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Introduction 

In Cyprus, water is becoming one of the most important resources and a prerequisite for development. The exploitation of the water resources has been impressive when compared to other countries of the same size and level of development. 

Unfortunately, in spite of the persistent effort that has been put, the quantities of water available for domestic and irrigation purposes are inadequate, because of the reduction in both rainfall and flow of water into the dams,. As a result, in the past few years water-rationing measures were introduced with adverse effects on all fields of activitiy. 
In August 2003 the ADIRA project (Autonomous Desalination System concepts for sea water and brackish water in rural areas with renewable energies – Potential, Technologies, Field Experience, Socio-technical and Socio-economic impacts) was initiated with main goal to help to overcome the fresh water shortage problems in MENA (Middle East and North Africa) countries including Cyprus. 
The project has three main goals:
· To install Autonomous Desalination Systems (ADS) in Cyprus, Egypt, Morocco, Jordan and Turkey.

· To prepare Master Plans for ADS installations in these countries. 

· To develop Decision Support Tools for future investors, installers and operators of ADS.
The economics and the original design of the Cyprus desalination unit as well as the associated Photovoltaic system is presented here. The ADS unit will supply fresh water as a portion of the total water needs of a Sporting Centre in Nicosia. The feed water is brackish (2500 ppm) taken from a borehole. This desalination unit is designed to deliver an average of 50 m3/day throughout the year.
System description

Energy production and storage subsystem

The PV array consists of PV modules with total peak power of 10 kW; the energy produced by PV array is transferred through the DC/DC charge controller (200 A current capacity) to a battery bank of 1900 Ah-48 V capable of storing enough energy for one summer day of the system operation, the stored energy is then transferred to the feed and the high pressure pumps through a DC/AC inverter of 9 kW to provide the starting and operating current of the two induction motors.

The Reverse Osmosis (RO) subsystem

The RO subsystem consists of the feed pump that pumps brackish water from the intake well to the pre-treatment system and then to the high pressure pump. The size of the feed pump assembly depends on the depth of the intake well, the distance between the well and the RO system plus the input pressure to the high pressure pump, the flow rate required and the several head losses in the pipes. A typical centrifugal pump of 5 m3/hr was used in this design. A positive displacement or multistage centrifugal high pressure pump (4.5 kW) is used to pump the feed water through the RO membrane. The reverse osmosis membranes will have at least 42% recovery ratio and fresh water flow rate of 2.1 m3/hr. The fresh water is post treated after the RO system and then stored in a water tank. The brine disposal is performed through a discharge well, see Fig.1.
Design summary:  

	PV array

Peak power of PV array



10  kW

PV area required




350 m2
Current capacity of the charge controller

200 A

Battery bank Capacity




1900 Ah

Battery voltage




48 V 

Inverter power

10 kW

BWRO system

Total number of membranes


8                              

Number of pressure vessels



2
Number of membranes in pressure vessel

4
Permeate flow

2.1 m3/h
Recovery 

Permeate quality




<500 ppm

Installed power




5.5 kW
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The autonomous brackish water desalination unit layout

The ADIRA project is co-funded by the European Commission within the Euro-Mediterranean Regional Programme for Local Water Management, Contract 

No: ME8/AIDCO/2001/0515/59610.

Financial calculation of cost and evaluation of investment

[image: image2.wmf]Water Desalination System (DS)

GENERAL DATA

REQUIRED INVESTMENT

Water purchase cost 

2.50

(eur/m3)

Description of Investment

Cost of Electricity 

0.0700

(eur/kWh)

DS area

30

(m2)

Selling price of produced (green) 

electricity

0.0700

(eur/kWh)

PV (panel) area

70

(m2)

Discount rate

5%

PV (nominal power)

10

(kW)

Cost of Land (Rent)

2

(eur/m2/yr)

Batery

1,900

(Ah)

WATER DESALINATION SYSTEM (DS) DATA 

Measuring instruments, etc

various

DS availability

91.67%

Civil engineering works

various

DS unit Cost of Chemicals

0.0150

(eur/m3 fresh water)

