P&CP 2026 G tRATEs eIt

25 - 28 JANUARY 2026
DALIAN, CHINA

\ 4
P&CI

PROGRAMME
S

International Forum on
Pyrolysis and Catalytic Pyrolysis 2026

R SECRGR
EfFERFEEILIE 2026

FRER FRAECF IR T FRIFIR W TIEmRA
ENVIRONMENTAL CATALYSIS ENGINEERING, DICP, CAS

KEMFEEREHRBR AR
DALIAN XINGHUAN ENERGY TECHNOLOGY CO., LTD




& PacP 2026

Towards a world using

only circular materials

B EY
Am B ¥




25 - 28 JAN 2026

DALIAN, CHINA

Welcome to P&CP 2026!
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We are delighted to welcome you to Dalian 3
for the International Forum on Pyrolysis and £
Catalytic Pyrolysis 2026 (P&CP 2026). 2
P&CP 2026 focuses on the latest advances and Prof. éongbo He
challenges in converting circular carbon resources such DICP

as lignocellulosic biomass and end-of-life plastics, into
sustainable and renewable fuels and chemicals through
pyrolysis and catalytic pyrolysis, covering the entire
spectrum from fundamental research to industrial
demonstration.

We extend our sincere gratitude to all invited speakers
for their valuable contributions. We believe this forum
will foster meaningful dialogue and strengthen 7
collaborations toward scientific and practical progress in i

the circular carbon domain. Prof. Erik Heeres

We wish you a productive and enjoyable experience University of Groningen

in P&CP 2026!
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Introduction
1IBI54R

The International Forum on Pyrolysis and Catalytic Pyrolysis (P&CP) invites leading
experts from industry and distinguished scholars from academia to share their expertise
and discuss theoretical and applied issues related to the pyrolysis and catalytic
pyrolysis of circular carbon resources, contributing to the circular (bio) economy.
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P&CP 2026 invited 30 experts from 18 countries across four continents, including

Australia, Belgium, Brazil, Chile, China, Denmark, Finland, France, India, Indonesia,

Italy, Japan, Malaysia, New Zealand, Spain, The Netherlands, Thailand, and South
Korea.
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Among them, 9 Chinese experts come from 1 Chinese special administrative region, 1

Autonomous region, 2 direct-controlled municipalities, and 4 provinces in China,

including Hong Kong, Shanghai, Tianjin, Fujian, Jiangsu, Shandong, Sichuan, Xizang,
and Zhejiang.

AP Al bPEAER,A R FPEAGIANENFER, 14088, 20MN04F
Fd A By, GisEE,. L, XE, BE. LA, W, HEAL,

We sincerely invite experts, scholars, business representatives, policymakers, and
other stakeholders in circular carbon domain from around the world to participate in
discussions on the frontiers of (catalytic) pyrolysis technology and to offer suggestions
for achieving net-zero carbon goals.

AN RPEIF R ARG EF L, FE, DRRK, BORLH ZH AR
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The International Forum on Pyrolysis and Catalytic Pyrolysis is free to attend.
Participants are encouraged to present their work in poster format to facilitate
discussion and exchange.
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Forum address
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Dalian Institute of Chemical Physics, CAS

¥ B A I K RS Y AT TP

457 Zhongshan Road, Shahekou District, Dalian 116023, China
ITHAREFTHT X P L3457

i

Accommodation

s XY

Crowne Plaza Dalian Xinghai
KEZHEZAMBBBE

60-1 Binhe Street, Shahekou District,
Dalian 116001, China
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Forum hall
iCIz&n
Communication Center
Building No. 17
LRPS (17548)
Temporary wireless network at the forum hall
23 15 i Wi-Fi

Wi-Fi/k5: NET2026
Password/% #5: 20260126

DICP Campus
KERFHEA AKX
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Topics
4 v 3

Biomass to fuels:
Pyrolysis and catalytic upgrading

AW RFIRA: RS EALRR

Biomass to chemicals:
Catalytic pyrolysis and hydropyrolysis

AV RFNF S B L Ao 2 AR

@ Plastic pyrolysis and catalytic pyrolysis

BH A5 AR

@ Pilot and industrial demonstrations
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Agenda
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Registration = #t
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Opening asst

26 January Room 4, Communication Center

Arrival of all delegates
ERe

8:15-8:30

Welcome address
E DT BRI

Special presentation for opening ceremony
T3k XA A&7 R

Tao Zhang
8:50-9:20 Former Vice President of the Chinese Academy of Sciences
Academician of the Chinese Academy of Sciences
RF
b EAF IR T K
b EAF IR+

Group photos

AN 24
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Closing imsst

28 January o
Room 1-3, Communication Center
15:00-1530 Summary of P&CP 2026
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Presentations
wInk
o Room 1-3, Communication Center

B4 aAsy e s N
26 January £1-32WE, AP

On-site Manager: Weiling Piao
B & coesd swe

Plastic pyrolysis and catalytic pyrolysis

Session Chair

Prof. Chunbao Xu

Charles Chunbao Microwave-assisted catalytic pyrolysis of plastic waste to

Xu L
-00.10- . . . produce aromatic-rich blendstock for SAF
O e, O #1 R S 1608 54 6 542 T 1 AR

et

E".k Heg res Improved H-ZSM-5 catalysts for aromatics (BTX) formation
University of

Groningen from polypropylene
! = - 7 X y 1 '”‘é
The Netherlands BPEH-ZSM-S AL AL T 7 s 1 %55 k2 (BTX)

Young-Kwon Park Production of aromatics via catalytic pyrolysis of organic

3 11:00-11:30 University of Seoul waste under methane gas
Republic of Korea T e AT A LR F- A AR ) & 55 I
11:30-13:30 Lunch -

Visit the DICP MUSEUM F#7 $ 4 3,

Gartzen Lépez
University of the Hydrogen rich gas production by continuous fast pyrolysis

4 13:30-14:00 Basque Country combined with in line catalytic reforming
UPV/EHU kAR O BRI E E A& F AR
O S - .4 N
Leilei Dai

Southeast Chemical recycling of waste plastics through microwave-
° 14:00-14:30 Universit assisted pyrolysis
¢ Bk AR R B A i AL I

Shogo Kumagai Analytical and applied pyrolysis approaches to chemical

6 14:30-15:00 Tohoku University feedstock recovery from waste plastics
Japan JRBAACF B AT 5 2 A AR
15:00-15:30 Coffee Break -8

Session Chair
Prof. Anthony Dufour 4

Anthony Dufour Controlling the conversion of waxes during plastic pyrolysis
CNRS, Université 9 _ gp pyroly:
with a reflux

de Lorraine R 0 7 ) 0 A A A AL

...................................................................... L
Yun Yu Formation and characterization of oil products from waste
8 16:00-16:30 Curtin University tyre pyrolysis in various reactor systems
Australia B R Z G R A N6 R il 69 £ s AL S = 44 1t
..................................................................... J|Yang
A Electrified Joule-Heating Mediated Upcycling of Waste
9 16:30-17:00 SnanghaiJiao Tong Plastics
University

. HCRF A TR BT R ik
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Biomass to fuels: Prese ntations
Pyrolysis and cofé::ly’ric upgrading i@ii%&%

o Room 1-3, Communication Center 27 January
F132WE, RRPS

2 On-site Manager: Wenjing Sun

2FRTA: I

Session Chair

Prof. Alberto Wisniewski Jr.

Alberto Wisniewski Jr.

Federal University of In-depth of the chemistry of bio-oils for understanding the

1 8:30-9:00 feedstock and pyrolysis process

SBerrg'zﬁ’le S RN T AL A A i 8 1 b R DR AR B e A i A2
............................................................. B

Gasification Technology in China: From fossil fuel to

2 9:00-9:30 East China University of renewable energy

Science and Technology,

China AR R AR K . KA B RAE T B AR R
9:30-10:00 Shusheng Pang* Biomass pretreatment and catalytic pyrolysis for improved
3 (NZST  University of Canterbury liquid fuel and chemicals
14:30-15:00) New Zealand A A TR AL B2 Ao AL AR ) & B IR AR R A L S
.............. 1010010530 e SO BB A B e
* Online
Session Chair
Prof. Zhifeng Zheng
Zhifeng Zheng Hydrocarbon-rich fuels production by catalytic upgrading of
4 10:30-11:00 Xiamen University biomass pyrolysis vapor
Xiamen, China & Wy R B A AR R T A AR 52 A AR SRR R T R AR

Corinna Maria Grottola
CNR, Istituto di Scienze
. . e Tecnologie per
=)y 11:00-11:30 I'Energia e la Mobilita
Sostenibili
Italy
Kaustubha Mohanty*

Biomass pyrolysis at Pymicolab: from fundamentals to
product applications
Pymicolab &£ 4 i #Ag 47 500 A EEE] 5

11:30-12:00 Indian Institute of Catalytic and non-catalytic co-pyrolysis of algae with dairy
6 (IST 9:00- Technoloav Guwahati sludge: Ex-situ fed batch process for bio-oil production
9:30) gy S B AL 75 R 69 5 A A T R A AR AL S ) 4 2 4

India
12:00-13:30 Lunch F4k
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u
P reS e n tatl o n s Plastic pyrolysis and catalytic pyrolysis
by = d: Biomass to fuels:
‘reizéﬁ | = 4 Pyrolysis and catalytic upgrading

Pilot and industrial demonstrations

27 January o Room 1-3, Communication Center

F1-32WNE, ZiRF©
On-site Manager: Wenjing Sun
& amaEA: W
Session Chair
Prof. Weiming Yi

Weiming Yi . . .
Shandong University of Pyrolysis behavior of biomass under flow-enhanced heat

7 13:30-14:00 Technolo transfer
Shandong gr{ina RN AR BT & AR 89 AR AT A
R T T i

. Transform pyrolysis oil into a green crude oil: status and
8 14:00-14:30 Te%;foi'gygfjup development
H AR A4 PR O E i LIk G R EA
The Netherlands ARG E AR T . HRIAKRE L EA Y

Niels Jan Schenk Commercializing catalytic pyrolysis of waste polymers
9 15:00-15:30  BioBTXB.V. g catalytic pyroly poly

S A Ay 7 A7 = s .
The Netherlands B BAERR A T L5

André Heeres : : .
. ) Downstream processing of sustainable aromatics towards
Hanze University of ) :
bioplastics

Applied Sciences 2 N .
The Netherlands [ SRR & A R A

16:00-16:30 Dezhen Chen* Value-added utilization of wastes through pyrolysis: Principles,

