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Background — Why ANAMMOX?

Effluent Standard for Municipal WWTP(TW EPA 2021): NH,*-N->6 mg/L; TN->20 mg/L

Total Municipal WWTP in Taiwan: 71 factories Removal N by denitrification: 26 factories
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To achieve 2021 effluent standard (Nitrification 90% and Denitrfication 50%):
# Over 100 million NTD per year for methanol cost!
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Background — Why ANAMMOX?

Power consumption of Municipal WWTP Each unit power consumption ratio of
total power consumption
o
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820 Sum = 250 million kWh per year g boal * w10000cMD
€ S 20 £ 2 ., | 1 # 50,000 CMD
a & a g 1 I 100,000 CMD
e~ L5 c = 30 1 |
o= o o I I m 200,000 CMD
: ; 1.0 V.S 2 | 1 = 500,000 CMD
g = 0-3 i i g g 10 II : :
£ oo . - Qi Q- - ? g ”I —— !l o " “l ||! .l "l I
O O O O O O NS : > . & A
N N F T EF LSO FTF S
i N o & & SN SR O A ST S SRR
S S S S S 2 & % SO 2 &
o N ¥ & 0 S £ &
Capacity (cMD) (TW CPAMI, 2019) (TW CPAMI, 2011; US EPA, 1978)

# At least 300~400 million electricity cost per year for aeration
(COD removal and nitrification)!
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Background — Why ANAMMOX?

43kgo2 4kgCO

Nitrification/Denitrification ‘ Nitrification " Denitrification @
0 17 kg VSS 0. 86 kg VSS
0 kg CcoO
EEROSEO
Nitritation
0.08 kg VSS

o 08 kg VSS

Partial nitritation /ANAMMOX

Comparison

Nitrification/Denitrification Partial nitritation/ANAMMOX
Aeration 2.3 1 kWh (kg N)-1
Methanol 2.3 0 kg (kg N)-'
Waste sludge 0.5-1.0 0.1 kg VSS (kg N)-1
CO, emission > 4.7 0.7 kg (kg N)-'
Cost 3-5 1.5-2.5 € (kg N)1

Vereijken, 2006
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Anammox-based technology

Two-stage Partial
Partial nitritation /ANAMMOX nitritation

The NH,*-N concentration in mainstream
sewage is too low to maintain adequate NH,

LU S I P 212 Key factor: Control aeration to grow Nitrifier

NO.- outside of BioNET , whereas oxygen consumed to
‘ avoid inhibiting Anammox inside BioNET
One-stage / Q
P - / O
Partial nitritation /ANAMMOX One-stage / | ”
Anammox / OS2 puoe
// N, NH 4*
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BioNET Ba:\):¢ AOB Bulk liquid
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Location @Zhong Zheng Rd. WWTP (Zhong Xing New Village)

Wastewater characteristics
and treatment process

Unit Influent Effluent
Inflow rate (m3 d-') 545167 -
BOD (mg L) 30+7 2
CODg (mg L) 74+14 10£0.3
SS (mg L) 40+12 2.5
NH,*-N (mg L) 17t4 0.2+0.1
NO,-N (mg L-1) na na
NO;-N (mg L) 0.7+£0.7 7.2+2.4
TN (mg L) 22+5 8+3
TP (mg L) 2+0.5 2+0.3

Influent Bar Grit Parshall
500 CMD screen chamber flume
. Effluent
Equaliztion Anoxic Disinfection
tank tank
Sludge Final disposal
tank thickener

AO recirculation

250 CMD

B Apaerobic W One-stage F
methanogensis Anammox

(AN) (AMX)
100 m?3 100 m3 g

—» Zhong Zheng Rd. WWTP

...... > AN+AMX process
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Anaerobic methanogensis and one-stage anammox syetem

AN reactor
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Phase | of Start-up: Inoculation and Enrichment

Inoculum1 (30%): AO system

Inoculum (30% v/v): UASB Inoculum2 (5%): Anammox reactor

NaNoO,
Inoculation

4

To grow anammox on
inside BioNET

NH,*-N
NH,*-N
/ \

E;{richme}\t
/

Methanogen Anammox
bacteria
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Performance of methanogensis (AN) in Phase |
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Performance of Anammox (AMX) in Phase |

AR 240 cvD EEENERE) 240 CMD

|

» (HRT=2d)  (HRT=0.4 d) . (HRT=2d) : (HRT=0.4 d)
3 60 : —~ 00 :
E\ 50 Q\\ %I’ 50 I

: . £

S 40 NH,*-Ninf = 4 |
Z 4 -
i 20 zm 30 QNO3,N eff I NLR:Nitrogen loading rate
T ) O , 9\ i P0--.5 2 NRR: Nitrogen removal rate
Z \ i N‘\‘Q Z \ O’ O\ s '\

10 o. ﬂs\\ \ d’Q\ ‘ 10 A\ \\\ g |‘0 o

0 NH,'-N eff } 0%-d ‘

I
=
o

A
~ —
< i f S
50 -
g NO,-Nin g 00s
- 40 ~
pd 9‘: 0.06
J 30
) < oo
20 ~
Zz o
10 O, = 002
0 L0 00-00-0"C0 ~0-f200--===C00 0.00

Time (dai() Time (day) _
yy



WA/ TAIWAN INT'L
TIW WATER WEEK

Phase Il of Start-up: Aeration and mass balance

Aeration control

I Start aeration, |
I'To grow nitrifier on

L outside BioNET :

|
| Oxygen mass |
l balance '

Optimization

coD
NH,*-N

Methanogen P Nitrifier
bacteria
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Performance of methanogensis (AN) in Phase i

Rainy season
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Performance of Anammox (AMX) in Phase Il
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Oxygen mass balance with Anammox reactor

