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ABSTRACT 
 
Efficient water consumption has gained increasing priority in the move towards reducing the 
impact of human activity on the natural environment. A significant amount of the water 
abstracted from the natural environment is consumed directly in human activities such as 
washing and cleaning. Although, it is possible to estimate the amount of water supplied to 
fixtures such as taps and showers from manufacturer data, it is often difficult to monitor 
simply, cheaply and accurately, water use factors which can be used to inform customised 
water efficiency strategies in a building. 
 
The aim of this study is to provide a literature review that explores and critically appraises the 
currently available data collection/instrumentation tools and techniques as a start to find a 
simplified yet integrated solution for measuring and monitoring the various dimensions e.g. 
physical, social, that inform and influence water use in domestic buildings.  
 
 
 
 
 
Keywords: water consumption, water use, measuring and monitoring, water technology 
performance, water efficiency. 
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INTRODUCTION 
 
Governments now recognise that climate change and its consequences need to be addressed 
by changing people’s behaviour and every day practices. Technological fixes alone are not 
enough (Uzzell 2008). The daily household carbon emissions associated with water use in the 
home equates to 2.2 kg CO2e (EA 2008). In terms of the emissions associated with the ‘use’ 
phase of water in the supply-use-treatment cycle, 16% can be attributed to system losses, 
dishwasher use 17%, washing machines use 11%, hot water (gas) 46% and the remaining 
11% is attributed to utility companies (EA 2008). Installing water meters is expected to 
produce a 10-15% reduction in water use, implementing water reuse systems such as grey or 
rainwater harvesting may yield water use reductions in the range of 30-40% (EA 2008). 
Studies conducted in the UK and US report that on average, applying water efficient designs 
and products leads to 15% less water use, 10-11% less energy use and 11-12% reduction in 
operating costs (McGrahill 2009; Darby 2006 etc.). Smart metering has a wide-ranging 
success (and failure) rate of 0–20 per cent for reasons that are often unclear or unspecified 
(Challis 2004; Darby 2010). While many evaluations of feedback programmes have been 
conducted, they are based on the same fundamental assumptions; namely that when provided 
with the ‘right’ information about the costs and benefits of consumption, individuals will 
make rational and autonomous choices that result in more efficient resource use (Strengers 
2011). Most evaluations have therefore focused on the presentation, format and type of 
feedback provided and the demand reductions or load shifting achieved (Challis 2004; Darby 
2006). Consequently, they recommend ways to improve the quality, quantity and presentation 
of feedback in ways that better engage and inform householders.  
 
Whilst there is no shortage of studies on water consumption in buildings, current evidence on 
point-of-use consumption is limited, primarily due to the fact that only 40% of UK housing is 
metered (OFWAT, 2010). There is very few case examples of point-source demand studies 
which attempts to identify where waste occurs. Of these studies, the findings from the 
Anglian 100 study are the most recognised as a source of evidence for water consumption in 
existing homes. Commissioned by Anglian water, the study provides data from existing 
homes collected from 1992 – 2008. Other studies have since been commissioned by water 
companies e.g. Wessex Water as part of tariff trial exercises and the data from these studies 
are gradually being released into the public domain.  
 
Findings from previous research (Anglian 100 study, Clarke et al. 2009, a wide range of MTP 
reports 2008, Waylen et al. 2007, Chambers et al. 2005 etc), demonstrate disparity in the 
available evidence and further demonstrate the gaps in the understanding of micro-component 
water use, and how micro-component use differs between different households. Summary 
statistics on water use that is based on arithmetic means as the ‘average’ is heavily skewed by 
high water users, suggesting that most households are already using less water than ‘average’. 
This has implications on the effectiveness of water efficiency messages; if households 
perceive that they are already doing enough and they don’t need to change.  
 
Water efficiency is just as much concerned with consumer behaviour as it is with the 
efficiency of fittings e.g. the flow rates for taps, and flush-levels for toilets (DEFRA & CLG 
2007). Social factors such as occupancy numbers and demographics, age of inhabitants, 
occupation of inhabitants, personal habits, perceptions and attitudes, lifestyle and values of 
the water user influence how water is consumed in a building. Clarke & Brown (2006) argued 
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that public water use awareness campaigns are often unsuccessful in bringing about a 
significant change in behaviour due to the fact that such campaigns fail to understand the 
factors that influence people’s water use, what drives them to change or embrace new 
technology. Water efficiency strategies in buildings should therefore aim to understand what 
people care about, and preserve the things they consider important (Larson 2010).  
 
