SWH Information handbook
Introduction – ‘Tap into the Sun’
Each day more solar energy reaches earth than the total amount of energy the planet’s 6 billion
inhabitants can consume in 25 years.
Generic background
What is solar energy and what potential does it have in RSA?
Energy from the sun is transmitted to the earth in huge amounts in the form of solar radiation.
South Africa experiences some of the highest levels of solar radiation in the world. The average
solar radiation in RSA varies between 4.5 and 6.5 kWh/m2 compared to about 2.5 kWh/m2 for
parts of Europe. This available solar energy can be absorbed and converted to useful energy by
various means.
One such application pertaining particularly to plumbers is solar water heating. As plumbers, we are
often exposed to solar water heaters, but don’t always know how they work.
Introduction to Solar Water Heaters (SWH)
How does a solar water heater work?
Solar water heaters make use of two natural phenomena for their operation: Black objects absorb
heat and hot water rises. It is a simple system, and the only moving part is the water.
Solar water heater basics
A solar water heater is a combination of (1) a solar collector, (2) an energy transfer media and (3) a
thermally insulated hot water storage unit or geyser.
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1. A flat plate solar collector is an energy conversion device that absorbs solar radiation and
transfers the energy to the working fluid passing through the collector. The principal features of a
flat plate collector are:
a) A high solar transmission cover which is usually toughened glass.
b) An absorber plate, coated with a high absorption and low emmitance layer which is usually
a mat black high temperature paint or special selective coating.
c) A high conductivity absorber plate which is usually a fin and tube construction. The
absorber can be copper, aluminium, steel/galvanized steel, stainless steel or even a UV
stabilized polymer.
d) A heat removal fluid passage way with good thermal contact to the absorber plate. This
passage is usually a tube made of the same material or similar material as the absorber plate
itself, and
e) A non corrosive and water proof casing, with insulation on the back and sides to reduce
down and sideward heat loss. Insulation can be polystyrene, polyurethane or glass wool and
each with variations in thickness.
2. The energy transfer medium is either water or a mix of water and propylene glycol heat transfer
fluid. This is an anti-freeze liquid and a corrosion inhibitor.
3. The solar geyser can be made of steel with a protected inner lining, copper, stainless steel or a
polymer. Solar geysers come in standard sizes as per conventional geysers. Some makes are vented
but most are pressurized from 100kPa to 600kPa depending on the material used. The difference
compared to a conventional geyser is that there are extra connections for the solar circuit.

Solar Water Heaters can be plumbed in series to pre-feed or add volume to existing geysers, or can
totally take the place of the existing geyser. Solar geysers can be mounted on top of the roof, if the
structure can hold the mass, under the roof at high level or at ground level in a plant room/ utility
cupboard. Due to aesthetic and physical restraints, geysers mounted on or in the roof are generally
mounted horizontally, but for better thermal stratification, it is preferable to mount them vertically.
Types of Solar Water Heaters
Open Circuit solar heat system/Direct system
Open circuit systems circulate water directly from the geyser through the collectors as shown in the
diagram 1.
Open circuit systems can be given limited freeze protection by installing an anti-freeze valve at the
bottom of the collector. An anti-freeze valve dribbles water out of the collector when the collector
temperature is below 5ºC.
A Direct system should only be used where we have the following conditions:
· frost free areas
· lime free water (to check this simply look at the heating element of your kettle. If you find
traces of scale either on the element or on the inside of the kettle, then you know for sure
that you have lime in your water supply)

· a not too aggressive water/soft water (Treated water, water drawn from a bore hole or river
supply)
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Closed Circuit solar heat system/Indirect system
An Indirect system can be used under all conditions. In a closed circuit system, a heat transfer fluid
circulates through the collectors and a heat exchanger is used to transfer heat from the collector
circuit to the water in the geyser. See diagram 2. Closed circuit systems are popular in areas subject
to extended freezing temperatures, as they offer guaranteed freeze protection. They are also used
extensively in areas with hard water conditions as lime scale build up with in the collectors is
prevented.
Closed circuit systems are more expensive to construct and install, and the glycol heat transfer fluid
must be checked and recharged every few years.
[image: image4.jpg]



