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A B S T R A C T

In this paper, five different types of water heating systems namely electric instantaneous, electric storage,
natural gas instantaneous, natural gas storage, and heat pump are studied for Australian conditions. The study is
carried out for understanding the life cycle cost of each system under similar water demand conditions. The focus
is made on life-cycle cost (LCC) that include the running costs on an annual basis, and total running cost for the
system life, maintenance cost; and greenhouse gas (GHG) emissions. The observations reveal that five systems
had major differences in the upfront cost, running cost, and life-cycle cost, and GHG emissions. The observed
LCC and GHG emissions for electric instantaneous, electric storage, natural gas instantaneous, natural gas sto-
rage, and heat pump are 9005 AU$, 12,724 AU$, 6955 AU$, 7479 AU$, and 8098 AU$, and 1862 tons of CO2,
2306 tons of CO2, 851 tons of CO2, 917 tons of CO2, and 842 tons of CO2 respectively.

1. Introduction

On a global scale, among all the sectors the buildings (domestic,
offices, and industrial buildings) accounts for large electricity con-
sumptions. Also, the building sector accounts for one-third of green-
house gas emissions in the world (Li, 2018; Ürge-Vorsatz et al., 2015). If
we further investigate the building sector, it is reported that out of
100% approximately 70% are residential ones (OECD-IEA, 2011;
Kapsalis et al., 2018). In this regard, the energy consumption patterns
in the building sector are concentrated in residential ones either in the
form of electricity, heat energy and in any form. Apart from direct or
alternative electricity consumption energy in the form of hot water
consumption is also accountable. This typically depends on the weather
conditions too. In Australia, water heating is one of the significant
consumers of energy, and it contributes to the second position after the
indoor space heating and cooling (energyrating.gov.au, 2016). In Aus-
tralia, two major types of water heating system are used that include
instantaneous, and storage (Vieira et al., 2018). These are further
classified based on the kind of energy used. However, the major
available fuels are electricity, natural gas, and renewable energy.

Previous studies in the literature give a brief understanding of the
technical, economic, and environmental performance of water heating
systems. These studies mainly attempted to see the feasibilities with
various fuel resources in the study location. A study conducted by

Moore et al. (2017) investigated the environmental impacts and pay-
back periods associated with the fossil and non-fossil fuelled based
water heaters. It was reported that the carbon footprints of an electric
storage water heating system are higher compared to others when life
cycle approach is considered. A recent study on life cycle cost estima-
tion was carried out for Alice Springs region of Australia suggested that
the life cycle cost of electric boosted solar water heating system was
4468 AU$, and for natural gas boosted solar water heating was 6315
AU$ (Kumar et al., 2018b). In another study, life cycle cost of liquid
petroleum gas (LPG) instantaneous (LPG-I), storage (LPG-S), and
boosted solar (LPG-Bsol) water heating systems were studied, and the
study reported the variation in the cost among the three types (Kumar
et al., 2018c). According to (Kumar et al., 2018c) the LCC of LPG-Bsol is
lesser when compared to LPG-I, and LPG-S. And in the case of upfront
cost, LPG-Bsol seems to higher than the other two. Zhang et al. (2018)
investigated the technical-economic feasibilities of water heating sys-
tems based on the as key factors like technology level, energy type,
policy support, etc. (Zhang et al., 2018) concludes that economics in-
volved in the water heating system is one the essential determinant for
the wider adoption. Baneshi and Bahreini (2018) highlighted the im-
pacts of hot water consumption patterns on techno-economic aspects of
hybrid solar water heating systems for residential applications. Urmee
et al. (2018) explored the issues and barriers that arise for solar water
heating systems in Australia. Urmee et al. (2018) Suggested that, the
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upfront costs involved in solar water heaters are quite stronger when
compared to others. However, in some places, many still use fossil fuels
for water heating. In such cases, the life cycle cost would significantly
vary. Depending upon the type of system adopted for water heating, the
cost of installation, operation, and maintenance are varied (Kumar
et al., 2018a; Dioha et al., 2018). Hence, it becomes difficult for the
users to select the appropriate technology for their hot water needs. The
aim of this study explores various types of water heaters and to analyze
the life cycle cost involved in each type. Apart from this greenhouse gas
emission produced are also estimated.

This paper is structured in five different sections, Section 2 gives
brief about the technologies were chosen for the study. In Section 3
highlights the data and tool we used for the study. Section 4 shows the
life cycle cost and greenhouse emission production results and com-
parison. Finally, the paper is concluded within Section 5 highlighting
the need for carrying this research.

