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PROJECT SUMMARY
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Saltworks Technologies Inc. (Saltworks) completed an end-to-end zero liquid discharge
(ZLD) and zero air emission off-site pilot to treat concentrated reverse osmosis leachate
brine from a municipal waste incineration plant in China.
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The site presently treats raw leachate with biological treatment, conventional RO and disc
tube RO (DTRO) systems. The DTRO brine reject is sent to the incinerator for final
evaporation. However, the DTRO brine volume reduces the capacity of their incinerator to
process solid waste and the client is preparing for new regulations that could forbid this
practice. The project objective was therefore to eliminate the wastewater volume by
producing both clean water and solids at the lowest total cost of ownership.
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The leachate DTRO brine was first concentrated by Saltworks using an advanced high
recovery reverse osmosis unit with scalant removal, followed by crystallization in a waste
heat powered evaporator. More specifically, the treatment train consisted of BrineRefine
advanced chemical softening, Xtreme Reverse Osmosis (XRO), and a low temperature
AirBreather evaporator crystallizer.
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The results showed that Saltworks’ BrineRefine-XRO-AirBreather process achieved:
e Elimination of scaling compounds by a smart, compact, and modular chemical
softening BrineRefine, enabling extreme recoveries by XRO.
e Production of high quality freshwater from a scaling and organic laden wastewater
by XRO and AirBreather.
e BrineRefine-XRO reduced the wastewater volume by half, decreasing the capacity and
cost of the more expensive thermal system.
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e Zero liquid discharge solids produced by a low temperature AirBreather evaporator
crystallizer built from non-scaling and non-fouling engineered plastics with intelligent
automated self-cleaning systems.
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Saltworks developed a complete process to treat the RO brine to solids consisting of:
BrineRefine, XRO (1200 psi), and AirBreather. The process flow diagram (PFD) is shown in
Figure 1 below, alongside pictures of the water from each unit operation in Figure 2. A high-
level description of each unit operation is included below with a link to additional external
information:
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e BrineRefine is an automated, compact, and modular chemical softening system. It
reduces chemical softening costs with precision dosing, intelligent controls and a
simple solids management system. BrineRefine entirely removes RO membrane
fouling risk associated with aluminum gels common from chemical softening agents,
by not using coagulants or flocculants.
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¢ XRO is a next-generation brine concentrator based on reverse osmosis that achieves
extreme freshwater recoveries. Xtreme RO enabled by BrineRefine pushes the
osmotic pressure limits of reverse osmosis without scaling. For this project only XRO
(1200 psi) was tested. Due to the low full scale plant flows of 150 m3/day, further
concentrating the XRO (1200 psi) with XRO (1800 psi) did not provide any further
economical benefit.
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e AirBreather is a single effect, low temperature evaporator-crystallizer. It comes in
either an open or closed to atmosphere option. AirBreather best fits applications that
have low cost thermal energy available (e.g., waste heat at incinerator site) and the
economics are driven by wastewater volume reduction rather than water recovery.
For this project a closed AirBreather was selected due to site sensitivities of a water
vapor plume or other air emission risks. In this way, no leachate water contacts
atmosphere.
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Figure 1: Simplified Process Flow for End-to-End Concentrated Leachate Treatment
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Figure 2: (1) Raw Water, (2) After BrineRefine, (3) XRO Brine, (4) AirBreather Solid, (5) XRO
permeate and (6) AirBreather Condensed Water (From left to right)
AR: (1) [k, (2) BrineRefine b #2)=77k, (3) XROJM7k, (4) AirBreather /711,
(5) XROZ&HFI (6) AirBreather A 4Ek (MAFIH)

PILOT TESTING
I

The off-site pilot test was completed with representative leachate RO/DTRO brine sample
that was collected directly from a China landfill incinerator site. Pictures of the equipment
are included in Figure 1 (pilot scale BrineRefine and XRO) and Figure 2 (full scale

AirBreather).
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Figure 1: BrineRefine (left) and XRO (right) Pilots
/A1: BrineRefine (47) FIXRO (£7) #ifid#
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Figure 2: AirBreather Evaporator Crystallizer
&2 : AirBreather 7 X 4% 18 #%

PILOT TEST RESULTS
kX 4G

The key results from the pilot test are summarized below with the detailed analytical
results in Table 1.
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e BrineRefine reduced scaling ions in the leachate RO brine as follows, making the
water “safer” for processing by a downstream high recovery RO:
o Silica: 128 to 8.3 mg/L.
Iron: 4 to 0.3 mg/L
Manganese: 0.31 to <0.01 mg/L
Calcium: 440 to 31.3 mg/L
Carbonate: pH adjustment to pH 6.5 with Hydrochloride acid
Some organics were also removed, however organic fouling of downstream
RO must be carefully managed through use of XRO technology
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TEAMRE: 128%28.3 mg/L

