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1 Introduction

As decentralised water supply is considered to be a priority of the water
sector for the forthcoming years, a market breakthrough for small-scale
systems is expected. The project Techneau hopes tsignificantly contribute to
this development with the design and demonstration of a point-of use (POU)
system and a small-scale unit, both of whose proceses are based on
membrane technology. The prototypes are to be testel in 2009 in South
Africa, where rural water supply is revealed as a critical issue, as was
discussed during the Techneau Regional Technology Ratform (RTP) meeting
held in Cape Town in November 2007.

The RTP meeting enabled a better view on the natioral expectations
regarding water supply and the establishment of rel evant contacts with South
African (SA) water community. This provides valuab le input for the
preparation of the case study. Therefore, this report presents the preliminary
work, which consists of identifying the main actors of the case study and the
potential field sites.
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2 Background on SA water supply

While Asian countries such as China and India are making significant efforts
to contribute to meeting the Millenium Development Goals (MDGs), the Sub
Saharan Africa water situation is still poor. In th is region, current trends show
that the target of halving the population without a ny sustainable access to
safe drinking water could not be met in 2015, but more likely in 2040, and a
lot of uncertainty lies in facing the growth of the population (Muller and
Manus, 2007). Indeed, water issues are not top prigities in the political
agenda in Southern Africa with regard to quality an d sustainability. In South
Africa, the Department of Water Affairs and Forestr y (DWAF) strives
towards enabling an access to drinking water for all.
Four challenges are identified (Muller and Manus, 2 007):

The development and implementation of technical opt ions in rural

and peri-urban areas.

The reform or the creation of relevant institutions in order to ensure

an effective asset management of water and wastewaer treatment

infrastructure.

The training of operators and process controllers

The public awareness on water issues and the implementation of

stronger legislation.

Decentralised water supply is a key issue as 50% otthe population lives in
rural areas. Widely scattered households suffer from insufficient funding for
water supply and poor operational skills. The remot eness of rural areas may
imply a 2 to 3 hours driving distance from any pote ntial technical support.
Thus, in SA, there is an exponential growth of small treatment plants
(Thompson, 2007). Potential risks are listed as: Bds/animals access to the
reservoirs, damages from air vents, backflow contamination, long residence
time, use of contaminated containers and poor disinfection. That is confirmed
by the risk assessment made by Techneau WA4 in Uppe Mnyameni (SA)
where poor storage and animals leaning on pipes were identified as the two
main risks (Pettersson, 2007).

Moreover, there is currently no legislation governi ng chemical use or process
equipment in SA. It is unclear how municipalities s elect technologies and
what criteria are taken into account. South African authorities need support
tools and guidelines in order to apply better regul ations. Water engineers
take their own responsibilities. External control s hould be organized. A lot of
effort is currently going into regulating drinking  water quality in SA but it
should also target the drinking water accessibility and availability. In South
African considerations, accessibility implies a wat er supply point within 200
m whereas 1000 m is the maximum distance for WHO. The water should be
consistently available at a rate of 25 L/pers/day i n SA (compared to 20
L/pers/day according to WHO guidelines). The qualit y of the water is highly
affected by the use of unhygienic vessels to transport the water from the
water point to the house. Moreover, carrying and ha ndling containers full of
water cause chronic back pain. Thus, authorities have to find smart solutions
regarding water system design, operation and management. In SA, fast
actions are expected by the population.
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3 Objectives of the Case Study

3.1 Demonstration of WP2.5 research and development

program

The case study in SA will enable the implementation of the treatment
concepts that were investigated by EAWAG and Opaliu m within Techneau
WP2.5. Therefore, the long-term operations of a Pont-of-Use (POU)

ultrafiltration system with substantial NOM/biofoul

ing layer under low

pressure, and an upscaled gravity-driven unit combi ning appropriate pre-
treatment and post-treatment features, are planned to be demonstrated on the

field.

3.2 Time Schedule and Work Plan

Table 1 shows the important steps of the case study Past events are written in

italic characters.