Nitritation:
NH,* + 1.44 O, + 0.0496 CO, —

0.01 CsH,NO, + 0.990 NO,~+ 0.970 H,0O + 1.99 H*
Anammox:

NH,* + 1.32 NO,- + 0.066 HCO4 + 0.13 H* —
1.02 N, + 0.26 NO5~ + 0.066 CH,Oq 5N 15+ 2.03 H,O

According Anammox stoichiometry, mole of NH,*:NO,~ =1:1.32
1 mol = X mol +1.32X mol

>X=0.433 mol

-~ 0.567 mol of T mol NH,* will be oxidized to NO,-

Covert to Oxygen

0.567 mol N x 1.44 O, N x 32 gmol' O, = 2613 g O,
Tmol x 14 gmol™N =14 g

>26.13/14 = 1.87 kg O, kg'N



DO (mg/L)
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K,a coefficient
Table —K,a (without BioNET)

=

TestNO  Airflow Recirculation  KLa20(A) KLa20(B)
Unit CMH CMH /hr /hr
Blue (A): Re-circulation tank A 49 99 116 0.97
0 Orange (B): BioNET tank B 62 99 241 254
’ i C 49 48 1.62 1.63
i D 62 48 1.92 1.99
: Table-K,a (with BioNET)
X TestNO  Airflow Recirculation KLa2o(A) KLa2o(B)
0 o m——— Unit CMH CMH /hr /hr
S - E 62 99 3.48 3.67
Time (hr) F 49 99 3.01 2.99
G 49 48 2.04 1.86
H 62 48 2.22 2.06
dDO | 60 99 3.21 3.59
OTR= T = KLa(DOS—DO) J 60 48 2.06
K 62 99 3.31 3.74
L 49 48 2.84 3.07
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Oxygen mass balance with Anammox reactor

Flow meter with correction
Air pipe leakage

12 . =
NH,* monitor clogging by sludge
OTR,>OTR* 2 g3 Oy SH9

- TFlow meter W|thout Correction OTR* k

o : ODRy

@)
o OTRy Close to OTR*
= Flow meter with correction
- Leakage repaired
Xe) NH,* monitor repaired
| E |
O

> ODR*,
89 99 109 119 129 139 149 159
Time (day)

OTR*: Oxygen transfer rate (Count in average DO) ODR*: Oxygen demand rate (NH,* as O consumption)
OTR: Oxygen transfer rate (ignore average DO) ODR: Oxygen demand rate (NO, +NO," as O production)

y/
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Energy consumption of AN+AMX system

Zhongzheng Rd. WWTP: 1,500~2,000 kWh/d, 500 CMD
AN+AMX system: 350~400 kWh/d, 250 CMD

Average energy consumption (kWh)

A A-B B

Zh°"{’&‘*£f :a‘x‘;VWTP Zhongzheng Rd. WWTP AN+AMX
Oct-21 3,381 £ 155
Nov-21 1,631 £+ 104
Dec-21 1,526 £ 93
Jan-22 1,504 + 94
Feb-22 1,511 £ 98
Mar-22 1,469 + 321
Apr-22 1,893 £ 290 1,543 Commissioning
May-22 1,964 + 153 1,614 Start-up
Jun-22 2,042 + 161 1,614
Jul-22 2,279 + 264 1,929
Aug-22 2,382 + 345 2,038 344 + 47
Sep-22 2,410 + 246 2035 375 + 18

| *If electricity data is not
recorded, the default value
is 350 kWh



The End
Q&A

Thank you for your attention



Introduction of The Reclaimed Water BTO Project at
Taoyuan North District Water Recycling Center
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O Project content 1= £ STC! imzvmazwn

B Building content Eﬁﬁpﬁ%‘*‘,
1. Capacity(Phase 1): 40,000CMD AT ((F s
A NA
2. Capacity(Phase 2): 112,000 CMD 22k |\
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Planning and design o

BYKREERETIRE
Planning of land use
Tib{ERETE
Building design
PR

Pipeline design

BRIk ELRERE

- -
- S
-

@%{l CTCI ppsr i zmm

y PR EME



CTCI ppsr i zmm

) F R EHE



O Planning of RWP B4/KFREl £ STC! imzvmazwn
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O Process flow diagram R&iRiEEl () CTCI tmimesm
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Bretreatment Fabrlc fllter .
: ‘ HUFE'EE ljﬁ?ﬁlﬁéﬂ AR K TR A UF unit
. : V
o € UF backwash5z557K . P :
T . (8) |
s:_' 3 | EoEx . e e B UF & ki ik o4
S @ RO unit  ===z=
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Effluen;c R 7K RO concentrate i=2HEK !

db Ak B A 2k KB & -8t —— @ik~ Bk
A RRIESR AHMEAREREER (35C) e z A

=R TOS COoD SS i s B EHEF

CNVD mg/L mg/L mg/L mg/L mg/L = 5 s e
1 |#E&E K 57,971.0 585.0 30.00 10.00 8.00 10.00 2/ HE-FarAmaRsn
2 |5TRIEH WIS MW EK 57,971.0 585.0 27.00 5.00 8.00 9.50
3 |HTRB AWM= XK 1,449.3 2,327.0 203.81 203.97 30.90 5529
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6 |ROE K 40,000.0 6.44 0.86 0.01 0.40 0.27
7 |RO®m #EK 13,333.3 2,327.0 83.81 3.97 30.90 35.29
8 | Ak 13,333.3 2,327.0 83.81 3.97 30.90 3529




Pre-treatment: Fabric filter
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O Reuse of UF backwash and RO concentrate
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Mana ement of water source % CTCI Lpime sy
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Planning of land
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Landscape imagery
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Public art: Solar energy tower Green art park Recycled brick wall
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Perspective drawing of Building CTCI nnirinennn
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Administration building: 1F layout
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Administration building: 2F layout
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Building interior design
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Pipeline construction
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o Industry 4.0: Automated water supply
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o Water qualitl monitoring system
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@® Significantly Increasing Wastewater Volume to Shape Market Growth
® Stringent Environmental Regulations to Push Demand for ZLD Systems
® Growing Application of ZLD Technologies in Desalination

“The desalination plants worldwide currently produce about 142,000,000 m3/day of
freshwater and have an average freshwater recovery of 40%.”

