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Building Description

The BRE Energy Efficient Office of the
Future (Figure 1) was designed by Fielden
Clegg Design. Built in 1997, it is located
in the grounds of the Building Research
Establishment, Watford, about 20 miles
from central London. This site is subur-
ban and, although it is fairly close to a
motorway, air pollution and noise were
not considered to be problems. The build-
ing is rectangular, with the long axis run-
ning east-west. It is three storeys high
and covers a gross area of 2,000 m2. The
west wall connects to an atrium forming
the entrance hall.  On both the ground
and first floors there is a 7.5 m wide open
plan area and a 4.5 m wide cellular office
area. A corridor (see Figure 2) separates
these two areas. In addition, on the
ground floor, there is a large lecture thea-
tre to the north, which is connected to
the main building by a circulation zone
containing toilets and a display area. The
lecture theatre is not included in the moni-
toring programme described here, al-
though it is naturally ventilated. On the
second floor is a large open plan office.
The western end of the main building con-
tains a kitchen and buffet area (on the
ground floor) and toilets and seminar
rooms (on the first and second floors).

Approximately 45% of the south façade
is double-glazed and incorporates some
openable windows. A similar arrangement
is found on the north façade although the
glazed area is slightly smaller. The win-
dows have a U-value of 1.5 W/m2K while

the opaque wall elements making up the
rest of the façade, have a U-value of 0.3
W/m2K. Daylight is provided by the large
glazed area, while external shading on the
south façade reduces solar heat gain in
summer.

On each storey (except the top), the ceil-
ings are made from sinusoidal concrete
slabs, which have a high thermal mass.
The peaks and troughs of the ceiling are
at right angles to the windows and form
channels for building services and air
paths. The building has an under-floor
heating system.

Ventilation Philosophy and Aims

One of the main objectives in the design
of this building was to reduce energy con-
sumption. Several features contribute to
this including the large glazed areas to
provide daylight, the use of low energy
lighting, and the use of natural ventila-
tion rather than air conditioning.

In winter, the main aim of the ventilation
system is to provide acceptable indoor
air quality (IAQ) while avoiding discom-
fort due to draughts and minimising the
excess energy required to heat unneces-
sarily large amounts of incoming air.

In summer, the provision of comfortable
indoor temperatures is important. This is
achieved by maximising the exchange of
heat between the building structure and
the outside air, particularly at night when
the outside is relatively cold (night cool-
ing).

A combination of single-sided, cross, and
passive stack ventilation is used in the
building.

Figure 1:  View of Energy Efficient Office of the Future

Energy Efficient Office of the Future, Watford

Figure 2:  Floor Plan of First Floor Showing Monitored Offices
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Figure 3:  Inside View of the Building Showing the
Exposed Sinusoidal Ceiling

Figure 4: The End of the Air Supply Duct  in the
Corridor Area

Ventilation Technology

The main components of the natural ven-
tilation system are openable windows to
supply outdoor air, ventilation stacks to
extract stale air, and the sinusoidal ceil-
ings which provide channels for air dis-
tribution and a large surface area for night
cooling.

The sinusoidal ceiling slabs contain
ducts inside the ‘troughs’ of the waves,
which are used to transfer outdoor air
deep into the building. A small, openable
window at the outer end of each duct al-
lows air to enter. At the other end, the
duct opens out into the corridor between
the cellular offices and the open plan area.
As the air travels along the duct it is ‘con-
ditioned’ (i.e. heat is transferred between
the air and the ceiling) before it enters the
occupied space. The windows opening
into the ceiling ducts are automatically
controlled by the building management
system. In winter, this provides the route
for basic ventilation needed to meet in-
door air quality requirements. In summer
it forms part of the night cooling strategy.

The windows, which open directly into
the cellular offices and open plan areas,
are larger and are usually manually
opened and closed. They can also be au-
tomatically controlled to provide addi-
tional ventilation, for example, when the
inside temperature gets too high, or for
intensive night cooling.

Ventilation stacks on the south side of
the building provide the driving force for
ventilation. They extend out from the
façade. Automatically controlled win-
dows, located between the inner stack
walls and the open plan areas on the
ground and first floors, open directly into
the stacks so that air can be removed from
the building. The outer stack walls have
cladding made from glass blocks to im-
prove the thermal buoyancy of air within
the stacks. Also, fans are fitted to the
stacks to aid ventilation when there is lit-
tle or no wind or when the temperature is
too low to provide adequate driving force.
In addition, they can be used to enhance
daytime ventilation when the internal tem-
perature gets too high or to assist in purg-
ing the building for night cooling.

The second floor does not have a sinu-
soidal ceiling and is not connected to the
stacks. On this floor the roof slopes up-
ward to a height of 5m and creates its own
stack effect. Stale air is removed through
automatically controlled clerestory win-
dows, and outdoor air enters through the
office windows.

Automatically controlled louvres on the
south facing facade provide external so-
lar shielding for all floors.

Extra cooling can be provided, if neces-
sary, by using ground water.

Monitoring Programme

Summer monitoring of the BRE Energy
Efficient Office of the Future was carried
out in August 1997 in two offices located
on the first floor, see Figure 2. The offices
were on the north side of the building,
one in the middle and the other at the east-
ern end of the floor. Both offices were sin-
gle occupancy. The central office (Room
1) had space for meetings and had a floor
area of about 31 m2; the other (Room 2)
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Figure 6:  Winter Measurements for Office 1
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Figure 5:  Summer Measurements for Office 1

was of more conventional size with a floor
area of about 17 m2. Office 1 was chosen
as a representative office and measure-
ments taken in it are reported here.

Winter monitoring in the building took
place in January 1998. The same two of-
fices were monitored during this period
and again the results for Office 1 are pre-
sented in this report.

