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Abstract
Every household uses an average of around 360 litres of water each day. About 21% of a typical gas consumption is attributed to heating the 
water for showers, baths, and hot water from the tap. An environmentally friendly, low-cost device called the CombiSave valve can be used to 
manage gas and water consumption and should be fitted to most combination boilers to automatically control the flow of water every time a 
hot tap is turned on. This allows the boiler to heat the water faster and only return the flow to normal once a usable temperature is reached. 
An experimental test was conducted in the exemplar modern house of Liverpool John Moores University in order to assess the amount of 
water, energy, and CO2 reduction for varying temperatures and flow rates. The test was carried out for a duration of 9 hours during the 
daytime between June and October. Although the test was conducted over relatively warm months when ambient water temperatures were 
higher compared to winter months, results showed that good savings could be achieved through this product. The best savings for gas 
consumption and hence CO2 reduction were achieved at high water pressure and low temperature setting (40 °C) of 36% compared with the 
case without combiSave. While water consumption was reduced by 56% at full flow rate and 45 °C. Further research is needed 
encompassing multiple occupied dwellings with different family sizes and testing these in extreme weather conditions to see if similar 
results would be reflected.
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1. Introduction
Water is a scarce and precious resource and is one of the 17 rather than 20 in 2015 Sustainable Development Goals that were 
launched in 2015. In 2006 the International Water Management Institute reported that a fifth of the world’s population lived in areas 
that are facing water scarcity and this is expected to rise to 40 percent by 2025. A United Nations task force on water has projected 
that by 2025 there will be 3 billion people facing water stress conditions. As water scarcity accelerates droughts are undermining 
nature’s ability to replenish this resource that is crucial for the existence of life on earth.

Estimates indicate that each person may use as much as 150 litres of water a day, of which up to 33% is used for bathing, showering, 
and washing up[1]. Water-related energy intensity associated with the end use stage in an urban water cycle has been reported as 79% 
of total water-related energy use in Australia, 72% in California, U.S., and 96% in Ontario, Canada; in all cases, more than 90% of this is 
for water heating, including space heating[2]. Energy used in domestic hot water (DHW) accounts for 22% of household energy use in 
the UK[3], which costs around £80 per year[4]. According to the UK Environmental Agency[5], about 89% of total carbon emissions come 
from water-related operations, which were contributed by domestic water end use.

Furthermore, an increase in population is one of the biggest pressures on water resources. In England, it is expected that population 
will increase to 69.2 million by mid-2026[6]. Many of the growth areas are in places where the water environment and water supplies 
are already stressed. Projections suggest that if there is no action is taken to minimise demand and improve was supply, many areas 
may fail to meet demand targets by the 2050s under high greenhouse gas emissions and high population growth scenarios. Even low 
increases in population growth and medium climate change scenarios showed significant water supply deficits by the 2050s, 
especially in the south-east of England[7].
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The United Nations Framework Convention on Climate Change has developed an approach aimed at demand-side energy efficiency 
activities to install water-saving devices in buildings from a Clean Development Mechanism perspective[8]. Similar legislation and 
guidelines are being applied worldwide to tackle the issue of frequent interdependence between water and energy, which is 
commonly called the water-energy nexus. Recently, there has been more focus on the energy used for the water sector in terms of 
water and wastewater supply, disposal, and treatment and in terms of water consumption in residential and non-residential 
buildings[9].

There are recent advancements made in different low carbon technologies for water heating include electric storage tank water 
heater, solar water heaters, air to water heat pump, geothermal water heating, gas fire, biomass water heater[10-13] however these are 
quite expensive although they provide a significant saving. A new prospective on the importance of energy efficient hybrid hot water 
system and cost-effective saving needs to be investigated. Indeed, some recent studies have been performed in order to reach this 
objective especially with the revolution of the concept of Phase Change Material[14,15]. A study[16] investigates the potential electrical 
energy savings that can be achieved by applying optimal (schedule and temperature) control to energy-storing electric water heaters. 
This has been done by testing 30 water heaters for a period of 20 days, which results in a reasonable electrical energy saving. There 
are also studies where different types of DHW technologies were analyzed in existing buildings in terms of heat used[17] or where heat 
recovery from DHW used and water flow limiters were proposed to improve the energy performance[18]. An experimental research[19] 
was conducted in 12 objects (multifamily buildings and 3 thermal substations) assigned to three groups (A, B, and C), depending on the 
analysed feature of the domestic hot water system. This includes installation of temperature control valves (group B) and decreased 
the temperature of the hot water during the night hours (group C). The energy savings were found to be in the range from 8.5% to 
49.5% for group B object and from 6.0% to 14.4% for group C object. However, to the best of the authors’ knowledge, the studies[20] 
present field results of heat consumption for DHW, heat loss from circulation lines and methods to increase efficiency of DHW system 
in existing building are limited. A study[21] made consist of using a mixture inside the water tank driven by electrical power which 
could reduce the heating time about 20 min to heat water from 25 °C to 70 °C.