10 15:30-16:00

11 (GMT 8:00- Tongji University processes, and practices
8:30) Shanghai, China BRFHAmEAA R RE, T4, £&%

* Online
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Presentations
Biomass to chemicals:
Catalytic pyrolysis and hydropyrolysis ‘i% ii %&%

o Room 1-3, Communication Center 28 January
F132WE, ZRFS

.,. On-site Manager: Yanping Chen m
SRR BFEF
Session Chair
Prof. Anker Degn Jensen

Anker Degn Jensen

1 8:30-9:00 Danmarks Tekniske Overview of activities at DTU in pyrolysis related activities
Universitet FEBERKF (DTU) HARAR KA 5AEE
L . 1.1 L1 S,
Tooran Kh.azrale Advancing pyrolysis technologies at Valmet: Conversion of
Shoulaifar )
2 9:00-9:30 Valmet Technologies O low-grade feedstock into valuable resources
Ertary 200 Valmet i Af H K s 485 IR RHHEIL A M R
9:30-10:00 Chanatip Samart* Reactive catalytic pyrolysis of palm kernel shell to high
3 (ICT8:30- Thammasat University value chemicals
9:00) Thailand FARA= Go AL AR ) & B AR S
10:00-10:30 Coffee Break % &k

* Online

Session Chair
Prof. Arshad Adam Salema

Arshad Adam Salema . . C .
M h Uni . Conventional and microwave pyrolysis with and without
4 10:30-11:00 onash University

Malaysia catalyst
A% ) HEAC ) Ao T AEAC T 89 3 AL 2 e R A AR

.............................................................. A
Young-Min Kim The effective use of tandem micro-reactor on the catalytic
5 11:00-11:30 Daegu University co-pyrolysis of biomass and waste plastic
Republic of Korea BIRR B A AR5 R B AHE A AR 6 & 202 R
Thermochemical conversion of biomass and organic solid
Shurong Wang wastes: Toward the production of fuels and functional
6 11:30-12:00 Zhejiang University ’ P .
. : materials
Zhejiang, China

& 4 R B AL B AR R 4 A S A ) &R BT e A A
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Presentations
- - E! Biomass to chemicals:
‘Leiz\'% & =) Catalytic pyrolysis and hydropyrolysis
Pilot and industrial demonstrations

Room 1-3, Communication Center
28 January 9 F134WE, AP

m .’. On-site Manager: Yanping Chen
SHREA: FFEF
Session Chair
Prof. C.B. Rasrendra

Carolus Borromeus

Rasrendra Bio-Aromatics from renewable and waste carbon resources in
7 13:30-14:00 Bandung Institute of Indonesia
Technology ERB AR T HELRFRTRAES LA FEHE
............................................................ Lo
Serguei Alejandro-

. Catalytic strategies for aromatic hydrocarbon production
Martin . . ; . .
improvement during co-hydropyrolysis of biomass and plastics

Universidd Aol BIOBIO Uy i 1 4t e S IILAE AR F 125 AT

Balaji Sridharan*
14:30-15:00 Viaamse Instelling voor

8 14:00-14:30

Scaling up reductive lignin depolymerization: A sustainable
pathway towards biomaterials and green chemicals

O (CED w30- Technologisch ik RAMBT Lok : Wi AMiHHh eI 28
:00) Onderzoek 1 vk IR
Belgium e

* Online
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Microwave-assisted catalytic pyrolysis of plastic waste to produce
aromatic-rich blendstock for SAF

AR R B R R B AR T ) & 8 F R T R S RA A

Charles Chunbao Xu
A

School of Energy and Environment, City University of Hong Kong, China
E-mail: chunbaxu@cityu.edu.hk

Abstract

Driven by the accelerated global energy transition for carbon neutrality, the aviation sector has been
proactively seeking decarbonization measures to reduce CO2 emission, nearly responsible for 2% of
the total CO2 emission globally. Among all measures, using sustainable aviation fuels (SAFs) to
substitute conventional jet fuels has been regarded as the most effective measure owing to its potential
for reducing GHG emission by up to 80% without need for engine modification. Due to the abundant
availability and the environmental threats of waste plastics, conversion of waste plastic into liquid fuels
as potential SAF blendstock is under evaluation by ASTM. By microwave-assisted pyrolysis, waste
polyolefin plastics can be converted into liquid fuels composed of straight-chain hydrocarbons and
aromatics that may be used as jet fuel blendstocks. Nevertheless, this technology faces challenges in
regulating the complex composition of plastic waste-derived oils. To address this challenge, in this work
we investigated microwave-assisted catalytic pyrolysis of low-density polyethylene (PE) aiming to
produce aromatic-rich blendstock for SAF. Effects of various process parameters have been
investigated, including zeolite catalyst support, metal loading, catalyst reduction, zeolite pretreatment
methods, and silica-alumina ratio of zeolite. It is concluded that remarkable catalytic performance of
zeolite supported NiFe bimetallic catalysts stemmed from the synergy among in low Si/Al ratio of zeolite
HY, high specific surface area induced by sulfuric acid pre-treatment, and efficient hydrogenation and
aromatization capability of the Lewis acid active sites of the NiFe/Zeolite catalysts. The reduced
Ni,Fe,/H,SO,-HY40 was selected as the most active catalyst. With this catalyst, long-chain wax
products (largely formed in the catalyst-free runs) were completely converted into liquid oil products in
the catalytic runs at an oil yield of 30.80 - 45.20 wt.%. More noteworthily, the content of aromatic
hydrocarbons in the oils increased dramatically from 1.95% (without catalyst) to 93.75% (with the
catalyst). In the catalytic runs, the obtained oils contain a high content (approx. 90%) of C4-C,4 aromatic
hydrocarbons in the jet fuel range. Furthermore, the catalyst demonstrated good stability after four
cycles of reuse followed by regeneration once, maintaining 91.05% aromatic hydrocarbon selectivity.

#HE

AR BRHEAEDT, ML ERRFEIHERZ, THEMT R (SAF) TARKE R
FAEATIR T F IR T ARRHAE D K80%, RAEERE T @ KA Tk 5k ) AL AR
WEERCKE, HFERPHENASAFRAAE Yy, BLIAAHALHLERAELRE, 25 THE., &
B, BRAAERARLE R ZOR R, RIERNIKELSLHY & 2B AR E R #
NiFe, #9302 B BT A mL, TERIAKEE R T L2EHLNRARDH (JLFE30.80-45.20
wt. %) , FHHEFIEASEM.95% 2 E R £93. 75%, FTiEih S P 190% A Cg - Cq e AL 76 B 3 12,
AT R B ARG AR 91, 05%89 5 1R 50, £ I pIFAa e i,
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Prof. Charles Xu is currently Chair Professor of
Advanced Biorefinery at School of Energy and
Environment, City University of Hong Kong. He is Fellow
of Canadian Academy of Engineering. He was a full
professor and the NSERC/FPInnovations Industrial
Research Chair in Forest Biorefinery at Western
University, Canada. He has over 20 years of research
experience in conversion of biomass and organic solid
wastes (forestry/agricultural residues, food waste,
municipal solid wastes, wastewater sludge, microalgae,
etc.) into biofuels (sustainable aviation fuels, liquid
transportation fuels, hydrogen) and green chemicals and
biopolymer materials. With over 390 peer-reviewed
papers published in journals, his work has received over
26,000 total citations with an H-index of 85 to date. He is
recipient of the Excellent Research Award (1999) from the
Japan Energy Society, the Syncrude Canadian Innovation
Award (2011) and the Industrial Design and Practice
Award (2019) from the Canadian Society of Chemical Prof. Charles Xu
Engineers, the Changjiang Scholars Chair Professorship

(2020) from the Ministry of Education of China, and the

2023 Humboldt Research Award from the Humboldt

Foundation in Germany.

Prof. Charles Xu JU/E A BT K FRRESIRZEF R AL EMER BEHIZ, PERXIERE:,
EHERE KRB RERFEBRABRAMERAARFFF S5 TAZHFRLE R4S (NSERC)
/FPInnovations #kak A& 4% k4] T b 5 %3 #H A%, RHIREE DR B AMNEREF 4 (FRlk/
R K G4, BEIZR, WRTEKREFH. FRFR., BGEF) BN EHRHE (THEEMRT
WA, RAREHIRE, AA) . AN FBAAMS S FHAMBINH B20F TR LT, i
O R & ABiTL390 % B AT+ F AFl6 L, &5 Mok HABiE26,0000k, HAGH 485, HR#IE Rk A
AR FZAKAEFTRE (19995F) | e ki TA2)F 2 Syncrudetn® K 4147 % (20115F)
LT it 5EEE (2019F) . PEXKFIKIFHHEHLR (2020F) AR EZEERL S
S EH R (20235F) .
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Improved H-ZSM-5 catalysts for aromatics (BTX) formation from
polypropylene

B H-ZSM-54E L5 AL B B ) & F 2 (BTX)
Erik Heeres

Green Chemical Reaction Engineering, Engineering and Technology Institute Groningen, University of
Groningen, the Netherlands
E-mail: H.J.Heeres@rug.nl

Abstract

Effective plastic waste recycling is a cornerstone of the circular economy, demanding technologies that
are both efficient and selective. Catalytic pyrolysis stands out as a powerful chemical recycling strategy,
enabling the conversion of plastic waste into high-value aromatics such as benzene, toluene, and
xylene (BTX). In this work, we demonstrate the enhanced performance of Zn- and Cu-promoted H-
ZSM-5 catalysts for the catalytic pyrolysis of n-hexane and polypropylene (PP) toward BTX production.
Experiments were conducted in a fixed-bed reactor for n-hexane and in a double fluidized-bed reactor
for PP at 550 °C. The introduction of Zn and Cu markedly improved catalyst activity, selectivity, and
stability. For n-hexane, the BTX yield increased more than threefold, from 4.6 wt% for the parent H-
ZSM-5 to 14.8 wt% for Zn—Cu—ZSM-5 (Zn: 5%, Cu: 3.3%). Similarly, BTX yields from PP rose from
22.5 wt% to 34.4 wt% upon Zn—Cu promotion. Post-reaction analysis of catalysts used for n-hexane
revealed a substantial reduction in coke formation, from 6.8% for Zn—-ZSM-5 (Zn: 5%) to just 3% for Zn—
Cu-ZSM-5, highlighting the beneficial role of Cu in suppressing coking. Although no catalyst
deactivation was observed during PP conversion, characterization of the spent catalysts indicates
pronounced structural and morphological evolution. Overall, these results underscore the strong
potential of Zn—-Cu—ZSM-5 catalysts for efficient and robust BTX production from plastic waste streams.