IDA and GWI DesalData (2019)

Brine

A saline wastewater generated from several industries (e.g., desalination, energy and
chemical) and its disposal can have adverse environmental impact.

Ze!‘o qul'"'d Brine treatment (salt and water recovery) can be a promising option to eliminate the
DlSCharge wastewater discharge.

Treatment systems should be designed that can maximize the freshwater recovery and achieve resource
recovery by minimizing the volume of the brine effluent.

3
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® Intensified freshwater scarcity

® Increasing demand for freshwater

® Alternative strategies to obtain
freshwater have to be found

® The recovery of both freshwater and
other useful materials

The development and adoption
of ZLD systems can achieve
these goals:

Key Motivation of Zero Liquid Discharge (ZLD)

® Increasing public awareness of the
adverse impacts of brine effluents

® Adaptation of stricter regulations for
brine disposal that may restrict
several disposal methods in the
coming years

Stricter Regulation for

Brine Disposal

v' Compliance with environmental regulation
v No cost on wastewater disposal

v' Augmenting water supply

v’ Protecting the environment

v’ Salt mining

- - I
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WATER WEEK Trends Of ZLD

“The global ZLD market size reached US$710 million in 2018 and is expected to reach US$1,760 million by 2026,

demonstrating a CAGR of of 12.1 % over the forecast timeframe.”
IDA and GWI DesalData (2019)

Vendor for ZLD technologies in EU:

*Veolia . ] o
-Suez Asia: China and India (first in 2007)
* Condorchem Envitech have the regulation for ZLD in
- « Aquarion Group industry:
*Hydro Air Research v. Tannery
America: First implement ZLD *Lenntech ¢ 5Texti|§
for wastewater (2015) e Coal industry
v’ Tightened the regulation for salinity
water discharge to surface water. Taiwan: Some industrial Park
v’ Limitation for cooling water and —have the regulation fofiZLD or
Efv?e\rlvslztﬁtw ater discharge from the conductivity limitation of
Vendor for ZLD technologies: ‘\'/V?rzzg:’:jts‘z:’eﬂ'cse‘;gzzge'
:égll’:\?vfriz v" Sinji industrial park
*Desalitech
*Oasys Vendor for ZLD technologies in Asia:

« SafBon Water Technology

* Toshiba Infrastructure Systems & Solutions Co.
*Fluence Co. Ltd.

* Arvind Envisol
*Samco Technologies Inc.

«Shiva Global Environmental Pvt. Ltd. 5
J. Environ. Chem. Eng. 2020, 8(5), 104418
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ZLD policy vs. Brine Issue

Brine water produced from seawater desalination and wastewater reclamation have huge environmental impact on
receiving water.

~ _ State of desalination and brine production:
® 15,906 operational desalination plants
. ® Desalinated water production: 95.4 million m3/day
® Brine production: 141.5 million m3/day

o S S Y
6 ‘-l"ﬁﬂﬂtﬁﬁim

AN C[S[RE

L BRSESAL ComPLIANCE” [SINOTIYY

7:43 QOWKD Wit siAWHE 8E:THME MR

Taiwan mulls measures to increase water supply by 2031
-Water recovery rate reaches to 80% for industry

-770,000 m3/day recycled water from domestic wastewater treatment plant
-Total brines will be produced about 2 million m3/day




TINA v v O&M Aspect of ZLD/ZWD

ISSUE 1. Reducing ZLD cost
Reduce chemical/energy of water recovery

« Utilization of advanced biological treatment system for ammonia and COD removal to reduce
membrane fouling and promotion of recovery water quality. (BioNET®/MBR)

» Using energy-saving technology to minimize RO reject concentrate, and thus reduces inlet
volume of brine water of the evaporator. (EDR/CDI/FO/MD)

ISSUE 2. Reducing ZWD cost

Reduce solid waste mixed salts (now incapable for reuse)

* On-line separation and regeneration of anionic/cationic ions into resources by membrane-
based electro-separation technology will produce a value-added chemical product.

« |t also reduces mixed salt quantity and the volume of spent liquid to evaporators.

ISSUE 3. Dynamic control of system performance

* Installing intelligent system (loT) of ZLD/ZWD plant for performance optimization.

* On-line monitoring for membrane fouling/scaling prevention, automatic chemical dosing, and
system optimization, etc.

s
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1] M ZLD technology aims to reuse wastewater in a system

i i Biological
r * 1 Physicochemical 2 8

‘ . Pretreatment Treatment

?

RECYCLED
WATER

Close Loop Water Cycle

e

Membrane

) 4 ‘ = . °
Secondary Raw A Filtration
Material R .
*Reusable Salt? > : ‘

\ |\

E EVAPOCONCENTRATION

VapO- llhﬁaiupelnhevm
reclamation i achieved via
evapocontentes tmmewmw

concentration AR S

aF the water with minim
consumplion.