Research Activity Institution Location Time line
Main Events Date Duration
KWB Germany Sept 07
Swartz Eng / KWB South Nov 07
M Africa
Visits to potential sites and meetings Swartz Eng / KWB South Dec 07
with local operators + Umgeni Water Africa
Final design of the pilot unit (1) Opalium France M arch 08
Construction of the prototype Opalium France March 08 | 3 months
2nd Workshop on Decentralised KWB Czech June 08
Water supply Republic
Visit to view construction and Swartz Eng / KWB France June 08
scientific evaluation of the pilot Opalium
system (2)
Performance Test of the pilot in KWB + Opalium + France July 08 4 months
France Anjou Recherche
Shipment of the pilot to SA KWB + Opalium Nov 08 2 months
Start of of the case study at 1 or 2 Swartz Eng. and South Jan 09 6-8
sites in South Africa, Kwazulu KWB Africa months
Natal (3)
1)

The design of the pilot unit currently consists of a biosand filter, a UF flat
sheet module and a storage tank with chemical dosing. Besides, a POU
system will be investigated, and a UV-LED system may also be tested.

(2)

A visit will be undertaken to Europe by Swartz Eng. to view construction,
assembly and testing of the membrane-based small waer supply system at
the factory. Requirements for installation, commissioning, operation and
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maintenance of the membrane system in South Africawill be established
during this visit.

It is also expected that a KWB representative will come back to South Africa
in the second half of 2008 in order to better finalise the preparation and
evaluate the working conditions (site accessibility , entry of water, quality of
the raw water) with the local partners.

3)

During the field studies, the membrane-based water supply unit will be
installed, commissioned, operated and scientifically monitored for a period of
3-4 months at each site. During this period of field trials, the researchers from
Umgeni Water will be trained in the scientific eval uation and optimisation of
the treatment process, and the socio-economic aspets related to decentralised
water treatment are to be also considered.

Preparation of the Case Study for Decentralised Water Supply
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4 Contacts with local actors

The success of the demonstration study depends on agood integration and a
good understanding of the South African water frame work. Thus, the
contribution of local partners represents a valuabl e input to the project. Below
is a short review of the different SA entities, including their potential interest
in the Techneau WP2.5 program and their related acivities.

4.1 Chris Swartz Engineers
Chris Swart Engineers Water Utilisation has been adive in the Techneau
project as project partner since the beginning of the EU project. They notably
contributed to the WP2.5 with a state-of-the-art review on the current South
African research regarding use of membranes in water supply. They have
been the relevant partner regarding the implementat ion of the Techneau
activities in South Africa. That includes the organ isation of the Regional
Technical Platform in November 2007 but also the preparation of the 2009
demonstration study. Indeed, they have connections with relevant
stakeholders in the SA water community. That partic ularly includes close
contacts with the Water Research Commission: Dr Gehard Offringa notably
expressed interests in the Techneau activities. Beisles, they have a rather
close relationship with Umgeni Water, which enabled the identification of
potential field sites for the Techneau WP2.5 case sidy.
Contact Name :
Chris Swartz, Water Engineer

4.2 Umgeni Water (UW)
Umgeni Water is a state-owned business company (Watker Board — Water
Service Provider — see Umgeni Water website for deils) that supplies
potable water to the water supply schemes and municipalites in Kwazulu
Natal. They notably run small water plants in peri -urban and rural areas.
Therefore, they show great interest in decentralised water schemes in certain
areas and the Techneau case study seems a relevampportunity.

The case study could benefit from the installations and the technical support
from UW . It was indeed considered that, in case of a partrership based on a
non-commercial research program, a Techneau delega¢ could work in the
UW office in Durban and use the facilities (telepho ne, internet)(Umgeni
Water is a Techneau end-user). However, costs folab analyses or additional
human resources should be charged on Techneau experes. A trainee
technician would roughly cost R 5000/month (~500€). Further investigations
on these costs will be made in 2008.

