Case Study SA-EM2
ENVIRONMENTAL LIFE CYCLE ASSESSMENT FOR WATER TREATMENT PROCESSES WITH SPECIFIC FOCUS ON USE OF ELECTRICITY AS AN ENVIRONMENTAL PERFORMANCE INDICATOR

Historically, electricity efficiency measures have not been a priority in the South African water industry due to the relatively low cost of electricity.Over the last 5 to 10 years this situation has rapidly changing due to the increased demand, lack of electricity generating infrastructure and subsequent increase in electricity costs. This case study is an extraction from a larger environmental Life Cycle Assessment (LCA) study (developed through a series of individual LCAs), that was conducted on the water supply, treatment and recycling in the eThekwini Municipality. Specific focus of this case study revolves around the impact of energy consumption in the water treatment process and the potential in using electricity consumption as an environmental performance indicator.
 (
Environmental Life Cycle Assessments (LCA)on the environmental life cycle of water in an urban context
: 
eThekwini Municipality
Description of Process:
A
 series of 
e
nvironmental LCA
s
and calculation of environmental scores for the processes involved in the treatment, recycling and disposal of water and wastewater
were
 used to 
produce an environmental profilefor water treatment processes 
in eThekwini Municipality 
(urban context
)
.
The outcome
s
 were:
A
 holist approach, using a
 system approach as well as a process approach is needed for 
effective assessment of the environmental performance of water and wastewater services
. 
A 
close relationship 
exists 
between the electricity consumption per kiloliter of water/wastewater and the environmental LCA scores. (a decrease in the electricity consumption of a unit = an improvement in environmental performance
)- 
no burden shifting across categories occurs
On an individual process basis, electricity consumption
 (
operational phase
)
, within the ozonation unit, and activated sludge process were the highest contributors to the environmental 
burden
.
On an entire system basis (incl
.
 losses
),
 the 
collection and
the distribution subsystems
, due to their electricity consumption were the highest contributors to the environmental burden
.
Through
 an improvement analysis,
 a series of possible interventions 
for improvement 
and their consequences
were
 provided
. 
R
ecycling 
(for 
Durban
)
, has
 positive environmental impacts &
wastewater discharge quality requirements may act as a driver to recycling, especially in inland locations. 
That the use of an Electricity Index could provide an easy to use indicator of environmental performance in benchmarking urban water systems and could facilitate identifying substantial energy savings
Potential Interventions
Locate industries closer to wastewater works for supply of recycled water
Specific actions at various units will results reduced energy consumption (cost saving) and in improved environmental impacts, actions such as:
70% reduction in electricity use by limiting airflow to the thermal unit of the ozonation unit = saving of 1 173 kWh/d
Sludge management activities such as: aeration efficiency improvement, varying operating conditions, using chemical pre-treatment. The latter showed a potential saving of 250-280 MWh/y (roughly equals 685-767 kWh/d) 
Proactive measures taken in Collection & Distribution, through reducing 
leakage 
will lead to water savings and electricity savings:
supplier deman
d  - 
Water loss management (target of 20% by 2012) 
= 
water saving of 
82 Mℓ/d 
consumer demand 
–introduction of
 rising block tariff 
=
 a potential water saving of 27 Mℓ/d. 
For 
water and 
wastewater
 system
, the use of an
 energy audit may be preferable to a detailed LCA
, depending on the output desired and the intended use of the audit information.
Treatment plant and pump station operators
 using
 an Electricity Index 
and
 consumption 
measurements 
at the various units 
to identify problem areas,
 could facilitate more efficient energy management (cost saving) and improved environmental impacts.
Range of potential savings
Electricity consumption should be used as a crude environmental indicator for the performance of urban water systems.
 And 
a decrease in the electricity consumption of a unit = an improvement in environmental performance) - no burden shifting across categories occurs
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	Ref
	Case Study SA-EM2

	Response information, description and remarks

	
1
	Location:
	South Africa, eThekwini Municipality,urban context ito domesticindustrial consumers: specific focus area based around the water supply from the Inanda Dam and the Wiggins Waterworks, Wastewater collected from the region that is sent to the Southern Wastewater Treatment Works and deep sea outfall and the Durban Water Recycling Plant. 

