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EXECUTIVE SUMMARY 

This report provides an overview and analysis of the current hot water systems 

technology and their efficiencies for the purpose of Wattblock’s energy efficiency 

business model. The research draws attention to the fact that a large portion of energy 

used by strata buildings is consumed by hot water heating alone. Current cost estimates 

suggest that retrofitting heat pump technology substantially reduces the total energy used 

for hot water heating. Wattblock researchers and analysts continue to work towards a 

more accurate estimate of energy savings based on existing energy usage which will 

include a hot water system proposal that shows the energy savings of the proposed hot 

water system.  

Wattblock stands to benefit by gaining new knowledge on hot water systems and 

efficiencies and provide another service for their customer base. The research in this 

report has found that the best hot water systems to use in strata buildings are heat pump 

HWS. Solar thermal reduces energy use further but is only effective if the strata building 

have the space to install the solar collectors. This report therefore recommends 

Wattblock: 

1. The produced outputs should be amended and finalised in order to incorporate 

them into Wattblock’s Energy Reports and online calculators. 

2. Continue to gather additional actual energy use data from existing customers to 

expand the study pool in order to achieve a better metric for the calculator. 

3. Further consultation with Wattblock’s manager’s and data analysts to fine tune 

the energy reports and online calculators to produce better outcomes for 

customers. 

4. Continue building relationships with strata managers, HWS wholesalers and other 

key stakeholders to improve the quality of data being gathered which will increase 

the capacity and resources available to further improve the overall HWS retrofit 

proposal for existing customers. 

ACRONYMS 

CFS  Continuous Flow (Instantaneous) Systems 

CO2  Carbon Dioxide 

EF  Emissions Factor 

GHG  Greenhouse Gas  

HWS  Hot Water Systems 

HPS  Heat Pump Systems 

HTF  Heat Transfer Fluid 

kWh  kilowatt hours  

LPG  Liquid Petroleum Gas  

MJ  mega-joules 

ROI  Return on Investment 

tCO2e  tonnes Carbon Dioxide equivalent 
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1.0 INTRODUCTION 

The residential use of hot water contributes a significant proportion of energy 

consumption globally. There are various types of hot water systems (HWS) available but 

this project will focus on conventional electric, gas, solar and heat pump storage and 

continuous flow systems (CFS). These types differ according to various energy sources, 

climates, system types and system designs thus affecting operational costs, environmental 

effects and the performance of these systems. Therefore, choosing the most suitable could 

save energy, protect nature and significantly reduce operational costs. 

The sustainability issue that my project will be addressing is the energy efficiency of 

different types of HWS applicable to strata apartment buildings. The project will 

investigate the benefits and costs of installing a centralised hot water system that services 

all apartments vs. individual hot water units for each apartment.  This is to distinguish the 

difference in the energy use between the different types of HWS, which improves as you 

go from electricity to gas and again when you go from gas to solar.  

It will also assist in identifying which HWS is suitable for retrofitting to service the 

strata building by calculating their respective payback periods. Here I will be using a 

simple payback period calculation which is in line with the Wattblock standard 

calculation. This is important as the return on investment (ROI) is a key feature that strata 

managers look at in making decisions on whether to change their existing system. The 

types of HWS the project will focus on are solar, electric and gas, heat pump systems 

(HPS), continuous flow or ‘instantaneous’ systems (CFS) and the most commonly used 

storage tank HWS. 

2.0 BACKGROUND 

2.1 WATTBLOCK 

Wattblock is an energy efficiency company for strata buildings that provide 

energy assessments which calculates possible energy savings in a building [1]. They 

provide energy saving plans for building upgrades, finance and maintenance services via 

a network of local electricians and product suppliers for body corporate committees that 

manage these buildings once they have signed up to the service [1].  

Wattblock energy reports reveal that most strata buildings are using significant 

amounts of electricity. Through their energy reports, it is the first time that body 

corporate committees get to see their energy usage and wastage quantified and they are 

often shocked by the amount of wasted energy, mostly occurring in common areas like 

basement car parking, foyers, fire escapes, and lifts which are usually unmanaged for 
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energy efficiency. The Wattblock business model actively lowers the carbon footprints of 

over 200 buildings across Australia and body corporate committees have also benefited 

from their free online energy assessment, which has created environmental awareness in 

strata complexes housing over 6,000 people. 

 

2.2 HOT WATER SYSTEMS 

2.2.1 Electric Storage Tank Hot Water System 

An electrical storage tank HWS is inexpensive to purchase and install. However, 

if it is on continuously at the peak rate, it is expensive to operate. Electric HWS running 

on off-peak electricity cost much less to operate, but need larger tanks for water to be 

heated overnight for the next day’s use. Furthermore, off-peak electricity isn't available to 

all homes [2]. An electric HWS converts electrical energy into heat. The heating element 

of an electric water heater is an electrical resistor that works on Joule’s law of heating. Its 

advantages are it operates cleanly without any local emissions and has low maintenance 

costs [3]. It also has lower standby-losses than gas HWS because it is better insulated and 

usually has a longer lifespan than gas HWS [3]. It can be located almost anywhere within 

a building, especially at or near the locations where hot water is required, as opposed to 

gas HWS must be installed where combustion air is available and flues can be installed 

[3]. Its disadvantages are that electric HWS use excessive electricity to ensure constant 

hot-water temperature at the fixtures. This is due to mixing between the incoming cold 

water and the storage hot water, resulting in a progressive decrease in the temperature of 

the water out from the HWS [3]. 