Regarding technical issues, Umgeni Water considerspre-treatment as a
critical aspect. As the rural areas present some parly grassed surfaces,
stormwater runoff dissolves large amount of solids (colloidal material/clay)
and produces raw waters with a turbidity that can r each 300-500 NTU. UW
expressed some reservation on the capacity for a bosand filter (solution
currently chosen by Techneau for the pre-treatment) to handle that range of
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turbidity. The use of an upflow roughing filter or floating media separator
was mentioned and should be included as option in t he final design to be
developed by Opalium (with cloth media from DUT ?).

Contact Name :

Peter Thompson, Process Scientist/Engineer

4.3 Durban University of Technology (DUT)
Prof Lingam Pillay is a membrane expert at the Durb an University of
Technology and he shares interest for decentralisedschemes. Indeed, trained
people tend to move from SA rural areas and operational costs are then
getting higher when conventional water systems are implemented. Moreover,
as treatment adjustments are generally difficult to make, the quality of the
water tends to deteriorate. Therefore, a regional srvice approach is proposed.

DUT developed a UF prototype using woven-membrane p refiltration in order
to lower the turbidity (down to <5 NTU) of the fee d water. This seems a
better solution than the use of a floating media separator that would be
knocked out with a peak of turbidity, which occurs after rain events. The
cleaning procedure for the woven membrane is still to be considered: either a
manual removal of the cake layer is required once the system is blocked or
the membrane module should be substituted regurlarl y with a clean one. The
main advantage is the low cost of the woven membrane. The system is to be
designed for July 2008. Collaboration between DUT and Techneau partners
can therefore create a synergic effect.

Contact Name :

Prof. Lingam Pillay, Associate Professor in the Department of Chemical
Engineering

4.4 VWS Envig
VWS Envig belongs to Veolia Water Solutions and Tedcnologies and
specialises in the design, contruction, commissioning and operation of water
and wasterwater treatment plants. The activities are mainly located in South
Africa, Botswana and Malawi.

Currently, VWS Envig is designing a 6m container un it for decentralised
water supply based on a UF treatment step. The sizeof the container is to be
re-assessed once the first tests will be performed.This unit would provide
from 1000 to 2000 L/h. The construction should start in January 2008 and
local test fields will take place in Western Cape from March 2008. VWS Envig
hopes to offer a commercial system for 2009.

The system is based on a simple ultrafiltration step using VWS Envig own
tubular membrane modules. Thus, those local components should be suitable
for an optimal use in South African conditions (i.e . higher temperatures). A
Cleaning-in-place procedure and energy supply will still be needed. Some
solar panels could be later considered. Post-treatnent actions include GAC
and chlorination. The cost for the prototype is rou ghly assessed to € 35 000.
There is in SA a will for fast actions and the design of this system replies to
national needs. VWS Envig is indeed in contact with the Ministry of Water
Affairs. Only administrations and other governmenta | authorities can support
the implementation of those units.

Preparation of the Case Study for Decentralised Water Supply
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VWS Envig will perform tests in 2008, i.e. a year before the Techneau case
study takes place. Therefore, it is important to maintain contact so that
Techneau benefits from similar studies. VWS Envig'‘s expertise is valuable as
they are knowledgeable about SA environment. Thus, SA water streams are
likely to face bacterial contamination and high con tent of suspended solids
(especially during rainfall events). However, salin ity would not stand as a
critical parameter. Moreover, in a first step, KWB will be the link between
Opalium and VWS Envig, regarding the process design. In early 2008, a
clearer view of the VWS Envig and Opalium connectio n should be
established.

Regarding the fate of the treated water in a legal context, it is hardly defined
how authorities can overlook the case study and imp ose some precise
regulations, although the DWAF is performing consid erable work in that
direction. That confirms what was said during the RTP meeting, i.e. water
companies usually take their own responsabilities w hen providing water.

