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Abstract. Water heating accounts for 23% of residential energy consumption in Australia, and, as over half is
provided by electric water heaters, is a significant source of greenhouse gas emissions. Due to inclusion in rebate
schemesheatpumpwaterheating systemsarebecoming increasinglypopular,butdo they result in lowergreenhouse
gas emissions? This study follows on from a previous life cycle assessment study of domestic hot water systems to
include heat pump systems. The streamlined life cycle assessment approach used focused on the use phase of the life
cycle, which was found in the previous study to be where the majority of global warming potential (GWP) impacts
occurred. Data was collected from an Australian heat pumpmanufacturer and wasmodelled assuming installation
within Australian climate zone 3 (AS/NZS 4234:2011). Several scenarios were investigated for the heat pumps
includingdifferent sources of electricity (grid, photovoltaic solarmodules, andbatteries) and theuse of solar thermal
panels. It was found that due to their higher efficiency heat pumphotwater systems can result in significantly lower
GWPthan electric storage hotwater systems. Further, solar thermal heat pump systems can have lowerGWPthan
solar electric hot water systems that use conventional electric boosting. Additionally, the contributions of HFC
refrigerants toGWPcan be significant so the use of alternative refrigerants is recommended.Heat pumps combined
with PV and battery technology can achieve the lowest GWP of all domestic hot water systems.
1 Introduction

Traditional electric hot water systems heat water by
passing electricity through a resistive element that is
immersed inside the water storage tank. Heat pump hot
water systems, which are gaining in popularity in
Australia, are a different type of hot water system. Rather
than using electricity to create heat, these systems use
electricity tomove (or pump) heat from the environment to
the inside of the hot water system [1]. As it can take less
energy to move heat than it would to create it using an
electric element, heat pumps can be a more efficient
method of water heating. However, heat pump hot water
systems often use refrigerants to transfer the heat from the
environment to the inside of the tank. Ozone-depleting
chloroflurocarbons refrigerants have been phased out as
part of the Montreal protocol but many have been
replaced by synthetic hydroflurocarbons (HFC) refriger-
ants, such as R410a, which can contribute to climate
change if released to the atmosphere. For example, 1 kg
of HFC refrigerant R410a released to the atmosphere
has the equivalent global warming potential (GWP) of
2088 kg CO2e [2].
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This paper expands on research conducted for the paper
“Life cycle assessment of domestic hot water systems in
Australia” [3] which compared the GWP of a range of
domestic hot water systems in Australia using a stream-
lined cradle-to-grave life cycle assessment approach. The
previous study included five common hot water systems:
electric storage, gas storage, gas instantaneous, solar
electric thermosiphon, and solar gas instantaneous. Each
was sized to meet a medium hot water load within climate
zone 3 as defined according to AS/NZS 4234:2011.

Several papers and reports have been published on the
greenhouse gas emissions of heat pump hot water systems
for other countries [4–8]. Some of these studies, as well as
several Australian studies, did not include refrigerant
losses [4,5,7,9,10] despite studies showing that refrigerant
losses can be significant [6,8].

This paperaims touse a streamlined life cycle assessment
approach to investigate whether heat pump hot water syst-
ems can result in lower greenhouse gas emissions (i.e. GWP)
than traditional hot water systems installed in Australia.

2 Methodology
The scope of this study focuses on the greenhouse gas
emissions produced during the use phase of the life cycle,
which has been shown to be the largest source of emissions
mons Attribution License (http://creativecommons.org/licenses/by/4.0),
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(87–99%) for domestic hot water systems [3,4]. Refrigerant
losses from leakage and recovery at end of life, which have
been shown to be significant, have also been included.

The functional unit of the study was a standardised
“medium” annual hot water load of 34.4MJ/day, which is
equivalent to 200 l/day at 60 °C within climate zone 3 [11],
over the assumed 10-year life of the systems.