 

2.2.2 Gas Storage Tank Hot Water System 

A natural gas HWS is a better option as its price is more competitive than electricity 

and because gas rates are constant throughout the day. Gas HWS can also heat water as 

needed and have an energy efficiency star rating [2]. Liquid petroleum gas (LPG) bottles 

are an alternative to natural gas; however, it comes at significantly higher running costs 

[2]. In a storage-type gas HWS, cold water is supplied to the tank and injected at its 

bottom through a dip tube. The denser cold water is heated by a gas burner and as the 

water heats up; it naturally rises and is drawn off by a hot-water discharge pipe [3].  

Its advantages are less contribution to environmental pollution compared with electric 

HWS, due to direct conversion of thermal energy to heat and the operating costs of gas 

HWS is cheaper and has less primary energy consumption compared with electric HWS 

[3]. The disadvantages are that gas can leak from pipes, it produces local pollution and 

the burner area must be kept free of dust and dirt [3]. Gas hot water systems generally 
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produce fewer greenhouse gases than electric water heaters—around 25 to 33 per cent 

less [4]. They generally also have lower upfront costs than solar or heat pump hot water 

systems. LPG gas HWS are also available but may be more expensive to run than natural 

gas depending on water usage [4]. 

 

2.2.3 Solar Hot Water System 

There are two types of solar HWS, flat plate solar collectors and Evacuated tube solar 

collectors. Flat plate collectors’ have copper pipes running through a glass covered 

collector, which is then connected to a water storage tank on the roof [5]. The sun heats 

the copper pipes and the resulting hot water is thermo-siphoned out of storage tank [5]. 

The panels need to be installed in an ideal location for efficiency and the storage tank 

normally has an electric or gas booster element to sustain the hot water on days with less 

sunshine [2]. A solar HWS absorbs solar radiation through its solar collectors and 

transfers it into a heat transfer fluid (HTF) which in turn transfers the heat gained into 

water in a storage tank [3]. Solar HWS are divided into active and passive systems. 

Active systems use a mechanical system (circulating pump) to circulate the HTF while 

passive systems use density gradients (gravitational forces) to circulate the HTF [3].  

Evacuated tubes use two glass tubes fused at the top and bottom where the space 

between the two tubes is evacuated to form a vacuum [5]. A copper pipe that runs 

through the centre of the tube meets a common manifold that is then connected to a slow 

flow circulation pump that pumps water to the storage tank which heats the water during 

the day [5]. The hot water can be used at night or the next day due to the insulation of the 

tank. The evacuation tube systems are more efficient that flat plate collectors as they can 

extract the heat out of the air on a humid day and don’t need direct sunlight [5]. This is all 

due to the vacuum inside the glass tube where the total efficiency in all areas is higher 

and there’s better performance when the sun is not at an optimum angle [5]. 

The advantage of solar HWS is the reduction of pollution and greenhouse gas (GHG) 

emissions as it uses solar energy and has very low operating costs [3]. Its disadvantage is 

the high initial cost to install the system and for direct systems, they should be avoided in 

climates that experience freezing temperatures for long periods and active systems will 

not function during power outages (developing countries) [3]. Solar HWS are 

comparatively expensive to install, however, a well-chosen system will pay for itself in 
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the long run due to very low running costs. Government rebates and other incentives are 

often available to assist in offsetting the purchase cost. 

 

2.2.4 Heat Pump Hot Water System 

A HPS is a more efficient form of an electric storage tank system. They use electricity 

to move heat from one place to another instead of generating heat directly [6]. This 

process makes the HPS two to three times more energy efficient than conventional 

electric HWS [6]. The tank and compressor are usually integrated and need to be installed 

in a well-ventilated area. HPS work best in warm, temperate regions but there are models 

designed to work well in colder climates and most systems have a booster element for 

days of cold weather or high demand. A HPS absorbs heat from a renewable energy 

source, such as ambient air, geothermal energy, solar energy, or waste heat, at lower 

temperature and transfers it into a water tank as the higher temperature heat sink. The 

mechanical energy consumed to drive the system is a small proportion of the transferred 

energy.  

The advantages of a HPS is the production low-pollutant heating energy using 

renewable energy (solar energy, ambient air, geothermal energy or waste heat) and 

supplies much more heat just with the same amount of electricity used for electric HWS. 

It has low operating costs since; depending on its efficiency, up to three-quarters of the 

required heating energy is drawn from the environment [7]. Its disadvantages are the 

higher initial costs, noise from the compressors and ambient air HPS should be installed 

in locations with ambient temperature above 4.4 C year round [8]. 

 

2.2.5 Continuous Flow Systems 

Continuous flow or ‘instantaneous’ HWS (CFS) only heats water when it is required. 

There is no heat loss from a tank that needs to be kept at a consistent temperature because 

there is no water being stored. The units operate when the hot tap is turned on, and 

provide continuous hot water for as long as the tap is open [9]. Gas-based continuous 

flow HWS are the most efficient domestic HWS available [9]. Electricity and gas are 

commonly used as the energy source in CFS.  

