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WELCOME MESSAGE
Dear Distinguished Guests, Colleagues, and Friends,
As spring awakens the timeless charm of Nanjing, we are delighted to welcome you to the 25th International 
Conference on Fluidized Bed Conversion (FBC25). On behalf of Southeast University and the organizing 
committee, we extend our heartfelt gratitude to all the experts, researchers, and industry leaders from 23 countries 
who have gathered here to pioneer the next chapter in fluidized bed technology.
Since its inception in 1968, the triennial FBC conference has grown into a premier global forum for scientific 
exchange in fluidized bed research. Developed through collaborative efforts of globally leading research 
institutions, this landmark event drives interdisciplinary progress spanning fundamental theoretical exploration to 
cutting-edge industrial implementations. Its enduring legacy reflects the collective expertise of international 
academia and industry pioneers, consistently fostering paradigm-shifting innovations in the field.
Over the decades, from the technology-driven advancements in Turku (2015) and industry-oriented innovations in 
Seoul (2018) to the collaborative knowledge-sharing dialogues in Gothenburg (2022), FBC has consistently united 
minds across borders to address evolving energy and environmental challenges. Today, as Southeast University 
proudly hosts FBC25 in Nanjing, we not only celebrate the conference’s storied past but also embrace its evolving 
role in nurturing international partnerships for a sustainable future.
This year’s program, meticulously curated with 234 presentations across 45 sessions (including 6 plenary lectures, 
24 keynote lectures, 174 oral presentations, and 30 poster exhibits), integrates two transformative forces reshaping 
our field:
ǒ   Green Transition Technologies: Sessions on carbon capture, chemical looping, and sustainable energy systems 
will spotlight pathways to decarbonize industries, aligning with global net-zero targets.
ǒ   AI-Driven Innovation: From machine learning-optimized reactor modeling to smart diagnostics for emission 
reduction, AI’s role in accelerating fluidized bed R&D will be explored through interdisciplinary dialogues.
At this pivotal moment for our industry, FBC25 offers a unique platform to reimagine collaborative innovation. 
From micro-scale fluid dynamics to energy systems operating on a significantly larger scale, the journey toward 
net-zero demands cross-border knowledge sharing, open-access data ecosystems, and joint technological ventures. 
We envision this conference not merely as a venue for sharing breakthroughs but as a catalyst for enduring partnerships 
that transcend geographic and disciplinary boundaries.
Nanjing—a city where 1800 years of cultural heritage coexists with cutting-edge innovation—offers a symbolic 
setting for this convergence. Whether strolling along the Qinhuai River, where ancient scholars once debated ideas, 
or engaging in technical sessions at the forefront of science, may your interactions here spark collaborations that 
transcend disciplines and borders.
Together, let us transform the promise of fluidized bed technologies into scalable solutions for a decarbonized, 
digitally empowered world.
Wishing you an inspiring and productive FBC25!

Honorary Chair
Prof. Junfu Lyu

Tsinghua University

Conference Chair
Prof. Lunbo Duan

Southeast University
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Southeast University (SEU), located in Nanjing, the ancient capital city of six dynasties, is a prestigious institution 
of higher learning renowned both domestically and internationally. With a rich cultural heritage, SEU traces its 
origins back to 1902, making it one of China's most time-honored universities. Over its 120-year history, SEU has 
upheld a spirit of patriotism and global responsibility, relentlessly striving for excellence in scientific advancement 
and national rejuvenation. Over time, the university has fostered a distinguished academic ethos characterized by 
“rigor, truthfulness, unity, and diligence”, a guiding philosophy of “achieving renown through science and serving 
the nation with talent”, and a steadfast commitment to its motto Striving for Perfection.
SEU is a comprehensive, research-oriented institution with a strong emphasis on engineering while also encompassing a 
wide range of disciplines, including philosophy, economics, law, education, literature, science, medicine, management, 
and the arts. Notably, 12 disciplines have been designated as national “Double First-Class” construction disciplines, 
and 6 disciplines received an A+ rating in China’s fourth round of disciplinary assessments, ranking SEU 8th 
nationwide. Internationally, 12 disciplines are ranked among the top 1% in the Essential Science Indicators, with 
engineering ranked 20th and computer science 16th, both placing in the top 0.1% globally.
SEU enjoys a distinguished reputation for its educational excellence. Committed to talent cultivation as its core 
mission, the university has educated over 330,000 professionals across various fields for the nation and society. 
More than 200 academicians from the Chinese Academy of Sciences and the Chinese Academy of Engineering have 
either studied or worked at SEU, further solidifying its legacy of academic and research excellence.
As one of the most active universities in China for international exchanges and cooperation, SEU has established 
extensive partnerships with world-renowned universities and top-tier research institutions. SEU aspires to walk 
shoulder to shoulder with global partners across academia, technology, and industry sectors. Together, SEU will 
harness the radiance of innovation to illuminate the path of transformative change, build bridges of collaboration to 
reach shared prosperity, and cultivate the bedrock of well-being through the transformative potential of emerging 
paradigms. SEU commits to forging a future where knowledge transcends boundaries, empowers communities, and 
unlocks humanity's collective potential.

Tracing its roots to the 1923 steam power engineering program at National Southeastern University, the School 
of Energy and Environment at Southeast University has gradually evolved into a nationally respected institution 
known for academic dedication and collaborative research. Over decades, it has cultivated nearly 20,000 
professionals, including distinguished alumni such as Academicians Xuejun Chen, Shoubo Xu, and other notable 
scholars, contributing to China's energy and environmental sectors.
The school focuses on two provincial key disciplines: Power Engineering & Engineering Thermophysics (ranked 
top 10 nationally) and Environmental Science & Engineering (top 15% nationally). Its Environment/Ecology 
discipline has recently entered the global ESI top 1%, reflecting sustained academic progress. With 809 
undergraduate and 1,487 graduate students, the school is supported by 201 faculty members, including 1 Chinese 
Academy of Engineering academician, 7 NSFC Distinguished Young Scholars awardees, and 18 National Young 
Talent Program Recipients.
Research capabilities are enhanced through collaborative platforms such as:
ǒ   National Engineering Research Center of Power Generation Control and Safety
ǒ   State Key Laboratory of Clean and Efficient Coal-Fired Power Generation and Pollution Control 
  (co-established with CHN Energy Investment Group)
ǒ   Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education
The school has developed specialized expertise in several areas:
ǒ   Pressurized coal combustion/gasification systems
ǒ   CO2 capture technologies through CFB and chemical looping
ǒ   Biomass conversion processes
ǒ   Solar-assisted refrigeration solutions
ǒ   Thermal power optimization methods
The school contributes to climate solutions through establishing the Yangtze River Delta Carbon Neutrality 
Institute and co-founding the Global Universities Carbon Neutrality Alliance. Through collaborative research and 
practical innovation, it advances sustainable energy transitions while supporting global decarbonization goals.
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Overall Conference Schedule

Sunday, April 6, 08:30-21:00

08:30-18:30

18:30-20:30

19:30-21:00

On-site Check-in & Conference Materials Pick-up (Location: Lobby)

Welcome Reception (Location: Purple Cloud Pavilion & Jin’s Cafe)

Steering Committee Meeting (Location: Room Golden Sweet Osmanthus, Second Floor)

Monday, April 7, 08:30-13:30

Opening Ceremony
Host: Lunbo Duan, Southeast University, Location: Purple Palace Ballroom

08:30-08:40

08:40-08:45

08:45-08:50

Opening Remarks & Welcome Address

Address by the Honored Guest

Address by the Honored Guest

Lunbo Duan
Southeast University, China

Bo Leckner
Chalmers University of Technology, Sweden

Guangxi Yue
Tsinghua University, China

Plenary Session 2
Chair: Guangxi Yue, Tsinghua University, Location: Purple Palace Ballroom

10:30-11:30

11:30-12:30

12:30-13:30

Modelling of reacting flows and industry applications

Exploring fluidized-bed reactor designs in chemical 
looping systems

Francisco García-Labiano
Instituto de Carboquímica (ICB-CSIC), Spain

Yansong Shen
University of New South Wales, Australia

Plenary Session 1
Chair: Bo Leckner, Chalmers University of Technology, Location: Purple Palace Ballroom