	
2
	Sector:
	The environmental life cycle of water in an urban setting- included the treatment, distribution, collection anddisposal (including recycling) of potable water and wastewater.

	
3
	Works Owner or Operator:
	· Bulk water supply is received by the Municipality from Umgeni Water, who operate the two water treatment plants (Wiggins and Durban Heights Waterworks. 
· The distribution of potable water in the eThekwini Municipality is the responsibility of both the eThekwini Municipality (ETM) and Umgeni Water.
· The collection of and wastewater treatment works, sea outfall and recycling plant fall are owned and operated by eThekwini Municipality.
· Durban Water Recycling (DWR) is operated by Veolia Water.

	
4
	Size:
	ETM has a total population of 3.1million (IDP, 2005).Wiggins Waterworks capacity 350 Ml/d, Southern Wastewater Works treats 168 Ml/d (2005), Durban Water Recycling (DWR) capacity to treat 47.5 Ml/d of domestic and industrial wastewater. 

	
5
	Energy Provider:
	Power is in form of electricity, provider by the national electricity agency, ESKOM. Electricity tariffs are made up of: service and admin charge (R722.28/day), network charges: demand and access (R18.39 /kVA), energy charges and 2c/kWh Environmental Electricity levy (17.422c /kWh).

	
6
	Process:
	The value of environmental LCAs for urban water systems has been shown and its importance is demonstrated by focusing on improvements in complex systems and in measuring actual performance and the implication of changes. 

	
7
	Component:


	Includes the treatment, distribution, collection anddisposal (including recycling) of potable water and wastewater, including aspects such as construction, operations and decommissioning.

	
8
	[bookmark: _GoBack]Motivation for the case study:
	Energy consumption in the treatmentof water and wastewater is a critical factor for the overallenvironmental performance of water systems. Two focus areas: reduce water loss in distribution system to reduce amount of water to be treated to supply demand; and improved energy efficiency at the WWTW

	
9
	Process/Plant changes:
	Outcomes of the LCA case study included recommendation that were related to adjustments of mechanical & electrical control aspects, such as: Ozonation units, Aerators, etc.

	
10
	Civil/Physical Changes:

	Outcomes of the LCA case study included recommendation that were related to process changes ito chemical pre-treatment

	
11
	Operational Changes:
	Tracking electricity consumption through the various units and using an Electricity Index can facilitate identifying areas which have greatest environmental impact and require corrective action. Identifying methods of minimising energy use can lead to reduce environmental impact as well as cost savings

	
12
	Risks and Dependencies:
	For effective results, a holistic approach must be followed ito both a process focused investigation anda system focussed investigation. Electrical consumption data for the various units in the WWTW and system needs to be available.  Energy efficiency is directly linkedto the pumping requirements of the system which is due to the local conditions in whichdistances and elevations play an important role. Thus, energy assessments of urban water systems cannot be generalisedand efficiency of systems/processes has to be researched ina case-by-case approach.

	13
	Implementation:
	Overall LCA was undertaken over whole system supported and complimented by the individual LCAs for each sub-system.

	
14
	Energy Efficiency gains:

	Improving energy efficiency of water systemswill increase theoverall environmental footprint.

	
15
	Cost/Benefit analysis:
	Electricityconsumption should be used as a crude environmental indicatorfor the performance of urban water systems. An electricityindex (e.g. kWh/kL) is proposed to be applied to the treatmentprocesses and pumping of water and wastewater. 

	
16
	Project review:
	A compilationof such indexes for South African urban areas would assist inbenchmarking and comparing environmental performances. Itwill also highlight areas for improvement

	
17
	Confidence grade:
	Medium to High: Data collected from various sources, quality of data varied, due to use of calculated data when real data were not available.Background process in a sub-system used secondary data, and Processes of the primary suppliers and processes within the plant were defined as foreground and site specific data was collected.





