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ENERGY RECOVERY FOR REVERSE OSMOSIS
This case study considers the upgrade of Reverse Osmosis at the Albany Water Treatment Works alongside the incorporation of an energy recovery system to reduce electrical cost. 

 (
Energy Recovery for Reverse Osmosis  
Description of Process
:
Reverse Osmosis is a membrane-based technology, well known for its use in primarily desalination of seawater, brackish waters and high TDS effluents. The membranes are continuous in the sense that they do not have any pores. The smallest size of dissolved ions and organics that can be removed by RO is in the order of 0.1 nm.  RO requires high pressure to produce deionized water. Operating pressure depends on the TDS (osmotic pressure) of the feedwater and varies from 800 
kPa
 for brackish water to 7 M
P
a for seawater (Schutte
, WRC 2006). 
Reverse Osmosis is expensive compared to more conventional treatment such as micro- ultra- and nanofiltration. Energy consumption for RO ranges from 10.2 – 18.2 kWh per m
3
 compared to 0.4 – 5.3 kWh /m
3 
for conventional treatment technologies (Metcalf & Eddy). 
It is for this reason that the Amatola Water Board (previously Albany Coast Water Board) decided to incorporate energy recovery systems alongside the upgrade of the Albany WTW in the Eastern Cape of South Africa. 
Potential Interventions
Selection of the ERI PX-180 pressure exchangers based on the highest kWh saving per Rand of capital invested
Selection of the ERI system provided for the highest monetary saving after deduction of estimated maintenance cost over the 10 year period
Fixing the duties of the existing high pressure pumps and including VSD on the RO3 motor
The energy recovery system included the supply, installation, commissioning, performance testing, operation and maintenance for one year period for the RO12 and RO3 systems.
Range of potential Savings
The 
projected savings amounted to 
R 455 940 
over 2 years
The actual savings amount to 
R 987 699
 over 2 years
The actual 
savings achieved exceeds the projected savings by 
216%
, but further trends will be monitored.
Total saving of 15 + 123 kW = 173 kW from new RO3 plant.
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	Response information, description and remarks

	
1
	Location:
	Amatola Wateris situated in East London in the Eastern Cape Province of South Africa. The areas are densely populated. The Albany RO plant is at Boesmans River Mouth and provides water for the Boesmans River and the Kenton-on-Sea towns.


	 2
2
	Sector:
	Desalination of Seawater

	
3
	Works Owner or Operator:
	The plant are owned by the Amatola Water (Bulk Water Services Provider) and operated and maintained by Amatola Water (Water Services Provider). Department of Water Affairs is the Regulator and Amatola Water need to comply with the water use license specific to each of its 13 plants. 


	
4
	Size:
	Approximately 35 000 people are served in the area

	
5
	Energy Provider:
	Power is in form of electricity, provider by the national electricity agency, ESKOM. 

	
6
	Process:
	Operation consists of Reverse Osmosis of Seawater.

	
7
	Component:
	This case study refers to the Energy Recovery system of the RO plant phase only.

	
8
	Motivation for the case study:
	The cost of electricity is set to increase by 16% per year over the next few years, over and above substantial increases over the past 5 years (starting 2008). 


	
9
	Process/Plant changes:
	Comparison of energy efficiency, life cycle cost and NPV.

	
10
	Civil/Physical Changes:

	Opting for continued use and installation of Energy Recover systems at all future RO plants.

	
11
	OperationalChanges:
	Minimising power consumption and maximising performance in Energy Recovery systems, and monitor and service and performance for uninterrupted operation. High skills levels need to be maintained.


	
12
	Risks and Dependencies:
	Risk is in considering only energy efficiency as criteria when making technology decisions, energy efficiency, performance ito legal specification, and life cycle costs or NPV.

	13
	Implementation:
	The project was implemented in the upgrade phase:  evaluation of existing systems, comparison with alternative energy recovery systems available at the time.In the South African market, procurement of preferred options will be implemented over a 10 year life span using design/build models. 

	
14
	Energy Efficiency gains:

	   15 + 123 kW = 173 kW saving from new RO3 plant. 

	
15
	Cost/Benefit analysis:
	The back pay period is 10 years, and over this period a estimate recover is R4.5m. Saving of R 987 699 over 2 years (exceeding projected saving by 2016%), monitoring continues

	
16
	Project review:
	Continued learning and replication of practical and cost efficient best practice in future RO applications.

	
17
	Confidence grade:
	High – case study based on material and data analysed by specialist a group.  Further work is continuing.



Background to Energy Recovery for Reverse Osmosis Albany WTW:
During the recent August 2009 upgrade of the Reverse Osmosis Albany Water Treatment Works from 0.8ML/d to 2.4ML/d, Albany Coast Water Board required of the engineering consultant to incorporate energy recovery system to reduce electrical cost. The consulting engineer submitted a draft proposal in which three different types of energy saving equipment were investigated, namely;
· Grundfos BMT Turbine
· Fedco HPB Turbine
· ERI PX 180 pressure exchangers

	Item
	kW saved in hour at full production
	Estimated Capital Cost

	Grundfos BMT Turbine on RO1,RO2 & RO3
	94.5
	R1 549 000

	Fedco HPB Turbine on RO1, RO2 & RO3
	87
	R1 218 000

	ERI PX 180 pressure exchangers on bigger RO12
	123
	R1 405 000

	ERI PX 180 pressure exchangers on bigger RO12 as well as Fedco HPB turbine on R03
	138
	R1 577 000



The concept for this proposal was that ACWB will pay the Eskom account and the consultant will install the equipment and lease it to the Water Board. During April 2010, Amatola Water took over the Albany Coast Water Board and the commissioning of the new RO plant. The proposal was reviewed by Amatola Water and the installation commenced. Based on the conclusion that the ERI PX-180 pressure exchangers provide the highest kW saving per Rand of capital invested, this system was selected. The ERI system also provided the highest monetary saving after deduction of estimated maintenance cost over the 10 year period.
The duties of the existing high pressure pumps were fixed and necessitate that for the ERI exchangers system. RO1 and RO2 were combined in a single new RO12 with product capacity of 60m³/h. With the decision to opt for the inclusion of a Variable Speed Drive (VSD) on the RO3 motor, it resulted in a 40% reduced capital investment which assists with the Fedco energy recovery system. The turbine on the new RO3 has resulted in an additional 15 kW saving on top of the 123 kW saving on the new RO12.

