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EXECUTIVE SUMMARY 
 
Purpose 
 
This report describes an interdisciplinary research study of factors affecting water use in 
domestic showering. The study was sponsored by United Utilities (UU) and undertaken 
by Liverpool John Moores University (LJMU). The study has investigated showers in 
terms of both key physical performance criteria and customer satisfaction. The findings 
have been used to identify and reinforce potential strategies to encourage efficient use 
of water and energy by showers in homes. 
 
The study has confirmed the major challenge for the UK to implement actions that will 
influence water use in showers in order to minimise the potential for major increases in 
water and energy use in the future. The current trend is for a rapidly increasing number 
of customers to own showers that provide high flow-rate, which together with high 
frequency of use, results in water and energy use by showers often being greater than 
for baths. Water use for showers is currently projected to double over the next 20 years. 
 
Shower types 
 
Water use by showers and the appropriate strategies to influence water use vary 
according to the type of shower. 
 
Electric showers (46% of installed showers) have typical flow-rates of 3 to 8 l/min. The 
flows are inherently low and any modification to the showerhead or flow characteristics 
could damage the heating unit.  
 
Mixer showers without pumps (38% of installed showers) have typical flow-rates of 5 
to 15 l/min. Pumped showers (16% of installed showers) have typical flow-rates of 10 
to over 20 l/min. The fitting of a flow restrictor or regulator, or change of showerhead 
can be used to reduce the flow of a mixer or pumped shower. 
 
Customer and stakeholder views  
 
Focus groups organised by LJMU found that customers want showers to provide good 
water flow, at the right temperature, in order to wash and also enjoy the experience of 
showering. It is perceived as important to have enough water running over the body in 
order to keep warm in the shower. There is a growing trend toward daily or twice daily 
showering because of the ease of taking a shower.   
 
There is increasing recognition in the Water Industry and amongst environmental 
groups of the need to conserve water, including reducing water used by showers, to help 
protect the environment. 
 
Physical performance characteristics 
 
LJMU carried out laboratory work to investigate the physical performance of over 20 
showerheads or flow restrictors. The characteristics investigated included flow-rate, 
spray pattern, temperature and skin pressure, as these have been identified by the 
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Market Transformation Programme as the key physical parameters that affect customer 
satisfaction.  
 
The majority of the showerheads tested obeyed a simple pressure-flow relationship. In 
each case the flow-rate was proportional to the square-root of the internal pressure at the 
showerhead in the form Q = k.Pint

0.5 (where Q = flow, Pint = internal pressure in the 
showerhead, and k is a constant which varies between different showerheads).  
 
As an alternative showerheads can be classified on the basis of equivalent diameter, De 
(the diameter of a single orifice producing the same pressure flow relationship). Low 
volume showerheads that produce a maximum flow-rate of 8 l/min could be defined as 
having an equivalent diameter of less than 4 mm. It is therefore suggested that De could 
be a useful parameter in evaluating the comparative flow performance of different 
showerheads. 
 
Attempts were made to predict the pressure flow relationship from the physical 
appearance of the showerhead (i.e. to test whether De = number x diameter of 
holes/nozzles) but without success.   
 
The radial distribution of spray from the showerheads varied widely, both between 
different showerheads and between different settings of the same head. Showerheads 
vary considerably in their ability to maintain a spray pattern over a range of flows. 
Some heads were designed to give a more centrally concentrated or jet like spray. 
Where more diffuse spray patterns were adopted it was generally found that spray 
dispersion increased with flow-rate. 
 
Quite large temperature differences (up to 10oC) were measured between water just 
leaving the shower and arriving at the shower floor. The temperature drop varied widely 
– in general larger temperature drops were found at lower flow-rates. Although the 
correlation between flow-rate and temperature drop was weak, it could have 
implications for shower comfort if the flow-rate is deliberately restricted. 
 
“Skin pressure” Pskin was measured as an average over an area, rather than for each 
droplet. As expected Pskin varied with flow and the internal press in the showerhead 
(Pint). However the ratio Pskin / Pint , defined here as the head-factor Hf , was effectively 
constant for a single showerhead, though it varied between heads.  A useful experiment  
for the future would be to try to relate Hf  to some measure of user satisfaction, to see if 
the head-factor might be a useful simple predictor of satisfaction. 
 
Taken overall, the behaviour of each showerhead is regular. The effect of changes of 
flow-rate on temperature profile and skin pressure can readily be predicted from 
relatively few measurements. However, changes in spray dispersion are more difficult 
to rationalize or predict. 
 
Although flow-rate can be reduced by introducing a simple restriction in the flow path 
this is likely to have unwanted consequences because of the way that flow and related 
properties are linked. Consequently, it seems likely that the most effective means of 
water saving will be via specially designed showerheads that achieve high customer 
satisfaction with the “shower experience”. 
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The data derived from these experiments has been used to validate a computational fluid 
dynamic model of the shower. The verification of this model is important as it provides 
a potentially important method of predicting performance. 
 
Customer performance requirements 
 
Water saving devices were tested by LJMU in 18 homes in order to investigate the 
extent to which customers are willing to accept a shower water saving device. Flow 
regulators were fitted in 9 homes and aerated showerheads were fitted in 9 homes. The 
key findings were:- 
 
• 8 of the 9 households where an aerated showerhead was fitted requested that it be 

kept. Only 3 out of the 9 households where a flow regulator was fitted requested that 
it be kept although the flow reductions were similar to those achieved by the 
showerhead. 
 

• The fitting of an aerated showerhead was effective in reducing flow-rate by 28% 
(3.2 l/min) on average, whilst improving or only marginally reducing customer 
satisfaction with the shower performance.   
 

• The fitting of a flow regulator is effective in reducing flow-rate but adversely 
impacts on customer satisfaction with the shower performance. At the 6 households 
that requested removal of the flow restrictor the average water saving was 3.3 l/min. 
 

• Some customers (5 out of the 18 households tested) requested retention of the water 
saving flow restrictor or showerhead even though there was a reduction in the 
satisfaction score.  
 

Water and energy use 
 
The water and energy use of showers was evaluated and compared with washing using a 
bath. The estimated average usage rates per washing event are tabulated as follows:- 
 
 Flow-rate Duration Volume per 

event 
Energy per 

event 
Cost to 

customer 
Electric 
shower 3.9 l/min 5.8 min 22.6 litres 0.95 kWh 20 p 

Mixer shower 
(short duration) 8 l/min 5.8 min 46.4 litres 2.8 kWh 26 p 

Mixer shower 
(long duration) 8 l/min 9 min 72 litres 4.3 kWh 40 p 

Pumped 
shower 12 l/min 9 min 108 litres 6.5 kWh 60 p 

Bath 
 n/a n/a 73 litres 4.9 kWh 43 p 

 
Note: Short and long duration alternatives are presented for mixer showers to represent the range of average values 
reported. 
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The study has identified that customers with a mixer or pumped shower operating at 
over 8 l/min can enjoy a financial payback within a few months from installing a water 
saving showerhead that does not impair customer satisfaction. 
 
It is difficult to accurately determine the relative use of baths and showers for personal 
washing. The available data has been used to estimate average annual water, energy and 
carbon use in the home for each method of personal washing, as follows:- 
 
Method of 
washing 

Water use 
per event 

 

Energy use 
per event  

Water use 
per 

household 
per year 

Energy use 
per 

household 
per year 

Total carbon 
use  per 

household 
per year 

Electric 
shower 22.6 litres 0.95 kWh 14,000 litres 580 kWh 249 kg 

Mixer shower 
(short duration) 

46.4 litres  2.8 kWh 28,000 litres 1720 kWh 327 kg 

Mixer shower 
(long duration) 

72 litres  4.3 kWh 44,000 litres 2650 kWh 503 kg 

Pumped 
shower 108 litres  6.5 kWh 66,000 litres 3980 kWh 756 kg 

Bath 73 litres  4.9 kWh 35,000 litres 2330 kWh 443 kg 

 
The findings from this study therefore suggest that many mixer and pumped showers 
may consume more water, electricity and carbon than washing by bath. This is due to a 
combination of factors: water flow-rates of mixer and pumped showers can be 
significant, and the frequency and duration of showering are much greater than for 
bathing, particularly due to the ease of having a shower. 
 
A further finding is that the energy use in homes to heat (and pump) water for personal 
washing is about 70 times that used by a water company to supply the water and dispose 
of the wastewater. Therefore actions to reduce water use, and associated energy 
consumption, by showers do not only reduce water abstraction from the environment 
but also, very importantly, will have a significant effect on the energy and carbon 
consumption in the home. 
 
Strategies for water efficiency  
 
Strategies for encouraging more water efficient use of water by showers have been 
identified based on the findings of the UU/LJMU study. It is recommended that:- 
 
• The purchase/installation of electric showers should be strongly encouraged in 

preference to mixer or pumped showers due to the inherent low water and energy 
use. 

 
• Shower manufacturers should produce and promote water saving showerheads that 

limit flow without impairing customer acceptance. They should be fixed head not 
giving the user the opportunity to select a higher flow setting.  
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• Water companies and others should encourage customers to retro-fit water saving 
showerheads to existing mixer or pumped showers that have high flow-rates. 

 
• The Water Industry (companies and regulators) and others need to maintain 

education /awareness programmes and do further work to understand how best to 
influence customers to not opt for pumped showers.  

 
• The Water Industry (companies and regulators) should examine the feasibility of 

targeted pressure regulation in homes in areas where high mains pressures are 
unavoidable. 
 

• Data presented in this report, and the supporting technical reports, can assist the 
Market Transformation Programme, Waterwise and others to inform water product 
information schemes to assist the selection of water efficient products. The study 
has shown that showerheads are available that restrict flow-rate of mixer or pumped 
showers to below 8 l/min but give acceptable shower performance.  
 

• WRc is using the results from the study, on behalf of the Market Transformation 
Programme, to develop performance standard tests for “spray pattern”, “spray force” 
and “soap removal” in order to more specifically define water efficient showers. 

 
• Unilever are investigating the development of hair shampoos that are easier to rinse 

out, thereby potentially reducing the length of time required under the shower. This 
work should be encouraged by the Water Industry. 

 
• Data presented in this report can assist water companies in understanding current 

and potential future water use for showers, and the potential benefits of water 
efficiency programmes. 