B 4%0.3 mg/L

Hi: 0.31%<0.01 mg/L

5. 440%31.3 mg/L

BRI #h: FHERIRKS pHIA T 22 pH 6.5
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¢ XRO (1200 psi) operated at 50% recovery, reducing the leachate RO brine by half and
producing a 64,000 mg/L total dissolved solids (TDS) brine. Higher TDS concentration
could have been achieved but was left for future work. The XRO (1200 psi) operated
reliably even in the presence of organics (total organic carbon at 771 mg/L) due to
XRO proprietary self-cleaning system as described here. XRO (1200 psi) permeate was
<500 mg/L TDS.

e XRO (1200 psi) #E50% [HIft R FigfT, ¥BIEHROWK KA —F, 774:64,000 mg/Li
AR (TDS) /K. XROW] LASZBLEE = (W TDSHE, HEAEALUSEIR. fTFXROLH
HiGE &%, XRO (1200 psi) RUMEEAELER AN CRANBNTTT mg/L) FfEH T~ H
REFFEiz4T. XRO (1200psi) 5i&E <500 mg/L TDS.

e The AirBreather produced solids and a condensed water with 8 mg/L TDS from the
XRO (1200 psi) brine. The automated self cleaning systems, and other AirBreather
features described here, maintained reliable operation even at brine concentrations
with TDS of 460,000 mg/L and TOC of 5000 mg/L. When the brine reached 400,000
mg/L TDS, foaming occurred but was suppressed with the addition of a defoamer.

e AirBreather&t#XRO (1200 psi) 7K, AplFEfAF 8 mg/L TDSHW K. HaLAEE
ARG ML hAirBreatherBhft (858%) #HBhAirBreatherI1{7£460,000 mg/L TDS, 5000
mg/L TOCH /KK EE F AR FF AT 521817 . 42h7/KiX$]400,000 mg/L TDSKY, KA
{EPSEINVSEEB R IME Mkl S ITE

e A volatile organic compounds (VOCs) analysis was completed on the raw RO/DTRO
leachate. Table 2 summarizes the results and show that there was no detectable
concentration of VOCs except for chloroform at 1 ppb.
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e For this project, the site did not want a water vapor plume discharge and hence opted
for a closed AirBreather. That said, our open AirBreather has a built-in air emissions
management system that removes VOCs, ammonia, and particulate matter to ensure
air emission standards are met.

o XTHIIH, BFAAEKERAEY, FMES 7 HAirBreather. BMEatt, A
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CONCLUSION

ahik

The pilot testing demonstrated BrineRefine, XRO, and AirBreather can offer an end-to-end
zero liquid discharge treatment system. BrineRefine enables brine volume reduction by a
XRO membrane system on a highly scaling and organic laden leachate wastewater. This
reduces the size and costs of thermal systems when zero liquid discharge is required and
could save up to 50% on total cost of ownership. Plant costing is disclosed in a separate
document.

H i X % B, BrineRefine, XRO F AirBreather o] DL & it vy 21 oy 19 2 HE UL R 45 .
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Table 1: BrineRefine-XRO-AirBreather Pilot Detailed Water Chemistry Results
#1: BrineRefine-XRO-AirBreather #7 i tEZ 177K i 5By %

(2) (6)
Parameter (1) After (3) 3 ) X i (5) AirBreather
%H Raw Water BrineRefine XRO ?rme Al'rBreather Brine | XRO Permeate Condensed Water
Rk QMBI XROFRIK AirBreatheriRZK | XROEIEHR Sk
Units: mg/L mg/L mg/L mg/L mg/L mg/L

