
  ISSN: 2277-9655 

[Utama et al., 8(1): January, 2019]  Impact Factor: 5.164 

IC™ Value: 3.00  CODEN: IJESS7 

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [1] 

IJESRT 
INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH 

TECHNOLOGY 

DESALINATION REJECT WATER UTILIZATION for REVERSE OSMOSIS PLANT 

RAW WATER 
Komang Gede Nara Utama*, Eko Supriyanto*,  

Matradji**, Hendra Cordova**, Kevin Sanjoyo Gunawan**,  Totok R. Biyanto** 

*PT. PJB UP Muara Tawar, Muara Tawar, Indonesia 
**Department of Engineering Physics, Institut Teknologi Sepuluh Nopember (ITS) Surabaya, Indonesia 

 

DOI: 10.5281/zenodo.1436278 

ABSTRACT 
Desalination plant serves to treat seawater into raw water through the evaporation process. In Muara Tawar power 

plant, desalination plant commonly used to supply raw water for combined cycle power plant. Distillate water from 

desalination plant must have certain criteria (conductivity <20 µs/cm). Distillate water with conductivity higher than 

20 µs/cm will be removed. Reverse osmosis (RO) plant in block 5 in Muara Tawar power plant need raw water with 

conductivity <32000 µs/cm so that dump water from block 1 can be utilized. Desalination dump water can be utilized 

as a raw water for RO plant block 5. By utilizing dump water from block 1 to raw water block 5 there are several 

financial benefits. Until December 2017 saving by using dump water is IDR 586,587,603, - and saving from electricity 

is IDR 4,069,531, -. 
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1. INTRODUCTION 
Water in electric generation is an essential material [1]. Water supply in Muara Tawar power produeced by 

desalination plant. Desalination plant serves to treat seawater into raw water through the evaporation process. Seawater 

evaporation occurs by conditioning the temperature and pressure on the evaporator modules. Sea water vapor is filtered 

by demister and the salts will be left in the demister. The vapor will be flowed through the distillate tray into 

desalination products. Desalination plant obtained energy from steam supplied by auxiliary boiler, while the water 

pressure is obtained from the desalination sea water supply pump. To obtain the standard water quality, the chemical 

injection system for anti foam and anti scale) were added. Operation of combined cycle power plant (CCPP) requires 

amount of water to producing steam with certain quality and quantity [2]. When the conductivity value of the treated 

seawater is less than the standard conductivity value (<20μS/cm), the water will be transferred into the raw water tank. 

In Muara Tawar power plant, desalination plant commonlyis used to supply raw water for combined cycle power 

plant. Distillate water from desalination plant must have certain criteria such as conductivity <20 µs/cm. Conductivity 

is an intrinsic property of a solution, the ion-facilitated electron flow through it [3]. Distillate water with conductivity 

higher than 20 µs/cm will be removed. 

 

Reverse osmosis (RO) plant in block 5 Muara Tawar power plant require raw water with conductivity <32000 µs/cm, 

hence, the dump water from block 1 can be utilized. Desalination dump water can be utilized as a raw water for RO 

plant block 5. At the RO Plant operation process in Block 5, there are two membrane filtration processes, i.e. by the 

SWRO (Sea Water Reverse Osmosis) membrane and BWRO (Brackish Water Reverse Osmosis) membrane, we will 

find that the output water of the membrane SWRO has a conductivity of 200 - 600 μS. That is, the water dump of 

block 1 desalination having a conductivity of 20 μS - 400 μS can be utilized in RO Plant Block 5. In this research, the 

utilization reduction of distillate water for RO plant was proposed and can be minimized by utilizing water from 

desalination plant. 
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2. REVIEW 
Reverse Osmosis 

Reverse osmosis (RO) is currently the most important desalination technology and it is experiencing significant 

growth [4]. Reverse osmosis is a method of cleaning through a semi permeable membrane. In the membrane process, 

the separation of water from the impurities is based on a molecular-scale filtration process. High pressure is applied 

and forcing water through the reverse osmosis process from high-density to the low-density fluids. During the process, 

dirt and hazardous materials will be disposed as contaminated water (waste). Water molecules and micro materials 

smaller than reverse osmosis pores will be filtered through the membrane. Reverse osmosis system consists of 4 main 

processes, namely pretreatment, pressurization, membrane separation, and post treatment stabilization [5]. Figure 1. 

shows reverse osmosis process in a plant. 

 
  

Figure 1. Reverse Osmosis Process Diagram 

 

The feed water at the pretreatment stage is treated to the membrane by separating suspended solids, adjusting pH, and 

adding inhibitors to control scaling that can be caused by certain compounds, such as calcium sulfate. In pressurization 

phase, the pump will increase the feed pressure through the pretreatment process to the operating pressure 

corresponding to the membrane and salinity of the feed water. 

 

The permeable membrane will block the flow of the dissolved salt, while the membrane will allow the water of 

desalinated products to pass through them. The membrane permeability will effect to the result of the presence of two 

stream i.e. the flow rate of clean water products and concentrated brine flow rate. Since there is no perfect membrane 

in this separation process, a small amount of salt can flow through the membrane and remain on the product water. 

