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Abstract

Due to the population growth and its effect on the environment and

hydrological cycle make the need of water in drinking water, hydro power, household

water etc., increase. Not only in eastern parts of Indonesia with low wetness level

compare with other part, but also in many provinces with high population, the lack of

water becomes a serious problem. Based on this, a suitable method of desalination

plant that converts sea water into fresh water as method with a good promising will be

described. A probable future method of coupling a small nuclear power with

desalination plants in Indonesia also will be explained.

I. INTRODUCTION
4

Water is the priority for human life. Even earth planet is contain of 75 per cent

of water (including sea water resources), but still too many places of the world are

feeling scarcity of fresh water resources, not only for drinking water but also for

agricultural, industrial and residential uses. The world is becoming more and more

aware of its shortage of fresh water.

Indonesia is located between two oceans and two continents. It's in wet

tropical zones. It is an archipelago country and consists of thousands of big and small
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islands, distributed along the equator with many volcanoes and mountain among them.

Depend on the number of rainfall, eastern part of Indonesia has a low wetness level

compare with other part. So, there are naturally lack of water in dry season and

abundant water in raining season. It is an irony that most of peoples who lives in areas

along the seashore in Indonesia are also suffer from the enough quantity of fresh

water.

Since industry and population growth of 7% and 1.57% per year respectively,

will arise the amount of water demands and side effect on environmental damage.

Many of water resources such river, ground water, lake or dam has been polluted.

These water resources could not be used as raw water. In some part, the intrusions of

sea water become a serious problem, which has happened in Jakarta, Medan,

Semarang, Surabaya and Ujung Pandang.

Based on this situation, it is considered to look for another alternative method

of producing fresh water. Similar as in middle east and North Africa, Indonesia also

has abundant of sea water with various concentrations of salt. Therefore, desalination

process and a possible coupling with small nuclear power have been considered to be

appropriate method.

In this paper, a preliminary report on water supply, demand, desalination

technology, a probable coupling with small nuclear power and economical aspects in

Indonesia will be described.

II. WATER SUPPLY AND WATER DEMAND

WATER SUPPLY

The existence of water in the earth is managed by the hydrological cycle, where

the waters move from continent and sea water surface into space and then fall down

again to the earth surface eternally. That's never stopped energy source that activated

that cycle is the heat from sun. The water from space, pours out to the earth as

rainfall, dew, snow and ice. In the continent, they move in 3 ways, in soil surface as a

stream, pond etc., comes up into leaves or space and intrude into soil to become

ground water. Finally, they will gather in the lowest place as sea water. A part of sea
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water will evaporate and combine with the evaporated water come from continent and

so on, to start a new hydrological cycle.

Principally, the amount of water in the earth is constant. However, the water

balance (the amount of water in different type of water resources) from one region to

another region in the world is different and can change in the dimension of time.

The water resources can be divided into primary and secondary water sources.

Lava water and atmosphere water are called as a primary water source, because they

are a primary type of earth water. Surface water and ground water are a secondary

water source since they are made from the primary water as a pouring out products.

Rainfall

Indonesia is located between two oceans, two continents and in tropical zone.

So, different with North Africa and Middle east, Indonesia is a tropical country with

high number of rainfall. Therefore, the pouring out of rainwater seems to be a primary

water source instead of sea water. The availability of primary water sources is usually

expressed as a number of rainfall per month or year, so it will be in the dimension of

times (rainy and dry season) and locations. In the dimension of time (Figure 1) cause

a drastic change in water resources in some part of Indonesia, where it become very

dry during dry season (from March until August) and reversely have abundant water in

rainy season (from September until February), then can cause flooding and

consequently cause damaging all things. The number of rainfall in one part is different

with the other part, but it seems to have a similar pattern.

The balance of rainfall number and evaporation number during a year cause a

various level- of wetness in Indonesia (Figure 2). The provinces with higher rainfall

number compare with evaporation number is called surplus region with high wetness

level. Inversely, the lower rainfall numbers cause low wetness level region. It is clear

from the Figure, that almost one thirth of part in Indonesia has low wetness level with

lack of water specially in dry season.

Recently, as an effect of industrial development that do not care with the

environment causes a decreasing of rainwater pH. It will lead a broad effect on the

other secondary water resources and decrease in quality.
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Figure 1. Monthly rainfall fluctuation in some part of Indonesia

Rivers

As a consequence of rainfall, Indonesia has many rivers as a secondary water

resource. The availability of surface flow water resources can be calculated as an
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empirical analysis (equation 1) between a number of rainfall and a flowing surface

water in a year.

