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ABSTRACT

Electricity tariffs charged by the South African electricity supplier (Eskom) have sharply
increased over the past three years and there is no indication of what to expect in the future with
regard to electricity tariffs. Many South Africans are searching for ways to save on their monthly
electricity bills by seeking out alternative water heating systems. The purpose of this study is to
determine the most financially viable alternative water heating system for a household in South
Africa using various investment appraisal techniques and taking into consideration the size of the
household.

The study found that the five investment options identified in the literature review would all, to
some extent, be financially viable to implement within households with high, as well as low,
volume hot water consumption. Although some of the water heating systems were found to be
more financially viable than others, the conclusion was made that a savings will be generated on
the monthly electricity bill no matter what alternative water heating system was to be installed in
the place of a conventional geyser.

Keywords: Alternative Water Heating Systems; Conventional Geyser; Electricity Cost; Investment Appraisal
Techniques; Solar Geyser

INTRODUCTION

his paper is a qualitative and quantitative investigation into the financial viability of alternative water
heating sources available in South Africa. The interest in this topic is that electricity tariffs charged

by the South African electricity supplier (Eskom) have sharply increased over the past three years,
with a 25% average annual increase approved by the National Energy Regulator of South Africa (NERSA) until
April 2012 (Eskom, 2011a) and 16% for 2012/2013 (Eskom, 2012). There is no indication of what to expect in the
future with regard to electricity tariffs.

Water heating costs within households are the second largest energy cost on the electricity bill, with space
heating taking up the biggest part (Hackett & Gray, 2009). With constant annual rate increases imposed on South
African citizens by Eskom, households are being forced to search for alternatives that can reduce the cost of their
monthly electricity bill. With this said, house owners are searching for alternative ways to cut operational costs by
using natural or renewable energy resources, such as solar geysers, natural gas, or different technologies, such as
time switches, heat pumps, or instant heaters.

Considering all the above, the question can be raised, “Which of the mentioned alternatives in water
heating systems makes most economic sense?” The research question of this study can therefore be formulated as
“What are the household economic implications of key alternative water heating systems within the South African
context?”

This research is the first study in South Africa focusing on all the different types of water heating systems
available in the market, and not just on a solar geyser or a heat pump. This study focuses on South Africa as a
country in a time where alternative water heating systems are highly considered as an alternative to the conventional
geyser due to high tariff increases by Eskom.
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BACKGROUND

Since 1991, one of the South African government’s main objectives was to provide access to electricity to
the previously disadvantaged communities, increasing the national energy demand significantly (Bredekamp, Uken
& Borrill, 2006). Eskom is, however, unable to immediately increase capacity because it takes between ten to
twelve years to build a new power station (Bredekamp, Uken & Borrill, 2006). To manage this increase, Demand-
side Management (DSM) was introduced by Eskom, whereby energy consumers are informed about different ways
on how to reduce electricity demands. One of which is the Solar Water Heating Programme, whereby incentives are
offered to consumers to switch to solar geysers (Eskom, 2010a).

In support of its “Go Green” initiative, Eskom provides a rebate to households when installing a solar
geyser. This rebate consists of a percentage of the total cost of the heating system (investment cost plus installation
cost). The percentage is calculated on the performance and reliability of the individual system. The more reliable
and energy efficient the system, the better the rebate one could claim (Eskom, 2011b). This approach is also
followed in countries such as Australia to motivate citizens in the form of a subsidy to install a solar geyser
(Hessami, 2006). Solar geysers have become a popular investment option, but the question could be asked whether
this is actually the best option available in the market.

THEORY
Alternative Water Heating Systems

Five alternative water heating systems were identified for the purposes of this study. These alternative
systems could contribute to reducing the electricity consumption of a conventional geyser, either by replacing the
conventional geyser or attaching systems to a conventional geyser that could reduce the overall electricity usage.

Solar Geysers

Solar power results from the conversion of solar energy in the form of light into useable energy, such as
electricity or heat. The South African Department of Energy introduced a National Solar Water Heating Program in
2008 whereby they offered subsidies to households installing a solar water heating system in order for them to
achieve their one million solar geyser goal by 2014 (Du Toit & Gilder, 2010). Although solar water heating is an
important potential area to take advantage of solar energy, many households consider solar water heating systems as
being too expensive due to the high initial investment costs (Kablan, 2003). According to Mohsen and Akash
(2002), a solar water heating system is the most beneficial water heating system compared to other options in the
market.