Desalination System

4.5

(kW)

DS unit electricity consumption rate

2.13

(kWh/m3 fresh water)

Membranes

4

(pieces)

Feed flow

5.00

m3/hr

Fresh water tank

30

m3

Fresh water flow

2.11

m3/hr

Brackish water tank

5

m3

Brine water flow

2.89

m3/hr

Cost of Investment (eur)

Useful life (yrs)

Fresh water recovery factor

42.28%

PV

70,000

20

ENERGY BALANCE (kWh/yr)

Connected

Autonomous

Batery

Incl in panel

5

Fresh Water Production (

m3/yr

)

16,965

6,187

Measuring instruments, etc

15,000

20

Fresh Water Production (

m3/day

)

46.48

16.95

Civil engineering works*

8,000

20

Brackish Water Input (

m3/yr

)

40,125

14,633

Desalination System*

30,000

20

PV electricity generation 

17,915

17,976

Membranes*

4,000

3

Electricity for water production

36,135

13,180

Water tanks*

3,000

20

Excess energy (not utilised)

74

2,620

Installation etc.*

5,000

System losses

892

2,176

TOTAL COST

135,000

Purchases from grid

23,306

0

DEPRECIATION (eur/yr)

minus 

Sales to grid

4,120

0

Annual Depreciation on all investment

7,633

NET PURCHASES from Grid

19,186

0

Annual Depreciation on marked (*)

3,383

OPERATING EXPENSES (eur/yr)

Connected

Autonomous

INV. APPRAISAL (eur/yr)

Connected

Autonomous

1/10 operator 

500

500

Value of fresh water produced

42,413

15,468

Chemicals

254

93

minus 

Operating Expenses

3,297

1,793

Electricity (Net purchases from grid)

1,343

0

= Net Annual Cash in

39,115

13,675

Land Rent

200

200

Payback period of 60,000 eur (yrs)

1

1.53

4.39

Annual DS Maintenance cost (excl.replacements)

1,000

1,000

NPV of 60,000 eur (20-yr) 

1

427,401

110,359

TOTAL Operating Expenses 

3,297

1,793

COST OF FRESH WATER (eur/m3)

Investment cost annual equivalent 

2

0.57

1.56

1

 50,000 LAIKI contribution + membranes replacements

Operating Expenses

0.19

0.29

2

 Including PV. Excluding only "Measuring instruments, etc"

TOTAL

0.76

1.85
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Reverse osmosis specifications

Month

Solar radiation 

Value 

Unit

1

2.46

Permeate Flow

2.11

m3/h

2

3.3

Recovery

42.28

%

3

4.47

Feed Flow

5

m3/h

4

5.6

Feed TDS

2000

ppm

5

6.58

Membrane inlet pressure

15

bar

6

7.26

Product TDS

18.5

ppm

7

7.37

Brine TDS

3451.49

ppm

8

6.8

Brine Flow

2.89

m3/h

9

5.69

Product water tank

30

m3

10

4.26

Background

11

3.16

Feed water flow from well

6

m3/h

12

2.36

Feed water tank size

5

m3

Simulation Results

Grid connected

Stand alone

Total PV energy production

17,915

17,976

Actual load served

36,135

13,180

Excess energy

74

2,620

Unmet load

0

544

Capacity shortage

0

710

Grid energy purchases 

23,306

0

Grid energy sales 

4,120

0

Total water production

17,000

6,442

STAND ALONE

51%

38%

2%

2%

7%

0%

0%

Total PV energy

production

Actual load served

Excess energy

Unmet load

Capacity shortage

Grid energy purchases 

Grid energy sales 

GRID CONNECTED

22%

44%

0%

0%

0%

29%

5%

Total PV energy

production

Actual load served

Excess energy

Unmet load

Capacity shortage

Grid energy

purchases 

Grid energy sales 

0

1

2

3

4

5

6

7

8

1

2

3

4

5

6

7

8

9

10

11

12

Month

Solar Radiation (kWh/m2)