 
• Further work is required to evaluate a wider range of water saving showerhead types 

in homes. More detailed customer surveys are required to determine the best means 
of providing customers with information and practical help to encourage them to 
reduce water use in showering.  

 
 
For more information about this study please contact Richard.Critchley@uuplc.co.uk or 
d.a.phipps@livjm.ac.uk  
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1.  INTRODUCTION 
 
1.1 Summary 
 
 
This report describes an interdisciplinary research study of factors affecting water use in 
domestic showering. The study was sponsored by United Utilities(1) and undertaken by 
Liverpool John Moores University(2). The study has investigated showers in terms of 
both key physical performance criteria and customer satisfaction, and the findings have 
been used to identify and reinforce potential strategies to encourage efficient use of 
water by showers in homes. 
 
The main components of the study were:- 
 
• Understanding the different types of shower (see Section 2) 

 
• Focus groups and meetings to understand the views of customers and stakeholders 

(Section 3) 
 
• Laboratory testing to investigate physical performance characteristics (Section 4) 

 
• Home-based evaluations to study customer performance requirements (Section 5) 

 
• Review of water and energy use by showers (Section 6) 

 
• Identification of water efficiency strategies (Section 7) 
 
 
 
1.2 Background and need for the project 
 
WRc(3) have recently estimated that 8% of household water consumption is used for 
showering (see Figure 1 below). This is expected to increase rapidly. The number of 
homes with a shower and the frequency of taking a shower are growing within the UK. 
In addition so-called “power-showers(4)” which often use high volumes of water are 
becoming increasingly popular. Indeed MTP(5) (2007a) have estimated that if current 
trends continue the quantity of water used in showers in the UK will rise from about 
650 Ml/d in 2000 to over 1200 Ml/d by 2020. As a result the use of water for showering 
is likely to become a major component of the water consumption by domestic customers 

                                                 
(1)  UU = United Utilities, the water and sewerage company serving North West England 
(2)  LJMU = Liverpool John Moores University 
(3)  WRc = Water Research Centre 
(4)  The term “power shower” is often used by shower manufacturers, retailers and the general public 

to refer to a shower of high flow-rate (above about 12 litres per minute), but sometimes it is used 
to refer to just showers with a pump. In order to avoid confusion this report uses the term 
“pumped shower” to refer to a shower with a pump. See also Section 2.  

(5)  MTP = Market Transformation Programme, which is a Defra-funded scheme to “transform the 
market” with the specific aim of encouraging the manufacture and use of products that do less 
harm to the environment, using less energy, water and other resources. 
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Toilet
33%

Shower
8%

Bath
15%

Washing machine
13%

Dishwasher
4%

Internal tap
25%

Unknown
0%

Water softener
0%

External tap
2%

(potentially rising to over 15% of total household water consumption by 2020). Any 
strategy for encouraging water efficiency in homes should therefore include actions for 
showers as a priority.  
 

Figure 1. A breakdown of recent household water use (from WRc, 2005) 
 

UU is one of the largest water companies in the UK, providing water and wastewater 
services to 7 million customers across North West England. As part of its activities to 
promote water conservation, the company identified the need to find ways to encourage 
more efficient use of water for showering. Therefore LJMU were appointed to carry out 
a programme of market research and shower testing to define water efficient shower 
performance in terms of physical performance criteria and customer satisfaction of the 
“shower experience”.  
 

The study started in September 2005 and was completed in March 2007. Close links 
have been maintained throughout the study with Defra(6), EA(7), Waterwise(8), MTP, 
shower manufacturers and water companies, in order to understand the wider needs of 
the study so that the findings can be implemented effectively.  
 

                                                 
(6)  Defra = Department for the Environment, Food and Rural Affairs 
(7)  EA = Environment Agency, the main environmental regulator for the water and waste industries. 
(8) Waterwise = an independent “not-for-profit” UK organisation set up by the Water Industry to 

develop the evidence base for water efficiency. 
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1.3 Aims of the project 
 
The objective of the study was to undertake a programme of market research and 
shower testing to define water efficient shower performance in terms of physical 
parameters (eg. flow-rate, temperature, spray pattern and skin pressure) and satisfactory 
customer comfort performance criteria. It is intended that the results will provide assist 
the Water Industry and others in influencing future water use by showers. 
 
The project has studied domestic shower use only. Use in premises such as hotels, 
sports centres, prisons etc has not been considered, but some of the findings may be 
applicable to showers in these non-domestic applications. 
 
 
1.4 Key Supporting Documents 
 
This “Project Report” is supported by “Technical Reports” that present the methodology 
and findings of the laboratory and home-based evaluations in more detail:- 
 
• Characteristics of water flow performance of domestic showers (LJMU, 2007), and  

 
• Home trials for water saving in domestic showers (LJMU, 2007). 
 
As a supporting element of the project, UU commissioned WRc to assess actual normal 
shower use as monitored at 233 unmetered homes (see Section 6.3):- 
 
• Analysis of shower event data captured using Identiflow (WRc, 2007). 
 
Arup (engineering consultants) used the early findings from the laboratory evaluations 
to undertake detailed computer modelling of the physical performance characteristics, 
on behalf of MTP (see Section 4.5):- 
 
• Shower performance (MTP, 2006).  
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2. SHOWER TYPES 
 
2.1 Summary 
 
 
This section of the report examines the characteristics of different shower types as these 
influence the water efficiency strategies that are appropriate. 
 
Electric showers (46% of installed showers) have typical flow-rates of 3 to 8 l/min(9). 
The flows are inherently low and any modification to the showerhead or flow 
characteristics could damage the heating unit. 
 
Mixer showers without pumps (38% of installed showers) have typical flow-rates of 5 
to 15 l/min. Pumped showers (16% of installed showers) have typical flow-rates of 10 
to over 20 l/min. The fitting of a flow restrictor or regulator or change of showerhead 
can be used to reduce the flow of a mixer or pumped shower. 

 
New, water saving devices, such as aerated or atomising showerheads are available that 
are claimed to reduce flow-rate whilst maintaining customer comfort and satisfaction. 
 
 
 
2.2 Variability of plumbing and shower systems  
 
The water use by showers, and opportunity for efficiency, varies substantially 
depending on the type of plumbing system and the type of shower installed. It is 
therefore very important that strategies for influencing future water use take these 
factors into account. 
 
The main types of plumbing system installed in UK homes can be summarised as: 
“Gravity”, “Pressurised” and “Combi-boiler”. The main types of shower are “electric”, 
“mixer” and “pumped”(10). MTP (2007b) estimate that installed showers in the UK are 
46%  electric, 38% mixer and 16% pumped.  
 
The plumbing system and shower types are summarised in Table 1 and described 
below. 
 

                                                 
(9)  l/min = litres per minute 
(10)  A shower with a pump is sometimes referred to as a “power shower” by major retailers and 

manufacturers. In order to avoid confusion this report uses the term “pumped shower” to refer to 
a shower with a pump. See also footnote (4) 
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Table 1. Suitable Application for each Shower Type  
 

TYPE OF PLUMBING SYSTEM SHOWER 
TYPE Gravity Pressurised Combi-boiler 

FLOW TYPE 

Electric 
Shower 

YES 
(particularly if 
inadequate hot 
water storage) 

YES 
(particularly if 
inadequate hot 

water storage for 
a mixer shower) 

YES 
(if do not want to 

use hot water 
from combi-

boiler) 

 
 

Flow-rate is low (typically 3 
l/min to 8 l/min) 

 
 

 
 

Mixer 
Shower 

 
 

YES  
(provided there is 

adequate hot water 
storage) 

YES  
(provided there is 

adequate hot 
water storage) 

YES 

Flow-rates typically range 
from 5 l/min to 15 l/min, 
depending on the water 
pressure or output from 

combi-boiler. Flow can be 
constrained by flow control 

inserts (if fitted). 

 
 

Pumped 
Shower  

 
 

YES  
(if want forceful 
spray and there is 

adequate hot water 
storage) 

NO 
(not permitted 
unless a cold 

storage tank is 
fitted to create a 

gravity feed) 

NO 
(not permitted 
unless a cold 

storage tank is 
fitted to create a 

gravity feed) 

Flow-rate usually high or 
very high depending on 

capacity of pump and the 
mixer unit. Flow-rates are 
typically range between 10 

l/min to over 20 l/min. 

 
 
2.3 Plumbing systems  
 
The main plumbing system types can be summarised as follows:- 
 

• Gravity system:   
Cold water tank in loft and hot water storage in airing cupboard. The pressure 
delivered to the shower is usually low (perhaps as low as 1m) depending on the 
relative positions of the water storage and the shower. Gravity systems are very 
common in older houses (whereas in most modern houses the cold water is 
delivered from mains pressure).  
 

• Pressurised system:   
Mains pressure hot and cold un-vented plumbing system. The pressure is usually 
over 20 m, but can vary significantly from area to area according to the 
prevailing mains pressure and the level at which the shower is installed. Pumps 
must not be used to deliver additional pressure/flow unless a cold storage tank is 
fitted to create a gravity feed.  
 

• Combination (“Combi”) boiler:   
These systems provide instantaneous hot water – they fire-up to heat water 
whenever a hot tap is turned on. The flow output of hot water is generally 
between 5 l/min and 15 l/min, depending on the rating of the boiler. The cold 
and hot water is delivered from mains pressure. Pumps must not be used to 
deliver additional pressure/flow unless a cold storage tank is fitted to create a 
gravity feed. 
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• Others:  

The most common three types of plumbing system are described above but there 
are other types in existence. 

 
 
2.4 Shower types 
 
There are three main types of shower that can be purchased (electric, mixer and pumped 
showers):- 
 

• Electric showers (46% of installed showers):   
The electric shower unit (“box”) is mounted on the wall adjacent to the hose and 
showerhead (see Figure 2). It is sometimes referred to as a “kettle-on-the-wall” – 
it has a heating element within the box that heats the water as it flows through.  
 
An electric shower is suitable for fitting with any plumbing system as it works 
directly off the incoming cold water supply and does not rely on stored hot 
water. The power rating ranges from 7.5 kW to a maximum of 10.8 kW. The 
higher the kilowatt rating the more powerful the shower. However there is an 
outlet flow restrictor and even at the highest rating the flows are relatively low 
because of the need to heat the water to the required temperature. The flows are 
significantly reduced during winter when the incoming water is colder.  
 
