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Highlights 

 Original analysis of 13000 high resolution observations in field at two sites providing novel 
insights into water tap use 

 Results surprisingly indicate: 
o  limited difference b/w the consumption by conventional & efficient taps 
o A strong co-relation between the duration of flow and the volume discharged from 

taps.  
o flow rate has very limited/no impact on the actual water consumption. 

 Tap usage duration needs to be optimised and is very much linked with the tap user 
behaviour.  

 Almost 80% of tap use is to deliver hot water with considerable energy and carbon 
implications 
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ABSTRACT 19 

 20 

The rapid pace of urbanisation comes with considerable environmental implications including 21 

pressures on already stressed limited water resources. In urban areas, most of the water use is 22 

associated with water consumption in buildings. The second largest use of water is via taps.  23 

It is often assumed that water taps with low flow rates can contribute to reduced per capita 24 

water consumption. However, this is based on very little evidence. This paper presents the 25 
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synthesis of a 13000 high resolution observations made to investigate the actual water 26 

consumption of innovative (water saving) electronic taps and conventional mixer taps. High 27 

resolution flow-meters and data loggers were fitted into two washrooms in two different 28 

buildings of a higher education institution to record the water use through the basin taps. The 29 

recorded data provided information on duration, frequency of use and volume of water 30 

consumption per use. The data was helpful in identifying trends in hot and cold water use and 31 

therefore can be useful in estimating energy for producing hot water and associated 32 

greenhouse gas emissions. Analysis of the observed data suggests that the low flow taps have 33 

greater mean water consumption per event than the conventional taps and water consumption 34 

is more influenced by user behaviour rather than the technology. 35 

 36 

Key words: event duration; low flow rates; taps; water efficiency; energy consumption; 37 

carbon emissions; micro-components       38 

 39 

 40 

1.0 INTRODUCTION 41 

 42 

Water is one of the world’s most precious resources and is crucial for sustaining life. 43 

However, while water resource is arguably constant in quantity, pressures on the resource are 44 

set to increase (Defra, 2008) as its demand is rising. Rapid population increase, especially in 45 

urban areas, increasing household number, changes in life style and climate change are 46 

believed to be the main factors that are driving water demand (EA, 2009a).   47 

 48 

Water demand management is viewed increasingly by governments, agencies and water 49 

utilities, not only as a potential means of aiding the security of the future water supplies, but 50 
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also as a tool to reduce the resulting environmental implications (Beal and Stewart, 2014). 51 

Reducing water consumption saves energy either directly on site at household level or offsite 52 

at water abstraction, treatment and distribution points. For example, using less water at 53 

household level reduces the amount of energy needed to abstract the water, process at a 54 

treatment plant, pump it from a storage tank and heat it at home. It also saves the energy 55 

required to treat it at a wastewater treatment plant and pump it for disposal. 56 

 57 

In the UK, for example the concept of the water demand management or water efficiency is 58 

progressively gaining recognition and has led to a number of initiatives established by the 59 

government to promote efficient and sustainable water use. For example, in England and 60 

Wales, the twin track approach, which seeks a balance of resources development and demand 61 

management, is considered as necessary to maintain supplies in the future and to help 62 

improve resilience against climate change (EA, 2009a). With such approach, options that 63 

reduce demand rather than increase resources is considered first, as they provide benefits for 64 

adapting to and limiting the extent of climate change and the principles of sustainable 65 

development. Similarly, the government’s Future Water (Defra, 2008) aims reducing per 66 

capita consumption of water to an average of 130 litres per person per day by 2030, or 67 

possibly even 120 litres per person per day depending on new technological developments 68 

and innovation. 69 

 70 

A microcomponent-based approach is a favoured water demand management strategy, widely 71 

proposed and sometimes implemented. For example, as part of Preston Water Efficiency 72 

Initiative, new dual flush toilets and low flow showers were installed into a number of 73 

dwellings, while water efficient urinals and push taps were fitted into a school and leisure 74 

centre (Boarder, et al, 2009). It was reported that the installation of dual flush toilet and low 75 
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flow showers had resulted in 25% water saving. UK water service providers are required to 76 

use microcomponent data in demand forecasts and planning (EA, 2009b; Ball et al, 2003). 77 

