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ABSTRACT

This paper presents results from the first year of monitoring the performance of a Iaboratory building in the
new 14,000m’ Torrent Research Centre in Ahmedabad, India. The capital and running costs of air
conditioning of non-domestic buildings in northern India are very substantial, while building costs (compared
with northemn Europe) are low. A cooling technique which maximises reliance on the building fabric and
minimises reliance on mechanical equipment is therefore likely to be cost effective. Passive Downdraught
Evaporative Cooling (PDEC) represents such a technique.

At the Torrent Pharmaceuticals Research Centre in Ahmedabad, PDEC is used to service a number of
laboratories and offices within the complex. A central open concourse on three levels allows evaporatively
cooled air to be introduced to laboratories and offices at each level and exhausted via perimeter stacks. In the
first completed laboratory building the PDEC system has now been working for 12 months. Results from the
first summer indicate that internal temperatures are 10-15°C below the peak external air temperature. good air
movement is being achieved, and no complaints of discomfort have been received from the staff The paper
describes and illustrates the key features of the building and reports on monitoring undertaken during April -
December 1997. € 1998 Published by Elsevier Science Ltd. All rights reserved.

THE PROJECT

The project comprises a research and development centre for the Torrent Pharmaceutical Company. The
laboratories provide facilities for a range of different disciplines inchuding Molecular Biology, Cell Biology
and Tissue Culture, Histology, Biochemical analysis, and the development of disease models for screening of
new compounds. The approximate size of the new complex is 14,0007, varying from “unclean™ areas like
chemical synthesis labs, to “very clean” areas like tissue culture, molecular biology lab and drug design areas.

Conventional wisdom would suggest that over 50% of the volume of such a new laboratory building would
require refrigerant based air conditioning, in order to meet the environmental requirements within the
laboratories. This project has sought to minimise dependence on conventional air conditioning. without
compromising occupant thermal comfort, in the predominantly hot dry climate of Gujarat.

The design of the buildings in the Torrent Research Centre was aimed at integrating spaces requiring highly
controlled conditions with those requiring less controlled conditions, while minimising the presence of dust in
the internal environment. Typically, laboratories and offices are arranged on three levels either side of an
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open concourse (see Fig. 1) which allows evaporatively cooled air to be in.troduced at each level, and
exhausted via perimeter stacks. In this way, the working areas are both physically and tl‘le'rm‘ally buffered
from the external environment. The external building envelope has also been designed to minimise solar h‘eat
gain while allowing diffuse and reflected daylight penetration. Wherever possible, locally available materials
were used. The extermal cavity walls and roof incorporate the natural mineral ‘vermiculite” for insulation.
Half round ceramic pipes are used on the outer face of the inlet and exhaust shafts to reduce entry of larger
dust particles by creating local turbulence. Motorised louvres are located at roof level within the main shafts
to seal the building in the event of a dust storm.

AHMEDABAD CLIMATE
The climate of Ahmedabad can be characterised as having three principal seasons:

. Hot and dry (March-June). Daily maxima above 35°C, RH minima below 20%.
. Monsoon (July-September). Daily maxima below 30°C, RH generally above 65%.
. Cool and dry (October-February). Daily maxima below 35°C, RH minimum below 30%.

It is most uncomfortable in May (mean maximum 41°C) when high air temperatures are often accompanied
by hot dusty winds. Mean monthly maximum and minimum temperatures for Ahmedabad are plotted on a
psychometric chart in Fig. 2.

ENVIRONMENTAL DESIGN STRATEGY

Buildings account for 25% of fossil fuel energy consumption world-wide. Demand for electrical energy is
increasing at a rate which few countries in the developing world are able to meet. In many parts of India, the
utilities are unable to provide a reliable electricity supply and yet the cost per kW is higher than in northem
Europe. In this context, the development of a technique which achieves ‘cooling without air-conditioning’ is
significant, with the prospect of achieving thermal comfort in buildings, even at the hottest time of vear. while
simultaneously reducing demand for electrical energy.

The complex of laboratories and offices which forms the Torrent Research Centre in Ahmedabad, was
conceived using ‘passive’ design principles using a technique which maximises reliance on the building form
and construction to keep the building cool, while minimising reliance op mechanical equipment. The
technique is known as Passive Downdraught Evaporative Cooling, and prior to the design and construction
of the Torrent Research Centre had only been tested in experimental buildings.

The principles of evaporative cooling have been understood for a long time. and applied in buildings
throughout the world in conjunction with a mechanically driven air supply. Recently, attention has focused
on the potential of exploiting the benefits of direct evaporative cooling while avoiding mechanical assistance
by using buoyancy or wind forces to drive the airflow. A number of successful experiments have been
undertaken by evaporating water within a downdraught tower, hence the term Passive Downdraught
Evaporative Cooling (PDEC). While the potential of this technique has been investigated experimentally in
the past, the Torrent Research Centre demonstrates that the application of this technique to large and
complex building projects is technically and economically viable in many parts of the Indian subcontinent, and
in other hot dry areas of the world.

PERFORMANCE MONITORING

The paper includes results from a period of ten days intensive monitoring of the first completed laboratory
building within the new research laboratory complex. Temperature and relative humidity data logging
equipment was installed in Building 2 at the Torrent Research Centre, and a programme of spot
measurements has continued throughout the last year. Building 2 was one of the first parts of the research
complex to be occupied.
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The objective of this monitoring programme was to obtain a preliminary understanding of how the PDEC
system was working; to assist in commissioning the system, and to explore what improvements could be
made prior to the application of the system in other parts of the complex.