pH 7.88 6.59 6.96 6.36 7.07 7.9
Total Dissolved SolidsSliATREIAE 32800 32500 64600 460000 400 8
Total Suspended Solids/= B ZEA 121 10 8 352 <2 <
Total Hardness (as CaCO3)STEE 4120 1230 = 8 3 1
Total Organic Carbon/s/BHH% 453 388 771 4940 1.1 12.7
Total Oil and Grease - - - - - -
Alkalinity (as CaCO3)iHE 4340 237 475 400 7 20
Aluminumé$g <0.05 <0.05 0.19 1 0.006 0.061
Ammonia (as N) &, 53.4 50.7 96.3 498 0.78 5.66
Antimony§ 0.143 0.127 0.19 1.67 <0.0005 0.0006
Arsenichil 0.057 0.014 0.022 0.19 <0.0001 0.0001
Barium$ll 0.043 0.025 0.048 0.79 0.044 0.0123
Beryllium$ <0.0005 <0.0005 <0.0005 <0.005 <0.00005 <0.00005
Bicarbonate (as CaCO3)FRERSAR 4340 237 475 400 7 20
Boronifl 4.6 3.63 3.64 39.6 0.331 0.101
BromideiR 4.9 7.7 16 111 <0.05 <0.05
Cadmium$g <0.0001 0.0002 0.0004 <0.001 <0.00001 <0.00001
Calciumi 440 31.3 75 1030 0.93 0.21
Carbonate (as CaCO3)H&E& <20 <1 <1 <100 <1 <1
ChlorideSs, 10400 12700 22900 169000 89.5 4.7
Chromium$& 0.197 0.164 0.285 2.18 <0.0005 <0.0005
Cobalth 0.196 0.16 0.255 2.21 <0.00005 0.00013
Copperfd 0.079 0.05 0.09 1.03 0.0007 0.0011
Fluoride&s, <0.2 0.4 <2 <20 0.03 <0.02
Hydroxide (as CaCO3)§§$§ <20 <1 <1 <100 <1 <1
Iron¥k 4 0.3 <1 14 <0.01 <0.01
LeadtR 0.001 0.001 0.0014 0.031 <0.00005 <0.00005
Lithium$& 1 1.94 3.3 34.4 0.0127 0.001
Magnesium% 733 280 495 4340 0.25 0.14
Manganese$# 0.31 <0.01 <0.1 0.4 <0.001 0.003
Mercury7R <0.1 0.1 0.3 1 <0.01 <0.01
Molybdenum$H 0.124 0.129 0.191 1.92 0.0003 0.0003
Nickeli§ 1.07 1.01 1.58 13.9 0.001 <0.0005
Nitrate (as N)FEER 1360 1470 2770 19100 37 0.501
Nitrite (as N)TPAEES 3.3 2.93 43 <5 <0.005 1.92
Phosphate (Ortho)iZiE& 2.15 0.05 0.03 - 0.004 0.005
Potassium$f 4660 4330 8950 75600 49.1 1.8
Seleniumff 0.01 0.029 0.024 0.15 <0.0005 <0.0005
Silica (Reactive) &5 128 8.3 17.6 131 <0.01 <0.01
Silver§R <0.001 <0.001 <0.001 <0.01 <0.0001 <0.0001
Sodium§l 7090 6400 13800 113000 86.4 3
Strontium$E 3.46 0.164 0.302 6.94 0.0007 0.0016
SulfateBRER 1050 1150 2180 16300 1.1 1.2
Thallium$g <0.0002 <0.0002 <0.0002 <0.002 0.00006 0.00015
Tini3 0.0082 0.0041 0.0057 0.074 0.00015 0.00822
Titaniumék 0.07 0.02 0.03 0.3 <0.001 0.001
Uraniumé 0.0001 0.0037 0.0063 0.043 <0.00001 <0.00001
Vanadium#fl 0.13 0.09 0.16 1.2 <0.001 <0.001
Zincg¥ 0.44 0.07 0.1 1.5 0.005 0.017
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Table 2: Raw Water VOC Scan Results
2. JFEARVOCH 45

Jan 03, 2019
sample DateBUFEHEHR 20195F183H
Parameter DTRO Brine VOC Scan
DTROIRZKVOCE R
Unit: ug/L
Chloromethane S R <1
Vinyl Chloride .2 1% <1
Bromomethane;RFH 5T <1
Chloroethane S Z)5t <1
Trichlorofluoromethane =& & B <1
Acetone A <10
1,1-Dichloroethylenel,1- —S 2% <1
Dichloromethane — S FR ¥ 1.00
Methyl tert-butyl ether (MTBE)FREMN T Eif <1
2-Butanone (MEK) 2-J fii <10
trans-1,2-Dichloroethylene RTh-1,2- —S o % <1
1,1-Dichloroethane 1,1- —§ %)% <1
cis-1,2-Dichloroethylene JIfizt-1,2- &1 2% <1
Chloroform &{A 1.00
1,2-Dichloroethane 1,2- —§ 25t <1
1,1,1-Trichloroethane 1,1,1- =S 243 <1
Carbon Tetrachloride POS{XH% <0.5
Benzene 7 <0.5
1,2-Dichloropropane 1,2- —&2 <1
Trichloroethene =521% <1
Bromodichloromethane —& S FRl5 <1
trans-1,3-Dichloropro pene)ﬁﬁl,’a’—:gﬁiﬁ <1
4-Methyl-2-pentanone (MIBK)4- BB EE-2- X ER <10
cis-1,3-Dichloropropenelliz;1,3- — &A% <1
1,1,2-Trichloroethanel,1,2- =&t <1
TolueneFRZK <0.5
Dibromochloromethane —j& <1
1,2-Dibromoethanel,2- —iRZ¥5% <0.3
Tetrachloroethylene[USLZ 1% <1
1,1,1,2-Tetrachloroethane1,1,1,2-FUS 25t <1
Chlorobenzene S & <1
Ethylbenzene 22K <0.5
m&p-XyleneXJ — EAZK <0.5
Bromoform=;R 5 <1
StyreneZR &% <0.5
1,1,2,2-Tetrachloroethanel,1,2,2-PUS 2 i5t <0.8
o-XyleneS —FAZK <0.5
1,3-Dichlorobenzenel,3- —&& <0.5
1,4-Dichlorobenzenel,4- —§7 <0.5
1,2-Dichlorobenzenel,2- —&7& <0.5
1,2,4-Trichlorobenzenel,2,4- =57 <1
VH <100
VPH <100
Total Xylenes/sL —FAZR <1
Total Trihalomethanes/a = 1 BB 5T <2
1,3-Dichloropropene (cis + trans)1,3- —S A% ( Ii=+== ) <1
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