Similarly, the importance of water efficient technologies in reducing domestic water 78 

consumption is expected to be reflected in the revised Building Regulations, via the inclusion 79 

of New National Technical Standards (SES, 2015). Water efficiency levels will also be part 80 

of independent certification schemes such as Home Quality Mark (HQM) (BRE, 2015). 81 

Additionally, in an effort to encourage businesses to invest in water saving and water quality 82 

improvement technologies, the UK government introduced in 2001 an Enhanced Capital 83 

Allowance scheme (HRM&C, 2014). The Scheme enables businesses to claim 100% first 84 

year capital allowances on investments in technologies and products that improve sustainable 85 

water use.  86 

 87 

Domestic taps (kitchen and basin taps) are the most frequently used water using 88 

microcomponents, representing more than one-third of the domestic water consumption 89 

(MTP, 2008a). Their daily water consumption is determined by the frequency of use, duration 90 

of use (event-duration) and the flow rate of the tap. The frequency of use and the event 91 

duration are dependent on user behaviour, while the flow rate is determined by the 92 

technology and is governed by several physical factors, including water pressure and specific 93 

tap design.   94 

 95 

In the UK, the flow rates of taps are measured against British Standard BS5412. The current 96 

requirement for flow rates in taps is based around minimum rather than maximum flow rates, 97 

which makes the availability of data on maximum flow rates limited (Marshallsay et al, 98 

2007). In the USA and Australia, different standards and ratings apply to taps intended for 99 

different uses. An American basin and kitchen taps (faucets) are supposed to deliver 8.3 100 



 

5 
 

litres/minute and 9.5 litres/minute at a pressure of 4 bar, respectively (FEMP, 2002). 101 

Similarly in Australia, a basin tap with a flow rate of between 3.0 and 4.5 litres/minute 102 

achieves an AAA rating, but the same rating (AAA) is awarded if a kitchen tap delivers 103 

between 7.5 and 9 litres/minute (Wilkenfeld and Associates, 2003). Therefore, as the water 104 

efficiency rating of a product is awarded relative to its application, manufacturers are 105 

required to mark their taps with their intended purposes (e.g. basin tap, kitchen spout, etc). 106 

 107 

As mentioned above, water consumption through domestic taps constitutes a significant 108 

proportion of the total domestic water use. It is believed that water flow from tap outlets is 109 

often in excess of what is required. Therefore, more water efficient taps could in principle 110 

lead to reduction in domestic water use, compared to standard taps. 111 

 112 

The proportion of water consumption by taps is likely to rise in the coming years as other 113 

water efficient microcomponents, such as WCs and white goods are increasingly installed. 114 

Consequently, a number of low flow taps, designed to be water efficient, are increasingly 115 

coming into the market. There is a considerable number of water saving tap technologies 116 

featuring in the qualifying ECA technologies list (Defra, 2009).  117 

 118 

There is a growing claim by manufacturers that water saving taps can reduce water usage by 119 

50% - 85%. However, recent studies conducted on water use draw widely varying 120 

conclusions, and as a result, there are widely varying estimates about the extent to which 121 

installing or retrofitting low flow taps saves water. Neve (2006) reported significant water 122 

saving (50%) resulting from retrofitting push taps. Similarly, Mayer et al (2000) estimated 123 

modest savings (13%) after installing tap (faucet) aerators, to reduce flow rates of taps, as 124 

part of retrofit. Conversely, Hills et al (2002) concluded that water efficient (low flow) taps 125 
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have greater water consumption per event than the conventional taps. Because of the 126 

uncertainties surrounding water use of taps, Gleick et al (2003) chose not to model any 127 

savings from installing low-flow taps. Instead, they provided an estimate of overall water use 128 

by taps, based on the finding of the “residential end use of water” (REUW) study – 41 (10.9 129 

gallon) litres/capita. day. They assumed that this rate of water use would not change in the 130 

future. Keeping in view of such conflicting results, it was decided to carry out an independent 131 

study to examine the actual water consumption associated with conventional and innovative 132 

water efficient taps and the results have been discussed in this paper.  133 

 134 

2.0 METHODOLOGY 135 

 136 

To evaluate the implications of the flow rates of taps on their performance in terms of 137 

resources consumption, the water use of conventional taps and innovative water efficient 138 

electronic taps were monitored. For this purpose, high resolution flow meters and data 139 

loggers were installed in two of the University of Exeter’s toilets – one in Newman Building 140 