Flow-rates for electric showers typically range between 3 l/min and 8 l/min, and 
can be calculated from the following equation:- 

 
Flow-rate (litres/minute) = 14.3 * KW rating / Temperature rise (deg C) 
 
For example, the flow-rate from a 7.5 kW electric shower that is heating water 
from 5 deg C to 41 deg C (typical shower water temperature) would be 3.0 
l/min. 
 

• Mixer showers (without pump) (38% of installed showers):   
A mixer shower is connected to the hot and cold water supplies in the home. The 
hot and cold waters are mixed together in the mixer unit to provide the required 
temperature and flow.   
 
Some models are designed for recessing the mixer into the wall (with just the 
control dial/buttons visible), and some are for mounting on the wall (see Figure 
3). The mixer can either be manual (where the user has to adjust the dial until 
the right temperature is achieved), or thermostatic (where the mixer unit 
automatically maintains the set showering temperature irrespective of changes in 
the incoming waters such as when water is drawn off elsewhere in the house). 
Thermostatic mixers are becoming increasingly popular and are to become 
compulsory for mixer showers to protect against scalding.  
 
Mixer showers can be installed on gravity or pressurised plumbing systems 
provided there is a store of cold water and of hot water. Mixer showers are also 
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highly suitable for use with combi-boiler systems.  
 
Flow-rates vary substantially, from less than 5 l/min to over 15 l/min, depending 
on the water pressure and the restrictions in the shower system. The flow 
through the shower can be constrained by flow control inserts to about 10 l/min 
(if fitted by the installer in the mixer inlets). The flow can be adjusted to some 
degree by customer choice of the flow-control or showerhead settings. 
 
Pumped showers (16% of installed showers):  
Mixer shower systems that include a pump to boost the flow are sometimes 
referred to as “power showers” by major retailers and manufacturers, but in this 
report are termed “pumped showers”. A pumped shower should only be fitted to 
a gravity-fed system - it is not suitable for fitting to the mains cold water supply, 
a combi-boiler or a high-pressure system. The volume of water used by a 
pumped shower (or a mixer shower) will be limited by the size of the hot water 
tank. The capacity is typically between 115 and 230 litres, which equates to a 
maximum shower volume of up to 350 litres (comprising hot water at 60 to 65 
deg C and cold water at 5 to 15 deg C). However some customers, particularly 
those installing a pumped shower, may choose to have a larger hot water tank 
installed. 
 
There are two main categories of pumped shower:-   
 
Integrated Power Showers (IPS): These are mixer showers with an integral 
pump. The shower unit (“box”) installed on the wall contains a thermostatic 
mixer and a pump (see Figure 4). Some models are designed so the box can be 
installed in the loft or elsewhere in the bathroom. It does not heat the water. It 
requires adequate storage of hot water and of cold water. In some cases a 
customer may choose to install storage (or extra storage) to enable use of an IPS.  
The flow-rate of an IPS depends on the pump capacity and the flow setting 
chosen by the customer. The flows typically vary between 10 l/min and 18 
l/min. 
 
Separate Pump Shower: This is similar to an IPS except that the pump (see 
Figure 5) and mixer unit (see Figure 3) are purchased as separate units. The 
applicability is the same as for the IPS, but a pumped shower is generally used 
when the customer desires a higher flow-rate. The pumps typically deliver 
between 10m and 30m pressure, and flow-rates can be over 20 l/min, depending 
on the pump size and mixer unit. 
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Figure 2. Electric shower 
(example) 
The box contains a heating element that 
heats the in-coming cold water which 
arrives direct from the cold main. There is 
no pumping of the water. Figure 3. Mixer shower (example) 

This picture shows a thermostatic mixer mounted on 
the wall, which controls the mix of hot and cold water 
to ensure the correct outflow temperature. Manual 
control mixers can be purchased instead. Water comes 
either from storage (both hot and cold) or from the 
cold main and a heated source e.g.combi boiler. 

Figure 4. Integral Power Shower 
(example) 
The box contains a thermostatic mixer and a 
pump. It does not heat water. It requires supply 
of separately stored hot water and cold water. 
In some systems the box can be mo unted in the 
loft or under the bath. 
 

Figure 5. Shower pump (example) 
A pump can be installed with a mixer shower on a 
gravity feed plumbing system to give a more forceful 
shower. The pump shown has twin inlets, twin outlets 
and two impellers for separate hot and cold water flows.  
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 2.5 Current and future trends  
 
The most common type of shower is the electric shower, especially in older homes. 
Mixer showers are widely used, particularly in newer homes as they usually have 
pressurised or combi-boiler plumbing systems.  
 
The sales of all shower types are increasing rapidly as more households choose to install 
showers, most newly-built homes include showers and as old baths are replaced 
showers are increasingly taking their place.  A further trend is towards en-suite facilities 
which increase the usage of showers. Pumped showers currently represent a small 
proportion of total shower sales, but are becoming increasingly popular (in particular 
IPS systems).  
 
There is growing interest in so-called “digital showers”. This is not an additional type of 
shower. The “digital” description refers to the method of controlling a thermostatic 
mixer (whether on a mixer shower, IPS or pumped shower) – the customer chooses the 
temperature and flow setting via a digital display, and the setting is electronically 
communicated to the thermostatic mixer. 
 
The availability and purchase of multi-spray showers, is 
gradually increasing, whereby water is sprayed sideways onto 
the body as well as from above. This can be achieved by 
installing a “tower shower” (see Figure 6) or by installing 
individual additional sprays. All sprays are fed through a 
single thermostatic mixer, and so the total flow often may not 
be much greater than a mixer shower with a single 
showerhead. However, where these are installed on gravity 
systems there is a tendency to also install a pump to obtain a 
forceful performance (so that it becomes like a pumped 
shower in terms of water use). 
 
 
 
 
 

 
 

 
The market for bathroom wares is highly competitive, the manufacture of shower 
systems is very sophisticated and designs are functionally and aesthetically advanced. 
The marketing of showers tends to promote “lifestyle” messages with little information 
provided to customers on water usage and how to be water and energy efficient. There 
is potential for this to change in the future as Waterwise has introduced a “waterwise 
marquee” to be displayed on water efficient goods, whilst Defra and MTP are 
considering introduction of a national water product information scheme.  
 
Australia is well advanced in water-saving measures with emphasis on both personal 
habits and water-efficient devices: an efficiency labelling scheme exists to advise 
consumers on likely water use. In the USA there is a growing impetus for water saving 
and commonly a maximum flow-rate of 2.5 gallons/minute is specified. The market in 

Figure 6. Tower Shower (example)  
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the USA offers a wide range of devices claiming some advantage, including showers 
with built in dispensers for aromatic oils or even vitamin C! 
 
 
2.6  Water efficient devices 
 
There is a wide range of water-saving devices on the market. Many suppliers are 
promoting flow restrictor or regulator inserts that reduce the flow-rate. Currently no  
generally agreed definition exists, but there are important performance differences 
between simple restrictors (usually an orifice plate with fixed aperture) and an active 
regulator which allows full flow up to a pre-set value then effectively no increase 
thereafter.  
 
There are a range of designs for water-efficient showerheads but growing emphasis 
appears to placed on aerating and atomising showerheads, which suppliers claim give a 
more comfortable feel to the water from the showerhead, as well as significantly 
reducing water use. Aerating showerheads incorporate a passive mechanism by which 
air is introduced into the water flow. It is claimed that this gives a gentler, in some cases 
“bubbly”, feel to the water as it hits the skin. There are however concerns that the air 
entrainment may reduce the temperature of the water and cause the temperature of the 
water droplets to decline more quickly as they fall through the shower cubicle. 
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3. CUSTOMER AND STAKEHOLDER VIEWS 
 
3.1 Summary 
 
 
This section of the report considers the views expressed by customers, regulators and 
other key stakeholders about showering, the performance required and the needs for 
water saving. 
 
Focus groups organised by LJMU found that customers want showers to provide good 
water flow, at the right temperature, in order to wash and also enjoy the experience of 
showering. It is perceived as important to have enough water running over the body in 
order to keep warm in the shower. There is a growing trend toward daily or twice daily 
showering because of the ease of taking a shower. 
 
There is increasing recognition in the Water Industry and amongst environmental 
groups of the need to conserve water, including reducing water used by showers, to help 
protect the environment. 
 
 
 
3.2  Customers  
 
Increasing numbers of higher flow-rate shower products are being installed because of 
their easier availability, more frequent changing of bathroom suites by households and 
as more people want showers to provide a comfortable experience as well as perform 
the function of cleaning the body.  
 
It is therefore vitally important to understand customer views and perceptions in 
identifying water efficiency strategies for showers. 
 
LJMU focus groups 
 
As part of the UU/LJMU project a series of three focus group workshops were held in 
late 2005 with 30 shower users (10 per seminar), drawn from the Merseyside area of 
United Utilities’ supply area. The groups were questioned surrounding two broad 
themes: perceptions of the shower experience and attitudes to water efficiency and 
energy use. The group profiles represented:- 
 

• Mix of gender (13 male, 17 female) 
• Householders responsible for paying the water charge 
• Mix of 12 metered and 18 unmetered water customers 
• A range of adult age groups 
• A range of lifestyle types (based on “Values and Lifestyles” groups) 

 
Feedback from interviews was recorded and electronically transcribed, and the data 
evaluated using content analysis and electronic summaries in order to identify emerging 
themes and issues surrounding perceptions and attitudes surrounding showering habits. 
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The key themes identified below were verified by triangulation with at least three 
supporting separate evidence strands for each theme. 
 

• The focus groups confirmed the key importance of good flow-rate and 
temperature control. It is perceived as important to have enough water running 
over the body in order to keep warm in the shower.   
 

• There is a growing trend toward daily or twice daily showering because of the 
ease of taking a shower.   
 

• Adequate water flow and pressure are perceived as important factors in 
obtaining comfort, and some find more comfort by having a bath than by taking 
a shower.  
 

• It was observed that higher pressure is required when taking a cold shower – a 
cold (or warm) shower is more acceptable if it feels forceful.  
 

• There was often confusion about what is meant by a “power shower”. This may 
be due to shower promotion literature often describing products as “power 
showers” even if they do not use a pump.  
 

The views of the focus groups about conserving water and energy are summarised in 
Table 2. 

