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Abstract: In some villages in Central Java Province, Indonesia, especially in coastal area, water resources are
taken from some shallow wells or deep wells with brackish water. There are many technologies used in
desalination processes. Almost all of the technologies used in the desalination processes require capital,
operation and maintenance costs that cannot be paid by the communities. Therefore communities need cheap
and efficient technology. There are two alternatives: firstly for a communal service system, part of the water
resources are pumped using renewable energy (i.e. wind energy) into reverse osmosis (RO) filters for
groundwater desalination processes. Secondly for an individual system in the communities using solar still
technology. The application of the second technology uses roofs of the houses as desalination plants. Roof
materials used include glass, plastic or other transparent materials.
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INTRODUCTION The  performance  water  supply  and  sanitation

Third Water & Sanitation for Low Income countries in Southern Asia [5]. Prediction of the
Communities Project (WSLIC-3/ PAMSIMAS) is a Indonesian  population in  2015  is  218  million  people,
significant contribution to the Indonesian government's 103 million people or  47 %  do not yet have  access  to
efforts to improve local development [1]. It could raise the basic sanitation and 47 million people are without
economic and health status of low income communities sustainable access to safe drinking water. In rural
and speed up the progress of achievement for the communities  there  were  62 %  or 73 million people
Millennium Development Goals/ MDGs (i.e. in 2008 at without access to basic sanitation and 31 % or 36 million
Central  Java  Province  has  built  270  water  supply people  without  sustainable  access  to  safe  drinking
services  at  270  villages  with service covered almost water [6].
70.000 household [2]). The Pamsimas projects aim is to For implementation of the Pamsimas program, since
strengthen the local governments' capacity to fulfill their 2007, there were many constrains to the availability of
responsibilities for improving access to water and water resources in many areas i.e. in Central Java
sanitation for rural villages as well as to improve Province. It has been degradation of water resources in
community hygiene behavior [3]. terms of quantity, quality and continuity. Availability of

It is mentioned in MDGs (Target 10) for Indonesia water resources is a key to sustainable water and
that “Halve, by 2015, the proportion of people without sanitation development. It needs preliminary assessment
sustainable access to safe drinking water and basic for water resources in the project areas. On the other side,
sanitation [4]. poor quality water resources need more complex

Based on the definition that safe water is the water technology to treat and this means a higher investment
taken from its protected sources located more than 10 should made by the community. It is hard to get maximal
meter from the excreta disposal sites, the access to participation from the community both in term of in-kind
drinking water in Indonesia in 2002 was only 50 percent, 16% and in-cash 4% support. In these conditions Projects
where 18 percent was through the piping system. In 2004, should pay more to cover the cost which cannot paid by
it increased to 53.4 percent [5] the community. 

sector in Indonesia   ranks   the   lowest   among   the
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Fig. 1: Categories of desalination processes

In some villages in Central Java Province, especially and scaling related ions) that might damage RO
in coastal area, water resources are from some shallow membranes would be removed [8]. Subsequently, the
wells or deep wells with brackish water [2]. A desalting water would be fed to the RO unit where salts and small
device essentially separates saline water into two streams: organic contaminants would be rejected and concentrated
one with a low concentration of dissolved salts (the fresh in the brine, whereas fresh water would permeate through
water stream) and the other containing the remaining the membranes. The post-treatment (chlorination) would
dissolved salts (the concentrate or brine stream). The comprise pH adjusting and disinfection of desalted water
device requires energy to operate and can use a number [9]. There would be chemical cleaning facilities for
of different technologies for the separation. There are two membrane cleaning and wastewater treatment facilities for
basic technologies are utilized to remove the salts from neutralization and biological treatment of the chemical
ocean water: thermal distillation and membrane separation. wastes which would be mixed with the brine for discharge
Industrial desalination technologies use semi permeable (Fig. 2).
membranes to separate the solvent or some solutes, or
involve phase changes. All processes require a chemical The Pre-Treatment Aimed to Remove Turbidity, Ca,
pretreatment of raw brackish water to avoid scaling, HCO , Fe and Residual Chlorine: a) pH adjusting for
foaming, corrosion, biological growth and fouling and HCO removal and reduction of water pH to 6 (0.6 g/l
also it require a chemical post-treatment of the processed H2SO  98%) b) degassing for the removal of dissolved
water [7]. The categorization of desalination technologies CO, (blower). c) chlorination for disinfection and oxidation
are shown in Fig. 1. of Fe, Mn and organic matter (5 mg/l NaC1O 10%) d)

