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Saltworks Technologies Inc. (Saltworks) completed an off-site Flex EDR Selective pilot test to treat
flue gas desulfurization (FGD) wastewater from a coal fired power plant in China. The objective
was to reduce chlorides such that the FGD wastewater could be internally recycled and final
treatment costs reduced notably. FGD wastewater is generated and released primarily due to
chloride content that inhibits sulfur dioxide absorption in the stack and can cause corrosion
problems. If chlorides can be removed, the FGD wastewater can be recycled.

Saltworks Technologies Inc. (Saltworks) EINFFlex EDR Selective HAf i 5 14 HiiB #r db 2 o ]
FEIRIE R AR (FGD) JRK, 58 1 ANt WK H bR R PRAR ORI 7 &, Seill
PR 7K P [ Y, 2 BRI R K IR A B BAR o B S /K P 7 A R i 3 B vl K v v
BEE T AR IR IO S B & . AT DR BRLEE T, BB K AT BAE .

The results showed that Saltworks Flex EDR Selective achieved:

« Reliable treatment built from the second most common membrane desalination
technology - electrodialysis reverse (EDR) — with modernized membranes and process
controls.

*  90% recovery on a highly scaling calcium sulfate FGD wastewater without the need for
expensive soda ash softening. The system produced a predominantly calcium chloride
brine with 127,000 mg/L total dissolved solids (TDS) concentration. The brine could be
directly solidified with fly ash and other solidification agents for zero liquid discharge,
eliminating the need for a crystallizer.

« Removed 78% of the chlorides with ease: treated water from ~6,900 mg/L chlorides to less
than 1,500 mg/L, such that it could be recycled back to the FGD system.
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The China coal fired power plant is seeking a solution for their FGD wastewater to meet
forthcoming environmental regulations. Its FGD wastewater is currently treated by a “triple box”
process, which adjusts pH and uses chemicals to remove organics, fluorides, and heavy metals.
However, salinity and chlorides remain, which may be prohibited in the near future.
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Saltworks Flex EDR Selective system selectively removes chlorides from FGD wastewaters. This
offers coal fired power plants a treatment option to increase internal recycle rates and decrease
wastewater volume. The process is enabled by Saltworks’ proprietary IonFlux monovalent anion
selective ion exchange membranes that has 98% selectivity for monovalents, such as chloride,
while rejecting multivalents, such as sulfate. It produces a non-scaling sodium and calcium
chloride brine, achieving high recoveries without the need for expensive soda ash softening.
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FLEX EDR SELECTIVE PILOT TESTING
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The Flex EDR Selective technology is based on monovalent electrodialysis reversal (mEDR). As
shown in Figure 1 below, mEDR can selectively remove monovalent chlorides while rejecting
sulfates. As a result, it produces a non-scaling brine composed primarily of calcium chloride. The
lack of sulfates entering the brine — blocked by the monovalent ion exchange membrane -
removes the need for expensive chemical softening upstream.
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Monovalent Electrodialysis (mEDR) with FlexEDR Selective
Remove chlorides at high recovery with minimal pre-treatment

mAEM Monovalent anion exchange membrane (blocks sulphate, passes chloride)
CEM Cation exchange membrane
I Organics do not transit or foul membranes

Figure 1: Flex EDR Selective Stack Diagram
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The Flex EDR Selective off-site pilot test was completed with representative FGD wastewater that
was collected directly from FGD scrubber tower without any pretreatment. The raw water as
received was brown and turbid. Saltworks completed high pH pretreatment and prefiltration on

www.saltworkstech.com projects@saltworkstech.com © 2019 Saltworks Technologies



FGD Wastewater Pilot Test Results
A L2 J \\g :\‘.‘-
Flex EDR Selective B{f} #E#2 M HISHT -8: Saltworks

PR KA S5 5

the FGD wastewater. No soda ash step was used nor is needed when employing monovalent
electrodialysis. Pictures of the raw and after pretreatment is shown in Figure 2.
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Figure 2: FGD raw water (left) and after pretreatment and filtration (right)
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The pretreated FGD water was piloted on Saltworks’ Flex EDR Selective (or mEDR) small scale pilot
plant (Figure 3). Full scale plants can be implemented as the foundation technology -
electrodialysis - is not new and production systems are in placed as shown in Figure 4 below.
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Figure 3: Small Scale Flex EDR Pilot (left) and Stack (right)
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Figure 4: Full Scale Production of Electrodialysis Stacks and Membrane
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The simplified process flow diagram for the pilot is shown in Figure 5.
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Figure 5: Flex EDR Selective Simplified Process Flow Diagram
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PILOT TEST RESULTS
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The key results from the Flex EDR Selective pilot test are summarized below with the detailed
analytical results in Table 1.

« Achieved 90% recovery without soda ash softening due to mEDR keeping sulfates from
entering into the brine.