HE

BRI EA R R BT GFOEA L, TERELS M ERBFROEK, BILKMBEIED —F
RAMFEDC R B, REFEHEMELAR, PR, —_FPRESFMAEAFT B, KHFR
JERR T 4F. 4R A9H-ZSM-5 1AL 7] 2 E Tole An B A M AE AL R ) &SR IR P Ay AR R . 236
£550 CT#t4fr, ETHRABRRARREE T, RAMBEIRAKR LS FHL, Ff4m09
BINSERE TG ER, 2BRAE TR, WTEDKR, FRAFERAT=ZEULE, K
A PEH-ZSM-5894. 6 wt%#2 = 24 MBS T 75 6914.8 wt%h. FIA, AHFMAKRMEE, RAMN
FI2FEEN22.5 wthH £34. 4 wthe A IETAR RS EALT] B9 AT R, AR R KM@Y,
MAEEPE T 06 896, 8% B AR AT 891X3%, BB TAAIPR AR T @A MAE . RR
ERAHELTAEP KRR BELFKRE, [2E N EEALFGRIET THAIHLEHEHRE
T, Bz, XBEZ A, RAFMEIHEH-ZSN-5BLFERNBR EH P S, BA2EFFRT
BEAAEXES.
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Prof. Dr. Erik Heeres (25-06-1963) carried out his Ph.D.
research at the University of Groningen on the
development of novel homogeneous lanthanide catalysts
for the conversion of unsaturated hydrocarbons and
graduated in 1990. Afterward, he performed a post-doc at
the University of Oxford in the group of Prof. J. M. Brown
on asymmetric catalysis. From 1991-1999, he was
employed at Shell Research B.V. (Amsterdam and Pernis,
the Netherlands) and worked on a range of applied
catalysis topics. Heeres joined the chemical engineering
department of the University of Groningen in 1999 as an
assistant professor. In 2003 he was appointed here as a
full professor in green chemical reaction engineering. His
research interests focus on the development of efficient
catalytic technologies for circular carbon conversion. This
involves the use of biomass for biofuels (catalytic
pyrolysis, pyrolysis oil upgrading), platform chemicals
(levulinic acid, hydroxymethylfurfural), and performance
materials. Recently, the group started activities in the field Prof. Dr. Erik Heeres

of plastic recycling using pyrolysis technology. The group

is actively involved in national and international consortia.

Heeres is the (co-) author of more than 320 papers in

international peer-reviewed journals and 15 patents in the field of (applied) catalysis and chemical
reaction engineering. He is a member of the Koninklijke Hollandsche Maatschappij der Wetenschappen
and the Netherlands Academy of Engineering.

Prof. Dr. Erik Heeres (4 FT19635F6H25H) TR F TAKF SO L5208, &H FF LA
F R Fe i AL GG ARG AR LR, T 199055 34, B, EdFERFEI M
Brown# 42 iR M A M FH LB HF 70, i T A AREAATIR . 19915F £1999F, M8 T % h%
AR MRN8 (T3 243 R R A , WE S8 AELIRRGTF R I 1999
#  Heeresm A#&F TARKFF IALZIFB 4%, H T20035 KA G e L5 R p LAE
EHIZ, ML TH A ERE R AR INHEIEIRE, T EOFELEMRENLD LD,
A (LR, RAEEHRA) . FEehsR (CBARK. BT AR AsHst. i,
HIRAM O 45 H A AR AR F R BA I T @ %, IRAARMA L B RN IS T 15
M, Heeres# it (B M) fELFiLs R p TALANIRC K & BIRRE TR F £ L3204 5,
HI5AEH, ARTLLZRERAEMNFFERT L IR R,
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Production of aromatics via catalytic pyrolysis of organic waste
under methane gas

T LA T A AUR T AL AR5 &5 %

Young-Kwon Park

'V

School of Environmental Engineering, University of Seoul, Korea
E-mail: catalica@uos.ac.kr

Abstract

This study explores the influence of methane on catalytic pyrolysis of plastic waste (polypropylene) to
evaluate their potential toward the aromatic hydrocarbons with the Ga-modified ZSM-5 catalyst. Also
the effect of pretreatment of catalyst such as reduction-oxidation process on the activity of catalysts
was investigated. According to the results, the highest yield (39.5 wt%) of BTEX (benzene, toluene,
xylene, and ethylbenzene) was achieved under CH, over reduction-oxidation Ga loaded catalyst among
all tested conditions. The reduction-oxidation process not only promotes a significant reduction of the
Ga-size but also induces its diffusion inside the pore, compared to non-treated Ga catalyst and reduced
only Ga catalyst. This leads to the formation of highly active GaO* ionic species, balancing the
Lewis/Brgnsted ratio, thereby accelerating the aromatization reaction. A detailed reaction results with
mechanism will be suggested.

#HE

AR ET Plext B EFH (BARE) BRI n, §EIFELEFRKEISM-54EL
FIER TAMRFZRG%RY, FHFRKTHALFNALE (eifR-80id42) s ELERGE M,
EREYW, EMAFEREMST, BTER-ANLEOEAEBELFNETRAATERLT RS
BTEX (k. WX, CHA_FXEX) ZF i£39.5 wtho 5 ALK IE AL R LI HMELF) AL,
LR~ AZ TR R FE RN T HE MG R T, TR LR T HRILE AT . IHRT &&
M 9Ga0" % F 4 Ay, RALT 58 HATER 5 A BAATAFER A9 P, M Awi T 3 MALR S . #4898
25 R LA G LIRS T 2,



Prof. Young-Kwon Park is a Full Professor at the
University of Seoul, Republic of Korea, and will serve as
President of the Korea Society of Waste Management
(2026-2028) and the Seoul Green Environment Center
(2026). His research centers on the catalytic conversion of
organic waste (e.g.,, biomass, plastics) via
thermochemical processes and the transformation of
global warming gases into valuable materials, aiming to
develop sustainable waste valorization and carbon-neutral
technologies. He holds key editorial roles in leading
international journals, including Associate Editor for the
Journal of Industrial and Engineering Chemistry and
Editor-in-Chief for the Environment Section of the Korean
Journal of Chemical Engineering. His recent work on
catalytic pyrolysis, lignin depolymerization, and catalyst
design has been published in high-impact journals such
as Chemical Engineering Journal, Applied Catalysis B:
Environment and Energy, and Bioresource Technology. In
recognition of his contributions, Prof. Park was awarded a
Medal of Honor in 2025 and elected as a Regular Member
of the Korean Academy of Science and Technology.
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Hydrogen rich gas production by continuous fast pyrolysis
combined with in line catalytic reforming

R ERBUBBEERBLEEHEF AR

Gartzen Lépez

Department of Chemical Engineering, University of the Basque Country EHU, Spain
IKERBASQUE, Basque Foundation for Science, Spain
E-mail: gartzen.lopez@ehu.eus

Abstract

Summarizes most relevant results obtained in waste plastics conversion into a hydrogen rich stream by
means of fast pyrolysis and in line catalytic steam reforming at the University of the Basque Country
EHU. The experiments were performed in an original unit operating in continuous regime. The pyrolysis
step was carried out in a conical spouted bed reactor under fast pyrolysis conditions. This reactor
ensures an efficient conversion of different types of plastic into a volatile stream for their subsequent
further transformation in the reforming reactor. Moreover, a fluidized bed reactor was proposed for the
reforming of plastics derived stream. This reactor provides suitable contact with the catalysts and
excellent heat transfer conditions.

In this presentation a wide variety of results obtained in the last 10 years in our research group are
reported. The influence of steam reforming step main conditions, i.e., temperature, steam plastic (S/P)
ratio and catalysts space time, was studied in the reforming of HDPE pyrolysis volatiles. Thus, the
increase of these parameters improved process conversion and hydrogen production. Then, the
flexibility of pyrolysis-steam reforming process was analyzed by studying the effect of feeding different
types of polymers (HDPE, PP, PET, PS and a mixture) and biomass/plastics mixtures. Amongst the
plastics studied polyolefins were those with better hydrogen productions potential. values in the 34% to
37% were obtained in the valorization of PP and HDPE. Biomass co-feeding gave way to lower
hydrogen production, but the process demonstrated a remarkable interest for biomass and waste
plastics joint valorization.

In order to improve the efficiency of the plastics pyrolysis-reforming process different strategies were
studied. On the one hand, the performance of different catalysts was tested, the aim was to improve
their activity and stability. On the other hand, the role played by oxygen feeding into the reforming
reactor was evaluated. Finally, latest research lines associated with plastics conversion into hydrogen
and syngas as sorption enhanced reforming and dry reforming were included.
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B4E TEHU/E JR A Bk AR5 5 B BB AR AT EH G A ART BB TR E. TR
MESETEE, EPRMBERABRYRHRR LB P ERABH R, ZEGEL ) AEH
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i T AF & 44 (HDPE. PP, PET. PSR RA4n) RAMR/BA LT = Ak, &
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Dr. Gartzen Lépez earned his Bachelor's degree in
Chemical Engineering in 2003 and his PhD in 2008, both
from the University of the Basque Country. Following the
completion of his doctorate, he secured a full-time
research position at the university. In 2019, he was
awarded an lkerbasque Research Fellow grant, and he
currently holds the position of Research Associate
Professor. His research focuses on several key areas: i)
the pyrolysis and catalytic pyrolysis of biomass and waste
plastics, ii) the gasification of waste for syngas production,
iii) the valorization of plastics and biomass via pyrolysis
coupled with in-line catalytic reforming for hydrogen
production, and iv) the design and scale-up of spouted
bed reactors. He has authored more than 170 papers in
JCR-indexed journals and presented over 200
communications at conferences. His work has achieved
an h-index of 73 and garnered more than 13,400 citations
(Scopus). He has participated in more than 30 research
projects, serving as the principal investigator for 7 of them,
with total funding amounting to approximately 1.95 million
euros. He has supervised 5 completed PhD theses and is
currently advising 5 PhD students. Additionally, he serves
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as a guest editor for several JCR-indexed journals, including the Journal of Analytical and Applied
Pyrolysis Energy and Resources, Particuology, Waste Disposal & Sustainable Energy, Catalysts,