Two types of heat pump hot water system were
modelled based on data provided by a local manufacturer:

–

1I
us
heat pump hot water system with a separate standalone
hot water storage tank and heat pump module;
–

2The 34% reduction in energy consumption achieved by the solar
heatpumpsystem(whichuses3678MJ/year)comparedto theheat
pumpwithno solar (5826MJ/year), as reported inVipacEngineers
and Scientists Ltd. [12], is significantly lower than the 60%
(9156MJ/year) expected for typical hot water systems [11]. The
control strategy of the heat pump (which turns on the heat pump
from 12 midnight–7 am, 11 am–2 pm, and 4pm–7pm) potentially
reduces the contribution that the solar thermal collectors can

Fig. 1. Configuration of the heat pump hot water system
scenarios (optional elements shown in italics).
hybrid solar heat pump with flat plate solar thermal
collectors and the standalone air-source heat pump
independently coupled (in parallel) to the separate hot
water storage tank.

The scenarios include electricity sourced from the
Australian grid, a grid-tied solar photovoltaic (PV) system,
and a solar PV lithium-ion battery system (Fig. 1).

The total electricity consumption of the heat pump hot
water systems (including heat pump, fans, circulation
pumps, and control systems) was based on tests and
TRNSYS modelling to AS/NZS 4234:2011 conducted for
locally manufactured heat pump systems [12,13].

HFCR410A is a synthetic hydroflurocarbon greenhouse
gas refrigerant commonly used in domestic heat pump hot
water systemsandair conditioningsystems. Ithas zeroozone
depletion potential but a high GWP of 2088 kg CO2e/kg [2].
Analternative toR410a isMinus60 (M60)which isablendof
R290 propane (<60%), R600a isobutane (>35%) and R170
ethane (>5%) [14]. M60 has zero ozone depletion potential
and also a very lowGWPof 3.2 kgCO2e/kg [2,14].The use of
both refrigerant types has been included in the study.
Refrigerant leakage rates of 9% annually [15] and refrigerant
recovery rate of 85% [8], at the end of the assumed 4-year life
of the heat pump compressor module, were used.

The average Australian greenhouse gas emission factors
for electricity (full fuel cycle 0.94 kg CO2e/kWh) were
taken from the Australian National Greenhouse Accounts,
August 2015 [15] to enable comparison with the published
results for domestic hot water systems in Australia [3].

The emission factors for the consumption of electricity
from solar PV systems in Australia were averaged across
Australian capital cities within climate zone 3 of 0.042 kg
CO2e/kWh [16]. The estimated emission factor for a 10 kWh
lithium-ion battery was 0.014 kg CO2e/kWh based on: a
20-year service life [17], 90 kg CO2e/kWh1 of stationary
storage [18], and battery round trip efficiency (PV-battery-
grid) of 90% [19].

3 Results

The results of the two heat pump hot water systems (Fig. 2)
are compared with five conventional hot water systems as
previously published [3]. The error bars represent the range
of performance that can be expected from variations in
efficiency and solar contribution factor. For the heat pump
ncluding raw material extraction, production, transport, and
e life cycle phases.
hot water systems the error bars represent the variation in
GWP from using R410a and M60 refrigerants (upper and
lower values, respectively).

The overall results indicate that heat pump hot water
systems can have a GWP 57% lower than a conventional
electric storage hot water system. The results for the solar
heat pump (grid) demonstrate that the addition of two
solar thermal collectors2 can further reduce the GWP by
14% to achieve an overall reduction of 71% compared to the
electric storage system. A solar heat pump hot water
system can also have 30% lower GWP compared to a solar
electric hot water system that has a 60% solar contribution
factor. The gas instantaneous system had similar GWP to
the solar heat pump. The solar gas instantaneous system
had the lowest GWP overall under these initial scenarios.

Refrigerant losses (fugitive and recovery) are estimated
to account for between 11%and 16%of theGWP for the two
heat pumphotwater systems.TheGWPassociatedwith the
use of HFC refrigerants such as R410a can almost be
eliminated (99.8% reduction) by the use of alternative
refrigerants such as M60.

