To cap it all, the add
ed complexity of VA V controls was viewed as a definite disadvan
tage. 

Room air distribution is by low-velocity displacement, chosen 
because of its low fan pn;ssure needs and the direct compatibility of 
its supply temperature with the groundwater cooling source. With a 
supply air temperature of 19 ° C, the groundwater can provide ade
quate cooling, whereas it would be inadequate for the lower supply 
temperatures of alternative air-conditioning solutions. The room air 
supply diffusers can be manually throttled down to 50% airflow by 
the occupant. The throttled air is redistributed through the plenums 
to the rest of the system with the aid of flat performance-curved back
ward-curved centrifugal fans without any need for complex automat
ic controls. 

Prefabrication 

The site constraints, together with matters of site possession and 
the need to minimise the site construction period, set an early design 
objective of maximising off-site pre-fabrication. All structural stone 
columns, concrete floors, cores, cladding and roof were prefabricated 
and assembled on-site. This philosophy was also applied to the build
ing services. 

The roof air plant, roof primary services distribution, vertical 
cores, on-floor secondary services run-outs were all prefabricated 
multi-service modules. Many were pre-installed into structural and 
cladding elements for delivery to site as integrated units. Most were 
to be lowered in through the roof before it was finally topped-out and 
made watertight. Pre-insulated and tested pipework was mounted 
alongside electrical busbars on common racking installed into all the 
floor voids. To achieve this degree o1 pre-fabrication of the services, 
it was necessary to consider and specify it as a construction option in 
the original design. It required an early understanding of the 
influence of _pre-fabrication assembly size, shape, repetition, cage 
clearance, installation methods and programming. This approach 
ideally needs accessible, well laid out and regular serviced ducts and 
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spaces without intruding structure. If extensive pre-fabrication can 
be achieved, the benefits are many, including better and more consis
tent quality, less material and man-hour waste, and more control 
over programme aspects. 

Conclusion 

Over the last 5 years, research has provided excellent 
base information from which the practising engineer has 
had the opportunity to develop effective and efficient 
designs. These designs should provide high comfort levels 
whilst significantly reducing the production of greenhouse 
gases. 

However, for a variety of reasons, the engineer will 
often not be able to realise solutions such as those devel
oped for the New Parliamentary building. It is therefore 
important that the engineer understands the l imitations 
that any chosen ventilation strategy might impose on the 
use, or operation, of the building. The engineer should 
clearly explain the choices available, and if compromises 
have to be made, their effect must be fully explained to 
the building's procurers. 
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