Carbon dioxide concentrations and rela-
tive humidity were measured as indica-
tors of Indoor Air Quality (AIQ); fresh air
flow rates and local wind speed and di-
rection were monitored to evaluate the
fresh air provided; and internal and exter-
nal air and globe temperatures and inter-
nal air velocities were determined to as-
sess thermal comfort.

Summer Monitoring Results

Monitoring took place throughout Au-
gust, and the results between 7th and 12th

August are presented in Figure 5.

The air change rates for Room 1 peaked
at about 30 ach, with an average of 3.3
ach, and there were many occasions when
the measured ventilation rate exceeded 10
ach. This was intentional, since high rates
of air change were used for cooling. The
values for Room 2 peaked at about 7 ach,
with an average of 2.1 ach. Most of the
periods of high ventilation rate coincided

with occupancy. An analysis of the wind
speed and direction data showed some
correlation between increasing ventilation
and increasing wind speed. There was
also a weak correlation between ventila-
tion rate and wind direction, winds from
the directions 200o to 330o tended to coin-
cide with higher ventilation rates.

The carbon dioxide levels in Room 1
peaked at just below 800 ppm on two oc-
casions during occupancy, but generally
concentrations were well below 600 ppm.
For Room 2 peak concentrations around

550 ppm occurred during occupancy
while, generally, concentrations were
about 450 ppm.

Relative humidity levels were generally
between 55 and 65 % and peaked at just
below 70 %.

For summer the design criteria is that a
temperature of 25oC should not to be ex-
ceeded for more than 5% and 28oC should
not to be exceeded for more than 1% of
the year. In Room 1, the 25oC design value
was exceeded on only three occasions
and the 28oC design maximum value was
not exceeded at all. In Room 2 the 25oC
design value was exceeded on only four
occasions and the 28oC design maximum
value was not exceeded at all.

Winter Monitoring Results

Figure 6 shows the winter monitoring re-
sults for Room 1.

The air change rate for Room 1 peak at
about 6.5 ach, with an average of 0.78 ach.
The values for Room 2 generally peak at
about 7 ach, with an average of 0.74 ach.

The periods of high ventilation rate tend
to coincide with periods of occupancy.
An analysis of wind speed and direction
data and the background air flow rates
does show some correlation between
higher ventilation rates and wind direc-
tions between 100o and 250o.
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The NatVent Project

Natvent is aimed at reducing energy
consumption and carbon dioxide
emissions by developing and
demonstrating natural ventilation
solutions. This project is targeted at
climates in which overheating can be
avoided by good architectural design
and by minimising internal heat gains.
By introducing natural ventilation, the
complexities of mechanical systems and
associated energy demand is eliminated,
while the need for air conditioning is
minimised. These case study summaries
are intended to provide innovative
examples of the use of natural ventilation
and to demonstrate performance, pitfalls
and solutions.

The NatVent Partners

Project Partners are:
Belgium: Belgium Building Research
Institute,
Denmark: Danish Building Research
Institute,
Netherlands: TNO Building
Construction and Research, Delft
University of Technology,
Norway: Norwegian Building
Research Institute,
Sweden: J&W Consulting Engineers
AB,
Switzerland: Sulzer Lab,
United Kingdom: Building Research
Establishment, Willan Building
Services.

European Joule Project

NatVent  is a  Joule project undertaken
with part funding from the European
Commission in the framework of the Non
Nuclear Energy programme.

Carbon dioxide concentrations for Room
1 peaked at 1250 ppm on one occasion
when the room was occupied. The con-
centrations for Room 2 peaked at 1500
ppm on one occasion when the room was
occupied. At other times concentrations
were generally below 1000 ppm.

In Room 1 the relative humidity was gen-
erally between 45 to 30 %, which is ac-
ceptable. However, there were a few oc-
casions where %RH fell below 30 %. In
Room 2 %RH was generally between 45
to 30 %, which is acceptable.

The design condition for winter is a mini-
mum internal temperature of 18 oC. In Room
1 and Room 2 temperatures the design
minimum value was exceeded by between
2 and 5oC, although on one occasion the
temperature in Room 2 dropped to about
16oC. There is some evidence of heat
gains giving rise to higher temperatures
on some days. There was little difference
between air and globe temperatures
throughout the whole monitoring period.

Lessons Learnt and Suggested Improve-
ments

The results of the monitoring indicate that
the building design provides a generally
comfortable indoor environment. In win-
ter carbon dioxide and humidity levels are
within acceptable values and comfortable
temperatures were recorded with appro-
priate fresh air ventilation rates.

During the summer period the measured
temperature data indicate that the high
thermal mass coupled with the night ven-
tilation strategy and solar shading and
minimised internal heat gains do reduce
the effect of external temperatures.

Conclusions

The summer measurements indicate that:

• acceptable ventilation is pro-
vided;

• comfortable internal tempera-
tures are generally maintained,
and though the lower design
value temperature of 25oC was
sometimes exceeded the upper
design value temperature of 28oC
was not;

• night ventilation and external
shading does effectively reduce
the effect of high external
temperatures and, with the aid of
ground water cooling, could
prevent temperatures exceeding
the lower limit temperature as
well.

The winter measurements indicate that:

• adequate ventilation is provided;

• internal air quality as defined by
the carbon dioxide and %RH meas-
urements is acceptable;

• comfortable internal temperatures
are achieved.

For further information contact:
Vina Kukadia, Indoor Environment Division, Building Research Establishment, Bucknalls Lane, Garston, Watford, Herts, WD2 7JR, UK
Tel: +44 1923 66 4878 Fax: +44 1923 66 4798 e-mail: kukadiav@bre.co.uk