This case study, based on the outcomes of LCA study that was undertaken in the eThekwini Municipal area, has as specific focus the linkages that exist betweenwater treatment, energy consumption and environmental impact. 
Life cycle assessment (LCA), also known as eco-balance, is a holistic assessment technique used to evaluate the environmental impacts of products or processes by following a scientific methodology in which the impacts are quantified. The ISO 14040: 2006and 14044: 2006 provide the standards for life cycle analysis.The 2 main objectives of a LCA are:
· quantify and evaluate the environmental performance of a process which will assist decision makers choose amongst options available; and
· provide a basis for assessing potential improvements in the environmental performance of the system. 
Once these areas and the contributors to the high burdens are identified, improvement options can be investigated and implemented.
This LCA was carried out using the standard ISO 14040 methodology, which comprises four stages: goal definition and scoping; life cycle inventory; impact assessment and interpretation improvement assessment. The phases of an LCA study interact with one another and as such the LCA is an iterative process.
The information for the case study was extracted from a larger more detailed LCA study under taken by E Friedrich, S Pillay and CA Buckley as well as from other research written flowing out from this study by the same authors, either collectively or individually. (Details of sources provided in the references). The overall objective of the larger LCA study was to generate information on the environmental life cycle of water in an urban context. This included the abstraction and treatment of raw water, the distribution of potable water, the collection and treatment of wastewater, the disposal to sea of effluents and the recycling of water. 
The eThekwini Municipality (South Africa) has a population of approximately 3.1 million and covers an area of about 2 300km2 (IDP, 2005).The core city of the municipality is Durban, which is the largest South African port city on the Indian Ocean. Inland, it is surrounded by other urban nodes as well as other more sparsely populated peri-urban areas. 
Bulk potable water is provided to the municipality by Umgeni Water which operates two interdependent systems that are linked operationally and in terms of service delivery. Each system has a dedicated dam, aqueducts and a waterworks. The first system is the Nagle Dam and the Durban Heights Waterworks and the second system is the Inanda Dam and the Wiggins Waterworks. Once treated, the potable water is reticulated to consumers (domestic and industrial). In the central area and in the suburbs of the municipality, a sewer system collects the used water, which is treated in a number of sewage treatment plants prior to final discharge into the Indian Ocean. A water recycling plant, takes treated sewage from the Southern Wastewater Treatment Plant to produce industrial-grade water, which is used in a paper mill and in an oil refinery located nearby.
[image: ]The system studied is a complex water supply network and due to the interconnected nature of these networks (multiple reservoirs options) it was not easy to identify a single chain of water supply. The selected system for this study starts at Inanda Dam which feeds the Wiggins Water Treatment Works (capacity: 350 Ml/day) which in turn supplies water to the south Durban region. The pumping and piping network is operated to reduce the electricity usage of the city. Therefore under normal operating conditions the bulk of the flow is via gravity.
Wastewater collected from the region (combination of domestic & industrial)treated at the Southern Wastewater Treatment Works. After limited treatment (system of screens, degritters and settling tanks), the bulk of the industrial sewage is sent to the deep sea outfall(4 km long pipeline which goes out to sea and discharges the waste at a depth of 60 m). The domestic wastewater is treated before being pumped to the Durban Water Recycling Plan (operated by Veolia Water). This plant treats the sewage to an acceptable standard for industrial use. The water is then pumped to a high level storage tank before being distributed to nearby industries.
The figure presents a simplified description of the selected water system (both natural water pathway & human modified pathway (Source: S.Pillay, Sept 2006)