 
Table 2. Views about conserving water and energy of the LJMU focus group 

participants 
  

Statement Strongly 
disagree 

(%) 

Disagree 
(%) 

Neither 
(%) 

Agree 
(%) 

Strongly 
agree 
(%) 

I believe that showers tend to use a 
lot more water than having a bath 7 57 13 16 7 

I am concerned about saving water 
for home use 3 17 13 64 3 

I look at energy efficient labeling 
when purchasing a water using 
appliance 

10 21 21 45 3 

Energy efficiency is important to me 
when purchasing general household 
items 

7 3 23 44 23 

I strive to save energy when using 
household appliances 3 7 33 37 20 

 
 
Market Transformation Programme focus groups 
 
In 2005 MTP carried out a detailed focus group study to understand customer views on 
showers. The focus groups comprised 3 groups of 10 people from Plymouth, St Albans 
and Southend. The key views of customers about flow-rate and comfort were reported 
(MTP, 2007c) to be:- 
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• High flow-rate was universally seen as a key feature of a good shower. In some 

cases participants simply want enough water to wash off soap and shampoo. In other 
cases they wanted high skin pressure sensation for an invigorating or relaxing 
shower. 
 

• However, skin pressure could be excessive. Some showers were found to be 
uncomfortably strong. Some participants also liked different strengths in different 
circumstances, typically preferring strong showers in the morning and gentler in the 
evening. 
 

• Although flow-rate was key, other features displayed a role in determining shower 
comfort and efficacy. Temperature stability was a widespread consideration. The 
area of the body covered by water was also important, with participants generally 
preferring showers to cover a wide area. Droplet size barely featured in their views 
about what makes a good shower.  
 

• Other aspects of showers, besides the characteristics of the spray were important to 
participants. For some, particularly older people, difficulty getting in and out as well 
as the risk of slipping when in the shower were concerns. Space for movement and 
storage of showering products were also desirable features. Looks and ease of 
cleaning were salient to some participants, primarily women.   
 

• The shower surroundings also affected comfort. A warm, draught free room with 
adequate ventilation was considered ideal. On the whole participants preferred solid 
shower partitions or cubicles to shower curtains. 

 
 
3.3  Water Industry 
 
There is widespread recognition by the Government, water companies and water 
industry regulators that concerted action needs to be taken to conserve water use. It is 
needed in order to minimise water abstraction from rivers and other water bodies and so 
protect the environment, reduce carbon use and ensure adequate water supplies now and 
in the future. 
 
The Government has set up the Water Savings Group, comprising very senior personnel 
from key parts of the water industry to work together in practical ways to reduce water 
consumption. Many initiatives are being progressed including: defining those areas that 
are water-stressed and so may require compulsory metering programmes, proposed 
changes to building and planning regulations, detailed surveys of customer views on 
water efficiency and how best to promote water conservation messages and defining a 
good practice register for water efficiency. The members of the Water Savings Group 
include:- 
 
• Department for the Environment, Food and Rural Affairs (Defra);  
• Department for Communities and Local Government (CLG); 
• Environment Agency (EA); 
• Water Services Regulation Authority (commonly known as “Ofwat”); 
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• Consumer Council for Water (CC Water); 
• Water UK (which represents water companies); and  
• Waterwise (an organisation set up by the water industry to develop the evidence 

base for water efficiency). 
 
Early in 2006 CLG(11)  published a Code for Sustainable Homes which is based on the 
BRE’s(12) “Eco-Home” system (also known as BREEAM) for categorising energy and 
water efficiency in new homes. As more housing developments adopt the Code, higher 
standards will be adopted for water efficiency including use of low-volume showers. 
Subsequently, CLG/Defra (2006) has published proposals for mandatory water 
efficiency standards for all new homes and other buildings. 
 
In addition water companies across Britain are carrying out large-scale water efficiency 
projects and key research projects, including the UU/LJMU project on showers. 
 
 
3.4  Market Transformation Programme 
 
The MTP is a Defra-funded scheme to “transform the market” with the specific aim of 
encouraging the manufacture and use of products that do less harm to the environment, 
using less energy, water and other resources. The MTP has been very effective in 
initiating the product labelling on energy using products which had a major impact on 
the way in which customers choose products, and are investigating how to introduce a 
product labelling scheme for water using appliances. Proposals for a water product 
information scheme are being developed by MTP, to assist architects, house-builders 
and other shower-specifiers to select water efficient products. 
 
MTP have undertaken several strategic studies on showers (eg. see references in 
Appendix 2), which have helped to inform the study by UU/LJMU. For example, MTP 
(2007d) have reported that “establishing customer satisfaction performance criteria for 
showers is quite complex due to the tactile nature of showering”. They identified the 
following four physical characteristics as being key performance measures of shower 
comfort:- 
 
• Flow-rate  
• Water temperature gradient  
• Spray pattern (or spray distribution) 
• Skin pressure (or velocity of spray) 
  
 
3.5 Shower manufacturers  
 
Shower manufacturers and the BMA(13) recognise the importance of water saving, as 
demonstrated for example by the BMA having set up a water saving website “to help 
advise customers who are considering purchasing bathroom products. They are however 

                                                 
(11)  CLG = Department for Communities and Local Government 
(12  BRE = Building Research Establishment 
(13)  BMA = Bathroom Manufacturers Association 
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concerned about the possibility of inappropriate regulation or product labelling scheme 
that might limit their ability to produce products that customers actually want, including 
a growing trend of customers desiring higher performing shower systems.  
 
A variety of water efficient showerhead devices have been becoming available in the 
UK market. In particular low-volume showerheads developed and used in other parts of 
the world are being promoted that use air entrainment or atomising methods to reduce 
the water flow-rate and are claimed to provide a very comfortable shower experience.  
 
 
3.6 Other stakeholders  
 
There are many other environmental or other organisations that have views on water 
efficiency. For example a group of 11 organisations including Royal Society for the 
Protection Birds (RSPB), Council for the Protection of Rural England (CPRE) and 
Waterwise recently produced a “blueprint for water” which called for strong water 
conservation measures to protect the environment.  
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4. PHYSICAL PERFORMANCE CHARACTERISTICS 
 
4.1 Summary 
 
 
This section of the report describes the laboratory work carried out at LJMU to 
investigate the physical performance of over 20 showerheads or flow restrictors. The 
characteristics investigated included flow-rate, spray pattern, temperature and skin 
pressure, as these have been identified by the MTP as the key physical parameters that 
affect customer satisfaction. 
 
Taken overall, the behaviour of each showerhead is regular. The effect of changes of 
flow-rate on temperature profile and skin pressure can readily be predicted from 
relatively few measurements. However, changes in spray dispersion are more difficult 
to rationalize or predict. 
 
Although flow-rate can be reduced by introducing a simple restriction in the flow path 
this is likely to have unwanted consequences because of the way that flow and related 
properties are linked. Consequently, it seems likely that the most effective means of 
water saving will be via specially designed showerheads that achieves high customer 
satisfaction with the “shower experience”. 
 
 
 
4.2 Purpose of the laboratory testing 
 
An experimental shower was set up by LJMU (2007a) that represents as far as possible 
the standard plumbing practices in the UK. Tests were carried out on over 20 
showerheads or flow restrictors in order to compare their physical performance 
characteristics over a range of pressure/flow conditions. 
 
The key physical characteristics that were evaluated are:- 
 
• Flow-rate  
• Spray pattern (or spray distribution) 
• Water temperature gradient  
• Skin pressure (or velocity of spray) 
 
These have been identified by MTP (2007d) as being key performance measures of 
shower comfort. 
 
 
4.3 Laboratory facility 
 
The system was designed to replicate a typical low-pressure system with stored hot and 
cold water as used in the UK. Cold water was supplied indirectly from the main via a 
“header tank” only slightly higher (~1m) than the rest of the installation. Hot water was 
supplied from a conventional vertical copper cylinder with a 3kW immersion heater, 
with a cold feed from the same header tank.  The hot and cold water was fed separately 
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to two pumps on the same shaft driven by the same motor.  The pump motor was 
electronically controlled, allowing the supplied pressure to be adjusted over the range 1 
to 2 bar.  From the pumps, the separate water supplies passed to a mixer valve with a 
fluidic thermostat, with separate controls for flow volume and mixed temperature.  
From the mixer, the water went through a flexible hose to the showerhead. The 
showerhead could be exchanged for others of differing design, to allow for 
comparisons. 
 
The system was equipped to continuously monitor and record the following key 
parameters (Figure 7):- 
 
• Flow-rate (Q) of the cold water feed and the combined water at the showerhead. 

 
• Temperature (T) of the cold water feed, hot water feed and the combined water at 

the showerhead.  
 

• Vertical temperature profile (T body) in the shower cubicle (Figure 8).  
 

• Spray pattern/distribution by measuring the flow entering each segment of a 
concentric collector. It was measured at high level (Figure 9) in accordance with 
British Standard BS 6340 Part 4, and at the shower base (Figure 10).  
 

• Pressure (P) of the cold water feed, ho t water feed and the combined water at the 
showerhead. 
 

• “Skin pressure” (Pskin) to assess the forcefulness of the feel of the water spray on the 
body. 
 

Figure 7. Schematic of the laboratory facility 
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Figure 8. Photograph of the shower facility and temperature profile measurement 
 

 

 
 
 
 
 
 
 

 
 
 

Figure 9. Spray distribution 
measurement at high level 

Figure 10. Spray distribution 
measurement at shower base 
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4.4  Results from laboratory tests 
 
Performance characteristics, particularly pressure-flow relationship, spray distribution 
and vertical temperature profile, have been measured for a wide range of showerheads.  
 
4.4.1  Flow measurements 
 
The majority of the showerheads tested obeyed a simple pressure-flow relationship with 
flow being proportional to the square root of the internal pressure at the showerhead. 
(Q= k.Pint

0.5, where Q = flow, Pint = internal gauge pressure in the showerhead and k is a 
form of discharge coefficient.) This is in accordance with the theory for turbulent flow 
through a constriction. The value of the constant k will depend on the nature of the 
constriction (and also on the units chosen for Q and P). 
 

Figure 11.   Typical pressure flow relationship (Q =k vP) 
(In this example the flow is given in litres/minute and pressure in  

pounds per square inch. These are typical practical units used) 

 
 
It is important to realise that the flow depends on the pressure at the point of discharge 
rather than the pressure in the incoming main or that developed by a pump. Losses may 
be significant, particularly where a mixer valve is incorporated in the system. For 
example one mixer produced a head loss of nearly 1 bar (10m water head) even when 
on maximum flow setting.  
 