A total of 14 'Tinytalk' sensors (10 temperature and 4 relative humidity) were located in different parts of
the building. The loggers were set up to record intemal temp and RH conditions every 12 secords. The
airflow through the building was monitored by recording simultaneously external wind speed arcund the
building and air velocities at the inlets at every hour. Digital thermometers were also used to register spot
temperature measurements throughout the building.

INTERNAL HEAT GAINS

The internal gains were estimated taking into account the number of occupants, office and laboratory
equipment and luminaries on every floor. On the first floor laboratory there were 10-15 people (1.5kW),
bench lab equipment + 2 ovens (1.5kW) and approximately 300 Lux of lighting (1.056kW). It was
difficult to estimate the heat gains from bench equipment, as usage varied substantially during a typical
working day. The total heat gain on the first floor is approx. 3.5kW, around 20-23W/m’. The ground floor
open plan office was occupied by 15 people (1.5kW). The lighting as in the first floor remained switched
on most of the time with approximately the same heat gain (1.056kW). On office equipment there were 10
p.c.s + 1 printer, around 10 W/m® (1.7kW). This gives a total heat gain of 4.3 kW. (25W/m’).

RESULTS & INTERPRETATION

Results are presented in the form of the attached graphs (Figs. 3 & 4). Results are very encouraging. The
conclusion from these measurements is that the PDEC system is working well. Performance could
however be improved by making a number of refinements to the system. Examination of the continuous
record of temperatures and relative humidity during 5-12th April 1997 confirms this conclusion, but also
reveal a number of other characteristics of the system as currently configured. Generally, internal maximum
temperatures are 10-14°C below the external peak.

In thermally massive structures with small openings to the outside and low air changes we would expect
the internal temperatures to be around the mean external air temperature. The graph on Fig. 3 shows that

the peak internal temperature rarely reaches the mean external and the mean internal is around 5°C below
mean external temperature. This depression from the mean is being achieved by the evaporative cooling.

Measurements taken from 5-8th April were made with khus mats around the outside of the inlet towers.
These mats were not part of the original design, but because of their traditional use and ease of installation
they were incorporated temporarily to reduce wind impact. It was noted that the wind was light and
variable, and that mist from the nozzles was still very susceptible to air movement at roof level. The result
was that there was a very uneven downdraught effect. Measurements of air velocities at inlets and outlets
fluctuated considerably.

Nevertheless, mean ventilation rates of 9 & 6 air changes/hour over a two day period were measured at
ground and first floor levels respectively based on measurements of velocity at the supply and exhaust
vents. Airflow rates in the top floor were much lower. This was partly because the downdraught tends to
drop past the top floor before being diverted either side of the upper level walkway. The recorded air
change rates for the ground and first floor are sufficient to remove the estimated internal heat gains.
Inspite of the negative impact of wind on the inlet towers acceptable conditions of temperature, relative
humidity and air movement were obtained during the period 5-8th April at ground and first floor levels.

Figs. 3 & 4 show different aspects of the performance of Building 2. In these graphs we can see a very
clear response in terms of temperature and relative humidity, to switching the micronisers on and off.
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When the micronisers come on their is a sharp fall in the temperature and a steep rise in relative humidity.
Equally, when switched off, the temperature usually immediately rises (briefly) and the relative humidity
falls. The effect is particularly noticeable on the second floor. Of course. the initiation of the cooling cycle
must be triggered by both temperature and relative humidity which may vary in different parts of the
building.

Results from the first year of measurements and observations of the building’s occupants, clearly indicate
that substantial savings in electrical energy (64% in the first year) can be achieved without compromising
human comfort conditions. Peak recorded external shade air temperatures were 43-44°C while internally
peak temperatures were 29-30°C. Generally, internal maximum temperatures were 12-14°C below the
external peak. Air movement within the laboratories was also found to be acceptable.

The measurements made over the last year have helped in understanding the detailed performance of
different aspects of the building. The initiation of the evaporative cooling cycle has an immediate impact
on the temperature and relative humidity within the building. Of course conditions may vary in different
parts of the building, so the location of control sensors will have an impact on the response of the system.
As greater knowledge about the performance of the building is obtained. the controls can be refined to
further improve performance.

Although further improvements will undoubtedly be made, the technical and economic viability of this
passive cooling design strategy has been demonstrated. In its application to a major new laboratory
development.

CONCLUSIONS

In the first year since its occupation the completed building has used approximately 64% less electrical
energy than the equivalent conventionally air conditioned building, without sacrificing comfort conditions
for the occupants. The additional capital cost of 4% over the air conditioned equivalent will be paid back
in the first year by these energy savings, and it has been estimated that the entire capital cost of the
complex will be recouped in 15 years! Expenditure on plant was reduced by 36%, which will provide
further savings in maintenance costs.

The staff have reported that last summer the laboratories were comfortable without fans and were not
stuffy or smelly, as most chemistry labs are, even when air conditioned. During the monsoon, as expected,
the labs were muggy, so fans were installed to provide comfort for these 2-3 months.

This project is probably the largest demonstration of the technical and economic viability of passive
cooling in India. It has been achieved by a partnership between an enlightened client (who had the courage
to support an innovative project), and highly motivated architects (who fully recognise the environmental
responsibilities of their profession).

In the context of the world-wide commitment at Kyoto last year to reduce CO; and other green house gas
emissions, this project is a significant demonstration of an approach to energy efficient building design
which could be applied throughout the hot dry regions of the World.
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