The water from the membrane separation product usually requires a pH adjustment before being delivered to the 

distribution system to be used as raw water. The product flows through the aeration column where the pH will be 

neutralized from about 5 to 7. Pretreatment systems based on reverse osmosis systems generally consist of mixing 

tanks, rapid sand filters, iron and manganese filters and the last is a color removal system. 

 

Multistage Flash Desalination Plant 

Desalination plant is a operation unit to convert sea water into distillate water by evaporation. The seawater 

conductivity from higher than 100 μs/cm is reduced into distillate water with conductivity lower than 20 μs/cm through 

a heat exchanger. Figure 2 shows a common desalination plant. 
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Figure 2. Desalination Plant Schematic Diagram 

 

The seawater from the Water Intake is pumped with a pressure of 5-6 bar, then filtered by a strainer. Seawater filtered 

by prefilter entering flash chamber through condenser flash evaporator tube then injected anti scale and anti foam 

chemical solution. A small amount of sea water is used for cooling on ejector condenser and drain cooler. 

 

The seawater is flown from tube condenser evaporator at stage 20 into condenser evaporator at stage 1 then transferred 

into brine heater to be heated with latent vapor (dry vapor). The seawater enter the first stage evaporator up to the last 

stage evaporator. Some of sea water will evaporate and the vapor is filtered by demister. Steam that contains lots of 

salt / mineral (not yawning) will fall into the brine chamber and continued until last brine chamber. Steam containing 

a small amount of salt/minerals will be distilled by the condenser evaporator tubes into distillate water. The distillate 

water is collected by distillate tray and then flows to distillate tank (raw water tank) using distillate pump (pressure ± 

4.5 bar) under conductivity level <20 μs/cm. If the water conductivity higher or equal 20 μs / cm, it will be flowed to 

sea water discharge by distillate level online dump valve. High concentrated/saline-rich sea water in the brine chamber 

will be accommodated into the brine blowdown and then pumped to sea water discharge. 

 

Unmarinated seawater (brine water) on 1st Stage will be forwarded to the next stage by brine orifice. At brine orifice 

the pressure will be increased. This is performed to keep the enthalpy down due to the loss of energy (internal energy) 

through the evaporation process. Since the enthalpy increases, the temperature will also increase. Brine water that 

flowed to brine orifice will be flashing, hence brine water will have a larger heat transfer surface. Lower pressure 

operating condition on each stage, flashing on brine water, enthalpy recovery, and the evaporation process at each 

stage will continue even as brine's water temperature is drops. In addition, sea water on the condenser evaporator tube 

will carry out the latent heat of the distilled brine vapor on each stage. Chamber temperature at each Stage will be 

maintained. If the temperature is not maintained well and the brine chamber temperature increases, it will tend to rapid 

scaling or fouling. This will reduce the overall heat transfer coefficient (U) and increase pressure drop in the brine 

chamber. In other words, desalination plant will become inefficient. Hot steam will be condensed into condensate 

water and flowed to condensate tank. The water will be pumped by condensate pump with pressure ± 4 bar via drain 

cooler and then back to ST 14/Aux. Boiler (closed cycle). 

 

3. METHOD 
Operation Studies 

During the operation process, desalination plant will begin to produce distillate water when vacuum evaporator module 

pressure reach -0.88 bar, and sea water temperature reach 101 ᵒC according to operational requirements.The early 

production, first distillate water produced may not in good quality such as the conductivity value is still around 400 

μS for 3.05 hours at Block 1 and it will reduce over the time. Reverse osmosis plant operation in Block 5, where there 

are two filtration processes by the membrane i.e. by the membrane SWRO (Sea Water Reverse Osmosis) and BWRO 

http://www.ijesrt.com/


  ISSN: 2277-9655 

[Utama et al., 8(1): January, 2019]  Impact Factor: 5.164 

IC™ Value: 3.00  CODEN: IJESS7 

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [4] 

(Brackish Water Reverse Osmosis) membrane. The water at the membrane SWRO outlet has a conductivity of 200 - 

600 μS. However, the water dump of Block 1 desalination have a conductivity of 20 μS - 400 μS that it can be utilized 

in RO Plant Block 5. 

 

Utilization of Water Dump Desalination Block 1 

Figure 3 and 4 show  new line for water dump desalination can be utilized for this purpose, in the WWTP at Block 1, 

sludge tank as the desalination water dump reservoir can be used because this sludge tank has enough volume capacity. 

After the water dump is collected, the desalination water dump is ready to utilized. The operating procedure can be 

describe as follow. Water flowed to permeate tank Block 5 (reservoir after SWRO) if water dump has conductivity 

<500 μS. It will be used as raw water for BWRO membrane. Desalination water dump temperature should be at 36 ᵒC 

corresponding to operational limitation of BWRO membrane is smaller than 45ᵒC. If the water dump temperature is 

more than 45 ᵒC or has conductivity more than 500 μS, it is used as a supply for sea water holding tank, where the sea 

water holding tank is not required maximum water dump temperature. Utilized for water sprinkling plants, water for 

washing and so on. 

