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Process intensifi cation aims for increasing effi ciency and sustainability of (bio-)chemical production
processes. This book presents strategies for the intensifi cation of fluid separation processes such as
reactive distillation, reactive absorption and membrane assisted separations. The authors discuss
theoretical fundamentals, model development, methods for synthesis and the design as well as
scale-up and industrial process applications.
Provides a comprehensive overview on developing sustainable practices for waste minimization via
green metal extraction from waste streams This book introduces readers to sustainable manage-
ment and defines the challenges as well as the opportunities in waste stream management. It starts
by covering conventional technologies for metal extraction then focuses on emerging tools and tech-
niques such as green adsorption, bioleaching, and chelation. It also discusses the scale-up and pro-
cess intensification of metal extraction from waste streams from process design to pilot plan. Sus-
tainable Metal Extraction from Waste Streams begins by covering sustainability-related constructs
and illustrates the pre-requisites for sustainable management of waste streams. It then introduces
the basics of solid waste handling, ranging from an analysis of the relevance, categories of wastes,
consequences of untreated waste disposal into the environment, government initiatives, manage-
ment strategies, and unit operations for pre-treatment of wastes. The book also looks at widely ac-
cepted, conventional metal extraction technologies like hydro and pyro metallurgical methods; dis-
cusses the possibility of sustainable green processes for metal extraction; and introduces the recent-
ly deployed coiled flow inverter process. -Provides a comprehensive collection of the conventional,
emerging, and future technologies for metal extraction from industrial waste and electrical & elec-
tronic equipment in a sustainable way -Demonstrates trans-disciplinary research as an executable di-
rection to achieve the sustainable governance of natural resources and solid waste management -P-
resents a dedicated section on scale-up and process intensification of metallurgical processes -Sum-
marizes various aspects of novel processes ranging from basic concepts, benchmark performance of
technologies on lab scale, and recent research trends in metal extraction Covering a variety of inter-
disciplinary topics on resource optimization and waste minimization, Sustainable Metal Extraction
from Waste Streams is an excellent resource for engineers, science students, entrepreneurs, and or-
ganizations who are working in the field of waste management and wish to gain information on up-
coming sustainable processes.
Modern  membrane  science  and  technology  aids  engineers  in  developing  and  designing  more  effi-
cient and environmentally-friendly processes. The optimal material and membrane selection as well
as applications in the many involved industries are provided. This work is the ideal introduction for
engineers working in membrane science and applications (wastewater, desalination, adsorption, and
catalysis), process engineers in separation science, biologists and biochemists, environmental scien-
tists, and most of all students. Its multidisciplinary approach also stimulates thinking of hybrid tech-
nologies for current and future life-saving applications (artificial organs, drug delivery).
Intensification of Sorption Processes: Active and Passive Mechanisms introduces a number of select-
ed, advanced topics in sorption processes/process intensification, covering both theoretical and appli-
cable aspects. The first part of the book is devoted to the study of sorption processes based on ac-
tive mechanisms, including ultrasonic, microwave, high-gravity, electrical and magnetic fields, while
the second part covers passive mechanisms like nanostructures and nanofluids, membrane, super-
critical fluids and sorption processes based on geometry design and equipment structure. The focus
of the book is on key aspects of novel process intensification technologies (processes and equipmen-
t), i.e., absorption and adsorption, working principles, and design and applications. Covers all devel-
opments in the field of active and passive mechanisms for sorption processes Introduces basic princi-
ples of any intensified sorption process, along with details of equipment Evaluates industrial upscal-
ing, economic evaluation/justification, future opportunities and challenges for each sorption process
Process Intensification is a comprehensive textbook and treats the theory of process intensification
design, and all innovation steps from idea generation to commercial implementation, and all focused
on contributing to the UN Sustainable Development Goals. This book covers the ‘hard’ elements of
design, modelling, and experimental validations and the ‘soft’ elements, values of engineers, inter-
ests of stakeholders and beliefs of society.
