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University of Pretoria’s (Tuks) Faculty of Veterinary Science 
in Onderstepoort, is the second oldest veterinary faculty in 
Africa and still the only faculty of its kind in South Africa. Due 

to the increase in intake of new undergraduate students every year, 
facilities were added on an ad hoc basis. In 2009 the need became 
so great that, following the success of the Tuks Village Residence’s 
cluster development model, a similar residence development with 
the addition of a Postgraduate Centre, locker room facilities for the 
sports fields and the upgrading of some of the existing facilities were 
put into development.

Passive design

With the University of Pretoria’s policy on being environmentally 
responsible, the design and finishing of the residence blocks were 
to be maintenance-free to a large degree as well as environmentally 
sensitive to context and geographic position. 
‘Holms and Friends’ developed an energy strategy which included 
the building passive design. Passive design is a design methodol-
ogy which achieves internal thermal comfort without the need of 

continuous external energy input. This includes elements into the 
design like thick northern face brick cavity walls filled with fly ash; 
this contributes to a comfortable climate within the respective blocks 
during the hot African summer months and the freezing cold winter 
months, wall and ceiling insulation, proper orientation, fenestration 
design, shading devices and proper ventilation.

 Onderstepoort falls within the Northern Middleveldt area, a 
climatic region characterised by its distinct rainy and dry seasons. 
Temperatures show a large daily variation and strong solar radiation 
is prevails. This climate requires heavy building elements with a high 
c-value (capacity to absorb and retain heat) and good insulation to 
avoid losses during cold winter nights.

More than half the energy required for the student residences is 
for domestic hot water. As water was traditionally heated by resis-
tive elements, the long-term cost was prohibitive. This has become 
very clear, as since 2008, the cost of electricity has increased well 
above inflation. 

With 90% of South African electricity currently still gener-
ated with coal, it is also a very ‘dirty’ technology. Therefore, the 
university’s decision to reduce the day-to-day running cost, the 
importance of implementing energy savings and reducing the 
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carbon footprint through alternative energy use, was a clear cut 
decision. The University of Pretoria once again requested the au-
thor’s company, to assist with the new solar water heating system. 
Since 2008, they have already successfully implemented more than  
2 520 m2 of solar collector area at the university, which has resulted 
in annual energy and carbon savings of 1 890 000 kWh and 2 079 
tonnes respectively. A continuous training programme amongst fa-
cility management and maintenance teams is part of the company’s 
value proposition.

 Hot water consumption measurements were taken at the exist-
ing Onderstepoort residences before project start and it was found 
to be extremely high, with more than 170 litres per person per day. 
Including the new proposed development, the total capacity of 604 
students, would require both water and heating demand far beyond 
the current infrastructure capacity. The first step was thus to reduce 
the consumption and demand to reasonable levels.

Many reasons for high energy and water consumption could be found: 
•	 Long	non	insulated	hot	water	pipes
•	 Water	pressure	difference	(hot	&	cold	water)	making	ideal	tem-

perature setting very difficult
•	 Leaking	taps
•	 High	flow	shower	roses	and	taps
•	 No	mechanism	to	stop	water	flow
•	 No	awareness	amongst	students	
•	 Many	old	electrical	(mostly	horizontal)	geysers
•	 Inefficient	hot	water	storage	contributing	to	the	increase	in	elec-

tricity demand during peak hours
Water consumption was reduced by implementing the following 
practices:
•	 Good	insulation	(beyond	SANS	204	requirements)
•	 Circulation	systems	for	delivering	hot	water	to	taps	immediately	

with variable speed pumps linked to timers to avoid continuous 
circulation

•	 Low	flow	shower	roses	and	taps	(<6	litres/minute),	

•	 Timed	taps	which	automatically	stop	after	five	to	10	seconds	
•	 Balanced	hot	and	cold	water	pressure
•	 Warm	climatic	conditions	in	the	bathrooms	(which	avoided	the	

attempt to heat up the bathrooms with hot shower water)
•	 Awareness	amongst	students	and	maintenance	staff

The average daily hot water demand was designed to deliver 65 
litres/	student	per	day	at	60°C.	Although	this	is	still	high,	it	is	better	
than similar facilities found throughout South Africa and lower than 
the indicative figures given in SANS 10252-1-2004-water installations 
for buildings.

Water heating is done through four solar arrays of installed 
panels on the carports and on the roofs of the buildings. SUNDA 
PG2.0-F/G	flat	plate	collectors	were	specified,	with	a	total	capacity	of	
the installation of 470kWth. They produce the equivalent of 504 000 
kWh per year. Although the system delivers more than 590 000 kWh 
per annum, approximately 16% of the energy is lost during times of 
no use (holidays and long weekends).  

There are two of 120 m2 and two of 216 m2, totalling a total col-
lector area of 672 m2, making it currently the biggest single system 
in South Africa! The collectors are linked in parallel and series to 
get optimum flow and energy gain. Each array is made up of three 
collectors connected in parallel and six sets in series resulting in a 
thermal length of 12 metres. The concept is based on the idea to 
have a high temperature gain, from 20oC to 60oC, over a single set 
of panels. This allows the glycol-water mixture in the collector to be 
pumped at relatively low volumes.