Processes, and Energies.
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Chemical recycling of waste plastics through microwave-assisted
pyrolysis

s M A B J) R BAHGE B

Leilei Dai?, Huiyan Zhang?, Rui Xiao?, Roger Ruan®
REE

aSchool of Energy and Environment, Southeast University, Nanjing 211189, China
bBioproducts and Biosystems Engineering Department, University of Minnesota, MN 55108, USA
E-mail: daileilei@seu.edu.cn

Abstract

Thermochemical conversion offers an efficient route for the high-value utilization of waste
plastics; however, the intrinsic complexity of process control, the difficulty in tailoring product
distributions, and the relatively high energy consumption continue to hinder further
technological advancement. Centered on the core scientific challenge of green, low-energy,
and selective conversion of waste plastics, this study establishes a microwave-enhanced
thermochemical conversion framework and systematically elucidates the regulatory roles of
microwave fields in plastic cracking pathways, interfacial polarization behavior, and product
distribution. In addition, microwave-responsive zeolite catalysts with hierarchically ordered
macro—meso—microporous architectures have been developed, leading to pronounced
improvements in target-product selectivity and catalyst lifetime. By constructing a microwave-
responsive interfacial reaction microenvironment, precise energy coupling and synergistic
intensification of PET depolymerization are achieved, advancing polyester chemical recycling
toward high-value, high-efficiency, and environmentally benign pathways. Furthermore, an
efficient heat-carrier utilization strategy is proposed, and a hybrid down-flow microwave
pyrolysis reactor is developed and validated at the pilot scale. Collectively, this work provides
critical theoretical foundations and enabling reactor technologies for the selective conversion
of waste plastics into high-value chemicals.
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Prof. Leilei Dai is a professor at the School of Energy and
Environment, Southeast University. His research focuses
on the thermochemical conversion of organic solid waste.
He has published over 100 papers in high-impact journals
such as Nat. Rev. Mater., Prog. Energy Combust. Sci.,
and Appl. Catal., B, with more than 8,000 total citations
and an H-index of 54. He is a Fellow of the International
Association of Advanced Materials and has been listed
among Stanford University’s Global Top 2% Scientists for
five consecutive years. He serves as associate editor of
Sustainable Carbon Materials and Frontier in Chemical
Engineering and as a editorial board member or guest
editor for a few journals. His honors include the IAAM
Scientist Medal and the Gold Medal at the Geneva
International Exhibition of Inventions.
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Analytical and applied pyrolysis approaches to chemical feedstock
recovery from waste plastics

RBAF R oA 5 B R B AR K
Shogo Kumagai

Graduate School of Engineering, Tohoku University, Sendai, Japan
E-mail: kumagai@tohoku.ac.jp

Abstract

The world is moving toward carbon neutrality, and many countries aim to achieve carbon-neutral
societies by around 2050. Meanwhile, the annual generation of waste plastics is increasing, and
demand for plastic recycling is rapidly growing worldwide to enable the sustainable use of plastics. In
this presentation, | will introduce the latest developments in my research on chemical feedstock
recovery from waste plastics via pyrolysis and catalytic pyrolysis. Specifically, | will present (i) pyrolytic
approaches we have developed to recover chemical feedstocks from hard-to-recycle plastics, such as
poly(ethylene terephthalate) (PET) and polyurethane (PU) wastes; (ii) co-processing of waste plastics
with vacuum residue, with a view toward integration into existing delayed coker units; and (iii) the
development of advanced pyrolysis—gas chromatography (Py-GC) methods to support the design and
optimization of pyrolytic recycling processes.
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Dr. Kumagai is an Associate Professor at the Graduate
School of Engineering, Tohoku University. He serves as
an Editor of the Journal of Analytical and Applied Pyrolysis
(Elsevier), a leading journal in the field of pyrolysis, and as
an Associate Editor of the Journal of Material Cycles and
Waste Management (Springer Nature). His research
focuses on the development of plastic recycling
technologies and on applied and analytical pyrolysis of
polymeric materials, including plastics, lignocellulosic
biomass, and petroleum-derived substances. Dr. Kumagai
received his Ph.D. from Tohoku University in 2015 and
joined Tohoku University immediately thereafter. In 2015,
he was awarded the JSPS Ikushi Prize, one of Japan’s
most prestigious awards for doctoral researchers. He was
also selected as one of the top 100 finalists in the 2017
Falling Walls Lab competition, chosen from over 3,000
candidates representing more than 50 countries. Dr.
Kumagai has authored more than 170 research articles in

SCl-indexed journals, contributed over 40 reviews and Dr. Kumagai
book chapters, and has filed more than 70 patent
applications.
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Controling the conversion of waxes during plastic pyrolysis with a
reflux

A B B R ) B R AR PR AG1L
R. Lainé, V. Carré, Y. Le Brech, A. Dufour

Université de Lorraine, CNRS, LRGP, Nancy, France
Email: anthony.dufour@univ-lorraine.fr

Abstract

One of the main issue of plastic pyrolysis is to control the composition of the liquid products (often
presenting a broad distribution of molecular weight) and to reduce waxes. A reflux could promote the
formation of lighter products by reducing waxes. Indeed, a reflux set at a lower temperature than the
pyrolysis reactor can condensate the vapours of heavy molecular species which can be injected back
into the pyrolysis reactor in order to undergo further depolymerisation reactions. Therefore, the
temperature of the reflux may control the molecular weight distribution of the liquids. During this talk, we
will present a novel continuous pilot reactor developed at CNRS Nancy combining: an extruder melt
feeder, a stirred reactor, a reflux and a condensation train. We will show how the temperature of the
reflux can impact the molecular weight distribution of liquid products for 2 complementary examples: PP
and PS pyrolysis. The liquids were analyzed by GC/MS-FID, simulated distillation, high resolution mass
spectrometry and a bench-top NMR. We will show how a reflux can properly control the molecular
weight composition of the liquids.
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Dr. Anthony Dufour is a research professor at CNRS
(The National Center for Scientific Research, Nancy,
France) working on the thermochemical conversion of
biomass and wastes. His main research interests are:
fundamentals of biomass and plastics pyrolysis (by mass
spectrometry, in-situ analysis, etc.), reactivity of carbons
(towards oxidation reactions), catalysis for tar reforming or
bio-oil hydrodeoxygenation, development of pyrolysis,
liquefaction and gasification reactors, interdisciplinary
assessment of bioenergy routes. He was instrumental in
organizing several international symposiums. He currently
work with various industrial companies on the
development of pyrolysis or gasification processes. He
served as an editor of Journal of Analytical & Applied
Pyrolysis (Elsevier) from 2017 to 2020. He is currently
executive editor of Energy & Fuels (American Chemical
Society).
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Formation and characterisation of oil products from waste tyre
pyrolysis in various reactor systems

FRB R & ST RICNERMH G ERAREL = HhiFE
Yun Yu

Discipline of Chemical Engineering, Western Australian School of Mines, Curtin University, Australia
E-mail: yun.yu@curtin.edu.au

Abstract

Pyrolysis is a promising technology for converting waste tyres into high-quality oil, which can be used
for low-carbon fuels and chemicals. However, existing studies face challenges in capturing highly
volatile compounds like isoprene and accurately quantifying total oil yields. In this work, a recently
developed method for trapping and analyzing volatiles was applied in different reactors—wire mesh
(WMR), fixed bed, and fluidized bed. The WMR minimizes secondary reactions, allowing study of
primary pyrolysis mechanisms.Pyrolysis in the WMR began around 250 °C, with oil yield increasing with
temperature and time, reaching ~47% at 600 °C. The oil consisted mainly of limonene (60-65%
selectivity) and isoprene (9%—-13%) from natural rubber, along with toluene, ethylbenzene, and p-
xylene (each 6%—10%) from synthetic rubber. Quantified compounds accounted for 94-97% of the
oil.In the fixed bed, isoprene was only detected below 500 °C, with selectivity dropping from ~16% at
250 °C to ~0.1% at 500 °C. Limonene selectivity peaked near 49% at 400 °C before falling to ~14% at
600 °C, while selectivities of toluene, p-xylene, and ethylbenzene rose with temperature. Similar trends
were observed in the fluidized bed, but with slightly different selectivities. Total selectivity of key
compounds decreased significantly with temperature in both fixed bed (72% to 52%) and fluidized bed
(81% to 62%), much lower than in the WMR. These results indicate that isoprene and limonene
become unstable above 400 °C, leading to more high-molecular-weight compounds. The study provides
new insights into primary and secondary pyrolysis mechanisms in different reactors, supporting the
production of low-carbon fuels and chemicals from waste tyres.
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Dr. Yun Yu is a Senior Lecturer in Chemical Engineering
and Co-Leader of the High Temperature Lab in the WA
School of Mines (WASM) at Curtin University. He has
over 20 years of experience in thermochemical conversion
of biomass and carbonaceous wastes (e.g., plastics, tyres)
for low-carbon fuel and energy applications, including
biochar, bio-oil and syngas production. Listed among the
World’'s Top 2% Scientists (2021-2025) by Stanford
University, he has published more than 110 journal papers
with over 5,700 citations (H-index: 43). His contributions
have been recognised through several awards, including
an ARC Discovery Early Career Researcher Award (2012),
Publons Peer Review Award (2018), Energy & Fuels
Excellence in Review Award (2023), and Energy & Fuels
Most Impactful Articles (2023). He also serves as Review
and Perspectives Editor for Energy & Fuels and sits on
the Editorial Boards of leading journals such as Journal of - e

Analytical and Applied Pyrolysis. Dr Yu has collaborated

extensively with various partners for developing advanced Dr. Yun Yu
technologies for low-carbon fuel and energy applications.

He has secured over A$10 million worth of research

grants as Chief Investigator (CI) from various government

(i.e., ARC, ARENA, CRC) and industry (i.e., Woodside, BHP, Rio Tinto) partners. Dr Yu has supervised
13 PhD students to successful completion, and has mentored 4 Research Associates (RA) and several
Visiting Scholars.
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Electrified Joule-Heating Mediated Upcycling of Waste Plastics
AT #A TR BT REIL

Ji Yang
o F

Shanghai Jiao Tong University, Shanghai, China
E-mail: ji.yang@sjtu.edu.cn

Abstract

The increasingly severe global plastic pollution crisis, with an estimated cumulative plastic waste
projected to reach 26 billion tons by 2050, far exceeds the environmental carrying capacity. This study
proposes and constructs a novel non-catalytic pyrolysis reactor featuring temperature and pore-size
gradients, enabling precise regulation of the migration and cracking behavior of polyethylene pyrolysis
intermediates. By introducing a “gating effect,” the design achieves molecular-level selective sieving
and staged reactions, successfully synthesizing aviation fuel-range products (Cg—C,5) with a high yield
of up to 65.9% for the first time without the need for catalysts. The reactor structure employs a
macroscopically adjustable pore-size gradient combined with microsecond pulsed electric heating,
balancing high-temperature cracking activity with process controllability. This approach significantly
enhances the selectivity and stability of pyrolysis products, offering a novel and versatile technical
pathway for the green and high-value conversion of waste plastics.