Description of the Process: 
The energy recovery system included the supply, installation, commissioning, performance testing, operation and maintenance for one year period for the RO12 and RO3 systems
1. 2 off ERI PX 180 Pressure exchangers
2. 1 off HP 2403 PX booster circulation pump with 15 kW drive
3. Variable Speed Drive on existing high pressure pump
4. Variable Speed Drive on the circulation pump
5. Flow meter on the low pressure feed to ERI PX units
6. Flow meter on the high pressure feed to booster circulation pump
7. High pressure check valve on the discharge of the existing high pressure pump
8. Duplex SS (grade 2507) piping connecting the ERI PX and booster circulation pump
9. 1 off Fedco HPBe 30 Turbine on RO3
10. Duplex SS (grade 2507) piping connection of the Fedco unit in the RO3 feed and RO brine pipes.

Financial Considerations: 
The above capital cost with the reduction in the VSD on RO3 resulting in a capital investment of R1 667 849 with a payback period of 10 years at R23 116.46. The value is related to the investment cost with the following:
· Admin fee of 0.15% per annum
· Prime rate plus 0.5%
· Prime is as announced by First National Bank of SA
· Final Settlement after 10 years R125 000
The projected saving per year is illustrated in table below.
	Year
	Eskom bill excl fixed cost without Energy Recovery
	Reduced Eskom Bill
with Energy Recovery
	Eskom saving
	Lease fee
	Estimated Maintenance Cost
	Total saving

	1
	R 1 893 134
	R 1 384 033
	R 509 101
	R 277 398
	R 0
	R 231 703

	2
	R 2 082 447
	R 1 522 437
	R 560 010
	R 277 398
	R 58 375
	R 224 237

	3
	R 2 290 692
	R 1 674 680
	R 616 012
	R 277 398
	R 64 212
	R 274 402

	4
	R 2 519 761
	R 1 842 148
	R 677 613
	R 277 398
	R 70 633
	R 329 582

	5
	R 2 771 737
	R 2 026 363
	R 745 374
	R 277 398
	R 77 697
	R 390 279

	6
	R 3 048 911
	R 2 228 999
	R 819 912
	R 277 398
	R 85 466
	R 457 048

	7
	R 3 353 802
	R 2 451 899
	R 901 903
	R 277 398
	R 94 013
	R 530 492

	8
	R 3 689 182
	R 2 697 089
	R 992 093
	R 277 398
	R 103 414
	R 611 281

	9
	R 4 058 100
	R 2 966 798
	R 1 091 302
	R 277 398
	R 113 756
	R 700 148

	10
	R 4 463 910
	R 3 263 478
	R 1 200 432
	R 277 398
	R 125 131
	R 797 903

	Total
	R 30 171 676
	R 22 057 924
	R 8 113 752
	R 2 773 980
	R 792 697
	R 4 547 075






Below are the actual costs
	Actual Cost

	Year Aug 2009
	Eskom bill excl fixed cost
	Reduced Eskom Bill
	Eskom saving
	Lease fee
	Estimated Maintenance Cost
	Total saving

	2010
	R 1 893 134
	R 846 068
	R 1 047 066
	R 275 042
	R 0
	R 772 024

	2011
	R 2 082 447
	R 826 547
	R 1 255 900
	R 262 473
	R 6 500
	R 986 927

	2012
	 
	 
	R 0
	R 260 625
	
	-R 268 125

	2013
	 
	 
	R 0
	 
	 
	R 0

	2014
	 
	 
	R 0
	 
	 
	R 0

	2015
	 
	 
	R 0
	 
	 
	R 0

	2016
	 
	 
	R 0
	 
	 
	R 0

	2017
	 
	 
	R 0
	 
	 
	R 0

	2018
	 
	 
	R 0
	 
	 
	R 0

	2019
	 
	 
	R 0
	 
	 
	R 0

	Total
	R 3 975 581
	R 1 672 615
	R 2 302 966
	R 798 141
	R 14 000
	R 1 490 825



Potential Interventions
The following interventions were taken to ensure optimal energy saving and NVP: 
· Selection of the ERI PX-180 pressure exchangers based on the highest kWh saving per Rand of capital invested
· Selection of the ERI system provided for the highest monetary saving after deduction of estimated maintenance cost over the 10 year period
· Fixing the duties of the existing high pressure pumps and including VSD on the RO3 motor
· The energy recovery system included the supply, installation, commissioning, performance testing, operation and maintenance for one year period for the RO12 and RO3 systems.
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Cost Saving
In terms of equipment costs, energy requirements/cost and life cycle costs (NPV) for each system, the following results are evident:
· The projected savings amounted to R 455 940 over 2 years
· The actual savings amount to R 987 699 over 2 years
· The actual savings achieved exceeds the projected savings by 216%, but further trends will be monitored.

References: 
· Andre Dyer; Regional Manager Southern
· Barry Weyer; Regional Engineering Manager
· Craig Thompson; (then) Acting CEO Amatola Water
· Consulting firm: VWG Envig.
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