From the reviewed literature, it can be conducted that significant energy is wasted due to heating, ventilation, air-conditioning or 
industrial processes. It is therefore very important to consider heat recovery systems for building applications, such as hot water[22,23]. 
This approach is widely used nowdays; however, it could be more expensive to apply.

A new device has been introduced in this paper called CombiSave, which is used to heat the water for domestic use. The novelty of 
this system is that it can be used in different environments compared with other hot water technologies, such as biomass, solar 
thermal, and heat pumps, as these systems are restricted by weather conditions and are expensive to run. The system can be used 
with an old boiler without the need to change the whole hot water system. CombiSave is unique from present products in the market 
due to the fact that it is simple to operate, cost-effective, has a very short payback period, and provides a good saving in energy 
consumption based on the current study. Furthermore, where a traditional thermostatic radiator valve (TR) needs to be attached to 
each radiator, CombiSave is a whole house solution. It is fitted onto the outlet pipe coming away from the combi boiler so all hot 
water dispensing taps and showers will get faster hot water delivery. It is “fit and forget” and can stay in place even if the boiler is 
replaced. The fitter does not need an industry qualification to install, as there is no invasive gas or boiler works required. CombiSave 
is suitable for DIY fit for a competent person.

The purpose of this study is to show the savings in water, energy, time and consequently carbon emission reduction that can be 
achieved by the use of the thermostatic valve ‘CombiSave’ in conjunction with a combination boiler in domestic dwellings. The 
amount of wasted water in homes due to waiting for water to heat up to the required temperature will be quantified.

2. Materials and Methods
2.1 CombiSave
The CombiSave is a self-acting, thermostatically controlled valve and therefore completely automatic. It is made from 
dezincification-resistant brass. It is fitted with two rotatable elbows, which allow for easy fitting to a range of 15mm pipe 
configurations and can be installed in different ways at 90°, Inline, and 180°.

The unit is designed to fit between the combi boiler and the hot water tap outlet and control the flow of water during the 
combination boiler’s initial firing process. The device head is fitted inside with a capsule filled with wax thermostat that expands and 
contracts based on the temperature changes (Figure 1). When the tap is turned on, water flows through the valve but at a restricted 
rate as it only passes through the by-pass hole. This gives the person using the tap the knowledge that water is running. To fire up the 
boiler, a flow is needed, and this is determined by setting the bypass screw at a position that ensures the boiler will fire up but not 
release full flow of water. Ordinarily, the boiler takes some time to heat the water to the desired temperature, and this results in delay 
and a flow of cooler water, which is generally discarded to drain. With a CombiSave valve, the operation of the wax capsule reduces 
the flow rate until water is at the desired temperature. When the set temperature is reached, the wax expands as it detects the 
temperature of the water passing over it and pushes the operating rod up the bottom of the calibrating screw. This forces the valve 
cap to be pushed down, which then enables water to pass through it at full rate and out through the water outlet. The tap will then 
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display normal water flow. This reduces the amount of energy used at the initial warming stage and limits the amount of water run to 
waste. It can even be fitted to older boilers, so it’s one of the best ways of making homes more energy efficient without buying a 
brand new model.

Figure 1. CombiSave internal design components.

2.2 Experimental setup
The experiment was conducted in an unoccupied domestic dwelling on the Liverpool John Moores University campus grounds that 
has been purpose built for conducting tests and experiments. The tests were run over a 4-months period from June to October and 
during the hours of 9am and 6pm. During this period the CombiSave functioned at the halfway stage and had to be replaced before 
tests proceeded and there were no further problems. The combi-boiler in the house had an ‘A’ rating and had been recently serviced.