08:50-09:50

09:50-10:10

10:10-10:30

Latest development of circulating fluidized bed 
combustion technology in China

Group Photo (Location: Venue Entrance)

Coffee Break (Location: Lobby)

Junfu Lyu
Tsinghua University, China

Lunch (Location: Purple Cloud Pavilion & Jin’s Cafe)

Daily Program

Timeline Monday, April 7Sunday, April 6

08:30-08:50

08:50-09:50

09:50-10:10

10:10-10:30

10:30-10:50

10:50-11:50

11:50-12:30

12:30-13:30

13:30-15:30

15:30-15:50

15:50-17:20

17:20-17:40

17:40-18:20

18:30-20:30

19:30-21:00

On-site Check-in
&

Conference Materials
Pick-up

Plenary Lecture II
(10:30-11:30)

&
Plenary Lecture III

(11:30-12:30)

Welcome Reception

Poster Session

Banquet

Steering Committee
Meeting

Tuesday, April 8

Opening Ceremony

Plenary Lecture I

Group Photo

Coffee Break

Lunch

7 Parallel Sessions

Coffee Break

Lunch

6 Parallel Sessions

Coffee Break

7 Parallel Sessions

Wednesday, April 9

7 Parallel Sessions

Coffee Break

Thursday, April 10

Plenary Lecture IV
(08:30-09:30)

&
Plenary Lecture V

(09:30-10:30)

Technical Visit 2
Wuxi Huaguang 

Environment 
& Energy Group 

Co., Ltd and 
Wuxi Youlian 

Thermal Power Co., 
Ltd, Wuxi

(08:30-17:30)

7 Parallel Sessions
(10:30-12:20)

Coffee Break

Plenary Lecture VI

Lunch

Technical Visit 1
Everbright 

Environmental 
Protection Energy 

(Nanjing) Co., Ltd., 
Nanjing

(13:30-17:00)

Closing Ceremony
(11:50-12:10)

6 Parallel Sessions

Dinner
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Bio:
Dr. Junfu Lyu, professor at the Department of Energy and Power Engineering, Tsinghua University. Prof. 
Lyu has been engaged in the R&D of technologies in the field of thermal engineering, leading several 
national and international cooperative research projects. He has led the research and successful 
demonstration of the world's first 600MW supercritical and 660MW ultra-supercritical circulating fluidized 
bed (CFB) boilers, the boiler using saline wastewater from oil production to produce superheated steam, the 
ultra-low pollutant emission CFB boiler, the heat recovery boiler, and the biomass-fired CFB boiler with 
high steam parameters, etc. The relevant equipment has been widely applied at home and abroad and 
demonstrates excellent performance, promoting the development of disciplines including gas-solid/gas-liquid 
two-phase flow, heat transfer, combustion, etc.
Prof. Lyu currently serves as a member of the Academic Committee of Tsinghua University. He is also the 
Chief Expert of the Expert Committee of the China Electricity Council. He once served as the Vice 
Chairman/Chairman of the IEA-FBC TCP, and the Chairman of the 9th/10th International Conferences on 
Coal Combustion. His research achievements have won several national-level science & technology prizes 
in China, and he has been honored with multiple individual awards. Up to now, he has authorized over 70 
invention patents, published over 500 research papers, and edited 5 books. In 2023, he was elected as an 
academician of the Chinese Academy of Engineering (CAE).

Abstract: 
Cost-effective and reliable coal-fired power generation has strongly supported the rapid economic growth 
in China over the past years. Circulating fluidized bed (CFB) boiler achieves satisfactory combustion 
performance through gas-solid fluidization, which has the capabilities of burning low-quality fuels, 
low-cost pollution control, and deep peak regulation, and will also play an important role in the new power 
system dominated by renewable energy sources.
This report elaborates on the significant progress of CFB combustion technology in China in recent years. 
In terms of the research on supercritical (SC)/ultra-supercritical (USC) CFB boiler technology, several 
theoretical and engineering challenges have been overcome, including the hydrodynamic data and design 
experience for SC/USC unit systems, the characteristics of solid suspension density and heat transfer in 
large-scale furnaces, etc. On this basis, the 600MW SC CFB boiler (Baima, China) and a series of 350MW 
SC CFB boilers are developed. The availability of the SC CFB boiler satisfies the power generation 
demand, similar with the pulverized coal-fired boiler units, which encourages the development of USC 
CFB boiler. The world’s first 660MW USC CFB boiler (Binchang, China) have been successfully 
established and put into operation in 2024. The boiler operational performance is better than expected, 
demonstrating superior economic efficiency. Other two 700MW CFB boilers (Honghe, China; Shaoguan, 
China) are in commissioning. 
In terms of the study of flexibility-enhanced CFB boiler technology, the dynamic response characteristics 
of in-furnace heat and mass transfer have been re-understood. Accordingly, several technical measures for 
long-term hot standby operation and rapid load change of CFB boilers have been proposed. Practice on two 
300 MW subcritical and one 350 MW supercritical CFB boilers show that, the unit's output power can 
rapidly drop at a rate of around 10% Pe/min and then maintain long-term stable operation at an ultra-low 
load of 2-4 MWe, with a total hot standby duration nearly 2 hours. In addition, the load increasing rate can 
reach up to 4.7% Pe/min. It indicates that CFB boiler units possess the full-load peak regulation capability, 
providing strong support for the high-proportion consumption of renewable energy.
In addition, important breakthroughs have also been achieved, involving the biomass-fired CFB boiler with 
high steam parameters, the deep clearification of sintering flue gas based on CFB combustion technology, 
the oxy-CFB combustion technology, and the chemical looping combustion technology, etc. Some of these 
technologies have been successfully applied in engineering projects and have yielded good benefits.
In the future, efforts will be made to develop more advanced CFB combustion technologies that integrate 
safety, cleanliness, high-efficiency, high-flexibility, low carbon emissions, and intelligence, thus ensuring 
the high-quality development of the economy, society and environment.

Plenary Lecture I

Monday, April 7 | Purple Palace Ballroom | 08:50-09:50
Chair: Bo Leckner (Chalmers University of Technology, Sweden)

Latest development of circulating fluidized bed combustion 
technology in China

Junfu Lyu
Tsinghua University, China
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Bio:
Francisco García-Labiano is a Scientific Researcher and responsible of the “Combustion & Gasification” 
group at the Instituto de Carboquímica (ICB) in Zaragoza belonging to the Spanish National Research 
Council (CSIC). He holds a Chemistry degree, an MSc and a PhD in Chemical Engineering from the 
University of Zaragoza. From 2021 to 2024, he served as Deputy Coordinator of the Global Area Matter at 
CSIC.
His research focuses on environmental challenges in energy production, with extensive experience in clean 
coal technologies, including sulfur removal during fluidized bed combustion/gasification. Since 2000, he has 
contributed significantly to Chemical Looping Combustion (CLC) technology, a leading CO  Capture and 
Storage (CCS) approach to mitigate global warming. His more recent work emphasizes using renewable 
fuels (biomass, waste) in different Chemical Looping processes to achieve negative CO  emissions in CLC 
or produce clean syngas for liquid biofuels production through CL Reforming (CLR) or gasification (CLG). 
Fluidized bed technology is a critical component in all these processes, offering enhanced efficiency, fuel 
flexibility, and improved heat and mass transfer.
He has participated in over 20 international projects belonging to different EU Framework Programs (FP5, 
FP6, FP7, H2020, Horizon Europe) and 15+ national projects. He has authored 220+ publications, six 
patents, and several book chapters. Special mention deserves his 2012 review, Progress in Chemical-Looping 
Combustion and Reforming Technologies, which is a reference work in the field. Recognized as a Highly 
Cited Researcher (Clarivate Analytics, 2015–2018, Engineering area), he has supervised eight Ph.D. theses, 
managed a Marie Curie Fellowship, and contributed to over 150 national and international conferences.