Waste Polyolefins

Graded Pore Pyrolysis Graded Pore Temperature Gradient Gating Effect
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Prof. Ji Yang is currently an associate professor and
doctoral supervisor at Shanghai Jiao Tong University,
dedicated to research in catalytic materials and
sustainable chemistry. He focuses on developing
innovative catalysts and processes to address global
energy and environmental challenges, with expertise
encompassing catalytic and non-catalytic pyrolysis of
polyolefins (plastics), high-value chemical conversion, and
the design of special new materials. Dr. Yang obtained his
Ph.D. from the Leibniz Institute for Catalysis in Germany
(2017-2020) under Prof. Matthias Beller, following his M.S.
from the Shanghai Institute of Organic Chemistry, CAS
under the guidance of Prof Zheng Huang (2014-2017). He
further enriched his research profile through postdoctoral
training at the Leibniz Institute for Catalysis (2020-2021),
Colorado State University (2021-2022), the University of
Maryland (2022-2024), and Yale University (2024-2025).
His work has been recognized with several honors,
including the 2023 National Excellent Young Scientists Prof. Ji Yang

Fund (Overseas), the 2023 Shanghai Leading Talent, the WEF Fi%

2023 Shanghai Pujiang Scholar, the 2023 Shanghai

Pudong New Area Mingzhu Elite Talent, and the 2020 Young Chemist Award from the Association of
Chinese Chemistry and Chemical Engineering in Germany.
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In-depth of the chemistry of bio-oils for understanding the feedstock and
pyrolysis process
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Alberto Wisniewski Jr

Petroleum and Energy from Biomass research group,
Federal University of Sergipe, Department of Chemistry, Brazil
E-mail: albertowj@academico.ufs.br

Abstract

Thermoconversion of waste biomasses arises as one of the most promisor processes to the production
of renewables chemicals, hydrocarbons, contributing to the carbon sequestration in the form of biochar.
Many challenges need to be awarded from biomass until to obtain a final product, and the experimental
setups to test biomasses, catalysts, pyrolysis conditions, as well as comprehensive bio-oil
characterization are fundamentals to the development of this research field. This presentation
approaches how microscale pyrolysis experiments can be applied to the prediction of pyrolysis yields
from waste biomasses such as coconut husk, cassava harvest biomass, palm oil, castor oil plant,
catalytic upgrading ex-situ process, and co-pyrolysis of biomasses with waste plastics as PET and PP.
The liquid product is advanced characterized using FT-Orbitrap MS among other analytical techniques
to better understand the chemistry of products and the mechanisms behind the thermos-catalytic
process. Thousands of renewable chemicals are revealed and demonstrated the power of energy from
biomass.
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Gasification Technology in China: From fossil fuel to renewable energy
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Ding Lu
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" Institute of Clean Coal Technology, East China University of Science and Technology,
Shanghai, China
2Engineering Research Center of Resource Utilization of Carbon-containing Waste with Carbon
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Abstract

Gasification technology for carbon-containing feedstocks is a core technology enabling the efficient and
low-carbon utilization of carbonaceous substances such as coal, biomass, and refinery residues.
China's coal gasification technology has evolved from technology introduction and absorption to
independent innovation. The Opposed Multi-Burner (OMB) coal gasification technology, through
innovations such as impinging flow for enhanced mixing, optimized refractory lining structure, and black
water energy recovery, has significantly improved carbon conversion and energy efficiency. It has
achieved industrial application on an ultra-large scale (4,000 tons per day) and leads the world in
market share. Furthermore, biomass and waste gasification technologies have addressed issues such
as high tar content and low conversion efficiency through the coupling of fixed-bed and non-catalytic
partial oxidation processes, and have advanced the demonstration of green methanol projects.
Gasification of refinery residues has enabled highly efficient hydrogen production while reducing energy
consumption and pollution. In the future, gasification technology will develop toward safer, more
efficient, cleaner, and smarter directions. Integrated with Al technology, it will promote the resource
utilization of multi-source organic solid waste and contribute to the achievement of carbon neutrality
goals.
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Biomass Pretreatment and Catalytic Pyrolysis for Improved Liquid Fuel and
Chemicals
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Shusheng Pang?’, Pan Li°, Yanyang Mei¢ and Junhao Hu®
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a Department of Chemical and Process Engineering, University of Canterbury, Christchurch, New
Zealand
b School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou, China
¢ School of Mechanical and Power Engineering, Henan Polytechnic University, Jiaozuo, China

E-mail:shusheng.panmg@canterbury.ac.nz

Abstract

It is well known that the bio-oil from biomass pyrolysis has complex composition and thus requires
extensive upgrading for it to be used as liquid fuel or chemicals. The upgrading process involves high
pressure and application of catalysts, and is in most cases costly. This presentation provides review on
recent development of biomass pretreatment and catalytic pyrolysis of biomass for improving the bio-oil
quality with target to produce better grade liquid fuel or chemicals. Achievements and challenges are
discussed, and future studies are recommended.
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Hydrocarbon-rich Fuels Production by Catalytic Upgrading of Biomass
Pyrolysis Vapor
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Abstract

Biomass pyrolysis oil, as a complex liquid with high water content, high acidity, high oxygen content,
low calorific value, instability and corrosiveness, poses significant challenges for direct utilization.
Catalytic conversion for upgrading is its primary utilization method. Compared to liquid-phase upgrading
technologies such as direct hydrodeoxygenation, catalytic upgrading of biomass pyrolysis vapor has
outstanding advantages such as high efficiency, short process flow, and great potential for cost
reduction, as catalytic conversion is carried out while the pyrolysis oil is still in the gas phase at high
temperature. It is one of the most promising methods for preparing hydrocarbon fuels in the future. This
presentation systematically shows the core challenges of catalytic upgrading of biomass pyrolysis
vapor to prepare hydrocarbon fuels, including catalyst design and preparation, catalytic formation
mechanism of hydrocarbons (especially aromatic hydrocarbons, alkanes, and alkenes), regulation of
hydrocarbon product selectivity, and gas-phase catalytic upgrading of co-pyrolysis gas from hydrogen-
rich feedstocks. It focuses on analyzing catalyst deactivation, carbon deposition, product selectivity
regulation, and co-pyrolysis catalytic mechanism, aiming to provide theoretical basis and data support
for the preparation of hydrocarbon-rich fuels from biomass pyrolysis.
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Biomass pyrolysis at Pymicolab: from fundamentals to product applications
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Abstract

The global economy remains predominantly dependent on fossil-based, non-renewable raw materials
and energy sources, which account for approximately 81.5% of primary energy consumption worldwide.
In Europe, despite the decarbonization policies, industrial sectors, such as chemical, steel, and
transportation industries, remain heavily based on oil and coal, which account for respectively 58% and
52% of both energy sources and process feedstocks. Alongside this structural dependency, an
emerging global challenge is the sustainable management of nitrogen and carbon cycles, which is
crucial for mitigating climate impacts, enhancing production system efficiency, and ensuring ecosystem
resilience. The transition toward a bio-economy and the EU 2030 target of 42.5% renewable energy
require enhanced utilization of biomass and alternative renewable resources. Pyrolysis is a mature
technology suitable for large-scale processing of lignocellulosic feedstocks, offering a pathway to
produce biochar, bio-oil, and permanent gases for biofuels and biomaterials (biochar). However,
challenges such as feedstock variability, heterogeneous mixtures, and the valorization of low-quality or
contaminated biomass limit process efficiency and product quality. Additionally, the interaction between
organic and inorganic biomass components, along with operational parameters, significantly affects
pyrolysis outcomes. Advanced characterization, process modeling, and control strategies are therefore
essential to ensure flexibility and reliability within bio-based value chains.

For this purpose, in the presentation, experimental investigations conducted at CNR-STEMS using
laboratory-scale pyrolysis reactors on various lignocellulosic biomasses are presented. These studies
evaluated the pyrolysis tests, considering: the effect of inherent and contaminant-derived inorganics;
the effect of temperature (in the range 300-700 °C); and different carrier gases (nitrogen, CO,, steam,
or a mixture of them). All these factors affect both the yields and the properties of the pyrolysis products,
including potential toxicity concerns associated with the resulting materials. A detailed characterization
of the products is carried out to guide steering the process toward the production of bio-oil and/or
biochar with tailored properties (porosity, surface chemistry). Finally, possible biochar applications in
different sectors are shown, such as soil conditioner, ammonia adsorbent, or filler for composite
materials, adding value to the sustainability of the pyrolysis in a bio-based value chain.
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Catalytic and non-catalytic co-pyrolysis of algae with dairy sludge:
Ex-situ fed batch process for bio-oil production
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Abstract

Bio-oil generated through biomass pyrolysis has emerged as a promising alternative to conventional
fossil fuels. However, the high production cost of algal feedstock limits its large-scale application in
pyrolysis, while the low heating value and high ash content of dairy sludge diminish its suitability as a
single feedstock. Co-pyrolysis of microalgae with dairy sludge offers a strategic approach to
overcoming these individual limitations and enhancing process performance. In the present study, co-
pyrolysis was carried out in a fixed-bed reactor to investigate the interactions between microalgae and
dairy sludge, assess product distribution, and determine the extent of synergistic effects. The maximum
bio-oil yield of 21.45% was obtained at 550 °C with a heating rate of 20 °C /min and a residence time of
60 min. The co-pyrolysis process exhibited synergy between the protein- and lipid-rich microalgal
biomass and the organic components of dairy sludge. Under non-catalytic conditions, co-pyrolysis
generated a higher bio-oil yield with reduced nitrogenous compounds and aromatics compared to the
bio-oils obtained from the individual feedstocks. The addition of H-ZSM-5 altered the product
distribution, producing a bio-oil yield of 18.76% while significantly increasing hydrocarbons and esters
and reducing nitrogen-containing compounds. The proposed reaction pathways indicate that H-ZSM-5
promotes the formation of nitriles via amide dehydration and decreases cyclic nitrogenous compounds
through denitrogenation reactions. Characterization of the spent catalyst revealed coke deposition and
partial structural modification. The catalytic process enhanced deoxygenation, decarboxylation, and
dehydration reactions, observed by an increased H/C ratio and reduced O/C ratio in the resulting bio-oil.
Thermal distillation of the catalytic pyrolysis bio-oil further demonstrated an increased proportion of
heavy naphtha and gas-oil fractions, reflecting a higher presence of hydrocarbons, fatty acids, and
esters. Overall, the results indicate that co-pyrolysis, particularly with H-ZSM-5 can effectively improve
bio-oil quality.
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High-value hydrocarbon fuels produced by pyrolysis-hydrodeoxygenation of
waste straw
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Abstract