Lecture Hall male toilet and one in Harrison Building ground floor female toilet.  141 

 142 

Four conventional mixer taps are in the Harrison Building toilet. The taps are deck mounted 143 

single-taphole with dual controls – one for the cold water and one for the hot water (Figure 144 

1).  145 

 146 

Similarly, four (mains powered) deck mounted electronic taps with pressure compensating 147 

aerators (Figure 2) are installed in the Newman Building toilet. When a user puts their hands 148 

under the tap, an infra red sensor detects their hands and a solenoid valve opens. The tap 149 

remains open whilst there is motion in front of the sensor and once the user removes their 150 
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hands, the electronic automatically closes the solenoid valve. In addition to this, thermostatic 151 

valves (Figure 3) have been incorporated into the system, which have sensors that activate the 152 

cold water flow if the temperature of the flowing hot water reaches about 38oC.  153 

    154 
Figure 1  Conventional mixer tap 155 
                                        156 
Figure 2 Electronic tap 157 
 158 
Figure 3 Thermostatic mixer valve 159 
 160 

Two multi jet water meters were fitted in each of the toilets – one for cold water and one for 161 

hot water. Over 150 tests were carried out to calibrate the performance of the flow meters and 162 

it was found that they provide one pulse output per 0.25 litres (+/- 5%).  163 

 164 

An Eltek 1000 Series Squirrel data logger was fitted to register the pulses produced by the 165 

flow meters. The loggers can store 250,000 readings and the logging interval of the data 166 

loggers was set to two seconds. This short logging interval was intended to provide sufficient 167 

information on water use characteristics of the monitored taps. The collected data was 168 

processed with Darca Software, which is designed to communicate with the data logger. The 169 

software performed two functions: downloading data from the data logger and exporting it 170 

into spreadsheets. 171 

                                      172 

To distinguish between two distinct tap use events, in this study, if the time between two 173 

pulses was equal to or less than ten seconds, it was considered as one “use event” and the 174 

water consumption of that use event was assumed to be the sum of the flows (water used in 175 

the sub-events). Similarly, if the interval between two pulses (openings) was greater than ten 176 

seconds, they were considered as separate “use events”. 177 

 178 

3.0 RESULTS 179 
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 180 

The monitoring equipment provided information on the characteristics of the water use events 181 

such as volume of water used per event, event duration (tap running time), and hot/cold water 182 

split. The flow rate (litres/minute) of each use event was estimated by dividing the event’s 183 

volume of water use by its duration (running time).  184 

 185 

3.1 Conventional mixer taps 186 

 187 

For the conventional mixer taps, more than 6400 events were recorded. The total water 188 

consumption during these events was approximately 4403 litres, about 92% of which was 189 

through the hot water tap. In Figure 4, the pulses recorded in the data logger were translated 190 

into volume of water used per event. Based on the recorded events, the estimated mean water 191 

consumption was 0.68 litres per event. As the figure indicates, more than 95 percent of the 192 

events used less than two litres.      193 

 194 

  Figure 4 Distribution of water consumption per use event for conventional mixer taps 195 
 196 

As the figure shows, the observed data of the water consumption per event skewed positively 197 

(with skewness value of 1.9). With more than 2200 events, the mode was found to be 0.25 198 

litres per event, while the median was 0.5 litres per event.  199 

 200 

The duration of each event was also recorded and summarised in Figure 5. The figure 201 

illustrates that event durations vary widely ranging between 3 and 45 seconds per event. 202 

However, (with 2288 events) 3 seconds was found to be the mode, while 5 and 7 seconds per 203 

event were the median and the mean of the recorded event duration, respectively. More than 204 
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94 percent of the events lasted for less than 18 seconds. As with the water consumption, the 205 

figure indicates that the recorded data of the event durations was highly skewed right (2.6). 206 

 207 
Figure 5 Distribution of event duration for conventional mixer taps 208 
 209 

There are two factors which influence the amount of water used by the taps for any given 210 

event – the flow rate of the tap and the event duration. In addition to the tap design, certain 211 

physical parameters such as the local pressure at the time of event and the degree to which 212 

the tap has been turned on determine the flow rate. The flow rates of recorded water use 213 

events were analysed and the mean flow rate was found to be 5.5 litres/minute, whilst both 214 

the mode and the median were 5 litres/minute. However, the flow rate of certain extreme 215 

events was as high as 11.6 litres/minute and as low as 3.2 litres/minute as shown in Figure 6 216 