Abstract: 
Chemical looping technology has undergone significant development over the past 25 years. This 
technology relies on the use of an oxygen carrier (OC) to transport both oxygen and heat between two 
interconnected reactors, known as fuel and air reactors. The gas produced at the outlet of the fuel reactor is 
a nitrogen-free stream, offering numerous advantages over conventional processes. This unique characteristic 
has positioned Chemical Looping Combustion (CLC) as one of the most cost-effective CO2 capture 
technologies available today. In this context, fluidized bed (FB) reactors have emerged as the preferred 
technology due to their superior capabilities in solid transport and maintaining uniform reactor temperatures. 
Furthermore, the use of FB allows for the utilization of a wide variety of fuels, including gaseous, liquids, 
and solid types. While much of the early development of CL focused on fossil fuels such as natural gas and 
coal, recent years have witnessed a growing emphasis on renewable fuels like biogas and biomass. This 
shift aligns with the rising interest in Bioenergy with CO2 Capture and Storage (BECCS) technologies, 
which present an opportunity for CL to achieve negative CO2 emissions at a relatively low cost.
The purpose of this work is to not only highlight the design characteristics of CL technology but also to 
provide a comprehensive overview of the units operated over the past 25 years, ranging from laboratory-scale 
setups to commercial units. Most of them feature a CFB-BFB/CFB configuration, where the air reactor is 
always designed as a circulating Fluidized Bed (CFB). However, achieving high fuel conversion efficiency 
in the fuel reactor often requires design enhancements. Strategies to improve efficiency include increasing 
the solid residence time (e.g., using a CFB instead of a bubbling fluidized bed or incorporating a carbon 
stripper) and enhancing gas-solid contact, such as employing a two-stage bubbling fluidized bed (BFB) 
design for the fuel reactor.
To date, more than 40 CL units have been operated worldwide, accumulating over 15,000 hours of 
operational experience. In addition, CL has gained relevant confidence by achieving Technological 
Readiness Level (TRL) of up to 6-7. Notable recent milestones include the successful self-heating 
operation (70 hours) of the 5 MWth CLC unit in Deyang, China, as part of the CHEERS project, and the 
demonstration of over 130 hours of autothermal operation of the Biomass Chemical Looping Gasification 
(BCLG) process at a 1 MWth scale in TUDA, Germany, under the CLARA project. 
To achieve maturity and establish CL as a viable technology for utility companies, innovative concepts are 
being explored. The use of oxygen carrier particles as bed material in large FBC in the Oxygen Carrier 
Aided Combustion (OCAC) provides confidence on OCs lifetime. Flexible units capable of combining 
CLC and CFB technologies allow for adaptability to different combustion modes based on upon market 
conditions. Other advancements, such as the use of BCLG for producing various liquid biofuels and the 
development of pressurized systems, significantly enhance the likelihood of success for CL technology in 
the near future.
Keywords: Chemical Looping, CO2 capture, Combustion, Gasification

Plenary Lecture II

Monday, April 7 | Purple Palace Ballroom | 10:30-11:30
Chair: Guangxi Yue (Tsinghua University, China)

Exploring fluidized-bed reactor designs in chemical looping 
systems

Francisco García-Labiano
Instituto de Carboquímica (ICB-CSIC), Spain
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Bio:
Dr Yansong Shen is a full Professor in the School of Chemical Engineering at the University of New South 
Wales (Tenured), and is holding a prestigious Australian Research Council (ARC) Future Fellow. He is the 
Director of ARC Research Hub for Photovoltaic Solar Panel Recycling and Sustainability (A$13M). He 
obtained his BEng and MEng degrees from Northeastern University (China) and PhD degree from UNSW. 
He initiated and is leading a vibrant research lab - Process Modelling and Optimization of Reacting Flows 
"ProMO Lab" (www.promo.unsw.edu.au). He published over 250 peer-reviewed papers in top-tier 
multidisciplinary journals, secured 14 ARC and >40 highly competitive research grants from national and 
international funding agencies, in total over AUD A$40M, established industry engagements in Australia 
and overseas, and won several honours and highly-competitive national fellowships e.g. ARC APDI 
Fellowship (2012) and ARC Future Fellowship (2019). His group designed and scaled-up several new 
technologies including new low-carbon ironmaking technologies, iron ore and coal/biomass processing and 
upgrading, and reactors design including green hydrogen electrolysers and hydrogen storage tanks. Many of 
them have been patented, implemented and practised in industries with measurable benefits. He was selected 
as the President of the Australasian Particle Technology Society, Chartered member IChemE, TMS, AIST, 
and invited/plenary speaker at several international conferences.
 

Abstract: 
Process design and control play a significant role in modern industries. Most processes and reactors are 
very complex, as they usually involve not only multiphase flows but also heat and mass transfers related to 
chemical reactions and their interactions – the so-called reacting flow. The operation must be optimized in 
order to be competitive and sustainable, particularly under more and more demanding economic and 
environmental conditions. This will need continuous innovative research and development. Computer 
simulation and modelling, supported by online data and experiments, have emerged as an indispensable 
adjunct to the traditional modes of investigation for the design, control and optimization of processes, 
reactors, and devices.  In this presentation, Prof. Shen will report his core research on process modelling of 
reacting flows and its applications to a range of complex processes and reactors in conventional and 
emerging industries. Several examples of industry applications will be used for demonstration. The 
modelling works are indeed helpful to understand fundamentals and optimize & develop new, cleaner and 
more efficient technologies with measurable industrial outcomes.

Plenary Lecture III

Monday, April 7 | Purple Palace Ballroom | 11:30-12:30
Chair: Guangxi Yue (Tsinghua University, China)

Modelling of reacting flows and industry applications

Yansong Shen
University of New South Wales, Australia



032 033

THE 25th INTERNATIONAL CONFERENCE 
ON FLUIDIZED BED CONVERSION C O N F E R E N C E  P R O G R A M

Bio:
Dr. Xiaotao Bi is the Methanex professor in the Department of Chemical and Biological Engineering at the 
University of British Columbia and the Director of UBC Clean Energy Research Centre (www.cerc.ubc.ca). 
He is a Fellow of Canadian Academy of Engineering and Engineering Canada.
His research spans from fundamentals of fluid-particle systems to industrial applications of fluidized bed 
reactors, with the current focus on development of fluidized bed reactors for biomass gasification, 
torrefaction, and catalytic pyrolysis, and integrated assessments of bioenergy systems. He has published 
450+ peer-reviewed journal papers with a Google H-Index of 86. He was the recipient of a number of awards 
including the AIChE Particle Technology Forum Lectureship Award (2012), CSChE Industrial Practice 
Award (2020), BC Bioenergy Sector Award (2022), CIESC Thermochemistry Award (2023) and 
International CFB & Fluidization Achievement Award (2024).

Plenary Lecture IV

Wednesday, April 9 | Purple Palace Ballroom | 08:30-09:30
Chair: Changsui Zhao (Southeast University, China)

Novel fluidized bed reactors for thermochemical conversion of 
biomass residues to biofuels and biochar

Xiaotao Bi
The University of British Columbia, Canada

Abstract:
Biomass residues are renewable biogenic-carbon sources and have the potential to replace fossil-carbon 
fuels to reduce greenhouse gas emissions. Thermochemical pathways such as gasification and pyrolysis 
have been applied to convert biomass into drop-in biofuels, but still face both technical and economic 
challenges. Among the technical challenges is the poor quality of intermediates, e.g. syngas of low heating 
value and high tar content and bio-oil of high oxygen content and high acidity, which making them different 
to be upgraded to gaseous or liquid biofuels. Novel methods have been explored to improve the quality of 
intermediates, such as steam/oxygen gasification with catalytic tar cracking for making clean syngas and 
catalytic pyrolysis under plasma/microwave heating to improve bio-oil quality. 
At UBC Clean Energy Research Centre, we developed a horizontal gas-pulsating fluidized bed microwave 
reactor for catalytic pyrolysis of biomass residues. We systematically evaluated K3PO4, K2CO3, clinoptilolite, 
bentonite and their combinations as potential additives for enhancing microwave absorption and catalyzing 
pyrolysis of biomass to improve bio-oil and biochar qualities in a bench microwave reactor. All of them 
demonstrated good catalytic activities in microwave-assisted pyrolysis, resulting in reduced acidity, 
viscosity and water content of bio-oil product. Biochar produced has a high porosity and shows good 
performance in capturing heavy metals and emerging water pollutants. Based on the performance of a bench 
scale microwave reactor, a continuously operated pilot reactor has been developed and commissioned with 
some unique features: stable fluidization of sawdust particles via gas-pulsation, narrow residence time 
distribution of sawdust particles via a horizontal configuration, and uniform microwave heating using a 
shallow particle bed. Hydrodynamics, particle residence time distribution and biomass pyrolysis 
performance of the pilot microwave-assisted gas-pulsating horizontal fluidized bed reactor are studied 
systematically to validate the superior performance of the novel fluidized bed reactor. 
This presentation will also showcase the results generated from a pilot steam/oxygen two-stage fluidized 
bed reactor at UBC Pulp and Paper Centre for gasification of biomass residues to generate low-tar and high 
heating value syngas for high-value applications (e.g. lime kilns, methanation and F-T synthesis). The 
effect of various important process parameters, including equivalent ratios (ER) and steam-to-biomass ratio 
(S/B), reactor temperatures on syngas yield and composition, and tar yield will be presented.
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Selected topics in chemical reaction engineering of fluidized 
bed thermochemical conversion of biomass

