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NOi dung

1. Nganh CN Xi mang
1 Nhirng thach thire trong viéc st dung Nhién liéu thay thé

2. PYROROTOR®
1 Gidi thiéu
1 Cau tao co khi
1 Nguyén tac hoat déng
1 Kich c& va Céac thdng tin tham khao

3. Két luan
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Viéc str dung nhiéu liéu thay thé > Céc thach thirc

Anh hwéng dén can bang nang lwong
* Lam gia tang Iwu lwvgng khi thai.

« Lam thay dbi biéu dé nhiét.

+ Giatang lwvgng oxy dw.

« Lam gidm hiéu suat lam mat clinker.

« Hé thdng bypass 16 nung, that thoat nhiét...........

Anh hwéng dén sw 6n dinh va tinh san sang cta viéc van hanh 10

«  Cép nhién liéu = cung cap nang lwong lién tuc.

+ Hinh thanh cac nguyén té Clva S sé lién quan dén viéc bam dinh 0.

«  ng suét cao hon cho Vat liéu chiu Iva........

Anh hwéng dén chat lwong Clinker

« Lam gidm céc diéu kién chay (vi du: nhién liéu chwa chay hét roi xuéng 16p clinker).

«  Viéc dich chuyén va lam mét clia Zone nung.

« Lam gia tang cac nguyén t c6 hai cho Clinker...........

Tac déng dén khi thai

«  Giam nhién liéu hoa thach lién quan dén viéc giam phat thai CO2.
«  Téc dong tich cwc dén NOKX.

+ Sy hinh thanh CO twr két qua ctia cong nghé calciner hoa khéng du.
* Lam tang phat thai thuy ngan (Hg).................
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Viéc str dung nhiéu liéu thay thé > Céc thach thirc
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PYROROTOR® - Sv linh hoat trong viéc str dung AF

Waste oil /

Pyrojet®
Kiln Burner

Pyroclon®R
Calciner

Pre-processing demand

Pyroclon® R

with Pyroincinerator

Pyroclon®R

with Comb. Chamber

Pyroclon®R
with Pyrorotor®

Usable particle size

Animal meal / v v v v v
Sewage sludge
Biomiass max. max. max. max. max.
2x1x1 mm (3D) 5x5x2 mm (3D) 20x20x5 mm (3D) 40x40x10 mm (3D) 100x100x15 mm (3D)
Plastics max. max. max. max. max.
2x1x1 mm (3D) 5x5x2 mm (3D) 20x20x5 mm (3D) 40x40x10 mm (3D) 300x100x100 mm (3D)
RDF / Fluff max. max. max. max. max.
10x10 mm (2D) 30x30 mm (2D) 70x70 mm (2D) 100x100 mm (2D) 300x300 mm (2D)
. . max. max. max. max.
Tire Chips A 40x40x25 mm (3D) 50x50x25 mm (3D) 70x70%25 mm (3D) 300x300x25 mm (3D)
Whole Tires X X X X v
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PYROROTOR®
Gioi thiéu
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PYROROTOR®

»

»

»

»

»

»

Phan (rng dot chay st dung gi6é ba lam khi dot
Th[ch hop cho cé, loai vat liéu cé dac tinh chay }(ém
nhat, nhién liéu rat thd va chg’a qua qgua trinh tién,
xtr ly, tham chi ca nhirng chiéc I6p xe nguyén chiéc
Sw luan chuyén nhién liéu mét cach lién tuc va thoi
gian lwu gilr I1du dam bao viéc dot chay hoan toan
nhién liéu.

Giam dang ké chi phi nhién liéu.

Tang ty suat nhiét thay thé

Giam thiéu phat thai carbon véi viéc toi da hoa
AFR

)

__——=Flap Gate For Tires

-

L
{
o PYROROTOR® - L
Tertiary Air Duct P '\] /

W

—_ Waste Inlet Ci

ute

Calciner
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1. Paura-bdlamkinva- 6 do
2. Dauvao -0 do

3. DPau vao- bd lam kin va khoang dau vao
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PYROROTOR®

Damper

Tire chute

Chute for
alternative fuels

Calciner

Pyrorotor®
inlet chamber

Tertiary air

connection Pyrorotor®

Outlet
with sealing
Tire
ik
iven

Pyrorotor® Tire
drum

Inlet with
scoop ring
and sealing

Driven
roller W
ves

S Blivinced
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PYROROTOR®thiét ké wu viét da dwoc chirng minh