The implementation of a solar geyser does not eliminate the usage of electricity with regard to a geyser, but
reduces it significantly as the normal geyser will only switch on when the water does not reach the required
temperature (Li & Yang, 2010). Research has shown that solar water heating systems could reduce the monthly
electricity cost of a conventional geyser with up to 40% (Nyatsanza, Davis, Merven & Cohen, 2008). According to
ITS (s.a.), a solar geyser, for a normal household, will repay itself within three to four years after purchase,
depending on the location of the household and the hot water consumption of the household. They further state that,
under normal circumstances, a solar geyser does not have any maintenance requirements and therefore no
maintenance cost. The useful life of a solar geyser is expected to be between 15 and 25 years (PDC Solar, 2008;
Home Comfort, s.a). For the purpose of this study, the average useful life of 20 years is used.

Time Switch On A Conventional Geyser
A time switch is a device that works on an analogue clock alarm that switches a conventional geyser on and
off (Talukder, Gholap & Kanyemba, 2004). When using a time switch on a conventional geyser, one manages the

time when the geyser switches on to reheat the water, causing a reduction in the number of times that the geyser
element switches on, and therefore reducing the energy consumption of a geyser (Powersaving, 2008).
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The motivation to manage this is because Eskom charges different rates during different times of the day.
In peak periods, rates are higher than the rates charged during off-peak periods (Eskom, 2011c). Hot water usage
differs from household to household. In most cases, there is a definite peak in energy usage in the morning, late
afternoon and evening. Within the daily load profile, 45% of the daily electricity is used during the late afternoon
and evening when, for example, the occupants return from work. These peaks in energy usage may not be solely
due to hot water consumption, but it plays an integral part (Bourke & Bansal, 2010).

In a study by Mayothi (2010), it was found that if the geyser was used on the same principle as a kettle,
only supplying hot water when you need it instead of using it like an urn that provides constant boiling water, a
savings of up to 25% of the energy consumption of a conventional geyser could be achieved. The study was
conducted on a conventional geyser with no geyser blanket, serving a household of two people, who normally
shower/bath in the morning before leaving for work.

Mr J Dreyer (2011), a nuclear engineer at Eskom, who built a heat switching model for the purposes of this
study, found that the cost savings due to the installation of a time switch could increase to up to 72%, depending on
the number of people in the household.

Heat Pumps

A heat pump uses heat already available in the atmosphere to generate enough energy to heat up water for
domestic use. It works on the same principle as an air conditioning unit, but instead of using it as an air cooling
system with heat as a by product, the focus is on utilising the heat to generate hot water (Van Eldik, 2008). The
energy savings is due to the fact that the heat pump not only uses a heating element, but also uses the outdoor air
temperature to produce hot water; therefore, less electricity is needed to bring the water to the preferred temperature
(M-Tech Industrial (Pty) Ltd., 2002). The energy efficiency of a heat pump is dependent on climate conditions
(Lienau, Boyd & Rogers, 1995; Kim, Kim & Chung, 2004).

A conventional geyser is a convenient way of water heating with regard to installation and operation, but
the energy efficiency of a conventional geyser is very low in comparison to a heat pump, as a heat pump can supply
more heat using the same amount of electricity (Kim et al., 2004). According to Fardoun, Ibrahim and Zoughaib
(2011), the use of an air source heat pump can reduce the electricity usage on a conventional geyser by 70%. This is
in agreement with GEO plus’s (2006) statement that a heat pump can save up to two thirds of the energy
consumption of a conventional geyser.

Eskom offers a rebate on the installation of a heat pump (Eskom, 2010c). The rebate depends on the size of
the heat pump installed. One can expect a rebate of R4 320 (R = South African Rand) for a tank size between 300
and 500 litres, and a R3 668 rebate for a tank size between 100 and 300 litres (Eskom, 2010c). According to a study
done by Cane, Morrison and Ireland (1998), the service and maintenance costs associated with a heat pump are
significantly lower than the service and maintenance cost on a conventional geyser.