Piero Salatino
Università degli Studi di Napoli Federico II, Italy

Plenary Lecture V

Wednesday, April 9 | Purple Palace Ballroom | 09:30-10:30
Chair: Changsui Zhao (Southeast University, China)

Bio:
Piero Salatino is Professor of Chemical Engineering and faculty member of the Department of Chemical, 
Materials and Industrial Production Engineering of the University of Naples Federico II. Chairman of 
MedITech, Italian Competence Center on Industry 4.0 enabling technologies. Dean of the School of 
Polytechnic and Basic Sciences of the University of Naples Federico II (2013-2020); Dean of the 
Engineering Faculty of the University of Naples Federico II (2010-2013); Director of the Combustion 
Research Institute - National Research Council (2008-2010).
Piero Salatino is an internationally recognized researcher and scholar in the fields of chemical reactor 
engineering, powder technology, thermochemical conversion of solid fuels, bioprocess engineering, with a 
scholarly record of more than 350 scientific articles in international archival journals and more than 400 
articles in proceedings of international conferences. Member/past member of the editorial boards of Powder 
Technology, Fuel Processing Technology, Industrial & Engineering Chemistry Research, Combustion & 
Flame, Combustion Science and Technology, Scientific Reports, Frontiers in Energy Research. Former 
President of the Italian section of the Combustion Institute (1997-2005), he is member of the historical 
Accademia Pontaniana.

Abstract:
Fluidised bed thermochemical processing of biomass (combustion, gasification, pyrolysis) has a long track 
record of success and offers a number of viable routes for the effective utilisation of biomass for renewable 
energy and/or sustainable production of chemicals. As advanced biorefinery-oriented biomass utilisation 
schemes come of age, chemical reaction engineers are increasingly challenged to improve the design and 
operation of fluidised bed converters to achieve ever more "premium" performance: reduced pollutant 
emissions, maximum yield and selectivity, improved reliability and robustness of operation. Despite the 
attractive features of fluidised beds, precise tailoring of process conditions is required to drive biomass 
conversion along the prescribed chemical pathways.
The lecture addresses the topic with a comprehensive overview of the basic physico-chemical processes 
associated with fluidised bed thermal conversion of biomass: particle heating and drying, thermal 
depolymerisation and devolatilisation, heterogeneous and gas phase reactions, hydrodynamic interaction of 
biomass-generated fluids with the fluidised suspension, particle and volatile segregation, particle 
attrition/fragmentation and fine particle generation. The relevance of the fundamental processes to reactor 
engineering is critically discussed, with particular emphasis on the mechanisms responsible for particle and 
gas phase mixing/segregation. The development of design criteria inspired by chemical reaction engineering 
principles, with due consideration of the complex phenomenology of biomass thermal conversion in 
fluidised beds, is exemplified with reference to selected cases belonging to the pyrolysis-based biorefinery 
pathway.
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Bio:
Ruud van Ommen (PhD 2001, currently full professor) is a chemical engineer by training. He has been 
visiting professor at Chalmers University of Technology (Gothenburg, Sweden) and the University of 
Colorado (Boulder, USA). He has a broad expertise in multiphase reactors and particle technology. In the 
past decade, he expanded his research to the scalable production of advanced, nanostructured materials. In 
2011, he started an ambitious program (funded by an ERC Starting Grant) to investigate the interplay 
between agglomeration and coating of nanoparticles in the gas phase. This fundamental work has led to 
practical applications, e.g. for energy conversion and storage, and for pharmaceuticals production. He is 
co-founder of Powall, a spin-off company working on nanocoating particles. The second part of his 
research efforts are embedded in TU Delft’s e-Refinery institute. The efforts of van Ommen’s team are 
mostly aimed at developing scalable reactor configurations for e.g. CO  reduction, and production of the 
required materials.
 

Abstract: 
There is an increasing interest in fine particles, a few micron or less than a micron in diameter. Such 
particles are often difficult to process because of their cohesive nature. Similar problems are encountered 
for wetted particles. This means, for example, that a regular fluidized bed does not provide sufficient 
mixing for such cohesive particles, but that additional methods such as stirring or vibration should be 
applied. This makes the particle flow even more complex than the already complicated behaviour of a 
fluidized bed. In recent years, we have developed and deployed X-ray imaging and single-photon emission 
radioactive particle tracking to obtain detailed information about vibrated fluidized beds, stirred fluidized 
beds and horizontal stirred beds. In this work, we will discuss some examples of results obtained with these 
techniques.
The X-ray setup consists of a triplet of cone-beam sources (X-ray tubes) and three 1548-by-1524 pixel 
detector panels. It can be used to study systems up to 20 cm in diameter. For imaging, we often use only a 
single source and detector panel. The X-ray imaging reveals that for a fluidized bed of micro-silica, 
vibration reduces channelling, but does not significantly change the agglomerate size. Vertical vibration 
shows to be much more effective than elliptical vibration. However, it cannot prevent stratification in the 
bed. When using a stirrer to enhance the powder mixing, the design of the stirrer is of large influence: it 
should maximize the sweeping coverage and avoid the creating of gas pathways. When required, the three 
sources and panels can be used to make a full 3D tomographic reconstruction of a system under study.
While the X-ray imaging gives precise information about the density distribution, single-photon emission 
radioactive particle tracking can be used to obtain the trajectory of a representative particle. We use a 
polystyrene bead with an activated gold core – emitting gamma-rays – as the tracer particle. Three identical 
ɔ-radiation slit collimator detectors are placed equidistantly around the horizontal stirred bed. We 
demonstrate that increasing the agitator rotation speed and the fill level of the bed both lead to an increase 
in the solids circulation.
Keywords: X-ray imaging, tracer particle, cohesive flow, tomography, particle tracking

Keynote Lecture 01

Monday, April 7 | Room Golden Thread (Session 2A) | 15:50-16:20

Radiation-based imaging techniques for detailed investigation 
of particle flows

J. Ruud van Ommen
Delft University of Technology, The Netherlands
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Bio:
Leming Cheng is a professor at the Institute for Thermal Power Engineering and the State Key Laboratory 
of Clean Energy Utilization, Zhejiang University. He engages in research on clean combustion theory and 
engineering technology, including circulating fluidized bed, dual-bed fluidized bed systems, large-scale 
fluidized bed numerical simulation, pressurized circulating fluidized bed; porous media combustion, heat 
storage and energy saving, low calorific value gas utilization, near-zero emissions, measurement of 
combustion products of special fuels. 
Dr. Cheng’s main research area is circulating fluidized bed theory and technology, with 38 years of research 
and engineering experience to date. This includes the test rig design and construction, measurement 
technology, lab tests, component testing and design, CFB boiler thermal calculation and design, model and 
simulation, commissioning and optimization of CFB boilers.
He is an expert of the Expert Group for the independent development of 600MW ultra-supercritical 
circulating fluidized bed boilers by the National Development and Reform Commission, expert of the 
Expert Group for the development and engineering demonstration of Weihe 660MW ultra-supercritical 
CFB boilers, an expert of the National Power Industry CFB Collaboration Network Expert Committee.
He has led and participated in over 60 national, provincial and enterprise research projects, including the 
National Program on Key Basic Research Project (973 Program), the National Natural Science Foundation 
of China, 863 Program, the Eleventh Five-Year Plan Program, the Twelfth Five-Year Plan Program, the 
Thirteenth Five-Year Plan Program, the Fourteenth Five-Year Plan Program, the Main Direction Program 
of Knowledge Innovation of Chinese Academy of Sciences, the Ph.D. Programs Foundation of Ministry of 
Education of China.
He has published over 100 academic papers, co-authored 4 monographs, co-translated 1 monograph and 
awarded more than 50 invention patents. 