Chi tiét bd truyén dong

Goi bi e Ve 71 Hop s

S e 1A hanh tinh
Banh rang
trung gian

Con lan ]

Mo to

Khung d&
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PYROROTOR®thiét ké wu viét da dwoc chirng minh
‘l_ | —

Hinh anh lap dat thwc té tai hién trwéng

\,\' 1 \\\ A 4 i ?
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PY,ROROTOR®
Nguyén tac hoat dong

. )/ . T .
et ' - /i
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I(‘I@ | HWUé\IADi%LDT innovation by tradition




PYROROTOR® - nguyén tac hoat déng
guy at d¢ 9/}\

Exhaust gas (high NOx level)
mmss= | ean gas (high CO level)

PENULTIMATE

i CYCLONE

BOTTOM
CYCLONE

Tertiary air (high O, level)

Final exhaust gas after completed
combustion and calcination
(low NOx, CO & O, levels)

[1T]
=
o
N
o
=
a
x
c

Meal to
calciner

J ;

TERTIARY
AIR DUCT

Meal
to kiln

ROTARY
KILN
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PYROROTOR® - nguyén tac hoat déng

» Nhiét dé ctia Khi chay phu thudc vao ONO, =
lu lvong cua gid 3, Ién téi 1200°C
» Thoi gian Iwu gitv nhién liéu cé thé dieu
chinh cho tirng loai va cho cac khoi
lwong nhién lieu khac nhau

» CO6 thé van hanh t6i wu hoa NOx nhor sy
phan &ng gitra khi sach va cac chat dé
bay hoi

» Kich thwdc cua thiét bi duwoc thiét ké
tiéu chuan hoa phu hop voi yéu cau vé
nang suat san xuat clinker
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PYROROTOR®

Kich c® va Cac thong tin
tham khao
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PYROROTOR® - Kich c&

PYROROTOR | Buwong kinh

Bén trong 10

Chiéu dai

AFR Mix
[xap xi tph]

[> 3500 kcal/kg;
< 25% Moisture;
Sizes < 300 mm]

PY 28010 2,8 10 10to 15
PY 34010 3,4 10 20to 25
PY 34012 3,4 12 25 to 30 Dsc tinh Ko thuat %
PY 42012 4.2 12 30to 35 Number of Station [pcs] 2
. [rpm ] 0,6/3,0

PY 42015 4,2 15 3510 40 Rotation [rpm ] 375 to 1500

2 x 20 (dia 3,4)
PY 50018 5,0 18 40 to 50 Drive (Friction) [KW ] 2 x 45 (dia 4,2)

2 x 99 (dia 5,0)
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List tham khao — Pyrorotor (d& hoan thanh chay nghiém thu)
. Preheater PY.ROROTOR Substitution rate at calciner
No Year Capacity . diameter x Fuel type
Customer Country [t/d] Modification lenath [th.%] /
g AFR Feed Rate [t/h]
[m] x [m]
Zementwerk Coal
1 Hatschek Austria 2017 2000 PYROCLON PYROROTOR (Plastic waste, RDF & fluff, coarse waste 80 — 100%/
(Gmunden) PYROTOP PR @3,4x10,0 (upto 300 mm 3D), Liquid waste, Tire chips 8-10
(above 200 mm), Whole tires,
Ssangyong
PYROCLON R PYROROTOR Coal 85%/
2 Cement South Korea 2019 5000 PYROTOP PR 3,4 x 10,0 AFR-Mix 18 - 22
Donghae Line 6
Ssangyong
PYROCLON R PYROROTOR Coal 85%)/
3 Cement South Korea 2019 5000 PYROTOP PR @3,4x10,0 AFR-Mix 18- 22
Donghae Line 7
Asia Cement Coal, AFR
PYROCLON R PYROROTOR . . ! ' . 85%/
4 Company Ltd. South Korea 2020 4000 PYROTOP PR & 3.4 x 10,0 Plastic derived fuel, RDF, waste oil, sewage 14 -17
Line 3 sludge
AVIC China Coal o
5 Exclusive HW PR China 2020 7500 none PPF: ;%FZOXT;)ORO AFR: 56 0 fé
Burning ' ' HWO06, HW08, HW 12, HW3, HW 49
Ssangyong Coal
PYROCLON R PYROROTOR w . . . 85%/
6 Cemen_t South Korea 2021 4500 PYROTOP PR @ 3.4 x 10,0 AFR: tire derived fuel, plastic derived fuel, 18 - 22
Donghae Line 4 waste derived fuel, sludge
Hanil Danyang PYROCLON R PYROROTOR Coal, Liquid waste oil, waste plastic, 85%/
! Line 5 South Korea 2021 4450 PYROTOP PR@3,4x12,0 sewage sludge Approx. 22
Halla Cement PYROCLON R PYROROTOR Coal 85%/
8 Okke Plant Line 3 South Korea 2021 5600 PYROTOP PR @ 4.2 x 15,0 AFR, Liquid waste, RDF, wood, urethane, Approx. 26
sewage sludge
17 innovation by tradition
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List tham khao — Pyrorotor (dang trong qua trinh dy an)