Process Intensification in the Manufacturing of Biotherapeutics, Volume 59 in the Advances in Chemi-
cal Engineering series, highlights new advances in the field with this new volume presenting interest-
ing chapters on topics such as Evolution and design of continuous bioreactors for the production of
biologics, Continuous countercurrent chromatography for the downstream processing of bioprod-
ucts: A focus on flow-through technologies Application of multicolumn countercurrent solvent gradi-
ent purification to the polishing of therapeutic proteins, Continuous precipitation technologies for the
recovery of bioproducts, Continuous Recovery and Purification of Bioproducts on the Basis of Adsorp-
tion Technology, General Platform for Development of Integrated Continuous Downstream Process-
es, and more Provides the authority and expertise of leading contributors from an international
board of authors Presents the latest release in the Advances in Chemical Engineering serials“/li> Up-
dated release includes the latest information on Process Intensification in the Manufacturing of Bio-
therapeutics
The successful implementation of greener chemical processesrelies not only on the development of
more efficient catalysts forsynthetic chemistry but also, and as importantly, on thedevelopment of re-
actor and separation technologies which candeliver enhanced processing performance in a safe,
cost-effectiveand energy efficient manner.  Process intensification has emerged asa promising field
which can effectively tackle the challenges ofsignificant process enhancement,  whilst  also offering
the potentialto diminish the environmental impact presented by the chemicalindustry. Following an
introduction  to  process  intensification  and  theprinciples  of  green  chemistry,  this  book  presents  a
number  ofintensified  technologies  which  have  been  researched  and  developed,including  case
studies to illustrate their application to greenchemical processes. Topics covered include: • Inten-
sified  reactor  technologies:  spinning  discreactors,  microreactors,  monolith  reactors,  oscillatory
flowreactors, cavitational reactors • Combined reactor/separator systems: membrane reactors,reac-

tive distillation, reactive extraction, reactiveabsorption • Membrane separations for green chemistry
• Industry relevance of process intensification,including economics and environmental impact, oppor-
tunities forenergy saving, and practical considerations for industrialimplementation. Process Intensifi-
cation for Green Chemistry is a valuableresource for practising engineers and chemists alike who
areinterested  in  applying  intensified  reactor  and/or  separator  systemsin  a  range  of  industries  to
achieve  green  chemistry  principles.
Faster, cheaper and environmentally friendly, these are the criteria for designing new reactions and
this is the challenge faced by many chemical engineers today. Based on courses thaught by the au-
thors, this advanced textbook discusses opportunities for carrying out reactions on an industrial lev-
el in a technically controllable, sustainable, costeffective and safe manner. Adopting a practical ap-
proach, it describes how miniaturized devices (mixers, reactors, heat exchangers, and separators)
are used successfully for process intensification, focusing on the engineering aspects of  microstrc-
tured devices, such as their design and main chracteristics for homogeneous and multiphase reac-
tions.  It  adresses  the  conditions  under  which  microstructured  devices  are  beneficial,  how  they
should be designed, and how such devices can be integrated in an existing chemical process. Case
studies show how the knowledge gained can be applied for particular processes. The textbook is es-
sential for master and doctoral students, as well as for professional chemists and chemical engi-
neers working in this area.
This book promotes process design strategies and methods to chemical engineering students and en-
courages experienced engineers to reflect on - and perhaps challenge - their daily approach to pro-
cess design. The production facilities and supply chains of the chemical industry represent complex,
global systems built on sophisticated technological processes. While process design of the past
could rely on steadily growing economies creating a predictable framework of product demand, raw
material availability, and technological progress, today global competition, shorter product cycles,
unreliable raw material supplies, and emerging, disruptive technologies create new challenges to
the design of efficient, flexible, and sustainable processes. A holistic design methodology has to take
care of these challenges. Process design can build on many excellent chemical engineering text-
books focusing on unit operations, process intensification, or process integration. Only a few books
address the creative step finding an initial  process structure.  Process design mehodologies consti-
tute the main topic of this book. A special focus is given to the search for an optimal process struc-
ture (process synthesis), since an inferior process structure cannot be "upgraded" into an optimal
process during later extensive optimization of process parameters regardless of the effort. The de-
sign methodology illustrated in the textbook first outlines alternate strategies to find an initial pro-
cess structure (hierarchical approach or superstructure concepts with heuristic rules or mixed inte-
ger non-linear programming). The role of design targets to guide a process designer is shown for en-
ergy integration and capital  investment. In a next design step, process intensification and integra-
tion are used to improve the initial process structure with respect to unit operation efficiencies (heat-
ing, cooling, and mixing) and process synergies (heat-power integration, reaction distillation, divid-
ing wall column, etc.) resulting in superior processes. The last step of the process design methodolo-
gy introduces the concept of "no-regret"- solutions. These "no-regret"-solutions aim at process de-
signs offering a robust performance in different, future scenarios (fluctuating or unexpected product
demand). Modular designs offer a powerful tool to esatablish highly flexible, chemical processes. The
design methodology is demonstrated in a comprehensive design case dealing with 6 chemical pro-
cesses integrated into a production site. The design procedure to derive process and plant struc-
tures is illustrated in a step by step approach. To a large extend, this book on process design builds
on experiences of the author at Bayer Technology Services. The book includes the input of many
Bayer people - technical contributions, exciting suggestions, and enlightening discussions. The book
summarizes  courses  on  "Process  Intensification"  and  "Process  Design"  given  by  the  author  at  the
Technical University Dresden (TU Dresden - 2008), East China University of Science and Technology
(ECUST Shanghai - 2012-2014) and Ruhr University Bochum (RUB - 2014-2015).
