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Who is Energy
Recovery, Inc.




Energy Recovery Snapshot

For more than 20 years, Energy Recovery has created technologies that solve complex challenges for industrial fluid flow markets

We design and manufacture solutions that reduce waste, improve operational efficiency, and drive significant cost-savings for our customers
in Water and Oil & Gas

Our worldwide sales and technical service organization provides on-site support for our products

Headquarters Tracy, Madrid, Dubai, Shanghai,
San Leandro, California California Spain UAE China

o |

Commercial Development Center
Katy, Texas

(O R&D, Manufacturing On-Site
@ Water Sales Offices
@ 0il & Gas Operations
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Energy Recovery Snapshot

HEADQUARTERS/CERAMICS
San Leandro (San Francisco), California, USA

REGIONAL OFFICES

Spain, USA, UAE & China
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Why Energy Recovery?

Our technologies lower production costs of clean water and oil & gas,
enabling more affordable access to these critical resources

Our Water solutions are in desalination facilities on seven continents,
@ reducing carbon emissions and helping to combat water scarcity around the
globe

energy o ® . .
recovery- Our PX® Pressure Exchanger® energy recovery device revolutionized

- seawater reverse osmosis desalination, reducing energy costs by up to 60%",
helping to make desalination affordable worldwide

We are working actively to expand our pressure exchanger technology to
other markets, including industrial wastewater

*Energy Recovery estimate

energy recovery:



2021 Highlights 20015 ==

) 30 Twh (e

Metric Tons of Carbon
Emissions Avoided®

Energy Expenses
Saved by Customers’

Solar Electricity
Generated Internally

Global Installations of
Energy Recovery Water Products

*Annual data based on Energy Recovery estimates (internally assured).
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ESG at Energy Recovery

To download the full
report, please visit

-1 energy recovery:

First Environmental, Social, Governance (ESG) report
issued Sept 2020

e Aligned with SASB and GRI sustainability reporting
frameworks; select United Nations Sustainable
Development Goals

Our products address climate change, sustainable
industrialization, energy efficiency, water scarcity

Reflects our ongoing commitment to becoming
a more sustainable, resilient business


https://energyrecovery.com/wp-content/uploads/2022/09/2021-ESG-Report-1.pdf

ZLD PROCESS AND BRINE
CONCENTRATION

RO vs Thermal

energy recovery:



MLD/ZLD Process overview

Water treatment process in which the plant discharges no liquid effluent into surface waters and contaminants are reduced to solid

waste

Permeate for
disposal or re-use

]
m—)p! Pretreatment :

Lu‘wer . -----------

1
1
Salinity YR —— a '
Feed \ /:
[ ]
Areas of concentration E
1
L

r
1
----------- 1 |
1
1
1
1

for most alternative
desalination technologies
focused on reducing costs

Permeate for
disposal or re-use

Deep Well
Injection

Crystallizer

Evaporator
Pond

Spray Dryer

Higher
Salinity
Feed
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Brine concentration technologies
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Technologies
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UHPRO Value proposition for ZLD

0 Softening

O Filtration

0 lon Exchange
o

[0}

|
pH Adjustment |
Deaeration 1
|
1

2 Stage RO Train Thermal Process

0 Softening
O Filtration -
lon Exch et T
8 ;:1 Asicu;?f:nt : Recovery = 88% : : Recovery = 4% Recovery = 3% :
© Deaeration | BWRO SWRO : ! UHPRO !
| 1
nl @ @ ] @ @
| ! !
Pretreatment : : 1 Thermal Process :
______________________________ | m e e e e e e e e e e e e e e ——————
2 Stage RO Train UHPRO Application

» Maximizing water recovery and brine concentration through the RO process

» Minimizing the use of thermal process that is more energy intensive

energy recovery:

Recovery = 5%

Crystallizer Solids

Recovery = 5%

Crystallizer Solids
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MLD Value Proposition

Primary Wastewater Reuse

Cost of Water Recovery ($/m?3

Minimal Liquid
Discharge (MLD)

BWRO
Up to 42 bar
0 Water Recovery (%) 70-75 95 100
Salinities in mg/L NaCl 40,000 80,000 115,000

. energy recovery

$3-355/m3

$1-17/m3

Minimal Liquid Discharge (MLD)
utilizes proven separation and energy
recovery technologies that enable a
breakthrough process; recapturing
resources that would otherwise go
untapped at a cost savings that allows
businesses to thrive

Employ a compatible solution that

enables capture of more than 95%

of liquid discharge and save 60% of
the cost

13



Introduction to ERI Energy
Recovery Device




Energy Recovery — ERD PRODUCT LINE

Low High . Ultra-High

1 ! 1
: : :

Industrial | pressure RO pressure RO E Pressure RO ! Thermal
Wastewater ! | : Process
1 ! 1
1 1 1

