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Cascade Utilization of Waste Heat in Iron
and Steel Metallurgy: Thermodynamic
Hierarchy-Based Technologies and
Multi-Objective Synergistic Optimization

CHEN Chen, LI Jiawang, SHI Guang
(Capital Engineering & Research Incorporation Limited, Beijing 100176, China)

Abstract: The iron and steel industry accounts for 26% of global industrial energy consumption, and efficient
waste heat recovery is crucial for decarbonization. This study systematically analyzes the thermodynamic
hierarchy of waste heat sources (high-grade: >500° C, medium-grade: 150 - 500° C, low-grade: <150° C)
across production processes and establishes a "hierarchy-technology-application" matching framework. Key
findings include: (1) High-grade heat sources (e.g., LDG, molten slag) are optimally recovered via CDQ and
HRSG for power generation (steam: 440° C/120 bar); (2) Medium-grade sources (sintering exhaust) suit ORC
cycles (efficiency: 25%); (3) Low-grade sources (cooling water) require industrial heat pumps for temperature
upgrading. Critical bottlenecks are identified: (i) Data-decision gaps necessitate Lagrangian tracking and e-CPS
for dynamic optimization; (ii) Material-energy flow decoupling leads to exergy loss due to grade mismatch; (iii)
Insufficient flexibility hinders renewable energy integration. Case studies validate that cascade utilization
reduces energy consumption by 26.08% (4.87 Gl/t-steel) and CO, emissions by 50 kg/t-steel. Future work must
prioritize multi-energy synergy modeling and economic enhancement for zero-carbon transition.

Key words: Iron and steel metallurgy; Cyber-Physical System; Waste heat recovery; Cascade utilization; Heat

Source Grade; Hierarchy matching; Steam products; Exergy analysis; Synergistic optimization; Source - Grid -
Load - Storage;
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FELTH K AEAE BRI RN SE s 2K, AR R FER—ATBRARIEARMEH /7, BRaRds A B0 He A g
SRR R LT I e A, IR W B IEAR BT 52 (AL 0 7 A7 PR3 AR R SR bt EL R TRLAT
PRAZENIE DN RERESTE, R, SRR I IR BAAK, B AT LA
BOER G JRIELR ML A i o FELTH AR MITRT B, Ftbll 7 (] 8, A AR . (HAE th TR K
ILUE RIS AT, A2 HHEILET 0 R A0 A 2 M S G < B AR R T IS R 3 NS SR — IR B AE <
PEAEARI, SIS LIRI R 32 HRIH 38 20 kark BRI IR 73 ST AROR TR ARAMINIR

BRI SRR B AN S, IREEA SR AR 3, A I ST IR AT
RAE, R AKIA S ST R UIWOR T, T ke R AT 1 R A SR AN IR K
FA A= R IE ARG, BD B RS BAA TAEAME RSO T, &8 R e s K T
YEo PUNRAEAE IR S BEATWIMIEAC, B LUK S50 B HAS G 72 A it s 3 AR CR A
TR . B BAE K T H B AR g HEAT 70 AL B, P DUB AN RSBl R, I H K 62
IESRPLAAR, A RBERRR R AR L e 8, P BUERHAT BRI T2 i AE)E
BHE A5 o

THRRAAATT A, EER TSN T 28R 3T/ INUBR A8 S AR A Aol
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BORAIELE R T30, 0 TSR A P Ailk DU KRB A2 88, B BCR I > 5 B il AR 7 5K

H AT L T ELiE KK 3, BUOAFELIEARKIEMR, HIaiT Rerell; %=L, o
LAY — IR PEBCBE A I HAGE ARRCRAKUE, R BRI EE =73, R ITRET 17 5 =
7 REER -, 5EAEIONA VRN BAE K TRE TRIHE, 8T R e
[l SN T Wb, JF BN TIsATI . WHRRY, HIRTHRIORKGELE 10m/s I, SR IIAS B
TR 1] S5 H KL 2 100Pa BL L. S ANES Al IR BEAR B3 s LL R, B sl eaiblon,
W RGN L 28, I HR TG KN ECEASMLNE, Pl ERAE a4l IR A RS2
T IR -

4. ®it5MA
4. 1 R BEBE K RKFE SR

YL VG SR PR AR Al [R5 25 M SR F @ pE ST IR B, &R IE RSN ©160x4200mm,
3t 990 Z5UEL%, 11 KPR H— Ak, JEEEE PEXGETE R 0.8m/min AT 1T T — ANk R
o N JEAS A TR S A -

Q :11=3.14%0.16%4.20% 11x0.80x60=1114m>/h=0.3 1m°*/s..

ik 7 1R — 5 Pk B JE S UAE 100-200 T-Fb(ms), WitiEE 150ms, M 150ms FMHS B E N -

Q150ms=Q :+%0.15=0.31%0.15=0.0465m>/150ms

RIE RIS R, Bk R B RIS A B A& 2-3 £, A Rl RIS AR R . T ikt
IR A -

Q m#=Q15msX2.5=0.0465%2.5=0.11625m%/150ms .

