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Abstract

The purpose of this paper is to explore the potential of a six sigma approach to reducing
water losses through a combination of water efficiency and leak detection on a private
distribution system. The paper takes the form of a case study that investigates the
implementation of water reduction strategy across an estate with 26 miles of potable water
pipe and over 200 facilities. This incorporates methods developed in the water industry such
as water loss reduction and water demand management. The paper demonstrates that large
water savings could be made through adoption of a six sigma approach. The approach has the
potential to be applied to a wide range of situations including sites with limited technology.
This case study provides a useful source for Facilities Managers involved in the management
of utilities to determine suitable water saving approaches and strategies for large estates with
private water distribution networks.

Keywords: Water loss, Six sigma, Water efficiency, Water management, Private water
supplies, Facilities management

1. Introduction

There is an increasing global awareness that water scarcity is one of the emerging issues of
this century (Morais and Teixeira de Almeida, 2007). The demand for this precious
commodity is continuingly escalating through increased population and changes in
precipitation patterns brought on by climate change (Bates et al. 2008). Effective utilisation
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of water through the reduction of wastage either within distribution (leaks) or at the point of
use (water inefficiency) remains a key problem for both developing and developed countries
throughout the world (Morais and Teixeira de Almeida, 2007).

A\\ Mac rOth i “k Environmental Management and Sustainable Development

Leakage from water distribution systems has been a widely research topic due to the large
percentage of losses encountered even on the smallest systems. Annually the global water
sector processes 32 billion cubic meters of water that is lost through leaks (Kingdom et al.,
2006) accounting for 9%-43% of the nations total production (Lai, 1991). In addition to the
physical loss of water there are other deleterious impacts relating to energy consumption,
chemical consumption potential health and environmental risks (Colombo et al., 2009) with
an associated total financial of cost of US$15.6 billion (Kingdom et al., 2006). One such
issue is the energy consumption associated with treating and pumping leaked water (Colombo
and Karney, 2002). This is thought to account for 5-10 billion kwWh of power generated a year,
in the states alone (AWWA, 2003). Water hygiene issues are also associated with burst or
leaks through the intrusion of contaminated groundwater. Karim et al., (2003) demonstrated
that a high percentage of soils and potentially harmful pathogenic organism such as coliforms
(58% and 70% of water and soil samples respectively) and faecal coliforms (detected in 43%
and 50% of the water and soil samples respectively). During low pressure events on a burst
line it is possible for these contaminants to be drawn in to the system.

Water demand management (WDM) deals with developing and implementing strategies
aimed at influencing water demand by improving efficiency to reduce average water
consumption (Brooks, 2006). WMD strategies focus on providing tools, mechanisms and
knowledge to enable users to reduce water consumption. Such tools include high efficiency
water fixtures and appliances that have demonstrated to support least cost planning strategies
for water conservation and are thus a good starting point prior to high cost capital works
(Stewart et al., 2010). The provision of knowledge aims to influence attitudes and behaviours
which can have a significant effect on water consumption (Willis et al., 2011).

An increased focus on sustainability performance from a range stakeholders has meant that
companies must also adapt to support this new core activity (Price et al., 2011; Garza-Reyes,
2015). The built environment is responsible for half of the UK’s water consumption (BIFM,
2007) thus sustainability targets are likely to include water usage. It has been reported that
UK private sector could realise savings in excess of £3.5 billion a year through the adoption
of water efficient practices (Environment Agency, 2012). These practices are also being
brought in to the Public Sector through the introduction of the Greening Government
Commitments. This has seen the Ministry of Defence (MOD) introduce water reduction
targets as part of the new regional prime contracts (FM World, 2013).

To reduce the likelihood of failure the utilisation of frameworks to support improvement
initiatives is deemed critical (Oakland and Tanner, 2007). One such framework is Six Sigma
which has gained recognition as a quality improvement methodology within the
manufacturing and service industries (Basu, 2004). It has been applied successfully to the
utilities industry (Inozu et al., 2006; Pheng and Hui, 2004) and can be used to drive
sustainability initiatives (Zhang and Awasthi, 2014; Banawi and Bilec, 2014; Cherrafi et al.,
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2016a; Cherrafi et al., 2016b). Although other frameworks, such as lean, have been proposed
to improve sustainability performance it is believed that their integration has not assisted
organisations achieve peak performance, unlike that of Six Sigma (Banawi and Bilec, 2014).
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This case study investigates a water saving strategy implemented within an MOD estate on
the Falkland Islands using a six sigma approach.

2. Case Study
2.1 RAF Mount Pleasant Complex

Mount Pleasant Complex (MPC) is operational British Military theatre situated in the
Falkland Islands with a primary mission statement to deter and defend against foreign
aggressors. To enable the MOD to focus on their core activities infrastructure service
provision, such as power generation and water production, is outsourced.