R = 0.94 xP-1000 (1)

Where R is the average flow in a year (mm/year)
P is the average rainfall (mm/year)

By using the equation (1), the potential of average flow in a year in every province can

be predicted. However, since the varied pattern of rainfall in a year, not all of that

potential is useful specially in dry season that shows a minimum capacity of flowing

surface water resources.

Lakes and Dams

Instead of rivers as a secondary water resource, Indonesia also has lakes and

water reservoir of dams (53 water reservoirs that was built from 1914 up to 1992) with

a total volume of 9,171.8 million m3, where almost all are located in Java island (7,807

million m3). Those dams are very useful for fresh water resources, irrigation, industry,

fisher}', electric and to prevent flooding.

Ground water

Indonesia is an archipelago country with 5 big islands and thousands of small

islands with many mountains and volcanoes among them. The characteristic of

ground water is defined by the climate, physiography and geohydrology. Therefore,

Indonesian ground water is different with other country.

Almost part in Indonesia has fresh water supply that comes from ground

surface water wells. So, during the last dry season, which was relatively longer,

caused drying out of ground water well which can lead the intrusion of sea water. The

human activities' results also affect the balance of hydrological cycle where can cause

lack of ground water amount.

Environmental damage

As described above that the conventional water resources which depend on the

hydrological cycle are rainfall, rivers, lakes, dams and ground water (deep or shallow).
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Since the human activities, the quality and quantity of those water resources will

decrease in time and become unusefull in the near future. In this section will be

described how far the human activities affect the environment.

The uncontrolled air pollution comes from the industry (NOx and SOx

compounds), since the difficulties on the source preventive action and the expensive

cost to install the converter, will cause a condensation of them in the air and then fall

down to the earth as acid rain. Even this effect seems be done only in industrial area

and not in the large part of Indonesia specially in the eastern part of Indonesia (since a

low number of rainfall), the desalination treatments become an appropriate method to

be applied.

The industrial pollution and domestic pollution that seem to increase year by

year in accordance with the increasing of the industrial facility's number will suppress

the quality of water river. Even the government already built the PROKASIH (Clean

River Program) to manage the waste water from industries, the water pollution

concentrations still hold the main problem since the domestic waste water

contribution. One of the important reason that should be covered is the high

concentration of organic waste water treatment and a toxic component. Up to now, the

PDAM JAYA (Water supply Enterprise - Jakarta) use the river water as their main

water resources. Since the increasing of water pollution that can lead the high price of

fresh water treatment installation, PDAM should find another cheap water resources

alternative in the near future, where the sea water could be considered as a priority for

it through desalination process.

The getting worst of water river causes the lower water quality in lakes and

dams where swamps and lake's water resources are the source of ground water aquifer.

So the farther effect is the lower quality of ground water.

The fresh water supply, especially in dwelling region such as Jakarta, mostly

use ground surface water wells. Since there is no sewerage system in Jakarta, the

utilization of septic tank in each house will cause a serious problem and named as a

biggest septic tank. Recently, the uses of ground surface water well are not
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appropriate anymore, because the side by side position of those ground water wells

with septic tank that can seduce the increasing of colliform bacteria has been applying.

So, that shallow ground water surface becomes unusefiill water without any farther

processes. From the recent data shows that from 252 shallow water wells (1-15m

depth), more than its 45% has already polluted by organic pollutant and 100% by

colliform bacteria. Beside shallow water wells, the utilization of deep water ground

surface also has been applying. However that usage should be stopped immediately.

It will provoke some damages in land subsidence and breakage many buildings and

roads (such as Bangkok issues and northern Jakarta). Far away, the excess of using a

deep ground water surface will accelerate the sea water intrusion. To repair the

breakage of deep ground soil structure, making the ground rechange area is needed.

However, since the sort of soil in Jakarta (silt clay), the ground rechange area for

preventing the lack of water resources is not an appropriate method. It has not a

capability to absorb the water surface deeply to refill the space that has already

intruded by sea water. The suit place for ground rechange area is in the slope of

mountain, so the protection of that place is very important.

From all of the environmental damage description above can be concluded that

instead of applying the expensive cost of recycling or reusing water treatment, it is

better to look for another abundant alternative water resource such as sea water.

Therefore, in the near future, desalination process is considered to be an appropriate

method not only for Jakarta as a capital city but also all part of Indonesia especially in

eastern part.

WATER DEMAND

According to Indonesian law No. 20, 1990, there are four categories of water

service in Indonesia, such as follow:

Category A : direct potable water

Category B : raw water for drinking water

Category C : fishery water and farm water
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Category D : agriculture water, cityfield water, industry and hydropower.

