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1. Introduction

In the last decade South Africa experiences steady economic
growth. Large scale housing and electrification programs of the
South African Government are underway and they exert pressure
on the energy market in the country. The electricity demand in the
country grew by 50% between 1990 and 2007 [1]. In the last 10
years 7.5 billionrand were spent to electrify 2.136 million homes
(in this paper we use the following exchange rate: 1 US Dollar=6.9
South African rand) [2]. The electricity consumption in the country
is experiencing an accelerated growth as is shown in Fig. 1, while
generating capacity is about constant around 40 GW. The reserve
margin of the national electricity grid is reaching 9% in 2008 after
a steady decline from 25% in 2002 [1]. The International Energy
Agency’s (IEA) energy balance for South Africa shows a total pri-
mary energy supply (TPES) of 127,637 ktoe in 2007 out of which
15,298 ktoe (12%) in the residential sector.

The capital expenditure in the electricity generation sector
between 2004 and 2008 is 37.5billionrand. The growing energy
demand and strain on the national electricity grid is pressing the
South African Government to heavily invest in new generating
capacities to meet the growing demand. The approved genera-
tion projects amount to 204 billion rand and in addition there are
planned transmission projects for 15.5 billion rand and distribution
projects for 25 billion rand. The South Africa’s electricity public util-
ity ESKOM has an approved construction program for the next two
decades for additional 16 GW generating capacity, most of which
is from coal-fired plants [1]. This is 40% increase with respect to
present day capacity.

With ever more growing energy demand and the current power
deficit in South Africa, the need for utilization of the rich renew-
able energy resources of the country becomes more obvious and
demanding than ever before. With more than 320 sunny days a year
in most of South Africa and the current under-use of solar power, a
new approach is needed to accelerate the implementation of tech-
nologies for solar use [3]. Domestic and commercial water heating
requires significant energy resources.

It is clear that in these conditions it is mandatory to look for a
new approach to deal with the looming energy crisis in the coun-
try. By submitting its pledge following the Copenhagen Accord to
take mitigation action for 34% reduction below the ‘business as
usual’ emissions growth trajectory by 2020, South Africa recog-
nized the need for limiting the use of fossil fuels such as coal and
petroleum products. In its policies the Government is aiming at
the establishment and the development of a modern renewable
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Fig. 1. Peak demand and installed capacity between 2000 and 2008 [1].

energy industry. It must offer in the long run a sustainable, non-
subsidized alternative to fossil fuels. In the South African White
Paper on Renewable Energy [4], a medium-term (10 years) target
is set to reach 10,000 GWh (0.8 Mtoe) renewable energy contribu-
tion to final energy consumption by 2013. Renewable energy is to
be utilized for power generation and non-electric technologies such
as solar water heating (SWH) and bio-fuels. This target is approxi-
mately 4% (1667 MW) of the projected electricity demand for 2013
(41,539 MW) [4].

So far, the potential for solar energy use as an alternative to
fossil fuels remains largely underutilized. Currently around 1% of
South African homes have solar water heaters, despite the favor-
able geographical and climate conditions [4]. This is presenting a
challenging task to further explore the potential and the technol-
ogy options for accelerated introduction of solar water heating —
one of the most suitable renewable energy options for the South
African conditions.

Similar studies are done in neighbouring countries with simi-
lar favorable climatic conditions and similar housing structure -
Zimbabwe [5] and Namibia [6]. It was found that the potential for
solar water heating is mostly identified in the residential sector.
In the case of Namibia only 2.4% of the houses have installed solar
water heaters. In Zimbabwe the installed systems are estimated to
be below 10,000, including commercial installations in hotels. Fur-
thermore, after analysis of the potential for SWH in that country it
was found that 99% of the total thermal demand is in the domestic
sector and hotels and hospitals have insignificant contribution. 98%
of the annual sales in China and 90% of the sales in the European
Union are for the residential sector [7].

This paper is an attempt to investigate the potential for use of
solar energy and solar water heating in South Africa in terms of
saved energy and emissions. The residential sector, the hospitality
industry and the health care institutions are identified as having
the highest potential for SWH. The analysis is based on the use of
three scenarios to estimate the economic, environmental and social
benefits from a large scale implementation of solar water heating
in South Africa.

2. South Africa’s country profile
2.1. Climatic and solar irradiation conditions

South Africa occupies the most southern end of the African con-
tinent between 22° and 35°S and longitudinally from 17° to 33°E.
Its surface area is 1,219,090 km2. The climate varies from semi-
arid in the north-west to sub-tropical along the East coast. The
average annual rainfall is 464 mm - half of the world’s average.
The warm ‘Agulhas’ and cold ‘Benguela’ currents along the East
and West coasts respectively have a moderating influence over the
climate. The high elevation inland (average 1200 m above the sea
level) keeps the average summer temperatures below 30 °C. In win-
ter, for the same reason, night-time temperatures can drop to the
freezing point.

The country’s sub-tropical climate is combined with intense
solar radiation throughout the year. The African insolation map
with different regions differentiated by the value of the annually
averaged global solar irradiance is shown in Fig. 2 [8].