____________________________________________

ERD Application

PX Ultra PX

ERD PX Solution

@ energy recovery 15



Our water desalination solutions

Energy Recovery Devices

PX Pressure Exchanger

0 Most widely used ERD in SWRO

0 Unmatched efficiencies for desalination
up to 98%

0 Highest uptime in the market (99.8%)

0 Designed for up to 25+ years of useful life

energy recovery:

AT Turbocharger

Efficiencies up to 80%

0 Volute insert technology for best

efficiency range

Lower initial capital costs

16



Our water desalination solutions

Pump Products

AquaBold High Pressure Pump Vertical and Horizontal Circulation Pumps

0 Water lubricated bearing for long life and low 0 Specialized pumps pair with PX application

maintenance 0 Designed for long life with low maintenance

0 Cast, duplex stainless-steel hydraulics for

) i i O Reliable performance in high suction
higher quality and uptime

pressure operating environments

energy recovery: 17



Our water desalination solutions

Frame Support

PX Power Train
0 Combines PX with frame support and ancillary

0 equipment into a compact, high-performance ERD array
package

0 Designed according to Energy Recovery guidelines to
ensure optimal PX operation

O Pre-designed ERD and frame support for ease of
installation

O Train production capacity ranges from 3,000 to 13,000
cubic meters per day (CMD)

energy recovery



PX Product Line

=

energy recovery:




A look inside the PX

High Pressure Side

— — = = = Seawater Side - - --- | —=== Concentrate Side —---

Low Pressure Side

-1 energy recovery:



PX improves RO value proposition

Without Energy Recovery Devices (ERDs) With PX Pressure Exchanger
= Approx. 60% of Energy Wasted = Energy Recycled, up to 60% Decrease in Energy Use

Incoming high concentrate solutions

High concentrate solutions |« routed to pump and PX

Low pressure
MEMBRANES potable water

MEMBRANES

-

HIGH PRESSURE PUMP : HIGH PRESSURE PUMP

b ]

v v e e
W W W
MW
W e
W W W e
w
-
¥

t Energy wasted =

Pump pushes high pressure high pr r . :
PP gnp : as high pressure Main pump size reduced
concentrate through concentrate
. . by up to 60%
membranes hits valve v |
N S S——— N —— ) T
L
PX DEVICE/ARRAY
0 Pressure driven. High pressure demand is proportional to feed water salinity up to 1800 psi Introduction of Ultra PX in RO process allows:

0 Up to 60% energy savings from recovering wasted energy
0 Brine comes out at high pressure/energy which is reduced using a flow control valve

0 Up to 65% reduction in high-pressure pump size which only needs to deliver a flow equal the
product flow

0 Ability to do brine recirculation

energy recovery:

21



How pressure exchanger technology works

energy recovery:

22






How pressure exchanger technology works

Pressure Exchange Phase

Sealed Phase ) )
1. Low pressure driven fluid enters

the rotor duct

Two fluids on opposite sides of
PX; rotor duct is sealed, isolating
high, low pressure fluid streams

Rotor duct rotates to
pressure exchange phase

2. High pressure motive fluid enters
the rotor duct

3. Low pressure driven fluid
contacts motive fluid, expelling it

1. Low pressure driven fluid that will
at low pressure

be pressurized and sent into system Rotor duct rotates

to sealed phase

4. High pressure motive fluid
contacts driven fluid,
expelling it at high pressure

2. High pressure motive fluid

Pressure is exchanged continuously as the rotor spins at high speed

energy recovery
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Pressure Exchanger Technology Platform

Transfers energy from high-pressure
to low-pressure fluids through
continuously rotating ducts with only
one moving part (the rotor)

We drive benefits by applying this technology to industrial fluid-flow systems:
= Decreased energy use
*  Reduced operating costs
“  Lower emissions

Pressure exchanger technology is versatile — can handle a range of pressures
and fluids

The PX for SWRO was the initial product application; we are now incubating
new solutions on this technology platform

Bar/PSI
4/58*

*Assuming PX LP IN feed pressure is 2~3 bar

é energy recovery:

Bar/PSI
700/10,000

24



PX: Rugged and compact design

<" energy recovery'

No controls, wires, or electrical connections

No valves

Rotor
Only moving part
Hydrodynamic bearing
Automatic speed adjustment
No material to material contact

State-of-the Art Materials
Trade-secret ceramic formulation
Extremely durable material (3X steel hardness)
Never corrodes
No fatigue

Lightweight/Small footprint

25



PX Technology Advantages

O Highest Energy Recovery Efficiency at 98%
= $2.0 billion per year in savings for our customers.

= Consumes no electrical power so facilities can reduce their
energy consumption by as much as 60%.