The urgent demand for renewable energy has intensified efforts to develop lignocellulosic bio-oil as a
sustainable alternative to fossil fuels. Pyrolysis followed by hydrodeoxygenation (HDO) is a promising
and industrially relevant approach that transforms waste biomass first into bio-oil and then into value-
added biofuel. However, the oxygen-containing functional groups in bio-oil are prone to forming coke
during HDO, leading to catalyst deactivation-a major challenge at the industrial scale. Here, we report a
continuous, two-stage process to convert waste straw into high-value hydrocarbon fuels. This process
involves co-pyrolysis with hydrogen-enriched waste plastics, followed by HDO of the resulting bio-oil. At
Sichuan University, we have produced hydrocarbon fuels from waste straw via this pyrolysis-HDO route,
and the products meet the National VI Emission Standard. Ultimately, the successful implementation of
this project will provide technical principles for the large-scale, low-carbon treatment and efficient
resource utilization of waste straw.
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edited the first systematic textbook, "Introduction to
Carbon Neutral Technology" in China.
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Transform pyrolysis oil into a green crude oil: status and

development.
AR AR HFEEDRHGET: BRIAKE RBEALR
Robbie Venderbosch

BTG Biomass Technology Group BV, The Netherlands
E-mail: venderbosch@btgworld.com

Abstract

The use of liquids derived from the pyrolysis of biomass is restricted, amongst others, due to the
reactive nature of the unsaturated compounds. Of specific concern are the carbonylic groups and the
doubled bonds, present or created by defragmenting the holocellulose and the lignin compounds. From
2006 onwards, BTG developed the so-called stabilization of pyrolysis oils. The aim of this process is to
hydrogenate the aldehydes in the oils (including the carbohydrates) to reduce its reactivity. So-called
stabilized pyrolysis oils (‘SPQO’) are produced that show significantly improved characteristics. On a
macroscopic level these include a lower charring tendency, lower carbonyl content, and lower water
content. An efficient catalyst is developed for the stabilization, and proper process conditions are
established to cost effectively convert these pyrolysis oils into stabilised oils. Simultaneously, a series
of new end applications are explored, ranging from a precursor to fuels or chemicals, as well as to use
it in co-refining options. Experimental work suggests that SPO can be used as such in existing refinery
hydrotreaters (commercial catalysts, similar process conditions) to yield oxygen-free products in the
gasoline, kerosene, and marine diesel range.In this presentation the progress over the last 20 years is
summarised. Insights will be provided in the process parameters and mass balance and the specific
characteristics of these oils as pure materials, intermediates and final products. Challenges will be
addressed, ongoing activities in this field further detailed and pathways elucidated to bring this
technology into the market.
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Dr. R.H. (Robbie) Venderbosch conducted his Ph.D.
research at the University of Twente on the role of clusters
in gas — solids reactors. He then finalized a post-doc at
the same university on the fast pyrolysis of biomass,
where after he joined BTG Biomass Technology Group
B.V. Here he is working on a range of topics related to fast
pyrolysis, hydrogenation reactions, sugar-based chemistry,
supercritical gasification in water, production of chemicals
from biomass (derivatives), electrochemical applications
and more. His research interest concerns bio-based
applications, with emphasis on heterogeneous catalysis in
relation to chemical reaction engineering, and specific
focus on all kinds of possibilities to bridge the gap
between biomass related activities and petrochemical
engineering. He is co-author of around 80 papers in
international peer reviewed journals, approx. 15 patents in
the field of biomass (applications) and ~ 10 book chapters.

Dr. R.H. (Robbie) Venderbosch IL{+H2 T #7 ZBTGA 44
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Group B.V) . M E4Fm4F K FSOEE LS {2400,

25 - 28 JAN 2026
DALIAN, CHINA

Dr. R.H. (Robbie)
Venderbosch

ITZNERBEARLEEFRAZEERNGTT, G, WMAER—FKF TR T £ R R BT e
WM EHRT, ZEMANTBIGEMRBRERAR NS, BAT, Hay TAED R R MFE, A
B S, KA A, A4 R (5744) $ibg s, 2z AEF—Z7E48,
AR AR E R EAME R AR, LEXZEERFRE I AZ AN ZAEL, HENEH T
WRERSEMA MR FNE LML T TAZZ R £ BT RESZ, A BRE T HA L
SER AT 480K, MAAYR (BR) AURAI5AEH, HEE THIANABBET,

Buippibdn oyA|pIPD pub sisAjoIAd :sjan} o} sspwolg



Buippibdn oA D puDp sisAjolAd :sjany o} sspwiolg

W

Pyrolysis behavior of biomass under flow-enhanced heat transfer

Bl AR S BARIE IR o 89 T 18 XD AL B AR . RF R R T £ %R #AEAN
B

Weiming Yi
CEL

College of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, China
E-mail:yiweiming@sdut.edu.cn

Abstract

The development and utilization of lignocellulosic biomass is an important way to promote circular
agriculture and a low-carbon economy. In response to the problems of low energy density and added
value of biomass, research on the fast pyrolysis of biomass to produce bio-oil has been carried out,
including studies on pyrolysis mechanisms, regulation laws, equipment, and process development.
Firstly, the biomass de-volatilization performance during flash pyrolysis was investigated. The kinetic
models of typical biomass, such as corn stalks, were obtained, and it was confirmed that the kinetic
parameters under flash heating conditions are independent of the heating rate. Subsequently, based on
the self-developed rapid pyrolysis technology using ceramic ball heating, research was conducted on
the flow and heat transfer characteristics of mixed particles in the down-tube reactor. The results
indicate that there is good consistency between the CFD-DEM results and the PIV experimental results.
Among them, reactor parameters such as tube type and angle can regulate the flow and heat transfer
behavior. However, the radial "seepage phenomenon" existing between the particles limits the further
enhancement of heat transfer through flow. To address this issue, the inverted "V"-shaped downcomer
was modified into an "S"-shaped one, significantly enhancing the contact frequency and mixing intensity
between particles and meeting the high heating rate requirement for rapid pyrolysis. Finally, the heat
transfer-reaction coupling model was established. Heat conduction and convection were the main
energy sources for biomass, each accounting for approximately 45%. The temperature of the ceramic
balls is the dominant factor affecting the pyrolysis process, followed by collision probability and particle
diameter. When the temperature is 600 °C, the time required for pyrolysis is 1.2 seconds. Based on the
aforementioned research, series innovative down-tube reactor utilizing solid heat carrier circulation
heating for biomass pyrolysis has been developed.
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Prof. Dr. Weiming Yi is a professor in the College of
Agricultural Engineering and Food Science, Shandong
University of Technology. He is a former vice president of
Shandong University of Technology, a distinguished
Expert of Taishan Scholars Shandong Province, director
of the Shandong Research Center of Engineering and
Technology for Clean Energy, a member of the
Combustion Branch of the Chinese Society of Engineering
Thermophysics, and vice president of the Chinese Society
of Agricultural Engineering. Pioneering research has been
carried out in the fields of biomass pyrolysis and
anaerobic digestion, and the research achievements have
been applied, achieving economic and social benefits.
Currently, he is the principal investigator of Key Projects
of National Natural Science Foundation of China. He have
also completed over ten projects, including National Key
Research and Development Program of China, Key
Project and Thematic Project of 863 Program, and the
National Natural Science Foundation of China.
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Commercializing catalytic pyrolysis of waste polymers
BB ARE LA 2
Niels J. Schenk

Director of Research and Development at BioBTX B.V., Groningen, The Netherlands
E-mail: niels.schenk@biobtx.nl

Abstract

The base chemicals industry is a crucial pillar for all manufacturing because base chemicals are literally
the building blocks for fine chemicals and high-performance materials and products made of base
chemicals appear in key manufacturing industries such as food products, chemicals and chemical
products, machinery and equipment, and motor vehicles. Therefore, greening the base chemicals will
result in greening all carbon-based products. BioBTX focusses on the production of base chemicals
using catalytic pyrolysis using Integrated Cascading Catalytic Pyrolysis (ICCP).

In this presentation, focus will be on catalyst research and development for catalytic pyrolysis of
highly contaminated mixed waste plastics from the perspective of technology scale-up and
commercialisation. Refinery integration of the BioBTX product requires specifics on boiling point range
and effective catalytic conversion of impurities such as oxygenates. Moreover, commercial operations
requires sufficient catalyst stability against components such as water, chlorine, sulphur and nitrogen.
To achieve these goals, BioBTX has setup a complete infrastructure for catalyst R&D and is
collaborating with world leading companies and research institutes.
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Dr. Niels J. Schenk is Director of Research &
Development at BioBTX, where he leads the development
and scale-up of catalytic pyrolysis technologies that
convert waste plastics and biomass into renewable
aromatics. With more than twelve years of experience in
ICCP technology and advanced thermo-chemical
processes, he has played a central role in translating
BioBTX’s innovations from laboratory research to pilot and
demonstration scale.

Niels holds a Master’'s in Organic Chemistry from
Leiden University and a PhD in Energy and Environmental
Sciences from the University of Groningen. His early work
included contributing to the OECD Environmental Outlook
and participating in the IIASA Young Scientists Summer
Program, where he gained foundational experience in
integrated energy-materials modeling and climate-related
systems analysis.