In most of the inland regions of the country the irradiation
is between 230 and 270 W/m? and along the Southern and East-
ern coast lines around 180W/m2. These insolation levels are
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Fig. 2. Annually averaged global irradiance map for South Africa. Power and Mills [8], reprinted with permission.

significantly higher compared to typical levels ranging from
50 W/m? and 150 W/m? for most of Europe and the United States
[8]. The seasonal variations of solar radiation and ambient temper-
ature for the two major regions (‘inland’ and ‘coastal’) are shown in
Figs.3 and 4 [9]. Therelatively small changes in the average summer
and winter irradiance, as well the small ambient temperature sea-
sonal variations present very favourable conditions for solar energy
utilization in South Africa. The differences between the inland and
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Fig. 3. Monthly average solar irradiation at the regions of Pretoria and Cape Town
(data from [9]).
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Fig. 4. Monthly average ambient temperatures at the regions of Pretoria and Cape
Town (data from [9]).

coastal conditions should be taken into account when assessing the
potential for solar water heating in the country.

2.2. Demographic profile

The population of South Africa is 49.3 million with an annual
growth rate of 0.28% for 2009. The population density is 40.4 km~2,
which is unevenly distributed between the urban and the rural
areas. The population is 60.4% urban and 39.6% is rural. The total
number of households in South Africa is 13.65 million and the aver-
age size of the household is 3.61 people [10,11].

2.3. Energy profile

South Africa’s energy needs are mostly met by coal and oil. Only
a small percentage of the energy consumption mix comprises of
natural gas, hydro, biomass and nuclear. Coal is mostly used for
electricity and synthetic fuel production [12].

The South African energy mix comprises of:

e Oil
66% of South Africa’s oil is imported. In 2008, South Africa
consumed 575,000 barrels perday (bbl/d) of oil, and imported
380,000 bbl/d of oil [12]. The rest are locally produced synthetic
fuels. South Africa has proven oil reserves of around 20 million
barrels in 2010. All of the proven reserves are located offshore
southern South Africa in the Bredasdorp basin [12].
e Synthetic fuels
South Africa has a highly developed synthetic fuels indus-
try supported by abundant coal resources, offshore natural
gas and condensate production in Mossel Bay. Natural gas is
also imported from Mozambique. The national synthetic fuel
manufacturer ‘Sasol’ has a capacity of 25,438 m3/day from coal-
to-liquids (CTL), and ‘PetroSA’ has a capacity of 7155 m3/day from
gas to liquids (GTL) [12]. The total synthetic fuel production from
the two companies provides for approximately 40% of the South
African liquid fuels market. Synthetic fuels account for approxi-
mately 76% of South Africa’s oil production.
Natural gas
South Africa produces only small amounts of natural gas, which
ituses in synthetic fuel production. In 2008 South Africa produced
3.257 billionm3, which was all consumed domestically. South
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[13].

Africa has gas supply agreements with neighbours Mozambique
and Namibia [12].
e Coal
South Africa has the world’s fifth largest recoverable coal
reserves. The production of hard coal amounts to 247 Mt for 2010,
out of which 67 Mt were exported [13]. Locally the coal is predom-
inantly used for electricity production and for synthetic fuels.
e Nuclear
South Africa has one nuclear power station in the Western Cape,
having two units 933 MVA each [1]. It provides for 2.8% of the
energy needs of the country.

2.4. Energy policy enforcement

The energy industry of South Africa is regulated by the National
Energy Regulator of South Africa (NERSA), established in 2005.
South Africa also has a national oil and natural gas company - the
‘Petroleum Oil and Gas Corporation of South Africa’ (PetroSA). It
manages the licensing of oil and natural gas exploration in the coun-
try. ESKOM is the national electricity production, transmission and
distribution company.

Fig. 5 shows the distribution in the total energy consumption by
type of energy carriers and Fig. 6 shows South African energy con-
sumption per sector [13]. South Africa is a significant coal exporter
but imports large amounts of oil and some natural gas. The coun-
try has a highly developed synthetic fuels industry that uses coal
condensate and natural gas as feedstock.

3. Water heating practices in South Africa

Residential water heating in South Africa is largely determined
by the location and the income category of the houses. 90% of the
urban houses and 42% of the rural houses do have access to grid
electricity [2]. 44% of the houses have running water connection
and 17% have running water in the area [10]. High income houses
are mostly urban, while the low income houses are predominantly
rural and in townships located close to bigger cities.

The South African water heating practices are dominated by
electrical water heating especially in the urban areas [17]. Around
480,000 electric water heaters are manufactured and installed
in the country annually according to a survey by ESKOM [14]
with the majority of them (around 75%) being 150 liter horizontal
systems, placed under the roof. The average size of the electrical
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Fig. 6. Distribution of energy consumption in South Africa per sector [13].

element for domestic applications according to the same study
is 2.67 kW. According to CEF SWH Project Update Report [14],
there are 7,995,246 households with electrical water heaters,
which constitute 98.85% of all water heaters. The rest (1.15%)
being solar water heaters. On the other hand, in the residential
sector, hot water heating accounts for around 40% of the household
energy consumption [15,16]. A breakdown of domestic electricity
consumption is given in Table 1. Cawood and Morris [19] estimate
a saving potential of 70% through the use of correctly sized solar
water heaters with an electrical back-up element, compared with
traditional electrical water heaters.

Commercial water heating is done using exclusively large elec-
tric storage water heaters. The main loads are hotels, guest houses,
resorts, offices, military establishments and hospitals. This is a tra-
ditional water heating practice for the last 50 years as a direct result
of the traditionally low electricity prices and the availability of elec-
trical supply with good quality and reliability levels. Only recently
options for introduction of solar water heating and other renewable
options are explored in this sector.