In recent years bioprocessing has increased in popularity and importance, however, bioprocessing
still poses various important techno-economic and environmental challenges, such as product yields,
excessive energy consumption for separations in highly watery systems, batch operation or the
downstream processing bottlenecks in the production of biopharmaceutical products. Many of those
challenges  can  be  addressed  by  application  of  different  process  intensification  technologies  dis-
cussed in the present book. The first book dedicated entirely to this area, Intensification of Biobased
Processes provides a comprehensive overview of modern process intensification technologies used
in bioprocessing. The book focusses on four different categories of biobased products: bio-fuels and
platform chemicals; cosmeceuticals; food products; and polymers and advanced materials. It will cov-
er various intensification aspects of the processes concerned, including (bio)reactor intensification;
intensification  of  separation,  recovery  and  formulation  operations;  and  process  integration.  This  is
an invaluable source of information for researchers and industrialists working in chemical engineer-
ing, biotechnology and process engineering.
Combining  the  knowledge  involved  in  process  engineering  and  process  modeling,  this  is  the  first
book to cover all  modeling methods applicable to process intensification.  Both the editors and au-
thors  are  renowned experts  from industry  and academia in  the various  fields  of  process  modeling
and integrated chemical processes. Following an introduction to the topic, the book goes on to look
at equipment and operational methods, monolithic catalysis, HEX, micro- and reverse flow reactors,
catalytic and reactive distillation, the simulated-moving bed and vibration bubble column as well as
ultrasound and ultrasonic reactors. A final chapter is devoted to processes under supercritical condi-
tions. In its treatment of hot topics of multidisciplinary interest, this book is of great value to re-
searchers and engineers alike.
Continuous crystallization is an area of intense research, with particular respect to the pharmaceuti-
cal industry and fine chemicals. Improvements in continuous crystallization technologies offer chemi-
cal industries significant financial gains, through reduced expenditure and operational costs, and con-
sistent product quality. Written by well-known leaders in the field, The Handbook of Continuous Crys-
tallization presents fundamental and applied knowledge, with attention paid to application and scal-
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ing up, and the burgeoning area of process intensification. Beginning with concepts around crystall-
ization techniques and control strategies, the reader will learn about experimental methods and com-
putational  tools.  Case  studies  spanning  fine and bulk  chemicals,  the  pharmaceutical  industry,  and
employing new mathematical tools, put theory into context. With regulatory considerations also cov-
ered, this book is a must-have guide for the field.
This first comprehensive treatment of the intertwined roles of micro-instrumentation, high through-
put experimentation and process intensification as valuable tools for process analytical technology
covers both industrial as well as academic aspects. First class editors and authors from top compa-
nies and universities provide interdisciplinary coverage ranging from chemistry and analytics to pro-
cess design and engineering, supported throughout by case studies and ample analytical data.