O Uptime: 99.8% Availability Advantage

= Virtually no scheduled maintenance and proven long-life
performance

= Engineered with only one moving part from our patented
ceramic technology, the PX is designed to be durable in the
harshest of environments without failure- maximizing your
facility’s uptime.

energy recovery:

O Lowest Lifecycle Costs
= Highest return on investment
O Durability — Designed for a lifetime

= Designed for plant lifetime
(25+ years minimum)

= Robust ceramic components that are
corrosion-proof and abrasion-resistant

O Modularity & Flexibility

= Scalable to accommodate different
capacities

= Flexible operations (recovery/flows)

26



PX Pressure Exchanger Product Line for SWRO/LPRO

O Pressure up to 1,200 psi (82.8bar) O Pressure up to 400 psi (27.6 bar)

- 3
O Flow range 20 to 400 gpm (4.5-90.8 m3/h) o Flow range 25 to 260 gpm (5.6-59 m*/h)

0 Peak efficiency > 98% O Peak efficiency > 95%

O Quiet Series (< 79 dBA)

@ energy recovery 27



PX Q Series

PX Q300
PX Q260
PX Q220
PX Q180
PX Q140
0 10 20 30 40 50 60

Cubic Meters per Hour (m3/h)

11000 PSI, 15 PSI BP, mid flow, I1SO 3744; ’Compared to standard PX models

energy recovery:

70

Audible Improvement

Operational sound levels below 79 decibels?
to enhance the working environment and
safety of water treatment plants.

Reduced Mixing

Further reduction in fluid mixing? from an
already negligible level, resulting in lower
membrane feed salinity and pressure and
increasing desalination system performance.

Industry Leading Efficiency

Unparalleled efficiency for energy recovery
devices, up to 98%; a core benefit of all PX
products
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Ultra PX™ — Standard Features and Benefits

Features Benefits

O Operates at pressures up to 120 bar (1740 psi) O Designed to recover up to 60% of otherwise

O Unitary Flow range: wasted energy

O UPX 4.55-56.8 m3/hr (20-250 gpm) capacity scalable

(>93%)
O Low OPEX and lifecycle cost

O Industry leading reliability

O One moving component, no control

O Corrosion resistant alumina core and Super Duplex
ports/housing 0 Compact, modular and scalable

O No scheduled maintenance

@ energy recovery 30



UHP Pump - standard Features and benefits

~—  Features
0 Designed to work with Ultra
PX ERD

O Operates at pressures up to
120 bar (1740 psi)

O Flow capacity upto 13.6
m3/hr (60 gpm)

0 Super duplex and Noryl
wetted material

>  Benefits

0 Enhanced corrosion
resistance

0 Longer bearing life and wear

cycle

0 No scheduled maintenance

Pump Type

Flow Range

Min Discharge Pressure

Filtration Requirement

Peak Efficiency

Maximum Head

Process Connections

Certification

Specifications

Multi-stage Centrifugal

20-60 gpm
(4.5-14 m3/h)

1740 psi (120 bar)

29 psi (2 bar)

20 um

65%

150 ft (45 m)

5 hp (3.7 kW)

2" (DN50) Grooved-end
Flexible Pipe Coupling

CE motor

@ energy recovery’
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TurboCharger

=

energy recovery:




Turbocharger: How does it work?

30 PSI (2.0 bar)
500 GPM (114 m'/h)

Turbocharger

MEMBRANES

595 PSI (41.0 bar)
500 GPM (114 m*/h)

— -y 5 PSI (0.4 bar)
0] _H 200 GPM (46 m¥/h)
920 PSI (63.4 bar) » —
500 GPM (114 m%/h) -

il 30 PSI (2.0 ban) HIGH PRESSURE PUMP MEMBRANES
500 GPM (114 m?/h) - 920 PSI (63.4 bar) — w5 PS| (0.4 bar)
900 PSI (62.0 bar) 500 GPM (114 m/h) [l sl 200 GPM (46 m'/h)
300 GPM (68 m>/h) ] o ———
595 PS| (41.0 bar) [ 145 PSI (1.0 bar) ———
500 GPM (114 m*/h) g 300 GPM (68 m*/h) ;
HHGH PRESSURE PUME 900 PSI (62.0 bar)
ERI 300 GPM (68 m'/h)
HIGH PRESSURE PUMP TURBOCHARGER
DEVicE 5 PSI (0.4 ban)
300 GPM (68 m'/h)

1. High pressure concentrate enters the turbine side
of the turbocharger and transfers its energy into
the rotating movement of the turbine.