MEMBRANE FILTRATION

Dissolved contaminants have been el al

but suspended contaminants mna , They are m3 using
mousﬁm hmbye luﬂ R granular media filters (und.
(membrane technology] and
ultrafiltratian mmblanﬁ«hmbgv(apabkof emoving bacteria
and viruses as well 34 lige organs molecule
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Solid waste mixed salts are now

incapable for reuse
® [n-line salts recovery in liquid phase

Urgent Issue in ZLD
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In-line separation anionic/cationic ions

Selective production of HCI/H,SO,/NaOH
R2A (Recovery to Acid and Alkali)

an IEM processes applies a selective
membrane to split water into H* and OH- for

Feed steam Acid acid and alkali production.

| I

Dilute solution

Brine water
" OH-
Feed steam Caustic
Applications Zero I.i.qu.ld
@ Brine recovery (cation/anion) Discharge

® Production of acid/caustic from mixed salt in liquid phase

® Pretreatment for final MVR/MEE/chiller of ZLD process



TINRS vinres e R2A Feasibility Test

WATER WEEK - iy
Synthetic High TDS Wastewater
BPM AEMs AEMs CEMs CEMs BPM )
Dilution
| | o : : :
water AN The 10 wt% synthetic brine contained  goa [ab scale module -~
+ | Gy v oH| B - 8 wt% NaCl and 2 wt% Na,SO, was
+ hod
oY = oM 9 successfully converted to 1.0 M HCI
L (96% purity) and 1.0 M NaOH (99%
purity) respectively and the chloride
H (0]
buffor uffer ion recovery reached to 91%.
Acid wastewater Base
10% 100% 10% . 100%
......... N B e | —— R g
9% i . 95% 9%# ‘‘‘‘‘‘‘‘‘‘ .. ..... . ..... 95%
8% ‘ 90% 8% 90%
7% e 85% % “ 85%
S 6% A 8% & ;i—: 6% 80% E—:
ﬁ 5% ‘ HCI 75% %’f ,'JIlE 5% A . NaOH | 75% ﬁIi
2 a% ' 70% 2 S &% - 70% 9
z A =
3% ‘,— 65% 3% ‘ 65%
2 | 60% 2% 60%
Aconc. (wt%) Aconc. (Wt%)
1% * mpurity (%) | %% % mpurity (%) | 9%
0% 50% 0% 4 50%
0.0 2.0 4.0 6.0 8.0 0.0 2.0 4.0 6.0 8.0
Times (hr) Times (hr)

" - .



WA/ TAIWAN INT'L R2A Feasibility Test
TI o) AT T Resin Regeneration Wastewater

AlIX 2B3T Resin tower CIX
regeneration effluent l i H regeneration effluent
+ B Na+

‘ B Na+
N m K+
V_

| K+
B Mg2+ m Mg2+
Ca2+ Ca2+

m Cl-
m NO3-

mCl-
M NO3-

egeneration WW

9 100%
1° ..A.A.A.A.i.‘..‘.‘.x.‘ ......... 7 ST 100% 1 [a ahdAA_ P S 6
A 4 0,
14 4 : 15Wt°/o 95% sox 14 ; 14Wt°./0 """"" '96% g
H 80% ; 80%
X 70% c 9 1 70% c
5 N HCI 60% _ -2 g 10 ~“NaOH [P ©
L N g H
E 8 - 50%°E £ g 8 o 50% ‘= £
S ..-I 3 = € ; B 3 =
3 me _ 0% & & S 6 | 0% & &
g 6 m 3 £ s ol 3
o i | 30% S ;i . 30%
O 4 |7 _N < mconc. 4 |; ®m ¢ B conc.
;| ) 20% i . 20%
, |1 . A purity > | oM A purity
v 4 0, : R b
‘m . . o 10% H | ; . L 10%
Desalination [ ] Desalination
(o 0% 0 0%
(] 2 4 6 8 10 12 14 (] 2 4 6 8 10 12 14
Time (hr.) Time (hr.)

In-line ani
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Waste Etching Solution

PO,>~ mg/L 20,000
Cu?* mg/L 300

R2A Feasibility Test
Acid Recovery

from Semiconductor Manufacturing Wastewater

14 7 1.0
12 » PO4 -
ACu e
10
L g 06 =
< o)}
O E
% 6 | 04 =
I ) A O
4 A
.......... | 0.2
2 e
.......... 'S
[ 0.0
0.0 ® time (hr) 20 30 Industrial-grade

phosphoric acid

Recycling of waste acid etching solution:
Reconcentration of waste phosphate: from 2wt% to 13wt%
(Impurity: Cu?*=0.36 mg/L)

Meet the acceptance criteria: H;PO, > 10wt%, Cu?* < 1 mg/L
13
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TIW WATER WEEK Lab- Test module (1 L) Pilot (0.5 m3)
infe B . |

'Ei'\i; hi

Brine/ROR High salinity brine
re-concentrate desalination

High tech or
traditional ind.

Valuable

Resource
Alkali chamber Chemistry Ind. Recovery
H,O > H* + OH- : - .
Na* + OH- éNaOH ngh s.allnlty Waﬁt-e a?ld

Acid chamber
H,O 2 H* + OH"
Cl-+ H* = HCI
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Conclusion

e Owing to the stricter regulation on wastewater disposal, intensified freshwater scarcity, high
cost of wastewater recovery, and increasing public environmental awareness, a novel
technology for brine management and treatment is in urgent need.

® In comparison with conventional thermal processes, the non-thermal ZLD process, R2A, for
brine treatment shows the capability of valuable resource in-line recovery in liquid phase with
less energy consumption and environmental impact.

e For the R2A system, both synthetic brine and real wastewater contained Na*, Cl, SO,? was
successfully converted to HCI and NaOH with > 10wt% of recovered acid/alkali concentration
and > 90% of purity.

e Aside from treating or using recovered acid/alkali, R2A for desalination is important to
improve the water recovery rate.

15
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CHIMEI is a Taiwan-based performance
materials company.

