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Additional anti-draught meas-
ures should be considered during
design so the allowed amount of
fresh air for low outdoor tempera-
ture does not cause the risk of
draught. For example, allow only
for high-level openings and place
radiators underneath, or supply
the outside air through larger per-
forated areas such as ceiling voids. 

In case these anti-draught
measures are insufficient, it is pro-
posed the control mode should
operate in two modes separately.
The basic ventilation rate could be
limited so it does not cause a risk
of draught, however, as it does not
provide sufficient ventilation air,
additional short-term boost venti-
lation could be applied to fully
refresh the air inside the space. 

Boost ventilation could occur
when the predicted quality of air
drops below a certain limit and/or
during specific moments, such as
lunch or coffee breaks, or intervals
between lessons. 

Night cooling and
weather prediction
In addition to the basic natural
ventilation strategy described
above, the efficiency of the natu-
ral ventilation to supply cooling
capacity to the building can be
increased by the use of night
purging and weather prediction
(Table 1, above).

The function of night purging
alone is to offset the cooling loads
of the building from the day
before. In this way, night-time ven-
tilation is allowed when overheat-
ing has occurred in the building.
Detection of the overheated day
can be based on the indoor tem-
perature at the end of the occu-
pied period. In the unoccupied
period, under the condition that
the outside air is colder than the
inside air, the system opens the
windows (Figure 3, previous page). 

The complete control algorithm
can be summarised by Formulas 5

and 6 in the box above right. 
By applying the methods of

night purging described by
Formula 5 (right) the building
responds to the overheating
already observed. The potential
efficiency of the night cooling
would be much higher if the con-
trol allowed for cooling down the
building in advance of the hot day.
In order to do that, prediction of
extreme weather conditions and
their impact on the indoor climate
should be made. The prediction
method can vary from a simple
solution to complicated ones. 

Simple weather prediction con-
trol strategies can be based on the
assumption that a hot period sel-
dom comes suddenly. It increases
slowly as a wave of heat lasting a
certain number of days. Therefore,
when the system observes an
increasing risk of overheating,
action can be taken by lowering
the cooling set point temperature.
In case the cooling loads start to
decrease, the prediction control
reduces the pre-cooling of the
building by increasing the set
point to the default value. 

In order to draw a conclusion on
the coming heat wave, readings of
the indoor temperature and out-
door conditions have to be com-
pared with the readings from one
day before (Formulas 7 and 8). 

Conclusion
A four-year study at the University
of Technology (TU) Delft, the
Netherlands, analysed the per-
formance of a typical office build-
ing with proposed control algo-
rithms for single-sided natural
ventilation together with night
purging and a simple weather pre-

diction algorithm. It used a large
number of simulations and tests
done in mock-ups and real build-
ing. The results showed that the
building is able to maintain the
operative indoor temperature
under 26.5°C during the average
year and yet handle the risk of
draught and other disturbances. 

Thus, carefully designed natural
ventilation may challenge mechan-
ical cooling to provide excellent

comfort levels and minimise ener-
gy consumption. However, such a
building would require much
greater care and customisation in
design, construction and opera-
tion. Natural ventilation may
indeed become the most energy-
efficient design option, but not
always an ultra low-budget one. ■
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Table 1: Possibility of the weather prediction modules in the control system

Predictive control solution Advantages Disadvantages

Prediction based on the identified mathematical Very reliable Time and memory consuming implementation
models of the weather conditions and Advanced knowledge necessary
building performance 

Direct use of the weather forecast from the Reliable data without Difficulty with “on line” downloading the data
central weather institute special calculations Less accuracy when no adjustments for specified

building are made
Simple prediction defined on the history Simple and quite The lowest accuracy
of the weather conditions reliable solution
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