High Pressure
Concentrate

High Pressure
Feedwater

2. The turbine drives the pump impeller.

Low Pressure
Concentrate

3. The pump boosts the pressure of the
low pressure feedwater.

Low Pressure
Feedwater

energy recovery:



Turbocharger: Key components

>

' °
I

1
@ﬁ

<~ energy recovery'

Brine Outlet Port

Feed Outlet Port

Turbine

Pump Impeller

Feed Inlet Port

Brine Inlet Port



Turbocharger: Auxiliary Nozzle

The auxiliary nozzle valve on the turbocharger provides brine flow and pressure
adjustment to accommodate typical variations in membrane requirements

AUXILIARY NOZZLE BRINE
VALVE

PRIMARY NOZZLE

TURBINE
IMPELLER

VOLUTE
AUXILIARY NOZZLE

0 Opening the ANV will reduce system brine pressure and/or increase brine flow. This is typically done during

those periods of plant operation that require less pressure than the maximum designed membrane pressure.

0 Closing the ANV will increase system brine pressure and/or decrease brine flow.

energy recovery

35



Turbocharger: Efficiency

Where:

O 7. = hydraulic energy transfer efficiency

0 AP = Boosting pressure

O R, = Brine flow to feed flow ratio

0 P. = Concentrate pressure at turbine inlet
O P, = Turbine exhaust pressure

é energy recovery- .



Energy recovery Devices: Pump analogy

MEMBRANES

920 PSI (63.4 bar)
500 GPM (114 m'/h) §

30 PSI (2.0 bar)
500 GPM (114 m*/h)

900 PSI (62,0 bar)

595 PSI (41.0 bar)
500 GPM (114 m*/h)

HIGH PRESSURE PUMP

S 300 GPM (68 m*/h)

5 PSI (0.4 bar)

200 GPM (46 m*/h)

145 PSI (1.0 ban)
300 GPM (68 m*/h)

30 PSI(2.0 bar)
M 500 GPM (114 m'/h)

595 PSI (41.0 bar)
500 GPM (114 m*/h)

920 PS| (63.4 bar) L g 5 PS! (0.4 bar)
500 GPM (114 m/h) e il 200 GPM (46 m*/h)

900 PSI (62.0 bar)
300 GPM (68 m*/h)

5 PSI (0.4 ba)
300 GPM (68 m'/h)

30 P51 (2.0 bar)
500 GPM
114 m’/h)

30 PSI(2.0 bar)
200 GPM (46 m'/h)

920 PSI (63.4 bar)
500 GPM (114 m*/h)

HIGH PRESSURE PUMP 820 PSI (63.4 bar)
300 GPM (68 m'/h)

30 PSI(2.0 bar)
300 GPM (68 m*/h)

5 PSI (0.4 bar)
200 GPM (46 m*/h)

900 PSI{62.0 bar)
300 GPM (B8 m*/h)

145 PSI (1.0 bar)
300 GPM (68 m’/h)

30 PSI (2.0 bar)
500 GPM (114 m*/h)

| 920 PS1 (6.4 bar)
200 GPM (46 m*/h)

920 PSI (63.4 bar)
500 GPM (114 m'/h)

920 PSI(63.4 bar)
300 GPM (68 m*/h)
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PX: Reference Design

Design #1: Single Stage with PX

O Most typical design

M5 A2

0 Circulation pump handles the PX flow only | mmmm:la > % oy e |
g Mmrﬁl% l%um\nmuu ,|-M_; -Dd_; %r‘qsd
O Higher operational flexibility, recovery rate ‘ - o
and flux are independent ] s __
' C g 38 s
: : = [ : SR
o Easy to control | =< W‘“’“"" i’
- | W
FRESH WATER FLUSH /l\ sc‘ ‘ HIGH PRESSUPE

. " M H v
| CARTRIDGE FILTER (\[) v memi L]
% MEMBRAh‘IES , ] S e “\n (% /:‘) N % ;( \\ 'r;-t:
FEED PUM‘P @ ke 1t l: F SEE WOTE 9 m " : * i @jl
) I E= : "

TREATED FEED WATER
HIGH PRESSURE PUMP

CIRCULATION PUMP

I

PX DEVICE/ARRAY

—— R .,
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PX: Reference Design

Design #2: Double Stage with Inter-stage Booster Pump

O The inter-stage booster pump is the UPX
circulation pump

O Requires a Flow control valve at the PX
HP outlet

0 Allows flux balance between 15t and 2"
stage and higher recovery rates

N
E.L']___ _ [ mm——
S

l HIGH PRESSURE PUMP

.
R
PRESSURE H
RELIEF
VALVE K3
e E =

MEMBRANES

pame |

PX DEVICE/ARRAY

energy recovery:
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PX: Reference Design

Low Capex and OPEX to do recirculation

Easy to control recirculation flow

r CFil il §
-
- I - l— —
L“—t ——
i P R i ik
CElT N s Pl P

HPP

energy recovery:

energy recovery*

Booster
Pump
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PX: Reference Design < energyrecovery