Pumps are controlled with a variable speed controller and have 
a	low-flow	concept	(<15	litre/m2.hour). Primary and secondary high 
efficient	pumps	(<30W/unit)	control	the	most	efficient	energy	transfer	
over	the	long	length	heat	exchanger.	Long	length	heat	exchangers	
have very little resistance, which in turn reduces the need for big-
ger pumps. Although low flow systems loose some efficiency in the 
collector, it has the benefit that low volumes of water are circulated, 
reducing the pumps size, the pipe diameters and effectively the in-

Pre graduate units. Circulation pipes are blended into the architecture and are virtually ‘invisible’.
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sulation required. The total system energy gain through this design 
methodology can be as much as 2%.

The central plant room houses two giant 20 000 litres low pres-
sure hot water storage tanks (called buffer tanks), a 5 000 litres 
expansion tank, membrane expansion vessels (totaling 5 400 litres) 
and seven external heat exchangers amongst other. The fresh water 
stations (a heat exchanger system) instantaneously heats fresh cold 
water from the pressurised main supply to the warm water supply 
to the buildings. This way the buffer tanks can stay at low pressure, 
avoiding the expensive annual statutory inspections for pressurised 
hot water vessels. It also avoids the risk of legionella disease, as the 
water is either cold (below 20oC) or hot (above 55oC).

Good	design	at	storage	level	ensures	for	minimal	heat	loss	and	
optimum functioning, achieved through implementing the following:
•	 10%	more	storage	than	consumption	(40	000	litre	water),	is	stored	

in a vertical vessel to achieve good stratification, 
•	 Well	insulated	(50mm	glass	wool	plus	two	layers	of	75mm	poly-

urethane), protected from external damage with a galvanised 
metal cladding, 

•	 The	properly	insulated	plant	room	creates	a	warmer	micro	climate,	
reducing system energy losses,

•	 All	pipes	penetrate	the	storage	vessel	at	 the	bottom,	avoiding	
creeping heat losses at the top and sides of the tank and 

•	 Water	stratification	is	managed	through	stratification	pipes	and	
careful pump mechanisms, which put the water at the same level 
where equal temperature water is located. 

This strategy increases the Exergy (usable energy) in the storage 
vessel, although the total energy stays the same.

Hot water supply is done through an instantaneous heat ex-
changer to the consumer at high pressure (400 kPa). The Fresh Water 
Station	(FWS)	receives	pre-mixed	water	(below	70°C)	from	the	buffer	
tank through a mixing valve in order to avoid calcification in the heat 
exchanger. Three very efficient pumps, (smaller than 40 W each), 
pump	hot	water	55	-	60°C,	through	2	800	metres	of	well	 insulated	
circulation pipes to and inside the buildings. Pumps are tempera-
ture - and time controlled, ensuring hot water at all time, but being 
on standby in periods of no consumption. Heat loss through all the 
circulation pipes is so little that the water will return with less than 
0,5 Kelvin temperature drop!

During high summer, the student numbers are often reduced and 
the system could go into stagnation. Eliminating this risk, Membrane 
Expansion Vessels (MEV) are installed to absorb instant evapora-
tion in the solar loops. With systems of this size, stagnation results 
in little instantaneous explosions. This puts a shock on the system 
which needs to be absorbed. The MEV capacity in this system is 
nominal 5 400-litre and they also protect the liquid in the collector, 
being a 20%-glycol water mixture. As the glycol is protected from 
heat damage, it does not need regular replacement, in turn reducing 
maintenance costs.

For non-sunshine days, the system is equipped with two 72 kW 

backup elements with a step controller, configured to be replaced 
with heat pumps at a later stage, but up to now (one year after com-
missioning) have never switched on! Should heat pumps ever be 
installed, it is important to understand that this backup system is not 
in parallel to the SWH, but in series. The early morning heat from the 
Solar Water Heater (SWH) is still higher than the ambient air tem-
perature, this is applicable for the energy mass as well. The same is 
true for late afternoon when the absolute SWH water temperature is 
not	high	enough	for	the	already	heated	storage	vessel.	By	diverting	
the energy to the heat pump, the efficiency (CoP) of the heat pump 
is substantially increased. Measurements in the field show that most 
normal heat pump installations do not achieve the CoP announced, 
this is due to the time of use and lack of proper system design. A huge 
system like this one needs of course a trained maintenance team in 
case of any unforeseen incident, as well as for data capturing. The 
maintenance team of the University of Pretoria (the drain cleaners) 
already had two training sessions on the maintenance of the system 
and therefore the system ran to date without incidents. A data logger 
measures all components of the system as well as temperature dif-
ferences. This not only means that the information is available, but 
that the system learns from it through a fuzzy logic routine.

Conclusion

According	to	Alec	Blackhall,	manager	of	residence	affairs	and	accom-
modation at the university, the savings are remarkable, the system is 
fully functional and a pleasure to watch in action! This comment is 
well deserved for a highly effective system that reduces this organisa-
tion’s environmentally impact through avoiding 450 tons of CO2 and 
a saving of 600 980 litres of water every year.
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