In many low cost housing areas, water heating is done by using
paraffin in small quantities and wood. Gas is not popular due to
limited availability and its high price.

A study involving 262 low income houses was conducted in
Winterveld, a township near Pretoria, in February 2010. The study
was done as an effort to quantify the energy savings due to the
installation of low pressure solar water heaters low income houses
[20]. According to the study the water heating in the audited houses
before the installation of the SWH was based on electrical water
heaters - 61%, paraffin - 36%, wood - 3%.

4. The worldwide solar water heating market

The use of SWH is driven by social, economical and environmen-
tal factors for sustainable development both in the industrialized
and developing countries. For many communities with limited
access to other energy resources, solar water heating can provide
a sustainable alternative for improving living standards. It can also
have a job creation impact.

Economic sustainability is associated with the lower life cycle
costs of solar water heaters, while environmental sustainability is
associated with the contribution of SWH for reduction of green-
house gas emissions from fossil fuel generated electricity. Growth
in solar water heating installations worldwide in recent years
is 15% per year [7]. Worldwide more than 260 million square
meters (170 GWth) of solar thermal systems are estimated to be in
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Table 1
A breakdown of domestic electricity consumption for South Africa [16].
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Types Domestic electricity consumption

Up-market Townships Informal settlements

kWh/year % kWh/year % kWh/year %
Water heating 2867 48.3 1345 35 373 18
Cooking 897 15.1 1260 33.2 290 14
Space heating 240 4.1 73 1.9 91 4.4
Refrigeration 895 15.1 429 113 505 24.4
Lighting 677 11.4 504 13.3 585 28.3
Other appliances 358 6 183 4.8 225 10.8
Total 5934 100 3794 100 2069 100

Table 2
Solar thermal systems in operation by the end of 2009 (data from [21]).
Country Water collectors [x 1000 m?] Air collectors [x1000 m?] Total area Total capacity
Unglazed Glazed Evacuated tubes Unglazed Glazed [x1000 m?] MWy,

South Africa 754 288 21 0 0 1063 745
Israel 30 4039 0 1 0 4070 2849
Turkey 0 12,035 0 0 0 12,035 8425
Germany 720 10,727 1206 0 33 12,686 8881
Switzerland 222 622 38 859 0 1741 1212
Greece 0 4075 3 0 0 4078 2854
Austria 617 3634 55 0 0 4306 3014
USA 17,794 2554 88 0 98 20,534 14,373
Australia 4720 2444 74 0 0 7238 5066
China 0 10,150 134,850 0 0 145,000 101,500
Japan 0 5623 98 0 472 6193 4335

operation [21]. In Table 2 data for 2009 is shown for the installed
solar thermal systems in some countries, including South Africa.
Data for the installed solar water heaters in square meters per 1000
inhabitants for some countries is shown in Table 3. It clearly illus-
trates the low market penetration of solar thermal systems in South
Africa despite the favorable solar radiation conditions.

Internationally it can be observed that solar water heating is
well developed in countries with relevant Government incentives
and policies. For instance, Australia has introduced output related
Renewable Energy Certificates with success. As a result of improv-
ing government policies in Europe, 5000 GWh of clean thermal
energy was generated in 2003 [17]. The major barriers to market
penetration are the lack of awareness and the lack of policies to
deal with the higher capital costs of solar water heaters compared
with conventional electrical storage systems.

5. Available solar water heating technologies

A solar water heating system is typically based on three major
components — ‘solar collector’, ‘storage tank’ and piping for cir-
culation. The ‘collector’ is a solar heat exchanger, which transfers
the collected heat due to solar radiation to circulating water or a
low freezing temperature fluid. The heated fluid is then stored in a
‘storage tank’ that enables a flexible usage pattern for the hot out-
put water - even at night when there is no solar radiation and heat
accumulation. There can be another heat exchanger in the storage
tank, especially if the heat transfer fluid should be separated from

Table 3

Installed SWH capacity per thousand inhabitants in some countries (data from [21]).
Country m?2/1000 inhabitants kW, /1000 inhabitants
Israel 563 394
Greece 379 266
Austria 524 367
South Africa 22 15

the outlet water. Such systems are called ‘indirect’. The piping
enables the flawless circulation between the collector and the
storage vessel. The circulation may be natural or pump assisted.

Systems where the collector is directly connected to the storage
tank with no piping in between are known as close coupled. These
systems are the most common in South Africa.

There are two major types of solar collectors: ‘flat plate’ and
‘evacuated tubes’. In a flat plate collector the absorber is a metal
sheetbacked by a coil of tubing, through which the heat transferring
fluid circulates. The coil-plate assembly is thermally insulated on
both sides for minimum heat loss.

Evacuated tubes collector comprise of a number of parallel ver-
tical glass tubes, directly connected to the storage tank. Inside
there is an absorber tube covered with selective coating and the
air between the inner and the outer tube is evacuated for thermal
insulation. Sunlight passes through the outer glass tube and heats
the inner one. This technology is relatively new for South Africa
and accounts for around 10% of all collector sales [18]. Other types
of SWH systems that have a considerable market share in other
countries, like low flow systems, concentrating collectors, inte-
grated collector-tank systems as well as large scale solar thermal
arrays have still insignificant market penetration in South Africa.
The higher levels of solar irradiation in South Africa are also a fac-
tor for slow market penetration of higher efficiency systems. For
compensating for lower solar radiation conditions on rainy and
cloudy days the storage tanks may have electrical backup heating
elements. Glass covered or ‘glazed’ flat plate collectors are mostly
offered on the local market. The share of the different types of
solar water heaters on the South African market is shown in Fig. 7
[18].