PYROROTOR o .
Year Capacity Preheater diameter x Fuel type Substitution rate at calciner
No. Customer Country [t/d] Modification lenath [th.%] /
9 AFR Feed Rate [t/h]
[m] x [m]
Hanil Hyundai PYROCLON R PYROROTOR Coal, waste plastic, waste tires, sewage 85% /
9 Yeongwol Line 2 South Korea 2021 5850 PYROTOP PR @4,2x15,0 sludge 31 (guarantee)
Ssangyong
PYROCLON R PYROROTOR - 85% /
10 Cemen_t South Korea 2021 4500 PYROTOP PR & 3,4 x 10,0 RDF, liquid waste, sludge 20
Donghae Line 5
KCS Coal / Petcoke Mix, SRF, Fluff , Plastic 3D, o
11 Kahramanmaras Turkey 2022 3800 none PYROROTOR TDF, Organic waste, paperwaste, textile, 90%/
. PR @ 3,4 x 10,0 : 16
Line 1 domestic waste, sewage sludge
Halla Cement PYROCLON R PYROROTOR Coal 85% /
12 Okke Plant Line 2 South Korea 2022 5600 PYROTOP PR @ 4.2 x 15,0 AFR, Liquid waste, RDF, wood, urethane, 26
sewage sludge
Hanil Danyang PYROCLON R PYROROTOR Coal, Waste QOil, recycled waste fuel, 85% /
13 Line 6 South Korea 2023 4400 PYROTOP PR@3,4x12,0 sewage sludge, solid alternative fuel 20
New PREHEATER Petcoke
Cimpor Alhandra 80HEM/64-5 PYROROTOR . o . 90 - 100% /
14 Kiln 7 Portugal 2023 3600 PYROCLON R PR & 3.4 x 10,0 AFR -Mix, FIu;‘feWI;Iaststd(;mesnc waste, 20
PYROTOP g 9
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PYROROTOR® References: South Korea

CEMENT Okke 3 2021

Okke 2 2022*

S SSANGYONG Donghae 6 2019
Donghae 7 2019

Donghae 4 2021

Donghae 5 2022*

(® HANIL CEMENT

Danyang 6 2023*
Danyang 5 2021
Yeongwol 2 2021*

@cmem
Jecheon 3 2021

*) to be commissioned soon
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PYROROTOR®

Cau chuyén thanh cong -
Han Quoc
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PYROROTOR® - Case study Asia Line 3 — Giai doan chuan bi

SECTION A-A

= 19000 o ProjName: Agis Cement Ca, Lid. Jecheon-S/ PYRO Audt HUMBOLDT
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Plant Audit Report

ASIA CEMENT CO., LTD., Jecheon-Si, Korea
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K3 Preheater Front View

Ban vé hién tai Tham kham céng nghé Ban vé dé xuat

I(‘l@ I_\/|\5JI£\IADBAC(??LDT 21 innovation by tradition



PYROROTOR?® - Case study Asia Line 3 — Giai doan thiét ké

i e 7

I

Scan / Point Cloud Collision Model Final Arrangement
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PYROROTOR® - Case study Asia Line 3 — Giai doan trién khai