Established

1960

Headquarters

Tainan, Taiwan

Employees

3,400 persons

Subsidiaries

Zhenjiang CHIMEI

Zhangzhou CHIMEI

CHILIN Technology

LINSHINE Engineering Plastics

Business Revenue (2021)

USD 6-4 Bi"ion * Exchange rate: 28.0272
CHIMEI




We have long been known as the world’s largest
vendor of ABS resins.

CHIMEI




We design and manufacture a wide range of cutting-
edge materials that raise our global customers’ products
to the next level.

Specialty
Chemicals

Synthetic
Rubbers

Electronic
Materials \

CHIMEI




Our comprehensive materials are used in a wide range
of applications and industries.

Building Materials Cosmetics & Electrical & Food Contact Home
& Construction Personal Care Electronics Appliances

Housewares Medical Devices Sports & Transportation
Leisure Goods

CHIMEI




We strive to achieve a step up in everything we do.

Client-Side Clean & Green Social Benefactor

Innovation™

CHIMEI



Client-Side Innovation™

We develop creative new applications for our materials that make
our customers’ products stand out.

Boost Increase Improve
Performance Durability Aesthetics

Raise Efficiency Reduce Impact

CHIMEI




Clean & Green

We are maximizing resource efficiency, and reducing industrial
waste and emissions.

Green Production Green Energy Green Initiatives

CHIMEI

10



Social Benefactor

We've invested in culture and the arts, sponsored education, and

emphasized “Xingfu: Well-Being Through Contribution”, since before
CSR was a buzzword.

CHIMEI CHIMEI CHIMEI Artificial
Culture Museum Hospitals Intelligence
Foundation Academy

CHIMEI

11



Our purpose is to create Xingfu around the world.

=\ (Xingfu):

Well-Being Through
Contribution

Societies Environment

CHIMEI

12



Clean & Green

-
2

CHIMEI

a step up




Four Crucial Green Projects:

P N
/[ | [ ] |
]
I -
| [ [ [ | | J]
NN NN
' [ [ ] [ | |
I/ /| [ ] |

Solar Power Plant
Heat & Power Station

energy self-sufficiency from
solar power and natural gas

annual carbon reduction

CHIMEI

&

EDR Water
Recycling System

daily water
reclamation

Resource Recycling
Furnace

sludge waste
reduction

14



Water Consumption

Water Consumption
(ton product / ton water)

CHIMEI

5

2012

2021

15



Greenhouse Gas

409%0 greenhouse gas reduction in 2020 compared to 2007.

Unit: Thousand Tons CO2e

1,200,000
B Interior Emisiion
1,008,899
1,000,000
m Outsourced Power
800,000
613,903
600,000
400,000
200,000
0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
CHIMEI Carbon Disclosure: Greenhouse Gas Emissions Trends Survey

16



CHIMEI Commits to Net-Zero Carbon Emissions

by 2050

 The first petrochemical company
in Taiwan to join the Science
Based Targets Initiative (SBTi) to
achieve net-zero by 2050.

SCIENCE

SASE

D)

TARGETS

DRIVING AMBITIOUS CORPORATE CLIMATE ACTION

CHIMEI

 Achieves Leadership Band in
CDP Climate Change 2021.

Your CDP score Average performa

Pltpdt GIbI
manufacturing

UNDERSTANDING YOUR SCORE REPORT

17



ESG Performance

CHIMEI Awarded Gold Medal in EcoVadis CSR Rating

cotsl
2027

ecovadis

Sustainability

Rating

CHIMEI
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Effluent Recovery by EDR

In recent years, climate change has greatly impacted Taiwan. For
industrial sectors, water scarcity is a major issue. CHIMEI is eager
to conserve water resource to satisfy the goal of ESG.

In 2016, CHIMEI began the construction of the “"EDR Water
Resource Center” . Before construction, An EDR pilot plant was
conducted to obtain design and operating parameters.

This project is carried out by the ITRI’s Team including ITRI and
Centurytech(#218)and CTCI. ITRI’s team conducts to turn key a
project of EDR plant including the basic design, installation of the
packaged equipment (ASF, SMF, EDR), and commissioning. CTCI

perform the detailed design of this project and construct the T — = S
building of this EDR center. View of EDR Water Resource Center

Land area: 100m(L) x40m (W)

Currently, the EDR water Resource Center can treat 6,000 tons of
effluent every day, producing 3,000 tons of reclaimed water before
RO system. The full scale system has been operated smoothly
more than two years and can provide stable water supply for our
production lines during drought seasons.

19
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WATER WEEK Electrodialysis Reversal (EDR)

Eessss N (D)

9 Advantages
2 " Hard water softening without chemical additions
’ ; " Remove sodium chloride, calcium, magnesium,
2 sulfate and nitrate
7 ® Compared to RO; EDR can treat influent with SDI
/ higher than RO
2 " Flexibility for pre-treatment technology
Anion membrane Cation membrane Anion membrane
Electrodialysis reversal can effectively Applications
remove ions from water and wastewater by " Desalination of RO concentrate
applying a direct current. = Reclamation of Cooling tower condensate
The electric charge drives the ions penetrating ™ Desalination of Salty groundwater
anion or cation exchange membranes. " Treatment of City water
EDR reduces conductivity and dissolved solids ™ Reclamation of Wastewater
of bulk solution. " Treat concentrated brine for ZLD