Water services cover all aspects of water and wastewater treatment. This involves the
management of a treatment plant and distribution system in line with The Private Water
Supply Regulations. The task inherently involves the metering of water consumption around
the estate.

Following an increase in consumption over the years as well as the introduction of
environmental targets there has been an increased emphasis on the management of leaks and
water efficiency.

2.2 Water Consumption

Over the years, the activities and population of MPC have remained fairly constant. During
this time, there has been a steady 27.13% increase in water consumption from 25,339m? in
2002 to 32,216m* in 2009 (figure 1). This has ranged from a mean consumption of
713m*/day in May 2003 to 1270m®day in June 2009. Despite the repair of a major leak in
July 2009, consumption continued to rise.
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Figure 1. Site Consumption

Average domestic water consumption in the UK has been estimated at 150l/Person/day
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(Waterwise, 2012). On MPC total water consumption has ranged from 356-635I per person
per day from 2002 to 2009, roughly two to four times in excess of that in the UK, however it
should be noted that this includes non-domestic water which is used in centralised kitchens,
boiler house operations and vehicle wash-down equipment. Due to metering arrangements it
is not possible to differentiate between the two.

Under previous Environmental targets, the UK “Greening Government Commitments”™ the
MoD has been set targets of reducing water consumption by 7% on the estate by 2016
relative to 2010/2011 levels.

3. Case Study

“Six Sigma is an organized, parallel-meso structure to reduce variation in the organizational
processes by using improvement specialists, a structured method, and performance metrics
with the aim of achieving strategic objectives” (Schroeder et al., 2008). Using a data driven
improvement methodology Six Sigma aims to identify and significantly reduce operational
defects and variability to improve process performance (Zu et al., 2008; Laureani et al.,
2009). The six sigma methodology that was used to guide implementation was the five phase
DMAIC cycle (define, measure, analyse, improve and control) (Bergman and Klefsjo, 2003)
whereby the initial problem is defined prior to the utilisation of various tools to measure,
analyse and seek the root causes which can be removed and controlled to ensure performance
(Cherrafi et al., 2016a).

In this case study the process problem which was being addressed was water loss and water
inefficiencies. Six Sigma tools were used alongside standard water industry approaches to aid
with the measurements and analysis.

3.1 Define

The charter of the six sigma project was developed by the Water Services Manager. The
business case was based on the fact that water demand was on the verge of exceeding supply
across MPC, despite efforts to optimise water processes to maximise the inputs (Cairns et al.,
2012). The situation had led to excessive chemical consumption, increased pumping costs
and a twofold increase in operator overtime. Due to the age of the infrastructure, water
demand was likely to be excessive as a result of large leaks and inefficient water fittings.

The process improvement tool SIPOC; suppliers, inputs, process, outputs, and customers
(Table 1) was used to define the system to allow for better targeting of resources. The SIPOC
revealed that the process of water delivery could be split into three distinct levels within the
system (main feed, distribution and facilities). This identified that the main goal of reducing
overall water consumption could be achieved through a combination of leak reduction
techniques on the main distribution system and a water demand management approach within
the facilities.

101 http://emsd.macrothink.org



Environmental Management and Sustainable Development
ISSN 2164-7682
2017, Vol. 6, No. 2

Macrothink
A\\Institute ™

Table 1. SIPOC of water delivery

Suppliers Inputs Processes Outputs Customer
Water Potable Pumping of water Supplied MPC
Services Water Main feed - distribution = facilities Water inhabitants
3.2 Measure

An array of measurement techniques were formulated to cover each of these separate areas
and provide a holistic picture of water consumption, losses and inefficiencies, taking into
account the limited technology onsite (Figure 2).

Consumption Baseline Main feed
i i Distribution Distribution Distribution
District Metergd Area Leg 1 Log 2 o
(DMA) Analysis
1 || || II I|—I—|I
Water efficiency  |Facility 1| |Facility 2| |Facility 3| |Facility 4| [Facility 5 |Facility 6
audits

Figure 2. Measurement techniques at various levels of the distribution system

The first stage of the measurement process involved determining the base line consumption
figures for the site on a day-to-day basis. This included overall consumption for the site
(Figure 1) and minimum night flow (MNF). MNF measurements provide a better indication
of leakage on the system compared to daily readings since actual demand is at its lowest
during night time (0100hrs-0300hrs) making the leakage component the highest percentage
of flow (Morrison, 2004).