 
Figure 3. Additional distillate line 

 
Figure 4. Additional line to the conservation tub 
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Realization of Implementation. 

From the engineering view of points, it can be concluded that water dump blow Block 1 can be utilized in permeate 

tank/sea water holding tank at Block 5 or for other purposes such as water sprinkling plants or washing water to be 

accommodated in sludge tanks WWTP Block 1. To realize the advantage of water dump desalination, it is required 

the additional line from desalination to sludge tank and continued to permeate tank / sea water holding tank Block 5. 

 

4. RESULTS AND DISCUSSION 
In order to evaluate the performance of the proposed innovation the plant data were collected as follows: 

 
Table 1. Test Results 

 
 

From the Table 1, the conductivity of sea water in the holding tank can be shown in Figure 5. 
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Figure 5. Graph of change of conductivity of sea water holding tank. 

 

From Figure 5. the effect of water transfer from sludge storage tank to conductivity at sea water holding is not  

significant due to the large volume of required water to decrease the conductivity. 

 

 
Figure 6. Graph of change Turbidity sea water holding tank. 

 

Figure 6 shows the effect of water transfer from sludge storage tank to turbidity is very significant because the water 

in sludge storage tank has turbidity 1.8. Therefore the effect of water from sludge storage tank to conductivity of sea 

water holding tank is 9,92% and effectiveness to turbidity is 49.66%, as shown in Table 2. 
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Table 2. Water effectiveness Sludge storage tanks 

 

Sludge storage tank capacity is 150 m³ and sea water holding tank is 15 m³, Transfer pump have flow capacity of 25 

m³/h. The water transfer pump fills the sea water holding tank block 5 and SWSP (sea water supply pump). The 

pump will be off if the sea water holding high level. Logic of SWSP can be seen in Figure 7. 

 

 
Figure 7. Logic of SWSP Auto Operation. 

 

Since there is a difference in pump power between the SWSP and the transfer pump, there is a saving of electrical 

energy from each water transferred to RO plant block 5 as shown in Table 3. 

 
Table 3. Difference in use of electrical energy. 

 

The difference of electricity usage is 12.5 kW. If the price of electrical energy is IDR. 1,302,-/kWh, hence the savings 

is IDR. 97,650,- for 6 hours. During 2017 the distillate water in the container and transferred to block 5 can be seen 

in the Table 4: 

 
Table 4. Difference in electricity usage. 

http://www.ijesrt.com/


  ISSN: 2277-9655 

[Utama et al., 8(1): January, 2019]  Impact Factor: 5.164 

IC™ Value: 3.00  CODEN: IJESS7 

http: // www.ijesrt.com                 © International Journal of Engineering Sciences & Research Technology 

 [8] 

 Distilate input Distilate output 

February 169.1 135.7 

March 469.6 246.2 

April 194.6 160.4 

May 409.8 282 

June 498.7 465.8 

July 594.8 412.8 

August 95.6 0 

September 2607.1 2242.2 

October 1973.9 2205.2 

November 62.8 100.9 

December 30.5 0 

Total 7,107 6,251 

 

The main purpose of this innovation  is to utilize desalination water dump which still qualifies as raw water reverse 

osmosis plant block 5. Dump valve in desalination will open at start time because its conductivity still not fulfill raw 

water quality that is <20 μS cm. The dump valve will also open when desalination is in operation if the distillation 

conductivity is >20 μS/cm. 

Until December 2017, the desalination dump water entering the conservation basin is 7107 m³ and the salinity to RO 

plant block 5 is 6251 m³. If the cost to produce distillate water is IDR 93.836, - then the the saving is IDR 586,587,603, 

-. 

In terms of self-saving, we can comparing the transfer kw (kW) power from the sludge tank with power (kW) of 

equipment in the reverse osmosis plant which is not operable if the holding tank is filled by the transfer pump from 

the desalination water dump reservoir. 

Self-use savings can be calculated using the difference between the pump power between the SWSP and the transfer 

pump of each water transferred to the reverse osmosis plant block 5. SWSP power = 25 kWh and transfer pump = 7.5 

kWh. Therefore, the difference is 12.5 kWh with the pump capacity 25 m³/h. During 2017 the water has been 

transferred to block 5 is 6251.2 m. For the electricity savings is = 3125.6 kWh or equivalent to IDR 4,069,531, -. 
 

5. CONCLUSION 
Water desalination dump is used as raw water RO plant block 5. The desalination water dump which is collected first 

in conservation block 1, can improve the raw water quality of reverse osmosis plant block 5. Periodic monitoring of 

water conductivity in sludge tanks is necessary. If the conductivity is <400 μS then water from the sludge tank is 

passed to the permeate tank, if conductivity> 400 μS then the water from the sludge tank is supplied to the holding 

tank. By implement this research there are several financial benefits. Until December 2017 saving by using dump 

water is IDR 586,587,603, - and saving from electricity is IDR 4,069,531, -. 
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