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From Waste to Resource
Bién Chat thai thanh Tai nguyén

CBS Dust Waste Recycling Technology &
High-Purity KCIl Production Using CCU

Cong nghé tai ché bui thai CBS & San xuat KCl
tinh khiét cao bang cong nghé CCU
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01 Background of Technology &sicanh Phét trién Cong nghé

Vietnam's Cement Industry: Strength, Scale & Opportunity
Nganh Xi Mang Viét Nam: Suc Manh, Quy M6 & Co Héi

92 95w 2030

Production Lines Annual Sales 2024 Green Transition Target

Day chuyén san xuét San lugng tiéu thu 2024 Muc tiéu chuyén déi xanh
World's 3rd largest cement producer Growing domestic + export market TSR 15% — innovation opportunity
Nha sén xuét xi méng Ién thit 3 thé gidi Thi trudng ndi dia + xuat khéu téng trudng TSR 15% — co héi d6i méi sang tao

7 7 7

Source: Statista, VNCA 2025 — Nguén: Statista, VNCA 2025
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01 Background of Technology &sicanh Phét trién Cong nghé

The Path Is Already Proven — Vietham Is Leading the Way
Con Pudong Pa Puoc Ching Minh — Viét Nam Pang Dan Dau

<4 SUCCESS STORY IN VIETNAM / CAU CHUYEN THANH CONG
VICEM Ha Tien 1

AF Leading Adopter
USD 5.3 Million

Fuel cost savings — H1 2025

~ 4 % Ts R Tiét kiém chi phi nhién liéu — 6T ddu 2025

National average today _ Proven in Vietnam / Puoc kiém chd’ng ta: Viét Nam
Trung binh toan quéc hién tai ' Real operational results / Két qua van hanh thuc té
Room to grow — / Tiém nang phét trién — Replicable at scale / C6 thé nhan réng
Today ~4% Interim Growth 2030 Target 15%
Hién tai ~4% Tang trudng trung gian Muc tiéu 2030: 15%

(Decision 1266/QD-TTg, 2020)

Source: Decision 1266/QD-TTg (2020), VietnamNet Aug 2025, VNCA 2022 — Nguén: Quyét dinh 1266/QD-TTg (2020), VietnamNet T8/2025, VNCA 2022

4



O From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCI Production Using CCU

01 Background of Technology &sicanh Phét trién Cong nghé

One Technical Challenge — One Big Opportunity

Mét Thach Thic Ky Thuat — Mét Co Héi Lén

Chlorine components accumulated due to the increased The CBS System effectively separates chlorine dust
use of alternative fuels are a major cause of process to secure process stability
blockage and quality deterioration

Hé théng CBS tach bui chira clo mdt cach hiéu qua, qua dé dam bao sy 6n
Cac hop chat chira clo bj tich tu do ting sir dung nhién liéu thay thé la mét trong nhitng nguyén dinh cGia qua trinh sdn xuat
nhan chinh gay déng bam, tic ngh&n hé théng cong nghé va lam gidm chat lvgng san pham

—< Process Issues Caused by the Increased Use of Alternative Fuels— Cement Kiln Process Diagram >

Cac van dé trong quy trinh sdn xuat do tang s dung Nhién liéu thay thé - SO’ d6 quy trinh 16 nung xi mang

Stack Emission
Khi thai ong khoi

Alternative » As the use of alternative fuels increases,

Waste Fuels
Nhién liéu thay
thé tir chdt thai

| Dust Collector

| 86 thy gom buyi chlorine accumulates inside the kiln, making

it difficult to resolve the issue through

1
1
) general emission treatment alone
1

e e s Khi viéc s&r dung nhién liéu thay thé tang, clo tich tu
Generation of CBS Dust Containing bén trong 16 nung, khién cho viéc chi xtr ly van dé

Lo nung Chlorine and Fine Dust bang céc bién phap x& ly khi thai théng thuong tré
Phdt sinh Bui CBS chtra Clo va Bui min nén kho khan
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02 CBS Dust Waste Recycling Overview Téng quan vé tai ché bui thai CBS