Reverse Osmosis (RO) Desalination Plan: Since there (24 mg/l FeCl  + NaOH) dechlorination for the removal of
was a considerable amount of fouling/scaling substances residual-free chlorine (2 mg/l NaHSO ) e) Antiscalant
in the  raw  water  (e.g.,Ca,  Mg,  Fe,  Mn  and  HCO ) dosing for scaling prevention (3 mg/l SHMP or Flocon3

before RO processing, a pre-treatment would be required 100) Spiral-wound polyamide membrane modules of 8"
to remove these substances comprising chemical diameter were selected on the grounds: f) after pre-
conditioning and filtering, a more severe pretreatment treatment, SDI would be ca. 3-4, which is suitable for
than usual is needed for brackish groundwater spiral-wound membranes g) polyamide membranes
desalination. Thus, with regard to the pretreatment provide high fluxes at low pressures and salt rejections
required,  Zarqa  aquifer   groundwater   seemed   not  to >95%.
be the most ideal water resource for desalination. The The RO unit would be operated at 25 bar and a water
brackish groundwater would flow from the wells to the recovery ratio of 85%. Despite the pretreatment,
pre-treatment (degasfier, coagulation, dual-media filter) membrane fouling/scaling would occur, leading to the
where turbid matter and other foulants/ scalants (colloidal permeate flux drop. Hence, chemical cleaning would be
matter, microorganisms, bacteria, oil and grease, ions required to recover membrane performance. The plant
associated to CaCO  precipitation, corrosive metal ions maintenance would     comprise     the     replacement    of3
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Fig. 2: Schematic flow of RO desalination plant

safety filters (every 3 months) and RO modules (20%/y), and environmental performance indicators (Life Cycle
membrane cleaning (every 3 months) and preparation of Assessment). The simultaneous optimization of the RO
solutions [8]. The post-treatment aimed to be the final process layout and operating conditions constitutes a
quality control of drinking water supply: pH adjusting, to mixed-integer nonlinear programming (MINLP) problem,
neutralize water pH for drinking purposes (20 mg/l NaOH); which is solved using a multi-objective optimization
and disinfection, to sterilize water and achieve a residual (MOO) approach. The MOO identifies the best
chlorine >0.5 mg/l (NaClO) technological alternatives for the set of selected

The wastewater from the membrane cleaning should objectives. In a given context, it allows to define a set of
be treated before mixing with the brine for subsequent optimal solutions representing the trade-off between
disposal, namely through: neutralization by the addition conflicting objectives such as economical costs and
of NaOH; and aeration for biological degradation of environmental impacts. As a case study, the methodology
organic matter. is  applied  on  a  brackish  water  reverse  osmosis

A Process Optimization Method Has Been Developed for design is characterized depending on the economical
the Design of Reverse Osmosis (RO) Processes: One of conditions [11].
them is an optimization model of Hybrid Desalination Asam Almulla, Mohamed Eid, Pierre C&F and John
Processes including MSF and RO systems. Desalination Coburn reviews three ways in which existing brackish
is the process of removing salt and other minerals or water reverse osmosis (BWRO) desalination plants can be
chemicals from seawater and it is one of the alternative modified to  increase  overall  water  recovery  from  the
sources for fresh water available today. Desalination 70-75% range to the 90-95% range. The three techniques
provides water for domestic purposes, industrial used to increase plant recovery are: (i) seawater reverse
processing, agricultural irrigation, etc. The most osmosis  (SWRO)  for  water  recovery  on  the  BWRO
conventional desalination technologies are membrane brine stream; (ii) ZeeWeed@ ultra filtration immersed
processes (Reverse Osmosis RO) and Thermal membranes for water recovery from the multi-media filter
Desalination (Multi Stage Flash–MSF-and Multi Effect backwash; (iii) Crystallizer + ZeeWeed@ ultra filtration
Evaporation–MEE-systems). Hybrid RO-MSF immersed membranes to increase the recovery of the
desalination systems have potential advantages of a SWRO. Details of the three techniques, along with
higher overall availability, low power demand and detailed water chemistry data from an existing 22,710 m’/d
improved water quality [10]. brackish water treatment plant in Saja’a, Sharjah Emirate,