The second stage of the measuring process involved the setting up and monitoring of District
Metered Areas (DMASs). A DMA is specifically defined area of a distribution system in which
the quantities of water entering and leaving the district can be metered. Flow monitoring
(particularly MNF) can be used to calculate the level of leakage within a district providing an
indication of levels of leakage within different areas and where resources should be focused
(Morrison, 2004)

Flow measurements from the final meters on the DMAs provided an indication of
consumption within individual facilities and could be fed in to the final stage Water
Efficiency Audit. The audit used a standardised form to determine if actual consumption was
inline with expected consumption based on staffing levels and fittings within the facility
(Affinity Water, 2010). Analysis of night time readings supported this by providing an
indication of leaks within individual facilities.
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3.3 Analyse

Results from the DMA analysis illustrated that the high site consumption was the result of
one particularly problematic distribution leg comprising 4 DMAs.

DMA analysis of this leg (Table 2) showed that 77.28% of the total water was lost to leakage,
accounting for 23% of total consumption for the site. The worst areas were DMA 2 and DMA
4 which lost roughly 188m?* and 24 m® a day respectivel. DMA 3 and 1 experienced
comparatively lower calculated losses at 1 m® and 2 m® respectively.

Table 2. DMA analysis based off mean daily consumption figures (January 2010)

Expected Consumption (L) | Actual (L) | Losses (L) | Losses (%)
DMA1 278,137 276,616 1,521 0.55
DMA?2 263,742 75,256 188,486 71.47
DMA3 14,484 13,419 1,065 7.35
DMA 4 58,484 34,602 23,882 40.83
Total 214,954 77.28%

In addition to the high percentage of water loss through leaks on this leg the water efficiency
audits revealed that a number of metered facilities experienced excessive consumption (Table
3) totalling 10 a m®day between 2-3 . In all cases, there was significant flow (up to 150 litres
hour) during the periods of 0100-0300hrs. Water efficiency audits revealed that it was a faulty
urinal flow control devices at the facilities with meters 1, 37 and 40, whilst an external water
leak was the cause of high water consumption at meter 6.

Table 3. Water Efficiency Analysis (August 2010)

Expected daily Consumption | Mean daily consumption Water consumption per Potential
(L) (L) person per day (L) Losses
Meter 1 1,600 4,635 144 3,035
Meter 6 400 3,130 98 2,730
Meter 37 1,600 3,625 113 2,025
Meter 40 500 2,833 88 2,333
3.4 Improve

Corrective action was prioritised as per (Figure 3). Leaks were located using a combination
of visual inspections of the lines, and valve pits in dry conditions and step analysis. Faulty
urinal flow monitors were corrected, monitored and replaced if broken. In terms of DMA
analysis (Table 4) this lead to a 251m® reduction in consumption along the leg and a drop in
the water losses from 77.28% to 17.01%. The greatest improvements were realised following
work to DMA 2 and DMA 4.
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Figure 3. Work Prioritisation based off potential water losses

Table 4. DMA analysis December 2011

Expected Consumption (L) | Actual (L) | Losses (L) | Losses (%)
DMA 1 28354 25442 2912 10.27
DMA 2 13491 11962 1529 11.33
DMA 3 6419 6190 229 3.57
DMA 4 3897 3743 154 3.95
Total 4,824 17.01%

Following repairs to the main potable line, building water efficiency was targeted. Night time
meter readings revealed either leaks meter side of the building or inefficient water fittings the
most common fault was with urinal control devices. These were adjusted where possible and
replaced leading to large water efficiency savings within buildings (table 5).

Table 5. Water Efficiency Analysis December 2011

Mean daily consumption | Water consumption per | Daily Water Saving
End (L) person per day (L) (L)
Meter 1 352 11 4,283
Meter 6 194 24 2,936
Meter 37 625 20 3,000
Meter 40 192 19 2,641

From the start of the trials in April 2010 there was a 39% decrease in mean monthly water
consumption from 962m®/day to 584m*/day in July 2014 (Fig 4). Over the course of a year,
this would have provided a saving of 137 million litres. A 39.3% reduction in annual
consumption from 2009 compared to 2014 (Fig 5) led to the lowest consumption figures on
record and the internal water efficiency targets for 2020.
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Figure 5. Annual Consumption

Minimum night flow was used as the main control measurement (Fig 6). Investigations were
initiated in the instances where water consumption rose above 22.5m%h in the form of further
DMA analysis and water efficiency audits around MPC. Following the initial investigations
which realised issues with the urinal control systems water efficiency training was provided
to cleaning staff. This proved a successful control measure which helped identify several

faulty urinals and leaks.
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Figure 6. Minimum Night Flow
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4. Discussion