Flow-pressure curves were derived for over 20 showerheads and regulators/restrictors. 
A sample are presented in Figure 12. In some cases very high flowrates (over 12 l/min) 
were achieved at moderate or high pressures, whereas aerated showerheads and low-
flow showerheads maintained flows below 8 l/min even at the highest pressures.  The 
flow-pressure characteristics of an open orifice of 4mm or 6mm diameter are also 
shown in Figure 12. Potentially the flow performance showerhead could be classified by 
its equivalent orifice diameter with low volume showerheads defined as having an 
equivalent diameter of below 4mm. 
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Figure 12. Direct pressure flow relationships for a variety of showerheads 

compared to simple orifices 
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4.4.2 Comparing flowrate with showerhead characteristics 
 
It would be useful to be able to predict the flow behaviour of the showerhead from 
appearance or simple measurement. Therefore the performance of the showerheads was 
first compared to flow through a simple circular orifice in order to see if showerheads 
could be classified by their equivalent diameter De (where De is the diameter of a single 
circular orifice at the pipe outlet which gives the same pressure-flow characteristic as 
the showerhead itself). Despite the difference between a simple single orifice and the 
multiple small holes in a typical showerhead it proved possible to establish this 
relationship.   
 
Unsurprisingly, k and De were related (see Figure 13), and over the range used showed a 
simple correlation (k = C1.De – C2, where C1 and C2 are constants whose value depends 
on the choice of units). The form of equation shows that flow effectively ceases at small 
values of De.  The coefficient, k (and hence De) varied widely both between different 
showerheads and within a single showerhead where it was designed for use with 
multiple flow regimes. Interestingly, De was found to vary between 20 and 80% of the 
open hole diameter of the feed pipe, implying that these would produce very different 
flow characteristics. It is suggested that k could be useful parameter in evaluating 
comparative flow performance of different showerheads. 
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Figure 13. Example relationship between k and De 

 
 
The showerheads showed a regular behaviour pattern, despite the variation in number, 
arrangement and size of holes/nozzles. So an attempt was then made to predict a 
pressure-flow relationship by estimating De simply from the external appearance of the 
showerheads, either in terms of number of holes or jets or total hole area. This was 
largely unsuccessful (see Figure 14). This is ascribed to the sensitivity of flow 
behaviour to variations in small orifices and the uncertainty in estimating free cross-
section.  
 
Manufacturers expend substantial design effort on the showerhead and both the 
appearance and functionality of the holes/jets are a significant factor. For example holes 
are often tapered to induced droplet formation and nozzles may be constructed from soft 
materials so that they can easily be cleaned to remove lime-scale. 
 
Although not critical, the results of the flow characteristic experiments could have a 
consumer-related implication in that it is not possible to relate gross flow characteristic 
to appearance. Thus showerheads with widely different appearances could have very 
similar flow properties. This suggests the need for suitable information to be made 
available to inform customers about the how flowrates vary between products. 
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Figure 14. Example of weak correlation between flowrate (Q) and  
total hole area (A) 

 
4.4.3  Spray pattern. 
 
The spray pattern (radial distribution) of different showerheads and the same 
showerhead operating under different conditions was examined. Widely varying spray 
distributions were measured either between the same head on different settings (where 
available) or certainly between heads. Figure 15 below shows the behaviour of a typical 
adjustable showerhead.  
 

Figure 15. Spray distribution in an adjustable showerhead 

 
In this case the pattern of spray distribution was relatively unaffected by the change in  
flow-rate, but changed with setting as designed. Note that the forceful effect was 
achieved by directing the spray into a narrow central pattern. 
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Showerheads varied considerably in their ability to maintain a spray pattern over a 
range of flows. Figure 16 below shows the effect of flow-rate change in a simple fixed 
configuration showerhead. Here, flow distribution changes more significantly with 
changing flow-rate. Low flow is substantially more centrally directed which might serve 
to give the impression of a higher flow-rate than is actually occurring. However, overall 
wetting of the body might be affected which would modify the “shower experience”. 

 
Figure 16. The effect of flow-rate change on distribution  

in a fixed configuration showerhead 

 
Some showerheads showed a degree of regular behaviour with flow changes occurring 
proportionately over the sectors as the pressure in the showerhead varied. However, 
none of the showerheads performed totally regularly – in general the flow became more 
disperse and less focussed on the centre as overall flow increased (LJMU, 2007a). 
 
4.4.4  The effect of flow restriction 
 
The incorporation of a flow restrictor produced effects predictable by the pressure-flow, 
relationship. The form of the empirical pressure-flow relationship was unchanged and 
the flow was reduced in proportion to the pressure loss caused by the restrictor. Since 
the flow characteristic is a function of pressure inside the showerhead itself, any device 
which is placed before it will simply reduce the pressure and hence the flow.  This 
effect is no different to reducing the flow by turning down the tap on the mixer.  
 
It is important here to differentiate between a simple restrictor that is effectively an 
orifice plate, and the more sophisticated flow-regulators which have internal restriction 
which is changes its effectiveness with applied pressure. In effect these latter devices 
provide a low restriction up to a preset value then rapidly increase thereafter giving a 
cut-off effect.  
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The effect on spray distribution will normally be that expected from a reduction in flow, 
as determined from previous experiments. The difficulty is that different showers heads 
respond quite differently as shown above (section 4.4.2)  
 
4.4.5  Temperature profile 
 
It is generally agreed that temperature of the water is a major factor in defining shower 
experience. A modern shower with a well-designed thermostatic mixer is capable of 
giving very effective temperature stabilisation. However, once the water leaves the 
showerhead significant heat losses can occur in a complex process in which droplet size, 
temperature difference between surrounding air and the water droplet, relative humidity 
and other variables have a significant role.  
 
The vertical temperature profile of the falling spray in an empty shower cubicle under 
constant external conditions was examined and found to differ between showerheads 
(see Figure 17). There was no discernible difference in general between aerated 
showerheads and conventional showerheads. In general, larger temperature drops were 
found at lower flow-rates. Although the correlation was only weak, it has implications 
for shower comfort if the flow-rate is deliberately restricted.  
 

Figure 17. Variation in temperature drop with flow-rate for a range of 
showerheads  

 
4.4.5  “Skin pressure” 
 
One of the factors affecting the shower experience is the sensation caused by the water 
hitting the skin. This sensation is complex and is affected by flow-rate, droplet size and 
temperature amongst other variables. Showers are often described in terms such as 
drenching, forceful, gentle, sparkling etc as manufactures promote particular 
characteristics.  Clearly, it would be helpful if a direct measure of skin pressure could be 
made. In these experiments attempts were made to measure skin pressure using a 
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membrane-sensing element coupled to very sensitive electronic manometer. Figure 18 
below illustrates typical results.  
 

Figure 18. Skin pressure as a function of flow-rate 

 
The data shows that as expected the skin pressure increases in a non- linear fashion with 
flow-rate. However, as the perceived effect of impact is not easy to determine the exact 
meaning of this for shower experience still remains to be resolved. 
 
Although these experiments were successful, in general they are not practicable outside 
of a specially equipped laboratory. Consequently, a number of methods for indirect 
measurement were considered. A useful relationship was determined between Pskin and 
Sh (the projection distance of droplets leaving the shower horizontally). 
 
                  Figure 19. The relationship between horizontal projection 

distance (s) and skin pressure (Pskin) 
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The measurement of skin pressure in this fashion would seem to be easy and if further 
validated, would provide a most useful measurement of expected shower performance. 
The need for Pskin measurements has been emphasised by MTP who have recently asked 
WRc to identify the best methods to determine it, using the results from this study. 
 
4.4.6  Head factor (Hf) 
 
The dimensionless ratio Pskin / Psupply is independent of flow for a given showerhead, but 
varies widely between different showerheads. This parameter (Pskin / Psupply = Hf) which 
can be termed the ‘head factor’ could be of great significance in showerhead design.  
Given the difficulty of relating qualitative outcomes such as “shower experience” to any 
experimentally determined variable it might a useful experiment to try to relate Hf  to 
some measure of user satisfaction. If this could be established then the head factor 
might be a useful design tool. 
 

Figure 20. Variation in head factor with flow-rate for a range of showerheads  

 
 
4.4.7  Summary 
 
Overall, it is concluded that a reduction of flow would change spray pattern, vertical 
temperature profile and skin pressure, but the changes in the first two would be different 
for each type of head. Therefore any process of water-saving which relies solely on flow 
reduction might change the shower experience in such a way as to render it 
unacceptable to the user. Consequently, water saving might be better achieved if 
reduced flow was achieved by adopting a suitable showerhead design, rather than by a 
simple restriction. 
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4.5 Computer modelling of the physical performance characteristics 
 
The work of LJMU has been used by Arup in an MTP-funded project to produce a 
detailed computer model to describe the physics of a shower (MTP, 2006 and Woolf et 
al, 2006). The aim of the project was to study different types of showerheads and 
compare their performances based on criteria such as flow and temperature patterns, and 
other comfort descriptors. 
 
It showed that it is possible to maintain a good spray profile at lower flow-rates, 
maximising water coverage over the body, by reducing the size of the holes in the spray 
head. Water temperatures on the body are only slightly lower using small holes with 
low flow-rates than large holes with high flow-rates. Atomiser sprays, however, result 
in greater temperature loss en route to the body due to the smaller droplet sizes and are 
therefore not an efficient means of delivery. 
 
The study demonstrated that the computer model was able to represent the physical 
performance observed in the laboratory by LJMU. It therefore established the potential 
to develop a design tool to evaluate alternative showerhead designs and to create water 
efficient showerheads that provide adequate comfort. 

 
Figure 21. Computational Fluid Dynamic (CFD) simulation of showering (taken 

from MTP, 2006) 
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5. CUSTOMER PERFORMANCE REQUIREMENTS 
 
5.1 Summary 
 
 
This section of the report describes the home-based evaluations undertaken by LJMU to 
investigate the customer performance requirements of shower water flow. 
 
Water saving devices were tested by LJMU in 18 homes in order to investigate the 
extent to which customers are willing to accept a shower water saving device. Flow 
regulators were fitted in 9 homes and aerated showerheads were fitted in 9 homes. 
 