Some of the advantages of CFS are no hot-water storage, thus standby heat loss is 

eliminated. It has lower operating costs compared to conventional storage units and 

https://www.choice.com.au/home-improvement/water/saving-water/articles/water-efficiency-label
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unlimited hot-water supply as water is heated while passing through the system [10].  The 

temperature of the hot-water flow is constant, use less physical space and has a longer life 

expectancy than conventional storage units [10]. The disadvantages are the start-up delay 

as water is heated upon demand, the minimum flow rate threshold, below which the unit 

will not activate, is required [10]. It may not be able to provide simultaneous multiple 

draws of hot water and for electrical type, high instantaneous power is needed [10]. Also 

annual maintenance is needed to prevent water-flow restriction due to calcium build up 

[10]. 

3.0 METHODOLOGY 

The project has four key stages that addressed key objectives and outcomes 

required for the next stage. The implementation of these methods formed the structure for 

the comparison of HWS energy efficiencies and also allowed the continuous 

development of the HWS efficiency template during each of the phases.  

 

 3.1 PHASE 1 - BACKGROUND READING  

This phase involved background research and understanding how each of the 

different HWS operates. This required a lot of background reading as well as discussions 

with the project manager about what would be the best approach to focus the research on. 

Moreover, it was important to recognise the basis of the project and its importance to 

sustainability, which can be achieved through research on HWS industry trends. This 

information was collected and summarised to be used as reference for the whole project. 

A literature review was also conducted as it was necessary to identify possible 

gaps in the existing knowledge related to the energy efficiencies of HWS. Once the gaps 

were identified, confirmation with the project manager was needed to ensure that the 

information was relevant to the project. The identified gaps were used in conjunction 

with existing HWS data in the process of setting the context of the project and assist with 

data analysis. Furthermore, consultations with the Wattblock data analysts and project 

managers were important to see if they have any prior knowledge on the topic or any 

available resources that can be accessed through their networks. These fundamental steps 

provided key information and insight into what was necessary in the data analysis of the 

different HWS efficiencies. 
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3.2 PHASE 2 - DATA COLLECTION 

 This phase required the collection of data on each of the different HWS, including 

how each of the technologies work and their specifications related to energy efficiency. 

Energy usage data on HWS such as hot water bills was collected from existing Wattblock 

customers with the permission of the project manager. An Excel spreadsheet was then 

designed to record the relevant information to assist in the data analysis. It was also 

important to collect data on which HWS models that Wattblock is going to use in their 

retrofits. This data is important as it will be used to assist in decision making on the 

suitability of which HWS can be applied for each strata building. The HWS models that 

Wattblock is currently using for their retrofits are: 

Heat pump HWS   

1. Tivok T-HP200AB 20kW Hot Water Heat Pump ($800 per unit) 

2. Sanden GAUS–315EQTD/GAUS–315EQTE ($1,000 per unit) 

Solar Thermal 

 Apricus Solar HWS ($900 per unit) 

For easy comparison, I also obtained quotes for electric, gas and gas continuous flow 

HWS. 

Electric HWS 

 Rinnai EHF 250s36 250L  ($184.21 per unit) 

Gas HWS 

 Rheem 631265 Gas Heavy Duty ($202.70 per unit) 

Gas Continuous Flow HWS 

 Rinnai Demand Duo 330L ($123.60 per unit) 

 

3.3 PHASE 3 - DATA ANALYSIS 

 This phase involved estimating the energy usage of each of the HWS, using hot 

water bills collected from Wattblock. This data was limited simply because Wattblock 

has never asked for hot water bills as part of their service until recently. However, this 

will benefit Wattblock as currently, the company has no data analysis that exists on the 

topic of HWS. Each of the HWS will use the existing data for both centralised common 

hot water use and individual apartment use to estimate the energy usage of each 

technology for comparison with each other.  
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Thus, a metric was derived from the limited data set to determine the average 

HWS energy usage per unit. Using a simple equation: 

                                     
             

                 
 

This metric was then applied to the energy efficiency calculator that was designed 

in order to estimate the HWS energy use of a strata building based on the number of 

apartments it has. In addition, gas heating or electrical heating have respective heating 

efficiencies known as coefficient of performance (COP) [11], 

                  
               

   
 

 COP for gas heating is about 0.8 – 0.95 

 COP for electric heating is about 0.95 – 1 

 COP for heat pump is about 4 – 6  

Next we compare gas heating and heat pump water heating using the examples below: 

Gas:                    
         

   
          

Heat pump:                    
         

 
           

The comparison above shows that a heat pump uses about 4 times less energy than gas 

HWS to heat up same amount of water to 60 degrees Celsius. 