Keynote Lecture 02

Tuesday, April 8 | Room Golden Thread (Session 4A) | 10:30-11:00

Seen, known and thoughts through ~40 years CFB researches

Leming Cheng
Zhejiang University, China

Abstract:
The CFB combustion technology has been developed to a so high level today. More than 50 units of 350 
MW CFB boiler were put into operation and the largest operated one is 660 MW CFB boiler with 
ultra-critical steam parameters.
Myself experienced the development of the CFB theoretical and technology since 1987. It would be 
interesting to looking back the development of the CFB technology from lab experiments, numerical 
simulation to the industrial application. 
The presentation discusses the issues I impressed. The content includes the test method and facilities, 
measurement technique, boiler and parts’ design, field commissioning, operation problems and solution, 
model development, software development, numerical simulation, industrial application related to 
hydrodynamics, combustion, heat transfer, emissions, fouling and ash deposition, wear and etc.
Hydrodynamic is the fundamental of the CFB technology. All issues in a CFB system are related each other 
and should be considered together in the development of the technology and problem solving. Numerical 
solution has become a useful tool in the design of the large-size CFB boilers. Outlook of the CFB 
technology is also discussed. 
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Bio:
Professor Haibo Zhao received the Ph.D. degree in Thermal Engineering from Huazhong University of 
Science and Technology in 2007. He is currently the Vice Director of State Key Laboratory of Coal 
Combustion at Huazhong University of Science and Technology. His research area is chemical looping 
combustion, as well as combustion synthesis of functional nanoparticles. He has won the National 
Excellent Youth Fund, Alexander von Humboldt Foundation Fellowship and the Fellow of The Combustion 
Institute. His research work has won the Outstanding Paper Award of the International
Combustion Institute, the Best Paper Award of the International Chemical Looping Conference.

Keynote Lecture 03

Tuesday, April 8 | Room Golden Thread (Session 6A) | 15:50-16:20

Char gasification in chemical looping combustion

Haibo Zhao
Huazhong University of Science and Technology, China

Abstract: 
Chemical looping combustion (CLC) has emerged as a cost-effective technology for carbon capture at the 
combustion source. After decades of development, the CLC process has been demonstrated in units of 
different size, from bench scale to megawatt-scale pilot plants, however, more research is still needed to 
bring the technology to a fully commercial level. The first challenge is the severe rate mismatch of different 
reactions of solid fuel. Due to insufficient char gasification rate, most of the reported continuous CLC units 
could not attain both Carbon capture efficiency and coal combustion efficiency above 95%, therefore, it is 
necessary to enhance the char gasification rate. In this report, the particle-resolved simulation with 
heterogeneous reactions was conducted, in which the effects of both internal and external heat/mass 
transfer on char conversion characteristics were carefully studied. A quantitative formula was attained to 
describe the complex relationship between rich H2O-char gasification, rich CO2-char gasification and lean 
O2-char combustion, providing appropriate condition to attain significant enhancement of char conversion 
rate during solid fuel CLC.
Keywords: Chemical Looping Combustion, Single Particle Modelling, Heterogeneous Reaction, Oxygen 
Uncoupling, Oxygen Carrier
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Bio:
Haigang Wang is a principal research scientist in the Institute of Engineering Thermodynamics at the 
Chinese Academy of Sciences, where he also received his PhD in the same field. He was working with the 
University of Manchester as research associate during 2005 and 2010. Haigang Wang’s research interests 
include flow dynamics simulation and measurement of multi-phase flows, mathematical modeling and 
process control for fluidized bed drying, process tomography and 3D image reconstruction, monitoring and 
control for granulation, drying and coating processes in the pharmaceutical industry. Dr. Wang has 
participated in several key projects as PI funding by EPSRC, TSB in UK and NSFC projects in China 
related with energy and pharmaceutical industry. He has been shortlisted as a finalist for the IET Innovation 
awards (highly commended for the IET Innovation Awards for Measurement in Action for 2009). He has 
published more than 200 scientist papers including the best paper award in international process 
tomography conference in 2008 in Poland and one international patent which has been demonstrated in 
GEA-Aeromatic in Switzerland and UK, AstraZeneca in Sweden and DuPont in USA. Three invited 
reviewer papers have been published in Power Technology, Chemical Enginering Science and Applied 
Thermal Engineering. He has given several keynote lectures in international conference including 2014 
IEEE Imaging System and Technology Conference in Greece, 2015 Asian Particle Technology Conference 
in South Korea, 2018 World Congress on Particle Technology Congress in USA and 2019 International 
Fluidization XVI conference in China, 2024 CFB14 conference in Taiyuan and APT2024 in Syndey. Dr. 
Haigang Wang is Editor of Measurement Digitatizon, Associate Editor of Measurement Energy, Guest 
Editor for Applied Thermal Enginering and Flow Measurement and Instrumentation.

Keynote Lecture 04

Monday, April 7 | Room Green Willow (Session 2B) | 15:50-16:20

Advanced measurement techniques for gas-solids fluidized 
beds for coal and biomass combustion

Haigang Wang
University of Chinese Academy of Sciences, China

Abstract: 
Gas-solids fluidized beds are typical used in power and energy industry for coal and biomass combustion, 
as well as gasification process. The complex and dynamic flow behaviors within these reactors present 
significant challenges to improving energy efficiency and minimizing environmental impacts. 
Understanding the hydrodynamics and developing reliable methods to measure the process parameters are 
essential to control and optimize the performance of the process. This talk will provide a comprehensive 
analysis of the current measurement approach and sensor technology used in gas-solids fluidized beds. 
Traditional measurement techniques with recent advances in sensor technology for industrial applications 
will be given which focused on key parameters including solids concentration, velocity, flux, temperature, 
and emissions. Fluidized bed process control based on these measurements and the potential for integrating 
machine learning techniques will be given. Finally, the challenges faced in large-scale fluidized beds and 
explores the development of measurement technologies for high-temperature and high-pressure environments 
will also be given and discussed.
Keywords: Fluidized beds, Measurement, Probes, Process tomography, Machine learning



046 047

THE 25th INTERNATIONAL CONFERENCE 
ON FLUIDIZED BED CONVERSION C O N F E R E N C E  P R O G R A M

Bio:
Professor Fangqin Cheng is the Director of State Key Laboratory of Technologies for Efficient Utilization of 
Coal Waste Resources. In recent years, Prof. Cheng has mainly engaged in research and development in 
solid waste recycling and utilization. She has led to completion a number of major national and provincial 
projects on the utilization of coal gangue, fly ash, low grade resources. In 2021, Professor Cheng was 
awarded with “The Second Class National Prize for Progress in Science and Technology” recognizing her 
achievements in coal waste utilization.