B Fk R 1 5] S R A L R SR 1 3 A, B RIS K R TR & 0.11625m3/150ms
PSR, AR A ik s FE S A -
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4. 2 TRER LR E KT RIKFESE

IR AR IELE, BRSPS R AR B AN T AROA
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BT 120/m> HUEL,  JUREA Rk e I 5o 2 P 5 9
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B ik B AR B
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JELSMBEVEAE T 77« R 77 T 2R DA K I K [ i i S R b e PRI A e 4T 4 RbE K PERE )
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PERFOE I KT R TGN A4 4R, HEMARTAESRRIZEEMRL, IR s s K, 8
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FRIRERE TR (Rl AS NP A28 & BRSSPV IR RE 0T S5, &8 DEASRE I (E
JEJIME S R ) BT AR I > R > s A B R N B S I > A > R
A, RPN 0.5m KA BIH KA. EAHFBIRSET, &RIER S EGLT 4EiEsREmIG(EE
JIAR AR IAAR R, (ERE TR U AE I 7 R0 B R ) I P AR T AL e 4T A4S I $EAR IE 52 S
B 15 T I s ) AR IR FLATR 350 A2 e 45 I DI AR 5 A% G AT 4 DR AR ORI W 3B R R 3R A M Ik
FE N 200mm,  f MRS (A28 100ms.

ZEHHEEAE (ke B IR R ATE K TERE) 1451t MWL TN 0.4MPa B, &8 KJELR
TEMIRALAE 104 124 16+ 20mm B B EEMT VR 255371 9 200 200 200 1 160mm; 73 A2 38 2855 2K
BRI EIEELET, WKL SN 0.4MPa. WERFLAE N 16mm Al AEmiER 5 200mm NE &
KR BMIGE K SE; (ERMSEGRA T, &E KISy ) (I BE 08 S 30 |35 >
TNEE >R ERE AR, I AR s AR, (KT 300Pa, A
B KGR

FERF L FE R, % DLNBE R JJ 088 NP TRFR: Humphries ZEF AR, ZERBRIELR 60%1H;
A, UEEE SJUEAE N KT 300Pa; ZeSC Pl SEIG R B, &)@ JE RS M EE I /7153 300Pa I, 4R
MG K, 5 Humphries S50 7R — 80 FI0@SEHE 0K I, S0 EE & JJUEAE K T 5282Pa I 2> i&
FCIESSHE AR, Rk, JELR0RE K {E— M BLIE 58 7E 300~ 5282Pa X [H] .

5. Z5iE

SR IELE R AR RERHE . T ARHER I E KBGO T, BORBEMR TIa BRSO 74 55 AN a) 54X
FIFERT. SR is MR ML B &40, SEGNAYEIIRA BEBIRZE R, AHANAT RS
5 LB AN R A URE B 250 AN [ R bk S P A -

ARG YRR AR IO N I EE , S e R YR AR, R S e m e AR BRIk /7iA 21 300Pa It
A REARGE K, I HANEEIS T KT 5282Pa it IR RIS @ Uk iy ikt S /7 0.4MPa.
MR FLAE 16mm MR R 200mm A& KIERMRNEKSE. RARISE0iL T &8
PEAR ISR RS ORIEH T, A REMRORIESRIE AR . IR PEARMH A1 A7 iy AN s B R8s R G 1T AR
SENE -

fEEM A RS (1972 , 5B, JUK, iR, SRITEM, BUIRT L REEEAEHERA
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BEHL:
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B OE: AN TET RSB EMEREBAR (TCES) MBRBIRIL . NHIE w1 R FH7E MR 2 s 4
SRR o B R D AR B R T ) L A ) BRI, R AR I T REIA AR AR A
BRI B AR LA B K S ARSI 1 e B R v T FA BE IR BOR AL 2 RE TR R R, R i T 1% 4t
RER I AR IR, 5N T B AR RERORE MR kT 58 o $RIT T TCES RGN TARIR L, fifi 1A &
HEFEA C/CO2/CO ML S W I FEAE Fe Pt il I RE A BE A 70 » f5c ) X TCES BORTEAN AT M Fig 2
RSN AT R BEAT 12

KR ALEMEREROR, AR, ERIBURABICEAR, SR FEREOR, LR

Application Analysis of Thermochemical
Energy Storage Technology for Carbon
Reduction in Steelmaking Converters

CHEN Chen, LI Jiawang, SHI Guang
(Capital Engineering & Research Incorporation Limited, Beijing 100176, China)

Abstract: This paper analyzes the application of Thermo-Chemical Energy Storage Technology (TCES) in the
field of ultimate energy efficiency of steelmaking flue gas and converter gas. Converter gas, as a byproduct in the
steelmaking process, is an important secondary energy source, and its efficient utilization is of great significance
for energy conservation and environmental protection, safe production, and reducing the cost of steelmaking. The
paper outlines the high-temperature thermal energy recovery technology and chemical energy recovery
technology for converter gas, points out the dilemma of traditional energy recovery technologies, and introduces
thermochemical energy storage technology as a solution. It discusses the working principles of the TCES system,
the selection of energy storage systems, and the analysis of the C/CO2/CO thermochemical reaction process in
the medium-temperature thermal energy storage of converter gas. Finally, it provides a prospect of the
application and commercial prospects of TCES technology in the steel industry.