RO process configurations are systematically UAE will be presented to show the recovery increases
generated using a flexible superstructure and evaluated possible from each technique. Limitations to further
by  economical  (investment  and  operating  costs), recovery  increases  will  also be  identified.  In  addition
technical   (energy  requirement,  water  recovery  rate) to  the  technical   details,   basic   data   are   presented  to

(BWRO) desalination project, for which the optimal
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provide an  economic  comparison  (US$/m ) of these3

alternatives in comparison to current costs for seawater
desalination [12].

Research by Robinson, Goen Ho and Kurwilla
Mathew was carried out for two years to investigate the
potential of using renewable energy pumped reverse
osmosis (RO) for ground water desalination in remote
Aboriginal communities of Australia. This has resulted in
the development of a prototype pilot scale, low-pressure,
wind powered RO system ( reliable low cost RO). The
design, construction and field testing of the prototype
system has yielded information which allows an estimate
of the performance of a similar system in a remote area Fig. 3: Principal Solar Still [adapted from [7]
given specific wind, ground water quality and RO
operating parameters. Subsequent testing in a remote about 1 m  of ground will produce only 4 L per day of
community   setting   should   determine   the  feasibility freshwater  [16].  Because of this, it is important to use
of the system provided that the performance and very inexpensive materials of construction to minimize
appropriateness criteria above are fulfilled. If a technology capital costs.
for desalination can be developed which fits these criteria, Therefore, solar stills represent the best technical
a very real contribution will be made to the needs of solution to supply remote villages or settlements with
Aboriginal people returning to their traditional lands and fresh water without depending on high technology and
for application to similar situations [13]. expertise.

Solar Still: Application of solar energy for water obtaining drinking water from seawater is usually done
desalination by solar stills requires a relatively large through the process of desalination. The conventional
capital investment per unit of capacity and, in properly desalination processes at present are centralized, require
designed and constructed systems, a minimum of huge capital cost and enormous amount of concentrated
operating  and  maintenance  costs.  Fresh  water energy from fossil fuel. Issues like optimal chamber
production costs, therefore depend primarily upon still pressure, pressure control and energy savings for
productivity, service life, capital cost and amortization and desalination are not adequately addressed. This paper
interest rates [14] proposes a novel pressure control method by means of

Desalination processes driven by solar energy dynamic pressure modulation within the evaporation
generally fall into twocategories, those that capture and chamber. A performance index is proposed that results in
utilize the thermal energy of the sun and those that use a dynamic optimal external pressure and maximum energy
photovoltaic (PV) devices to generate electricity. Solar saving for a specific flow rate. Experimental results from
stills are used to reproduce the hydrological cycle on a the laboratory setup that validate the proposed concepts
much smaller scale by directly utilizing sunlight. are presented in the paper [17], Figure 4, shown about the
Construction and operation of principle solar stills is concept.
simple. The basic design of a solar still, which is similar to
a greenhouse, is shown in Fig. 3. Solar energy enters the Photovoltaic (PV)-Driven RO and ED Processes: There
device through a sloping clear glass or plastic panel and are mainly two PV driven membrane processes, reverse
heats a basin of salt water. The basin is generally black to osmosis (RO) and electro dialysis (ED). Both techniques
absorb energy more efficiently. The heated water are described above and from a technical point of view,
evaporates and then condenses on the cooler glass PV as well as RO and ED are mature and commercially
panels [7]. The condensed droplets run down the panels available technologies at present time. The feasibility of
and are collected for use. Solar stills typically are less than PV-powered RO or ED systems, as valid options for
50% efficient, e.g. they utilize less than 50% of the desalination at remote sites, has also been proven [18].
incident radiation  [15].  A  general  rule  of  thumb is  that Indeed,  there   are    commercially  available   standalone,