Circulation
Water can be moved around the system in one of two ways: either by natural convection, also
known as thermosiphon, or by forced circulation using a pump.
Thermosiphon Installations
The principle of natural convection where heat rises in a solar water heater is known as the
thermosiphon principle.
To achieve circulation during the day and to limit reverse circulation at night, the geyser must
be above the collector. As the water in the collector is heated, it rises naturally into the geyser,
while the cooler heavier water in the geyser flows down to the bottom of the collector, causing
circulation throughout the system.
A thermosiphon system can be designed with freeze protection devices ranging from anti-freeze
valves for areas of mild freezing to inherent freeze resistance by using a closed circuit between
the collector and the geyser.
Typical thermosiphon installations include either close couple or split systems. They are mainly
used on domestic houses where the geyser can be installed at a higher level than the collector
either within or on top of the roof. This type of system should not be installed on houses with
roofs pitched lower than 15º. In this case, additional inclined support frames will be required.
Close couple solar heat system
Close couple is the term used for Solar Water Heaters that are installed with the solar
geyser and collector mounted externally and in close proximity. Thermosiphon in a close
couple system is very reliable and leaves no room for human error.
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Split solar heat system
A split system is exactly what the terminology implies. The solar geyser and collector are
separated. The solar geyser is generally installed within the roof with the collector mounted
externally. The geyser needs to be above the collector with connecting pipes rising
constantly – avoid 90º bends. There must be no leveling or dips in the hot pipe as it may
retard circulation.
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Forced Circulation
In this case the heat transfer fluid is pumped through the collectors. Pumped systems are usually
more expensive and are slightly less efficient than passive systems, particularly if antifreeze
measures are required. Active systems are also more difficult to retro fit in houses that do not
have garages or basements, because space must be available in the house for the geyser and
additional control equipment.
How it Works
The systems work with a small circulation pump, controlled by a temperature differential
control thermostat. The control thermostat has two primary functions:
· Switching on the pump between collectors and heat exchanger as soon as a hot probe
detects a high temperature at the collector outlet.
· Switching off the pump when the fluid from the collectors is at a temperature within
50C of the return temperatures cold probe from the solar geyser (differential
controller).
The circulation pump circulates the heat transfer fluid from the collectors to the heat
exchanger in the solar geyser. Collectors are mounted neatly outside on the north face of
the roof, with the solar geyser installed in a room provided.
The pumps in forced circulation systems have low power requirements, and some
companies have direct current (DC) pumps powered by small solar-electric, photovoltaic
(PV) panels. PV panels convert sunlight into DC electricity. Such systems cost nothing to
run and continue to operate during power cuts.
[image: image7.jpg]



 1– Solar collector
 2-– Distribution board for back-up power
 3 – Storage cylinder
 4– Hot water outlets
Sizing Solar Water Heaters and Collectors
Just like you choose a 150 or 200litre conventional geyser, you need to determine the right volume
of SWH to install.
Sizing a SWH involves determining the total collector area and the storage volume required to
provide 100% of the households hot water needs. It must be stressed that it is extremely important
to select and invest in the correctly sized system.
In order to size a system correctly, a close look must be taken at the household hot water
requirements and washing habits. The first step to saving energy is to size your hot water system
greater than that of your daily consumption. By doing this we allow for a single reheat period per
day during inclement weather, which would eliminate the expensive practice of having small
geysers with large heating elements running continually to keep up with the demand. By including
solar collectors, the primary objective is to stop the use of electrical heating. We know that solar
energy is only available during the day, which means we have on average, eight hours per day to
heat the required volume of water to the correct temperature, for use at night and early in the
morning.
When sizing a Solar Water Heater we usually allow 50 to130litres per person per day. This depends
on the application, the washing pattern, sanitary-ware being used and habits of the user.
It is however generally accepted in average household conditions that every person needs
approximately 50litres of water at 50 ºC per day.
The daily consumption of hot water will differ from person to person according to individual taste;
however, the average daily consumption could be as follows:
Average Calculated Consumption
Average Household
Bathing
-
50 – 60 litres per bath
Showering
-
30 litres per shower
Wash Basin
-
5 litres per person per day
Ablution Blocks
Bathing
-
50 - 60 litres per bath
Showering
-
20 - 30 litres per shower
Wash Basin
-
5 litres per person per day
Kitchens
Dishwasher
-
1 – 2 litres per meal served
Hand Washing
-
3 litres per meal served
Hairdressing Salons
Hair rinsing

