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OUTLINE OF KEYNOTE LECTURE

• Drying Technology – An International Journal

• Innovative Ideas Devised by Professor Arun S. Mujumdar to Sustain Journal

• Global Journey of Drying Conferences 

• A Concise Historical Account of Drying Technology

• 2022 Usage Figures for Drying Technology – An International Journal

• Some Interesting Stats/Facts About Drying

• Why Innovative Ideas are Slow to be Adopted…?

• Closing Remarks
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FOUR DECADES OF LDRT PUBLICATION

• This year marks the Ruby Anniversary of the premier archival journal – Drying Technology.

• A statistical snapshot will be presented here on how both the quality and quantity of 

publications.

• The success of the IDS series had a positive effect on the journal although initially authors 

preferred to publish their papers in book format. 

• From a very modest start with just two small issues published in camera-ready format in 1982-

83 to latest volume of 16 issues in large type-set format.

• Finally, some ideas are discussed about the future direction of drying R & D and how this journal 

can continue to accelerate impactful research with international networking.
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…..Impact on Global Drying R&D



DRYING TECHNOLOGY 
– AN INTERNATIONAL JOURNAL
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Journal 
Metrics

•3.556 (2021) Impact Factor

•Q2 Impact Factor Best 

Quartile

•3.489 (2021) 5 Year IF

•6.4 (2021) CiteScore

(Scopus)

•Q1 (2021) CiteScore Best 

Quartile

•1.324 (2021) SNIP

•0.654 (2021) SJR

Speed/
Acceptance

•0 days avg. from 

submission to first decision

•48 days avg. from 

submission to first post-

review decision

•24 days avg. from 

acceptance to online 

publication

•27% acceptance rate

225K annual 

downloads/views
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INNOVATIVE IDEAS

• Initial shortage of manuscripts was offset by Issuing theme issues with guest editors in different 

industries

• An issue devoted to R&D needs and opportunities to encourage r and d and submissions to journal

• Revising/ Re-typing them in camera-ready format for authors from non-English speaking countries

• One issue devoted to translation of an acclaimed Japanese book on drying

• Publication of summaries of PhD Theses in drying from various countries

• Publication of book reviews from various countries- mainly Russian books

• Conference/Workshop reports / Snippets on Drying

• Concise biographies of Giants in Drying

• Bibliographies in various drying themes

• Guest Editorials Etc.,
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….. Devised by Professor Arun S. Mujumdar to Sustain Journal
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A CONCISE HISTORICAL ACCOUNT OF LDRT
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….. Year-wise Publications in LDRT



A CONCISE HISTORICAL ACCOUNT OF LDRT
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….. Decade-wise Publications in LDRT



A CONCISE HISTORICAL ACCOUNT OF LDRT
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….. Cite Score of LDRT from 2011 to 2021



A CONCISE HISTORICAL ACCOUNT OF LDRT
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….. Decade-wise Top Ten Contributing Authors to LDRT



A CONCISE HISTORICAL ACCOUNT OF LDRT
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….. Decade-wise Contribution of Top Ten Countries to LDRT
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2022 USAGE FIGURES FOR DRYING TECHNOLOGY
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….. Readership Numbers Compared



2022 USAGE FIGURES FOR DRYING TECHNOLOGY
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….. Altmetric Data
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INTERESTING STATS/FACTS ABOUT DRYING

• Over 10,000 materials are dried at different scales to diverse specifications starting from liquid, 

suspension, sludge, particulate to large discrete sheets to continuous sheets hence the need for 

100 dryer types.

• Operating ranges- supercritical to sub-zero temperature/pressure.

• Mechanism of heat input include conduction, convection, and radiation, continuous, hybrid, 

simultaneous or sequential.

• Continuous or batch modes of operation.
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From above it is easy to see why a wide assortment of diverse dryers are needed.



SELECTION OF RIGHT DRYER/DRYING SYSTEM

• Selection of right dryer/drying system is the most baffling problem in industry
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Important Note

• Novel dryers are not necessarily better.