The key conclusions are:- 
 
• 8 of the 9 households where an aerated showerhead was fitted requested that it be 

kept. Only 3 out of the 9 households where a flow regulator was fitted requested that 
it be kept although the flow reductions were similar to those achieved by the 
showerhead. 
 

• The fitting of an aerated showerhead was effective in reducing flow-rate by 28% 
(3.2 l/min) on average whilst maintaining customer satisfaction with the shower 
performance. The change in satisfaction scores ranged between –1 and +10 for the 8 
homes that requested retention of the showerhead. 

 
• The fitting of a flow regulator is effective in reducing flow-rate but adversely 

impacts on customer satisfaction with the shower performance. At the 6 households 
that requested removal of the flow restrictor the average water saving was 3.3 l/min 
and the change in satisfaction score ranged between –2 and –19. 

 
• Some customers (5 out of the 18 households tested) requested retention of the water 

saving flow restrictor or showerhead even though there was a reduction in the 
satisfaction score. 

 
• It should be noted that the showers tested in this study had relatively high flow-rates 

(between 7.8 and 23.6 l/min before fitting a water saving device) as fitting of a flow 
regulator or aerated showerhead could not be used effectively at lower flow-rates. 

 
 
 
5.2 Purpose of home-based evaluations  
 
A home-based evaluation programme was undertaken by LJMU (2007b) in order to 
investigate the extent to which customers are willing to accept a shower water saving 
device fitted to a mixer or pumped shower. 
 
Water saving devices were tested in 18 homes - flow restrictors were fitted in 9 homes 
and aerated showerheads were fitted in 9 homes. The trial was designed to allow each 
household sufficient time (two weeks ) to become used to the new system and thus give 
a more balanced response to the change. 



 

 
© Copyright United Utilities 23 rd May 2007 

Page 36 of 54 

WATER AND ENERGY EFFICIENT SHOWERS 
 

 

 
5.3  Recruitment of volunteers  
 
Volunteers from 18 homes were recruited to participate in the project from employees at 
LJMU and one UU office. They were informed that a modification would be made to 
their shower and that they could choose at the end of 2 weeks whether or not to keep the 
modification – they were not informed at that stage that the modification would involve 
water saving. In order to attract volunteers a reward of shopping vouchers to the  value 
of £25 was offered for each home that was used for the tests. 
 
The testing was completed for 18 households. Another 15 homes who were originally 
contacted were not used because either the shower was unsuitable (10 cases), or there 
were difficulties in contacting the customer (3 cases) or the customer withdrew during 
the testing (2 cases). The most common reason for a shower being unsuitable was that 
the flow-rate was too low, and the impact of the water saving device would be 
excessive. 
 
 
5.4  Testing programme 
 
The key stages in the testing programme are summarised in Table 3 below. 
 

Table 3. Summary of the testing programme 
 
Stage 1: Before testing 
The 18 volunteer households were asked to:- 
(a) Complete a satisfaction rating for their shower (see Table 4). 
 
Stage 2: At start of test 
The plumber visited each household to:- 
(a) Measure flow-rate and spray distribution of the shower at the user’s preferred 

settings. 
(b) Fit a water saving device – either a flow restrictor or an aerated showerhead. 
 
The households were then given a 2 week period in which to become accustomed to the 
water saving device. The 18 volunteer households were asked to:- 
(c) Maintain a diary record for up to 2 weeks of each person’s use of the shower, 

recording when the shower was taken, why a shower was taken, and its duration 
(they were each provided with a digital timer). 

 
Stage 3: End of test 
Two weeks later the plumber revisited the household to:- 
(a) Measure flow-rate and spray distribution of the shower, with the water saving 

device fitted, at the user’s preferred settings. 
(b) Ask the customer to complete a new satisfaction rating for the shower with the 

water saving device. 
(c) Either leave or remove the water saving device as desired by the customer. 
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Table 4. Satisfaction scoring sheet completed by households before and after fitting 

of water saving device 
 
For each of the questions below, please tick the answer that mostly closely describes your 
satisfaction or experience with your shower. 

 
How satisfied are you with 
the overall ease of use and 
performance of your 
shower? 
 

Very 
dissatisfied 

Dissatisfied Satisfied Very 
satisfied 

Fully 
satisfied 

How easy is it to use your 
shower? 
 

Very 
difficult 

Difficult Satisfactory Good Excellent 

How easy is it to get in and 
out of your shower? 
 

Very 
difficult 

Difficult Satisfactory Good Excellent 

How well does the water 
flow cover your body? 
 

Very poor Poor Satisfactory Good Excellent 

How satisfied are you with 
the water flow to wash your 
hair effectively? 

Very poor Poor Satisfactory Good Excellent 

How does the water feel on 
your skin? 
 

Too gentle 
or 

Very 
forceful 

 Gentle 
or 

Slightly 
forceful 

 Just right 

How easy is it to get the 
water temperature right? 
 

Very 
difficult 

Difficult Satisfactory Good Excellent 

How satisfactory is the 
temperature throughout the 
shower enclosure? 

Very cold in 
parts 

Cool in 
parts 

Satisfactory Good Excellent 
throughout 

 
Note:  The maximum score for each question was 5 and the minimum was 1. The 

overall satisfaction score was obtained by adding the scores for each of the 8 
criteria. Therefore the maximum possible total satisfaction score was 40 and the 
minimum possible score was 8. 
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5.5 Results from home-based evaluations  
 
The flow-rate and satisfaction scores before and after fitting of the water saving device 
are presented in Table 5. The choices to keep or remove the water saving device are 
compared in Table 6. 
 

Table 5. Results for the 18 volunteer households  
 

House 
refer-
ence 

Shower 
type 

Flow-
rate 

before 
(l/min) 

Flow-
rate 
after 

(l/min) 

Flow-
rate re-
duction 
(l/min) 

Flow-
rate re-
duction 

(%) 

Satis-
faction 
score 
before 

Satis-
faction 
score 
after 

Change 
in satis-
faction 
score 

RESTRICTOR WATER SAVING DEVICE KEPT AFTER TEST 

2 Mixer 12.4 6.6 5.6 45 25 17 -8 
4 Pumped 11.0 7.8 3.2 29 30 28 -2 
9 (m) Pumped 18.4 6.0 12.4 67 36 31 -5 

RESTRICTOR WATER SAVING DEVICE REMOVED AFTER TEST 

3 (m) Pumped 11.0 7.8 3.2 29 36 30 -6 
10 Mixer 9.4 7.2 2.2 23 28 17 -11 
12 (m) Pumped 12.4 9.8 2.6 21 27 22 -5 
13 Mixer 7.8 6.4 1.4 18 27 25 -2 
16 Mixer 12.8 7.1 5.7 45 36 17 -19 
18 Mixer 12.1 7.4 4.7 39 ? ? ? 

SHOWERHEAD WATER SAVING DEVICE KEPT AFTER TEST 

1 Mixer 7.8 7.6 0.2 3 30 32 +2 
6 (m) Mixer 11.2 7.2 4.0 36 28 34 +6 
7 Pumped 12.8 7.0 5.8 45 31 34 +3 
8 Mixer 12.8 7.0 5.8 45 23 33 +10 
11 (m) Mixer 11.6 7.2 4.4 38 ? 31 ? 
14 Mixer 8.1 7.4 0.7 9 27 35 +8 
15 Pumped 12.0 8.4 3.6 30 33 32 -1 
17 Mixer 8.4 7.2 1.2 14 32 31 -1 

SHOWERHEAD WATER SAVING DEVICE REMOVED AFTER TEST 

5 (m) Mixer 23.6 10.9 12.7 54 23 23 0 
 
Notes: (m)  = metered water supply  

?  = incomplete recording of satisfaction scores by household 
 The maximum possible satisfaction score was 40 and the minimum possible score was 8 
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Table 6. Summary of choices to keep or remove the water saving device 
(total of 18 houses) 

 
Water saving device Houses choosing to KEEP 

device fitted 
Houses choosing to have 

device REMOVED 
 Number of houses 

 
Number of houses 

Restrictor 
 

3 6 

Aerated showerhead 
 

8 1 

All houses 
 

11 7 

 Average flow reduction 
(l/min) 

 

Average flow reduction 
(l/min) 

Restrictor 
 

3.2 3.3 

Aerated showerhead 
 

3.2 12.7* 
 

 Average flow reduction (%) 
 

Average flow reduction (%) 
 

Restrictor 
 

47 29 

Aerated showerhead 
 

28 54* 
 

 Average change in 
satisfaction score (range) 

 

Average change in 
satisfaction score (range) 

Restrictor 
 

-5 
(-2 to –8) 

-9 
(-2 to –19) 

 
Aerated showerhead 

 
+4 

(-1 to +10) 
0 

 
* At one house (Household 5) there was a very high flow-rate of 23.6 l/min which was 

reduced by 12.7 l/min to 10.9 l/min by using a water saving showerhead. This 
exceptionally high reduction in flow was not acceptable to the customer. 

 
 
5.6 Conclusions  
 
The key findings from the home-based evaluations are:-  
 

• The two sets of test households were broadly comparable with average flows of 
12 l/min before any modification. 

 
• The reduction for the two sets of households were also very similar (showers 

12.0 à7.8 l/min and regulator 12.0 à 7.4 l/min). 
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• Consequently initial flows or flow changes are not the principal determining 
cause of retention or removal. 

 
• Flow restrictors were effective in reducing flow, but in most cases (6 out of 9) 

were not acceptable to customers and were asked to be removed.  
 

• Aerated showerheads were effective in reducing flow, and in nearly all cases (8 
out of 9) were requested to be kept. There was a particularly large flow 
reduction at the one household (Household 5) that requested removal of a 
showerhead, but interestingly no change in the satisfaction score. The 
households were contacted again 3 months after the study: 7 households were 
still happy with the water saving showerhead, but one household had removed it 
at the request of one member of the household.  
 

• There is a statistically significant (at the 95% level) association between mode 
of water saving and the choice to retain. The presence of a water meter or not 
did not seem to affect  the decision whether to retain a water saving device. 

 
• There was no statistically significant difference observed in the flow-rate 

reduction between fitting of restrictor or showerhead.  
 

• Satisfaction scores were lower in every case after fitting a flow restrictor, 
whereas satisfaction scores increased or were unchanged in nearly all cases after 
fitting the water saving showerhead. The worst change in score for the water 
saving showerhead was –1.  
 