(3 day sample).  217 

                                   218 
Figure 6 Sample of the estimated flow rates of events for conventional taps 219 
 220 

The influence of the flow rate on the water consumption of the events was evaluated (Figure 221 

7). The figure illustrates that high flow rate does not necessarily lead to greater water 222 

consumption.  Based on the observed data, there are many events with high flow rates which 223 

use less water than low flow events.   224 

 225 
Figure 7  Influence of flow rates on water consumption for conventional taps 226 

  227 

Figure 8 compares the water use of events with their running time (event duration). Clearly 228 

there is a strong relationship between the duration of an event and its water consumption. The 229 

event duration of an event is mainly determined by user behaviour and as shown in Figure 9, 230 

is largely independent of tap flow rate. Therefore, this indicates that installing water saving 231 

tap technologies alone is not sufficient to achieve the required water efficiency level.  232 

 233 
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Figure 8 The relationship between event duration and water consumption for conventional taps 234 
 235 
Figure 9 The influence of the tap flow rate on event duration 236 
 237 

3.2 Electronic taps 238 

 239 

Some 7489 use events were recorded for the electronic taps, in which approximately 5258 240 

litres of water were consumed. The records showed that more than 4679 litres (89%) were 241 

from the hot water system. Figure 10 summarises the distribution of the events’ water 242 

consumption, which ranged between 0.25 to 3.25 litres. The arithmetic mean, the mode and 243 

the median of the recorded per event water use were found to be 0.7, 0.5 and 0.5 litres, 244 

respectively. The skewness value of the recorded data for water consumption per event was 245 

found to be 1.86 (positively skewed).   246 

 247 

Figure 10 Distribution of water consumption per use event for electronic taps 248 
 249 

It was observed during the monitoring that on certain (rare) occasions, the electronics failed 250 

to close the solenoid valve and the tap remained open well after the user removed their hands, 251 

resulting in longer running times thereby leading to a relatively higher volume of water 252 

consumption. However, since only three of these events were recorded, their inclusion or 253 

exclusion from the analysed data did not have significant influence on the statistical 254 

properties of the events’ water use.     255 

 256 

In addition to the technology-defect caused incidents, during the monitoring programme, it 257 

was observed that two or more taps were sometimes used simultaneously. Clearly, these 258 

events provide greater pulses per logging interval. In the data processing stage, these events 259 

were identified with the number of pulses per logging interval. Recording more than one 260 

pulse per logging interval suggests more than one tap use.      261 
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 262 

The event duration with electronic taps varies significantly ranging from 3 to 37 seconds per 263 

event (Figure 11).  The mean, the mode and the median of the event duration were found to 264 

be 9, 3 and 7 seconds per event, respectively. However, the figure shows that, as with the 265 

conventional taps, the observed data of the event durations was positively skewed (with 266 

skewness value of 1.8).  267 

 268 
Figure 11 Distribution of event duration for electronic taps 269 
 270 

As discussed earlier, the water consumption per event is a function of the flow rate and the 271 

event duration. The estimated flow rate of the recorded events with the electronic taps ranged 272 

from 3.5 litres/minute to 7.1 litres/minute. The mean flow rate, the mode and the median 273 

were all 5 litres/minute. As shown in Figure 12, the flow rates of the electronic taps were 274 

relatively uniform compared to those of the conventional mixer tap. Unlike the conventional 275 

mixer taps (with which the users could influence the flow rate by manipulating the flow 276 

controls), the flow rate of an electronic taps is governed by the design factors (such as 277 

inserts/aerators) and the local pressure at the mixing valve. It was found that events which 278 

used cold water normally had higher flow rates than the events which used hot water alone.  279 

                                                  280 
Figure 12 Sample the estimated flow rates for the electronic taps  281 
 282 
 283 
Similar to the conventional mixer taps, the event duration has significant influence on the 284 

event water consumption (Figure 13), while there is weak relationship between the flow rate 285 

and the taps’ water use per event (Figure 14).   286 

 287 
Figure 13 Influence of event duration on water consumption for electronic taps  288 
      289 
Figure 14 Influence of flow rates on the water consumption for electronic taps 290 
 291 

3.3. Comparing the performance of the two types of taps 292 
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 293 

A summary of the statistical analysis of the recorded data is shown in Table 1.  294 