TG

-
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k3: Pyrorotor 3,4 x 10 m
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Tham khao: Asia Cement Jecheon Line 3

4
by 198

Y twéng céi tién:

» Khoang dau vao 10 méi véi duwdng kinh 16 (& 5,0 m)

» Lap d&t PYROCLON R Calciner va PYROTOP Mixing chamber
» Lo @bt nhién liéu thay thé PYROROTOR (& 3,4 m x 10 m)

» Thay thé Cyclones day (2x HE62)

» Lap dat khoang bypass

2021, April Bao hanh Pat dwoc R

Nang suét Clinker t/d 4060 4133 -
Tiéu hao nhiét kcal/kg 825 805
Ty |é thay the_ nhiét AF tai % th. > 85 86

Calciner 7.
Dong chay cua I>Ih|en liéu thay th 14-17 ¥h | v s
thé Uil
ation by tradition

N\ 127 | WEDAG zz innov



PYROROTOR® - Case Study Asia Line 3
— Operation Data

Pyrorotor Fuel: Cao su Pyrorotor Fuel: Nhwa cirng Calciner Control Fuel: Nhya mém
Nhiét tri: 7600 kcal/kg Nhiét tri: 4000 kcal/kg Nhiét tri: 5800 kcal/kg
3D Material 150 x 150 x 15 mm 2D Material 100 x 100 mm 2D Material 25 x 25 mm
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PYROROTOR® Case study Asia Line 3 — Operation Data
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Raw Mill 4 o | [ System Overview | 1 Coal Mill Overview el T emaer "
Stack 1D-Fan Exit rStatus from Py - N X
LX) vol% CO| | Ready [ infeed Outfeed Fyrecion R, 2 mmWG Raw Mix
G o App. Error 0 Drive Drive 807 °C 16 %
[1K1[1] (vol% O2 _ —— ]
ol% 02 OP-Mode act. Miifs [ Speed [ 10.0 rom Speed 9.8 rpm 1 @
SHR 0.001 Pwraciive H siip 17 % slip 0 % 4 e WO T
4 1h - Pwr. Error 0| Temp. 41 °C Temp. 42 °C oM | oo jw 41 | 1041 It 1'0"(
Measured Valuevalid | Torque 17 Nm Torque 32 Nm 283 1SP A —J Lard 10 1
Stage 5 Measurement active = Rel.Mov.| 331 mmirot Rel.Mov. 0.6 mmJrot W|1——— “4"0 LWL 15%
,0.,1,57 vol% CO PH Start-up Warning active E i _Current 156 A = Current [ 187 A Y |_14—0Vh'm
" 8.00 vol% 02 Infeed enabled [ idier Idter : -
e NO \ Infeed running = Speed 9.4 rom Speed 9.9 rom >
329 ppm NOx| & — Outteed enabled slip 12 % slip 0 % | 8aTIRG g
; ey e | @ .
250 IC Outfeed running | Rel.Mov.[ 1400 mm/rot Rel.Mov | 18.5 mmirot [ I 3 s 92 RPMEDEI ol ]
B T T - Rotor Speed 1.60 rom RelMovement RelMovement * | l = T
= Outfeed diam. [0 mm Speed [ 1.6 rom Speed [ 0.0 pm [
859 - Infeed diam. 0 mm Direct | 18,5 mmirot Direct = mmirot S
i -19
860 CntDwn Tilt 0 sec Position| 1656 mmrot Position|_18.7 mmrat 5
2.50 n Slip [ -1358 mmirot slip 32.4 mmirot 843 ' - -
- 0 Py
T 9.9 [rpm 9.5 pm Mode Enable [ Rotor Speed 1.60 pm
W 2.50 th = @ﬂ = Error Acknowledge Rotor Position 80 deg
2.50th P ) i Measure Infeed Tilting Step 0 deg
§ ] 53 [ 5 Measure Outfeed Tilting Cycle 0 sec
3.11 th s 3 ,/' Apply Measured Value Jerk Value 0.50 “/s*
—— 1026 °C | Enable Slip ContrInfeed AccDecValue [ 0.50 “/s*
3 Enable Slip ContrOutfeed | Slip Prop.Gain |_0.50
Iy ; 52 L3 Enable Torque Compens. [} TorqProp.Gain [ 0.50
Sl ! 493-PYRIRSp A B 50 % Disabl.Torg.Comp.infeed TorqIntegrTi. 50 ms
236 th 18 W[ 160rpm _16 A @ = Disabl.Torg.Comp.Outfeed
9.8 fpm X[ __150ipm | T48:'C 10.0 rpm Operating Mode HMotor Mode
| "BeTEEE
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1613 rpm (A ss5vR_oio LA T
333°C 14 mmWG 18.7 mmirot | T 50.0 mmirot
200 °C o 21 mmWG
B : D —=21
Kin Iniet leat-Up Curve -Cool-Down Curve— 1002 °C —Common Values
| 1% CO Temperature  TiltCycle  Tilt Step DownTime TiitCycle  Tilt Step - - —
;_0,9,9,, b stage0 [ 275 °C 50 min [ 360 deg [ stage 0 3h 3 min [ 80 deg 100 % Start Address Inputs 1500 Local ON [
| 3.83 vol% 02 stage1 | 350 °C 35 min | 360 deg || Stage 1 6h 20 min [ 80 deg Start Address Outputs 1500
| 714 ppm NOx Stage2 | 550 °C 15 min | 360 deg || Stage 2 12 h 30 min 80 deg Actual Entry Temperature 843 °C
SWge3d)|._G0D SC jmel_ 360 (deg ::“:i g; : 122 ::: :g :zg Kiln SP Rotor Speed Heat-Up 1.60 rpm
Su:e S i Hlics SP Rotor Speed Cool-Down|  1.60 fpm
Stage 6 9% h 280 min 6 deg Cool Down Timer: [ 0 hrs [0 min[0 sec
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PYROROTOR®
Tong Két
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PYROROTOR® - C4c tinh nang ndi bat va Két luan