Contact Names :
Heinz Strohwald, Technology Manager
Bernard Cannon, General Manager: Membratek

Preparation of the Case Study for Decentralised Water Supply
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5 Visit to the potentiel field sites

Umgeni Water presented 3 potentiel field sites wher e they operate small

water treatement plants. An overall description of the sites is here given as
well information on the community (where available) .

5.1 Presentation of KwaZulu-Natal

The potential sites are located in KwaZulu-Natal (K ZN), in the surroundings
of Durban (see Figure 1, region in grey). This region is called the garden

province and is the home of the Zulu nation. The py ramid age (see figure 2)
shows that it is a young region with a high birth r ate and few elderly people.

200 km

Figure 1 - Regions of South Africa

Figure 2 - Pyramid Age (Statistics South Africa,(0
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KwaZulu-Natal offers large rural areas and access to water represents a big
challenge. Figure 3a shows the repartition of potable water facilities in that
region. In more than 60% of the households, a piped water supply is not
available in the dwelling. Water can then be acces®d inside the yard (~19%)
or from a further fountain point (~21%). Other opti ons include the direct
collection from the water reservoirs: river/stream, spring, borehole and dam.
Details of the repartition within the ethnic groups are presented in the Annex.
The Black African community is the most affected by inconvenient access to
water as more than 70% of considered households donot directly get water
(Figure 3b).

Figure 3 - Distribution of the water facilities IWZN population (a) and in the Black
African community (b) (Statistics South Africa, 2007)

The water accessablity is strongly dependant on the type of dwelling. Indeed,
more than 1/3 of the KZN population live in traditi  onal dwelling or informal
shack (see figures 4 and 5). Decentralised water deemes would therefore be
highly relevant for those households.
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Figure 4 - Repartition of the dwelling types in KZStatistics South Africa, 2007)

Figure 5 - Traditionnal African household

Although there is a high rate of unemployment/non-a ctivity, the people that
live in that type of dwelling present also a mixtur e of incomes and work
occupations. Indeed, large families stand by elderly relatives in rural areas.
Some active members often go and work in nearby townships/cities in order
to support their families while others take care of the domestic needs
(including fetching the water). Figure 6a shows the repartition of the KZN
active community (15-65 years-old) by the monthly i ncome ranges. The
median revenue is assessed to R 1500/month (~150€)However, when
considering the whole population, 50% of the inhabi tants do not have any
income (see Figure 6b).

Preparation of the Case Study for Decentralised Water Supply
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Figure 6 - Distribution of the Monthly Income fané active population (a) and for
the global population (b) in KZN (Statistics Soutfrica, 2007)

KWB visited 3 potential sites — Isiminya, Ntabaskop and Ogunijini — for the
implementation of a small-scale system for decentralised water supply. All
sites are located in KwaZulu-Natal, within 1.5 hour s drive from Durban. Two
sites — Isiminya and Ntabaskop - are placed in a rural environment in the
llembe District Municipality while the third one — Ogunijini - belongs to a
peri-urban area in the eThekwini Municipality (see figure 7). A first
comparison is to be developed and a view of the sites is further illustrated.

o
Durban

100 km

Figure 7 - Map of the municipalities in KwaZulu-Nait
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5.2 Comparative Site Assessment