 295 

The mean water consumption per event associated with the conventional and electronic taps 296 

were found to be 0.68 and 0.7 litres, respectively. Similarly, the mean flow rates of taps were 297 

5.5 litres/minute and 5 litres/minute for conventional mixer taps and electronic taps, while 298 

their mean event durations were 7 and 9 seconds, respectively. Note that the electronic taps 299 

have a delayed shut-off time of about 2 seconds, which causes an extra water flow thereby 300 

offsetting any savings that might result from the slightly lower average flow rate.       301 

 302 

A number of t-test tests were conducted on the two data sets, assuming unequal variance, to 303 

evaluate the statistical significance of the difference between the conventional and electronic 304 

taps in terms of their water use characteristics such as water consumption per event, event 305 

duration and flow rate. For example, the observed data of the two types of taps showed that 306 

electronic taps have slightly higher mean water consumption per event than the conventional 307 

taps. The result of the t-test indicated this higher mean water consumption associated with the 308 

electronic taps is statistically significant at the 95% confidence level. Similarly, the electronic 309 

taps have longer mean event duration than the conventional taps, which (based on the result 310 

of the t-test) is statistically significant (Table 1). It is important to note that electronic taps 311 

have a delayed shut-off time of about 2 seconds, which causes an extra flow thereby 312 

offsetting any savings that might result from the slightly lower average flow rate. The higher 313 

mean water consumption per event associated with the electronic taps is perhaps as a result of 314 

this longer mean event duration.   315 

 316 
Table 1 Summary of the statistical analysis of the taps water use data 317 
 318 
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4.0 DISCUSSION 319 

 320 

As domestic water consumption consists of several microcomponents (e.g. WCs, showers, 321 

baths, basin taps, kitchen taps, dishwashers and washing machines), progress in water saving 322 

technologies is considered important for achieving water efficiency measures. For example, 323 

the compliance of water efficiency targets in independent certification schemes (e.g. HQM) 324 

and building regulations is assessed based on the characteristics of the water using micro-325 

components installed (CLG, 2010; UK Government, 2010). Domestic taps (kitchen and basin 326 

taps) form part of such water using micro-components – particularly hot water using ones. 327 

Therefore, as residential end uses of water can be responsible for substantially more 328 

greenhouse gases emissions than upstream (water supply and delivery) and downstream 329 

(wastewater) operations put together (EA, 2008), strategies aimed at reducing energy 330 

consumption and greenhouse gases emissions in the urban water cycle could benefit from 331 

improving the water efficiency of domestic taps. 332 

 333 

The per “use event” water consumption by domestic taps is determined by the tap’s flow rate 334 

(litres/minute) and the event duration (minutes). Therefore, it is clear that if the running time 335 

is kept constant, taps with low flow rates will result in reduced per event water consumption. 336 

However, it was observed during the monitoring that the actual flow rate of the conventional 337 

mixer taps is almost always lower than their nominal1 flow rates. This is in agreement with 338 

the conclusions of the Market Transformation Programme (MTP, 2008b). It also confirms the 339 

basics of the water efficiency assessment methodology of the recently withdrawn Code for 340 

Sustainable Homes (CSH). In the CSH, the actual flow rate of a conventional tap is assumed 341 

 
1 The maximum flow rate of the tap within the nominal working conditions - the flow rate when the tap is fully 
opened. 
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to be two-third of its nominal flow rate. However, of the observed data, it appears that 342 

predominantly the actual flow rate is at or below one-third of the nominal flow rate.    343 

 344 

4.1 Comparison of the results with past studies 345 

 346 

(a) Water consumption per event 347 

 348 

The water consumption per “event use” observed in this research is significantly lower (0.68 349 

and 0.7 litres/event for conventional and electronic taps, respectively) than the findings of the 350 

Millennium Dome study. The Millennium Dome study carried out to evaluate the water 351 

efficiency of certain water using micro-components, concluded that the conventional swivel 352 

taps use significantly less water per washroom-visit than the purported water efficient 353 

electronic taps (Hills et al, 2002). The study showed that the average water consumption per 354 

washroom-visit by conventional taps and electronic taps were 0.9 and 1.8 litres, respectively.  355 

 356 

The difference between the results of the two researches can be attributed to their difference 357 

in methodologies. One of such differences lies in the logging intervals – the Millennium 358 