21



NAJ WATER WEEK EDR Technology
Electrodialysis

Industrial treated effluent —c cr>2EPR) - Industrial process water

 Cooling water

T

X Converting Industrial Wastewater into Resource

Sy

desaliationeco\?e'r'ybf' -

Recovery of o Recovery of EDR

Desalination and
desalination of of RO reject for wastewater from  wastewater from  fluoride-containing desalination of reuse of RO
Ground water for  rinsing water screw manufacturing?CB manufacturing wastewater from high conductivity concentrate
rinsing water (electronics) factory for rinsing  factory for cooling wafer factory for river water for  stream (Food
( 50 m3/day) (300 m3/day) water by EDR tower by EDR scrubber by EDR process water  industry)

process process process (2400 m3/day) (300 m3/day)
(450 m3/day) (1200 m3/day) (1200 m3/day)

Desalination and Desalination and reuse of Recovery of Recovery of wastewater Recovery of
Recovery of cooling  reuse of wastewater direct cooling water from wastewater from from zinc-plating wastewater from
water from electronics from precious screw steel rolling by EDR chemical company process for rinse water  nylon fiber
manufacturing factory manufacturing factory process (China steel for cooling water by EDR process (China manufacturing
by EDR process (Tiger by EDR process (Nitto company,550 m*/day) by EDR process steel company, 700 m¥/day) company for
company) company, 350 m3/day) (800 m3/day) cooling water
(550 m3/day) by EDR process

( 800 m*/day)

————mmmmmmmmmmTTTTTTTTTEEEEEEEEEEE
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S EDR pilot plant

Raw water Tank (10 m°) Submerged membrane Filtration Tank Bag Filter (5 pm)

Influent water '
(tertiary discharged water)

Diluted Tank Electrod1a1ys1s module
N O im— s |

4 electric stage
8 hydraulic stage
Total 80 pairs membrane
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Experimental Results of EDR Pilot Plant

The water characteristics of EDR pilot plant

EDR Feed EDR produced water EDR brine
Constituent _ 1 . .

! Avg. Max. Min. | Avg. Max. Min. Avg. Max. Min.
oH | 8.0 8.8 68 [ 6.0 7.2 3.8 4.0 6.9 25
EC (uS/cm) 14500 | 5710 | 3780 | 581 i 838 | 267 | 9890 | 14700 | 8350
COD (mg/L) : 45 89 15 || 33 76 15 90 177 54
Si (mg/L) L 14 30 2 11 23 4.4 14 25 5
Na* (mg/L) 1 206 | 359 | 224 || 64 93 38 504 | 742 | 278
K* (mg/L) i 270 | 325 | 199 | 41 56 22 574 | 960 | 261
Ca?*(mg/l) | 413 | 480 | 347 | 14 26 4 1010 | 1820 | 460
Mg2* (mglL) || 26 33 21 | 1 2 0.4 57 89 27
CI (mg/L) | 1610 | 1950 | 1380 || 155 | 227 83 | 3710 | 6330 | 1750

. |
NO,-N-(mg/lL) || 4.0 | 7.5 0o | 0 1.2 0 11 23 6
SO,z (mgll) | 445 | 509 | 371 || 76 119 32 946 | 1550 | 479

data period

2015.12.08~12.28

2015.12.08~2016.01.11

This effluent wastewater contains high concentrations of calcium ions and sulfate 1ons,
which 1s easily to result 1n scaling of the membrane.

FEED DILUTE

—
N B

Conductivity (mS/cm)

o N A OO O O

0 100 200 300 400 500 600 700 800 900
Time (min)

Conductivity of feed and diluted water

Voltage Current

N
o

= N W
o O O O

10 @' 100 200 300 400 500 600 700 800 900

N
o

Voltage (V) & Current (A)

A
o &

Time (min)

The pattern of voltage and Current
during EDR pilot run
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CaCO;4 and CaSO, scaling potential 1s low i1n EDR feed and concentrated discharge

Scaling potential of CaCOs EDR feed
Alkalinity (ppm as CaCOy): 241
Ca** (ppm as CaCO»): 2501
TDS (ppm): 7424
pH 6.2
Temperature (C) 35.0
pCa=-log[Ca]+5 1.6
pAlk=-log[ Alk/50000] 2.3
C=0.1038*1og[TDS]-0.0189*[T]+2.3681 2.1
pHs=pCa+pAlk+C 6.0

LSI<1 (CaCO;, scaling potential is low)

[P<0.8*Ksp (CaSO, scaling potential is low)

Scaling potential of CaSQOq EDR feed
= i 019
CaS0, 0.8*Ksp= I 3.68E-04
CaSOq4 1.75%Ksp= 8.05E-04
CaSO, IP= 2.37E-04 :

Scaling potential analysis of
EDR feed and concentrated discharge

Based on 50% water recovery rate in EDR system, the analysis of scaling potential results indicated that both

Scaling potential of CaCOs EDR ?Oncentrated
discharge
Alkalinity (ppm as CaCOs): 2772
Ca* (ppm as CaCOx): 3085
TDS (ppm): 9215
pH 6.0
Temperature (C) 35.0
pCa=-log[Ca]+5 1.5
pAlk=-log[ Alk/50000] 2.3
C=0.1038*og[TDS]-0.0189*[T]+2.3681 2.1
pHs=pCa+pAlk+C 5.9
LSI<1 (CaCO, scaling potential is low)
Scaling potential of CaSOy EDR goncentrated
discharge
= 0.23
CaSO4 0.8*Ksp= : 4.32E-04
CaSO4 1.75*Ksp= 9.45E-04
CaSO4 IP= \I 3.50E-04 |

[P<0.8*Ksp (CaSO, scaling potential is low)
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Process Flow and design criteria

EDR product EDR waste RO product
Effluent : . .
regquirements regquirements regquirements

ASF
(100 um) .