This research was carried out using primary quantitative data gathered from tests conducted in the Eco exemplar house and 
secondary research involving literature reviews. The equipment installed for the experiment were a CombiSave valve which was 
fitted to a Viessmann combination boiler, three temperature sensors were installed one on the mains water pipe into the boiler, the 
other on the hot water pipe leaving the boiler and the third on the hot water tap in the kitchen which represented the point of use. A 
GEMS flow sensor was connected to the hot water outlet in the kitchen to measure amount of water used per second. Also, a Davis 
Vantage Pro 2 weather monitor was also used to measure and monitor outdoor temperature in °C. Experimental setting has been 
shown in Figure 2, Figure 3 and Figure 4.

Figure 2. Data logger unit sensors.
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Figure 3. CombiSave valve in use and temperature sensors.

Figure 4. Arduino software interface for data recording.

The amount of water used, the time taken to heat it to a set temperature and the amount of gas used when the CombiSave is in use 
were compared to the condition when the CombiSave is not in use. The data were collected and stored by the data logger that 
recorded the different parameters when the temperature increased.

The experiment was conducted by taking the following steps:

• Taking gas reading before commencing experiment.

• Turning Arduino software on to measure flow rate and water temperature changes.

• Turn the hot water in the kitchen and let it run until it reaches a set temperature.

• Turn hot water off and the Arduino software off. Save the data collected and then record reading on gas meter.
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• Set the heating temperature on the boiler to minimum and then manually raise temperature setting on room thermostat to 1 degree 
above room temperature. This allows the hot water inside the boiler to be flushed out but as the boiler temperature is set at 
minimum, it will not fire up to heat the water.

• When the boiler temperature goes down from 78 to below 30 this indicates that the water in the boiler system is now cold. Manually 
set the temperature on the room thermostat to minimum to switch off the boiler.

• Turn the electricity supply to the boiler off and then turn the cold water in the kitchen on to flush out any hot water in the pipes. 
When the temperature sensors are recording the same temperatures as they were at the beginning of the experiment this indicates 
that all hot water has been flushed out in both the boiler and pipework and the experiment can be run again.

• Turn the electricity to the boiler back on.

• Repeat the above procedures with the CombiSave valve turned on. Save data from the data logger to show time it takes to reach set 
temperature and amount of water that was used before desired temperature is reached.

• Repeat the experiment using different CombiSave temperature settings and water pressure settings.

These steps were repeated several times on different days and at different times of the day over a 4- month periods. Data collected 
included gas consumption, Water consumption, boiler run time, Incoming water temperature, time for water to heat up and water 
flow rate.

Overall, three different scenarios were tested during the experiment. The first scenario (scenario A) was to test how long it took to 
heat water and the amount of water used before desired temperature is reached without the use of the CombiSave valve. Scenario B 
was with the CombiSave valve half open to simulate reduced water pressure. Scenario C was with the Combisave valve fully open to 
simulate maximum water pressure. Three CombiSave temperature set points were tested for and these were 40 °C (minimum 
Combisave setting), 45 °C (medium setting) and 50 °C (maximum setting).

3. Results & Discussion
The graph in Figure 5 indicates that the CombiSave valve had a noticeable saving in the time it took for the water to heat up to the 
desired temperature (saving was estimate as an average of one day consumption for the kitchen tab). The CombiSave valve restricted 
water flow for an average of 30 seconds during which time the temperature increased rapidly. After the CombiSave valve was 
activated the rate of temperature increase was reduced but the water had heated up significantly to allow a time saving in water 
heating to the required temperature.

Figure 5. Time consumed through use of a CombiSave at different temperature setting.

Results from Table 1 showed that the CombiSave offered the best savings at high water pressure and low temperature setting. The 
average savings on gas consumption and greenhouse gas emissions when the CombiSave valve was used were up to 36%. Table 1 also 
shows that it can take up to twice the time to heat water to the required temperature compared to when a CombiSave valve is used. 
Table 1 shows gas consumption conversion from cubic metres to kilowatts per hour. A conversion factor of 0.18296 was used (UK 
carbon conversion factor) to calculate the carbon dioxide equivalent of the average greenhouse gases emissions when the CombiSave 
valve was used in comparison to when it was not used.
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Table 1. Gas Consumption and CO2 Emission savings per day at different CombiSave Settings.