Key words: Thermo-Chemical Energy Storage Technology, Gas, Full-Temperature Range Waste Heat Recovery
Technology, High-Efficiency Cooling Technology, Specialization, Refinement, Peculiarity, and Innovation

BREGTIERT ARMEXSHREDRR

B, B, SHE, AL, RER, B, TrAFE
(PR T 2A B E IR 5522, W AR 450007)

e

BE: S nbe s P B OB AR B R RBE R 12 B 7 A K R S8 R B IR R M A LA
“Y) (VOCs) HEil, HAN R, Bfkeke. Wik, ERME, B ERHE VOCs, —IERsEmEt
WEW, X RSB AR R ™ B SRT, BUA T2 R T ARG BEOR, ERML 1 hedh
R SRR A B AT BE R ) VOCs HEALSAALTE 1. AWETE LU SR e g < e 1 vOCs BRAL &
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Y, REWBAEA 3 MARSET 1, REHEHLMAMTROMER. 45REH, ARST 0P 3E
IR TE R #2257, 0 FR AL B AR PRI 9 YD>BG>JS, YD § A FeOOH Jy:# 5hAH, HAHE
LRI Fe?/Fe3 AL SRR FLT-0f BLRGR IS MRS HL 2 S8 O FROR AL S AL g

RBIF: RRAM ML B PR

in situ Catalytic Oxidation of Toluene by
Iron Ore during Sintering Process

CUI Huandan, XUE Wenbo, LEI Xinrui, ZHOU Wenlong, ZHANG Zhiyuan,
LU Shixiang, LI Juexiu™

(School of Smart Energy and Environment, Zhongyuan University of Technology, Zhengzhou
450007, China)

Abstract: Iron ore sintering process, featuring of high dependence on fossil fuels, produced substantial quantity
of volatile organic compounds (VOCs) emission owing to the unique negative pressure combustion character.
The VOCs composition of sinter flue gas is complex, including alkanes, alkenes, aromatic hydrocarbons,
chlorinated VOCs, dioxins and other highly toxic compounds. These substances pose serious threats to the
atmospheric environment and human health. However, most studies focused on the end-of-pipe sinter flue gas
treatment technology, while neglecting the potential catalytic oxidation capacity of the iron-bearing materials
during sintering process. This study employs toluene as typical VOCs of sintering flue gas, and three distinct
types of iron ores sampling from steel plants were taken as catalysts to evaluate toluene oxidation performance.
Results showed toluene oxidation activity of different iron ores varies significantly, following the order of
YD>BG>JS. YD ore exhibited more effective catalytic toluene oxidation performance owing to the dominant
FeOOH phase, thus generating more oxygen vacancies, Fe?*/Fe3" redox pairs and surface active oxygen species.

Key words: sintering flue gas; catalytic oxidation; iron ore; toluene

BERAT L R TR 5 S =z —, RIS 2 K05 G B =k . BRE A e ah i e
FRRKIMFEGENNEE TR, 2 Al R B EAR R s o s e e P sy T
W, HIRASHEBE TS 4000~6000 Nm /b3, i F6b 6. R s BRI, (EARARL. Tl i et S
o, RS RRIL T LER R R R IR R TE,  Besh R E R SRR BRI A sE A ke, BAK
MR Y PR FEORRARES AR B2 SSRGS, PP AEEREAEY (VOCs)
HEAR ST, 3 - Rt FEVE B 7K B 2 57 AN AT ML RS B W RN Bk 44T Mk VOCs SEHERGE N 25.4
i, feghit FE VOCs MIHERE 29 HAEAE P2 TR 69.6%(0; KA B % SRR Ak /A HL X (2l
TUEBEHX ) AN VOCs HEUS EL T . BAT R I ABMHE R R v ( A KA [2019]35
) ) AN VOCs FIHEBR R TZIH

RREEN E B ALY, BA M ERAFEN S TR, R miikess i fe e gh R
JZr742 VOCs [ RIS DA SRTE RN 1 3R T A [BIIEPEAL 55 R A2 JRAL () VOCs AL SE LIS RR . 2R1M,  HH
Tle s i FE O 4 M NAE 2R IS e S5 WLYR Sk VOCs HEBUR RIBR T, Fegs it F210 VOCs AL FE L Tk
KA

BT LR BRI, AT 5T DL 2R E e 5 R B AL VOCs BRBML &), REESERRREEHN £,
RS T FLAE A FNR X 2R A A A e, IS M RLRAE (XRD. XPS. Ha-TPR. O2-TPD.
TG-DSC) , #7n |80 A BRI S H 2R A S A PR RE 2 TR DR R, R b R <o A 42 11 R0 R g
IRHEPR AL VS AR

1 SEI0HERS

1.1 SEIS JEOR)
ME NN KA 3 PRV (YD. JS M1 BG) , AFFERE S bk g i AR =i R i AL 4R
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AR, R A RE SN 20t 40 H 74y, ASEAT HAh FiAL R