Sites

Isiminya

Ntabaskop

Ogunijini

Type of Area

Rural

Rural

Peri-urban

Type of Raw Water stream Water stream Water stream
Water
Community Families Families Families
School Hospital
They get free water. They get free water. Water is not free.
Existing Small plant: Same configuration as in Conventional
Infrastructure Sand Filtration + Storage Isiminya. Treatment:
with chlorination dosing The plant currently works. Sand Filtration,
system. clarification,
The plant is currently not chlorination.
active system —i.e by-pass Umgeni Water projects
system. to double the
The “treated” water is infrastructure to meet
pumped up to a reservoir, the local demands.
which supplies water
points, by gravity.
Complaints by the
community on the turbidity
of the water, have been
received.
Energy supply | Yes Yes Yes
Main SS / turbidity ( rain events) SS / turbidity SS / turbidity
Pollutants Pathogens to be Pathogens to be investigated | Pathogens to be
investigated investigated
Iron
Flow order 150 m3/d 150 m3/d 1000 m3/d
Access Access to the site is quite Similar situation as in The plant is easily
Conditions difficult in rainy conditions. Isiminya. However, the accessible by car. The
A 4*4 is needed as steep and| access road is larger. Stillin | site is 10-12 km away
muddy slopes are rainy conditions, the car from Verulam
encountered. In rainy needs to be parked on the (commercial center and
conditions, the car should side of the road at a 10-15 transport node).
be parked next to a public min walk-distance from the
place (a coffee place), and water plant.
then one should walk down | The roads show no traffic
to the site for 10 minin a signs, which make
narrow path. orientation difficult in these
rural area.
Site Space Some space - although itis | The feed water is pumped a | The site offers a lot of

not very flat - is available
next to the water stream

and a small dam has been
built. Fences protect the site.

bit further upstream the
plant. Fences protect the site.

space. Moreover, there
are an office building
and a small lab. Fences
protect the sites.
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5.3 Overview of the rural sites in llembe District Municipality

Figure 8 shows the map of the llembe District Munic ipality and the locations
of the 2 sites.

@® Potentiel
Sites

[
L
Ntabaskop =
Isiminya

Figure 8 - Locations of Isiminya and Ntabaskop
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5.3.1 Isiminya

Figure 9 - Pathway to the entrance of the watanpl Figure 10 - Entry of the raw water

Figure 11 — “Out-of-order” sand filtration tank Figure 12 - Chlorination dosing device

Figure 13 - Water Reservoir that supplies watengi  Figure 14 - Nearby households
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5.3.2 Ntabaskop

Figure 15 - Pathway to the water plant Figure 16 - Point of entry of the raw water

Figure 17 - Active slow sand filtration Figure 18 - Disinfection tank (chlorination)

Figure 19 - Presence of energy supply Figure 20 - Pathway from the main road down to the
water plant
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Figure 21 - Corresponding Water Reservoir Figure 22 - Nearby households

5.4 Overview of the peri-urban site - Ogunijini - in eThekwini Municipality
Unlike Isiminya and Ntabaskop, it is possible to ge t community information

for Ogunijini. Indeed, the eThekwini Municipality ke eps a profil for its
different planning units. Figure 23 shows the locat ion of Ogunjini.

Figure 23 - Location of Ogunjini in the eThekwiniudicipality

The outcomes from a 2001 community survey by the eThekwini Municipality
are presented in Table 1. It reveals that the Ogunijni population is rather
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young (40% is within 15-34 years-old), poor (32% without any income) and
economically inactive for 35% of the 15-65 years-otl. As 49% of the dwellings
are traditional, it is not surprising that 43% of t he population should cover
more than 200m in order to get piped water. That in dicates that decentralised
supply could also provide solutions to peri-urban s urroundings.

Table 1 - Ogunjini Community Information (eThekwjr2007)
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Photos of the Ogunjini small water plant are presented from Figures 24 to 29.
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Figure 24 - Entrance at the Ogunijini water plant Figure 25 - Raw water stream

Figure 26 - Sand Filtration Figure 27 - Clarification tanks

Figure 28 - Work space Figure 29 — Ogunjini Neighbourhood
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6 Next Steps

The visit in South Africa in Nov/Dec 2007 enabled t o have a first view of the
local conditions and have valuable meetings with some members of the SA
water community. It was an important milestone towa rds the planning of the
Techneau demonstration activities of WP2.5.