Description of Process
The study was broken up into the following 5 sub-systems,Inanda Dam, Wiggins Waterworks, Pumping and Reticulation Network, Southern Wastewater Works, Durban Water Recycling and the Durban South Deep Sea Outfall. A standalone LCA was performed on each unit in the studied system. All four steps of the ISO methodology were carried out, including an improvement analysis. 
Assumptions made in the LCA study:
· The functional unit was one kilolitre of the water produced from each sub-system at the stipulated quality i.e., the qualities stipulated by the Umgeni Water guidelines for potable water and the eThekwini Municipality for wastewater treatment. (functional unit =quantified description of the performance of the product system for use as a reference unit)
· The construction, operation and decommissioning phase of each sub-system was studied. Equipment was assumed to last the entire predicted design lifetime.
· In considering the complete system, the volume weighted sum of the different impact categories was calculated.
· For modelling purposes the system would be operating under what would be considered normal conditions.
· Data collection is a time and cost intensive thus facilitate collection, the life cycle was divided into two parts of collection:
· [image: ]Background: The background system is that which supplies materials and energy to the foreground system, usually via a homogenous market so that individual plants and operations cannot be identified. - background process in a sub-system used secondary data.
· Foreground – The foreground system is defined as the set of processes directly affected by the study. Processes of the primary suppliers and processes within the plant were defined as foreground and site specific data are collected.
· Simplification of analysis by considering only primary inputs of energy and materials (previous studies indicated secondary effects (such as construction of manufacturing plants, for chemicals used, and manufacture of vehicles, for transport) account for less than 5% of the total impact to each phase).
· Impacts less than 5% of total impacts were discarded – i.e. As the study progressed it became clear that the impact from the construction stage was small.
· Whenever data was missing, the missing data were calculated assuming worst case conditions. Thus the final impacts calculated may be slightly higher than the actual impacts of each sub-system. 
The system boundaries and process that were included (and excluded) in the LCA are shown in the figure alongside (Source: Friedrich, et al, 2008):
The inventory and impact assessment calculations and the modelling of the system were performed by using the GaBi 3 software. Data was collected from various sources. For all the water treatment plants (potable water, wastewater and recycled water) direct data was collected with regard to the chemicals and energy used in the treatment of water. 
Environmental scores, for the impact categories, were calculated for these 5 sub-systems based on these inputs and outputs. In calculating these scores the CML methodology was used as implemented in the GaBi 3 environmental LCA tool. The CLM methodology defines a series of environmental impact categories and presents the methodology to calculate indicator results for each category included. These environmental impact categories are: global warming, ozone depletion, acidification, eutrophication, photo-oxidant (or smog) formation, toxicity (aquatic ecotoxicity, terrestrial ecotoxicity and human toxicity), energy use, abiotic resource depletion, solid waste and land use.


Overall results:
Two overarchingapproach results were:
· Process approach:- the contribution of individual processes with the aim of identifying the processes with the highest contribution, and
· System Approach: -takes into account the overall efficiency of the system, including losses, to determine which process has the highest contribution.
The high-impact processes are targeted for an improvement analysis. 
[image: ]Process Approach:The summarised contributions of individual processes towards the environmental scores for the eThekwini system are shown in figure alongside(Source: Friedrich, et al, 2008):
This contribution has been calculated based only on the performance of the individual process (treatment of raw water, distribution of potable water, collection of wastewater and treatment of wastewater (including recycling)).
The graph indicates that, perkilolitre of water/wastewater, the processes with the highest scoresfor all environmental impacts are: 1) the treatment of wastewater, 2)the distribution of potablewater and 3) the collection of wastewater.
The lowest overall LCA scores (with the exception ofthe ozone depletion potential) is the recycling process. It would thus indicate that in this specific case, recycling is more environmentally friendly, specifically when potable rather than raw water is used. This would thus indicate that supplying industries situated close to wastewater treatment plants with recycled water should be encouraged and promoted.
	Losses in the eThekwini water cycle

	Process
	Amount (kℓ)
	Loss (%)

	Abstractionofwater-InandaDam
	1.47 
	0%

	Purificationofwater–WigginsandDurbanHeightsWaterworks
	1.43 
	3%

	Distributionofwater-municipality
	1.43 
	30%

	Watertodomesticconsumers
	1 
	40%

	Collectionofwastewaterfromconsumer
	0.60 
	0%

	Treatmentofwater
	0.60 
	0%

	Losses identified in the eThekwini water cycle (Source: Friedrich, et al, 2008).