1.2 EALFIRAE

T Z R RERAE T ERT A AR AT, SR X BRI (XRF, Panalytical
Axios) M A EE LR RS E, KA X HEATHIC (XRD, Rigaku RINT 2500
TTRAX-IID X 1) 5= B G AT 70 A, dlid X 46 FREIE (X (XPS, Thermo Fisher
ESCALAB 250xi) 7 Mkl A IR T RN, @i Ho-TPR Al O2-TPD Z3 T8kl A [ S8 A8 i 14
REANIEPE S Fh

1.3 B A E AL B Ry

DL ORI A, R [ PR N 28 0T 720 A 1) VOCs fECEALTE . BV AT, K
100 mg SFFAE AR E T HE 10 mm FPA TG, b, W EoE A i S . FHARS Ak
I UKOK IS F R G AL SR BL 1000 ppm (& E W EE AT 100 mL-min™ fOE 2 Rl it 4h, it
ST (GC1120, Fe#&FGEFALyD e Bk 10 A 9K B A — S b=

H R (AL SRt A (D) TR AR 2

CEF' . in _CEF' 7 ou
nqa%:ﬁxloo% (1)

R TR, Copp, FHE TR AIRIE; Copp, HE T AR
IR T CO L 3 120 SR ()3 -

T]coz — [COZ];St_[COZ]m x 100% ﬁ(Z)
FI 2K, in

H M0, W COL MR [C0o]in NIEFT CO2IKRIE s [05) gue NH T CO2 L C gy g NIHETIIRIE
7 N IR R T

g{: N N
2 R 58
21 By REAHER
2.1.1 JTRGHT
R 1 FES%Y A XRF MG R.
Tablel XRF analysis of different iron ores.

Samples Fe Na Mg Al Si P S Cl K Ca Ti Mn Co
YD 93.182 0.050 0.159 2.418 3.589 0.055 0.023 0.047 - 0.100 0.143 0.046 0.189
BG 93.684 0.055 0.156 1.921 3.067 0.063 0.051 0.042 0.050 0.591 0.107 0.165
JS 93.968 0.082 0.387 0.230 4.859 0.033 0.039 0.033 0.026 0.272 0.023 0.047

B AR A S P R R ZE 5, AR BRI PR A SRTIAERAL S 5 DA R R 45 4
SRR EVEEEL, £ 1M XRF GRERE, 3MET AT EFEENESETR, LhP8ocR b
K, BnESEIFN: IS (93.968%) >BG (93.684%) >YD (93.182%) . ItAk, i 4.
i K BEIGERMNARBAEESR, BrRAEZEFEK (YD (2418%) >BG (1.921%) >JS

(0.230%) ) , FAJREXTH VOCs AL EALTE TEA — 5E 520 .

212 EIELEH KB A RAE

a b

Intensity(a.u.)
Intensity(a.u.)

FeO[OH) POF#28-000-0223|
1,0, POF#00-05-03 )
10 20 30 40 50 60 70 B8O 90 200 400 600 800 1000 1200 1400 1600 1800

26(degree) Raman shifticm™)
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1 $k8 A XRD i%[E (a)F Raman % E(b).
Fig.1 XRD patterns (a) and Raman spectra (b) of different iron ores.

TR X S ERATE TS TR B AL . B L ATRAEH, RFE AR R
SE R RS ZE S, IS HTE 35.4°, 43.1°, 56.9°07 B H L FIRFIERT B8, 55777 R (FesOs,
PDF#98-000-0294) PArHEATHHE S (311) (4000 « (511) SHTAENTN ; BG A" 24.1°, 33.1°,
35.6° I RFAEAT S0 0 SI6E B T 75 5 i R ARERAT (a-Fe203, PDF#01-085-0599) [0 (012) . (104)
A1 C110) #4110 YD W 7E 21.4°, 33 2°[RHIE N 5 1EAS f R EFERE™ (FeOOH, PDF#98-000-0229)
(1) (110> F1 (130) SHHIAHXS N . XRD 55K, YD § (R EXMNEIEN, BG B EEYHN
IRERET, IS A E R M. sEAh, IR AR S A SiO2. ALOs ZERSy, 5 XRF
R

RIRGH A IEH 5 Fe-O Ml Fe-S #, KM@ uilkidt— DX A AL =8 6 TR AE, 45
HE 1 (b) Fin. YD HLE 300, 390, 550 F1 685cm AL FFAEIE 23 5%t T FeOOH (AFH:0)
5 Fes0s4 (BEBN) MMAFRIRENEN . b, f208 685ecm A HIIES FesOs [ Arg RIFRF4H
PRENE R, 390cm AL FJIEXT N, FeEOOH Z5#H Fe-O-H I #hikzh. BG W fEh: 25N 225, 410
AT 1320cm "4k FIUEE 73531 %53 B F- a-FexO3 (GIREIT) A FRITRENAE . Forb, 1320em &b 06 A 7Rk
WA LOa A7 HIESgRshM . IS W EF 20188 670cm ' [IUEXT N FesOa 1) Arg JRENE. %
MARSE R EK W, BGH LA AT, YD B & FesO4/FeOOH JRMSE K, 1M IS H M LA FesOs A~ T,
B4 78 7 XRD IR B

21.3 RETLEME

Fe2piz

Intensity(a.u.)
o
Jn
Intensity(a.u.)