2. Description of five water heating systems

Water heating is possible in many ways, here five types of water
heating systems are considered. These five types of water heating sys-
tems are:

• Electric instantaneous (E-I),

• Electric storage (E-S),

• Natural gas instantaneous (NG-I),

• Natural gas storage (NG-S), and

• Heat pump (HP)

The fuel or energy used in these five are electrical energy, electrical
energy stored in batteries, natural gas, and heat.

2.1. Electric instantaneous and storage water heater

In general, the instantaneous water heaters are those where water is
heated and supplied based on the demands. Here, the concept of storage
is not possible. It is a continuous heating process as per the hot water
demands. In such water heaters, if the heating fuel is the electricity,
then it is called as an electric instantaneous water heater. The heat
losses in the system are negligible as they were not having the concept
of a storage tank. But on the other side, this system consumes high
power in kWh. Based on the type of application, i.e., domestic heating
or industrial the power requirement varies. However, in most cases,
they run on three phase electric supply (energyrating.gov.au, 2016;
Vieira et al., 2018). The electric storage water heater is not a con-
tinuous water heater. Here, a storage tank is equipped along with the
system helps in storing the hot water. To minimize the heat losses, the
storage tank is insulated. It is quite different from the instantaneous
electric type regarding design and construction (energyrating.gov.au,
2016; Vieira et al., 2018).

2.2. Natural gas instantaneous and storage water heater

This type of system consists of a burner and heat exchanger which
looks like a coiled pipe. Water is heated continuously based on the
requirement. Typically, gas burner starts working when the collection
tap is on, during this situation the cold water is circulated in the coiled
type pipeline named heat exchanger, allowing the heat from the burner
to the water. Like that of the instantaneous electric type, this also does
not require any storage facility. Hence, the heat losses are quite less in
this type of systems. Whereas, a natural gas storage water heater is the
other type that consists of a gas burner just beneath the storage tank.
Here, whenever it is needed the burner is ignited, and water in the tank
is boiled (energyrating.gov.au, 2016; Vieira et al., 2018).

2.3. Heat pump water heater

Heat pump water heater works on the principle of refrigeration and
more energy efficient ones when compared to other heating systems
(energyrating.gov.au, 2016; Vieira et al., 2018). Here, the heat pumps
work with the electricity, and it tries to directly pump the heat into the
water from surrounding air (Heat Pump Water Heaters, US-DoE; Kumar
et al., 2018a). The performance of heat pump depends on the ambient
temperatures, in general, these systems will work better when outside
or surrounding temperature is high (Wanjiru et al., 2017).

3. Methodology

For evaluating the economics of water heater system, the design
considerations are mandatory which are directly influential based on
the housing property size, domestic water consumption patterns, people
living in the home, and water conservation practices they adopt. In this
study, location of the domestic house, no. of people living etc., are
given in Table 1 (Kumar et al., 2018b, 2018c). Information related to
the hot water consumption patterns for a shower, kitchen usage,
laundry usage and for other purposes are collected and given in Table 2
(Kumar et al., 2018b, 2018c). The upfront costs for the selected five
different types of water heating systems is given in Table 3.

The data shown in Tables 1–3 are nominal and may vary from lo-
cation to location. Here it is based on a survey from a few local houses
(only small families were considered). The cost involved in various
water heating systems differs as per the type of the fuel adopted, in-
sulation materials used, heating coils, water storage tank, pipelines,
valves, and regulators. Here, in this study, a tool developed by the
South Australian Government (SAG) is used for life-cycle cost (LCC)
evaluation (Water Heater Calculator-SA.GOV.AU, 2018).

Few assumptions or preliminary condition were made in this study,
and they are an upfront cost, running cost on an annual basis and the
total running cost, maintenance cost. These three conditions are given
here: (1) The natural gas supply charge is a fixed charge of approxi-
mately 0.73 AU$ per day in South Australia; (2) 12 years is considered
as the running and maintenance period. (3) Here, the considered up-
front costs are included in the capital cost of the equipment, installation
cost.

Table 1
Household details.

Description Value

Location Alice Springs, Australia
Size of the family Small
No. of adults 2
No. of children 1
Is the house connected to the natural gas

network
Yes (direct house connection)

Table 2
Hot water usage facilities in the house.