PO3-(mg/L) <10

no regulation No reqgulation

Month 5~9<38,
Month10~4<35

6.5-90 ! 5.5-7.5 i 6.0-9.0 4.5~7.5
Conductivity (uS/cm) <6,500 i <550 i no regulation <50
70 | <60 ; <100 <10
<350 i <100 i no regulation <20
<600 : <80 ! no regulation <20
<35 i <10 i Nno regulation <10
Cl (mg/L) L2000 TS0 I noregulation <20 |
NO,—N (mg/L) <10 I noregulation 1 <50 -
<600 i <200 i noregulation <20
<5 i No regulation i no reqgulation -
: ; <5 : <30 :
: |
I I
I I
b 250% -80%

250 i _aps 1 -
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1. A 1 inlet

2. X o outlet

3. 3
stra?;iegc%amber

Patented nozzle

Boquilla de limpieza patentada

Automatic Screen Filter (ASF)

4

. faR 4

strainer cartridge

2
fi

6
f

iR A
Itering cartridge

iBRE

iltering chamber

Structure of the filtration cartridge

Estructura cartucho de filtracién

7-f%ﬁ#¥*@

ng chamber
8. i ik
scanner
motor drive

Minimum water consumption

Minimo consumo de agua

Raw water gets into the filter through the prefiltration chamber,
where thick particles( > 6 mm) are retained, as 1t was a strainer.

Then, water runs from the filter screen (100 © m) interior into
the exterior.

Automatic backwashing start when the pressure difference inside
and outside the filter reaches 0.3 bar; when the pressure
difference between the inside and outside 1s equal, the
backwashing stops.

Backwashing process 1s about 25 sec .
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Submerged Membrane Filtration (SMF)

Treated water: 6,000 CMD

* 33 module/ rack; 6 rack/Train; 2
Trains

* Membrane area: 1500 m?/rack
* Flux: 16~20 LMH
 Material: PVDF hollow fiber

* Membrane pore size: average
0.05 um
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SMF working principle

The information linked from: YouTube
https://www.youtube.com/watch?v=BmuGP_RIFEU
AURORA SOLUTION Ltd.

9 i -i‘



https://www.youtube.com/watch?v=BmuGP_RlFEU
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Electrodialysis Reversal (EDR)

Treatment water; 6,000 CMD
* 56 EDR stack

* 4 stacks/line

* 14 lines

e 2720 pairs membrane/stack
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EDR working principle

@Cation Anion exchange EDR WOrklng prIHCIple (COnt d)
membrane
éAnion (Only anions can

pass through) 8 S

Cation exchange

membrane

(Only cations can
pass through)

The information linked from:
https://www.youtube.com/watch?7v=NgTY UiluxcvA
WTEF



https://www.youtube.com/watch?v=NgTYUiuxcvA
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EDR Equipment photo
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View of EDR Wat Resource Center (1/2)

T

Chemical Tank & dosing pump area HCI Tank & water seal tank 34
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View of EDR Water Resource Center (2/2)
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Reverse osmosis (RO)

The RO system mainly includes RO raw water Influent water: 3,000 CMD
pump, RO high pressure pump, UV sterilizer, pre- Water .recoverySrate: 30%
filter, RO modules, and CIP devices, etc. Capacity: 65 m/h * 2

RO Module(RO-9905A/B)

RO system: 2 trains, 1 pass/2stages
Total RO Elements: 150
Pressure vessel per train: 15 (first stage 10+ second stage 5)
RO elements per pressure vessel: 5
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0 Operation condition(1/3)

SMF water production and physical el L e
cleaning mode ] | | Al

Service Mode Operation time

Backwashing 1.1 min

Relax 0.2 min

-iltration 6 min U

Relax 0.3 min it Dt |

< :59:00 |

Analysis item Imn.ler.se m 1% : : :
citric acid * SMF negative pressure continued to rise,

A L2 reaching -0.55 kg/cm? in about 1 week.
Conductivity (uUS/cm) 1890 .
CODma/L) 0 . Erom the results pf UF membrane fiber
K(me/L) 10 immersing experiment, Fe and Mn
Al (mg/L) 50 concentrations are the main pollutants.
Fe (mg/L) 4]
Mn (mg/L) 18
Si (mg/L) 2.1
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SIMFE chemical cleaning test

Immerse 1n HCI Immerse 1n Citric acid
before after before after
pH 7.0 1.1 7.1 1.5
Conductivity (US/cm) 505 5330 490 1670
COD (mg/L) 34 81 6 5980
Na* (mg/L) 28 35 38 14
Ca?* (mg/L) 67 110 63 4
Mg+ (mg/L) 17 20 18 0.6
Cl- (mg/L) 58 84’7 47 20
NO," (mg/L) ] 13 5.1 1.7
SO,% (mg/L) 226 204 114 ND
. . NH, (mg/L) 1.6 3.0 2.0 1.8
SMF membrane chemical cleaning test PO, (mg/L) ND 7 ND ND
experimental device K (mg/L) 6.8 8.1 5.7 7.0
Al (mg/L) 0.2 0.6 0.1 0.4
Comparison of the effects of three chemical cleaning methods Fe (mg/L) 12 4.6 0.1 16
(2021/1/15&1/18) Mn (mg/L) 0.2 1.3 ND 0.6
| Negative pressure (kg/cm?) o1 (mg/L) 5.1 6.1 5.0 6.1
Chemical Before cleaning After cleaning Remark
N OCINOR KT 5 T — After soaking, the concentrations of Ca, Mg, Fe, and
HCl 0.38 0.14 pH 2, 50min Mn all increased slightly, which maybe pollutants that
Citric acid -0.38 -0.03 1%, 50min cause SMF fouhng.
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Operation condition (2/3)

uSMF chemical cleaning

The negative pressure of SMF reaches -0.7 kg/cm? when the flow rate is 160 CMH, and the SMF
washing operation 1s carried out.