“\gs
740 735 730 725 720 715 710 705 540 538 536 534 532 530 528 526
Binding energy (eV) Binding energy (eV)

2 FEIEH AR XPS EE: Fe2p(a)Fa Ols(b).
Fig.2 Fe2p (a) and Ols (b) XPS spectra of YD, BG and JS ore.

R 2 TE%N GHYREITEARR.
Table2 Surface elemental composition of different iron ores.
Peak area

Sample Oour Ot O Oads/(OadstOrar) (%) Fe*’/(Fe*+Fe*") (%)
YD 156510.3 474628.4 148228.6 75.2 71.7
BG 160605.9 233819.9 217038.5 59.3 57.5
JS 160543.9 114019.2 139268.6 41.5 66.1

QTR RIR T XPS T4 R o a: @A b: RMEWPISA: o FBILAKTE M & AR EER. D

NI EA R A RS R T CRANAS, X 3 A AT X RO TREE (XPS) 0 #T.
ME2 (a) ATELE H, Fe2psn il Fe2p12XPS JGil 4 v 402 712.5eV Ml 724.4eV, 43 mll X BT Fe*
A Fe3 12131, =) Fe?" LMl n] i A S A S S AR I BE 2B PE A A, AT NG Fe?/Fe S fb it J5
PRU4L, 3 g 7 Fe?/(Fe*+Fe* ) EL Bl o5 71.7% (YD) | 57.5% (BG) #166.1% (JS) , YDH E
HHE U8 R RE
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Fig.3 H,-TPR (a) and O,-TPD (b) profiles of the iron ores.

% 3 H: B EE (mmol-g )5 O Biffi & (mmol-gm).

Table3 H, uptake determined from H,-TPR analysis (mmol-g') and O, desorption amount derived from O,-TPD analysis (mmol-g).

Samol Total H ’ Ha-uptake Ha-uptake Ha-uptake O,-desorbedT < Total O,
amples otal consumption
P 2 consump 300-400°C 400-700°C T>750°C 330°C desorbed
YD 1.1 15 96 R 0.177 12
BG 133 . 1.5 118 0.125 0.9
IS 10.0 - 1.8 72 0.015 02

TEALFII IS JERE 11 AL B BRI R B S5 WK 3 (a) Fiown, ANFAEE A1) Ha-TPR #hZE
PIa o NARIR (300~400°C) . AR (400~700°C) FlEEEL (>750°C) - YD B 347°C Fik JR I Xt
NI HE Fe¥ 3 Fe IR JE, 720°C & JFIEXT MR K ZE R Fe* 2l Fe* ikl HTA0F 5+ VOCs
AL AN IR E 150°C~550°C 2 [a], #i%HL 400~700°C [X ] fFEE &N E BN fabr. &3
N i X A SIHFEIG O, L E 400~700°C i 2 X [H] FFE S E Y YD (9.6mmol g') >JS (1.8mmol
g!) >BG (1.5mmol g") , I YD HAHE L 1R EED AR E L M REMEL A EE ), &
W JF TR AR R R, SRR 2 3, FER IR R AR R

02-TPD M. | AR FIE R RE /) R AT o AitE oL, w3 (b) AR, o B
y UGG TN I SR THT W B AR 3R THD AR A SRR A AR A SR R I B AR . 6 YD B, R IR B SR e or
T 250°C &b, TR TSR EHEIE AL T 504°CAL. BG B3R EIR PGS T 204°C Ab, Zif
A SRR AT T 495°CAb . S5 SRIH, BG B2 I W B SR A% 8B TR B 91K T YD B4
XU BG A R AWM R G KA . MR 3 TG, YD W AEMRIR T A2 Wk B 4
P (0.177mmol gV M & THALY , XERPHRMATNHEEEL.
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Fig.4 TG-DSC curves of different iron ores.
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B 7K L B A RRIR £ 3 o E 250°C~320°C it FE X [ 6.7% B H B4 2%, FIHEIE T YD A R I
Tl RIRE AR B30 o A SR AT HH o IX 5 DSC Hh 28123 5 [X R) HH B W A AR B2, R BIAE YD /T 7E T+
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Fig.5 Catalytic oxidation of toluene by different iron ores(a); corresponding CO: conversion (b).

RYERTHATT T 25 5, SEPRegE i fE t 150°C~550°CiHR & X 7] /& VOCs ) 5 F A R X ) 1o- 201,
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EEvEM. Wi 5 (a) Fiow, 3 Pk o) ORI AL R I B S I SR S T i e, P YD ™
Tso A1 Too 437314 304°CHN 385°C, BG ™ FJ Tso A1 Too Ay 336°CHN 448°C, JS ] Tso A 496°C, Fe20s3
] Tso A1 Too A 328°CH1 389°C, Fe3Oa ] Tso Al Too Ay 325°CH1 393°C. LA W, YD # A I &%
FER RSB RCR, BARTETEIRF N YD >Fe203>Fe304>BG>1S.