Gas Geysers

Gas water heaters are a storage type water heater that constantly maintains the water temperature during the
day (Aguilar, White & Ryan, 2005). A gas geyser is similar to a conventional geyser; the only difference is that the
water is not heated by an electric element, but through a gas burner at the bottom of the tank, eliminating the use of
electricity (Formisano, 2006). The gas burner switches on when the water temperature drops below a certain point,
and automatically switches off once the water reaches the high temperature limit (American Council for an Energy-
Efficient Economy (ACEEE), 2007).

The gas water heater heats the water faster, saves on energy consumption, therefore cutting on energy costs

(Aguilar et al., 2005). A gas geyser’s useful life is expected to be around twelve years if maintained properly
(Kablan, 2004).
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The installation costs associated with a gas geyser are dependant on the scale of work needed, the piping
required and all the fittings, connections, regulator, etc. needed for proper functioning of the gas geyser (The Gas
Experts, 2009). The monthly gas consumption amounts to an average cost of around R320, dependent on the volume
of hot water consumption, and electricity cost is completely eliminated (Geyser, 2011). Oorja Solutions (s.a.)
calculated the monthly gas expenses of a gas geyser in India, and found that the cost of gas associated with a gas
geyser is around 25% of the total cost of the electricity cost associated with a conventional geyser. They also state
that the only maintenance cost on a gas geyser will be when the gas supply hose is damaged and needs to be
replaced, which is a minimal cost.

Instant Heaters

Instant heaters, otherwise known as tankless water heaters, heat water as you need it, without storing a hot
water supply and constantly heating and re-heating water to keep it at a preferred temperature (Lingro Gas
Appliances, s.a.). Tank type water heaters constantly need to switch on to maintain the required water temperature,
even if no hot water is used, increasing the unnecessary use of electricity or gas, where an instant heater only
supplies the hot water demand without storing any hot water (Orloff, s.a.).

An instant heater is a small unit not much bigger than a normal laptop that is mounted to a wall. Therefore,
this alternative is a space-saving option when considering water heating systems (Jamee, 2011). Conventional
geysers tend to leak after a while due to water storage and could cause damage to the property, whereas an instant
heater does not cause such damages as it does not store any water. Stroozas (2007) mentions that an instant heater
reduces the energy losses due to standby hot water in the storage tank waiting to be used. He also states that instant
heaters reduce the water wastage due to running taps waiting for the hot water coming from storage tanks, and that
this type of water heater work extremely well within the food services industry where the demand for hot water is
high.

Instant heaters can generate an energy savings of between 27 and 50% of the total cost associated with a
conventional geyser if installed on each hot water outlet within a household in the United States (United States
Department of Energy, 2011). Currently, this is the best indication of what the electricity savings will be, as instant
water heaters are not that well known in South Africa as yet.

For the purpose of this study, only two instant water heaters will be installed in the household, one in the
kitchen and one in the bathroom. By taking the hot water usage spread within a household into consideration, the
savings will be generated in two areas, which contribute 51% of the total hot water consumption within the
household. Therefore, if the maximum energy savings generated if instant water heaters were installed on all hot
water outlets is 50% of the total energy cost of a conventional geyser, the energy savings for the purposes of this
study will be 25% (50% of 51%). This is because the instant heaters will only serve hot water outlets that supply
51% of the total hot water consumption.

The useful life of an instant heater is expected to be around 20 years, but the useful life can be extended if
maintained properly (United States Department of Energy, 2011).

Investment Appraisals

Cicea, Vasilescu, and Banacu (2009) state that investors will not consider investing in any investment
unless it is profitable. In order to determine the profitability of an investment, management accounting and financial
management offer different methods of calculating the financial impact of different investments, by using different
investment appraisal techniques.

The main objective of an investment appraisal is to calculate, from the forecasted cash flows, whether the
investment will be suitable for the investor (Laurentiu, 2010). Laurentiu (2010) also states that if there is more than
one investment option, investment appraisals are used to rank the investment options. According to Savvides
(1994), the first step in conducting an investment appraisal is to utilise information gathered of a certain type of
investment in the past to predict what will happen if the same investment takes place in the future. This is a process
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of forecasting, whereby the best possible estimates are calculated that will be used as inputs into the appraisal
analysis.