Keynote Lecture 05

Tuesday, April 8 | Room Green Willow (Session 4B) | 10:30-11:00

Basic research and technology development about clean and 
low-carbon utilization of solid waste containing carbon

Fangqin Cheng
Shanxi University, China

Abstract:
This keynote speech presents the basic research and technology development about clean and low-carbon 
utilization of solid waste containing carbon, such as coal gangue, coal slime and so on. The general idea of 
coal gangue utilization based on the properties of resource and environment. An innovative technology of 
oxy-combustion, NH3 combustion, and the new development of depth peak regulation digital platform were 
comprehensively introduced. These basic research and technology development will provide a way of 
resource utilization for solid waste containing carbon. 
Keywords: Solid waste; Resource utilization; Clean; Low-carbon
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Bio:
Was born on November, 7, 1947 in Moscow, Russia. In 1972 graduated from power Engineering faculty (on 
specialty "steam generators of power plants") of Moscow Power Engineering Institute. Since 1972 till now 
he is working in All-Russian Thermal Engineering Institute as engineer, senior engineer, junior and senior 
researcher, chief of Special boiler laboratory. 
He was responsible for studies relations to hydrodynamics and steam-water separation into equipment of 
Nuclear and Thermal Power Plants. In 1986 granted the Master (Cand. Sc.) degree in engineering. Since 
1988 he has responsible for VTI programmes on Circulating Fluidized Bed Boilers, investigations on solid 
fuels combustion and hydrodynamics processes in CFB boiler. In 2016 granted the Doctor of Engineering. 
He is a member of Advisory body of International Conferences on FBC and CFB. He is a member of 
executive committee of IEA Fluidized Bed Conversion Implementation Agreement.   
He is the author of more than 300 scientific publications and 12 inventions. The field of his scientific 
interest is: hydrodynamics and heat-mass transfer in CFB and FB units, solid fuels (coal, wastes and 
biomass) combustion processes, environments, CO2 capture (CLC and oxyfuel), polygeneration systems 
with power and useful product generation.

Keynote Lecture 06

Tuesday, April 8 | Room Green Willow (Session 6B) | 15:50-16:20

The possibility of using gasification in dual FB-CFB reactors 
and iron oxides chemical cycles

Georgy A. Ryabov
All Russian Thermal Engineering Institute (VTI), Russia

Abstract:
Recently, attention has been drawn to a process that combines a chemical cycle and steam reforming to 
produce ultrapure hydrogen without additional purification steps and a CO  stream ready for disposal or 
use. The process makes it possible to produce hydrogen from natural gas and fuel gasification products, 
including biomass, using three interconnected reactors with metal oxides by supplying steam with 
simultaneous CO  capture. The efficiency of the process is largely determined by the content of CO and H2 
in the synthetic gas, on the one hand, and ballast gases, on the other. Often, to reduce the content of ballast 
gases (nitrogen), oxygen blast in a gas generator is used. Another way to increase the energy value of 
synthetic gas could be the use of gasification in a system of dual reactors. Such systems are becoming 
widespread in relation to technologies for generating electricity, heat and useful products (generator gas, 
motor fuels). 
A new system has been developed that combines the benefits of biomass fuel, chemical cycling and syngas 
production in a multi-generation dual reactor system, which looks promising in achieving maximum 
efficiency in the carbon-negative hydrogen production process. The methodology and results of 
calculations are presented.  The maximum calculated efficiency for hydrogen 75.93% is given, which fits 
well into the overall picture of the results of modeling similar systems for producing hydrogen in chemical 
cycles with metal oxides and can be considered as a guideline when developing technical solutions within 
the framework of the proposed basic technological scheme. The option of supplying additional dried fuel 
to the reactor was considered as an alternative way to ensure the ash temperature required for gasification 
at the outlet of the CFB reactor, as well as the option of using a mixture of woody biomass and the Kuznetsk 
coal enrichment product as fuel. Calculations were performed for two extreme cases of iron oxides 
reduction to Fe and FeO.
The hydrodynamic parameters of CFB reactors were calculated in order to achieve the specified flow rates 
of circulating material required to maintain temperatures in the reactors. The dimensions of the reactors are 
determined and diagrams of their relative placement are presented. A methodology is presented and an 
assessment of capital and operating costs is performed. The cost of hydrogen over the life cycle of the 
installation has been estimated (in various options from 1.45 to 1.93 US dollars / kg) under conditions of 
using biomass in the absence of taken into account CO  emissions. About 2/3 of the CO  consumption is 
already ready for storage, so it remains to remove CO  only from the flue gas stream from the CFB reactor 
of the gas generator. This value is at the level of known data for similar natural gas plants and is lower 
compared to the technology of steam reforming of natural gas with CO  capture. 
Keywords: Hydrogen production, carbon footprint, biomass, steam reforming, chemical cycles, CO  
capture, dual fluidized bed reactors
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Bio:
Prof. Ramesh Agarwal is the William Palm Professor of Engineering in the department of Mechanical 
Engineering and Materials Science at Washington University in St. Louis. From 1994 to 2001, he was the 
Bloomfield Distinguished Professor and Executive Director of the National Institute for Aviation Research 
at Wichita State University in Kansas. From 1978 to 1994, he was the Program Director and McDonnell 
Douglas Fellow at McDonnell Douglas Research Laboratories in St. Louis. Dr. Agarwal received PhD in 
Aeronautical Sciences from Stanford University in 1975, M.S. in Aeronautical Engineering from the 
University of Minnesota in 1969 and B.S. in Mechanical Engineering from Indian Institute of Technology, 
Kharagpur, India in 1968. Over a period of 50 years, Dr. Agarwal has worked in Computational Fluid 
Dynamics, Computational Acoustics and Electromagnetics, Computational Materials Science and 
Manufacturing, Multidisciplinary Design & Optimization, and their applications to problems in mechanical 
and aerospace engineering, and in energy and environment. He has made both fundamental and applied 
contributions to modeling, simulation and optimization of aerospace products, turbomachinery and pumps, 
chemical looping combustion (CLC), geological sequestration of carbon and wind turbines among others. 
His most recent work involves application of Machine Learning/Neural Networks to these disciplines to 
improve performance. He is the author and coauthor of over 600 publications and has given many plenaries, 
keynote, and invited lectures at various national and international conferences worldwide in over sixty 
countries. He serves on many university (some international), government and industry advisory boards. 
He is a Fellow of 32 professional societies including American Institute of Aeronautics and Astronautics 
(AIAA), American Society of Mechanical Engineers (ASME), Institute of Electrical and Electronics 
Engineers (IEEE), Society of Automotive Engineers (SAE), American Association for Advancement of 
Science (AAAS), American Physical Society (APS), and U.K. Institute of Physics (IOP) among others. He 
has received many prestigious honors and national/international awards from various professional societies 
and organizations including the AIAA Reeds Aeronautics Award, SAE Medal of Honor, ASME 
Montgomery Distinguished Aerospace Innovation Award, SAE Aerospace Innovation Award, ASME 
Fluids Machinery Design Award, ASME Honorary Fellowship, Royal Aeronautical Society Honorary 
Fellowship and European Academy of Sciences and Arts membership.

Keynote Lecture 07

Monday, April 7 | Room Beautiful Bamboo (Session 2C) | 15:50-16:20

CFD-DEM simulations of fluidization and heat transfer 
behavior of spherocylindrical particles in a spouted bed