CO2/"% (K5 (b) ) GHIRFEAARMEBARAGRRE . MERNIRET &, HRELR
B ETE, COr = RMPEZ I, YD B CO2 f=3AE 550°CHI LLIAH] 98%, Mttt BG # 1 JS # CO:2
PRSI HIAT LA B 92%A1 66%, Fex03 Fl FesO4 35N 96%H1 95%. kA, YD W LA COa (1)
Tso (339°C) F Too (534°C) LI 5 (a) FEALEAF RIS Tso (304°C) Fl Too (385°C) & | 35°C
F1149°C, KN A R IAA1E AR 220 1@l = e,

222 R
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Fig.6 Effect of space velocity on toluene oxidation by iron ore.

SRV HEA AL AV E RE BB AR, 0 T SEBR I SO R R RE L et s AT =)
VOCs BN HEREE ., I 6 ATLEL, AFRASHEFT YD 5 HERR AL S E R T
JSFIBGH f. 24 WHSV H 30,000 mL-g"-h~'F}- %% 60,000 mL-g*-h'B}, YD L EIREIIE T T
B, g REEALZM 95.1%F% % 85.7%. 24 WHSV i& 3] 120,000 mL-g'-h )5, ALK 83.2%.
VLG SR I 2 O R AL A RE A ORI 0 5 380 T S o i P R T Ak
HR 78R L, [FRHEE D, SER RE AR R,
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Fig.7 Stability test of different iron ores.
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Green Asset Securitization of Major
Energy Storage Projects in Steel Plants

WANG Xueyuan', CHEN Chen”, LI Jiawang’, SHI Guang’

Chengde Jianlong Special Steel Co., Ltd, Chengde 067300, China; 2. Capital Engineering &
Research Incorporation Limited, Beijing 100176, China)

Abstract: The steel industry is closely related to the realization of the "dual-carbon" goals due to its high energy
consumption and emissions. This paper focuses on the "major energy storage" assets in steel plants, such as gas
holders, heat accumulators, and energy storage batteries, and explores the feasibility and paths of their asset
securitization as income-generating assets. By analyzing their diversified revenue sources (including internal
energy savings, external energy sales, auxiliary services, and carbon credits), and combining with China's green
financial policy framework and implemented cases, a pricing model for asset securitization based on the income
approach is constructed. The research shows that through green asset securitization, the "major energy storage"
projects can not only effectively revitalize existing assets and reduce financing costs, but also promote the
transformation of steel enterprises into energy service providers, providing an innovative financing paradigm for
the green and low-carbon development of the industry.

Key words: Energy storage; Heat storage; Asset backed securitization; Green finance; Energy futures; REITs;
Energy Management; Gas holder; Heat accumulator; Energy storage battery revenue; Carbon credit; Power
auxiliary services; Virtual power plant; Climate bonds; Green bonds
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Technical and Economic Analysis of
Wet-to-Dry Conversion for TRT Power
Generation in Large Blast Furnaces and

Optimization of Financing Paths

Abstract: This paper focuses on the economic evaluation of industrial energy saving technology, comparing the
investment payback periods of two modes for the construction and transformation of large blast furnace residual
pressure TRT (Top Gas Recovery Turbine) wet-to-dry evergy saving and power generation projects: selling
electricity to external markets and selling electricity internally within the company. It also explores the
investment returns of blast furnace gas TRT power generation using Net Present Value (NPV), Internal Rate of
Return (IRR), and Investment Payback Period (IPP). The results show that the payback period for the external
sales mode is significantly longer than that of the internal sales mode. However, both modes have positive NPV
and IRR values higher than the industry benchmark, indicating good economic feasibility. The paper further
analyzes the Asset-Backed Securitization (ABS) financing path, pointing out that securitizing future stable cash
flows can significantly shorten the capital occupation cycle and optimize capital utilization efficiency.
Combining the framework of green financial policies, the paper proposes an ABS financing plan based on
electricity revenue rights, providing an innovative financial support path for the green and low-carbon
transformation of steel enterprises.

Key words: Energy saving tech; Economic analysis; Industrial economy; Green Asset-backed securitization;
Green finance; Power sales mode comparison; CCER; ESG; Project evaluation; Low-carbon transition financing;
Financing path optimization
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BT BOR R RN BRI 8 28 0 A

FRK TRT M R TRT R KIFFEHRE

TERARE T AR, TRT B4 A 5010 R D3 R I 4™ AR B A Rk 5 B = i B <
B deidat TRT ML 3568, T30 TRT R4 LFAFK I HIE Ak SIS KX, Hoh T35
AT BRERfEA K, gl TRT ISR ™, 5 K R K%, g 1

Fim T2 TRT ZEFME 5 T B A 3
%1 FRRTRTRGIME M &

T IR FR TRT R TRT

EEATER  <5Smg/Nm3(EETIREBD) <10mg/Nm3 (FR%4&i5i%&:A3030)

S

KFE BIE, BAXLEHEFEKER. BE, FERSKERMEKLE, BNTEE.
Rk AbIE TERKLIE, "D THEMZF i, FEQIEREREK, HEINT RIBRAFTEREL .