The share of glazed collectors is rapidly increasing and currently
is between 20% and 30% of all collectors. It is important to note that
unglazed collectors are mostly used for domestic swimming pools
[18]. It must be noted also that electric swimming pool water heat-
ing installations are only typical for commercial swimming pools
found in upmarket hotels, resorts and gyms.
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6. Solar water heating in South Africa - dynamics and
challenges

Market surveys for SWH were conducted for the Department of
Minerals and Energy (DME) in 2002 [19] and the Energy Devel-
opment Corporation (EDC) of the Central Energy Fund (CEF) in
2005 [17]. The survey done in 2002 [19] shows a steady growth
of solar water heaters sales between 1975 and 1985, reaching
27,500 m? delivered systems annually, of which around 85% were
unglazed, mostly installed on swimming pools. In the late eight-
ies there was a 47% decline in sales due to problems with quality
of the installed systems and the increased affordability of electri-
cal water heating. The market only recovered in the recent years
in line with the changed conditions in the local energy market
and the emerging electricity crisis in the country. A more recent
study of the South African solar water heating market was con-
ducted in 2009 for ESKOM Distribution [18]. The annual sales
figures for the solar water heating systems delivered on the South
African market between 1991 and 2009 are given in Fig. 8 and
the systems with glazed and unglazed collectors are shown sep-
arately. No consistent data is registered between 1995 and 2000
by any of the surveys. A sharp increase of around 72% of total
number of sales between 2005 and 2008 can be observed as com-
pared to previous periods [18,19,22]. An introduction of solar
water heating technologies like evacuated tubes that were new
for the country and significant quality improvements of exist-
ing types were also registered. The tendency of steady growth
in sales continued in 2009 following the initiation of a number
of market supporting programs run by ESKOM, CEF and some
municipalities.
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Fig.8. Annual SWH sales figures for South Africa between 1991 and 2009 (data from
Refs. [17-19]).

Despite the encouraging trends in the recent years, a combina-
tion of different factors determines the low market penetration of
solar water heaters in South Africa:

e Lack of SWH awareness
Previous research efforts and surveys point out the lack of
awareness for the negative environmental impacts of electrical
water heating and for the benefits of utilizing the potential of
SWH to reduce energy bills and promote sustainable and effi-
cient usage of energy and water in South Africa [17,20,23]. The
electrical generating and distributing utilities underestimate the
potential of the SWHs to reduce the peak demand and energy
consumption in the domestic and commercial sectors. The poten-
tial for job creation by expanding the SWH market is also often
underestimated [23].
¢ Relatively low electricity prices in South Africa
South African domestic electricity prices are nearly half of the
electricity price in most of the world countries as can be seen
in Fig. 9 [24]. The quality of supply has also been good. The rel-
atively low electricity prices have been increased lately by 37%
compared to 2006 levels, due to high coal prices and the need
for large investments in the national electricity generation and
transmission sector.
¢ Undeveloped renewable energy national policies
South Africa has not adopted yet legislation to facilitate the
expansion of the SWH technology. The ‘White Paper for Renew-
able Energies’ is a promising framework for future Government
policies promoting renewable energy use. The South African Gov-
ernment has set a target for renewable energy to contribute
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10,000 GWh of final energy consumption by 2013. Macroeco-
nomic studies done by the Department of Minerals and Energy
(DME) estimated that up to 23% of this target could be contributed
by solar water heating [4].
Lack of training for SWH installation and maintenance

Training in installation and maintenance of SWH is practically
non-existent in a larger scale. Some SWH manufacturers offer it
as part of their product support but as whole it is not properly
organized and guided.
Technical constraints

South African Standards for thermal performance of domes-
tic SWH systems make provision for outdoor and indoor testing
[25-28]. For the performance of solar collectors currently inter-
national standard ISO 9459-1 is used [29]. These standards are
not mandatory and many of the local and imported products are
not tested according to them. Furthermore, there are no South
African standards for testing of solar collectors, which has a major
negative impact on promoting quality control and performance
excellence among local manufacturers of solar collectors. Test-
ing and certification of local SWH products is a pre-requisite for
the promotion of SWH technology in South Africa and market
development.
Limited running water connections in many low income areas

According to Statistics — South Africa [10], in 1996, only 3.977
million households in the country did have running water con-
nections and 0.442 million had a borehole connection suitable
for installation of solar water heating system. This is 48.7% of all
9.06 million households in the country, which further limits the
possibilities for installing SWHs in many residential areas.
High initial cost of the solar water heating systems

A major limiting factor for the implementation of solar water
heating is the relatively high initial cost of solar water heat-
ing systems. According to a recent survey of South African SWH
industry [14], and updated price lists of the major manufacturers
and importers, the average price per square meter is 4191 rand,
including installation costs. This figure is beyond the affordability
level for most of the low-income households.

7. Assessment of SWH potential
7.1. Methodology

The potential for solar water heating will be determined as the
technical potential that is likely to be implemented in the country,
taking into account various limitations and incentive factors [29].

The residential water heating demand in the country is deter-
mined separately for high income and low income houses, due to
differences in the hot water consumption patterns and quantities.
Further the required solar thermal replacement power for meeting
the same hot water demand will be determined. The costs for water
heating using the current techniques and their projected estimates
then will be evaluated and compared to the costs for introduction
of solar water heating systems.

