Energy Optimized Desalination
Technology Development Workshop

REVERSE (OSMOSIS DESALINATION

Tom Pankratz, Water Desalination Report
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Bermuda Aviation — 1974
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Carlsbad, California — 2015
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US vs Rest-of-World RO Capacity

e 14,440 RO plants produce 16,075 MGD
0 10,340 BWROs produce 8,400 MGD

o 4,100 SWROs produce 7,675 MGD

o US: 2,114 BWROs produce 2,445 MGD

o ROW: 8,227 BWROs produce 5,955 MGD
o US: 15 SWROs produce plants 105 MGD
o ROW: 4,085 SWROs produce 7,570 MGD
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Reverse Osmosis (RO) Desalination
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SWRO Total Water Cost

- Capacity ~ Subsurface intake
~ Surface intake
Intake ... Source water quality

~ Combined intake

« Intake type Co-located intake

~ Feed water quality
Pretreatment . Capacity

. Pretreatment type Membrane filtration

. Pump

+ Conventional filtratior— Media filtration
- Cartridge filtration

+ Flocculation
+ Sedimentation
. Dissolved air flotation

 Diatomaceous earth filter
- Two-stage, granular media
. Single-stage, granular media

. Vertical pressure filter
“ Horizontal pressure filter
- Gravity filter

, Submerged MF/UF
-~ Pressure MF/UF

- 8" diameter / 16” diameter

~ Membrane type

Hollow fiber / spiral wound

- Number and size of individual RO trains

RO system .. Redundant capacity

-~ Number of vessels per RO train

~ Number of elements per vessel

~ Configuration

- Multi stage & passes
— HP and/or Booster pump

.. Permeate blending & throttling

. Concentrate recycle

+ High pressure pump

. Centrifugal pump
~ Positive displacement pump

Energy saving .. Energy (pressure) recovery device

. Renewable energy (solar, wind, etc)

. Product water quality

- Pelton wheel
- Turbocharger
- Pressure exchanger

. Remineralization and pH adjustment

Disinfection
. Boron removal
- Blending (hybrid)

- Permeate water

Post-treat

_. Concentrate

= Shoreline discharge

. Nozzle diffuser

- Wastewater effluent blending
-~ Blended with cooling water




Based on 100,000m3/d SWRO

IDesign, legal,
at a CapEx of $133.7 million oo

S arvices profes-sional
y 9% | services
Intake and 8%
outfall
7%

Equipment and
| Pretreatment materials
8% 21%

Civil engineering Membranes,
18% pressure
vessels
\7%

Pumps, high alloy
piping
22%

source: GWI DesalData
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RO Pretreatment

Pretreatment




Passive Screens mitigate I&E

Intake
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Slant Well Intake

Intake

Aquifer

Base of Aquifer




Infiltration Gallery Intake

Intake

source: Fukuoka Waterworks
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Dissolved Air Flotation (DAF) + UF

Sludge

source: Xylem

source: inge
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RO Membranes & Coatings

Hydrophilic coating layer

RO
Membranes
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Closed Circuit Desalination

source: Desalitech
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Diffused Concentrate Discharge

Seabed Riser Ports Riser Support  Ebb Tide Flood Tide

Rock Armour  Saline Concentrate  Diffuser Pipeline  Sand
Discharge
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On-going R&D in all areas

Intake
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SWRO CapEx Cost Trend
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Distribution of unit SWRO EPC costs
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SWRO Total Water Cost

Total Water Cost
($/m?)
Annual yield Total Annual
(melyr) Cost ($/yr)
Maximum daily water Annual O&M Annual debt
production (m?/d) costs ($/yr) service cost on
X CapEx ($/yr)
Number of days
online per year
. X Institutional Annual production Annual conveyance Annual debt Annual debt
%o of daily plant costs ($/yr) costs ($/yr) costs ($/yr) service of water  service on water
capacity l l l production ($/yr)  conveyance ($/yr)
Regulatory costs (3) Power costs (§) Power costs (§) Total capital cost of  Total capital cost of
Compliance costs ($) Chemical costs ($) Maintenance costs ($) treatment ($) conveyance ($)
Access charges ($) Consumable costs ($) X X
Capital recovery Capital recovery
factor factor

Maintenance costs ($)

Other charges ($)
Labor costs ($)

Annual interest Annual interest
rate (%) rate (%)
Debt

Debt
service service
period

period
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SWRO Total Water Costs
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Total Carlsbad Project Costs

Total Capital Cost

Total desalination plant $537 million

Total conveyance pipeline $159 million

Financing costs $227 million

Water Authority improvements and oversight $80 million
Total Capital Costs $1.003 billion

2016 water purchase price* (includes pipeline)

*Current estimate based on highest electricity rate applicable
56,000 acre feet per year 48,000 acre feet per year

$2,131/AF ($5.80/kgal)  $2,367/AF ($6.45/kgal)



.com
BWRO CapEx & OpEx

4.50
4.00 mmm Operating Cost -
- Capital Cost ' 3.76
3.50 3.91
3.00
2.50

2.00

1.50

1.00

0.50 I

0.00 , ,

1.2(0.2) 2.0(0.5) 3.5(0.5) 2.5(0.5) 7.5(1.5) 27.5(12.5)

Operating Cost (S/kgal)
Capital Cost (S/GPD)

Plant Production, MGD (blended portion)
adapted from: TWDB, 2012
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International Projects vs US

e Scope

e Offtake agreement

e Plant Availability

e Technical issues

e Development

e Level of government participation
e Environmental, permitting

e Local conditions
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Desalination’s Future

e RO-compatible technologies will continue to dominate

e MF/UF will be the predominant pretreatment technology

e |ntake/outfall will be ‘fatal flaw’ issue in US

e Process optimization will improve

e More small/mid-size systems

e SWRO will be base-load supply in arid coastal regions,
insurance policy in US

e Costs unlikely to come down

e Brackish water RO will be the new inland standard

e |ndustrial use of BWRO, SWRO will grow significantly

e More POE, POU systems