For private investments, the financial cash flows can be defined as the investment inputs and outputs
calculated on the market price (Foltyn-Zarychta, 2010:290). The market price represents the price of an investment
on the open market at any given time (Garrison, Noreen & Brewer, 2008). The higher the capital requirement of a
project, the higher the profitability of the project needs to be to make it worthwhile for the investor to invest in the
investment option (Stalder, Lacy, Cross, Conatser & Darroch, 2000).

The traditional methods of investment appraisal applied in this study include the following: net present
value (NPV), internal rate of return (IRR), modified internal rate of return (MIRR), discounted payback period
economic value added (EVA).

DESIGN AND METHOD
Research Objectives

The general objective of this research is to determine the most financially viable investment to
reduce electricity cost when it comes to water heating systems for use in households by comparing the capital
expenditure and operational cost needed with the financial benefits generated by the investment, taking into
consideration the size of the household.

The specific objectives of this study are:

. to consider, within the context of high-volume hot water consumption households, the investment cost, net
present value, equivalent annual annuity, internal rate of return, modified internal rate of return, discounted
payback period, and economic value added for a solar water heating system, a time switch on a
conventional geyser, a heat pump, a gas geyser, and an instant heater

. to consider, within the context of low-volume hot water consumption households, the investment cost, net
present value, equivalent annual annuity, internal rate of return, modified internal rate of return, discounted
payback period, and economic value added for a solar water heating system, a time switch on a
conventional geyser, a heat pump, a gas geyser, and an instant heater

. to provide recommendations regarding the most financially viable water heating system for a household,
depending on the volume of hot water consumption

Research Design

This study can be classified as an empirical study using primary numeric and textual data with a low level
of control (Mouton, 2010). The data used in the investment appraisals were gathered through several quotations and
therefore represent new data. However, some of the data used were gathered through existing sources. This will,
however, still keep the control on this study low, meaning that if another individual were to do the same study, the
outcome would not necessarily be the same as they would not get the same quotations from suppliers and might
make other assumptions from the results of the investment appraisals. A mixed method approach was followed
comprising of qualitative and quantitative methods (Mouton, 2010; Maree, 2010). In a mixed approach, the
qualitative findings help the researcher develop an understanding of the quantitative findings (Maree, 2010).

Determining The Financial Viability Of Alternative Water Heating Systems

Five alternative water heating systems were evaluated in this research study. These systems are the solar
geyser, time switch on a conventional geyser, heat pump, gas geyser and an instant heater. Each of the alternatives
for water heating generates a savings in electricity usage on a conventional geyser to some extent, and therefore will
generate a cost savings for the investor. Various investment appraisal techniques were used in order to measure the
financial viability of each of the selected alternative water heating systems. The techniques applied included net
present value (NPV), equivalent annual annuities (EAA), internal rate of return (IRR) and modified internal rate of
return (MIRR), discounted payback period and economic value added (EVA).
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Other considerations taken into account in determining the financial viability of the alternative water
heating systems were as follows:

Inflation

Inflation was taken into account for the purpose of this study. The inflation rate was used to determine the
price increase of electricity from 2013 onwards. The reason for this is that, up to this point, Eskom only has
permission to increase electricity charges by 25% until 2012 (NERSA, 2009) and 16% for 2012/2013 (Eskom,
2012). No indication is available of what will happen from 2013 onwards; therefore, the inflation rate seems to be
the realistic view. The rate that was used is 10%, which represents the average inflation rate between 1981 and 2010
(Trading Economist, 2011).

Household Size And Water Consumption

The investment appraisals were performed to determine the best investment option for a household with
low-volume hot water consumption and a household with high-volume hot water consumption. From the literature,
it was determined that an average of four people stay in a household with low-volume hot water consumption and
that an average of six people stay in a household with high-volume hot water consumption (FinScope, 2009). A
study done by Meyer (2000) indicates that the average hot water usage per person in South Africa is 60 litres per
day.

Average Electricity Usage

The average electricity usage per month was calculated by Mr J Dreyer (Dreyer, 2011) by using the heat
switching model that was developed for this study. To determine the electricity usage per month, the assumption
was made that the 60 litres of hot water consumption per person per day are spread over the day. A table by Bourke
and Bansal (2010) was used in the heat switching model to determine how much electricity is used to heat water for
domestic use.