Ramesh K. Agarwal
Washington University in St. Louis, USA

Abstract:
Fluidization of spherocylindrical particles is often involved in biomass combustion, drug delivery, food 
drying, etc. By spherocylindrical particles we mean elongated spherical particles, such as non-spherical 
capsule pills and biomass fuels. Knowledge of the flow and heat transfer mechanisms of spherocylindrical 
particles can improve related industrial processes. However, the particle restitution coefficient has an 
important influence on the gas-solid two-phase flow process in a fluidized bed because it reflects the degree 
of kinetic energy recovery after particle collision. Therefore, the coupled CFD-DEM method is used in this 
study, and the accuracy of the computational model is verified by high-speed photographic experiments. 
The kinetic and heat transfer characteristics of spherocylindrical particles with different recovery 
coefficients are investigated from both microscopic and macroscopic perspectives, which mainly include 
particle collision, energy characteristics, mixing behavior, and particle heat transfer. The results show that 
the collision frequency, mixing mass, velocity, and drag force of the particles increase as the particle 
restitution coefficient increases. Furthermore, the cooling rate of the particles is accelerated. This indicates 
that the restitution coefficient of particles is one of the parameters that cannot be neglected in the study of 
fluidized bed particle flow and heat transfer. 
Keywords: Fluidization, Spherocylinserical partile, CFD-DEM, Spouted bed, Particle mixing, Heat 
transfer
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Bio:
Prof. Chuan-Yu (Charley) Wu is a professor of chemical engineering in the Department of Chemical and 
Process Engineering at the University of Surrey. UK. Prof. Wu has been the coordinator of two European 
Union (FP7 and H2020) consortia IPROCOM (2013-2016, €3.8m) and MATHEGRAM (2019-2023, 
€4.2m), which involve the development of computational tools for pharmaceuticals, and granular materials. 
Prof. Wu is an executive editor for Powder Technology, a leading peer reviewed journal on particle systems. 
He is also the Chief Editor for the “Materials Processing Engineering” subject of “Frontier in Chemical 
Engineering”. He co-authored a monograph on “Particle Technology and Engineering” published by 
Elsevier in 2016 and edited two books entitled “Discrete Element Modelling of Particulate Media” and 
“Particulate Materials: Synthesis, Characterisation, Processing and Modelling” published by RSC 
publishing. He also edited five journal special issues and published over 160 scientific papers. He has given 
more than 100 invited presentations and seminars at international conferences, industrial companies and 
universities worldwide. Prof. Wu is a member of the advisory and editorial board for “Particuology”, “Acta 
Pharmaceutica Sinica B (APSB) ” and “Journal of Engineering”.
Prof. Wu’s expertise lies in discrete element methods, finite element analysis, Machine learning, modelling 
and simulations, pharmaceutical engineering, particle technology and granular materials.  Prof. Wu has 
been working closely with global companies over the last 20 years in developing advanced numerical 
modelling techniques for manufacturing pharmaceuticals and fine chemicals. His research has been 
supported by global pharmaceutical companies including Pfizer, AstraZeneca, Genentech, Sanofi, Janssen, 
Alkermes and MSD, in addition to EPSRC and EU.

Keynote Lecture 08
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Numerical modelling of particle dispersion in liquids using 
DEM-SPH

Charley Wu
University of Surrey, UK

Abstract:
Mixing powdered substances in liquids using stirrers is a common process in various industries, including 
chemicals, pharmaceuticals, food and drinks This phenomenon is typically studied numerically due to the 
complexities associated with nonlinear fluid-particle interactions. In this study, a solver combining 
Smoothed Particle Hydrodynamics (SPH) and the Discrete Element Method (DEM) was developed to 
investigate the mixing behaviour of particles in a water tank under the influence of a stirrer operating at 
varying speeds. The SPH method is utilised to simulate the fluid phase, while the DEM captures the 
dynamics and interactions of the solid particles. A fully resolved coupling between solid and fluid particles 
is achieved by discretising the solid particles into surrogate SPH particles. Validation of the solver involves 
assessing the fluid dynamics through a Poiseuille flow problem and verifying the DEM performance via 
benchmark tests, including particle-particle and particle-wall interactions. The coupled model is further 
validated using simulations of a single particle entering a two-dimensional steady tank and a three-dimensional 
case of a settling cubic particle. Following validation, the mixing behaviour is examined in two scenarios: 
one involving spherical particles of uniform radius and another featuring particles of two different radii. 
The results demonstrate that at lower stirrer speeds, particles initially aggregate and remain near the centre 
of the tank. As the stirrer speed increases, the circulation induced by the fluid motion causes particles to 
accumulate near the tank corners.
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Bio:
Limin Wang is a professor of Institute of Process Engineering (IPE), Chinese Academy of Sciences (CAS), 
and the director of Mesoscience Division. In 2008, He received his Ph.D. in Chemical Engineering from 
IPE, CAS. He was a postdoctoral fellow at Centre National de la Recherche Scientifique (CNRS), France 
from 2008 to 2009. He was selected as a member of Youth Innovation Promotion Association of CAS in 
2012, and he won the Hou Debang Chemical Technology Youth Award in 2017 and the Young Particle 
Scientist Award in 2020. Prof. Wang's research interests focus on turbulent and multiphase flows, 
mesoscience, and industrial simulation software development. He currently holds several key positions, 
such as Secretary-General of Simulation & Virtual Process Engineering Committee, Youth Committee 
member of Chinese Society of Particuology, editorial board member of Granular Matter and a 
corresponding expert of Engineering. He has published over 100 peer-reviewed articles such as Nature 
Communications and has developed a GPU-Accelerated Lattice-based Multiphase Fluid Dynamics 
(LMFD) software. He is co-author of "Fundamentals and Applications of Computational Fluid Dynamics" 
and has contributed to three Springer monographs. He has successively presided over 20 projects such as 
National Key R & D Program, National Numerical Windtunnel Project, NSFC, as well as projects funded 
by GE, Unilever, Total, Baosteel, and CATL.

Keynote Lecture 09
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LBM-DEM model for fast simulation of gas-solid fluidization 
and LMFD software

Limin Wang
Institute of Process Engineering, Chinese Academy of Sciences, 
China

Abstract:
Two distinct coupled lattice Boltzmann method and discrete element method (LBM-DEM) approaches 
were developed for modeling gas-solid fluidization at different levels (different time-spatial scales and 
accuracy), namely lattice Boltzmann based particle-resolved direct numerical simulation (LB-based 
PR-DNS) [1] and lattice Boltzmann based discrete particle simulation (LB-based DPS) [2]. LB-based 
PR-DNS where particle size is much larger than lattice size, can directly simulate the flow and detailed 
dynamic interaction at gas-solid interface, while LB-based DPS where lattice size is much larger than particle 
diameter, achieves a good balance between computational accuracy, time consumption and computational 
efficiency, and it can obtain local information such as particle trajectories, as well as the macro information 
such as time-averaged flow field (Figure 1). To improve computational efficiency,GPU parallel computation 
of LBM-DEM is implemented [3]. Finally, GPU-accelerated LBM-DEM models, both LB-based DNS and 
DPS, are powerful tools in exploring gas-solid fluidization, which enabled development of lattice-based 
multi-fluids dynamics (LMFD) simulation software and new constitutive relationships are proposed with 
consideration of scale-dependence [4-6]. 

References
[1] L.M. Wang, G.F. Zhou, X.W. Wang, Q.G Xiong, W. Ge, Particuology 2010, 8, 379-382.
[2] L.M. Wang, B. Zhang, X.W. Wang, W. Ge, J.H. Li, Chem. Eng. Sci. 2013, 101, 228-239.
[3] S.T. Fu, L.M. Wang. Chem. Eng. J. 2023, 465, 142898.
[4] X.W. Liu, W. Ge, L.M. Wang, AIChE J. 2020, 66, e16883. 
[5] J.X. Dou, L.M. Wang, W. Ge, J. Ouyang. Chem. Eng. J. 2023, 455, 140825.
[6] J.X. Dou, L.M. Wang, W. Ge. Chem. Eng. J. 2024, 499, 156321.
Keywords: LBM-DEM, PR-DNS, discrete particle simulation, gas-solid fluidization, LMFD software

Figure 1. Snapshots of LBM-DEM simulated gas-solid fluidization.
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AI-based understanding and prediction of fluidized bed 
phenomena

Jia Wei Chew
Chalmers University of Technology, Sweden

Abstract:
Fluidized beds remain at the forefront of the present time-critical sustainability challenges, e.g., carbon 
capture by particulate sorbents, methane-to-hydrogen, plastic-to-chemicals, etc. In view of the exigency 
towards net-zero, today’s scale-up efforts need to be accelerated, leveraging the advanced new tools that 
have become readily available. This talk focuses on leveraging AI tools to address some of the barriers in 
the design and scale-up of fluidized beds. 
The first part discusses using black-box machine-learning methods in fluidization to advance 
understanding and provide adequate predictions. Experimental fluidized bed riser data encompassing 
different fluidization regimes and particle types were collated to train data-driven models to attempt to (i) 
provide mechanistic insights on various fluidization phenomena, and (ii) develop models to provide 
predictive capability without physical governing equations. Random forests were used to determine the 
relative influence of the parameters, self-organizing maps were utilized to assess the interplay among the 
variables, while neural networks were employed to develop predictive models. The tools were applied for 
various fluidization phenomena of interest, spanning overall entrainment, local mass flux, clusters, bubbles, 
and species segregation. 
The second part overviews the judicious incorporation of AI tools to expedite fluidized bed scale-up to 
exploit the benefits for novel green applications. Advanced new tools have become readily available, but 
the problem is that such tools are often neglected, inadequately implemented, ineffectively resourced 
and/or poorly understood. Here, the traditional pathway for scale-up is first laid out, then a new pathway 
that leverages the accessible advanced tools is proposed.
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Demonstration of advanced predictive and prescriptive 
algorithms to control large scale CFB unit based on digital 
twin technique

