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Leakage or wastage from toilets is a major issue affecting all water companies

• No accepted figure for number of toilets leaking or volume of water wasted
– Previous research identified 

• Approximately 10% of toilets were found to be leaking
• Estimated total losses at 400 litres/ toilet/ day
• Total losses of 1.8 billion litres / year

– Wastage from domestic WCs estimated to be significant proportion of average PCC

• No robust data on why toilets leak
– Anecdotal responses suggesting:

• Failing flush valves, inlet valves, seals
• Improper cistern set-up leading to over-

filling and over flushing

Background
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• Improve and refine the evidence base 
– including scale, technical reasons for leaks and any groups more likely to have 

leaking WCs
• Develop efficient methods of detecting and locating leaking WCs and improve the 

speed and rate of repair
• Identify efficient ways to reduce existing wastage 

– including costs and benefits
• Identify ways to prevent future wastage

– propose methods to prevent malfunction in the first place
• Physical investigative study of at least 300 leaking toilets

– Analysed for leak causes and wastage data
• Repair identified leaks

Objectives
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• Two phases
– Phase 1 – Initial assessment of scale

• Test theory that 10% of WCs leak
• Ensure the analysis output is robust by controlling some variables (e.g. hardness)

– Free home water check vrs specific reference to leaking WCs
• 100 randomly selected toilets within a define geographic area

– Phase 2 – Investigating leakage types and causes
• 300 toilets suspected of leaking
• Identified by Water Companies through high consumption queries, AMR and 

metering programmes and water regulation visits
• Additional households identified through home visit water survey’s and leakage 

detection strips within participating water company areas

Physical Investigation
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Phase 1 approach
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Phase 1 – Outcomes

• Low initial uptake rate and high drop out rate

• 95% confidence intervals for average % WCs that we expect to leak
• Individual WC counted as independent unit
• Warrington sample – 95% confidence that leak rate for the Warrington population is 

between 2.4% and 12.5%
• Combined sample – 95% confidence that leak rate for the population is between 1.7% 

and 8.9%
• Analysis suggests some regional variation – but likely to be minimal
• Broadly in line with other water company studies

Sample Size Number 
leaks

Sample 
leak rate

95% confidence 
interval

Warrington 
(UU)

89 5 5.6% (0.024, 0.125)

Luton (AW) 56 1 1.8% (0.003, 0.094)

Combined 145 6 4.1% (0.017, 0.089)
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• Phase 2 run in parallel to Phase 1
• Recruitment

– Properties with known leaks (target = 300)
– Number of existing initiatives identified from project Water Companies:

• High consumption customers (UU, AW)
– Letters with leak strips

• Leaks identified from home visit programmes (UU, TW)
– Direct mail of leak strips (9,000)

• Site visits
– Identify leak type and cause
– Measure leakage rate
– Repair leak

Phase 2 - Investigating leakage types and causes



8 © Ricardo plc 2015Ricardo Energy & Environment in Confidence

Conclusions and lessons:
• Customer recruitment challenges
• Identifying leaking WCs challenging

– Some DIY repairs
– Potential for incorrect application of leak strips  
– Sample size lower than anticipated (138 / 300)

• Large range in leakage rates 
• Small number of properties with >1 leaking WCs
• Access issues at some properties

Physical investigation – Headline summary

Completed 
audits

No of 
WCs

Total 
leaks

Leaks 
repaired

Leakage 
range (l/day)

Total leakage 
(l/day)

Phase 1 97 145 6 6 1-120 132

Phase 2 187 323 132 120 1- 3,600 29,500

Total 284 468 138 126
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Leakage rates
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Leak rates: litres/day

Histogram: Leak Rate frequency

Mean (litres/ day) 214.9
Standard Error 42.4
Median (litres / day) 72
Minimum 1.0
Maximum 3600.0
Sum 29659
Count 138

Descriptive Statistics - leak rate
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• Correlation coefficient & Chi-Square test
• Differences highlighted in yellow are statistically significant
• Some characteristics come as a ‘package’ – flush valve is mechanism
• Relationship between flush valves and leakage – statistically significant
• WCs in houses built between 1970 -2000 less likely to be leaking; houses built between 

2000 – 2010 more likely than other property ages

Analysis - Leakage vrs WC characteristics & property age

< 1900
1900-
1920

1920-
1940

1940-
1970

1970-
2000

2000-
2010

New 
Build Rod Cable

Pneu-
matic

Ballcock
: 