The thermal demand for water heating in hotels and guest
houses is determined according to the number of bed-nights for
the country and the hot water consumption per occupant per day.
In a similar way the thermal load in hospitals is determined, tak-
ing into account the total number of beds, the occupancy rate and
the specific hot water consumption per bed for health institutions.
The potential effect is then evaluated for its additional social and
environmental benefits.

The reference levels for determining the potential for domes-
tic solar water heating are essential part of the analysis and will
be referred to three future scenarios — ‘Business as usual (BAU)’,
‘Moderate SWH implementation’ and ‘Accelerated SWH implemen-
tation’ [30,31].

7.2. Determining the hot water demand and the equivalent SWH
capacity

7.2.1. Residential water heating

The approach used to determine the hot water demand in house-
holds depends on the type of the household and the availability
of electrical connection to it. For these reasons, in similar efforts
to determine the household thermal demand [32], the households
are categorized according to the energy mix for water heating and
taking into account hot water consumption. Households in the cur-
rent study are split into two major groups - urban and rural. Most
of the urban houses are electrified and do have water connection.
The income levels there are higher than in rural areas, which leads
to higher hot water demand. Further, the urban dwellings are sub-
divided in high income and low income. The estimated average
daily hot water demand at 60 °C for high income urban houses is
60 1/person per day; for low income urban houses this is 30 1/person
per day and for rural areas with limited water supply and low
income levels this figure is even lower at 20 1/person per day.

In urban high income homes more than 98% of the heating is
done by electrical water heaters (EWH) that potentially can be
replaced by SWH systems. The remaining 2% the water heating is
done by using liquefied petroleum gas (LPG) heaters that can also
be replaced by SWH.

In low income urban areas the hot water demand is deter-
mined using different energy mix including electricity, wood fuel
and paraffin. The percentage share of each of them as well as the
water consumption is based on the study at the Wintersveld town-
ship. The domestic electricity consumption is studied in previous
research attempts [14-16] where the residential electricity load
and its distribution including water heating is evaluated.

In rural areas availability of grid electricity plays an important
role for determining the fuel mix for water heating. The changes
in the energy profiles, following the electrification in five rural vil-
lages were studied by Madubansi and Shackleton [33]. The results
showed that after electrification, the percentage of households
using only wood for heating is decreasing only by 1% (from 45%
to 44%) and only 1.4% is the share of electricity only for thermal
applications. Even less is the use of paraffin only for water heat-
ing — 0.8%. In such houses the water consumption is also limited
due to supply constrains and affordability. In the UNEP study [32]
an average of 15kg of wood fuel and 0.11 of paraffin per day per
household was determined. In most of the households a mixture of
different energy sources is used for water heating. Based on data
from several studies in urban areas [16], in five rural villages [33]
and in Winterveld township [20] we estimate the shares of water
heating practices as shown in Fig. 10.

The thermal demand for residential water heating, Egywp then
will be determined, following the approach of Batidzirai et al. [5]:

ERHWD=ZWi'Pi-Cp-AT'77pi (1)

where W; is the hot water demand per person per year in group i,
P; is the number of persons in group i according to location and the
specific water heating technology, ¢, is the specific heat capacity of
water (4.19Kk]/(kg K)), ATis the difference in temperatures between
the hot water output and the inlet water and 7, is the efficiency
of the specific hot water heating process. For these calculations
AT is taken as the average temperature difference between outlet
hot water (60°C) and inlet cold water in summer and in winter.
According to a research done in several locations in the Gauteng
province the summer water inlet temperature is 19 °C and during
the winter is 9°C. The average annual difference between these
two values is 46 °C. The efficiencies of a hot water storage heater,
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Fig. 10. Current domestic hot water usage patterns in different households in South Africa.

electric plate, paraffin heater and wood burning stove are taken:
0.9, 0.65, 0.4 and 0.25 respectively [5,34].

7.2.2. Commercial water heating in the hospitality industry

The South African hospitality industry uses mostly electrical
water heaters and only an insignificant number of accommodation
establishments are using alternative technologies. This industry
produced 8.8% of the country’s GDP in 2005 and this figure is
expected to increase to 12% by 2014. The occupancy rate is low and
unsteady at 6.4%. A total of 128 million bed-nights are recorded by
the National Accommodation Association of South Africa for 2009
[35]. This indicator is used to determine the thermal load. The hot
water consumption per guest per day is estimated at 110 1according
to industry standards. The thermal demand for commercial water
heating, Ecywp then will be determined by:

Ecawp = »_ Wg BN AT -7je ()

where W, is the hot water consumption per guest per day, BN is the
number of ‘bed-nights’ per year, ¢, is the specific heat capacity of
water (4.19Kk]J/(kg K)), ATis the difference in temperatures between
the hot water output and the inlet water and 7, is the efficiency of
electric water heater set at 0.9.

7.2.3. Water heating in hospitals

The hot water load in hospitals is determined in a similar way.
There are 157,238 hospital beds in private and state hospitals in
South Africa. The average occupancy rate is around 80%. The water
heating in hospitals is done exclusively by using large electrical
storage water heaters. The hot water consumption is 1501/bed per
day. The thermal load for water heating in hospitals, Eygwp, can be
determined then as:

EHHWDZZWb'B'r‘Cp‘AT‘ne (3)

where W), is hot water consumption per bed per day, B is number
of beds and r is the average annual occupancy rate.