0 Circulation Pump at membrane inlet

0 Common design for DTRO and STRO systems

e

|

@ energy recovery




Turbocharger: Reference Design <" energyrecovery

1ST STAGE MEMBRANES

MEMBRANES

920 PSI (63.4 bar)
500 GPM (114 m/h)

(i 5 PSI (0.4 bar)
i 200 GPM (46 m*/h)

W 30 PSI(2.0 bar)
500 GPM (114 m¥/h)

900 PSI(62.0 bar)
o 300 GPM (6B m*/h)
595 PSI (41.0 bar)

1
500 GPM (114 m'/h) ol

145 PSI (1.0 bar)
300 GPM (E8 mY/h)

HIGH PRESSURE PUMP

HIGH PRESSURE PUMP TURBOCHARGER

DEVICE
TURBOCHARGER
1 Stage RO with TurboCharger RO Interstage Boost

43

@ energy recovery



Case Studies:




Lithium Battery Material 1

WanRun

2022

NA

65% i WG o s
0 A ‘ 7 \Er

PX U40

50K ton/year LFP

8
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Lithium Battery Material 2

Wanrun

2023

NA

65%

PX U250

240K tons/year LFP

8

-, energy recovery-
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Salt Lake Direct Lithium Extraction

SanDa Membrane

2022

NA

50%

PX U40

6K tons/year Li2CO3

2

energy recovery:
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CETP (for Chemicals)

BGT

2021

30K tons/day
effluent

3

50%

PX Q300

Common Effluent
Treatment Plant for
chemical plants

3

energy recovery:
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CTX( Coal to Chemicals)

BOTIAN Che Vil 2
2016 (| pini

5K tons/day brine

i

|“-

—— =
s 5
) ——

water :fl
——
3 L 1
"‘ E‘
=
35% N
PX 180

Coal to diesel, liquids

3
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Coal Mining
Total Plant Capacity NA
A=
Number of Trains3t 5
EEH
Estimated energy .
savingsTHRELL 45%
ERI Product Model

= PX 70S

Fmils
Application 7 F§ Buertai Coal Plant
Total Number 5
of Modules 2 £ &

. energy recovery"



STEEL

BAOWU STEEL

2023

NA

3

40%

PX 140

Wastewater from
steel plant

3

energy recovery:
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COKING

XUYANG COKING

2022

NA

45% & 40%

PX 140 &PX 70

Coking wastewater

4

energy recovery:
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MUNICIPAL w/LPPX

Key Largo

2016

Increase from
1,750 CMD to
2,400 CMD per train

60% recovery

2 PX 180B per train

brackish wells.

energy recovery:

Kona Village

2015

4,000 CMD

7 x 570 CMD trains;
55% recovery

2 PX 90B per train

Drinking and Irrigation
Water for Tourism

14

n —E'* :-=—
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TEXTILE

Pali India

2022

NA

20%~65%

PX Q220,Q300,AT
550

Textile CETP

energy recovery

RO1 RO2 RO3 NF

No. of trains -4 No. of trains -2 No. of trains =1 Nao. of trains =1

Feed flow -125 m*/h Feed flow -B4.6m*h Feed flow —88.1m%h Feed flow -63.8m'/h
Recovery = 70% Recovery = 42% Recovery = 35% Recovery = 30%
Membrane type - Seawater Membrane type - Seawater Membrane type — Seawater Membrane type - Nano filtration
No. of stages -2 No. of stages =1 No. of stages =1 No. of stages -2

Industrial Thermal
Wastewater Process
AT 550 PXQ220 PX Q300 PX Q220
54



DTRO W/PX

TianDiRen

2015

NA

NA

PX 140S

Coal mining in Inner
Mongolia

3

energy recovery:
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IWW Overview

Wb IR 7K IK AL TR ]
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Industrial Wastewater (IWW) Overview T /& /K4 iE 2l

TV EKNSHFAMEERT EZZHME

e 20 0K 0K 50K 60K o
| Power Plants e FGD WW: Cl, Ca, SO,, Na, Mg
Landfill Leachate a, Ca 0,, Orga
| Textiles 0 d

Zn, Pb, Mn, Fe, Ba, oils

o
-
o
Q.
c
(]
(3
o
Q
~+
1}
=
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IWW Treatment Drivers T\ & /K432 9IKEh H

Minimum Liquid Discharge (MLD)/Zero Liquid Discharge (ZLD) addresses each of these drivers

O Increasingly stringent IWW regulations aimed at reducing pollution along with surface and ground water consumption
FESR AR AR B TV BOKHEBUE M S R A 53 A R b Rk Fth T KA EFE

0 Water scarcity in many regions will limit industrial output without extensive treatment and reuse of wastewater
MRV EARFFTEEMBF A, FEHRAKRRERERE TV~