« Demonstrated that mEDR can desalt from ~7,000 mg/L chlorides to any final chloride
concentration. Both a final chloride concentration of 1,000 mg/L (88% chloride removal)
and 1,500 mg/L (82% chloride removal) were achieved.

« Reached a brine of 127,000 mg/L TDS, close to that of evaporator brine concentration but
with a lower cost membrane system. This brine could be directly solidified with fly ash and
other solidification agents without the need for a crystallizer for ZLD.

« No soda ash softening of the raw water. The mEDR pilot concentrated calcium 7 times to
25,100 mg/L in the mEDR brine compared to the inlet concentration of 3,500 mg/L. This
was only possible because of Saltworks' ultra-high monovalent anion selectivity ion
exchange membranes maintaining the sulfate concentration in mEDR brine to less than
300 mg/L.
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Please note the bench test was not optimized, but to demonstrate technical feasibility and
economics of the solution. The pretreated raw water calcium sulfate has reached saturated state.
The sulfate concentration in the mEDR feed was higher than sulfate analysis result for the
pretreated raw water (Table 1-column 2). It takes a few days for the sample to be analyzed by a
3" party lab, some calcium sulfate precipitated out in the pretreated water during waiting period.
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Additional pilot work was completed on other FGD projects. Results from the pilot test show
similar results and are summarized below. Recovery of 87% is achieved without soda ash softening
due to mEDR keeping sulfates from entering brine. Chloride is removed from 8,000 mg/L to 1,380
mg/L (84% chloride removal). A brine of 135,000 mg/L TDS is reached with calcium concentrated
8 times to 25,100 mg/L in the brine compared to the inlet concentration of 3,200 mg/L.

Saltworks i&5E K 7 HAt FGD BRI H k. HMER4E RS BRI, FEansE Wk
2. LT KEHA, mEDR SLHLT 87 % WIS, FHBHRS T AR shitt N#K. K &R T
M 8,000 mg/L B4 % 1,380 mg/L (F2:T 84% M5 , Ff/ ik 130,000 mg/L TDS /K. ik
AT B TR MG 3,200 mg/L, K45 T 8 f%4 25,100 mg/L.

COST
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Costs vary between projects and can be estimated based on project specifics. Comparing with
conventional FGD desalination treatment process, the Flex EDR Selective will be lower capital and
operating cost. This has been proven in the USA with up to 50% cost savings. The Flex EDR system
doesn't require expensive soda softening step or complex treatments for discharge. The Flex EDR
Selective process is a simple one step process for removing chloride in the water and producing
high concentrated brine.
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CONCLUSION
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The pilot testing demonstrated Flex EDR Selective can treat flue gas desulfurization wastewater
by reducing chlorides and allowing for greater internal recycling. Total cost of ownership is
reduced by up to 50% when compared to convention treatment process of soda ash softening
followed by reverse osmosis and evaporators. Saltworks Flex EDR product platform is modular for
easy site deployment and project integration. Concurrently a pilot in the USA on live FGD
wastewater was underway.

IR, Flex EDR Selective did 2B IH BRI /K h & 1, SCVFIE A R A BRI A
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Table 1: Water Chemistry Data for Pilot Test with China FGD Water
* 1 FERFREKREAKESYE