[image: ] System Approach:Other than the individual approach, the overall efficiency of the system also needed to be taken into account, which in this case included specific losses associated with the different processes. Each of the losses equated to a different environmental burden / impact. Example: Distribution network losses (ETM - 30% loss at that stage) have high impact due to:
· the “lost“ water has to be abstracted and treated, requiring additional resources (chemicals and energy to produce and pump water) =  environmental implications, 
· financial implications for the municipality since this water cannot be billed (also called non-revenue water).
The graph indicating the revised environmental contribution, taking the losses into account, of individual processes to environmental impact categories is shown in the figure alongside (Source: Friedrich, et al, 2008):
Using the system approach (includes water losses), the process with the highest environmental burdens changes to the distribution of potable water (not the treatment of wastewater (primary and secondary) as indicated by the Process Approach). This highlights the importance of adopting a system approach in assessing urban water systems and in prioritising improvements (achieves a more system sustainable outcome). 
Environmental profiles and scores for individual processes, although important, do not present the holistic perspective as systemic water losses (typical for water systems), are not accounted for by investigating individual processes. However, a process approach’s value lies in the improvement analysis, since different organisations and/or entities are in charge of the different processes and can enact changes. Thus for effective analysis of a water systems, a process approach and a system approach should be adopted concurrently.
Specific Outcomes:
Recycling: (substantial environmental saving achieved – average 80%)
The LCA results showed that in the eThekwini situation there is a substantial environmental saving that can be effected by replacement of virgin water with recycled water as the quality of the discharged water is very close to the demands of industry and may only require little improvement. Therefore, the wastewater discharge quality requirements may act as a driver to recycling, especially in inland locations. 
This is illustrated by the table below (Source: Friedrich, et al, 2008), which presents the environmental savings (on average 80%) for each LCA impact category due to the replacement of 1 kℓ of virgin water with 1 kℓ of recycled water at consumer level. For virgin water the scores for the treatment and distribution processes were added.
	Environmental savings from replacing virgin water with recycled water

	Impact category
	Provision of virgin water
(treatment and distribution)
	Recycling of
Waste -water
	Environmental saving
%

	Global warming potential
(kg CO2 equivalents)
	4.81E-01
	1.01E-01
	79

	Ozone depletion potential
(kg CFC-11 equivalents)
	1.10E-08
	3.19E-09
	68

	Acidification potential
(kg SO2 equivalents)
	2.85E-03
	5.68E-04
	72

	Eutrophication potential
(kg Phosphate equivalents)
	2.05E-04
	3.51E-05
	83

	Photo-oxidant formation potential
(kg ethane equivalents)
	5.28E-05
	1.05E-05
	80