• Changes in satisfaction score and the decision to keep or remove the water 
saving device do not seem to be linked to the reduction in water flow (see Table 
5). The one exception may be Household 5 which experienced a very large flow 
reduction. 
 

• There is a willingness by some customers to accept a water saving device even if 
it impairs the shower satisfaction. This is probably due to a combination of 
wanting to help protect the environment and wanting to save on their water and 
energy bills.  
 

• There was no apparent marked change in the distribution of water flow by fitting 
of a flow restrictor or water saving showerhead (LJMU, 2007a). Therefore the 
preference for the water saving showerhead must be derived from other 
properties which it was not practical to measure.  
 

Findings concerning the frequency and duration of showering are considered in Section 
6. 
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6. WATER AND ENERGY USE IN SHOWERS 
 
6.1 Summary 
 
This section of the report identifies typical water and energy use of different types of 
shower. The estimated average usage rates are tabulated as follows:- 
 
 Flow-rate Duration Volume per 

event 
Energy per 

event 
Cost to 

customer 
Electric 
shower 3.9 l/min 5.8 min 22.6 litres 0.95 kWh 20 p 

Mixer shower 
(short duration) 8 l/min 5.8 min 46.4 litres 2.8 kWh 26 p 

Mixer shower 
(long duration) 8 l/min 9 min 72 litres 4.3 kWh 40 p 

Pumped 
shower 12 l/min 9 min 108 litres 6.5 kWh 60 p 

Bath n/a n/a 73 litres 4.9 kWh 43 p 

 
Note: Short and long duration alternatives are presented for mixer showers to represent the 
range of average values reported. 
 
Customers with a mixer or pumped shower operating at over 8 l/min can enjoy a 
financial payback within a few months from installing a water saving showerhead that 
does not impair customer satisfaction. 
 
The findings from this study suggest that many mixer and pumped showers may 
consume more water, electricity and carbon than washing by bath. This is due to a 
combination of factors: water flow-rates of mixer and pumped showers can be 
significant, and the frequency and duration of showering are much greater than for 
bathing, particularly due to the ease of having a shower. 
 
 
 
6.2  Water consumption trends for showers  
 
In 2004 UU forecast that ownership of showers in Northwest England is likely to 
increase from 80% to 95% by 2029/30. As a result of increasing frequency of use and 
increasing ownership of high water using showers, the proportion of household water 
use for showering is predicted to increase from 8% to 15% (see Table 7 below). This is 
broadly consistent with data reported elsewhere for the average national figures (see for 
example Section 1.2). 
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Table 7. Shower water use compared with total household use  
for Northwest England 

 
 Units  2002/03 2029/30 
% houses with a shower % 80 95 

Shower use as % of total 
household water use % 8 15 

 
Although the exact magnitude of forecast water volumes for showering are uncertain, it 
is clear that large increases can be expected unless actions are taken to constrain water 
use for showering. 
 
 
6.3 WRc study of water use 
 
WRc have carried out a detailed assessment for UU of the available data on 4270 
shower events recorded at 233 unmetered homes across England. The data is 
summarised in Table 8, which shows, for example that the average volume of water 
used to shower is 26 litres, the average duration of showering is about 6 minutes and the 
typical flow-rate is 5 litres per minute. However, there is wide variability as illustrated 
by the 90%ile values and the distribution of shower volumes shown in Figure 22. 
 

Table 8. Summary data on shower use 
(233 unmetered homes) 

 
Factor Units  Average value  90%ile upper 

value  
Frequency of use (per 
person) number/head-day 0.70 1.30 

Frequency of use 
(per household) 

number/house-
day 1.68 3.24 

Volume per use 
(all showers) litres 26.2 41.9 

Volume per use 
(direct-fed showers only) litres 28.4 49.5 

Duration of use 
(direct-fed showers only) minutes 5.8 10.7 

Flow-rate 
(direct-fed showers only) litres/minute 5.3 8.3 

 
Note:  The shower duration of use and shower flow-rate values presented above have been based on 

763 shower events at 43 directly fed homes. Shower events at homes with indirect feed via a 
storage tank produce a tail of water use after the shower use has ended until the tank is refilled, 
and so indirectly fed houses cannot be used for reliable assessment of these factors. 
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Figure 22. Distribution of volume per use (from WRc, 2006) 

(233 unmetered homes) 

 
 
The high flow-rate shower events (above 8 l/min) in the WRc dataset are of below 
average duration, as shown in Figure 23. Potentially this is an encouraging finding, if 
this is a generally occurring trend, suggesting that if the shower is of high flow-rate the 
customer the customer does not feel the need to stay in the shower for a long time to get 
clean and enjoy the shower effect. 
 
It should be borne in mind that the WRc dataset is for solely unmetered homes, which 
will normally have had a shower retro-fitted rather than installed at the time the house 
was built. Therefore the sample is likely to comprise mainly electric showers that are 
inherently constrained in the flow-rate that they can deliver (see Section 2). 
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Figure 23. Shower duration versus mean flow-rate scatterplot (from WRc, 2006) 
(shower events for directly fed showers only, at 43 unmetered homes) 

 

 
 
6.4 LJMU home-based evaluations of water use 
 
The volunteers who participated in the home-based evaluations (described in Section 6) 
of mixer and pumped showers kept a diary of shower events over approximately a two-
week period. The key data is presented and summarised in Table 9 below. 
 

Table 9. Summary of average flow-rate and diary-recorded showering 
characteristics (before water saving device fitted) 

 
Shower type  Average flow-

rate (l/min) 
Average 

frequency of 
showering (by 
shower users) 
(no./person-

day) 

Average 
shower  

duration (min) 

Estimated 
average volume 

per shower 
event (litres) 

Pumped 12.9 0.70 8.2 101 

Mixer 11.5 0.99 9.5 98 

All showers 12.0 0.87 9.0 99 

 
Notes: Frequency of showering and shower duration values were derived from diary records 

by 31 persons at 16 houses. The frequency values exclude the effect of persons in the 
homes who did not use a shower.  
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It is not surprising that the average flow-rates observed are higher than the average of 
5.3 l/min reported by WRc (see Table 8). The WRc data was for unmeasured houses 
and so was predominantly for electric showers, which will have lower flow-rates than 
mixer and pumped showers. Also the showers tested in the LJMU study had higher than 
average flow-rates (between 7.8 and 23.6 l/min before fitting a water saving device) for 
mixer showers as showers with lower flow-rates were excluded because fitting of a flow 
restrictor or aerated showerhead resulted in unacceptably poor flow. 
 
The average shower duration recorded by homes in the LJMU study of about 9 minutes 
is longer than the average of 5.8 minutes observed by WRc (see Table 8 and Figure 23). 
The reason(s) for the difference are unclear: it is thought likely to be because people 
with mixer or pumped showers stay under the shower for longer, or because people are 
now spending more time in a shower than when the WRc monitoring took place. Other 
possible contributory reasons could be the small size of the LJMU sample or that these 
customers changed their behaviour and increased their shower duration after fitting of 
the water saving device.  
 
The analysis of water and energy use (in Section 6.5) has therefore examined two 
alternative average shower durations for mixer showers. 
 
 
6.5  Water and energy use  
 
Over many years the use of a shower has been promoted as being more water efficient 
than having a bath. The data from this study and elsewhere is indicating that often more 
water or energy is used by people who wash by shower than by a bath. Tables 10 to 13 
summarise and compare water and energy use; they show that:-  
 
• Washing using an electric shower uses less water and less energy than taking a bath;  

 
• Washing using a pumped shower or an average mixer shower uses more water and 

more energy than taking a bath.   
 

The home-based trials (Section 5) demonstrated that replacement of an existing 
showerhead with of an aerated showerhead saves an average of 28% of the water and 
energy use, assuming there is no change in the frequency and duration of showering. A 
customer with a mixer shower could typically expect to save £45 to £69 per year 
(assuming 5.8 to 9 minute average shower duration) or £103 per year in the case of a 
pumped shower. The payback period for a customer that purchases and installs an 
aerated showerhead would therefore usually be 1 to 3 months. 
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Table 10. Comparison of water consumption for shower or bath use 
 
 Estimated 

average 
flow-rate 

(l/min) 

Estimated 
average 
shower  

duration 
(min) 

Estimated 
average 

volume per 
event (litres) 

Estimated 
average 

frequency of 
use 

(no/house-
day) 

Estimated 
average 
annual 

water use  
(l/house-

year) 

Data source: (1) (2) By 
multiplication 

(3) By 
multiplication 

Electric 
shower 3.9 5.8 22.6 1.68 14,000 

Mixer shower 
(short duration) 

8 5.8 46.4 1.68 28,000 

Mixer shower 
(long duration) 8 9 72 1.68 44,000 

Pumped 
shower 12 9 108 1.68 66,000 

Bath n/a n/a 73 1.3 35,000 

 
Notes on data sources: 
 
(1) MTP (2007b) based on average 8.3 kW rating for electric shower; estimated values for 

mixer and pumped showers based on Section 2 and LJMU data (Table 9), taking account 
that the LJMU sample is small and excluded lower water using showers. 
 

(2) WRc (2007) for electric showers (Table 8); LJMU data (Table 9) for mixer and pumped 
showers. 
 

(3) WRc (2007) for all types of showers (Table 8); WRc (2005) report an average of 0.95 per 
household for baths but this includes people in households that use showers, and so for sole 
use of a bath it can be expected to be higher than 0.95 but less than the shower frequency of 
1.68, and so a mid-value of 1.3 has been assumed. 
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Table 11. Comparison of energy consumption for shower or bath use 
 
Method of 
washing 

Estimated 
average 
water 

volume per 
event (litres) 

Estimated 
increase in 

water 
temperature  

 

Estimated 
energy use 

per litre  

Estimated 
energy used 

per event 

Estimated 
average 
annual 

energy use  
(kWh/house-

year) 

Data source Table 10 MTP, 2007b See note below By 
multiplication 

Table 10 
frequency 

Electric 
shower 22.6 litres 

36 deg C 
(from 5 to 41 

deg C) 

0.042 kWh 
per litre  0.95 kWh 580 kWh 

Mixer shower 
(short duration) 46.4 litres 

36 deg C 
(from 5 to 41 

deg C) 

0.060 kWh 
per litre 2.8 kWh 1720 kWh 

Mixer shower 
(long duration) 

72 litres 
36 deg C 

(from 5 to 41 
deg C) 

0.060 kWh 
per litre  4.3 kWh 2650 kWh 

Pumped 
shower 108 litres 

36 deg C 
(from 5 to 41 

deg C) 

0.0604 kWh 
per litre  6.5 kWh 3980 kWh 

Bath 73 litres 
41 deg C 

(from 5 to 46 
deg C) 

0.068 kWh 
per litre  4.9 kWh 2330 kWh 

 
Note: The energy use (kWh/litre) is calculated as:  
4200 (J/deg C/litre) * Temperature increase (deg C) / Energy efficiency / 3.6*106 (J/kWh)  
assuming 100% efficiency for electric showers and 70% boiler efficiency for mixer and pumped showers 
and baths, and an extra 300 watts for the pump in pumped showers. 
 