2

The paper by Ravinder Kumar and L. Umanand,



World Appl. Sci. J., 7 (9): 1188-1194, 2009

1192

Fig. 4: Principal Solar Still [adapted from [17]

PV powered desalination systems [19]. The main problem desalination at a competitive cost. Furthermore and
of these technologies is the high cost and, for the time comparatively to other renewable energy technologies,
being, the availability  of  PV  cells.  Many  of  the  early the main advantage of geothermal energy is that the
PV-RO demonstration systems were essentially a standard thermal storage is unnecessary, since it is both
RO system, which might have been designed for diesel or continuous and predictable [21]. The direct use of
mains power, but powered from batteries that were geothermal fluid of sufficiently high temperature in
charged by PV. This approach tends to require a rather connection to thermal desalination technologies is the
large PV array for a given flow of product, due to poor most interesting option [11]. The main advantage of
efficiencies both in the standard RO systems and in the geothermal energy compared with other RES is that,
batteries. Large PV arrays and regular replacement of thermal storage is unnecessary, since it is both
batteries would tend to make the cost of water from such continuous and predictable. A high-pressure geothermal
systems rather high. The ED system is operated from source allows the direct use of shaft power on
seawater and requires no batteries, since the rate of mechanically driven desalination, while high temperature
production of freshwater varies throughout the day geothermal fluids can be used to power electricity driven
according to the available solar power. Initial testing of RO or ED plants. The availability and/or suitability of
the system, with the modest solar resource available in the geothermal energy and other RE resources, for
UK, provided freshwater at approximately, 1.5 m  /day. desalination, are given by [7].3

Nearer to the equator and with a PV array of only 2.4 kWp,
a software model of the system predicts production of Advantages and Disadvantages of Technologies: There
over 3 m3/day through out the year [20] are advantages and disadvantages when comparing

Desalination Powered by Biomass and Geothermal factors need to be considered depending on the purpose
Energy: The use of biomass in desalination is not in and objectives for considering a particular desalination
general a promising alternative since organic residues are process.
not normally available in arid regions and growing of Advantages   of   membrane   processes   over
biomass requires more fresh water than it could generate thermal  processes  include:  lower  capital  cost  and
in a desalination plant. Also, even though geothermal energy requirements; lower footprint and higher
energy is not as common as solar (PV or solar thermal space/production ratio; higher recovery ratios; modularity
collectors) or wind energy, it presents a mature allows for up- or downgrade and minimal interruption to
technology which can be used to provide energy for operation  when maintenance or membrane replacements

membrane with thermal and solar technologies and many
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required; less vulnerable to corrosion and scaling due to desalination precesses[12]. Desalination plant may be
ambient temperature operation; and membranes reject fully operated during the dry season, but during the rainy
microbial contamination. season depending on the salinity, groundwater or

Advantages of thermal and solar still processes over collected rain water may be used, [2].
membrane processes include: very proven and
established technology; higher quality product water CONCLUSION
produced; less rigid monitoring than for membrane
process required; less impacted by quality changes in Low income communities in coastal areas with
feed water; and no membrane replacement costs. brackish water in Central Java Province, Indonesia, may

Advantages of membrane processes over solar still choose one of the two alternatives:
processes include: modularity allows for up- or Firstly some of the groundwater resources (in a
downgrade and minimal interruption to operation when communal system) are treated by reverse osmosis (RO)
maintenance   or    membrane    replacements   required; powered by a renewable energy (wind energy) for ground
less vulnerable to corrosion and scaling due to ambient water desalination processes. The potable water are used
temperature operation; and membranes reject microbial only for drinking or other use (eating and cooking) water
contamination. during the dry season. During the rainy season, all

Advantages of solar still processes over membrane activities should use groundwater, due to the low salinity.
processes include: less impacted by quality changes in Secondly  for  all  individuals in the communities,
feed water; and no membrane replacement costs; low solar still technologies. The application of this technology
cost; very simple and easy technology, use  roofs  of  houses as desalination plants. Roof
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