We then do a financial analysis using the equations and assumptions below [11]: 

The standard conversion unit of 1 kWh = 3.6 MJ 

 For Gas,                                              

Assume that the gas rate is $0.02335 per MJ, the daily cost is: 

Daily Cost =                        

 

 For Heat pump,                               

Assume that the electricity rate is $0.20c/kWh the daily cost is: 

Daily Cost =                       

We then work out the cost savings: 

Daily cost savings =                

Annual cost savings =                       

The calculation of the payback period of each technology also built into the calculator as 

the payback period is one of the key indicators of whether the technology is energy 

efficient or not. The example below uses the capital cost to install heat pump:  

Assume $800 - $1000 per unit, 
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We can then calculate the payback period using: 

Payback =                      years 

Also to find out the net usage rate of gas, we need to consider the total gas cost and the 

amount of gas used. For example, total gas cost is $8292 and the energy used is 284,026 

MJ [11],  
           

      
               

We can also find out the equivalent cost per kWh,  

                                 
 

The energy output from a solar thermal hot water is free as the energy source is 

from the sun. As a result energy savings is the same as energy generated with a solar 

thermal system. For example, to work out the Collector Peak Rating (kW) we use the 

Apricus quote for a 16 kW system for 43 units,  
     

        
               

To get the annual energy generated and savings we use average insolation for Brisbane 

which is 5.05 [11], 

                                                

Once all the data has been calculated, a metric for average energy use per unit was 

calculated using the simple equation, 

                    
                    

              
 

Using this metric, we can calculate an approximate energy use of a strata building based 

on the number of units it has. 

Next we calculate each HWS GHG emissions and emissions gained or avoided. We 

simply do this using these equations [12]. 

 For electric HWS, e.g. calculation of emissions from electricity consumption  

A company in New South Wales consumes 100,000 kWh of purchased electricity 

from the grid.  

Emissions of greenhouse gases (scope 2) in tonnes of CO2-e are estimated as 

follows:   

= 100,000 x (0.84 /1000)   

   = 84 tonnes.  

 Total scope 2 GHG emissions  = 84 tCO2-e 
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 For gas HWS,  e.g. A facility consumes 100,000 gigajoules of natural gas.   

Emissions of greenhouse gases (carbon dioxide, methane and nitrous oxide) in 

tonnes of CO2-e are estimated as follows:   

 Emissions of carbon dioxide:   = (100,000 x 1 x 51.4)/1,000  

= 5,140 t CO2-e   

 

 Emissions of methane:    = (100,000 x 1 x 0.1)/1,000   

= 10 t CO2-e   

  

 Emissions of nitrous oxide:   = (100,000 x 1 x 0.03)/1,000   

= 3 t CO2-e   

 

 Total scope 1 GHG emissions   = 5,140 + 10 + 3   

       = 5,173 t CO2-e 

 

The EFs can be found in The National Greenhouse Accounts Factors published by the 

Department of the Environment [12]. The relevant EFs are: 

 Natural Gas (kg CO2e / GJ):  CO2 – 51.1,  CH4 – 0.1,  N2O – 0.03 

 Electricity: Queensland – 0.79,  NSW – 0.84 

It is also widely considered that energy generated by solar PV is emissions free 

and only a small amount of fossil fuel is required in the system’s operation and 

maintenance [13]. The CO2 savings for the solar HWS are calculated by multiplying the 

‘Total Energy’ by the emissions factor applicable to Queensland [13].  

 

3.4 PHASE 4 - DESIGN HOT WATER EFFICIENCY CALCULATOR 

 This was an ongoing phase that developed a standard template for HWS 

efficiency that can be integrated into the current Wattblock online assessment tool. Key 

design elements and sustainability messages was researched  in line with Wattblock’s 

existing online calculator to make sure that it was relevant and effective. The template 

was revised with Wattblock managers and their data analysts for editing content and 

presentation before it was finalised. Furthermore, the best HWS option for strata and 

justification was finalised as well as developing the project poster. 
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4.0 RESULTS 

4.1 LITERATURE REVIEW OF HWS ENERGY EFFICIENCIES. 

One of the first outcomes produced for the project is a literature review 

(Appendix A) on current HWS energy efficiency. This was a necessary step to identify 

gaps in the knowledge and to help direct the focus of the project. The review concluded 

that solar, heat pump and continuous flow HWS can achieve significant energy savings 

depending on the location and hot water needs of each strata building [14].  

The review also identified the lack of specific financial details such as cost in 

dollar values. It is usually referred to as a percentage of the overall cost of the purchase 

price of the unit but not really giving the reader a cost breakdown and a dollar value [14]. 

It is these focal points that were addressed in the project to realistically compare the 

energy and cost efficiencies of the different HWS and in turn calculate the ROI or 

payback periods which aids in the analysis of feasibility in the context of strata buildings 

[14]. 

 

4.3  DATA TABLES 

 There were four data tables produced that represents each of the case study 

buildings that Wattblock had existing hot water bill data. These buildings formed the 

foundation to create a metric to apply to other existing customers that did not have any 

data on their hot water use. The data table lists the buildings’ hot water energy use as well 

as the number of apartments and costs of gas or electricity used in mega-joules (MJ) or 

kilowatt hours (kWh). 
Table 1. 3-5 Freeman (40 units) Gas HWS 

Note: A negative value means that installing the new system will have more energy costs compared to the 

existing HWS and a negative ROI simply means you will not get a return on the cost of investment.  