CBS (Chlorine Bypass System) Dust

Bui tir hé thdng CBS (Chlorine Bypass System) In: CO, 15-20%
Dau véc{— _ |
r D
Cl & Heavy Metal Removal KCI Concentrate / Extraction
Loai bd Cl va kim loai ndng C6 dac / Chiét xuat KCl

i e r' *  Utilization of waste heat generated from cement process
Tan dung nhiét thai phat sinh tir qua trinh sdn xuat xi mang

*  Process water is recovered and reused
Nuwdc trong quy trinh dugc thu hoi va tai st dung

High purity KCI &
KCI @6 tinh khiét cao =

Recyclable CBS Dust (CaCO; Cake)
Bui CBS c6 thé tai ché (CaCO; Cake)
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02 CBS Dust Waste Recycling Overview Téng quan vé tai ché bui thai CBS

CBS (Chlorine Bypass System) Dust Gd’eet’,'ho";; g:’;
A ~ . reauction ejject by
Bui tir hé thong CBS (Chlorine Bypass System . 7200
: . g ( ypass Sy ) utilizing €O Ir:. cpz 15-20%
Hiéu qud gidm khi nhé kinh nhey~ Dau Vao
1 tan dung CO;
( )
Cl & Heavy Metal Removal KCI Concentrate / Extraction
Loai bd Cl va kim loai ndng C6 dac / Chiét xuat KCl

i e r' *  Utilization of waste heat generated from cement process
[\ " F.. Tan dung nhiét thai phat sinh tlr qua trinh san -

° Process water is recovered and reusr Investment can be

: . i Nuwdc trong quy trinh dugc thu hoi va t/
\ Supplementary recovered through

cementitious material waste disposal costs
(SCM) apd ’by-pro’duft sales
vat liéu bé sung xi méng (SCM) Cj“ pt" el CO, tt\e du‘oic thlf_
hoi thong qua phi xt ly chat thai

va doanh thu tir viéc ban san
phdm phu

Recyclable CBS Dust (CaCO; High purity KCI

Bui CBS cd thé tai ché (CaCOs Cake) KCI @6 tinh khiét cao
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2 CBS Dust Waste Recycling Overview Téng quan vé tai ché bui thai CBS

Securing heavy metal removal (99.9%) technology included in CBS dust

S& hitu cong nghé loai bo kim loai ndang (99,9%) cé trong bui CBS

Heavy Metal Treatment

Before |  After

intertek

ntertek

e e I ooty
Tots! Qusiits Astured, 1 11 1
EZ (Chlorine, Cl) 1 32000 11 37900 TEST REPORT
TEST REPORT : ¥ : Y M)
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(03 Benefits of Installation Loiich cia viec l4p dat

s

Reduction of CBS Dust
Waste Treatment Costs

Giam chi phi xt& ly bui thai
CBS

zm
7
Conversion and

Recycling of CBS Dust
as SCMs

Chuyén d6i va tdi ché bui

A CBS lam vat liéu bd sung xj

mang (SCMs)

Production and
Sale of High-Purity KCI

B San xuat va kinh doanh KCl

tinh khiét cao

ANY TECH

0

Fuel Cost
Reduction Effect
Giam chi phi nhién liéu
hiéu qua
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(1) Reduction of CBS Dust Waste Treatment Costs Giam chi phi x(r Iy bui thai CBS

T,

Recycling CBS Dust as a resource reduces treatment costs and improves
economic efficiency

Viéc tai ché bui CBS thanh mét ngudn tai nguyén gitp giam chi phi x& ly va nang cao hiéu qua kinh té

Waste Reduction
Giam thiéu chat thai

Recycling CBS Dust

within the process
reduces waste
generation

Tai ché ndi bd bui CBS giup
giam chat thai

Reduced Treatment

& Transport Costs
Giam chi phi xt ly va van
chuyén

Reduces disposal and
treatment costs,
delivering continuous
operating cost savings
Gidm chi phi x{r ly, van chuyén
va tiét kiém chi phi van hanh
lién tuc

10

Resource Recycling
Tai ché tai nguyén

After removing chlorine
and heavy metals, CBS
Dust is reused as SCMs or
reintroduced into the
process

Sau khi loai bo clo va kim loai
nang, bui CBS duoc tai st dung
lam SCMs hoac hoan lvu vao
quy trinh

Revenue Generation
Tao nguén doanh thu

Creates revenue
through high-purity KCI
and by-product sales

Tao doanh thu tir KCl do tinh
khiét cao va ban san pham phu
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(2) Conversion and Recycling of CBS Dust as SCMs Chuyén dai va tai ché bui CBS lam vat liéu bd sung xi méng (SCMs)

This circular resource recycling technology transforms CBS Dust from simple waste into a recyclable material,
2/\/ enabling its reuse as a Supplementary Cementitious Material (SCM) while also creating high-value products.