The successful application of water management tools utilising a six sigma approach further
strengthens the notion that Six Sigma is not just applicable to manufacturing operations
(Anthony, 2007; Laureani et al., 2009). The systematic approach of this methodology allows
successful investigations to be conducted in-house whilst providing the necessary flexibility
to be tailored to distribution systems of varying sizes and sophistication. This is in
accordance with previous research which has demonstrated that sustainability performance,
especially relating to environmental sustainability can be enhanced through the use of a Six
Sigma methodology (Calia et al., 2009; Habidin and Yusof, 2012; Zhang and Awasthi, 2014).
Due to the rigorous and disciplined nature of Six Sigma methodologies (Garza-Reyes, 2015)
it is not certain if the ease of implementation could have been enhanced through the use of
simpler frameworks such as Lean (Ng et al., 2015). In this case, application of the Six Sigma
framework achieved a 39% reduction in annual water consumption, however it is not clear if
this could have been enhanced through the utilisation of other frameworks was designed to
overcome the shortfalls of Six Sigma. Green Lean Six Sigma (GL2S) and was shown on
average to produce reductions in resource consumption by 20% to 40% (Cherrafi et al.,
2016b) which is similar to the 39% reduction witnessed in this case study however due to the
inherent differences in the sectors and organisations in which this was applied a further
casestudy on MPC would have to be conducted in order to determine if GL2S provide
significant benefits of Six Sigma.

The design and installation of more sophisticated systems will allow for the quick and
accurate capture of flow data and has the potential to greatly aid in reducing water
consumption. The installation of telemetry systems at a DMA and household level will
provide more accurate information on consumption, as well as real time consumption data in
a water distribution system, making it possible to identify leaks or inefficient water
consumption (Loureiro, 2010). Increased metering would improve the resolution of the leak
detection process, reducing the amount of time spend locating leaks or inefficiencies in the
system. In addition to metering, various sensing technologies such as IR thermographic
imaging could be used (Hawari et al, 2017) as well as considering the operating pressure of
the distribution network. It has been recognized that leakage rates increase with internal water
pressure (Wu et al, 2010) and that considering pressure driven leakage in the design stage of
the network can reduce overall leaks (Gupta et al, 2016). Considering the analytical nature of
the six sigma framework, the collection of operational pressure data from the distribution
network could be used to identify the areas in which leaks are most likely to occur and thus
be used to further reduce site water consumption.

As technological strategies can be costly and would require a detailed cost benefit analysis
before any capital works is undertaken: greater benefits are typically achieved by the fitting
of efficient fixtures and appliances (Stewart et al., 2010). It has also been documented that
high tech equipment and water efficient devices alone do not necessarily provide water
savings (Geller et al, 1983), as end users must have an appreciation of the functions of the
devices and apply them in the correct manner (Elizondo and Lofthouse, 2010). Additionally if
these fittings are incorrectly fitted then there is the potential that large volumes of water could
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be wasted especially in public buildings (Roccaro et al., 2011). Both of these issues were
apparent within the case study and related to urinal flow control devices which were wasting
2-4 litres a minute. This was a combination of faulty devices, incorrectly fitted devices, and
cleaning staff increasing the flush frequency to reduce the amount of cleaning required.
Rectification of this issue was tackled through in house training on how the fittings worked,
how they should be positioned, and how to spot if they are working correctly. This has led to
water savings of up to 90% in some facilities.

The behavioural aspects to water reduction have been shown to play an important part in
achieving water savings. Lau (2012) demonstrated how the promotion of knowledge and
awareness could yield significant water savings in high density housing in Hong Kong. The
effectiveness of a similar strategy when applied to a single MOD estate would be
questionable due to the high transient population with no visibility of personal water
consumption (Randolph and Troy, 2008). This is particularly relevant on this site where the
consumption patterns of domestic and non-domestic water consumption is still not fully
understood. If targeted at an organisational level so that water conservation was embedded in
to the military culture and institutionalised, then there is the potential to realise large water
savings across all estates (Randolph and Troy, 2008).

5. Conclusion

e Six Sigma methodology can been successfully utilised to reduced water loss in a
Private Water Supply Setting to meet environmental quality targets.

e The underlying principals were successfully applied to both supply side (leakage) and
demand side (water efficiency audits) to achieve a 39% reduction in annual
consumption.

e The adoption of a systematic approach to reducing water consumption can aid in
providing an effective, low cost solution even on sites with limited technology. As
water conservation begins to play a more influential role within organisations,
industry will naturally have to adapt to support these new requirements.
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Glossary

DMA: District Metered Area

DMAIC: Define, Measure, Analyse, Improve, Control
MNF: Minimum Night Flow

MOD: Ministry of Defence

MPC: Mount Pleasant Complex

SIPOC: Suppliers, Inputs, Processes, Outputs, Customers
WDM: Water Demand Management
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