	Aquatic ecotoxicity potential
(kg DCB* equivalents)
	6.45E-03
	1.00E-03
	84

	Terrestrial ecotoxicity potential
(kg DCB* equivalents)
	7.88E-01
	1.25E-01
	84

	Human toxicity potential
(kg DCB* equivalents)
	1.49E-02
	1.77E-03
	88

	*All toxicity scores are expressed in kg DCB (1, 4 dichlorobenzene) equivalents 





Improvement Analysis:
[image: ]The LCA impact analysis of each individual unit identified where the major environmental impacts where within the system. By further analysing the sub-systems, as individual processes, facilitated the identification of the units to be targeted for environmental improvement. Literature findings were confirmed in that the operations phase was responsible for the majority of the impacts. The results showed that the operations phase was responsible for over 90 % of the environmental load for all the studied impact categories and is supported by the outcomes of many other LCA studies on water and wastewater treatment processes internationally.
When focussing on the Process approach, i.e. the contribution of individual processes with the aim of identifying the processes with the highest contribution, the LCA results indicated that the dam had minimal impact on the environmental burden, with the chemical and electrical burdens being the major contributor throughout the system, for each of the individual processes, as shown below.
Figure: Environmental burden of the contribution to the operations stage from chemical and electrical inputs to the system. (Source: Friedrich, et al, 2008)
From the graph, it is clear that the environmental burden of the system is largely due to the electrical input. The next step is thus to identify the energy us of the specific individual units, in order to identify prioritised action options.
[image: ]The graph alongside shows the most electricity intensive processes for the operations phase of the system. (Source: Friedrich, et al, 2008). The top users of electricity are:
· the activated sludge units,
· the collection and distribution of water, 
· the ozonation units associated with the production of potable water and the raw sewerage screw pumps.
Based on the above, the following improvement measures were suggested (and in some cases tested) to reduce the consumption of electricity in order to improve the overall environmental performance.
Ozonation:
The improvement analysis showed that the electricity use of the ozonators at Wiggins Waterworks could be reduced by as much as 70 % by limiting the air flow to the thermal destruct unit, used to destroy excess ozone. 
The ozonation unit is comprised of two sections, the ozone generator, which uses electricity to generate ozone from oxygen and the thermal destruction unit, which destroys the excess ozone by heating the gases to 300 oC. Of the 4 314.4 kWh/d used by the ozonation unit, 3 140.5 kWh/d (72.38%) is used for the thermal destruction unit.
The electricity consumption of the unit was found to decrease when the air flow to the thermal destructorwas limited, thereby increasing the concentration of ozone in the gas entering the unit and decreasing the total volumetric flow. A series of preliminary tests had been undertaken before on the ozonators to determine the effect of reducing the gas flow to the thermal destruction unit by partially closing the vacuum breaker on top of the contactors (Pillay, 2002). A further measure identified was improved control of the ozone dosing would reduce the need to have ozone destruction. 
Based on trials that were conducted on this unit it was found that a 70% electricity reduction could be achieved. This would translate to a similar environmental saving. It needs to be noted that this is only relevant to this particular case study and this does not mean that similar savings could be achieved on all ozonation units.
Activated Sludge:
A detailed analysis of the activated sludge unit was conducted. The main cause of the impacts from the activated sludge units was due to the large amount of electricity expended by the aerators in transferring air from the atmosphere into the liquid (Surface aerators are used at the Southern Wastewater Treatment Works). This is due to the fact that many aeration processes fail to achieve an optimum level of energy consumption.
	Aeration Method
	Energy Efficiency (kg O2/kWh)