SMF rack lifting operation Spray the membrane with a hose to Cleaning with 1% citric acid for
remove surface contamination | hour in SMF immersing Tank
(TK-9302)

40
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Operation condition (3/3)

mDisassembly, inspection and assembly of EDR module by regularly




just
reversed
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Date of operation; 2019.11.04

EDR Performance

EDR Influent Tank (TK-9501) makeup flow rate:196 m3/h; conductivity: 4,236 uS/cm

EDR Concentrate Tank (TK-9502) makeup flow rate: 90 m>/h; pH 6.0~6.2

EDR product conductivity (TK-9512): 440 uS/cm

EDR module EDR module . - !
influent flow rate Influent pressure Rectitier (A) Rectitier (B) : ]ci% i tglgigleet
]
F€3€d concegntrate elecgrode Feed2 Concentrzate Electrogle \?glltgglte fﬁ;riitt \?glltggli c?l?ﬁrpe lllltt i conductivity
(m°/h) (m>/h) (m’/h) | (keg/cm?) (kg/cm?) (kg/cm?) V) (A) V) (A) L (US/em)

ED-9501 - - - - - - - - i - -
ED-9502 14 13 15 0.9 0.9 0.5 89.4 56.3 67.5 18.8 | 550
ED-9503 14 13 15 0.9 0.8 0.4 90.4 59.2 67.5 18.8 | 544
ED-9504 14 13 15 0.9 0.8 0.5 90.4 57.8 67.3 183 | 527
ED-9505 14 13 15 0.9 0.9 0.5 91.0 58.2 67.5 17.6 | 527
ED-9506 14 13 15 0.9 0.8 0.5 90.8 58.9 66.9 17.8 | 527
ED-9507 - - - - - - - - - : -

_ED-9309 L 14 ___13 ____ cede oo 09 VN 05 924 | __598 __l__ 675 | __188 _{___5I5 ___.
ED9S10 | 14 4 13 1 15 1 03 | 0.8 | 0.5 | -898 | - 00,0 (e 37 | =377 4 8316
ED-9511 14 13 15 0.8 0.8 0.5 90.8 58.4 66.9 184 | 527
ED-9512 14 13 15 0.6 0.6 0.3 91.9 59.1 67.5 17.1 | 486
ED-9513 14 13 15 0.8 0.8 0.5 89.8 60.0 67.5 174 | 469
ED-9514 14 13 15 0.8 0.8 0.5 89.8 59.4 67.5 174 | 463
ED-9515 14 13 15 0.8 0.8 0.5 90.8 62.0 67.1 146 | 440
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Ttem Effluent Before SMF Filtrating i EDR product i EDR Concentrate
(TK-9101) TK-9301 | (TK9512) | blowdown (TK-9510)

pH 6.5~7.7 6.6~7.8 : 62~71 ! 6.1~7.4
Conductivity (uS/cm) 3470~4160 3450~4680 | 410~508 | 6390~9430
COD (mg/L) 34~63 60~174 | 5~37 44~80

Si (mg/L) 5.8~6.3 5.6~7.3 i 5.8~7.2 i 5.0~6.7

Na* (mg/L) 185~289 188~481 ! 46~74 369~847
Ca?* (mg/L) 376~470 390522 ! 2565 | 316~1120
Mg?* (mg/L) 30.6~44 28.9~58 : 04~08 ! 63.9~114

Cl (mg/L) 1220~1710 1270~2050 & 80~114 I 2540~4100
NO, N (mg/L) 6.9~16.8 38~168 | 03~14 ! 12.3~39.8
SO, (mg/L) 420~586 444608 ] 47107 | 676~1350
NH;-N (mg/L) 1.6~7.0 1.3~6.2 : 07-2.1 ! 2.6~29.5
PO, >(mg/L) ND(<0.1) ND(<O.1) ! ND(<0.1) ! ND(<0.1)

Data Period : 108/10/22 14:00~108/11/5 14:00

The concentration of organic matter in the SMF filter tank continued to accumulate, resulting 1n 1ncreasing
oradually the TMP of the UF membrane.
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Evaluate O & M Cost

ltem

Pricing basis

=11,000 kWh/dayx2.3 NT$/kWhx365

Annual cost
(NT$/yr)

1.Electricity 9,235,000 10.5
day

L2.(3hemic:a|s =830 kg/dayx5 NT$/kgx365 day 1,515,000 1.7

3.Labor =800,000 NT$/person/yrx1 person 300,000 0.9
=450,000,000(Capital cost) x1% 4,500,000 5.1

4.Maintenance _
=18,600,000(Membrane replacement) 3.720.000 49
x20%

Total (1+2+3+4) 19,770,000 22.4

*Estimated at 2400 CMD of recycled water
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ChiMe1 EDR Water Resource Center has been operated smoothly for more than two years, the quality and
quantity of reclaimed water can meet the design criteria.

The fouled materials e.g. Fe ~ Mn ~ Ca & Mg and biopolymer were 1dentified as major scaling and biofouling
pollutants, respectively. The chemical cleaning of membrane especially SMF 1s necessary to reduce scaling and

fouling potential.

The EDR membrane 1s also chemical cleaning in advance to avoid the scaling and fouling phenomena without
decreasing desalination efficiency in EDR module.

The operating cost of 22.4 NT$ per ton of recycled water is obtained in this case, without considering equipment
depreciation cost. Based on similar conductivity in influent, the running cost of EDR 1s lower than other
desalination technology.

Taiwan faced the 56-year drought in 2021, ChiMe1 EDR Water Resource Center play a key role to overcome the
crisis of water shortage to maintain the stabilization of Chi Mei production line, which further highlights the
economic benefits and ESG™ s goal of the recycling of effluent.
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Thank You
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