Eskom charges block tariffs dependent on the kWh used; the more kWh one uses, the higher the rate
charged (Eskom, 2010b). Mr Dreyer used the block tariffs charged by Eskom for residential users in order to
calculate the monthly electricity cost. To determine the annual electricity cost, the monthly cost was multiplied by
12.

By taking inflation into account, the annual electricity cost of a conventional geyser was calculated by
using the annual cost of a conventional geyser, as calculated by Dreyer in his heat switching model, and then
increasing it in 2012 with 25%, 16% in 2013 and from 2014 onwards by 10%.

Costs

Costs represent any outflow of cash at the beginning, or during the investment assessment period used to
fund and maintain the investment (Adhikari & Supakankunti, 2010). These costs include the initial investment
costs, the installation costs associated with each investment option, as well as maintenance costs and any additional
costs.

The investment cost of each alternative water heating system was determined by calculating the average
investment cost from three quotations received. The quotations were gathered from suppliers of hot water heating
systems. Included in the quotation is the installation cost associated with the investment, as this forms an integral
part of the investment appraisal. The investment cost takes place in year 0, as the total amount needs to be paid
immediately in order to install the hot water heating system.

Eskom only grants a rebate on the installation of a solar geyser and a heat pump. This rebate is included as
a separate line at the bottom of all the quotations received for these two options, but not taken into account within
the investment cost section of this study; therefore, the average rebate is calculated.
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A gas geyser saves 100% on energy consumption of a conventional geyser, but in order to do this, the
electricity is replaced by the use of gas. The cost of the gas usage was included under costs.

Cost Savings

An important part of the analysis is to calculate the cost per kwh of energy saved by implementing the five
different investment options, as this forms an integral part of the cost benefit analysis (Olivier, Harms & Esterhuyse,
2008). The cost savings calculation was performed by making use of the heat switching module created by Dreyer,
whereby the per capita usage of a household was determined. From there, the energy savings per scenario was
calculated and the correct rand value per kWh was used to determine accurate benefit estimations. The cost savings
included were mainly the savings generated due to the reduction in electricity consumption by each of the five
investment options.

This represents a percentage of the electricity consumption of a conventional geyser. For the purposes of
this study, these savings are based on previous research as discussed in the previous section.

Useful Lives

The useful life represents the expected time it will take before the hot water heating systems will need
replacement. Each of the five hot water heating systems evaluated in this study has different useful lives. Each
investment option is evaluated over its useful life, and not at a set number of years.

When investments have unequal lives, it becomes difficult to accurately evaluate and compare the different
investments, and incorrect ranking of options could occur (Pilotte, 2000). The main issue with investments with
different life spans is that there will be different options at different dates in the future, which might have different
values and might affect the choices made by the investor (Brown & Davis, 1998; Correia, Flynn, Uliana &
Wormald, 2010). Brown and Davis (1998) as well as Correia et al. (2010) suggest that a possible solution to this
problem is to compare the infinite NPV, also known as equivalent annual annuities (EAA), of each investment.
Therefore, the equivalent annual annuity for each investment option in this study was calculated and compared.

Discount Rate

The discount rate for individuals differs from person to person, depending on his/her financing preference.
Foltyn-Zarychta (2010) states that the market discount rate has to be used to evaluate investments for private
investors. For the purposes of this study, the assumption is made that, in South Africa, the prime rate represents the
market discount rate. The current prime rate in South Africa of 9% (Absa, 2012) is used as the discount rate.

EMPIRICAL RESULTS

The empirical study focused on project appraisals of the five investment options identified. This includes
an investment appraisal for a household with low-volume hot water consumption and a household with high-volume
hot water consumption within an urban environment. In performing these investment appraisals, the net present
value, equivalent annual annuity, internal rate of return, modified internal rate of return, discounted payback period
and economic value added of the investments were determined.
Household With Low-Volume Hot Water Consumption

Table 1 shows the summary of results of the investment appraisal calculations that were performed on each
of the alternatives for a household with low-volume hot water consumption.
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Table 1: Results For A Household With Low-Volume Hot Water Consumption