	Course bubble diffusers
	0.8 - 1.2

	Fine bubble diffusers
	2.0 - 2.5

	Vertical shaft aerators
	1.5 - 2.3


Various methods of reducing the electricity usage of the system were considered. These included:
· Alternate aeration methods: i.e., use a fine bubble diffused aeration system in conjunction with the current surface aerators, as this has high oxygen transfer efficiency.The Table shows the different oxygen transfer efficiencies for different aeration methods (Gray, 1990). The study did not show resulting % saving achieved.
From the above it can be seen that fine bubble diffusers provides the greatest oxygen transfer efficiency, but the gain will need to be weighed against the high cost of pumping pressurised air and the fouling of the diffuser network.
· [image: ]Varying the operating conditions:,i.e.,  decrease the oxygen demand of the system by optimising parameters such as sludge age, wastage rate, aeration levels and recycle rate. A computer model, using the WEST (Worldwide Engine for Simulation, Training and Automation) software package, was used to investigate these parameters. The preliminary modelled results indicated that a decrease in the dissolved oxygen set point from 2.0 mg/L (O2 set point 2) to 1.5mg/L (O2 set point 1) resulted in a negligible change in the COD reduction (from COD out 2 to COD out 1). However, this reduction in the oxygen required by the process, translates to a large electrical saving by the aerators. 
It must be noted that these are preliminary results and require further investigation to determine whether this change can be implemented on the plant. The dual function of the aerators (oxygenate sludge & mixing sludge) is one of the factors that needsfurther investigation, specifically the effect that reducing the air input to the tanks will have on the mixing.The figure shows the outputs from WEST model, showing the change in COD reduction after changing the dissolved oxygen set point.(Source: S.Pillay, Sept 2006)
· Using a chemical pre-treatment step, i.e., Two pre-treatment options were considered. 
· The first (Scenario A) used the addition of coagulant and flocculent followed by a settling stage. 
· The second (Scenario B) used the addition of coagulant and flocculent followed by a flotation stage. 
The reference system had a similar set up as the secondary treatment plant in this study (entering effluent had a lower BOD). It was found that the electricity usage could be reduced from 300 MWh/year to 50 MWh/year for Scenario A and to 30 MWh/year for Scenario B. For a South African treatment system this option is not used as the cost of chemicals outweighs the electrical savings. However the environmental improvements are potentially large and considering the current and envisaged future cost of electricity, this may prove to be a viable option. 
· The Promotion of anaerobic digestion for high-strength liquid effluents and the use of the resulting methane to produce electricity offers a further option (not utilised). This electricity generated could be used on the plant, reducing the need for grid energy. This strategy is promoted in Europe and the UK (DEFRA, 2007) and previous local studies (Sacks and Buckley, 2004) have shown that there is potential for such a process at the Southern Wastewater Treatment Plant. The anaerobic digesters on this plant have been decommissioned due to the disposal of sludge to sea for cost savings considerations. They have the capacity to take up to 13 t COD/d of high-strength biodegradable liquid effluent. In the light of new information and the drive to produce energy which might be linked to carbon credits, this decision should be reversed and the anaerobic digesters could be re-commissioned.
The possibilities for reducing the electricity consumption for this unit are numerous with the possibility of achieving an order of magnitude reduction. However due to the sensitive nature of the process, trials were not able to be carried out. 
Collection & Distribution:
When considering the distribution of potable water and the collection of wastewater more holistic approaches are required and can be classified into two broad categories: 
· reducing consumer demand - Consumer demand can be influenced by installing water saving devices (e.g. low-flow showerheads and toilets) and by local by-laws (e.g. water restrictions – prohibiting the use of potable water for garden watering).
· reducing supplier demand- Supplier demand can be influenced by: identifying and reducing reticulation network leakages, by removing illegal connections, by pressure management (reducing excess pressure) in the distribution system and by using economic instruments such as water tariffs. 
Reducing Supplier Demand:
eThekwini Municipality have adopted a number of measures in this regard and by 2008, substantial progress had been achieved. Some of the measures introduced and ongoing are:
· Active leakage control. In the period from July 2006 to June 2007 a total length of 18 300 km of main pipes have been checked and 30 800 leaks have been identified and repaired. This process is ongoing.
· Better pressure control in the distribution system to avoid overpressure. This includes the installation of pressure-reducing valves (PRVs) in the different zones of the network, maintenance of these valves and the installation of warning devices on critical and strategic PRVs. In addition advanced pressure control, a method which allows one to have ‘normal’ pressure during peak times and to reduce pressure out of peak times, has been rolled out in substantial areas of the distribution network.
· Measures targeting consumers include checking the top 1 000 consumers in the system on an annual basis (includes replacing the water meters), installation of meters to previously unmetered consumers, the check-up of unmetered standpipes, visiting disconnected customers (convicted of non-payment or tampering) and removal of illegal connections, forced repairs for customers with arrears of over 60 days and where water consumption is greater than 1.5 kℓ/d.
· Other general measures include modellingtrunk reticulation systems, installation and maintenance ofreservoir meters and real-time monitoring of reservoirs (stillexperimental).(eThekwini started a programme of replacing old AC mains with mPVC pipes and under taking reservoir rezoning to achieve more effective pressure zones, in 2008. Full results of this not yet available and were not part of the LCA)
If the eThekwini Municipality measures are successful and losses are reduce to 20% (target for 2012), an additional 82 Mℓ/d of water could be saved thereby avoiding further environmental burdens associated with the abstraction, treatment and distribution.
Reducing consumer demand:
[image: ]Reducing the consumer demand is also another way of increasing the available supply of water. In the eThekwini Municipality, the introduction of a new domestic tariff structure(rising block tariff) would bring about substantial water savings, while protecting vulnerable groups and ensuring a balanced water revenue account. Using Ramsey pricing principles, a pro-poor tariff structure was designed for the municipality (the first 6 kℓ/month of water is free to all households). Literature confirmed that by using this tariff structure, an average reduction of 3.3% in consumer demand could be achieved. This is due to reductions in consumption from not only the high users of water, but all users.
In 2008 (date of the study), the eThekwini Municipality supplied on average 820 Mℓ/d. A 3.3% reduction in demand would translate into water savings of almost 27 Mℓ/d, which again translates into savings of 6 450 kg CO2 equivalents per day. The figure alongside summarises the environmental savings due to reducing consumer and supplier demand (Source: Friedrich, et al, 2008).
The study indicated that a further benefit of demand management is potentially a 4% reduction inelectrical use. When added to other energy-efficiency measuresthe electricity demand could be reduce by a further 9%. Forthis case study the 9% electricity savings translates into 17 564kg CO2 equivalents per day.