The total thermal requirement for the residential, the commer-
cial and the hospital sectors is:

Enwp = Ernwp + Ecuwp + EHawp (4)

The equivalent SWH capacity [30] in m? is determined from the
hot water demand Exwp by Eq. (5):

Enwp - fsor (5)

S =
SWHD NsoL - G

where f;, is the solar fraction for SHW systems with electrical
back-up element, nsp; is an average solar water heating system’s
efficiency, which for the typical flat plate type systems is around
0.65 and G is the mean yearly solar radiation, which for South Africa
is 2057 kWh/(m? year).

SWH systems installed in up-market urban areas are having
electric back-up elements to compensate for reduced solar radia-
tion levels and increased hot water demand. According to Cawood
and Morris in the ‘Baseline study - solar energy in South Africa’
[19], the solar fraction (f;,) of such electrically backed - up sys-
tems is close to 70%. In low income urban houses and in rural houses
the installed SWH do not have electric back-up elements and it is
considered that all the required heat will be solar produced.

The annual thermal demand for water heating by different
technologies and its projected growth between 2010 and 2030
according to the applied model is shown in Figs. 11 and 12.

From these figures, it is clear that the use of electricity for
water heating will continue to grow steadily, following population
growth trends during the next 20 years [11]. The enhanced avail-
ability of electricity in rural areas will also be a contributing factor
[33]and by the end of the 20-year period the projected annual ther-
mal demand for electrical water heating will reach close to 100 PJ
- a growth of 28.8% compared to current levels. Clearly, electricity
remains the prime source for water heating. The share of paraffin
and wood used for water heating will follow similar trend and will
increase to 6.49 P] and 7.34 P] respectively, which can only in part be
contributed to population growth factors. The projected increase of
the share of other energy sources like dung and crops off-cuts will
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Fig. 11. Projected annual thermal demand for electrical water heating between
2010 and 2030.
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Fig. 12. Projected annual thermal demand for water heating by other sources
between 2010 and 2030.

grow insignificantly. The use of gas will remain on the current levels
due to high prices and limited availability.

8. Solar water heating implementation and impacts
8.1. Scenarios

The prospects for different rates of solar water heating imple-
mentation are evaluated taking into account historical trends and
the changing conditions on the South African energy market [36].
The practical potential for the development of solar water heat-
ing on a wider scale in the country is estimated according to three
scenarios — ‘Business as usual’ (BAU), ‘Moderate SWH implemen-
tation’ and ‘Accelerated SWH implementation’. These scenarios are
investigating the impact on the energy balance for a 20-year period
(from year 2010 till year 2030). The first scenario assumes that the
residential hot water requirements in the country will be met by
only using the current energy mix. The diffusion of solar water
heaters will remain on the current minimal level of 1.15% of the
households. The second scenario is describing a moderate imple-
mentation of SWH in 2030, where 50% of the SWH market potential
will be achieved and the third one - an accelerated implementation
of SWH in 2030, where a higher 80% of the market potential will be
achieved. These scenarios are taking into account a few limiting fac-
tors that are determining the practical potential of implementation
of solar water heating:

e Currently only 48% of the rural houses are having access to run-
ning water on the premises, which limits the amount of hot water
usage.

e The South African solar water heating industry currently is capa-
ble of supplying about 200,000m? per year both from local
production and imports. It can be expected that the share of the
imported systems can and will grow. Between 2007 and 2009
the number of imported systems has increased from 4500 m? to
almost 14,000 m? [18].

e The market saturation is also to be accounted for. The level of sat-
uration can depend on consumer purchasing power; as well as
competition, prices, and technology development. The purchas-
ing power can be determined by:

G=Cc1+i" (6)

where C; is the future purchasing power in t years, C is the pur-
chasing power in today’s money and i is the inflation rate. It is
unlikely to see in the next 20 years a technological breakthrough
as competition to SWH and the other existing methods for water
heating. Through technology development as well as increased
deployment though [37], it can be expected that prices of SWH
systems can become more affordable.
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Fig. 13. Moderate and accelerated SWH implementation scenarios compared to the
SWH demand.

The cumulative number of installations during the studied
period until 2030 can be modelled using a logistic function:

SA ~50 et

0= 5 sler ) @

where S(t) is the cumulative number of installed solar water
heaters, r is the market growth rate, S, is the market saturation
level, Sg is the market’s initial number of installed solar water
heaters in the first year of the studied period. The market growth
rate is proportional to both the initial number of installations and
the conditions and available resources to sustain the growth rate.
In the beginning of the studied period a faster growth rate of SWH
sales is expected due to the initiation of several SWH incentive pro-
grams with the support of ESKOM and some municipalities. The
results from applying the scenarios for solar water heating imple-
mentation till 2030 are given in Fig. 13.

8.2. Impact on the national energy sector

The projected impact of different levels of solar water heating
diffusion according to the different scenarios can be evaluated by
the total amount of energy saved as a result of the implementation
of solar water heating between 2010 and 2030, see Table 4. The
results in Table 4 are split for different water heating patterns. The
efficiencies of the conversion process are already incorporated in
the used model. For a more complete picture, as far as the electri-
cal water heating is concerned, the transmission and distribution
losses should also be taken into account. For South Africa they are
6.1% on average. Since 88% of the electrical energy in South Africa
is generated in coal-fired power stations, the average efficiency of
39% of the conversion process must also be considered. The fig-
ures for the estimated energy shifted from electrical water heating
to solar thermal under the different scenarios should be increased
according to:

’ _ (kcoal + kcoal . kloss) -Epr
EL(COAL) — N

where k., is the fraction of electricity produced in coal-fired power
stations, ki, is the transmission and distribution loss co-efficient,
¢, is the average thermal efficiency of coal-fired power stations in
the country and Eg; is the energy that can be shifted from electric
water heating to solar water heating. In this way the primary energy
requirement for the energy shifted to SWH will be 1834.8 P] under
the ‘Moderate SWH’ scenario and 2929.9 PJ under the ‘Accelerated
SWH'’ scenario respectively.