Dome study adopted 5-minute logging interval compared to 2-second interval with the study 359 

presented in this paper. In addition to this, the Millennium Dome experiment assessed the 360 

water use of various micro-components including WCs, taps and urinals using water meter 361 

and entrant reading. Therefore, it was not possible to determine the exact water consumption 362 

by each micro-component in the washroom. A correction coefficient was applied to take 363 

account of the fact that not all washroom entrants used all micro-components.       364 

 365 

(b) Average flow rates and events duration 366 
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 367 

A research conducted by the WRc reported considerably lower average flow rate (3.54 368 

litres/minute) and significantly higher average event durations (39.27 seconds) for internal 369 

taps (MTP, 2008c) compared to the findings of the study presented in this paper. Roberts 370 

(2005) found an average taps flow rate of 3.3 litres/minute and average event duration of 371 

between 20 and 25 seconds. However, in Roberts study, the majority of the events lasted in 5 372 

or 10 seconds. Both of the studies were conducted in residential buildings where, in addition 373 

to hand washing, taps fulfil many functions such as vessel/kettle filling, dish washing, 374 

shaving etc. These functions could affect the water use characteristics of taps and could be 375 

responsible for average larger durations.  376 

 377 

Additionally, differences in research tools and methodologies (such as water meter 378 

resolutions and data logger intervals) can contribute to the difference between the measured 379 

results of the researches. As mentioned earlier, the water meters used in our study provided 380 

one pulse output per 0.25 litres and the data logger interval was set to two seconds. In 381 

Robert’s study, the data logger interval was set to five seconds and the water meters produced 382 

72 pulses per litre. Logging interval can influence the estimated event duration which is 383 

inversely related to the flow rate – that is for a given volume of water use, the flow rate 384 

decreases as the event duration increases. With regard to WRc’s, water use characteristics of 385 

taps were estimated based on data derived from whole house water consumption rather than a 386 

data collected at micro-component level (Clarke et al, 2009).           387 

 388 

In addition to this, it was observed that with both types of taps, the relationship between the 389 

flow rate and the volume of water use per event was weak (Figures 7 and 14). This is in 390 

contrast with the widely held view that per capita daily water consumption rises linearly with 391 
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the flow rate. But it supports the findings of researches conducted to evaluate the 392 

performance of water efficient micro-components including internal taps. Mayer et al (2003) 393 

reported no water savings resulting from retrofitting pressure compensating aerators (with 8.8 394 

litres/minute and 6 litres/minute for kitchen and basin taps, respectively) into conventional 395 

taps.  396 

 397 

As more than 60% of the time, the manually operated conventional tap users turn on the taps 398 

to a level that could deliver a flow rate ranging between 5 and 6 litres/minute, it can be 399 

assumed that this range of flow rate is the optimum one for hand-washing function. It can 400 

therefore, be concluded that no significant water savings can be obtained from 401 

installing/retrofitting tap technologies delivering 5 litres/minute or above. It was because of 402 

this reason, together with the longer event duration that the electronic taps have higher per 403 

event water consumption than the (monitored) conventional taps, despite the latter’s 404 

considerable greater nominal flow rate. However the performance of taps with flow rates 405 

below this range (5 – 6 litres/minute) requires further investigation.    406 

 407 

Analysing the observed data shows that the amount of water consumed per event increases 408 

with the event duration (Figures 8 and 13). As mentioned earlier, the event duration is 409 

governed mainly by the user behaviour and is independent of the tap’s flow rate (Figure 9). 410 

The fact that event duration has such significant implications on taps’ water use brings focus 411 

on the importance of non-structural water efficiency measures such as user education or 412 

pricing.  413 

 414 

5.0 THE IMPLICATIONS OF THE STUDY FINDINGS 415 

 416 
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With regard to taps water consumption, the microcomponent-based water efficiency 417 

assessment approaches assume a linear relationship between the volume of water used, the 418 

nominal flow rate of the tap under consideration, the frequency of use and the event duration. 419 

However, this study confirmed the less predictable and rather complex user behaviour is the 420 

most significant variable in forecasting the water use of the taps, particularly in commercial 421 