Wojciech Adamczyk
Silesian University of Technology, Poland

Abstract: 
This study showcases the use of sophisticated predictive and prescriptive AI algorithms to manage a 
large-scale CFB unit. The effectiveness of these algorithms was exhibited through their implementation in 
a CFB~1300 power unit with a 460 MWe capacity. An AI-based prescriptive technique was devised to 
govern specific power plant equipment and optimize boiler performance. This system's prowess was 
highlighted by its ability to automatically detect issues in two vital components of the power unit: the 
electrical transformer and the combustion chamber's membrane wall. The proposed approach incorporates 
an informatics architecture that unifies adaptive predictive and prescriptive models with control 
mechanisms. This fusion encompasses optimization algorithms, digital twins (which are numerical 
representations of crucial components), databases, and algorithms designed for managing the states of 
components. Moreover, this study introduces an innovative hybrid modeling framework for a CFB boiler. 
The approach integrates a computational fluid dynamics (CFD) model with practical macro-scale models 
and a data-driven reduced order model to represent the boiler's physical and empirical dynamics 
comprehensively. By employing a range of modeling strategies, the system effectively characterizes 
process features at multiple scales, facilitating a rapid and precise prediction mechanism. The inclusion of 
the CFD model refines the results of the macro-scale models by offering detailed flow insights, while the 
reduced order model significantly decreases computation time by a factor of 1350. Validation of the hybrid 
model and its components was conducted using actual measurement data, demonstrating high accuracy in 
predicting crucial process variables. The designed model functions as a predictive and prescriptive tool to 
assist operators in optimizing boiler operations and averting irregularities.
Keywords: numerical modeling, combustion, digital power plant, prediction, optimization, prescription 
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Measurements of the gas-solid non-uniformity characteristics 
in a 600 MW supercritical circulating fluidized bed boiler

Jianbo Li
Chongqing University, China

Abstract:
This keynote speech presents a systematic study on the non-uniformity characteristics of gas-solid flow and 
the resulting combustion in a 600MW supercritical circulating fluidised bed (CFB) boiler. Through on-site 
testing, the response of coal feeding system, distribution of primary air, diffusion of secondary air, lateral 
diffusion of coal particles, and the distributions of CO and nitrogen oxides within the furnace were 
comprehensively analysed. Based on these findings, technical approaches to enhance the flow and 
combustion uniformity in the CFB furnace are proposed, which will provide a theoretical foundation for the 
low-load operation and rapid load variation of the studied large-scale CFB boilers and the alike.
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Some operating issues with high ash fuels in CFBC boilers and 
possible solutions

Alar Konist
Tallinn University of Technology, Estonia

Abstract:
High ash content in fuels can cause several operational problems in CFBC boilers, including agglomeration, 
fouling, and increased wear on boiler components. Agglomeration occurs when ash particles stick together, 
forming larger clumps that can disrupt fluidization and lead to operational instability. Fouling, the build-up 
of ash on heat transfer surfaces, reduces efficiency and can cause overheating and damage to boiler tubes. 
In addition, the abrasive nature of high ash fuels accelerates wear on critical components, increasing 
maintenance costs and downtime.
Several strategies can be employed to address these issues. Optimizing bed temperature and fluidization 
velocity can help prevent agglomeration and maintain stable operation. Regular cleaning and maintenance 
schedules are essential to manage fouling and ensure efficient heat transfer. The use of advanced materials 
and coatings can reduce wear and extend the life of boiler components. In addition, the implementation of 
real-time monitoring and control systems can improve operational efficiency and predict potential failures 
before they occur.
Circulating Fluidized Bed Combustion (CFBC) boilers are widely used for difficult to burn fuels and are 
preferred for their fuel flexibility, load variability and low emissions. One of the advantages of CFBC 
technology is its ability to utilize difficult-to-fire fuels such as high ash, coarser, less homogeneous fuels, 
and various fuel blends with different ratios. High-ash fuels present unique operational challenges. 
Especially when they contain high concentrations of alkali metals and corrosive elements such as chlorine 
and fluorine, or have extremely low calorific values.
In Estonia, low-grade, high-ash fuel - oil shale - has been used for more than a century for power and shale 
oil production, providing Estonia with energy security. CFBC technology has been adapted to the specific 
characteristics of oil shale for power production already in 2003 and 2004 when 2x215 MWel units were 
commissioned and for shale oil production in 2012 when Enefit280 shale oil plant was commissioned. As 
the CFBC technology provided in 2003 proved its suitability for oil shale power production, another 300 
MWel CFBC unit was procured and commissioned in 2018. As it was not tailored to the specific 
requirements and characteristics of oil shale, the CFBC boiler has faced severe operational problems. 
This paper examines some of the operational problems and possible solutions, drawing on the experiences 
from the Enefit280 shale oil plant and the Auvere 300 MWel CFBC power plant.
Experiences from the Enefit280 and Auvere 300 MWel power plants highlight the importance of proactive 
design, maintenance and operational strategies in managing high ash fuels in CFBC boilers. By 
implementing these solutions, power plants can improve reliability, reduce maintenance costs and ensure 
sustainable operation.
Keywords: CFBC, high ash fuels, Oil Shale, semicoke
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Stability and emission of circulating fluidized bed combustion 
of low-carbon gaseous fuel

Yang Zhang
Tsinghua University, China

Abstract:
Circulating fluidized bed (CFB) combustion technology is distinguished by its extensive fuel flexibility. 
The integration of various low-carbon fuels as partial substitutes for coal in CFB boilers represents a pivotal 
strategy in the pursuit of decarbonization objectives. The transition from high-carbon coal to carbon-free 
gaseous fuels, such as industrial off-gas, hydrogen, and ammonia, among other fuels, introduces marked 
variations in particle circulation, combustion behaviors, emissions, and heat transfer properties. These 
disparities pose novel challenges to the fuel adaptability aspect of CFB combustion technology, 
necessitating further research and innovation to enhance its operational efficiency and environmental 
performance.
The exceptional fuel flexibility of CFB combustion technology is manifest in three principal dimensions: i) 
the augmentation of fuel ignition and burnout processes, ii) the economically pollution control strategies, 
and iii) the robust operation in heating surface security. The substantial heat capacity of the bed material 
and the efficient circulation of solids are instrumental in broadening the fuel flexibility of CFB combustion 
technology.
In the case of ammonia fuels, CFB technology promotes combustion stability by leveraging the high heat 
capacity of the bed material at elevated temperatures and optimizes nitrogen oxide (NOx) emissions control 
through the refinement of gas-solid flow dynamics within the furnace. The high thermal inertia, coupled 
with intense gas-solid mixing, facilitates the ignition and stability of fuel combustion, while the controlled 
combustion atmosphere minimizes NOx formation. These attributes of CFB render it a promising candidate 
for the efficient and cost-effective combustion of ammonia-based fuels.
Moreover, the application of CFB combustion technology to the incineration of ultra-low-calorific-value 
industrial off-gases constitutes a method for the conversion of waste into energy, substantially enhancing 
the economic viability of waste gas management. The industrial application of CFB for the treatment of 
sintered flue gas, a prototypical ultra-low-calorific-value industrial off-gas, has demonstrated its superior 
performance.
Analyses indicate that CFB combustion technology is poised to continue expanding its advantages in terms 
of broad fuel adaptability to low-carbon gaseous fuels. Facing the significant demands of the profound 
revolution in energy consumption, supply, technology, and systems, CFB combustion technology holds 
promising prospects. There is a need to further exploit its potential to enhance fuel adaptability through 
adjustments in fluidization states, thereby developing a new generation of CFB combustion technology that 
can accommodate a variety of low-carbon fuels, with low costs for pollutant control and a wide range of 
load variation. This will provide support for the accelerated construction of a new type of power system.
Keywords: circulating fluidized bed; decarbonization; low-carbon gaseous fuel; ammonia fuel; sintering 
flue gas
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