Before joining BioBTX, he worked as a consultant
supporting sustainability initiatives in the chemicals sector.
Since 2012 he has led BioBTX’s R&D organization, where
he has overseen core technology development,
conceptual design of pilot and demonstration plants, and
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guided senior professionals in process development & catalyst development.
Niels is recognized for bridging scientific insight with practical engineering, and for driving
innovations that enable a more circular and low-carbon chemicals industry.
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Downstream processing of sustainable aromatics towards
bioplastics

TR EF R & LN R AL B

André Heeres

Hanze University of Applied Sciences, Groningen, The Netherlands
E-mail: a.heeres@pl.hanze.nl

Abstract

Aromatics such as benzene, toluene, and xylenes (BTX) are key intermediates for the plastic industry.
To meet the requirements of a circular economy, new sustainable routes towards BTX are essential to
achieve a full transition. Catalytic pyrolysis of end-of-life plastics/biomass is an excellent approach not
only to keep “aromatics” in the loop but also to compensate for materials (containing aromatics) lost
during production, utilization, and collection/sorting. In the presentation, we will discuss the downstream
processing of sustainable BTX, obtained by catalytic pyrolysis, into PET and the polyaramid Twaron
(Kevlar), and the upcycling of contaminated PET streams into Twaron.
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Prof. André Heeres (1966) is a professor at the Hanze
University of Applied Sciences in Groningen, The
Netherlands. His chemistry group is active in the de-
fossilization of the chemical industry (renewable carbon).
Main topics are the synthesis of biobased products (a.o.
biopolymers) and the recycling and upcycling of
(bio)polymers/plastics. André is (co)inventor of > 15
patents and one of the founders of the company BioBTX.
He was awarded the Groene Groninger prize in 2021.

Prof. André Heeres (4 T19665F) , ML Z4 T
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W) KA/ BANEKEFAFE, 2RAZMT
155 & A6y (LR KA, HZBioBTXA ) 8445
AZ—, FTF2021FRE “GFetTTHE” .
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Value-added utilization of wastes through pyrolysis: Principles, processes, and
practices

BRIFHHBoEAR: RE, TZ, XK

Dezhen Chen
% i& 2

Thermal & Environmental Engineering Institute, Tongji University, Shanghai, China
E-mail: chendezhen@tongji.edu.cn

Abstract

Unlike biomass, heterogeneous solid wastes consist of variable components, with uneven size and
shape, making them difficult to achieve value-added conversion through pyrolysis or catalytic pyrolysis
as biomass does. After more than a decade of researches, we have developed an integrated "pyrolysis
+ post-treatment” technology that utilizes hot pyrolysis char for online catalytic reforming of
condensable volatiles to obtain upgraded oil, or catalytically cracks tar to produce high-calorific value
fuel gas or hydrogen-enriched syngas. For oil production scenarios, viscous tar can be converted into
high-calorific value-added oil with a viscosity of less than 5 cP, with or without the addition of extra
catalysts. In gas production scenarios, the fuel gas with calorific value greater than 10 MJ/Nm?3 can be
obtained with air as gasifying agent, while the syngas with H, concentration close to 60%, and the CH,
concentration less than 3% can be obtained when using H,O reforming with the addition of extra
catalyst at temperature lower than 900 °C. We have developed highly efficient heat and mass transfer
pyrolysis equipment combining external and internal heating, as well as pyrolysis-char self-catalytic
reactor, which have been applied in county-level waste-to-energy generation, heat supply for ceramsite
kilns, treatment of high-salt content sludge, and resource recovery of countryside municipal solid
wastes, where will be introduced in this speech.
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Dezhen Chen is a professor in Thermal & Environmental
Engineering Institute at Tongji University.

She is an Associate Editor of the Waste Management
journal of Elsevier, an editorial board member of Detritus
and Environmental Sanitation Engineering (in Chinese).
She is a SAP (Scientific advisory panel) member of the
International Waste Working Group (www.iwwg.eu), and
in the framework of this association, she is also a key
member of the IWWG-Task Group on Thermal
Treatments. She is an expert in the Waste Management
Association of China's Rural Waste Management
Professional Committee, and a think-tank expert on
chemical and waste environmental management at the

Basel Convention Regional Centre for Asia and the Pacific.

She was listed in the top 2% of the world's top scientists in
2022, 2023 and 2024, and is the author of more than 200
scientific papers published in international or domestic
scientific journals.

She has rich research experiences in field of waste to
energy through pyrolysis to obtain value-added energy
products. She has been the scientific responsible and the
team leader for more than 10 Governmental projects
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about waste-to-energy and waste to resources. In particular, she and her team finished more than 50
consulting or technology R&D projects in the past 10 years. Her patented pyrolysis - reforming
technology has received industrialization support from the National Innovation Center par excellence of
China. She acted as co-chair of Symposium on Energy from Biomass and Waste 2022, 2024. She acts
as a referee for MIT Technology Review Innovators Under 35, etc. In 2024 she obtained China
Association of Invention and Innovation Award for Inventive Entrepreneurship - Individual Award(2024-
CAIR067) and the First Prize of the Environmental Protection Science and Technology Award(2024-J-

1-06-G2).
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Overview of activities at DTU in pyrolysis related activities

FEBRXF (DTU) #fgta XA Tk

Anker Degn Jensen

Department of Chemical and biochemical engineering,
Technical University of Denmark, Denmark
E-mail: aj@kt.dtu.dk

Abstract

The presentation will give an overview of recent activities at DTU-Chemical Engineering within the
broader area of pyrolysis involving 1) High pressure catalytic hydropyrolysis of biomass to directly
produce a fully deoxygenated liquid fuel; 2) High pressure catalytic hydropyrolysis of plastics; 3)
Atmospheric pressure catalytic pyrolysis and hydropyrolysis of biomass; 4) Pyrolysis of waste and its
integration with cement production. Furthermore upgrading of biomass pyrolysis oil by catalytic
hydrotreating in both traditional trickle bed reactors and a novel slurry reactor will be discussed.
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Prof. Anker Degn Jensen is professor of catalysis and
catalytic process engineering at the Department of
Chemical & Biochemical Engineering, The Technical
University of Denmark (DTU). His research interests are
within heterogeneous catalysis in energy conversion,
environmental applications and chemicals synthesis.
Current topics include e.g. syngas to methanol, methanol
to jet fuel, conversion of biomass to fuels and chemicals
via pyrolysis, plasma assisted catalysis and flue gas
cleaning (e.g. NO,, N,O). He has published >260 peer-
reviewed journal articles with ~15,000 citations and has a
H-index of 61 (WoS). He has received several prizes for
his research among other from the Foundation of His
Royal Highness Prince Henrik of Denmark and the Jorck
Foundation. He is Knight of the Order of Dannebrog by
Her Royal Majesty Queen Margrethe 1. He has
supervised more than 60 PhD students and more than
370 BSc/BEng and MSc students.
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Advancing pyrolysis technologies at Valmet: Conversion of low-
grade feedstock into valuable resources

Valmet #MERKSEE: FIKS AR SMET R

Tooran Khazraie Shoulaifar

Technology Competences, Strategy and R&D, Energy and Circularity, Valmet Oy, Finland
E-mail: tooran.khazraie@valmet.com

Abstract

For over two decades, Valmet has been at the forefront of developing innovative technologies to
produce pyrolysis oil through fast pyrolysis. This commitment to excellence began with the
commissioning of Valmet's first plant delivery in 2012, marking a significant milestone in the journey.
Recognizing the inherent challenges of conventional fast pyrolysis oil, such as high acidity, elevated
oxygen content, and high water content, a mission to enhance oil quality through catalytic fast pyrolysis
started. Initial investigations involved catalyst screening at the laboratory scale, progressing to bench-
scale trials of selected catalysts. The promising outcomes of these studies propelled the development
consortium to conduct further experiments at the pilot scale, with a feeding rate of 20 kg/h. The results
& findings matched expectations, leading to the construction and commissioning of the largest pilot
plant with a 400 kg/h feeding rate in Tampere, Finland, showing Valmet's dedication and investment in
technology development.

Since 2020, Valmet has begun exploring the chemical recycling of plastics, starting with polystyrene
and subsequently expanding to the pyrolysis of mixed plastic waste. In cooperation with technology
partners, Valmet has conducted pilot-scale pyrolysis of polystyrene, and several investigations into the
pyrolysis of mixed plastic waste are ongoing.

In 2023, the first biomass catalytic fast pyrolysis trials were initiated at Tampere's pilot plant, which
yielded encouraging results. At the upcoming P&CP 2026 Symposium, Valmet will present its findings
on the development of catalytic fast pyrolysis and recent trials. Additionally, the presentation will include
findings on the post-treatment process of the oil through hydrodeoxygenation, performed in
collaboration with technology partners. The initially low oxygen content in the original catalytic fast
pyrolysis oil results in more efficient oxygen removal via hydrodeoxygenation. The goal is to produce
upgraded oil similar to hydrocarbons in the range of gasoline and diesel. This work not only signifies a
technological leap in pyrolysis oil production but also highlights our commitment to advancing
sustainable product manufacturing through pyrolysis route.
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Dr. Tooran Khazraie Shoulaifar is a chemical engineer
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Reactive catalytic pyrolysis of palm kernel shell to high value
chemicals

AR e AL R F] & R F =
Le Kim Hoang Pham'2, Suwadee Kongparakul', Chanatip Samart'3

'Department of Chemistry, Faculty of Science and Technology, Thammasat University, Thailand
2|nstitute of Environmental Technology and Sustainable Development, Nguyen Tat Thanh University,
Vietnam
3Faculty of Chemical Engineering, Industrial University of Hochiminh city, Vietnam
E-mail: chanatip@tu.ac.th

Abstract

Catalytic fast pyrolysis is one of the most promising techniques for the production of bio-oils. Generally,
pyrolysis is carried out in an inert atmosphere; however, reactive catalytic pyrolysis has emerged as a
challenging technique for achieving high catalytic efficiency. Herein, NiCe/CN catalysts with different
Ni:Ce ratios were developed, and their catalytic efficiency in the catalytic fast pyrolysis of palm kernel
shells in a CO, atmosphere was evaluated. The effects of reaction conditions, including reaction
temperature (400-600 °C) and ratio of Ni:Ce (10:0, 10:1, 10:3, 10:5, and 10:10), on product yields were
studied using both in-situ and ex-situ studies. NiCe/CN50 exhibited enhanced oxygen removal
efficiency owing to the presence of oxygen vacancies in CeO,. In addition, the acidic site of the catalyst
promoted the demethoxylation of highly selective alkylphenol. The presence of Ce promoted the
Bouduard reaction (C + CO, — 2CO), which reduced coke deposition on the spent catalyst. Our results
indicate that the NiCe/CN50 catalyst exhibited good catalytic efficiency, with highly selective production
of alkylphenol and acetic acid, and low deactivation. Therefore, NiCe/CN50 can be used as an
alternative catalyst for phenol production from biomass via fast catalytic pyrolysis.
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Conventional and microwave pyrolysis with and without catalyst
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Abstract