The information that was presented in this report p rovides more input to
future discussions or decision processes. New taskshave been identified. The
next steps for the preparation of the case study ate listed below:

Choice of 1 or 2 field sites

The rural sites were difficult to reach — especially in rainy conditions.
Therefore, after discussing with Umgeni Water, it w as considered to start the
case study in a more convenient location such as Oginjini. This peri-urban
site is easily accessed and it offers good facilites (work office and small
laboratory). As commissioning the pilot unit would require a daily care, it is
indeed important to be able to ensure reactive technical support. It was also
mentioned that prior to being implemented on the fi eld site, the pilot unit
would be run at the Umgeni Water offices in Durban so that 1 or 2 UW
technician(s) could be trained to the system. As te prototype would have
also been through performing tests in France, this training step at UW should
not take long (max. a week). Nevertheless, this phase still needs to be
discussed in order to avoid too many changes of location. As the prototype is
to be based on a rather simple process, it may be rore relevant to train the
technicians from Umgeni Water directly on site. Thu s, Ogunjini seems to be a
good site in order to evaluate and adjust the treatment performance of the
unit in real SA conditions.

The first part of the study will mainly be focused on the technology itself.
Once the system shows a rather good stability, it could be considered to
transfer the pilot into a rural area. Indeed, the system would not require as
frequent operation and maintenance input as during the start of the
implementation. Besides, it may be relevant to integrate the social aspect of
the study at that point. Isiminya and Ntabaskop are very similar rural
communities. However, it does not make much sense to install the unit where
the small water plants are located as they are notwhere the consumers
directly get the water. It would be more significa nt to place it close to a water
fountain or in a schoolyard, where user habits can be identified and watched
over. For example, impact of the implementation of the unit could have
visible effect on the absenteeism rate in the schod Thus, Ntabaskop seems a
better potential site for the rural implementation as it has a school.

Community Info

Working at the rural level implies a good understan ding of the community
patterns. Therefore, it is important to collect inf ormation on the populations
living in Isiminya and Ntabaskop and on their habit s in order to identify
convenient spots for the prototype (close to a water stream, and close to a
public access). As Umgeni Water runs small water plants in those
communities, it is expected that information would be easier to get than for
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any other rural community in the surroundings. Howe ver, other potential
sites may enter into consideration in 2008.

Water analysis
Umgeni Water is to provide data on the raw and trea ted waters for each of

the 3 sites. As the UW laboratories for water analyses are not located in
Durban but in Pietermaritzburg (KZN), demands have to go through more
administrative steps. Still, it will provide input  for the design of the unit.
Besides, at some point of the case study, the unittould be included as one
additional spot on the weekly routine of the UW tec hnicians, which process
to water sampling and bring the samples to the laboratory.

Cost Estimations

Even though the water analyses for the case study mght be managed within
the UW established procedure, Techneau would still pay these analyses.
Further considerations on costs still need to be discussed with UW in 2008.
KWB should notably make a preliminary list of the ¢ omponents that will
need to be measured, so that UW can make a first esmate of the costs and
see if that could fit with their normal practice. B esides, cost for additional
human resources also need to be considered.

Relationship between Opalium and VWS Envig

As VWG Envig aims to launch a membrane-based unit for small supply in the
Southern African market for 2009, the collaboration between Opalium and
VWS Envig should then be more clearly defined, in order to avoid redundant
work or future commercial disagreement. Thus, KWB w ill facilitate a better
communication with Opalium and VWG Envig, which wou Id be
advantageous for the design of the prototype. VWS Envig's involvement in
the field study itself could also be later discussed.
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8 Annex

Data on the population in KwaZulu-Natal.

Table 2 - Community survey 2007 on Access to Wiat&tZN regarding ethnicity

(Statistics South Africa, 2007)

Black Indian or

African Coloured | Asian White
Piped water inside the dwelling 502452 32197 192619 | 158517
Piped water inside the yard 413030 1742 5013 3842
Piped water from access point outside the yard 460469 636 2589 994
Borehole 101754 253 100 1944
Spring 46886 0 0 408
Dam/pool 25895 0 0 232
River/stream 228039 101 301 535
Water vendor 21136 119 117 0
Rain water tank 16072 0 84 255
Other 14907 65 441 383
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