The aim of this paper it to provide a literature review of available water use measurement 
devices as a first step in establishing a data collection methodology to inform the design and 
implementation of water efficiency interventions in domestic buildings. 
 
 
DESIGN REQUIREMENTS 
 
Domestic properties provide a useful environment for water efficiency research to be 
undertaken. This is because they have common physical features such as fittings and fixtures 
along with regular layouts, and a near constant user group. The complexity with designing 
water efficiency interventions for existing buildings is the fact that households are different 
and consumption patterns and behaviour differ accordingly. Therefore, a one-size-fits-all 
strategy for water efficiency in homes has a high risk of failure. Retrofitting water efficiency 
interventions therefore requires knowledge and understanding of the common as well as 
different variables that inform or influence water consumption practices in domestic 
buildings.  
 
Creating, or co-creating this knowledge and understanding require information generated 
from real data-sets, not generic or generalised data. To this end, data collection to inform 
water efficiency interventions should collect various dimensions of information; physical, 
operational, economic, social etc. Often, studies focus on one or perhaps two dimensions 
only. This paper is the first in a series of studies. It reviews current technologies for collecting 
physical water consumption data at the end use, as the first step to developing a robust multi-
dimensional methodology for water efficiency interventions. 
 
 
WATER MEASUREMENT TECHNOLOGIES 
 
The water measurement instrumentation and data collection tools fall under three main 
categories; mechanical, pressure based and electronic sensors.  
 
 
Mechanical meters 
 
Mechanical meters measure flow mechanically through positive displacement, demonstrated 
in Figure 1. Positive displacement is the relocation or movement of an object (e.g. a 
mechanical part in a meter) by another object (e.g. a liquid), which can then be measured or 
timed. A basic analogy of this would be holding a bucket at the end of a tap and timing how 
long it takes to fill the bucket thus determining the flow rate (Figiola, 2005). 
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Figure 1. Mechanical meter example 
 
 
In the mechanical meters examined in this research, the systems consist of various positive 
displacement systems which are forced to rotate due to the flow of water. The flow rate is 
determined as the known volume of the cavity per revolution of the system. Examples of 
mechanical meters include: 
 

 Piston/rotary/oval meter: Whilst the system has multiple names the principle is the 
same within each technology. In this mechanical system, the water flows through an 
oval section with an off centre rotation which the water displacement rotates. The rate 
of rotation can be used to determine the rate of flow (Hill 1995). 
 

 Paddle wheel meter: A paddle wheel meter works using similar principles to that of a 
paddle boat, except that the principle is reversed in the paddle wheel meter. On the 
paddle boat, the rotation of the paddle as it is driven displaces the boat. In the paddle 
wheel motor, the displacement of the water drives the paddle and the rate of rotation 
can be used to determine the flow rate (Hanson 1998). An optical flow rate meter 
(Figure 2) below is based on this principle. They have a turbine built into them that 
spins when there is water flow in the pipe work and an LED is directed onto a 
receiver. Each time the turbine spins it blocks the light beam and reduces the output 
signal of the meter. This output needs to be fed into a pulse converter, which counts 
the pulses and sends them to a datalogger. The number of pulses can then be converted 
into flow rate. 
 
 

 
 

Figure 2. Optical flow rate meter 
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 Helical gear: A helical gear is similar to that of all the mechanical systems explored 
so far in that the rate of rotation is used to determine the flow rate. However, the 
nature of the helical gear is that the system can be used ‘in line’. This means that the 
system can be installed within a pipe. The helical screw principle uses two counter 
rotating helical gears; the gears are forced to rotate as the water flows through the 
system (Pereira, 2009). 
 
 

Pressure based meters 
 
Pressure based meters rely on Bernoulli’s principle of fluid dynamics. This principle states 
that a change in speed of a fluid simultaneously changes the pressure or the fluids potential 
energy (Muncaster, 1993). A Pressure based system consists of various differential pressure 
flow meters. The difference in pressure within a secondary system is used to determine the 
flow rate of the fluid, shown in Figure 3. 
 