(non-residential) buildings. Clearly, while it is easy to determine the flow rate of a tap under 422 

given water pressure, the actual pattern in which it will be used is more complex than is 423 

commonly modelled. Note, the current national water efficiency calculator considers the user 424 

behaviour as constant (CLG, 2009).  425 

 426 

In addition to this, this study has confirmed that the flow rate of the taps during the use is 427 

lower than their nominal flow rate. This is an important finding in the context of water 428 

efficiency assessment approaches as the investigated water low flow taps are highly unlikely 429 

to result in reduced water consumption. This is because; the vast majority of the uses or the 430 

optimum flow rates are already equal or well below the flow rates of the innovative water 431 

saving taps.  432 

 433 

The observed data shows that over 80% of the water consumption was via hot water taps. The 434 

amount and source of energy (e.g. gas, electricity) required to produce hot water has a direct 435 

bearing on the extent of greenhouse gas/carbon emissions. Assuming that there is a very 436 

marginal difference in the volume of water discharged through the two studied types of taps, 437 

calculations were made to quantify the proportional contribution of each micro-component in 438 

terms of its water and energy use and resulting carbon emissions (Figure 15). The figure 439 

suggests that although the second largest water consumption is via taps, the energy and 440 

carbon footprint of water use via taps is the highest among all the micro-components. 441 
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Previously very rightly low flush volume WCs were promoted to achieve reductions in per 442 

capita water consumption but their net contribution to carbon reduction targets is negligible, 443 

since they do not use hot water.  The Climate Change Act 2008 commits the UK to reducing 444 

emissions by at least 80% in 2050 from 1990 levels (Committee on Climate Change, 2015). 445 

Water efficiency via taps can potentially contribute towards reduction in carbon emissions. 446 

However, this would probably require the implementation of measures that can influence 447 

water users’ behaviour rather than the promotion of low flow taps.  448 

 449 

Figure 15 Relative share of micro-components towards water and energy consumption 450 

and resulting carbon emissions (adopted from Fidar et al, 2010) 451 

 452 

6.0 CONCLUSIONS 453 

 454 

The analysis of the observed data indicated statistically significant difference between the 455 

conventional mixer taps and low flow electronic taps in terms of their water use 456 

characteristics such as volume of water per event, event duration and flow rate. The study 457 

found that low flow rate electronic taps have higher mean per event water consumption than 458 

conventional taps. It was also estimated that conventional taps have greater flow rate than the 459 

electronic taps, while the latter have longer mean event duration. Similarly, it was observed 460 

that the event duration is governed mainly by the user behaviour and is independent of the 461 

taps’ flow rate. The findings suggest that as water consumption of domestic taps does not 462 

increase or decrease linearly with the nominal flow rate of taps, the performance of the low 463 

flow taps require to be carefully assessed. 464 

 465 
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The data of the recorded events provided information that indicates that practically event 466 

durations have greater implications on the water consumption by domestic taps than the 467 

nominal flow rate. This brings the focus on the importance of non-structural water efficiency 468 

measures (measures that can influence user behaviour) such as user education or pricing in 469 

achieving the required water efficiency targets.  In addition to this, the observed data shows 470 

that over 80% of the water consumption was via hot water taps. The amount and source of 471 

energy (gas electricity) required to produce hot water has a direct bearing on the extent of 472 

greenhouse gas/carbon emissions.  473 

 474 
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Figure 1   Conventional mixer tap                                         



 

Figure 2 Electronic tap 



 

Figure 3 Thermostatic mixer valve 

 



 
 
 
 
 
 
 
 

 

 

                            Figure 4 Distribution of water consumption per use event for conventional mixer taps 
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                                Figure 5 Distribution of event duration for conventional mixer taps 
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                   Figure 6 Sample of the estimated flow rates of events for conventional taps 
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                             Figure 7 Influence of flow rates on water consumption for conventional taps 
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               Figure 8 The relationship between event duration and water consumption for conventional taps 
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                                                Figure 9 The influence of the tap flow rate on event duration 
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                          Figure 10 Distribution of water consumption per use event for electronic taps 
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Figure 11 Distribution of event duration for electronic taps 
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Figure 12 Sample the estimated flow rates for the electronic taps 
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                      Figure 13 Influence of event duration on water consumption for electronic taps  
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                            Figure 14 Influence of flow rates on the water consumption for electronic taps 
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Figure 15 Relative share of micro-components towards water and energy consumption and resulting 

carbon emissions (adopted from Fidar et al, 2010) 
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