0 Economics of brine mining (i.e., recovery of valuable materials in the waste streams)
KKFFROEFRE (BEREDZEFNE N EDR)

O Reduction of off-site transportation and disposal costs
W P IHIE FAIE B A

1 = I - 1 = 1 L 1
High 400 .
freshwater 550 | 1
demand -
5 300
—
Public Stricter ?g 250
environmental regulations for 2
awareness brine disposal 82001
16- 4
@ 150 +
4 © |
(%]
Attempts to 100
recover. valuable i
resources o 50 ~ -
U 1 v ] v 1 v 1 N 1
NaCl CaClp CaCOg3 Mg(OH), MgCly
Salt

Source: https://doi.org/10.1016/j.jece.2020.104418
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Industrial wastewater Management 1/ ks

Disposal &8 773%
Municipal Wastewater Treatment Plants (sewer) wEBSKAE (55KERM)
Mix with other WW for dilution fiEfti5KEEHE
Regulations / Fees limit applicability &1/% FBR%
Evaporation ponds &%

Requires real estate and long term up-keep TE+HFIKHALE
Environmental liability — leaching, rupture, overflow IfE®RE - 58, W, HH
Capacity constraints ZERH

Injection wells sFk#

867  Me=3 Earthquakes 1973 - 2008
3642 Me3 Easrthquakes 2009 - 2018

]

Sallenneclia i e

o

1975 1980 1985 1950 1995 2000 2005 2000 2015 202C

Proximity to suitable formation ¥AZEEAHHBE
Energy for transport and injection E#ME T EERELE

Environmental liability for potable aquafer damage, earthquakes % Hk&E=E, #

BRRE

Trucking, inland brine disposal pipelines £Ziz#, MkRKHER S &
Costly, only offsets disposal location or dilutes contaminants, capacity River in Hawaii that smells like beer discovered to be
limitations WA, RABELRBNESERETLY, ZEER ’j“"““""c

lllegal/Unregulated disposal di&/AZBEHLE
Creates financial and public relations liability =£M&MALERFT
Business continuity risk & T4 K Bs

Spain

ILLEGAL BWRO BRINE CONTAMINATES LAGOON
Last week, a Spanish magistrate accused farmers and
B zovernment officials of environmental crimes for
) A catastrophic damage to water and wildlife in Mar Menor,
a 170km? (65 m?) coastal saltwater lagoon in Murcia, on
Spain’s southeastern coast, near Cartagena.

energy recovery b



Industrial wastewater Management 1/ k& E

Recovered water k@i

Water is a key input to industrial and agricultural productivity
K2 TR & 7= BN

Regional industrial development relies on the availability of
suitable water R TV & BEKIMABEHKIDE
Treated industrial effluent can be cleaner than local
surface waters &g amB e T W Bk T LA R iRk E 5%
Economic development of nations relies on the circular water
economy &EmMEF K R&BKEERF A

. energy recovery'

q

Water Utility Pathways
in a Circular Economy %

Water Stress by Country: 2040

ratio of withdrawals
to supply

Low (< 10%)

Low t medium (10-20%)
B Medium to high (20-40%)
B High (40-80%)
B Extremely high (> 80%)

NOTE: Projections are based on a business-as-usual scenario using S5P2 and RCPA.5.

For more: ow.ly/RiWop WORLD RESOURCES INSTITUTE
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Industrial wastewater Management 1/ k& E

Kilogram of seawater

3. Recovered Salts #@Ei

= Dissolved salts can be sold or reused as feedstock

if economically concentrated and purified @zz%a
A RABEMRS, BRUENRTUEENEEAREREAR

Other components (salinity) 344 g

= Examples:
V' Caustic soda from textile dying  M&4R%e 6 b BB,
Il. LiFeP from battery manufacture et B BERR 42

IIl. Sodium Sulfate from coking process  M&kEEK & EKFER

© 2008 Erooks/Cole - Thomson

= Brine mining from Oceans, Continental, and
Geothermal Brines: miss, xs:mshgkhFg i