COng nghé tai ché tai nguyén theo mo hinh kinh té tuan hoan nay chuyén déi bui CBS tir chat thai théng thudng thanh vat liéu
o thé tai ché, cho phép tai st dung lam vat liéu xi mang bd sung (SCM) déng thodi tao ra cac san pham cd gid tri gia tang cao

Based on the analysis of the Calcium Carbonate Cake, the chlorine (Cl)

CaCOs concentration was almost completely removed compared to CBS Dust
CBS Dust Water r Dua trén két qua phan tich Calcium Carbonate Cake, ndng dé clo (Cl) d3 duorc loai bd gan nhu hoan toan so
vd&i bui CBS

-> The Ca0 content in the Calcium Carbonate Cake is approximately 42—
45%, demonstrating its potential for reuse as Supplementary
Cementitious Materials (SCMs)

Ham lugng CaO trong Calcium Carbonate Cake dat khodng 42—45%, cho thay tiém nang tai st dung lam
vat liéu xi mang bé sung (SCMs)

\ :

CO, Gas Injection
Bom khi CO; L; r’

Filter press

-> The CaCO; content of the Calcium Carbonate Cake produced through
BrmarMineralizatoniProcess Dust Dewatering Process the Carbon Mineralization Process was analyzed to be over 75%,
Khoang hoa so cap Tach nwoce bui satisfying the quality requirements for cement additives

Ham luwgng CaCO; trong Calcium Carbonate Cake thu duorc tir qua trinh Carbon Mineralization duoc
phan tich dat trén 75%, dap ing tiéu chuan st dung lam phu gia xi mang

11
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(3) Production and Sale of High-Purity KCl san xuat va kinh doanh KCl tinh khiét cao

Converting CBS Dust into a high-value resource through the production of high-purity KCI
Bién bui CBS thanh tai nguyén c6 gia tri cao théng qua san xuat KCl tinh khiét cao

Secondary

Mineralization
Khodng hda thir cap

High-Purity KCI
Production
San xuat KCl tinh khiét cao

Filtration System Filtrate Storage Tank )
Hé théng loc B6n chira dich loc

Filtrate analysis shows that the Ca concentration, a major impurity, is controlled below 10 ppm

Két qua phan tich dich loc cho thdy néng dd Ca, |a loai tap chat chinh, dwoc kiém soat dudi 10 ppm Potassium chloride (KCI)

Kali clorua (KCI)
- Harmful heavy metals are effectively removed, enabling the production of stable-quality KCI

Céc kim loai ndng cé hai dwoc loai bd hiéu qua, cho phép san xuat KCl vdi chat lvgng 6n dinh

Production of
High-Purity KCI Products

San xuat san pham KCl tinh khiét cao

Utilization as an Industrial Resource Sales and Revenue Generation
Tai st dung lam nguyén liéu cong nghiép Ban hang va tao doanh thu

12
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(4) Fuel Cost Reduction Effect Giam chi phi nhién liéu hiéu qua

High-efficiency process that reduces fuel consumption and energy costs
through waste heat utilization and improved process efficiency

Quy trinh hiéu suat cao giup giam tiéu thu nhién liéu va chi phi ndng lvgng thong qua tan dung nhiét thai va
nang cao hiéu suat quy trinh

Closed-Loop
Waste Heat Improved Process Resource Recovery Recycling System

\Utlllzatlon EffICIer,‘cy Thu hél tai nguyén Hé théng téi ché tudn hoan
Thu hoi va tan dung nhiét thai Nang cao hiéu suat quy trinh khép kin

13
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04 CBS Dust Waste Recycling & CCUS Technology i ché bui thai CBS & Cong nghé CCUS