HWS Actual Energy 

Used 

Daily Cost Daily Cost 

Savings 

Annual Cost 

Savings 

ROI 

(Years) 

Electric  

(kWh) 

261,874 

 

$143.49 

 

-$143.49 

 

-$52,374.86 

 
-0.1 

 

Gas  

(MJ) 

1,119,513 

 

$63.88 

 

   

Continuous 

Flow (MJ) 

1,079,048 

 

$75.91 

 

-$12.03 

 

-$4,390.87 

 
-1.1 

 

Heat Pump 1 

(kWh) 

59,233 

 

$43.24 

 

$20.65 

 

$7,535.44 

 
4.2 

 

Heat Pump 2 

(kWh) 

55,285 

 

$40.35 

 

$23.53 

 

$8,587.52 

 
4.7 

 

  Annual 

Energy 

Generated 

Annual 

Energy Saved 

 

Annual Cost 

Savings 

ROI 

(Years) 

Solar Thermal 

(kWh) 

 27,434.42 

 

27,434.42 

 

$5,486.88 

 
6.56 
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Table 2. Highpoint (59 units) Gas HWS 

HWS Actual Energy 

Used 

Daily Cost Daily Cost 

Savings 

Annual Cost 

Savings 

ROI 

(Years) 

Electric  

(kWh) 

128,450 

 

$42.02 

 

-$42.02 

 

-$15,335.51 

 
-0.71 

 

Gas  

(MJ) 

549,125 

 

$40.47 

 

   

Continuous 

Flow (MJ) 

529,277 

 

$48.09 

 

-$7.62 

 

-$2,781.62 

 
-2.62 

 

Heat Pump 1 

(kWh) 

29,054 

 

$9.50 

 

$30.97 

 

$11,302.34 

 
4.2 

Heat Pump 2 

(kWh) 

27,117 

 

$8.87 

 

$31.60 

 

$11,533.59 

 
5.2 

  Annual 

Energy 

Generated 

Annual 

Energy Saved 

 

Annual Cost 

Savings 

ROI 

(Years) 

Solar Thermal 

(kWh) 

 40,465.77 

 

40,465.77 

 

$4,831.16 

 
10.99 

 

 

 

 

 
Table 3. Monaco Resort (89 units) Gas Continuous Flow HWS 

Note: A negative value means that installing the new system will have more energy costs compared to the 

existing HWS and a negative ROI simply means you will not get a return on the cost of investment.  

HWS Actual Energy 

Used 

Daily Cost Daily Cost 

Savings 

Annual Cost 

Savings 

ROI 

(Years) 

Electric  

(kWh) 

162,003 

 

$63.20 

 

-$2.33 

 

-$849.08 

 
-19.3 

 

Continuous 

Flow (MJ) 

667,529 

 

$60.88 

 

   

Heat Pump 1 

(kWh) 

36,643 

 

$14.30 

 

$46.58 

 

$17,002.26 

 
4.2 

Heat Pump 2 

(kWh) 

34,201 

 

$13.34 

 

$47.53 

 

$17,350.14 

 
5.1 

  Annual 

Energy 

Generated 

Annual 

Energy Saved 

 

Annual Cost 

Savings 

ROI 

(Years) 

Solar Thermal 

(kWh) 

 61,041.58 

 

61,041.58 

 

$8,692.42 

 
9.21 
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Table 4. Rumba Resort (74 units) Electric HWS 

HWS Actual Energy 

Used 

Daily Cost Daily Cost 

Savings 

Annual Cost 

Savings 

ROI 

(Years) 

Electric  

(kWh) 

2,301,478 

 

$810.24 

 

   

Gas  

(MJ) 

6,296,844 

 

$639.32 

 

$170.93 

 

$20,796.29 

 
0.72 

Continuous 

Flow (MJ) 

6,532,975 

 

$663.29 

 

$146.95 

 

$17,879.40 

 
0.51 

Heat Pump 1 

(kWh) 

520,572 

 

$190.27 

 

$619.97 

 

$75,429.94 

 
0.78 

Heat Pump 2 

(kWh) 

485,868 

 

$177.59 

 

$632.66 

 

$76,973.26 

 
0.96 

  Annual 

Energy 

Generated 

Annual 

Energy Saved 

 

Annual Cost 

Savings 

ROI 

(Years) 

Solar Thermal 

(kWh) 

 50,753.67 

 

50,753.67 

 

$1,880.85 

 
35.41 

 

 

Using the data from these buildings, a metric was calculated for average energy use per 

unit which was 6,932 MJ per unit. This metric was then applied to existing Wattblock 

customers that had no hot water data as shown on the example tables below. 
 

Table 5. Bridgewater Gardens (38 units) Gas HWS at 6,932 MJ/unit 

Note: A negative value means that installing the new system will have more energy costs compared to the 

existing HWS and a negative ROI simply means you will not get a return on the cost of investment.  