(8)

8.3. Economic impact

The cost benefits from the implementation of SWH can be deter-
mined using life cycle costing method. The net present value is



G. Donev et al. | Renewable and Sustainable Energy Reviews 16 (2012) 3002-3013 3011

Table 4
Estimated energy shifted to SWH between 2010 and 2030.
Residential Commercial Total Electrical Total
Electrical Paraffin Wood Gas Other Total Electrical PJ PJ
PJ PJ PJ PJ PJ PJ PJ
Thermal demand (WH) 1866.9 1229 138.9 28.3 7.7 2164.6 433 1910.2 2207.9
BAU 21.5 14 1.6 0.3 0.1 249 0.9 224 25.8
Moderate SWH 701.9 46.2 52.2 10.6 03 811.2 18.9 720.8 830
Accelerated SWH 1123 73.9 83.5 17 4.6 1302.1 26 1149 1328
Table 5
Estimated cumulative CO, emission savings in mega tonnes under the different scenarios.
CO, emissions Residential Commercial Total
Electrical Paraffin Wood Gas Other Total Electrical Mt
Mt Mt Mt Mt Mt Mt Mt
BAU 53 0.1 0.2 0.02 0.009 5.6 0.2 5.8
Moderate SWH 172.0 34 59 0.6 0.03 181.8 4.6 186.4
Accelerated SWH 2751 5.4 9.4 1.0 0.5 291.3 6.4 297.7

defined as the sum of present inflows and outflows for each year of
the life cycle of the equipment:

n R
NPV = Z(l o (9)
t=1

where t is the time of the cash flow, n is the life cycle, and i is the
discount rate. An appropriate discount rate is 10% (a social discount
rate for a similar study [5]) and R; is the net cash flow (the amount
of cash, inflow minus outflow) at time t. The costs are calculated for
the starting year of this study, i.e. 2010. The life cycle of solar water
heating systems is equal to the period for which this study is done:
20 years.

The estimated cost savings due to energy required for water
heating, which is shifted to SWH is 230.8 billionrand for the
‘Moderate SWH implementation’ and 369.2 billionrand for the
‘Accelerated SWH implementation’. Under the ‘Business as usual’
scenario these savings are estimated to be only 1.4 billion rand.

8.4. Environmental impact

The potential energy savings due to introduction of SWH,
presented in Table 4, can be used to estimate the positive environ-
mental impact of this technology. The results for the potentially
saved emissions from shifting the hot water load to SWH, using the
IPCC emission factors [38,39], are shown in Table 5. Clearly, 94%
of the emission savings are attributed to replacement of electrical
load to SWH. Also 97% of the saved carbon emissions are originating
from the residential water heating shifted to solar.

Apart from the direct emission reduction, the implementation
of SWH can also have other environmental benefits like reduced
water consumption in the power generating sector and less land
lost for coal mining and generating stations.

8.5. Social beneficial effects

With 57% of the population in South Africa living below the
poverty line [40], the affordability of residential hot water in ade-
quate quantities is an important social factor. According to the
study in the Winterfeld township [20], the estimated hot water con-
sumption was as low as 10.51/person per day. With the installation
of low pressure solar water heaters without electrical back up, the
hot water consumption rose to 19.8 1/person per day. In low income
areas, solar water heating has strong social effect for improving the
quality of living of many. It will also contribute towards achieving

the Millennium Development Goals to ensure environmental sus-
tainability. In UNDP MDP Country Report for 2010 [41], it is stated
that South Africa has produced 434 mega tons of CO, in 2007 and
it is aiming at reduction by 30% in the next 5 years.

The electricity savings from the use of electrically backed-up
SWH can reach 30% of the monthly electricity expenses or around
130 kWh a month per household. With the current average munici-
pal electricity price of 0.9/rand/kWh, and an average initial cost of a
typical domestic water heater of 14,000 rand, the pay-back period
is estimated to 7.5 years. This figure can vary with the different
hot water consumption patterns. Taking into account the favorable
climatic conditions in South Africa, the average payback period is
longer than the commonly accepted payback periods of up to 5
years in other countries [3,42].

The solar water heating industry is rapidly growing in South
Africa. In 2007 only 21 companies were registered as SWH man-
ufacturers and suppliers. In 2009 this number has doubled. It
is established by recent surveys [18] that over 700 people are
employed in the solar water industry in 2009, 57% of them as
installers. With the current size of the SWH industry the employ-
ment opportunities can increase in the next few years by 40%.

9. Discussion

Since the potential for SWH and its impacts on the energy bal-
ance of the country and the environment is estimated in this study
for comparatively long future period, the scenarios used and the
assumptions made do not provide for corrective feedback to the
inputs. An important assumption was made that the period of
20 years is going to be one of steady economic and demographic
growth [36]. The analysis is based on the assumption that SWH dif-
fusion is following a logistic function. The function can no longer
be representative if during the studied period there will be sharp
changes in any of the input conditions. The announced current
sharp increase of the electricity prices by 35% annually for the last
3 years, for example, can be viewed as an accelerating factor for
the diffusion rate. The latest study of the SWH market in 2009 [18]
shows a growth of 72% a year.