(1) Differentiation of CBS dust treatment technology based on CCUS
Cong nghé xtr ly bui CBS khac biét dwa trén CCUS

General CBS Dust Recycling Process Diagram
So d6 téng quan quy trinh tai ché bui CBS

Mixing

Tron

Mixing water and dust
Mixing reaction tank:

approx. 30m?3

Tron nwdc va bui

Bon phan tng tron: khoang 30
m3

Jl'__: TEELTIEY

Filtration & Washing

Loc va rira

Removes water-soluble
components Washes
with process water
Loai bd cac thanh phan hoa tan
trong nudc
Rlra bang nuéc quy trinh

e | s, | e | |

Heavy Metal
Removal
Loai bo kim loai nang

Chemical treatment lon

exchange / Chelation /
Oxidation-reduction
Xt ly héa hoc
Trao d6iion / Tao phtrc
(Chelation) / Oxy hoa — khtr

o

SISPIS? 1S L_'J_!_?

A e AN e A -I-l"‘.j

Evaporation,
Concentration &
Crystallization
Bay hoi, c6 dac va két tinh

Approx. 91% moisture
evaporation Issues:
Fouling, scaling, and

contamination
Bay hoi khodng 91% dé am
Van dé: Cau ban, dong cdn va
nhiém ban

Drying
Say

KCl production using a
salt dryer Increased

maintenance costs
San xuat KCl bang may sdy mudi
Chi phi bao tri tdng cao

14
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04 CBS Dust Waste Recycling & CCUS Technology i ché bui thai CBS & Cong nghé CCUS

(1) Differentiation of CBS dust treatment technology based on CCUS

Cong nghé xtr ly bui CBS khac biét dwa trén CCUS

CBS Dust Water

C0, Gas Injection L‘ r’
Ny ] L

Secondary Mineralization
& Filtration

Khodng hda thir cap va loc

Primary Mineralization Dust Dewatering

Mixing/Mineralization
Reaction of CBS Dust, Water, and CO,

Resource Recycling Process Using CO,

Ong khoi Tach nudc bui

Khodng hda so cap

3 ¢
PR b

San xuat KCI do tinh khiét cao

High-Purity KCl Production Evaporation, Concentration &

Crystallization
Centrifuge Applied (Evaporation & Concentration)
Approx. 58% moisture evaporation Concentration (Efficient
to produce KCl slurry E-\u.uvgps:>-r:-'ﬂié:-n}
Improved Energy Efficiency

Centrifugal Dewatering

Drying process using disc drying
Approx. 15% moisture content,
followed by cooling crystallization
High-Purity KCl Production

Bay hoi, c6 dac va két tinh

15

i L . Evaporation, Concentration .
Mixing <. Filtration & Washing ... Heavy Metal Removal ...... & Crystalization B Drying
Mixing water and dust Removes water-soluble Chemical treatment Approx. 91% moisture evaporation  KCl production using a
Mixing reaction tank approx. companents lon exchange / Chelation / Issues: Fouling, scaling, and salt dryer
30m Washes with process water Oridatiorrreduction contamination Increased maintenance costs

Comparison with General CBS Dust Recycling Process
So sanh véi quy trinh tai ché bui CBS théng thudng

No Chemical Input
Khong s&r dung hoa chat

Improved Energy Efficiency
Nang cao hiéu qua nang lugng

Value-Generating
High-Purity KCl production

San xuat KCl tinh khiét cao tao gia tri
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04 CBS Dust Waste Recycling & CCUS Technology i ché bui thai CBS & Cong nghé CCUS

(2) Agreement for Commercialization of High-Purity KCl (Potassium Chloride)
Théa thudn thuwong mai héa KCl (Kali clorua) tinh khiét cao

ANYTECH and UNID Sign a Business Agreement for the Commercialization of KCI
ANYTECH va UNID ky két thda thudn hop tidc thwong mai hda KCI

UNID is the world’s No.1 company in the global potassium-

based chemical market, with a 36% market share. The
U N ’D company imports all of its key raw material, potassium
(F7UE chloride (KCl), from overseas
UNID la céng ty sé 1 thé gidi trong thij trirdng héa chét géc kali toan
cdu, vdi 36% thi phdn. Céng ty nhdp khdu toan bé nguyén liéu chinh la
kali clorua (KCl) tir nwdc ngoai