The advantages of water for domestic, industry and urban including small cities

are capacity of production of 56.2 m3/sec. including small cities. 64% of the amount

of water are coming from surface water and the rest of 36% is ground water. This fact

shows the dependency of potable water on surface water debit that is influenced by the

season fluctuation and the water quality. In dry season there is a decreasing of water

debit that cause the quality of water. Since the population in the capital city is bigger

than in the rural district, so the water demand in the capital city is higher than in the

rural district. Similarly, the water demand in the capital city in Java island is higher,

more than five times, than the city outside Java island (Figure 3). In the year 2000 the

water demands become twice than 1990 (totally almost 200 m3/sec).

Irrigation

Indonesia is an agriculture country, so the irrigation becomes a dominant thing

that should be thought. The total irrigation area in Indonesia is more than 4.5 million

hectares, where more than half is located in Java island. It shows that the water

demands for irrigation also hold an important role. The needs of water for irrigation in

the year 2015 become 150% compare with in the year 1990 or 2000.

Fishery

Besides agriculture, the fisheries also become a dominant occupation in

Indonesia. The area for dam's fishery is five times bigger than in water basin and four

times bigger than in rice-field in 1986. The need of water for developing of fishery in

the year 2000 will increase 10% and 25% in 2015 that is around 4,856.9x106 nrVyear.

Hydro power

The potential of hydro power is 75,624MW and 1,743.9MW has been installed

only in Java island. Keeping the water debit is a problem specially in dry season,

because instead of hydropower, the damOs water has to be distributed for domestic,

fishery, irrigation and other purpose.
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Figure 3. The projection of domestic water city and industry for city field and
rural district in Java and outside Java.

Based on the water supply come from rivers, rainfall, dams and groundwater

the average water availability per year can be listed as shown in Table 1. Together

with that, the water supply during dry season is also shown. The water demand tends

to increase in the year of 1990. 2000 and 2015 that vary for each province and depend

on the population and industrial growth (Table 1). The water balances which are

defined by the balance of water supply during dry season minus water demands are

also listed in that table. In accordance with the water demands, the water getting

smaller by year. Specially in high populated islands of Java (including DKI Jakarta

and DI Jogjakarta) and several eastern islands such as Bali, Nusatenggara have a
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Table I . Water balance with its projection in Indonesia

NO

!
2
3
4
5
6
7
8
9
10
1!
12
33
14
15
16
17
18
19
20
21
22
23
24
25
26
27

PROVINCE

Dl.Aceli
North Sumatra
West Sumatra
Riau
iambi
South Sumatra
Bengkulu
Lampung
DKI Jakarta
West Java
Central Java
Dl Jogjakarta
East Java
Bali
West Nusatenggara
East Nusatenggara
East Timor
West Kalimantan
Central Kalimantan
South Kalimantan
East Kalimantan
North Sulawesi
Centra! Sulawesi
South Sulawesi
Southeast Sulawesi
Maluku
Irian Jaya

TOTAL

AVAILABILITY

AVERAGE
6 3SO m /year

87,024
105,558
93,643

128,953
76,385

149,087
51,150
46,238

440
83,413
56,188

2,903
46,277

5,454
12,774
28,798
12,907

326,083
307,826

48,766
325,380

38,630
81,907
89,005
37,240

104,660
876,309

3,220,977

Dry season
6 3

10 m /month

725
880
780

1,075
637

1,242
426
385

4
678
468

24
386

45
106
240
108

2,717
2,565

406
2,712

322
683
742
310
872

7,303

26,842

WATER DEMAND

1990 2000 | 2015
,,,6 3,
10 m /month

199
377
212

35
56
87
62

174
50

1,293
1,172

77
1,339

132
204

86
8

33J
62
53
15
67

127
523

40
15
5

6,600

328
440
234
124
90

237
72

199
.71

1,409
1,255

84
3,415

138
215

99
20

190
163
344
91
75

140
585

52
47

332

8,159

297
526
263
260
141
458

88
23 3

88
1,561
1,356

88
1,502

144
229
116
37

277
313
278
204

85
160
674

70
941
823

10,363

WATER BALANCE

1990 2000 |
f, V

IQnT/month

526
503
568

1,040
58!