• New ideas need to be tested and 

validated. 

• LCA is recommended when choosing a 

new dryer.



INNOVATION
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“Innovation is seeing what everybody 

has seen and thinking what nobody 

has thought.”



ADC2023

Innovation Versus R&D 

Spending



INNOVATION VERSUS R&D SPENDING
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TYPES OF INNOVATION
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Incremental / Evolutionary

•Low cost of implementation

•Less risk

•More likely to be adopted 

Examples:

•Superheated steam dryers

•Modified fluidized/spouted beds

•Hybrid dryers

•Adsorption dryer for grains (particulate drying)

Radical / Revolutionary

•High R&D cost

•Risky, although room for successful 

technologies is high

Examples:

•Pulse combustions dryers; Flame dryers

•Impinging jet superheated steam dryer for 

tissue/newsprint

•Microwave + Ultrasonic dryers, Swell drying 

(DIC)



WHY INNOVATIVE DRYERS HAVE HIGHER RISK?

• Lack of reliable knowledge on the mechanisms of heat/mass transfer in drying

• Lack of “ universal” model for drying or dryers

• High research & development costs - nonlinearity of scale-up of heat/mass 

transfer and quality attributes in scale-up from lab to pilot to full scale

• Optimal dyer design and selection of operating conditions offer major 

challenges etc etc.
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WHY ADOPTION RATES ARE LOW…

• Over 500 dryer types are reported in literature: most are based on lab scale reports from academia

• Pilot and full-scale reports are typically proprietary and not in public domain

• Research papers do not often provide enough information to allow scale-up by potential users.

• Often quality attributes cannot be scaled up reliably resulting in expensive testing and uncertainty

• Techno economics of the novel dryer concepts is largely unknown.

• Lack of close interaction between academia and industry is needed for introduction of innovations in 

practice
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….. from Published Works to Industry…?

Results: close interaction between academia and industry is a pre-requisite for 

introduction of innovations. 



MOTIVATING FACTORS FOR INNOVATION

• New product or process

• Higher capacities than current technology permits

• Better quality than currently feasible

• Reduced overall cost

• Reduced environmental impact, sustainable

• Safer operation; more flexibility

• Better efficiency

PLENARY LECTURE 18/02/2023 25



ON INNOVATION IN DRYING TECH

• Most innovative ideas in public domain come from academia; techno economic analysis 

conspicuous by absence

• Half-life /operating life of most dryer systems are long, discouraging need for replacement with 

better/innovative dryers. 

• Developing economies are more likely to leapfrog to new Technology then established ones e g 

vacuum steam drying of timber.

• Buzz word research areas tend to attract major fraction of funding available; much less available 

for R&D in drying. Industrial funding has not taken up the slack for various reasons.
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….. Why Slow…?

Solution: Make R&D cost-effective by sharing knowledge, ideas, resources globally and 

enhance industry-academia interaction. 
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FUTURE R&D NEEDS

1. Applied vs Basic (fundamental, non targeted)

• Only 5 per cent of all. Engineering Research in 15 European countries is labelled 

Applied in a recent study. This is also true of IDS, LDT

• However, some Science oriented journals to look at some basic issues in Drying but at 

microscale. Difficult to use for design/optimization etc.

• Major problems : Drying materials are too complex; parameters are dynamic and hard 

to measure accurately, computationally very challenging etc.

• Funding for blue sky Research - like drying materials is shrinking everywhere !
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FUTURE R&D NEEDS

2. Need to study microstructure and relate it through multi-scale modelling to drying 

kinetics, quality parameters etc.

• Need to study microstructure and relate it through multi-scale modelling to drying 

kinetics, quality parameters etc.