Solar Geyser Time Switch Heat Pump Gas Geyser Instant Heater
NPV R63 750 R49 410 R91 770 R59 610 R62 840
EAA R6 984 R7 699 R11 385 R8 325 R4 693
IRR 33% 354% 71% 60% 43%
MIRR 18% 55% 26% 26% 20%
Discounted Payback 4.49 years 0.30 years 1.78 years 2.15 years 3.23 years
Period
EVA R66 760 R50 070 R94 940 R64 000 R44 180

For a household with low-volume hot water consumption, the most financially viable alternative water
heating system is a time switch on a conventional geyser. Although the NPV and equivalent annual annuity of this
investment option are not the highest between the options, it renders the best IRR, MIRR, and discounted payback
period. The IRR of a time switch is almost five times higher than the investment option with the second highest
IRR, the MIRR at 2.12 times and the discounted payback period at 5.9 times quicker.

The second best investment option for a household with low-volume hot water consumption will be a heat
pump. This investment option has the highest NPV, equivalent annual annuity, and EVA, with the second highest
IRR, MIRR, and discounted payback period.

A gas geyser will be the third best investment option for a household with low-volume hot water
consumption.

Household With High-Volume Hot Water Consumption
See Table 2 for results of a household with high-volume hot water consumption.

Table 2: Results For A Household With High-Volume Hot Water Consumption

Solar Geyser Time Switch Heat Pump Gas Geyser Instant Heater
NPV R90 370 R79 040 R125 900 R98 080 R59 480
EAA R9 900 R12 316 R15 619 R13 697 R6 516
IRR 42% 554% 91% 87% 54%
MIRR 20% 62% 29% 31% 22%
Discounted payback 3.39 years 0.20 years 1.34 years 1.41 years 2.44 years
period
EVA R93 380 R79 690 R129 080 R102 470 R60 820

For a household with high-volume hot water consumption, the most financially viable alternative water
heating system is, again, a time switch, with the highest IRR, MIRR and discounted payback period. The NPV and
equivalent annual annuity for a time switch increased significantly from the investment appraisal for a time switch
for a household with low-volume hot water consumption, making it more competitive in that area with the other
options. The IRR is six times more than the option with the second highest IRR, the MIRR is double that of the
second best option and the discounted payback period is 6.7 times quicker.

The second best investment option for a household with high-volume hot water consumption is again a heat
pump, with the highest NPV, equivalent annual annuity and EVA, and the second highest IRR and discounted
payback period. The gas geyser is the third best investment option for a household with high-volume hot water
consumption.

CONCLUSION

The main objective of this study was to determine the most financially viable investment to reduce
electricity cost when it comes to alternative water heating systems for use in households taking into consideration
the size of the household.
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The study found that a savings would be generated on the monthly electricity bill, no matter which of the
identified alternative water heating systems were installed in the place of a conventional geyser. The study was
performed for a household with low hot water consumption as well as a household with high hot water consumption.
In both cases, it was found that the most financially viable option would be to install a time switch on the
conventional geyser. The second best alternative for both scenarios would be a heat pump, and the gas geyser is the
third best alternative.

As a result of the findings, the study concludes that these five alternatives outperform the conventional
geyser. The practical implication is that South African households should adopt alternative water heating systems in
order to save on their monthly electricity bills. From this study, it is evident that the government and Eskom should
also do more to create an awareness of the different alternatives available.

This is the first research focusing on all the different types of water heating systems, and not just on a solar
geyser or a heat pump. This study focuses on South Africa as a country in a time where alternative water heating
systems are highly considered due to high tariff increases by Eskom.

The contribution of this study is that it provides a detailed financial analysis of each of the water heating
systems and compares all five alternative water heating systems by considering various investment appraisal
techniques.

The following limitations regarding this study should be considered:

. Limited literature is available on the different hot water heating systems, which made it difficult to perform
a proper literature review on all aspects of these systems.
. No indication could be given on the maintenance costs of a conventional geyser, as well as all the other

water heating systems. Therefore, the assumption had to be made that the maintenance cost is not
significant, and therefore this cost was not included in the investment appraisals.

. The situation differs from individual to individual. The assumption is made that they are mostly in a net
lending position, and therefore the prime lending rate was used as a discount rate.

In future research, the population of this study could be focused on small businesses and large
organizations. Future research could also include the most appropriate discount rate for individuals as well as the
maintenance cost of the alternative water heating systems.
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