SAETRE BENYE, TEKTE, BEFROERE, TAKTR. FERKCEER, ATREBMAREAR, MFEERES.
R

255 PN, 30 TRT X HEIR A& & T 7K 5 /)?Ez%ﬂﬁﬂf%%ﬁ?kmﬁﬁﬂﬁli, PR E TRT
i G = _Iu[?:“t]ﬁq:é%ﬂi‘tllﬂ BRI T HEm R mE™, R T m R R RE, SRR
Xai A mE

FR TRT ¥ B R TRT RS R BB 5HT

HURARIR CHRER A A ARG P LU AR B HARTE) %, TRT M
U DAL A 5
W =G=*AH
_ 9 A
“3600 R-B, ¥

AH = C><T><{1( )K}/fd
*E?E/ﬁﬁ%ﬁﬁTRTE’J EHLIh R T BRI SR I RIE T 2% - DR EN R RT

3000m® ) A, FEMASEEFEESE (55 7 Nm®/h) « PIEE (155°C) o A4 (0.235MPa)
TRT ) ENLEH IR FERR T S S E 57 I8 LN P USIZ G S TR S
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S K ARN L A A AF 354 2:
2 FIEATRTIEE L BEMEREXTEE
F3 TRT B TRT

;A 78 B

LA S E PO MPa  0.101325 0.101325
*PIRE P1 MPa 0235 0.235
BENORE P1 MPa  0.225 0.205
BEEORE P2 MPa  0.015 0.015
RENORE Ti °C 150 55
BESRE Q Nm’h 550000 550000
HENOEE Pl MPa  0.326 0.306
BRESHO%E P2 MPa  0.116 0.116
ERARY K 1365 1365 1.365
REIGRIIEEE fd 1.000 1.130
TRk AH  kjkg 106 88
RERE G kg/s 212 213
BELHEHIE Nw MW 184 153

MFE 2 HEAARRZWH BT AR TRT™Y, HF{ TRT #K& BII% 18.4MW £iE TRT 145
KEINE 15.3MW 1] 120%, RIEIEE KZEaEF8dE, Tl AE CRITAZR) SFHEM 2N
0.65-0.75 JC /kWh (& IEAREZE Lo BN INEBCEY) 5 EERAREALRS []—4E TRT & HLEEA
8000h, W] DA 43 HAS 24 K HL g AR R FE FEANY M R A Z TR 3 Tz o

%3 MEat ETBRSEWEAR R

LiH Bfr  FX TRT @ TRT
REBINER MW 18.4 15.3
EE(TRIE] b 8000 8000
FRLHE G 1224 24.8

EBNE T 0.6570.75  0.6570.75

) _ 9568711040 795679180
BEREEN AX

M3 3 AL TRT {22 T e iH A R L 22 1612~1860 37 » IX 70 HAY Z2 A e T
H ARSI gipt i ol H

TRT ARG KT BB EITEE

TRT BEHESUER 7 K%

TRT RGWWST RGNS B A aE 12 TRT LR AL, PR B0E 175 22 4 A IR B
ALt TRT EARBCHIVERERFE . JLUC TRT IBXCT REUE T 2T URPR A R4 (BFS
RG) MIEADGEENBEME, X5 BORN B A B, (R T LAREBY TRT 58 K AT S5, (A
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et S A TG, E R TR B A S, PR S TRT & B8 T/ 3R B AT
TRT WHESGER FZ1THH

WP LA 25 H AR b A2 18 BB (Net Present Value, NPV), W#5UA 75 % (Internal Rate of Return,
IRR)" 15 % [l (Investment Payback Period, IPP)™, IXPiM3 BIARTE T 78 8N 5 il oy
Fom R I IE (BRER SR RNED Bdexiiiaitatr, CLRRBLTH 3 S8 “ WIESRF]
Re17  ANSZHMRIEAEI S 3 5o, BRI B A o R FAH T as 48 As o 7E T3 H vP
WEFHAEAPIEAW: % NPV>0 H IRR>TAEMERS R, W H A B&EL5 T . ik 3
Fr7 2 3200m3 SR R T NPV, IRR A1 IPP B 5.

4 IRTERTHRARRITER

Y\ 1% R EEA
g %I {E(Net Present Value, NPV) P ERYS 25 Z (Internal Rate of Return, IRR) (Investment Payback
= Period, IPP)
NPV=3Lo o
i E NCEANE C EBUERE (BEHAE vpr-0- 3, 1PP=—
ax B HMEE  ORREEER 0 g vpv-o poiE IRR LA— AR A
g AT AP
1. FHarelE = HERNEFENE
= (1612+1860) 2=1736 AT
2. FHERNERE (NCF) = FHEML
= x(1- FRBH 1. iRE i=11%: NPV=-9000 + 1302x7.1909=-9000+9363=363 F7