1,155
364
212
-47

-615
-703

-53
-953

-87
-97
154
99

2,586
2,503

354
2,696

255
555
223
270
857

7,298

20,242

487
440
547
950
546

1,005
354
186
-67

-730
-786

-59
-1,030

-92
-106
14!
87

2,527
2,403

263
2,621

247
542
156
258
825

6,970

18,683

2015 '

428
254
517
815
496
785
338
154
-84

-883
-888

-64
-1,116

-99
-122
-124

70
2,441
2,252

928
2,507

237
523

68
240
778

6,480

16,478



minus water balance. This is a severe problem that should be covered. It is noted that

those values are based on the constant water availability without considering the

environmental damage that can cause the water quality.

Jakarta as metropolitan city

In 1996, the residents of Jakarta in the fresh water service area, will be around

8.2 million people and those who will be served are around 4.5 million people. Every

zone has different condition, where Central Jakarta and a part of North Jakarta have

the biggest population in the service area (2.4 million people).

The projected production will have its impact on the projected operating cost of

fresh water production as a result of the usage or consumption of pure water,

chemicals, electricity and others. In practice the projected operating cost will also

depend on the quality of pure water to be processed, climate, type and system of

processing, capacity and etc.

The population, its development and it's living demands, influences the needs

of service in any field, specially the fresh water supply that is the basic need for living

being.

Principally the development of fresh water supply system in Indonesia and

specially in Jakarta, will keep increase because the need of fresh water will paralelly

increase with the growing standard of living in the Jakarta Community. At present

PAM JAYA own 12 fresh water treatment installation with total capacity of 12.230

litre/sec, and 1 spring water in Ciomas Bogor with the capacity of 150 litre/sec.

The capability of PAM Jakarta in producing the maximum capacity of the fresh

water will influence the various main supporting factor such as pure water, electricity

power, chemicals, equipment and all the treatment machine itself. At present, the pure

water condition as the basic material in PAM JAYA is supplied from the different

surface water wells, Jatiluhur Dam passing Tarum Barat Canal, Ciliwung River,

Krukut River, Pesanggrahan River and Secondary Bekasi Canal.
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The water balance

Water balance is defined as a percentage between water demand and water

supply. In Figure 4 shows the percentage of water balance in the year 1990, 2000 and

2015 in many provinces of Indonesia.

Clearly there is an increase in percentage of water balance in year, specially in

Jakarta as a metropolitan city where covering the area of 650 km2. Another province

in Java island relatively has a high number compare with other province outside Java.

However, there still has a small number compare with Jakarta (around one fifth).

The needs of water in Jakarta become five times higher than water supply.

This is a serious problem. Intending to prepare Jakarta as a "service city" the

improvement of fresh water services should be continuously encouraged by PAM

JAYA (Water Supply Enterprise) as described above.

Due to the shortage of fresh water distribution in DKI Jakarta area, besides

build new facilities, many efforts are also being made to buy fresh water from areas

outside Jakarta such Cisadane Treatment Installation that is managed by PDAM

Tangerang. The Cisadane Installation has a capacity of 3,000 litre/sec, 2,800 litre/sec,

from Cisadane Installation and 5,000 litre/sec, from Buaran Installation.

Consequently, the total supply capacity of PAM JAYA will be 18,292 litre/sec. This

figure has not yet taken into account the capacity of the mini installations, amounting

630 litre/sec.

To handle the increasing of water demand in Jakarta, PAM JAYA has been

developing and implementing "PAM JAYA SYSTEM IMPROVEMENT PROJECT",

abbreviated as PJSIP. By completion of the project that is scheduled to be in the year

2000. It is expected to be able to serve 5.7 million inhabitants out of total population

of 8.9 million. A lot of improvement on piping, a good team and ample experience are

required.

Long range program will mean nothing without following up the facts in the

effort to reduce water losses and improving fresh water services to the population of

Jakarta quantitatively and qualitatively.
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III. DESALINATION TECHNOLOGY FOR WATER SUPPLY IN INDONESIA

The population growth and development in many sectors that cause an

environment damage will be a serious problem in the near future. At the same

moment, they will require a large amount of water to sustain their life. Therefore,

instead of keeping the environment, looking forward another alternate technology of

fresh water production is important. Indonesia has an advantage in geographical

location, because two-third of its area is sea, therefore, desalination of sea water is one

of the logical choice. The principle of desalination process is to reduce the dissolved

salt concentration in water. Base on the salt concentration dissolved, can be arranged

as brine water (>35.0OOmg/l), sea water (35.000mg/l), brackish water (1000-

35.000mg/l) and fresh water (<1000mg/l). The water produced by nearly all sea water

desalination process can not be utilized directly as drinking water, because the mineral

concentration is relatively small. So the well-developed treatment is needed.