-

10 litres per person
Sizing example: Household of 4 people
Daily hot water requirement
-50 litres per person
(200 litres)
Hand basins
-5 litres per person per day   (20 litres)
Dish washing
-3 litres per meal (4 x 3 x 2) (24 litres)
(Assume 2 meals at home daily)
Add heat loss due to cold water
-244 litres x 20%
(48.8 litres)
mixing and standing losses @ 20%
No washing machine added
- 0 litres
TOTAL HOT WATER REQUIREMENT      -
292.8 litres per day
Remember: Extra volume makes allowance for the days when the sun is covered
by clouds.
Orientation and Inclination of Solar Heat Collectors
Correct collector orientation and inclination is imperative when installing a Solar Water
Heater.
Whenever possible collectors should face true north (in the southern hemisphere) and true
south (in the northern hemisphere). If the collector cannot be installed facing north, an
orientation facing slightly west is more advantageous than east, due to higher ambient
temperatures in the afternoon. A deviation of 45º east or west will have no major effect on
the collector efficiency. However deviations greater than this will require extra square
meters of collectors to compensate for solar losses.
The rule of thumb for pitching the collectors is latitude +10º. This will give more of a
uniform solar collection from month to month. In summer, energy collection is reduced due
to high solar reflection, and in winter when the sun is lower on the horizon, the maximum
energy is captured. However, with an efficient collector, variation of performance is
relatively insensitive to collector orientation within ±50º of the north-south line for low
latitudes, but becomes more significant at high latitudes. For installations near the equator,
performance is obtained for inclinations within 15º of the latitude angle.
[image: image8.jpg]