 
 

Table 12. Comparison of average household costs on water and energy 
 
Method of 
washing 

Estimated 
water and 
energy use 
per event 

Estimated 
cost of water 

per event  

Estimated 
cost of 

energy per 
event 

Estimated 
number uses 

per year 

Estimated 
annual 

household 
cost 

Basis for data Tables 10 and 
11 

0.25 p/l for 
water and 
sewerage 
services 

15 p/kWh for 
electricity or 

5p/kWh for gas 

Table 10 By  
multiplication 

Electric 
shower 

22.6 litres 
0.95 kWh 6p 14p 

(electricity) 613 £123 

Mixer shower 
(short duration) 

46.4 litres 
2.8 kWh 12p 14p 

(gas) 613 £159 

Mixer shower 
(long duration) 

72 litres 
4.3 kWh 18p 22p 

(gas) 613 £245 

Pumped 
shower 

108 litres 
6.5 kWh 27p 33p 

(gas) 613 £368 

Bath 73 litres 
4.9 kWh 18p 25p 

(gas) 475 £204 
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Table 13. Comparison of average household water, energy and carbon use 
according to the method of personal washing used in the home 

 
Method of 
washing 

Water use 
per event 

 

Energy use 
per event  

Water use 
per 

household 
per year 

Energy use 
per 

household 
per year 

Total carbon 
use  per 

household 
per year 

Basis for data Table 10 Table 11 Table 10 Table 11 See footnote 
Electric 
shower 22.6 litres 0.95 kWh 14,000 litres 580 kWh 249 kg 

Mixer shower 
(short duration) 

46.4 litres  2.8 kWh 28,000 litres 1720 kWh 327 kg 

Mixer shower 
(long duration) 

72 litres  4.3 kWh 44,000 litres 2650 kWh 503 kg 

Pumped 
shower 108 litres  6.5 kWh 66,000 litres 3980 kWh 756 kg 

Bath 73 litres  4.9 kWh 35,000 litres 2330 kWh 443 kg 

 
Note:  The Defra standard carbon-energy conversion factors are 0.43 kg carbon per kWh 

electricity and 0.19 kg carbon per kWh natural gas. 
 
 
The energy use in homes to heat (and pump) water for personal washing is about 70 
times that used by a water company to supply the water and dispose of the wastewater, 
as shown in Table 14. The “carbon footprint” associated with total water use in the 
home also far exceeds that expended by the water company. Therefore actions to reduce 
water use, and the associated energy consumption, by showers do not only reduce water 
abstraction from the environment but also, very importantly, will have a significant 
effect on the energy and carbon consumption in the home.  
 
Table 14. Comparison of average energy consumption associated with water use in 

the home (kWh/house-year) 
 
 Energy use in the 

home (to heat and 
pump water) 

Energy use by water 
company  

(to supply water to a 
home and dispose of 

the wastewater) 

Ratio 

Shower and bath 2100 kWh/year 30 kWh/year 70 

Other water use 1270 kWh/year 90 kWh/year 14 

Total energy  
(all uses) 3370 kWh/year 120 kWh/year 28 

Carbon consumption 
(all uses) 720 kg carbon/year 50 kg carbon/year 14 

 
Source of energy consumption data: MTP (2007b).
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7. STRATEGIES FOR WATER AND ENERGY EFFICIENCY 
 
7.1 Summary 
 
 
This section of the report recommends strategies for encouraging more water efficient 
use of water and energy by showers based on the findings of the UU/LJMU study.  
 
 
 
7.2 Recommendations  
 
A key purpose of this research project is to obtain information about the volumes of 
water used by showers and the performance required by customers. The study has 
confirmed the major challenge for the UK to implement actions that will influence 
water use in showers in order to minimise the potential for major increases in water and 
energy use in the future. The trend is for a rapidly increasing number of customers to 
own showers that provide high flow-rate, which together with high frequency of use, 
results in water and energy use by showers often being greater than for baths. 
 
The results have been used to develop the following strategies for influencing water 
efficiency and energy use.  
 
Electric showers 
 
Water use by electric showers is low (rarely above 8 l/min). Therefore actions to reduce 
their use are not appropriate. Moreover, changing the showerhead or introducing further 
flow restriction could damage or impair the performance of the electric unit.   
 
It is recommended that:  
 
• The purchase/installation of electric showers should be strongly encouraged in 

preference to mixer or pumped showers due to the inherent low water and energy 
use. 
 

Mixer showers 
 
Constraining the flow through mixer showers can be achieved by fitting flow-limiting 
inserts (flow restrictors) or by fitting a water saving showerhead. The LJMU work 
(Section 5) has demonstrated that these are effective in reducing flow. The use of 
aerated showerheads is acceptable to customers whereas flow restrictors reduce 
customer satisfaction.   
 
It is recommended that: 
 
• Shower manufacturers should produce and promote water saving showerheads that 

limit flow without impairing customer acceptance. They should be fixed head not 
giving the user the opportunity to select a higher flow setting.  
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• Water companies and others should encourage customers to retro-fit water saving 
showerheads to existing mixer or pumped showers that have high flow-rates. 
 

Pumped showers 
 

Pumped showers can result in high, or very high flow-rates. Constraining water use will 
be dependent on influencing customers to choose either low-capacity pumps or an un-
pumped mixer shower.  
 
It is recommended that: 
 
• The Water Industry (companies and regulators) and others need to maintain 

education /awareness programmes and do further work to understand how best to 
influence customers to not opt for pumped showers.   
 

• The use of water efficient showerheads that limit flow without impairing customer 
acceptance should be encouraged by shower manufacturers and others.  
 

Pressure regulation 
 
Shower manufacturers point out that one of the causes of such widely varying flow-
rates is the wide range of mains pressures. Some countries install pressure regulation on 
the supply to individual homes to reduce the opportunity for high water flow-rates.  
 
It is recommended that: 
 
• The Water Industry (companies and regulators) should examine the feasibility of 

targeted pressure regulation in homes in areas where high mains pressures are 
unavoidable. 
 

Water product information 
 

MTP and Defra are seeking to promote a water product labelling scheme for key water-
using products, including showers, to enable architects, house-builders and other 
product-specifiers to select water efficient appliances. Waterwise has introduced a 
“waterwise marque” for water efficient goods. Also at least one major retailer is 
planning to provide clear information to customers on which water using appliances are 
water and energy efficient. The aim of these initiatives is to encourage customers to 
choose water efficient products. Electric showers are generally the most water and 
energy efficient. Aerated showerheads or other sho werheads that can achieve similar 
performance, may be candidates for water efficient labelling provided they are fixed 
head without choice for the customer to change the spray setting.  
 
WRc is using the results from the study, on behalf of the Market Transformation 
Programme, to develop performance standard tests for “spray pattern”, “spray force” 
and “soap removal” in order to more specifically define water efficient showers. 
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Unilever are investigating the development of hair shampoos that are easier to rinse out, 
thereby potentially reducing the length of time required under the shower. This work 
should be encouraged by the Water Industry. 
 
It is recommended that: 
 
• Data presented in this report, and the supporting technical reports, can assist the 

Market Transformation Programme, Waterwise and others to inform water product 
information schemes to assist the selection of water efficient products. The study 
has shown that showerheads are available that restrict flow-rate of mixer or pumped 
showers to below 8 l/min but give acceptable shower performance.  
 

Water demand forecasting 
 
Water companies are undertaking detailed reassessments of 25 year water demand 
forecasts for their 2009 Water Resources Plans that to calculate water supply-demand 
balances and identify optimal solutions to resolve any projected supply-demand deficits.  
 
It is recommended that: 

 
• Data presented in this report can assist water companies in understanding current 

and potential future water use for showers, and the potential benefits of water 
efficiency programmes.  
 

Further work 
 
Water use by showers is a complex subject. This study has provided some important 
additional information but inevitably there is still much that is not well understood.  
 
It is recommended that priorities for further work include:- 
 
• Additional house-based studies to evaluate a wider range of water saving 

showerhead types. 
 

• More detailed surveys of customer behaviour and the best means of providing 
customers with information and practical help to encourage them to reduce water 
use in showering.  
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APPENDIX 2. USEFUL WEBSITE ADDRESSES 
 
Bathroom Manufacturers Association 
(BMA) 
 
Blueprint for water  
 
Building Research Establishment (BRE) 
 
Consumer Council for Water (CC Water) 
 
Department for Communities and Local 
Government (CLG) 
 
Department for the Environment, Food 
and Rural Affairs (Defra) 
 
Environment Agency (EA) 
 
Liverpool John Moores University 
(LJMU) 
 
Market Transformation Programme 
(MTP) 
 
Water Services Regulation Authority 
(Ofwat) 
 
Ove Arup and Partners (Arup) 
 
United Utilities (UU) 
 
UU’s water saving advice for customers 
 
 
Water Research Centre (WRc) 
 
Water Savings Group 
 
 
Water UK 
 
Waterwise 
 

www.bathroom-association.org  
 
 
www.blueprintforwater.org.uk  
 
www.bre.co.uk 
 
www.ccwater.org.uk  
 
www.communities.gov.uk  
 
 
www.defra.gov.uk  
 
 
www.environment-agency.gov.uk  
 
www.ljmu.ac.uk  
 
 
www.mtprog.com  
 
 
www.ofwat.gov.uk  
 
 
www.arup.com  
 
www.uuplc.co.uk  
 
www.unitedutilities.com/?OBH=2810&_ID=
1856&OBT=1  
 
www.wrcplc.co.uk  
 
http://www.defra.gov.uk/Environment/water/c
onserve/wsg/index.htm  
 
www.water.org.uk  
 
www.waterwise.org.uk  
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