In recent years bioprocessing has increased in popularity and importance, however, bioprocessing
still poses various important techno-economic and environmental challenges, such as product yields,
excessive energy consumption for separations in highly watery systems, batch operation or the
downstream processing bottlenecks in the production of biopharmaceutical products. Many of those
challenges  can  be  addressed  by  application  of  different  process  intensification  technologies  dis-
cussed in the present book. The first book dedicated entirely to this area, Intensification of Biobased
Processesprovides a comprehensive overview of modern process intensification technologies used in
bioprocessing.  The  book  focusses  on  four  different  categories  of  biobased  products:  bio-fuels  and
platform chemicals; cosmeceuticals; food products; and polymers and advanced materials. It will cov-
er various intensification aspects of the processes concerned, including (bio)reactor intensification;
intensification  of  separation,  recovery  and  formulation  operations;  and  process  integration.  This  is
an invaluable source of information for researchers and industrialists working in chemical engineer-
ing, biotechnology and process engineering.
This book describes, analyses and discusses the main principles, phenomena and design strategies
of reactive separation processes with an emphasis on the intensification as a basis of the sustainabili-
ty. Different reactive separation processes are explained in detail to show the phenomena and with
the purpose of understanding when their use allows advantages based on the output results. Case
examples are analysed and the perspective of these processes in the future is discussed. The overall
sustainability of reactive separation processes in the industry is also explained separately.
Process  synthesis  and process  intensification  arebecomingstate-of-the-art  scientific  fields  that  pro-
vide the methods and tools to improve process technologies in terms of high energy efficiency, low
capital investment, low emissions, improved safety, and less hazardous byproducts to achieve sus-
tainable products and processes. The book covers manufacturing processes from both fossil- and bio-
mass-based feedstocks for graduate students.
With contributions from experts from both the industry and academia, this book presents the latest
developments in the identified areas. In addition, a thorough and updated coverage of the traditional
aspects of heterogeneous catalysis such as preparation, characterization and use in well-established
technologies such as nitration,  ammoxidation and hydrofluorination is  included.  This book incorpo-
rates appropriate case studies, explanatory notes, and schematics for more clarity and better under-
standing.
This advanced textbook covering the fundamentals and industry applications of process intensifica-
tion (PI) discusses both the theoretical and conceptual basis of the discipline. Since interdisciplinarity
is a key feature of PI, the material contained in the book reaches far beyond the classical area of
chemical engineering. Developments in other relevant disciplines, such as chemistry, catalysis, ener-
gy technology, applied physics, electronics and materials science, are extensively described and dis-
cussed, while maintaining a chemical engineering perspective. Divided into three major parts, the
first introduces the PI principles in detail and illustrates them using practical examples. The second
part is entirely devoted to fundamental approaches of PI in four domains: spatial, thermodynamic,
functional and temporal. The third and final part explores the methodology for applying fundamental
PI approaches in practice. As well as detailing technologies, the book focuses on safety, energy and
environmental issues, giving guidance on how to incorporate PI in plant design and operation -- safe-
ly, efficiently and effectively.
Process  Control,  Intensification,  and  Digitalisation  in  Continuous  Biomanufacturing  Explore  new
trends in continuous biomanufacturing with contributions from leading practitioners in the field With
the increasingly widespread acceptance and investment in the ??technology, the last decade has de-
monstrated the utility of continuous ??processing in the pharmaceutical industry. In Process Control,
Intensification, and Digitalisation in Continuous Biomanufacturing, distinguished biotechnologist Dr.
Ganapathy Subramanian delivers a comprehensive exploration of the potential of the continuous pro-
cessing of biological products and discussions of future directions in advancing continuous process-
ing to meet new challenges and demands in the manufacture of therapeutic products. A stand-alone
follow-up to the editor’s Continuous Biomanufacturing: Innovative Technologies and Methods pub-
lished in 2017, this new edited volume focuses on critical aspects of process intensification, process
control, and the digital transformation of biopharmaceutical processes. In addition to topics like the
use of multivariant data analysis, regulatory concerns, and automation processes, the book also in-
cludes: Thorough introductions to capacitance sensors to control feeding strategies and the continu-
ous production of viral vaccines Comprehensive explorations of strategies for the continuous up-
stream processing of induced microbial systems Practical discussions of preparative hydrophobic in-
teraction chromatography and the design of modern protein-A-resins for continuous biomanufactur-
ing In-depth examinations of bioprocess intensification approaches and the benefits of single use for
process intensification Perfect for biotechnologists, bioengineers, pharmaceutical engineers, and pro-
cess engineers, Process Control, Intensification, and Digitalisation in Continuous Biomanufacturing is
also an indispensable resource for chemical engineers seeking a one-stop reference on continuous
biomanufacturing.