Bottom 
Fill

Ballcock
: Top fill

Float: 
Bottom 

Entry

Float: 
Side 

Entry

Leaking 94 27 117 0 2 42 22 32 26 14 110 65 30 14 112 122 98 19 7 102 8 121
68% 20% 85% 0% 1% 30% 16% 23% 19% 10% 80% 47% 22% 10% 81% 88% 71% 14% 5% 74% 6% 88%

Not 226 81 294 5 5 90 64 112 27 26 192 92 89 10 190 237 172 55 14 232 24 257
leaking 69% 25% 89% 2% 2% 27% 19% 34% 8% 8% 58% 28% 27% 3% 58% 72% 52% 17% 4% 70% 7% 78%

Property Details WC Specifications

Metered
Smart 
Meter

Owner 
Occupier

Age of Property

Push 
button

Flush actuation fitting

Flush 
Valve 6.0 Dual

Fill valve type

Close 
Couple
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• Newer properties (post-2000) more likely  to 
have a leaking WCs
– Higher number of 6 litre flush and flush 

valves
• Flush valves more prevalent across all 

property ages - 36% leak 
• Flush valves associated with 81% of the total 

leaks identified
• Leaking WCs in older properties generally 

have flush valves - renovation / retrofit
• Leakage rates in siphons lower at 16%
• High proportion of siphons in new properties 

leak

Causes of leakage: WC characteristics and age of property

House age

TotalPre-1970
1970 -
2000 Post-2000

Total number of leaks 
(%) 67 (29%) 32 (22%) 39 (42%) 138
6 Litre 177 97 85 359

77% 67% 92%

> 6 litre 54 47 7
108

23% 33% 8%
Total 231 144 92 467

Flush valves 137 (59%) 86 (60%) 79 (86%) 302

Leaking 57 (42%) 22 (26%) 33 (42%) 112 (37%)
% of total leakage 85% 69% 85% 81%
Siphon 94 (41%) 58 (40%) 13 (14%) 159
Leaking 10 (11%) 10 (17%) 6 (46%) 26 (16%)
% of total leakage 15% 31% 15% 19%

Total 231 144 92 467
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• Flush valve seal degradation commonest cause of 
leakage 

• Nearly 2/3 of all leakage caused by 3 factors
– Flush valve seal degradation
– Faulty fill valves 
– Faulty dual flush valves

• Nearly 40% of leakage associated with fill valve 
mechanism

• Debris and dirt not a significant contributor to 
causes of leakage 

• All leakage from WCs with siphons associated with 
fill valves 

• CDD interference not significant cause of leakage

Causes of leakage and WC characteristics

9%

19%

16%

7%

29%

5%

3%

3%

1%
8%

Fill Valve Washer Faulty Fill Valve
Faulty Dual Flush Valve Fill Valve Level Adjustment
Flush Valve Seal Degradation Flush Malfunction
Push Rod Malfunction Debris/Dirt
CDD Interference Other
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• General awareness of Regulations key issue.
• Current legislative situation deemed unsatisfactory and insufficiently policed. 

– Little product labelling so no feel for level of compliance
• Number of potential intervention measures identified across stakeholder groups:

– Many require Regulatory reform. But unlikely.
• WC leakage will probably remain largely an issue for the water companies and their 

customers
– Most feasible option is the continuation of existing measures (retrofit / high 

consumption) and where possible piggy back on existing initiatives.
– Supported by cost benefit analysis

What can be done to reduce future wastage?

Without regulatory reform the issue may be ‘too hard to 
tackle’ and that we were merely ‘tinkering around the 
edges’.
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• Recruitment challenges
• Tested theory that 10% of WCs leak

– Combined sample 4.1%
– 95% confident that leak rate for the population is between 1.7% and 8.9%

• The majority of leaks are <100l/day with average leakage rates skewed by a few very 
large (>1,000l/day) leaks 

• Potential wastage from leakage could be as low as 133 Ml / day or 1.65% of PCC 
(median value) 

• WCs in houses built between 1970 – 2000 are less likely to be leaking; houses built 
between 2000 – 2010 are more likely

• Flush valves strongly associated with leaking WCs – statistically significant
• 2/3 of all leaks caused by 3 factors
• No strong correlations between specific WC characteristics and leakage rates

– Highest leakage rates mainly associated with faulty fill valves
• Access key issue for WC serviceability and repair
• WC leakage may not be as significant issue as initially anticipated

Summary
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