 

 
 

Figure 3. Pressure meter example. 
 
 
Examples include:  
 

 Venturi meter: This meter utilises the Venturi effect, which states that a reduction in 
fluid pressure occurs when a fluid flows through a constricted section of a pipe. A 
Venturi meter consists of a flow restrictor which has two pressure taps one at the input 
and one at the smallest section of the meter. The pressure difference between the two 
pressure taps are used to determine the flow rate (Soltys, 2011). 
 

 Pitot tube: A pitot tube consists of a tube pointing directly into the flow of a fluid. 
The moving fluid is brought to rest, as there is no outlet. The resultant rest (stagnation) 
pressure of the fluid is then applied within Bernoulli’s equation of fluid dynamics to 
calculate resultant flow (Muncaster, 1993). 
 
 

Electronic sensors 
 
Modern innovations in the measurement of flow rate allow for variations in the pressure, 
temperature and characteristics of the fluid to be documented. These sensors are often 
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electronic and feature various sensors to allow measurements to be taken; compared to 
mechanical meters, often non-intrusively, shown in Figure 4. 
 
 

 
 

 
Figure 4. Electronic meter example. 

 
 
Examples include: 
 
 Magnetic flow meters: A magnetic flow meter generates a magnetic field through the 

metering pipe which generates a potential difference in magnetic field. The potential 
difference is then sensed by electrodes and used to calculate the flow rate (Hoffman, 2003).  
 

 Ultrasonic meters: Ultrasonic flow meters measure the difference in transit time of 
ultrasonic pulses (see Figure 5). Ultrasonic sensors are clamped onto the outside of the 
pipe and the pipe material, diameter, thickness and the type of liquid being measured is 
entered into the receiving unit. The time difference is considered to be the velocity of the 
fluid along the ultrasonic beam hence deriving the flow rate (Lynnworth 1989).  

 
 

 
 
 

Figure 5. Katronic KATFlow 220 ultrasonic flow rate meter. 
 
 

 Coriolis mass meters: Coriolis meters use the Coriolis Effect to measure the mass 
flow rather than volume flow. It is considered that when the mass flows through the 
meter, the tube twists slightly, as the arms rotate; the flow rate can be measured from 
the deflection observed (Flecken, 1988).  
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The advantages and disadvantages of the aforementioned measurement techniques are 
summarised in the table below.  
 

Mater Type Advantages Disadvantages Suitability 
Piston Meter Accuracy 

Can measure low flow rates  
Fast response to flow rate 
change 
Straight pipe runs not needed 

Intrusive 
Not suitable for use in turbid 
water 
Maintenance 
Corrosion can be an issue 

Non turbid water with good access 
Low flow rates 
Where flexibility is needed in terms 
of location 

Paddle wheel 
meter 

Can be connected to a 
datalogger  
Relatively cheap 
Can be installed horizontally or 
vertically 
Can run of mains or batteries  
Straight pipe runs not needed 

Data acquisition system 
needed 
Optical flow rate meters Not 
suitable for use in turbid 
water 
Intrusive  
Hard water may reduce 
working life 

Non turbid water  
Where flow rate readings need to be 
taken and recorded automatically  
Good access  
Where flexibility is needed in terms 
of location 
Where difficult to connect to the 
mains power 

Helical gear Accuracy 
Can be used with low flow rates 
Straight pipe runs not needed 
Corrosion can be an issue 

Intrusive 
Not suitable for use in turbid 
water 
Maintenance 

Non turbid water with good access 
Low flow rate measurements 
Where flexibility is needed in terms 
of location 

Venturi meter Accuracy 
Can be used in dirty water  

Intrusive 
Complexity 
May increase water use 
Flow rate restriction  
High cost 
Occupies considerable space 

Turbid or non turbid water with 
good access 
Cost not an issue 
No space restrictions 

Pitot tube Accuracy 
No moving parts 

Intrusive 
Can be complex 
May increase water use 
Flow rate restriction 
Need straight pipe run 

Non turbid water with good access  

Magnetic flow 
meters 

Non intrusive 
Can be used in dirty water 
No moving parts 
No pressure drop 
Can be attached to a datalogger 