4 F)=1736x(1-25%)=1302 AT T
£ H 3 JHEMREEE (=0) =-9000 AT 2. iRE i=12%: NPV=-9000 + 1302x6.8109~-9000+8868=-132 IPP=9000/1302~6.91
#X 4 GIEES® n=15 F, EHERHER AT

i=10% 3. #R{EE: IRR=11%+363+132363x1%~11.73%

5. FEIERE (P/A,10%,15) =7.6061

6. NPV=-9000 + 1302x7.6061~903 5

JT

1. F%WEHE (NCF) = FEBENE

FI9E =1736 AT (BEEFRBH, B

FEER AT ES ) 1. iRE i=17%: ELMERYK (P/A,17%,15) =5.3241; NPV=

2. MMRIE R (:=0)=-9000 ATLGE 9000 + 1736x5.3241=-9000 + 9242.64=242.64 77T (>0)
A B 2. RE i=18%: ELIMERY (P/A,18%,15) =5.0916; NPV=
£ B 3 DEES =15 F, HRflHEx -9000 + 1736x5.0916=-9000 + 8839.0=-161 AJTT (<0) IPP=9000/1736~5.18
B i=10% (TdEHE) 3. fEE (B i=17% 0 i=18%) :

4. EEIEERE (P/A,10%,15) =7.6061  IRR=17%+242.64+161242.64x(18%—17%)~17%+0.601%=17.60%

(BR)

5.NPV=-9000 + 1736x7.6061~4204

AT

WIEL 4, ZELTHHPLEAEE NPV >0, IRR>ATAVIEAER S R (TR IE AR S RN
8~10%)"", BULABBAME. ATIHIE IPP>5 4F, SRMILA M IERES, 978 phik i
ARG e Al B G FH 2R AR AL B ) o

T E BB 7 R

BPE 28 Al 55 TRT B R ECR, H2 2% IR 3 Bt BRI (IPP=[5.18,6.91) i, *fT
NI E PG AL . Bk, MRS AL 5 A8 R M BE, A% 53 Bk B AT i 55 5 22 DA
PRI T B 4 I R BB R 2T 8577 CHHIES: (Asset Backed Securitization, ABS) [f]
A (RIFR ABS B JFAEMOBECR RO KA, bl “H% O A K s s kA e I
S UL, S SFEAT RIS IR W 2 T R B B S N I RR SR X TXAME R (K
B . ABS Rl AT DA SR B3 TR X0 B CREIRIAY)D , ABS BB ST B
%?&1& ?S{é‘ I]\IPV FIIERZAER IRR A Ei R, ABS RSSO H T R S R AT
IO =R
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MEBERFERE ABS BhHE K= X

75 78 SE PR 5 o FH A3

MAMERHEBIUT, B IRR=11.73% (& T2AEIREE % 10%) « NPV=903 JiJt (AJ47) , {H 6.91
R ERE RE T G 7 4. @i ABS ¥Rk 6.91 FERERBRIBETEEAT, AT
[ 9000 J5eHIUaH%E, SEPrt 4 M 6.91 S Eav 4T A Ga% 3-6 ~NH)
T4 BE A KT

XA EREUT, 518 RO EAE: 6.91 4Ff, {2 ABS U3l <Kk 5 F + MIEHR”
PRI, 456 NPV=4204 Jiot (EiiBEfE) , $ERTEMH 854 nl AN HAD IRR>10% HIITH ,
SEPR B4 B RHEAE

VLECTR B A 5 B e/ K

TRT Wi H iy n=15 £, mK BB (5.18-6.91 ) . ABS H¥f [ 5 ) 4 14
U AMEHLER 7-15 4F WA 6-15 4 $ERTdhl, #&EMENER =10% 15, X5
MERPBE DB ETE NPV H (4 903 JiJ6. TN 4204 Jio0) . @it ABS @l AT wilix
PRAE, T m IS, L NPV SEELRR, $RTFEE S AMME A ROCE,

BL IRR NSCHEE BRG] A

WAMER IRR=11.73% XfNEH IRR=17.60%, & T TV H AR ZE % (8%-10%) , iF
I H A AE e /. ABS Lk IRR X REILEIONIRZE B, S ETEH N, nI g
RATHRIZ GREBALGIERAE 12 NE 5D ST PR REE A, ST H B R3S .

AT BB Bl O 5 R

B RO R “BAS YT 2™, AT o6 FIUOH TS AR Gl ks . ABS i@
b B PR K [T A ) SR 23 45, Al T B [ A g NPV S I,
B SR Bl WO R Eh S, 70 B S shse i, e ANRE i SRl AT AR 4R BT, M5t 5% e 4tk

SER RSB RS ST

o Bl R [ bR b — Sk i B R F A B A E AN H — A s TR 4
PR FRHIES (ABS) & H EBURN K 73R4 4 mh TR . TRT W0 T 551 B i 5 fe sk
TR RERRCR S B EYE, ATHOANE NGB T S, WG SRETAR, F2 BRI AR
IR AR, G0 ABS HIRATIMAE S ABS 280l, {HEERZEER ST 0%/
ﬁIﬁ H o

orth ABS EMZ O TR ZER 2 ARSI X e T EH, HikaEmikIiZ o
H&E2%, FTERAANE. F BRI

35 FEABSWEHE DL PXTELER
s Jem B ijtAR

TRT REBATRURADIMNEEER (BB, RRS. £R) HRABA™;

B Ak g 2L
PR T RE A ST TRT B BPRT AT UL LS TEVIRE, IR AL EIRE .
SMBRETRAS BN TRT % H 34 RS (el 55 )

BAOTIHEMBSEE TRT XEMREMHATS5EE. BRSHERS T HRGAME™
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