Figure 3 presents the results for the six different heat
pump hot water system scenarios (primary/secondary elec-
tricity sources shown in brackets). The scenario with the
highest GWP is scenario 1, heat pump (grid), which uses
average Australian grid electricity to power the heat pump.
Scenario 2, heat pump (grid/PV), uses a PV system (rather
than solar thermal collectors) to heat water using solar en-
ergy. In this scenario thePVsystemhasbeen sized toprovide
the same solar contribution as the solar thermal collectors in
scenario 4 (see additional information in footnote 2). The
provide (i.e. the water has already been heated for 7 h between 12
midnight and 7 am before the sun can rise and heat the solar
collectors). Therefore, it may be possible to achieve greater energy
and GWP reductions than indicated.
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Fig. 2. Comparison of global warming potential for two heat pump systems and five conventional domestic hot water systems
including use phase and refrigerant losses (dark grey results from Moore et al. [3]).
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Fig. 3. Comparison of GWP for different heat pump scenarios (primary/secondary energy sources shown in brackets).
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results indicate that despite the higher embodied GWP
associated with the use of PV compared to solar thermal
collectors the overall GWP results are similar. This is due to
the grid being the primary source of electricity for both.
3 Heat Trap Solar Pty Ltd., personal communication, May 2016.
4 Assuming installation of the PV system in the capital city
within climate zone 3 that has the lowest electricity production of
3.9 kWh/kWp � Sydney [21], 20° inclination and 45° azimuth,
heat pump annual average coefficient of performance (energy
consumed to hot water out) of 2.2.
The use of a PV system, rather than solar thermal
collectors, can simplify the installation process as plumbing
of the collectors to the tank is not required. Based on the
current energy consumption data (see footnote 2), the use of
PV rather than solar thermal collectors may also be a more
cost effective option. The added cost of $1200 to supply
and install solar thermal collectors on the roof3 could
alternatively be used to purchase 0.9 kWp of PV; inclusive
of PV modules, inverter, taxes, rebates, and installation
[20]. Only 0.5 kWp4 (or two 250W solar PV modules)
would be required to provide the same annual energy that
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the two solar thermal collectors are currently modelled to
provide when combined with the added efficiency of the
heat pump.

The use of PV and batteries (scenarios 3 and 6) can
theoretically result in GWP lower than even the most
efficient solar gas instantaneous hot water systems.

4 Conclusions and recommendations

Due to their higher efficiency, heat pump hot water systems
can result in significantly lower GWP than electric storage
hot water systems. Solar heat pump systems can have lower
GWP than solar electric hot water systems that use
conventional electric boosting. The contributions of HFC
refrigerants to GWP can be significant so the use of
alternative refrigerants is recommended. Heat pumps
combined with PV and battery technology can achieve
the lowest GWP of all domestic hot water systems.

Based on the findings of this study, it is recommended
that to reduce GWP associated with the use of domestic
hot water systems heat pump hot water systems be used in
place of conventional electric storage hot water systems.
Recommendations for further research include:

–
 revising the study to include updated TRNSYS model-
ling results (when conducted) that include the improved
control system and increased heat pump efficiency gains
through the use of M60 refrigerant;
–
 confirming initial findings with detailed time-of-use
simulations for solar PV production, battery utilisation,
seasonal heat pump load, and seasonal hot water load;
–
 carrying out a full life cycle assessment to identify where
other environmental performance improvements can be
made. This is recommended because as the shift to
renewable energy electricity sources occurs the embodied
GWP in the materials used becomes more significant;
–
 LCA that compares different space heating/cooling
systems coupled to the optimum solar PV heat pump.
New 3-in-1 heat pump systems can be compared with
separate reverse-cycle split air-conditioning for a given
house energy efficiency rating and hydronic floor heating.

Thanks to Heat Trap Solar Pty Ltd. and Murdoch University for
funding this study.
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