»

»

»

»

»

»

»

»

»

Tinh linh hoat cao nhat cho hau hét moi loai AF

>1200 °C
chwa qua xw ly
Ty l& thay thé nhiét & mirc cao nhat c6 thé sty 01200
Giam chi phi nhién liéu so cap
>85% TSR

La minh chirng rd nét vé cong nghé nhién liéu thay thé
trong twong lali

D4 tin cay cao voi cong nghé thiét ké cling céap va chac
chan lay ngudn gbc tr cac bbé phan cua 16 nung KHD
Dé dang trong viéc van hanh va bao tri L,
C6 thé nang cap cho moi Nha may

Nhiéu ngudn tham khao da va dang hoat déng rat tot
Giam lwong khi thai carbon bang cach giam CO2

3.0 rpm to optimize fuel retention time

Adjust speed of rotation from 0.3 rpm to

©
FUEL
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AFR — PYROCLON PYROINCINERATOR
Nguyén ly hoat déng

- Diém cép nhién liéu thay thé tai PYROCLON
Calciner.

. L& 10 dbt rac ndi vai Calciner.
- Chia gio6 ba gitra Calciner va Lo dbt rac.
« Khong cap bét liéu ndng vao Lo dbt rac.

»  Diéu chinh nhiét d6 ctia 16 dot rac (~ 1100 °C)
bang gio ba.

» DOt tai diém néng. Nhién liéu thay thé dduwcoc;
say kho va bat chay.

« Qua trinh chay hét nhién liédu da qua st Iy nhiét
dién ra tai calciner.




AFR — PYROCLON PYROINICINERATOR

AfT:100)

Loi the:

Bat chay trong diéu kién rat nong (>
1100°C).

Thém thoi gian lwu.

Nhiét do diéu chinh dwoc bang do
mo& van.

Hat nhién liéu thé c6 thé chay & day
cla ong noi gilra Lo dot va Caliner



AFR — PYROCLON PYROINCINERATOR

i
T

IiIi;

I 1 "

- .'-
A i

A

o
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PYROINCINERATOR

Lép dat 2 PYROINICINERATOR

Loi thé:

Hén hop nhién liéu bat dau chay chi cé gid ba néng
» Nhiét cao

Giau 6 xy

B4t chay lap tirc

Chay nhanh hon

Y V VYV V

Thém thoi gian lwu