Cooperation Agreement between ANYTECH and UNID
Thoa thuén hop téc gitta ANYTECH va UNID

""""

)

&
z§=5=~§hg~,;
BHBRHEEHEEHEEE

o o
£ o wa [z
o o o

0 % « T

PR A R A A4 G S I R A B R

Purity Analysis by the UNID Quality Control Team
Phan tich d6 tinh khiét b&i déi kim soat chat lwgng UNID

16
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04 CBS Dust Waste Recycling & CCUS Technology i ché bui thai CBS & Cong nghé CCUS

(3) Government-Supported R&D and Patented Technology
Nghién cru & phat trién dwoc chinh phi ho tro va cong nghé da dwoc cap bang sdng ché

National R&D-Based Technology A'dvance_d recycling anq CCUS technologies for cem.ent waste recycling and
Cone nehé dua trén nehidn citu & ohat tridn high-purity KCI production have been developed with government support

g nenhe dt & P Cac cong nghé tai ché tién tién va CCUS cho téi ché chat thai xi mang va san xuat KCl tinh
khiét cao da dwoc phat trién véi su hd tro cla chinh phu

) CBS Dust Recycling Process

Coéng nghé tai ché bui CBS

cap qudc gia

Mhiitey, of Tiad, ufemm 1=0IL] 7|03 A Anvtech
Industry and Energy \mmm KORERA INSTITUTE OF ENERGY RESEARCH ytec

On-site demonstration at Sampyo cement

Patent Certification >
chay thir tai cho tai nha may xi mang Sampyo

Ching nhan bang sang ché

17
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04 CBS Dust Waste Recycling & CCUS Technology i ché bui thai CBS & Cong nghé CCUS

(3) Government-Supported R&D and Patented Technology
Nghién ctru & phat trién dwoc chinh phu hd tro va cdng nghé da dwoc cap bang sang ché

Project History

Qua trinh trién khai dy an

2018.05 ~ 2020.12 2022.3 ~ 2022.12 2023.10 ~ 2024.04

il

Participated in the national On-site demonstration Performed field validation of a CBS Dust
R&D project at S cement resource recovery plant at the H Cement

Tham gia du 4n R&D cap qudc gia chay thir tai cho tai nha demonstration site, verifying process

may S Cement performance and operational stability
Thyc hién kiém nghiém thyc té tai nha may thu

hoi tai nguyén bui CBS tai diém chay thir H
Cement, xac minh hiéu suat quy trinh va d6 én

dinh van hanh
\ J
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C)‘“"m" From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCl Production Using CCU

05 Field-Proven Technology cong nghé d3 duoc kiém nghiem thuc t&

On-site Demonstration & Validation chay thir va kiém nghiém tai chd

Commercial-scale operation
Van hanh & quy mé thuong mai

Performed integrated pilot
plant operation and
commissioning for 10
months at the Hyundai
Rotem Dangjin facility,
validating process stability
and operational reliability

Thuc hién van hanh va chay thir tich
hop nha mdy trong 10 thang tai co s@
Hyundai Rotem Dangjin, xac nhan do
6n dinh cda quy trinh va d6 tin cay
van hanh
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C) Anytech From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCI Production Using CCU

05 Field-Proven Technology congnghé a3 duoc kigm nghigm thuec t&

On-site Demonstration & Validation chay thir va kiém nghiém tai chd

Scale-up Validation
Kiém nghiém quy mé I&n

* Constructed and operated a pilot-scale
demonstration facility at the Hanil Cement Danyang
plant, conducting a 7-month field demonstration to
validate technology performance
Xay dung va van hanh nha may thir nghiém tai Hanil Cement
Danyang, thuc hién chay thr 7 thang dé xdc nhan hiéu suat
cong nghé

*  Produced CaCOs cake as a process by-product and
completed quality evaluation in collaboration with
the cement company's quality control team
San xuat san pham phu CaCOs va danh gia chat lwong cung
doi QC cla cong ty xi mang