Conducting fluid needed 
Electrodes can corrode 
 

Multiple measurements at several 
outlets 
Turbid or non turbid water 
Restricted access 
Automated collection and storage 
of data needed 

Ultrasonic 
meters 

Non intrusive 
Possible to measure temperature 
and heat flow 
Some systems have an in built 
datalogger 
Measurement of fluid flow rates 
of a wide variety of viscosities 
Low flow rate measurements 

High cost 
Correct placement of sensors 
needed 
Some not suitable for use 
with dirty water 

Where temperature as well as flow 
rate measurements are needed 
Automatic data collection and 
storage needed 
Restricted access 
Non turbid water 
 
 

Coriolis mass 
meters 

Accurate 
Non intrusive 
Flow rate not disrupted  
Density, mass flow rate and 
flow rate measurement 
Can measure low flow rates  
Low maintenance 
Can be used with dirty water 

More expensive than 
magnetic flow rate meters 
magnetic flow rate meters 

Where multiple parameters need to 
be measured 
Dirty or clean water 

 
Table 1. Look up table of advantages and disadvantages of available water measurement. 
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USEFULNESS AND APPLICABILITY  
 
The decision to use any of the aforementioned technologies will depend on what factors need 
to be measured, where and when.  
 
Other key considerations include:  
 

 Number of water fittings 
 Number of users 
 User participation 
 Physical space around the pipes 
 Effect on the water supply 
 Water characteristics 
 Frequency of access to systems 
 Flow range 
 How the data is going to be collected 

 
The water measurement instrumentation and data collection tools reviewed are governed by 
the constraints of the systems. This section reviews each system in terms of usefulness and 
applicability for measuring and monitoring water use in domestic buildings.  
 
Mechanical systems provide an accurate way of measuring the water flowing through a pipe. 
They form the basis of many industry standard methods for measuring the flow of liquid. 
 
However it should be noted that mechanical measurement is often intrusive, relies on the 
principle of positive displacement, and requires a superb capillary seal separating incoming 
fluid. The mechanical parts are subject to friction and wear, which may reduce accuracy and 
require maintenance, which would not be suitable for buildings where access is in-frequent. 
 
Furthermore, these systems sit in line with the water flow and therefore require particle free 
flows. This suggests that the technologies may not be suitable for waste pipes where particles 
are likely to build up and affect the results or potentially cause a blockage. 
 
Pressure based systems also provide an accurate but more complex way of measuring water 
flow but the technologies are not without limitations. All the systems rely on a pressure 
differential or the measurement of stagnated pressure. This requires the flow of the water to 
be restricted, which could potentially alter the results of any research as the reduction in water 
pressure may lead to higher water consumption or frustrate the water user e.g. during 
showering. Likewise, any particles in the flow will disrupt the accuracy of the meter and 
potentially stop the flow, if the particles were of sufficient size. 
 
Electronic sensors offer flexibility and the easier option to measure more than one outlet per 
time. However, it should be noted that whilst these are potentially more accurate, the 
complexity of the systems and associated calibration can be reflected in the cost of the meters. 
Compared to mechanical systems, electronic sensors can be easier to install and use. 
However, these can be expensive and the proximity of sensors to one another may cause 
errors in data sets. Nonetheless, they do not have mechanical parts that require maintenance. 
They can be installed in a non-intrusive manner and require little engagement from the user. 
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Many electronic systems can also be connected to the same data logger, aiding integrated data 
collection and ease of analysis.  
 
 
CONCLUSION 
 
There is still limited research on point of use water consumption in the UK and this is 
essential in understanding how water is used, where and when. This data is vital for 
determining the effectiveness of water saving devises and any water demand management 
initiatives.  
 
Due to the complexity and characteristics of domestic properties, and the variability of data 
from a quantitative amount of water efficiency studies, it is clear that a generic domestic 
water end use model would not accurately reflect the complex nature of water use. It is 
therefore argued that it is essential to explore an integrated methodology for measuring and 
monitoring water use particularly in domestic buildings.  
 
A critical review has been carried out on currently available measurement techniques and is 
the first step towards this objective. Further areas of research have been identified as follows: 
 

 Appraisal of electronic flow measurement devices 
 A study into the potential participation of users with automatic user recognition 

systems. 
 Developing a tool for integrating water consumption and use data.  
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