Various processes for sea water desalination can be categorized as heat

consuming processes and-processes using mechanical or electrical energy. The heats

consuming process include the flash evaporation (such as MSF), boiling and film

evaporation. The processes by using mechanical or electrical energy are reversed

osmoses (RO), electrodialysis, heat consuming processes combined with vapor

compression and freezing processes. The RO and MSF are the first generation

desalination systems which still too expensive cost. Therefore, the desalination with

low cost production is needed. The second generation desalting systems is RO with

advanced membranes and Multi Effect Distillation (MED) combined with Vapor

Compression (VC). However, further R&D activities are still required to get a low

cost desalting system.

Basically, the process involves heating brine water progressively up to

maximum operation temperature of 90 to 130°C, and then the vapor produced is

condensed by heat exchange with incoming feed water. A main problem in heating

process is scale formation that is eliminated by adding acid. The energy required is

heat with the ratio of 10 to 65 kW.h/m3 water produced. The Multi Effect Distillation

(MED) is the oldest type of heat consuming process. The different between MED and
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MSF is in the components and materials used. The most promising one of MED is

using the Horizontal Tube Multiple Effect Desalination.

Reversed Osmosis (RO) can be thought of as a filtration process at the

molecular/ionic size level by using semi permeable membrane and pressure higher

than the osmotic pressure. The energy required is mechanical power, the total energy

requirement is about 7 to 10 kW(e).h/m3 of product water. The RO desalination

industrial scale having capacity up to 56,800 m3/day (the largest plant in the world at

Jeddah. Saudi Arabia, constructed by Japanese Company, 1989).

The other thermal process is freezing process and the other membrane process

is electrodialysis, membrane distillation, pervaporation and etc.

Coupling Nuclear Plants with Desalination

Principally, the energy used for desalination process is thermal power or

mechanical power. All desalination processes need mechanical work for pumping,

and electricity for auxiliaries and services. Therefore, one nuclear unit can energize

that process.

By applying single purpose coupling water cooling nuclear plants with

desalination plants for thermal desalting, RO, MED, MSF and etc., of 365 Mwt

(around lOOMWe) will produce 530,000 m3/day water product, 4.23kWe.h/m3 for

liquid metal cooling reactor and 7.2kWe.h/m3 for HTGR, etc. It shows that the usage

of small nuclear power for desalination plants is probable to service an arid area in

Indonesia.

IV. ECONOMICAL ASPECTS

An important consideration in choosing a desalination plant is a financial cost

evaluation. For long term lifetime, What type of desalination process, What type of

energy source and how much required output is factors that affect the cost. In the

pervious section the various method of desalination has described. In general, the

MSF method has a specific higher unit costs compare with the MED, MED/VC and

RO (for EC or WHO standard) as 1800 , 1440 - 1680, 1650 and 1350 & 1125 US
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$/m3/d, respectively. The amount of output volume per day for MSF and MED is

similar (48,000 mVd). MED/VC and RO processes have a lower output volume as

24,000 mVday.

As described above, every kind of desalination method has a different kind of

energized energy, electrical/mechanical or thermal. Both of them could be produced

by fossil or nuclear plant. For single purpose plant, the nuclear power plant has a

higher cost construction, operation-maintenance and electrical production cost

compare with fossil plants. However, the fuel cost in US $/MW.h for NPP is lower

than fossil plants, and both of them has a similar water cost production around US $

0.7-2.0 perm3.

Considering the lack of electricity and water availability in some part of

Indonesia, and high cost in some cost aspect for NPP, so it is suggested to use NPP

coupling with desalination in dual purpose. However, for economical benefit, while

using dual purpose plants, coupling with desalination plants applies only to thermal

(destination) process such as MSF or MED. Therefore, electricity is the main product

and not more than 10% of thermal output for desalination process.

Jakarta has PDAM that produces clean water in many cross subsidence

consumers. The water production cost range is US $ 0.2-2.23 / m3. Comparing with

desalination process coupling with NPP (US $ 0.7-2.0 / m3, depend on the

technology), the cost is competitive. It could be noted that the potable water

produced by desalination process has a lower cost compare with mineral water that

produced by a private company (produced water named "aqua") in Indonesia (US $

467.25 / m3).

V. SUMMARY

Due to the population growth and its effect on the environment make the need

of water in many purposes increase. Especially in eastern parts of Indonesia, the lack

of water becomes a serious problem since they have a low wetness level compare with

other part. To handle that problem, a suitable method of desalination plant that

converts sea water into fresh water is considered to be an appropriate alternate. By
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coupling a small nuclear power with desalination plants in dual purpose has been

assessed to be an economical benefit for future plants in Indonesia.
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