(3A) (3B)
mEDR Treated mEDR Treated
Parameter FGD Ra(:v) Water | Pret re(ai)ed Raw a/atey /atey m ED(:)Brine
i BRREKEK | R EEEk | MEORLEEK | mEoRRMBEK | e g
(<1000 mg/L (<1500 mg/L
Chlorides Cl) Chlorides Cl)
Units: mg/L mg/L mg/L mg/L mg/L
pH 6.95 3 3.6 3.59 2.99
Total Dissolved Solids/SUBEEIAS & 21200 17900 5340 6570 127000
Total Suspended Solids /SVEiZEIAR 17 444 5 12 34
Total Hardness (as CaCO3)SEE 13900 11300 3210 2910 77700
Total Organic CarbonS B 194 174 154 152 30.7
Alkalinity (as CaCcO3)iE 164 <1 <1 <1 <1
Aluminum$g 0.5 <0.05 <0.05 <0.05 <0.10
Ammonia (as N) & <0.1 0.12 <0.05 <0.05 1.13
Antimony$# <0.005 <0.005 <0.005 <0.005 <0.010
Arsenichif 0.005 <0.001 <0.001 0.002 <0.002
Bariumill 0.161 0.187 0.047 0.055 1.65
Berylliumi 0.001 <0.0005 <0.0005 <0.0005 <0.0010
Bicarbonate (as CaCO3)ERSUR 164 <1 <1 <1 <1
Boronfl 62.7 18.4 19.9 20.3 10
BromideiR 72.7 68.4 3.38 5.31 468
Cadmiumf@ 0.0816 0.0003 <0.0001 <0.0001 0.0008
CalciumiB 1030 3500 843 960 25100
Carbonate (as CaCO3)BXER <1 <1 <1 <1 <1
ChlorideSt 6970 6560 835 1300 62700
Chromiumi& <0.005 0.029 0.008 0.01 0.144
Cobal il 0.204 <0.0005 <0.0005 <0.0005 <0.0010
Copperf 0.012 0.006 0.024 0.019 0.654
Fluoridefs 32.2 4.1 3.64 3.38 3
Hydroxide (as CaCO3)2S&HR <1 <1 <1 <1 <1
Ironk 1.4 0.4 <0.1 <0.1 <0.5
LeadfR 0.0007 <0.0005 <0.0005 <0.0005 0.0034
LithiumE 0.148 3.47 5.65 5.81 18.5
Magnesium$B= 2750 627 195 215 3640
Manganeseff 31.4 <0.01 <0.01 <0.01 <0.05
MercuryZR <1 <0.01 0.09 0.08 5
Molybdenum$H 0.016 0.005 0.006 0.007 0.016
Nickel 5 0.456 <0.005 <0.005 <0.005 0.026
Nitrate (as N)EER 6.23 3.15 0.101 0.222 37.8
Nitrite (as N)IZAEES 1.1 1.55 <0.005 <0.005 <0.5
Phosphate (Ortho)BHER 0.012 0.04 0.002 0.002 0.57
Potassiumff 30 31 10 11 183
Seleniumff 0.264 0.191 0.187 0.183 0.028
Silica (Reactive) —&AE 101 8.7 1.33 1.35 10.5
silveriR <0.001 <0.001 <0.001 <0.001 <0.002
SodiumfiA 245 241 170 172 1530
Strontium#d 11.9 12 3.06 3.56 103
Sul fatefiiF& 4540 1790 2790 2170 297
Thalliumt 0.0033 0.0004 <0.0002 0.0005 <0.0004
Tini® 0.0012 0.002 0.0077 0.0077 0.0228
TitaniumEX 0.03 <0.01 0.02 <0.01 0.02
Uraniumffl 0.0316 0.0032 0.0258 0.0265 0.006
Vanadium$fl <0.01 <0.01 <0.01 <0.01 <0.02
ZincE¥ 1.13 <0.05 <0.05 <0.05 0.15

(*) the sulfate concentration in the actual mEDR feed was higher than the sulfate analysis result in the
pretreated raw water (column 2) . Some calcium sulfate precipitated in the calcium sulfate saturated
pretreated water during waiting for a third party analysis.
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Table 2: Water Chemistry Data for Additional Pilot Test
2. FUOMRERE KPR A 7K R

(1) (2) EE
Parameter FGD Raw Pretreated Treated Water (4)
& ARSI Brine
S Water Raw o
BRRAEKEK | R EEEk | (1500 ms/t
Chlorides Cl)

Units: mg/L mg/L mg/L mg/L
pH 6.02 3.12 3.49 2.89
Total Dissolved Solids/2AfREIRS 2 22800 21600 5280 135000
Total Suspended Solids/Z 2 FEWA 122 16 10 31
Total Hardness (as CaCO3)/SEE 13900 11300 2910 77700
Total Organic Carbon/c G H1A% 173 176 152 30.7
Alkalinity (as CaCO3)f#/E 164 <1 <1 <1
Aluminum$B 2.5 <0.05 <0.05 <0.10
Arsenichif 0.005 <0.001 0.002 <0.002
Barium§ll 0.161 0.187 0.055 1.65
Bicarbonate (as CaCO3)EBESR 164 <1 <1 <1
Boronffi 77.7 19.4 21.3 11
Bromide;R 72.7 68.4 5.31 468
Cadmium$@ 0.01 0.0003 <0.0001 0.0008
Calcium$s 1120 3200 960 25100
Carbonate (as CaCO3)FXES <1 <1 <1 <1
ChlorideS 8020 7950 1320 73100
Chromium§g <0.005 0.029 0.01 0.144
Fluoride & 76.2 8.1 7.18 8.2
Hydroxide (as CaCO3)EL &R <1 <1 <1 <1
Iron§k 1.4 0.4 <0.1 <0.5
Lead$h 0.0007 <0.0005 <0.0005 0.0034
Magnesium$E 4020 1027 344 5962
Manganesef# 31.4 <0.01 <0.01 <0.05
MercurysR <1 <0.01 0.08 5
Molybdenum$B 0.016 0.005 0.007 0.016
Nickelf& 0.456 <0.005 <0.005 0.026
Nitrate (as N)iEES 87.2 83.1 1.2 1024
Nitrite (as N)IZAHES 2.1 1.75 <0.005 <0.5
Phosphate (Ortho)fZ4ES 0.012 0.04 0.002 0.57
Potassium$f 30 31 11 183
Seleniumfif 0.264 0.191 0.183 0.028
Silica (Reactive) —SE{thE 199 9.7 1.38 10.9
Sodiumi 1240 1220 470 7780
Strontium$® 11.9 12 3.56 103
SulfatefRES 5640 1820 1736 128
ZincEE 1.13 <0.05 <0.05 0.15
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