Scenarios
CombiSave 

Settings

Temperature Settings 

(°C)

Time 

(Sec)

Gas Consumption 

(m3)

Gas Consumption 

(Kwh)

CO2  Equivalent 

(kg)

CO2 Saving 

%

Scenarios 

A1

CombiSave off 40 03:15 0.16 1.78 0.33

Scenarios 

A2

CombiSave half 

on

40 02:55 0.12 1.34 0.25 25

Scenarios 

A3

CombiSave full 

on

40 00:58 0.102 1.14 0.21 36

Scenarios 

B1

CombiSave off 45 03:30 0.14 1.56 0.29

Scenarios 

B2

CombiSave half 

on

45 03:08 0.13 1.45 0.27 19

Scenarios 

B3

CombiSave full 

on

45 01:23 0.12 1.34 0.25 25

Scenarios 

C1

CombiSave off 50 04:04 0.17 1.89 0.35

Scenarios 

C2

CombiSave half 

on

50 03:38 0.14 1.56 0.29 17

Scenarios 

C3

CombiSave full 

on

50 02:57 0.13 1.45 0.27 22

* CO2e conversion factor = 0.18396

Figure 6 shows that water savings of up to 56% can be achieved when heating water to the desired temperature with the use of a 
CombiSave device. The greatest water savings were achieved with the CombiSave bypass fully closed (i.e., CombiSave full on). Having 
the CombiSave half on did not result in a significant water saving, which suggests that this does not change the water pressure. 
Furthermore, annual cost has been considered as in Figure 7, which reflects that the new unit has a descent running cost reduction.

Figure 6. Percentage average water consumption saving per day under 3 temperature settings and 2 flow runs.
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Figure 7. Gas consumption running cost per year using CombiSave.

The experiment was conducted in an unoccupied exemplar house, so scenarios that simulated the experiment were limited in the 
way that they could accurately reflect water usage in an occupied dwelling. However, it still provides good initial findings in terms of 
the combi save efficiency.

The experiment was conducted over the summer when the mains water temperature was likely to be higher than in winter. As a 
result, the savings achieved by the CombiSave may not be as high as they could be in winter. It is recommended that the experiment 
be conducted in winter to compare the results and determine if ambient water temperature has an effect on the savings that can be 
achieved from using a CombiSave valve in summer compared to winter.

The water usage savings were significant but not as great as had been expected. A possible explanation for this is that water 
consumption was measured up to the time the set temperature was achieved rather thanwhen the CombiSave released the full water 
flow.

4. Conclusion
This paper provides an initial findings analysis of the relationships between water consumption, gas used, and carbon emission 
savings that are possible through the use of the low-cost CombiSave device. Analysis of data collected shows that the use of a 
CombiSave valve clearly results in a saving of water and energy consumption. The technology will be crucial in providing solutions to 
compact water waste and the associated energy consumption, which in turn will result in carbon emission savings. The experimental 
tests were run with and without a CombiSave in order to evaluate their effect as a reduction on the building heating energy 
consumption. The results show that the use of a CombiSave valve can reduce total heat related energy and thus carbon emissions 
during a complete heating season up to a maximum of 14% for the current case study. Results also confirmed that the use of a 
CombiSave valve is a low investment retrofit measure that can be easily installed in domestic dwellings that have a combi-boiler 
installed.

Although the testing methodology was limited in its scope, it yielded reliable results that are consistent with how the CombiSave 
valve was expected to perform. For more accurate results to be achieved it would be necessary to install the CombiSave valves in 
multiple domestic dwellings that are occupied by different size families. This would enable the collection of more data that can be 
analyzed to show the effects of the CombiSave on different family sizes. Furthermore, the research was conducted over the summer 
months when ambient water temperatures were higher compared to winter months. It is contended that the CombiSave would 
achieves best results when the ambient water temperature is lower so future research needs to be conducted over a longer period of 
time to ascertain if ambient water temperature has an effect of the savings that can be achieved using a CombiSave valve.
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