*  Produced high-purity KCl and successfully verified
product quality through analysis conducted by the
quality assurance teams of potential end-users

San xuat KCl tinh khiét cao va xac nhan chat lwvong qua phan
tich cda cac d6i QA khach hang tiém nang
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C)‘“"m" From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCI Production Using CCU

05 Field-Proven Technology cong nghé d3 duoc kiém nghiem thuc t&

Plant Layout & Overview So do va t6ng quan nha may

Capacity: 20K ton/year
Cong suat: 20.000 tan/nam
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C)‘“""’d' From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCl Production Using CCU

05 Field-Proven Technology cong nghé d3 duoc kiém nghiem thuc t&

Plant Layout & Overview So do va t6ng quan nha may

Capacity: 20K ton/year
- : - Cong suat: 20.000 tdn/nam

1
! Dy w1 i " - ! _'m'_"_"_'1_"_"_"_'T_"._f'_"ﬂ I r 7
Ll = O0a090a, T, 1 |
BEoE T e ih-pa ﬂ

il |
‘Caeened ‘
) = /ﬁ\ Lﬁ \

FE E®
0e @ 16 @
9T 15_., Bpr Bl : o Tol He ENE] =] [Tmues| || Gy (0= EIES oalwe | auwe P o a|we | a@ws el I
| \ [ {?} E_i 1100-CT-001 COOL{ING TOMER 1 ol x-one WATER TANK El corammons cacomamss | 48 | 25 [1600-TK-010 CONCENTRATE TANK wa | 33 [sn00-ca-om COMPRESSED AR SYSTEM | 4141
LA gy W & || noo-pu-oomse vmsipumi ws | 10 [iaboPu-oozae| || |wareRBuve 44 | 18] ||s00-pU-010a/8  |FLTRATE TRANSFER PUMP | 4148 | 26 |1600-PU-01GA/B  |coNCENTRATE FeEDPUMP 3 uy
3 1100-HE-001~2 HEAT EXCHANGER 1~ 2 'Si 10 1AUD-PU-UIAA£_:_" WATER TANK ESESE 17;_‘ 600-TK-008 CONDENSATE TANK 1 R 27 [1600-PU-015A/8 CONCENTRATE FEED PUMP 4 Ay
4 1200-51-001 DUST STORAGE SILO- g 12 {1400-FP-001~2 FILTER PRESS EEs) 20 600-PU-011AB CONDENSATE FEED PUMP 1 Ay 28 |1600-CH-001 CHILLED WATER SYSTEM Rk
i l l it s scfew converoR | 13 Jieook00s-6 |FILTERATE TANK 1- 2 wy | 2] [Jeoo-cr-oora [cRvstaLizer 1- 3 vy | 29 [iso0-k-0n2 CHILLED WATERTANK 1 | 418
T ~+ i3 Bt N:\I\'E TARK 253 T T FEIERATE !N‘:NSQ-&N For- -2 ? $00-TK-00%- ClNDEf\SAVE TANK 2 My 30 [1600-TK-013 CHILLED WATER TANK 2 M
7 1300-PU-007A/B SLURRY TRANSFER PUMF | 414 15 [1400-MF-001 MEMBRANE FILTER ] 23 [1600-PU-012A8 CONDENSATE FEEDPUMP 2 | 414 31 [1600-PU-01TA/B  |cHLLEDWATER CROWATONFUW | L]
8 1300-PU-008A/B  |SLURRY TRANSFER PUMP EE) 16 |1400-TK-007 FILTERATETANK 3 ESE) 24 R 32 ]

24



C“""“" From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCl Production Using CCU

05 Field-Proven Technology cong nghé d3 duoc kiém nghiém thue t&

Plant Layout & Overview So do va t6ng quan nha may

25



C‘"""em From Waste to Resource

CBS Dust Waste Recycling Technology & High-Purity KCl Production Using CCU

05 Field-Proven Technology cong nghé d3 duoc kiém nghiém thue t&

Plant Layout & Overview So do va t6ng quan nha may

26






jy.lee@anytech.co.kr (+82-10-9047-9341)



http://www.anytech.co.kr/
mailto:bh.park@anytech.co.kr
mailto:jy.lee@anytech.co.kr
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