Chicride (CI7) 18980 g

Other Calcium (Ca®*) 0.400 g

Potassium (K*) 0380 g

Sodium (Ma*) 10.556 g

Sullate (S0,*) 2.649 g
Magnesium (Mg®*) 1272 g
Bicarbonate (HCO; ) 0.140 g

Recovered Major use Price® Targeted
V" Desal permeate: 0.50 USD per ton ouh e g e e
~ steel and refractory industry ka/m?
v/ NaCl ~50 USD per ton 5c0,  Alloying additive 4,140€/kg (Purity 99.0%) 092 mgim®
LiCO; Battenes, Ceramics, Lubricants. Pharmaceuticals 12 €kg (Punty >95%) 145 gim?
V" Potassium Chloride ~250 USD per ton RbCI Fibre optics, lamps, night vision devices, laser ';l:g:iwom(i’umy 120 mgim?
v Mg ~3,000 usD per ton HiBOs TksCWmﬂFbanggmMmm 640€/ton (99%) 4 5g/m?
. Pharmaceuticals, Cosmetics
v Bromine ~3,500 USD per ton V:0: Catalysis, metal alloys (bond Ti to Steel), aniline black  6.95€/kg (Purity 98%) 335 mgim?
e InCly W. electncal motors, dental prothesis, 300 €kg (purity 999%) 42 mg/m?
ithi o ! ar medicine
Lithium Carbonate (battery grade) ~25,000 USD per ton WO, Metal products, Base metal and aloys, Aulomotve 16 €kg 10 mg/m?
industry, High strength parts.
GaCly Integrated circuits, LED lighting, CIGS solar cells 110 €/kg (punity 99.99%) 3 x 102 mg/m?
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Brine concentration technologies summary i /kCRGER AL 2

Evaporation ponds Varies
MSF/MED* $2.50

ZRINZE/RB TR

MVC / “Brine Concentrator” $5.76
VIR R R R/ KK AR GE”

UHPRO & UHPNF** $1.40
B ERSE BEEIE

UHPRO & UHPNF with PX $1.18
= E RS EIBE ELNIE+PX

n/a

$0.75

$1.19

$0.45

$0.23

Simplicity, insensitive to feed water type
a5, XLE7KTPR

Very low TDS permeate; performance

independent of feed
F=IKTDSAR;  F=7K7K BN /K TDS T <

Very low TDS permeate; performance
independent of feed TDS; suitable for

small scale
FEIKTDSE, F=/KoK RN /KTDS %, /NAR
& M

Scalable, Small footprint, some ability to

separate salts
Oy S|k, BEA—ENRSDERE
71

Lowest OPEX, Process flexibility
BEERARIEK, TZRAE

*3785 CMD plant size, 20 year life, Electricity: 0.06 S/kWh, Steam 3.12 $/1000 |b T #{4&: 3785CMD, {#FHFHa204E

** Total cost includes capex, energy, labor, R&M, Chemicals, and indirect costs.

References:

- Technology review and data analysis for cost assessment of water treatment systems;

- Minimal Liquid Discharge (MLD) and Zero Liquid Discharge (ZLD) strategies for wastewater management and resource recovery — Analysis, challenges and prospects;

- Inland Desalination & Concentrate Management; AWWA Manual M69, First Edition Draft

energy recovery:

Footprint, rain, slow process, smell, risk of

environmental discharge
aihR, MkEm, HREE, HNEHERNE

Does not scale well to small systems, requires
steam and electricity. Sensitive to scale. More
labor than RO

INBERZEARER, TEXRANBN. LREES
EEZNFNN

Sensitive to scale, startup time, time to
stabilize for flow changes, cannot easily

separate out salts
ZiR, BaNEK, RETUEFTERKNERE
BOARBHEDE

Limited output TDS, may still require MVC.
Sensitive to scale, foul, TSS

F=IKTDSPRIE., IHREMVC, MW4R, 518 BEF

YO

Limited output TDS, may still require MVC.
Sensitive to scale, foul, TSS

FE7J(TDS|3E'TEO 'TB%%MVC, Xﬂ‘i*i}ﬁ /-':_!i% ILr\
YU

ERABIEZITRA, ¥, AL %PeRF, AFRMEESAR
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CASE STUDY: LITHIUM ION BATTERY PRODUCTION OVERVIEW

=004 SR A R

Lithium lon Extraction Cathode Production

joem i TEARATA A

FePO, \

+ LiFePO,

Li from Ore ! LFP
SN 7
or Li,CO,
/ Li(Ni,Co,Mn,.)O,

Li from Salt Lake i + NCM

R /

Ni,Co Mn, . (OH),

energy recovery:

N

or |

e

Li Battery Production
B A

Li Battery

Anode
Ttk

+

Cathode
1EHK

+

Separator
BRAR

+

Electrolyte
BB AR
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CASE STUDY: WASTEWATER TREATMENT AT LFP PLANT
EBI0AT BHERIRIR KA EE

A 50,000ton/year LFP plant
580m3/hr
16K mg/I {
(NH,),SO, Primary Secondary
Effluent Treatment Treatment