Positioning Solar Water Heaters
Before installing a Solar Water Heater, an area for the collector must be selected and sun angles
must be considered. The solar altitude at a point on earth is the vertical angle between the sun
and the horizontal plane. Sun angles are used to predict shading patterns that can cause
obstructions. A shaded collector area is worse than no collector at all. If shading is experienced
between 09h00 and 15h00, then another position should be located. Remember this simple rule
of thumb when calculating shadowing from obstacles during winter. Position the solar collector
twice the distance away from the obstacle, as the actual height of the obstacle. This is true for
areas of higher latitudes such as Cape Town. For Johannesburg and lower latitudes, the distance
can be reduced to approximately one and a half times the equivalent size of the object.
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Partial shading by chimneys, TV antennas, etc. on buildings during sunshine hours is acceptable,
provided that it does not exceed 10% of the area. Shading from newly erected buildings should
be checked and if system performance is affected, relocation of the SWH may be necessary.
In extremely dusty areas or areas subject to dust or sand storms, the glass panel of the collectors
should be washed with clean water at least every three months. Adequate rainfall during these
periods may clean the glass panel naturally.
Finally Solar Water Heaters are heavy when full. For close couple systems this has implications
on the type of roof on which they are mounted. Close couple systems have a more concentrated
mass when compared to split or forced circulation systems. The roof structure needs to be able to
carry the load.
Notes to Installers
1.
Due to the lack of knowledge of Solar Water Heaters, off the shelf direct systems; have
been installed in frost prone or hard water areas.
Direct systems should not be installed in areas that experience winter temperatures lower
than 5°C. A phenomenon known as deep space radiation occurs at night where collectors
reradiate heat as well as they absorb heat and will freeze above O°C. If systems are
already installed in areas that experience mild or occasional frost, advise the client to
install an indirect system or fit an anti-freeze valve.
2.
Direct systems that have been installed in areas that draw water from non-municipal water
supplies i.e. borehole as well as areas of known extreme water hardness or softness have
failed.
Remember that the solar collector becomes the geysers element. Heat attracts lime scale
and calcification will occur within the collector. Remember the simple test for lime. If the
kettle element has lime, the water supply is hard. If systems are already installed, the only
solution is to advise the client to install an indirect system.
3.
Solar Water Heaters have in the past been installed on roofs that do not face due north and
are not pitched correctly.
If no north facing roofs are available, overcompensation should be made with extra
collector surface area or a support frame should be used to orientate the system correctly.
Consult with the supplier for the correct collector area to add.
4.
Installers of the past have not taken note of potential obstacles, i.e. chimneystacks,
television antenna etc. that may cause shadowing during winter months.
Take note before positioning a SWH. Future obstacles should also be noted as small trees
will become big trees in time.
5.
For split system installations to work, the roof pitch must be steep enough to fully
accommodate the geyser at high level with the base of the geyser above the top of the
collector externally. Solar Water Heaters have been installed where either they do not
circulate due to incorrect installation, or they work during the day and then lose heat at
night due to reverse siphoning.
If this is the case, the geyser must be lifted or if this is not possible, a circulation pump must
be fitted. Remember that there must be no dips in the hot pipe as it may retard circulation
and the geyser should not be installed further than 3 metres away from the collector.
6.
The plumbing installation of a SWH is no different to that of a conventional geyser.
SABS 0254 Code of Practice still applies. Incorrect sizing has been a cause of customer
disappointment due to insignificant reductions in electricity consumption after
installation. System sizing is not the same with a Solar Water Heater when compared to a
conventional geyser. Two or three times a conventional geyser’s rated capacity could be
drawn from it per day without any major effect on the user. This is due to permanent
power being available to keep up with the demand.
With a Solar Water Heater we have on average 7 hours in a day to heat up the day’s total
consumption without the assistance from the element. This means the correct sizing of a
Solar Water Heater is imperative for maximum savings.
7.
Unless specially designed, a Solar Water Heater that has an automatic thermostatically
controlled backup element cannot save electricity to its full potential. If a substantial part of
the overall volume is consumed in the early morning or the late evening, the element will
want to heat the water up immediately even though you may have sufficient solar radiation
to do so.
Element timers should be fitted in cases when automatic and not manual backing up is
required. By either switching off the element, or timing out the element automatically,
only then will maximum savings be achieved.
8.
Problems arise when Solar Water Heaters have been installed to suit the client’s
specifications or budget just to get the sale, as opposed to the plumber insisting on the
correct pitch and orientation to ensure performance.
Show the customer the sizing and positioning section of your handbook when illogical
requests are made.
9.
Customers have held plumbers responsible for damage to their belongings due to leaking
roofs, where pipes have had to penetrate for SWH installations.
The correct pipe flashing mechanisms should be used when penetrating tiles or sheet metal
to ensure no consequential damage to the property. System suppliers should stock
appropriate products.
10.
When geysers are installed externally, hot and cold piping should be insulated to prevent
heat loss and frost damage.
This is especially important with Solar Water Heaters for greater energy efficiency.
Recommendations for energy efficiency
· Insulate all hot pipes.
· Install well designed solar heating equipment.
· Make use of special low flow, hence energy saving faucets.
· If washing machines and dishwashers are compatible, supply with solar hot water.
· Advise clients to utilize showers more frequently. Showering consumes a lot less hot water than
bathing, and at a much lower temperature. Showering is quicker and more hygienic than
bathing.
♦♦♦ Advise clients with leaking geysers that they have the option to install a solar heat system. This
is the most affordable time to do so as they require a new geyser anyway. If budget restraints
are a problem, give them the option of installing only the solar geyser component. This way
they would have the option to add the solar collector at a later date. Standard geysers cannot be
converted to solar as they are not designed for this.