HWS Actual Energy 

Used 

Daily Cost Daily Cost 

Savings 

Annual Cost 

Savings 

ROI 

(Years) 

Electric  

(kWh) 

77,022 

 

$40.09 

 

-$40.09 

 

-$14,634.22 

 
-0.32 

 

Gas  

(MJ) 

329,270 

 

$21.06 

 

   

Continuous 

Flow (MJ) 

317,369 

 

$20.30 

 

$0.76 

 

$277.90 

 
16.90 

Heat Pump 1 

(kWh) 

17,422 

 

$1.11 

 

$19.95 

 

$7,281.66 

 
4.17 

Heat Pump 2 

(kWh) 

16,260 

 

$1.04 

 

$20.02 

 

$7,308.78 

 
5.2 

  Annual 

Energy 

Generated 

Annual 

Energy Saved 

 

Annual Cost 

Savings 

ROI 

(Years) 

Solar Thermal 

(kWh) 

 26,062.70 

 

26,062.70 

 

$5,212.54 

 
6.56 
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Table 6. Gabba Central (371 units) Gas HWS at 6,932 MJ/unit 

HWS Actual Energy 

Used 

Daily Cost Daily Cost 

Savings 

Annual Cost 

Savings 

ROI 

(Years) 

Electric  

(kWh) 

751,980 

 

$164.52 

 

-$164.52 

 

-$60,050.88 

 
-1.14 

 

Gas  

(MJ) 

3,214,715 

 

$205.65 

 

   

Continuous 

Flow (MJ) 

3,098,520 

 

$198.22 

 

$7.43 

 

$2,713.14 

 
16.9 

Heat Pump 1 

(kWh) 

170,091 

 

$68.04 

 

$137.62 

 

$50,230.35 

 
5.91 

Heat Pump 2 

(kWh) 

158,751 

 

$63.50 

 

$142.15 

 

$51,885.90 

 
7.15 

  Annual 

Energy 

Generated 

Annual 

Energy Saved 

 

Annual Cost 

Savings 

ROI 

(Years) 

Solar Thermal 

(kWh) 

 254,454.23 

 

254,454.23 

 

$21,389.42 

 
15.61 

 

 

4.4  DATA TABLES: GREENHOUSE GAS EMISSIONS 

 There were also four data tables that were produced that identified the greenhouse gas 

emissions for each strata building and HWS.  

 
Table 7. 3-5 Freeman (40 units) Gas HWS 

Note: A negative value in the Emissions Avoided column means that the HWS had more emissions 

compared to the current HWS. 

HWS MJ GJ Emissions 

Factor 

GHG Emissions 

tCO2e 

 

GAS 

(current HWS) 

895,610 895.61 CO2-51.4 

CH4 - 0.1  

N2O - 0.03 

46.15 

 
 

 kWh MWH  tCO2e  

 248,781 248.78 

 

0.84 

 
208.98 

 
 

 kWh MWH Emissions 

Factor 

GHG Emissions 

tCO2e 

Emissions 

Avoided 

tCO2e 

Electric 261,874 

 

261.87 

 

0.84 219.97 

 
-11.00 

 

Heat Pump 1 59,233 

 

59.23 0.84 49.76 

 
159.22 

 

Heat Pump 2 55,285 

 

55.28 0.84 46.44 

 
162.54 

 

 Energy 

Generated 

MWH 

Annual Energy 

Saved 

MWH 

Emissions 

Factor 

 Emissions 

Avoided 

tCO2e 

Solar Thermal 27.43 

 

27.43 

 

0.84  23.04 
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Table 8. Monaco Resort (89 units) Gas HWS 

HWS MJ GJ Emissions 

Factor 

GHG Emissions 

tCO2e 

 

GAS 

(current HWS) 

554,049 

 

554.05 CO2-51.4 

CH4 - 0.1  

N2O - 0.03 

28.55 

 
 

 kWh MWH  tCO2e  

 153,903 

 

153.90 0.79 121.58 

 
 

 kWh MWH Emissions 

Factor 

GHG Emissions 

tCO2e 

Emissions 

Avoided 

tCO2e 

Electric 162,003 

 

162 0.79 127.98 

 
-6.40 

 

Heat Pump 1 36,643 

 

36.64 0.79 28.95 

 
92.63 

 

Heat Pump 2 34,201 

 

34.20 0.79 27.02 

 
94.56 

 

 Energy 

Generated 

MWH 

Annual Energy 

Saved 

MWH 

Emissions 

Factor 

 Emissions 

Avoided 

tCO2e 

Solar Thermal 61.04 

 

61.04 

 

0.79  48.22 

 

 

 

Table 9. Highpoint (59 units) Gas HWS 

Note: A negative value in the Emissions Avoided column means that the HWS had more emissions 

compared to the current HWS. 

HWS MJ GJ Emissions 

Factor 

GHG Emissions 

tCO2e 

 

GAS 

(current HWS) 

439,300 

 

549.13 

 

CO2-51.4 

CH4 - 0.1  

N2O - 0.03 

22.64 

 
 

 kWh MWH  tCO2e  

 122,028 

 

152.53 

 

0.79 

 
96.40 

 
 

 kWh MWH Emissions 

Factor 

GHG Emissions 

tCO2e 

Emissions 

Avoided 

tCO2e 

Electric 128,450 

 

128.45 0.79 101.48 

 
-5.07 

 

Heat Pump 1 29,054 

 

29.05 0.79 22.95 

 
73.45 

 

Heat Pump 2 27,117 

 

27.12 0.79 21.42 

 
74.98 

 

 Energy 

Generated 

MWH 

Annual Energy 

Saved 

MWH 

Emissions 

Factor 

 Emissions 

Avoided 

tCO2e 

Solar Thermal 40.47 

 

40.47 

 