BWRO SWRO

81m3/hr

108K mg/I
54m3/hr

170K mg/I

THERMAL UHPRO

UHPRO-UPX section key facts: S£52 1= 5.
0 50,000 tons LFP per year production plant generates enough wastewater to require (6) Ultra PX for the UHPRO stage recovering 54m3/hr of UHP brine.
57 M/ E B ERAE LM T A MEKFEUHPROBR T E6 4 UPXR B S E R EL K AIBEE 54m3/h
0 Each UHPRO train: Feed=27m3/hr @ TDS 108K mg/L, Brine= 18m3/hr @170K mg/L, recovery 33%, and (2) PX-U40
HEUHPROR % #E/K=27m%h @ TDS 108K mg/L, Brine= 18m3/hr @170K mg/L, recovery 33%, and (2) UPX-40
0 Plant has (3) UHPRO trains for a total of (6) UPX that save 150K USD per year (0.1USD/kWh) in energy
3BUHPROXFZFEHOBUPX, BFETHISHETAN®BZE (0.1USD/KWh)
=> payback less than 1 year % 7% [0] 3 21/ N T 145

energy recovery:
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Case Study: XY CTX ZLD Plant — Coking =: o &) energy recovery’

RETZS5H

g 63bar 52m3/h
= — L

- F— L —
L I = i

vl S s e L PR e

| S—"—-—) 63bar 35m3/h
3
62bar 34.5m3/h tlom /h
62bar 24.5m3/h I - 63bar 25m3/h
I e gy
2bar 24.5m3/h D 1bar 25m3/h
PX-140

HPRO Stage Desien Parameters 7 = 5145 T 2540

| 2bar 20.1m3/h
I MEMBRANES 3
‘Ei‘ 70bar 32.5m%/h 19.5m*/h

HIGH PRESSURE PUMP I

CHTULATION LR

I | I—- 69bar 13m3/h
I 684bar 126m3/h I PE DEVICE ARBAY

.__m e q—

2bar 12.6m3/h PX-70 1.2bar 13m3/h

energy recovery:



" energy recovery’

Case Study No.: XY CTX ZLD Plant — Coking =4 sodt&ak

Value:

0 Achieves regulations & ZLD using ~38% &~48% less energy ¥ 5 ~38%&~48%[E) At i B SHEMER

0 PX performed at 22 bar SWRO and 21 bar HPRO pressure during commissioning &z 887 22bar= & & 5515121 bari
SIENRBE TN TPXIAR G theE EFEintk

O Reliable operation after initial commissioning M&iERE R SRR E T E£I51T

52m3/hr/train; 53 bar 13m3/h/train
36K mg/I 116K mg/I
Biochemical \ I
CTX Effluent jochemica Pre- Treatment LPRO SWRO w/ Brine ” Thermal
Treatment Recycle
(UF +1X)
PX-140 PX-70
\ N \ e
25m3/h/train 32.7m3/h/train;70bar
71K mg/I 71K mg/I
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Case Study: Florida Southwest Water Treatment Plant-LPRO

\

Z6) 1% Bix)

City of North Port, Florida Southwest

Water Treatment Plant
(B BT R KNI
2.0 MGD RO Greenfield Design

2 BWRO Skids
80% Recovery ,31.5m3/h brine
Design raw water TDS of 3,500 mg/L

2 O0MGD#HET1H /2 EBWROA G/ [ Z80%, #KKE31.5m%/h,
JRZKTDSIZ1HE 3,500mg/L

Water quality degradation

Skids expandable: 1.0 to 2.5 MGD
Design TDS from: 3,500 to 13,600 mg/L
Seawater membranes

Increased energy demand

KB/ B BRGEFTEY A M1.0E)2.5MGD/RKTDSIITHE
M3,500mg/LtF+ZE13,600mg/L/1E F 7 34 BE/REFEIZ N

energy recovery:

JeAmrAmANIE] -RERZE

........

— ] i — -

R e

Kimley»Horn

energy recovery’

PX Process Schematic

MEMBRANES

G - ——

e — a L
- ?
CIRCULATION PUMP P ——

PX DEVICE/ARRAY
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Energy Recovery Device Selection for WTP
TSAANIE ] BE 2 [EIKUERK B I i

energy recovery*

20% reduction in feed
pump flow =EZ 7250 20%
Reduced horsepower &EohEx
Minimum 33 HP &{%33HP
Reduced energy requirements
PR BERE
Operational expense savings

$12,000 to $106,000

EE AT % $12,000 Z£$106,000
Reduced capital expense F&{i#%

Pump motor, conduit, switch

gear, additional components

KRB, BE, FFRAE, HINESH

Estimated $95,000

55 $95,000

energy recovery: 69



Capital and Operational Costs %%z E i 4

energy recovery-

Savings Per Year

FFEPLIHERF

TDS (mg/L)
HhE
1 3,500
2 13,000
3 6,250
4 13,000

Feed Pump HP Reduction Savings Per Day
ThETE FRTHHBH
33 S32
108 $140
110 S36
270 $290

$11,680

$52,195

$13,140

$105,850

Kimley»Horn

energy recovery-

Assumptions: Fi&%{&E
$0.12 KWh 0.12Z 5tkwh
Plant Operations: 24 hours T #%24/\iisiE
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