3. Innovative dryers - miniaturized, smart , optimized with low carbon footprint etc.

• Expensive computationally and experimentally. Needs advanced instrumentation like 

NMR, AFM, SCM, TEM, XRD, X-ray tomography, etc etc. Even such measurements do 

not often suffice to provide validation of models.
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FUTURE R&D NEEDS

• Basic research including multiscale modeling, molecular dynamic simulation along with 

advanced CFD modelling and computation of stress/strain development in drying 

solids.

• Innovative dryers that are significantly smaller with low physical and carbon footprint 

capable of coupling renewable energy with fossil fuels as needed.

• Use AI to design smart dryers for high quality products. Are these needed?

• Re-evaluate current drying technologies in paper, wood, ceramics industries which have 

not shown trend to innovate in recent decades. 
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HOW TO ENHANCE BASIC RESEARCH IN DRYING?

• Currently most drying research is multi and interdisciplinary between applied sciences  

engineering. New paradigm requires cooperation with pure sciences (chemistry, 

biochemistry, physics and mathematics).

• Publish in applied and pure science journals - already happening in limited areas such 

as colloids/suspensions/nanotechnology areas. Drying problems need to be made 

known to Science communities.

• Large industrial communities can offer grants to study science of drying to pursue so-

called Blue-Sky Research. Long term research is currently missing.

• Lack of truly novel ideas will hamper future innovation.
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ROLE OF INDUSTRY-ACADEMIA COLLABORATION 

1. Tangible support and collaboration by industry- users of dryers and vendors- is key to innovative 

drying technology in practice.

2. Both incremental and radical innovations that disrupt current practice are possible only through 

such collaboration. 

3. Minimization of R&D costs requires sharing human and capital resources via institutional 

cooperation and international networking.

4. Design innovation via reliable math modeling is cost-effective but much research is needed to 

improve design and scale up of new dryers.

5. Reduction of carbon footprint while enhancing dried product quality is the goal of innovation. 
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WHY INNOVATIVE IDEAS ARE….

• Generally key incremental/ evolutionary ideas are adopted more readily-less risk but 

small advantage.

• Radical/revolutionary ideas are risky, need scale up and pilot testing which are 

expensive steps.

• Gestation time from first report to adoption can take 20-50 years.

• Small companies can not afford R&D needed.

• Users have no appetite for risk despite potential big benefits.

• Drying is highly nonlinear process so scale up is difficult, risky and expensive
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….. Slow to be Adopted…?
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CLOSING REMARKS

• Much has been achieved directly and indirectly on a global scale in 4 decades - inter 

and multidisciplinary theme of Drying Science and Technology has advanced 

significantly despite major barriers.

• A key accomplishment has been to bring awareness of the importance of the subject to 

industry and academia in most sectors.

• International networking and active collaboration has resulted in a high degree of 

innovation and generation of new ideas.

• Future R&D should be driven by basic sciences working with applied sciences and 

engineering with proactive industry participation
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CLOSING REMARKS

• Advances in analytical, visualization and computational tools should be applied to 

advance basic knowledge of drying. This can also lead to cost effective innovation.

• Design and scale-up of drying systems should  increasingly be based on basic 

knowledge and less on knowhow.

• Competing of research funds and human talent to this field will remain a challenge 

requiring multiple innovative solutions which may vary with country. 

• Industry participation is essential to effective technology transfer leading to more 

efficient and cost effective industrial drying systems. 
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BOOKS
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and transport phenomena edited/ 

authored by Professor Mujumdar

Visit: 

www.arunmujumdar.com
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BOOK
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Chinese Translation of  

English Book Authored 

by Prof  Arun S. 

Mujumdar



BOOK
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Book in Chinese via-authored 

by Professor Min Zhang and 

Professor Arun S. Mujumdar 

Entitled High-Efficiency 

Hybrid Dryers. 

Won a National Award in 

China in 2019



BOOK
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Chinese Translation of  Book 

Coauthored by T Kudra and 

A S Mujumdar: Advanced 

Drying Technologies, 2nd

Edition



THANK YOU

Arun S Mujumdar| arunmujumdar123@gmail.com | www.arunmujumdar.com
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