Energy plays a vital role in the socio-economic and industrial development of any nation.
Simultaneously, the energy supply sector (such as petroleum, oil, and gas industries) is the largest
contributor to global emissions. In line with decarbonization efforts, industries are accelerating the
deployment of low-carbon technologies to develop sustainable methods for converting renewable
resources, such as biomass, into value-added products. The present work aims to provide an evolution
of conventional and microwave pyrolysis research, focusing on system development and product
quality. A variety of feedstocks were analyzed, and catalysts were applied for thermogravimetric
analyzer, conventional, and microwave pyrolysis. The thermogravimetric analysis (TGA) of biomass
under a CO, environment revealed a two-stage thermal degradation process: pyrolysis (Stage 1) and
gasification (Stage Il). The kinetic analysis highlighted the impact of catalysts on the activation energy,
with a notable reduction in Stage Il, resulting in accelerated gasification reactions. Empty fruit bunch
(EFB) biomass is the most promising feedstock among the biomasses tested, followed by palm kernel
shell (PKS) and coconut shell (CS). The work aimed to investigate the effect of CO, gasification of
various biomasses using a conventional electrically heated lab-scale fixed-bed reactor. The study
assessed syngas yield and quality under different key operating conditions, including temperatures,
with and without catalysts (dolomite and olivine). The findings revealed EFB as one of the consistently
produced high syngas vyields, with dolomite showing high effectiveness in maximizing tar-to-syngas
conversion. Finally, the microwave pyrolysis/gasification of biomass was explored. The fundamental
dielectric properties influenced by temperature that govern the MW processing are presented. The
challenges faced in scaling up the MW technology for biomass processing are also presented.
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The effective use of tandem micro-reactor on the catalytic co-
pyrolysis of biomass and waste plastic
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Abstract

Py-GC/MS is recognized as one of the most indispensable analytical platforms in pyrolysis research
and has been extensively employed, together with thermogravimetric analysis (TGA), as a core tool for
investigating thermal decomposition behavior. In recent years, the development and implementation of
a tandem micro-reactor system have significantly advanced studies on both in situ and ex situ catalytic
pyrolysis of biomass, plastics, and their blended feedstocks. Moreover, the introduction of a high-
pressure flow controller has enabled systematic investigation of pyrolysis reactions under high-pressure
hydrogen atmospheres, reaching pressures of up to approximately 3 MPa. These advancements have
expanded the experimental capability of analytical pyrolysis, allowing more precise control of reaction
environments and deeper insight into reaction pathways. In this presentation, the operating principles
and key functionalities of the tandem micro-reactor will be comprehensively introduced, followed by
representative case studies demonstrating its application to various catalytic pyrolysis systems.
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Thermochemical conversion of biomass and organic solid wastes: Toward the
production of fuels and functional materials
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Abstract

This research focuses on addressing the low utilization efficiency of biomass—our only carbon-
containing renewable resource for large-scale liquid fuel and functional material production—amid the
urgent transition to renewable energy. To this end, we proposed an integrated thermochemical and
catalytic conversion strategy for biomass and organic solid wastes like waste plastics, supported by
machine learning optimization. Key technologies include torrefaction pretreatment and N/O-doped
biochar catalysts to boost phenolic bio-oil production, automated ML models that identified Zn-loaded
zeolites as optimal for BTX synthesis, and a distillation-coupled upgrading approach for bio-oil
fractionation and refinement. We also achieved synergistic conversion by co-processing biomass with
high H/C waste plastics, such as a low-temperature hydrothermal process for PET that produces high-
purity hydrogen, and developed high-performance biomass-derived carbon materials for
supercapacitors, sodium-ion batteries, and environmental remediation. his work realizes high-value
utilization of biomass and plastic wastes through multi-path integration, providing a sustainable and
scalable solution for carbon resource recycling and supporting the global low-carbon energy transition.
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Bio-Aromatics from renewable and waste carbon resources in Indonesia
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Abstract

Indonesia possesses abundant biomass resources, particularly from the palm oil industry, that offer
significant potential as sustainable feedstocks for the production of bio-aromatic chemicals. In addition
to lignocellulosic residues such as empty fruit bunches (EFB), a wide range of biomass and waste-
derived feedstocks—including agricultural residues, forestry by-products, and heterogeneous waste
oils—can serve as renewable carbon sources for aromatic compounds such as BTX and related
intermediates. Research conducted by the Center of Catalysis and Reaction Engineering Group (CARE
ITB) at Institut Teknologi Bandung focuses on the development of integrated catalytic conversion
pathways. These include thermochemical processing (e.g., pyrolysis and hydrothermal routes) followed
by catalytic upgrading using tailored solid catalysts, notably modified zeolites and multifunctional metal—
acid systems. The studies demonstrate that appropriate catalyst and reactor design can promote
deoxygenation, cracking, and aromatization reactions, while mitigating coke formation and
accommodating the inherent variability of biomass and waste-oil feedstocks. Overall, this work
highlights the strategic role of palm-based biomass and other renewable or waste carbon sources for
bio-aromatics production and supports the development of robust process concepts relevant for pilot-
scale demonstration and future industrial implementation within a circular, low-carbon chemical industry
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Catalytic strategies for aromatic hydrocarbon production
improvement during co-hydropyrolysis of biomass and plastics
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Abstract

Catalytic hydropyrolysis is a promising technology for converting lignocellulosic materials and plastics
into valuable platform compounds. This study presents an integrated strategy combining torrefaction
pre-treatment of Chilean Oak (ChO) with catalytic co-hydropyrolysis to maximize the selectivity of
mono-aromatic hydrocarbons (MAHSs). The torrefaction of ChO modified its composition, reducing
hemicellulose and increasing lignin content, which enhanced the lignin-carbohydrate complex formation
and improved pyrolysis control, thus leading to a product profile rich in phenols, ketones, and furans
with minimal acid content.

The second focus was on enhancing MAH formation via hydrodeoxygenation (HDO) during catalytic
hydropyrolysis. Ga- and Zn-supported modified Chilean natural zeolite catalysts were evaluated. The
Zn-based catalyst, with a balanced Lewis/Brgnsted acid site ratio, showed superior performance,
yielding up to 64% MAH in biomass/plastic mixtures, whereas the Ga-based catalyst mainly produced
phenols. The acid-site balance proved critical: a Lewis/Bronsted ratio near 1 promoted Diels-Alder
cycloaddition for MAH formation, while a low ratio favoured aromatic ring opening and aliphatic
hydrocarbon production.

Additionally, a Ni-based catalyst derived from a metal-organic framework (MOF) was tested. This
catalyst, featuring an alumina-carbonaceous matrix with nickel nanoparticles, increased aromatic
hydrocarbon yield to 71.5% (including 63.5% monoaromatics) under optimised conditions: 86% catalyst
weight, 550 °C, 150 psi H,, and a 2:1 LDPE/ChO ratio. The catalyst reduced oxygenated compounds
and enhanced both aliphatic and aromatic hydrocarbons.

In summary, torrefaction pre-treatment effectively stabilises biomass and improves product quality,
while tailored acid-site catalysts, especially Zn-supported zeolites and MOF-derived Ni catalysts,
provide efficient pathways for maximising MAH production from the co-hydropyrolysis of biomass and
plastic wastes.
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Scaling up reductive lignin depolymerization: A sustainable pathway
towards biomaterials and green chemicals
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Abstract

Lignin-first biorefineries highlight the potential of lignin’s aromatic-rich structure for producing high-value
green chemicals. A key step in lignin valorization is depolymerization, which converts the complex
biopolymer into monomers, dimers, and oligomers, with product functionality governed by catalyst and
process conditions. While reductive depolymerization has advanced significantly, it has largely been
demonstrated at small (mg—g) semi-continuous scales using wood feedstocks. Integrating this
technology with existing biorefineries (e.g., kraft, hydrolysis, and organosolv) is therefore critical.

Here, we demonstrate long-term continuous reductive depolymerization of lignins from commercial
biorefineries at lab scale and its successful scale-up to two fully operational LignoValue pilot units at
VITO (Belgium). Lab-scale experiments were performed in a continuously operated packed-bed reactor
containing 15-30 g of Pd/Al,O; or Ru/Al,O;. The effects of temperature (200-250 °C), lignin
concentration (5-40 wt.% in methanol), feed rate (25-100 mL h™), and catalyst selection were
systematically studied. The resulting depolymerized lignin oil (DLO) was characterized by GC-MS/FID,
NMR (13C, 31P, 2D HSQC), GPC, and CHN analysis.

Continuous depolymerization of hydrolysis and organosolv lignins was sustained for over 100 h time-
on-stream at 235 °C using Pd/Al,O; and methanol, resulting in a pronounced reduction in molecular
weight and carbon efficiencies exceeding 90%, with minimal coke or gas formation. The process was
further validated at pilot scale, operating for over 200 h with performance comparable to the lab-scale
system. DLO was subsequently used as a precursor for biopolymers (polyurethane foams and epoxy
resins) and as a source of monomeric alkylphenols (e.g., propyl guaiacol and dihydrosinapyl alcohol),
enhancing overall techno-economic viability. Finally, an extensive techno-economic analysis was
conducted to identify key cost drivers and guide future improvements to the technology.
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DALIAN INSTITUTE OF CHEMICAL PHYSICS. CHINESE ACADEMY OF SCIENCES ENVIRONMENTAL CATALYSIS ENGINEERING
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Environmental Catalysis Engineering group (DNL0902) was founded in 1999
and is affiliated to the Dalian National Laboratory for Clean Energy. We conduct
applied fundamental research in the circular carbon domain, focusing on
sustainable catalysis reactions, heterogeneous catalysts, catalytic reactor

engineering, and industrial demonstration. We contribute our sustainable

catalysis expertise to the United Nations Sustainable Development Goals (SDGs

7 & 13).
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Dalian Xinghuan Energy Technology, established in 2023, develops
scalable systems for the pyrolytic and catalytic upcycling of waste plastics.
With a projected regional deployment capacity of approximately 2 million tons
per year, its platform produces downstream-compatible intermediates,
including naphtha-range hydrocarbons, aromatic-rich fractions, and jet-fuel-
range hydrocarbons. Xinghuan aims to transform waste plastics into industrial
feedstocks at scale, contributing to global decarbonization in line with the UN

Sustainable Development Goals.
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