The Electricity Index as an Environmental Performance Indicator
A further major outcome from the LCA study was that energy consumption can be used as an indicator of environmental performanceof a water and sanitation system (electricity is responsible for the majority of the environmental impacts). As such, using an energy audit may be preferable to a detailed LCAwhen investigating the reduction of the environmental impact, as it is quicker to perform.
With electricity being the highest contributor for all of the environmental LCA scores for the production and distribution of potable water as well as for the collection and treatment of wastewater, it was proposed that an electricity index be used as a measure of environmental performance for urban water systems in South Africa. This allows for a simple measurement of environmental performance by monitoring electricity consumption. The amount of energy expressed as kWh/kL of water (potable or wastewater) is enough to simplistically judge the overall environmental performance of existing water systems. 
The simplicity of the index makes it a usable tool for technical staff (water plants and pumping station operations), on condition that the underlying data (i.e. electricity consumption) can be measured reliably and assigned to different operations or processes. This level of information is not yet readily available at some municipalities, and even in the eThekwini situation a lot of time and effort was spent in obtaining satisfactory electricity data. The other instance where this index may be inappropriate is when the topography of a municipality allows for only gravity fed water systems, and where pumping is not required.
The close relationship between the electricity consumption per kiloliter of water/wastewater and the environmental LCA scores also indicates that a decrease in the electricity consumption of a unit, would result in an improvement in environmental performance for all the studied impact categories. Thus no burden shifting across categories occurs.

Potential Interventions
· Locate industries closer to wastewater works for supply of recycled water, as in the eThekwini situation there is a substantial environmental saving (average 80% across the environmental categories) that can be effected by replacement of virgin water with recycled water.
· Specific actions at various units will results reduced energy consumption (cost saving) and in improved environmental impacts, actions such as:
· 70% reduction in electricity use by limiting airflow to the thermal unit of the ozonation unit = saving of 1 173 kWh/d
· Sludge management activities such as: aeration efficiency improvement, varying operating conditions, using chemical pre-treatment. The latter showed a potential saving of 250-280 MWh/y (roughly equals 685-767 kWh/d)
· Proactive measures taken in Collection & Distribution, through reducing supplier demand and reducing consumer demand. Water loss management (target of 20% by 2012) supplier demand reduction and would equate to an82 Mℓ/d water saving. Main Consumer Demand action was introducing rising block tariff with potential water saving of 27 Mℓ/d. 
· Using an energy audit may be preferable to a detailed LCA when investigating the reduction of the environmental impacts in a specific unitof a water and sanitation system. 
· Treatment plant and pump station operators, using an Electricity Index and by measuring consumptionat the various units within atreatment works or pump station, could facilitate more efficient energy management (cost saving) and improved environmental impacts.

Benefits derived from case study: 
The most significant benefit from the project was gainingan understanding of the close relationship between the electricity consumption per kiloliter of water/wastewater and the environmental LCA scores, which also indicates that a decrease in the electricity consumption of a unit, would result in an improvement in environmental performance for all the studied impact categories. Thus no burden shifting across categories occurs.

Other benefits are:
· That the use of a holistic approach is necessary to gain an effective assessment of the environmental performance of water and wastewater services.  
· That the wastewater discharge quality requirements may act as a driver to recycling, especially in inland locations. 
· That the use of an Electricity Index could provide an easy to use indicator of environmental performance in benchmarking urban water systems and could facilitate identifying substantial energy savings

Cost Saving
Historically, electricity efficiency measures have not been a priority in the South African water industry due to the relatively low cost of electricity.  Since 2008, the situation in South Africa has rapidly changed due to the increased demand and lack of electricity generating infrastructure and subsequent increase in electricity costs. Although the LCA did not quantifyany cost saving, as it was not the purpose of the study, however the reduction of energy consumption and water savings achieved by implementing the recommended measures will have result in substantial energy and water saving which in turn will result substantial cost savings. 
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