0.79  31.97 
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Table 10. Rumba Resort (74 units) Electric HWS 

HWS kWh MWH Emissions 

Factor 

GHG Emissions 

tCO2e 

 

Electric 

(current HWS) 

2,186,404 2,186.40 0.79 1,727.26 

 
 

 MJ GJ  tCO2e Emissions 

Avoided 

tCO2e 

GAS 

 

6,296,844 

 

6,296.84 CO2-51.4 

CH4 - 0.1  

N2O - 0.03 

324.48 

 
1,402.78 

 

Gas CFS 6,532,975 

 

6,532.97 CO2-51.4 

CH4 - 0.1  

N2O - 0.03 

336.64 

 

1,390.61 

 

 kWh MWH Emissions 

Factor 

GHG Emissions 

tCO2e 

Emissions 

Avoided 

tCO2e 

Heat Pump 1 520,572 520.57 0.79 411.25 

 
1,316.01 

 

Heat Pump 2 485,868 

 

485.86 0.79 383.84 

 
1,343.42 

 

 Energy 

Generated 

MWH 

Annual Energy 

Saved 

MWH 

Emissions 

Factor 

 Emissions 

Avoided 

tCO2e 

Solar Thermal 50.75 

 

50.75 

 

0.79  40.10 

 

 

4.5  COMPARISON GRAPHS – ACTUAL DATA 

 

 
Figure 1. This chart shows that Heat Pump 2 offers the best annual savings. 
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Figure 2. This chart shows that Heat Pump HWS offers the best ROI. 

 

 

 
Figure 3. This chart shows that Electric HWS is the worst in terms of GHG emissions while Heat Pump 

HWS are the best in terms of GHG emissions avoided. 
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Figure 4. This chart shows that Heat Pump HWS offer the best annual saving. 

 

 

 
Figure 5. This chart shows that Heat Pump HWS offers the best ROI. 
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Figure 6. This chart shows that Electric HWS is the worst in terms of GHG emissions while Heat Pump 

HWS are the best in terms of GHG emissions avoided. 

 

 

 
Figure 7. This chart shows that Heat Pump HWS offer the best annual savings. 
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Figure 8. This chart shows that Heat Pump HWS offers the best ROI. 

 

 

 
Figure 9. This chart shows that Electric HWS is the worst in terms of GHG emissions while Heat Pump 

HWS are the best in terms of GHG emissions avoided. 
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Figure 10. This chart shows that Heat Pump HWS offer the best annual savings. 

 

 

 
Figure 11. This chart shows that Gas & Gas CFS HWS offers the best ROI followed by Heat Pump HWS. 
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Figure12. This chart shows that Electric HWS is the worst in terms of GHG emissions while Heat Pump & 

Gas HWS are the best in terms of GHG emissions avoided. 

 

4.5  COMPARISON CHARTS – METRIC DATA 

 These are graphs for Bridgewater Garden and Gabba Central using data derived 

from the metric calculated for comparison with the actual data. 

 

 
Figure 13. This chart shows that Heat Pump HWS offer the best annual savings, followed by Solar 

Thermal. 
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Figure 14. This chart shows that Heat Pump HWS offers the best ROI followed by Solar Thermal. 

 

 

 
Figure 15. This chart shows that Electric HWS is the worst in terms of GHG emissions while Heat Pump & 

Solar HWS are the best in terms of GHG emissions avoided. 
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Figure 16. This chart shows that Heat Pump HWS offer the best annual savings, followed by Solar 

Thermal. 

 

 

 
Figure 17. This chart shows that Heat Pump HWS offers the best ROI. 
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Figure 18. This chart shows that Electric HWS is the worst in terms of GHG emissions while Heat Pump & 

Solar HWS are the best in terms of GHG emissions avoided. 

5.0 DISCUSSION  

HWS consume 23% of household energy, the second largest out of all home 

appliances in Australia [15]. HWS also contribute 24% of GHG emissions in average 

Australian households which is also the second largest source of residential GHG 

emissions [15]. This large contribution can be attributed to the fact that approximately 

50% of Australian homes use electric HWS [16]. Just by looking at the GHG Emissions 

tables and charts above, you can see that electric HWS are biggest contributor of GHG 

emissions compared to the other HWS technologies. The Australian Government also 

acknowledges this fact stating that electric HWS are three times less efficient than other 

existing HWS [16]. That is why the Australian government has started to phase out 

electric HWS in new constructions since the beginning of 2010 in the hopes of reducing 

GHG emissions by approximately 50 million tonnes by the year 2020 [16].  

 

In the context of strata building, the most common HWS used is a gas HWS 

which in itself already addresses the issue of GHG emissions as natural gas emits 50 -

60% less carbon compared to electricity [17]. Comparing the GHG emissions charts for 

the four case study buildings, it is clear that heat pump technology avoid the most GHG 

emissions followed by solar thermal HWS, compared to the current gas HWS in use in 
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most strata buildings. So in the context of GHG emissions, heat pump and solar 

technology far surpass gas HWS in terms of which is better for the environment. 

 

Reduction of GHG emissions aside, the Wattblock business model focuses more 

on energy savings through retrofitting new energy efficient technologies in lighting, 

heating/ventilation/air-conditioning (HVAC) and HWS and expresses it in dollar values 

to demonstrate the cost-effectiveness of each of the new technologies that they supply. 