The surveys done in the recent years are mostly documenting
the domestic market for solar water heating. For the commer-
cial sector there is very limited information about the number of
installations, the types of the systems, etc. The thermal demand
estimation could only be based on average hot water consumption
figures, number of beds and occupancy rates. Seasonal occupancy
rate variations are not included in the analysis. The Government
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subsidy programs do not include commercial installations and
these installations are not reliably documented.

The awareness about the benefits of SWH is growing in the
country in line with Government subsidy programs and different
educational programs. Direct subsidies to consumers are offered
in the range between 2200 and 7500 rand for the typical domestic
solar water heaters. The Government programs are managed and
implemented by CEF, ESKOM and some municipalities.

The introduction of SWH on a large scale in the country will
also have a positive effect on the maximum demand of the elec-
trical supply system. This effect is difficult to quantify, because of
the diversity of the water heating process and the hot water con-
sumption patterns. In this regard the programs for ripple control of
electrical storage water heaters, currently running in many munic-
ipalities, are a valuable supplementing measure in the attempts to
reduce the peak electrical load.

10. Conclusions and recommendations

The current study shows that there is realistic and significant
potential for SWH in South Africa. The climatic conditions and the
available solar irradiation are amongst the most favourable in the
world. Due to low electricity prices for the last few decades, electri-
cal water heating has become standard for all the high and medium
income households. Only in low income areas other water heating
technologies are used.

Anumber of reasons were identified for the low implementation
levels of SWH in South Africa. Apart from the relatively low electric-
ity prices, can be noted the non-mandatory character of the relevant
quality standards, the undeveloped policies for renewable energy
promotion and the still undergoing efforts for providing running
water supply to many residential areas.

The potential was estimated for the residential and the commer-
cial sector separately and it was found that only 2% of the potential
is in the hotels and hospitals and the rest is in the residential sec-
tor. The total thermal demand for 20 years for water heating was
estimated to 2.2 EJ. If 50% of this demand is met by SWH this will
provide 0.83 E]J of clean energy until 2030. For the more optimistic
80% target this figure will be 1.328 E]J. The study has established the
energy mix for water heating for different types of households and
this information can be used to evaluate the impact of solar water
heating not only on the national grid but on the wider energy mar-
ket in the country. The potential share of the electrical energy to be
shifted to solar thermal is 85.3% of the energy mix. The estimated
cost savings from the implementation of SWH in the residential
and commercial sectors are 230.8 billionrand for the ‘Moderate
SWH implementation’ and 369.2 billionrand for the ‘Accelerated
SWH implementation’. Under the ‘Business as usual’ scenario these
savings are estimated to only 1.4 billion rand.

The SWH technology and the prospects of its implementation
in the country have significant environmental effect as well. An
estimated reduction of 186.4 Mt CO, emissions for the moderate
SWH scenario and 297.7 Mt for the accelerated SWH scenario can be
expected. These numbers are substantial compared to the present
434 Mt CO, emissions in South Africa [41].

Therequired solar water heating capacity is calculated in million
square meters of collector area. For the ‘Moderate SWH imple-
mentation’ scenario, there is potential for 17.39 million m? over 20
years and for the ‘Accelerated SWH implementation’ scenario the
projected installed area is 27.82 million m2. These industry chal-
lenging figures are compared to the current size of the solar water
industry in the country, which can supply around 200,000 m2 annu-
ally. In its current state and size, the industry can supply only 23%
of the required quantities for the ‘Moderate SWH implementa-
tion scenario and 14.4% of the ‘Accelerated SWH implementation’

quantities. Since currently only 58% of the installed systems are
locally manufactured [18], there is a strong potential for industry
growth with positive effect on the economy and on the employ-
ment rate. Further, it is important to note that a large scale
implementation of this clean technology will ensure significant
increase of the amounts of hot water availability for household
purposes in low income areas, up to twice the current levels.

The following recommendations can be made to facilitate the
success of the ongoing SWH technology promotion:

e There is a need for a much more pro-active approach for creat-
ing awareness for the benefits of SWH. Currently such awareness
enhancing programs are run by ESKOM and some municipali-
ties. Most of the available educational information and promotion
materials are available for the wide public only on line or in
specialized publications, to which the large percentage of the
population has limited access. There is a need for more close to
the community awareness campaigns, including leaflets, demon-
strations and pilot projects to promote the benefits of SWH.

e The existing policies for SWH promotion and implementation
should be revised and improved. For the success of such efforts
an efficient feedback system should established, supported by the
Government, for regular updating the available information con-
cerning the SWH market not only for the residential sector, but for
the commercial sector as well. Subsidies and tax relief schemes
as options can be explored for commercial installations.

¢ The South African SWH industry should be supported for acceler-
ated growth. A valuable help could be provided by Government
supported programs for training installers. They will be very
effective especially in remote areas, far for from the major solar
industry manufacturers, who currently are having the potential
and the resources to promote this clean technology.

¢ A valuable contribution to the growth of the South African SWH
market could be provided by implementing innovative and suc-
cessful policies, adopted in other countries, including local tax
relieves for households using SWH. The suitability of such poli-
cies for the South African conditions has not been established yet
and this could be viewed as a worthy challenge for future research
efforts.
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