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Budget dispensary (UDS)  Old  New  Future 

Building materials  11,500  8,600  6,100 

Power supply  800  800  700 
Water supply  1,200  1,200  1,200 
Transportation  1,000  700  500 
Contingencies  500  500  500 
Labour charges  3,300  2,400  1,700 
Inventory  1,000  1,000  1,000 
Unforeseen  3,800  3,000  2,400 

Total  23,000 
 

18,200  14,100 

Building materials 100% 74% 53%
Total 100% 79% 61%

Introduction
The ENRECA/DANIDA programme on malaria and health system research between the 
National Institute of Medical Research, Tanzania and the University of Copenhagen, 
Denmark has been running a mobile clinic at Magoda village (Muheza, Tanga, 
Tanzania) since 1993.

Malaria is no. 1 health problem and local health facilities nearby have been a 
community wish throughout.

To secure sustainable local development it was agreed to build a dispensary, the 
nearest health station being more than 10 km away. Local health authorities have 
agreed to deliver necessary personal and medicine, while building costs are expected 
to be funded by ENRECA with local manpower contributed by the village.

However, investigation of existing standard design (Fig. 1, 2) for dispensaries showed 
a number of disadvantages. A new design (Fig. 7, 8) was suggested to provide a 
better constructed more functional, cheaper and cooler building. 

The principles of the new design are general and can be used on most building types. 
A better ventilated, cooler health-centre might as an example help feverish malaria 
patients to a faster recovery. 

Materials and Methods
The designs of the existing and new designs have been investigated using 3D-
computermodels. Building cost has been estimated from earlier construction work 
in the area. Climatic data are based on Mombasa and have been obtained from 
www.worldclimate.com. 

Three different standard designs have been analysed; the existing, old design, a 
new improved design based on well-known local building principles, and a future 
more radical design (Fig. 13, 14).

Results and Discussion
Design: The overall principle of the new design is to avoid long parallel internal 
corridors as they obstruct cross-ventilation. This is done by splitting up the building 
into a narrow U-shape covering all the necessary functions. All the rooms have the 
same size as before. This new design gives a number of advantages:

Functional: The building appears more open and friendly with people sitting outside, 
but still protected from the sun. All rooms are similar so the use can be interchanged 
after actual need.

Constructions: In the new design especially fl oors and roofs are made from more 
effi cient and durable principles (Fig. 9, 10). The reduction of parallel walls is reducing 
the total wall-area by approximately 25%. In the future it is suggested that materials 
can be even more reduced by raising the fl oor on stilts, using thinner walls, thinner 
layers of plaster, lime wash instead of wall and ceiling paint etc (Fig. 15-18). 

Further suggestions not considered in this study could be the use of local materials 
like soil-blocks reinforced with natural fi bres from sisal or coconut.

Climate: One major problem in the old design is lack of cross-ventilation leading to 
intolerant high indoor temperatures. This user-unfriendliness might be a contributing 
factor to the fact that a high percentage of the patients in need of malaria treatment 
are staying away. The basic rules-of-thumb for all buildings in a tropical hot and 
humid climate are:
• The long facades on all buildings should always face N and S to reduce 
 heat gain. 
• Cross-ventilation in all rooms is absolutely essential. All windows and 
 openings should be as big as possible.
• The building should be made from as light materials as possible to reduce 
 heat storage. 
• If possible the building should be raised above the ground.
• Colours of building surfaces should be light or refl ective.
• Roof overhangs should be large and the roof cavity well-ventilated (Fig. 10, 16).
• Vegetation keeps the temperature down with several degrees. Tall trees 
 provide shadow. Grass is good, but bigger bushes might corrupt cross-
 ventilation (Fig. 18).

The temperatures and humidity (Fig. 6) in this area is year-round outside the comfort 
zone (Fig. 5) unless cross-ventilation is allowing the breeze to reach the inside of 
the building. The new design has good cross-ventilation allowing a stay without air-
condition most of the year without too much discomfort. In the future design walls 
are all made from louver blocks allowing an even better cross-ventilation. 