Wattblock has had limited data on HWS efficiencies and have only recently started to 

collect relevant data from customers due to customer demand. Many strata managers are 

now expressing interest in reducing their energy consumption in water heating as they 

start to realise that there are dollar savings in retrofitting newer, energy efficient HWS.  

 

5.1 HOT WATER SYSTEMS 

There is no one size fits all solution to HWS in strata buildings and the decision to 

implement either heat pump or solar technology will depend on the strata building. For 

example, application of solar technology is dependent on whether the strata building have 

enough space for the solar panels required to supply the energy they need. In most cases, 

this is not feasible as the strata building’s roof space is limited for the amount of panels 

they need to supply their energy needs. Environmentally, solar thermal technology 

achieves the best GHG emissions avoided as the energy output from a solar thermal hot 

water is free energy from the sun, which makes the energy savings the same as energy 

generated with a solar thermal system. The assumption is that the embodied energy 

associated with a PV installation, expressed as kg CO2 per kWh of output, similar to 

other forms of power generation [13]. 

 

 

Continuous flow or ‘instantaneous HWS look very appealing because it is a ‘tank-

less’ HWS. However, in the context of strata buildings, CFS tend to be hybridised 

systems because in many cases they will be connected to a small buffer tank to allow 

some storage capacity to cope with times of peak demand hot water use [18]. This is the 

case with Monaco Resort building where it had 2 storage tanks that were connected to 10 

CFS (see below). 
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Figure 19. Hybrid CFS with storage tanks – Monaco Resort, Queensland [19]. 

 

HPS on the other hand do not require as much energy input as the other HWS as it 

uses the ambient air to heat the water in the tanks. Heat pumps HWS use electricity but 

are approximately three times more efficient than electric HWS and if used in the right 

climate conditions it saves energy, money and reduce greenhouse gas emissions [20].  

The data tables and charts for all case study buildings clearly show that heat pumps 

generally offer the best ROI, achieve significant annual savings and the most GHG 

emissions avoided compared to the other HWS and this trend is reflected in the metric 

data results. 

 

5.2 HOT WATER SYSTEM EFFICIENCY CALCULATOR 

The creation and design of the HWS efficiency calculator was an ongoing process 

throughout the project. After being familiarised with Wattblock’s lighting efficiency 

calculator, I was able to create a template to which I can calculate the daily cost and 

savings, annual savings and ROI. This was developed with the help of Wattblock’s data 

analysts to ensure that the calculations were accurate and relevant. It was clear that in the 

development of the calculator that actual energy use data key to achieving accurate and 

realistic results. Since the data pool was limited to four buildings, the reliability of the 

metric data calculator was not as definitive as when real data was used. However, the 

metric data calculator was useful in estimating the daily cost and savings, annual savings 

and ROI in the absence of actual energy use data just by using the number of units a 

strata building has. The data tables are in the Appendices for the four case study buildings 

and the metric data tables for existing Wattblock customers. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS  

6.1 CONCLUSIONS  

This report has outlined a project for Wattblock, to research the existing HWS 

technologies available in the Australian market as well as develop a HWS efficiency 

calculator in order to add value to their existing energy reports for their customers. This 

was achieved by providing background research on each of the HWS technologies along 

with actual data from a limited data pool of four buildings. The report then detailed the 

methodology  used  to  develop  a  template for a HWS efficiency calculator  that  could  

be  used  by Wattblock to better inform their customers. Ten project outputs that 

represented the HWS efficiency calculator was produced which included four actual data 

tables, two metric data tables, four GHG emissions data tables as well as 18 charts. All of 

these outputs were developed using the HWS efficiency calculator to help figure out 

which is the ‘best fit’ HWS in the context of strata buildings. The outputs were then 

discussed regarding their limitations, implications and implementation.  Overall, this 

report has outlined the design and creation of a HWS efficiency calculator that will be 

able to record and accurately estimate a strata building’s energy use for the benefit of 

Wattblock’s customers. Ultimately, this project has contributed to Wattblock’s 

knowledge about HWS efficiencies and is now able to calculate energy saving in terms of 

dollar values. 

 

6.2 RECOMMENDATIONS  

In order to apply the HWS efficiency calculator that was developed through this project, 

further actions are needed. They are outlined through the following recommendations:  

1. The produced outputs should be amended and finalised in order to incorporate 

them into Wattblock’s Energy Reports and online calculators. 

2. Continue to gather additional actual energy use data from existing customers to 

expand the study pool in order to achieve a better metric for the calculator. 

3. Further consultation with Wattblock’s manager’s and data analysts to fine tune 

the energy reports and online calculators to produce better outcomes for 

customers. 

4. Continue building relationships with strata managers, HWS wholesalers and other 

key stakeholders to improve the quality of data being gathered which will increase 

the capacity and resources available to further improve the overall HWS retrofit 

proposal for existing customers. 
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APPENDICES 

APPENDIX A: LITERATURE REVIEW 
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APPENDIX B: HOT WATER CALCULATOR DATA SHEETS – ACTUAL DATA 
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APPENDIX C: HOT WATER CALCULATOR DATA SHEETS – METRIC DATA 
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