Description Value

No. of showers per week in the family 42 (including 2 adults and 1 child)
Length of each shower 7min
No. of bathrooms that has hot water facility 1
The flow rate of the shower head 9 L/min
Kitchen tap water consumption in sinks 10 sinks/week (medium size sink)
No. of hot water laundry tubs 0.5 tub (medium size laundry tub)
Washing machine type used Top loader
Washing machine capacity or size Medium (approximately 6 kg)
No. of hot water washes using the washing

machine
3 per week

Household daily water use capacity >95 L/person
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4. Results and discussion

Results reveal that, considered five water heating systems differ in
the life cycle cost when they are used for meeting the hot water re-
quirement of the households under similar conditions. The five types of
water heaters are electric instantaneous, electric storage, natural gas
instantaneous, natural gas storage, and heat pump. The life cycle cost is
evaluated for each type of water heater by considering the upfront cost
in AU$, running cost and maintenance cost for 12 years in AU$.

In Fig. 1, the LCC of the considered water heating systems were
compared. The upfront cost, running costs throughout 12 years, and
maintenance cost throughout 12 years for the electric instantaneous
water heating system are 1300 AU$, 7705 AU$, and almost zero in AU$
respectively. For the electric storage water heating system, the upfront
cost, running costs throughout 12 years, and maintenance cost
throughout 12 years are 2083 AU$, 10,209 AU$, and 432 AU$

respectively. Similarly, for the natural gas instantaneous water heating
system, the upfront cost, running costs throughout 12 years, and
maintenance cost throughout 12 years are 1483 AU$, 5356 AU$, and
107 AU$ respectively. On the other hand for the natural gas storage
water heater, the upfront cost, running costs throughout 12 years, and
maintenance cost throughout 12 years are observed as 1475 AU$, 5779
AU$, and 225 AU$ respectively. The last system under study is the heat
pump water heater, here the observed the upfront cost, running costs
throughout 12 years, and maintenance cost throughout 12 years are
3837 AU$, 3729 AU$, and 532 AU$ respectively.

The running cost on an annual basis is observed as 7705 AU$ for
electric instantaneous, 10,641 AU$ for electric storage, 5472 AU$ for
natural gas instantaneous, 6004 AU$ for natural gas storage, and 4261
AU$ for heat pump water heater. The total running cost for the electric
instantaneous, electric storage, natural gas instantaneous, natural gas
storage, and heat pump water heaters are estimated as 973 AU$, 1289

Table 3
Water heater types and its upfront costs.

Water heater type Upfront cost (AU$) Condition

Electric instantaneous water heater (E-I) 1300 –
Electric storage water heater (E-S) 2083 Average peak tariff rate
Natural gas instantaneous water heater (NG-I) 1483 5-Star rating
Natural gas storage water heater (NG-S) 1475 5-Star rating
Heat pump water heater (HP) 3837 Average peak tariff rate

Fig. 1. Life cycle cost comparison of five different water heater types in Australia.

Fig. 2. Annual and total running cost for five water heater types in Australia.
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AU$, 685 AU$, 738 AU$, 471 AU$ respectively. The comparison of
running costs for five different types of water heater is depicted in the
Fig. 2.

Fig. 3 shows the greenhouse gas emission details for the five types of
water heaters. GHG emission production results for electric in-
stantaneous, electric storage, natural gas instantaneous, natural gas
storage, and heat pump water heaters in the studied region is com-
pared. GHG emissions produced from the E-I, E-S, NG-I, NG-S, HP are
estimated as 1862 tons of CO2, 2306 tons of CO2, 851 tons of CO2, 917
tons of CO2, and 842 tons of CO2 respectively.

Life cycle cost of electric instantaneous, electric storage, natural gas
instantaneous, natural gas storage, and heat pump water heaters is
estimated as 9005 AU$, 12,724 AU$, 6955 AU$, 7479 AU$, and 8098
AU$ respectively, and tabulated in Table 4.

5. Conclusion

In this paper, a study on the life-cycle cost estimation of five dif-
ferent water heating system for Australian conditions is carried out.
Here, the annual running cost, total running cost, greenhouse gas
emissions production for electric instantaneous, electric storage, nat-
ural gas instantaneous, natural gas storage, and heat pump water hea-
ters are estimated. This gives us the opportunity to take a decision and
have a choice of picking one from these five water heater types based
on the affordability in running cost and view on GHG emission reduc-
tion. Overall, this provides the decisions for the users based on annual
running cost, life-cycle cost, greenhouse gas emissions produced, and
maintenance cost.
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