3-D computer simulation can be used to refi ne the climatic design but these tools 
are more useful when designing for air-conditioned environments. It is possible to 
fi nd free simulation programs on the internet, but commercial ones like BSIM2002 
are easier to work with.

Economy: In the new design material cost is reduced by 26 % and total construction 
cost is reduced by an estimated 21% without decreasing capacity. A further reduction 
is possible if using more radical principles. The future design has a reduction of total 
construction cost of 39% (Fig. 11, 12). 

New standard designs for other building types are highly needed. Cheap, healthy 
and well-constructed residential housing have not been in focus for the past decades 
and new examples are desperately needed.

Conclusion
User-friendly and cost-effective constructs may positively contribute to malaria 
control.  It is possible to build 10 dispensaries for the prise of 6 and at the same 
time get better buildings.

Local health authorities have approved this new design for the present dispensary 
and as the standard design for all dispensaries in the region. The fi rst is expected to 
be build in the near future as part of the ENRECA programme funded by DANIDA.
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Fig. 3.
It takes a lot of timber 
to make this type of 
roof. At the same time 
the roof-cavity is not 
ventilated at all leading 
to severe building 
damage within a few 
years. In most cases a 
roof like this will have 
serious construction 
problems in less than 
5 years. The windows 
are diffi cult to open and 
only good if using air-
condition.

Fig. 4.
The many parallel walls 
are expensive and 
exclude all possibilities 
for cross-ventilation 
leading to intolerant high 
indoor temperatures. 

Fig. 5.
Diagram of human com-
fort zone. The dot is in-
dicating the expected 
conditions in Magoda. 
The average tempera-
tures and humidity is 
outside the comfort 
zone unless air move-
ment is increased. With 
good cross ventilation, 
air movement of up to 1 
m/s is possible and can 
further be helped with 
ceiling fans.

Fig. 6.
Climatic data shows con-
stant high temperatures 
all year round with an 
average maximum tem-
perature between 24o 
and 33o. Humidity is also 
high average ranging 
from 73 to 84%. Mean 
wind speed in the area 
is 3 m/s.

Fig. 9.
The roof construction 
is much simpler. 
The geometry is 
based on standard-
sized corrugated 
roofi ng sheets. The 
roof cavity is well-
ventilated using 
mosquito-screened 
pipes inserted in the 
walls.

Fig. 10.
Cross-ventilation is 
obtained by using 
louver-blocks in the 
walls. Large windows 
can make the same 
effect as long as they 
are constructed with 
louvers so they can 
stay open all day 
allowing the building 
to cool during night 
time.

Fig. 15.
The roof has been 
separated from the 
ceiling allowing much 
better ventilation. 
Likewise, the fl oor is 
now raised above the 
ground, allowing the 
breeze to ventilate 
the fl oor from 
beneath.

Fig. 16.
The walls are now 
completely made 
of louver-blocks. To 
secure privacy the 
blocks are arranged 
so it is impossible to 
look from the outside 
into the room.

Fig. 17.
To secure visual 
comfort a window is 
kept in the outside 
wall making it 
possible for people to 
see what is going on 
outside the building.

The fl oor has to be 
made in reinforced 
concrete when raised 
from the ground. This 
is more expensive, 
but balanced with 
the reduced cost on 
foundation walls.

Fig. 18.
Vegetation keeps the 
temperature down 
with several degrees. 
Tall trees near the 
building provide 
shadow. Grass is 
good, but bigger 
bushes might corrupt 
cross-ventilation.

Fig. 11.
Diagrammatic pres-
entation of reduc-
tion in building cost. 
It is possible to 
build 10 dispensa-
ries for the price of 
6 using the future 
design.

Fig. 12.
Building cost calcu-
lated from previous 
construction works 
in the area.

Fig. 14. Plan future design

Fig. 13. Perspective future design

Fig. 8. Plan new design

Fig. 7. Perspective new design

Fig. 2. Plan old design

Fig. 1. Perspective old design
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