"The authors have provided all the elements required for complete understanding of the basic con-
cepts in heat recovery and water minimization in chemical and related processes, and followed th-
ese with carefully selected and developed problems and solutions in order to ensure that the con-
cepts delivered can be applied." Simon Perry, The University of Manchester. This graduate textbook
covers  fundamentals  of  the  key  areas  of  Process  Integration  and  Intensification  for  intra-process
heat recovery (Heat Integration), inter-process heat recovery and cogeneration (Total Site) as well
as water conservation. Step by step working sessions are illustrated for deeper understanding of the
taught materials. The textbook also provides a wealth of pointers as well as further information for
readers to acquire more extensive materials on the diverse industrial applications and the latest de-
velopment trends in Process Integration and Intensification. It is addressed to graduate students as
well as professionals to help the effectively application of Process Integration and Intensification in
plant design and operation.
The first guide to compile current research and frontline developments in the science of process in-
tensification  (PI),  Re-Engineering  the  Chemical  Processing  Plant  illustrates  the  design,  integration,
and application of PI principles and structures for the development and optimization of chemical and
industrial plants. This volume updates professionals on emerging PI equipment and methodologies
to promote technological advances and operational efficacy in chemical, biochemical, and engineer-
ing environments and presents clear examples illustrating the implementation and application of

specific process-intensifying equipment and methods in various commercial arenas.
Presents comprehensive coverage of process intensification and integration for sustainable design,
along with fundamental techniques and experiences from the industry Drawing from fundamental
techniques and recent industrial experiences, this book discusses the many developments in pro-
cess intensification and integration and focuses on increasing sustainability via several overarching
topics such as Sustainable Manufacturing, Energy Saving Technologies, and Resource Conservation
and Pollution Prevention Techniques. Process Intensification and Integration for Sustainable Design
starts discussions on: shale gas as an option for the production of chemicals and challenges for pro-
cess  intensification;  the  design  and techno-economic  analysis  of  separation  units  to  handle  feeds-
tock variability in shale gas treatment; RO-PRO desalination; and techno-economic and environmen-
tal assessment of ultrathin polysulfone membranes for oxygen-enriched combustion. Next, it looks
at process intensification of membrane-based systems for water, energy, and environment applica-
tions; the design of internally heat-integrated distillation column (HIDiC); and graphical analysis and
integration of heat exchanger networks with heat pumps. Decomposition and implementation of
large-scale interplant heat integration is covered, as is the synthesis of combined heat and mass
exchange networks (CHAMENs) with renewables. The book also covers optimization strategies for in-
tegrating and intensifying housing complexes; a sustainable biomass conversion process assess-
ment; and more. Covers the many advances and changes in process intensification and integration
Provides side-by-side discussions of fundamental techniques and recent industrial experiences to
guide practitioners in their own processes Presents comprehensive coverage of topics relevant,
among others, to the process industry, biorefineries, and plant energy management Offers insightful
analysis and integration of reactor and heat exchanger network Looks at optimization of integrated
water  and  multi-regenerator  membrane  systems  involving  multi-contaminants  Process  Intensifica-
tion and Integration for Sustainable Design is an ideal book for process engineers, chemical engi-
neers, engineering scientists, engineering consultants, and chemists.
With a focus on actual industrial  processes, e.g. the productionof light alkenes, synthesis gas, fine
chemicals, polyethene, itencourages the reader to think “out of the box” andinvent and develop nov-
el unit operations and processes. Reflectingtoday’s emphasis on sustainability, this edition contains
newcoverage of biomass as an alternative to fossil fuels, and processintensification. The second edi-
tion includes: New chapters on Process Intensification and Processes for theConversion of Biomass
Updated and expanded chapters throughout with 35% new materialoverall Text boxes containing
case studies and examples from variousdifferent industries, e.g. synthesis loop designs, Sasol I Plan-
t,Kaminsky  catalysts,  production  of  Ibuprofen,  click  chemistry,ammonia  synthesis,  fluid  catalytic
cracking Questions  throughout  to  stimulate  debate and keep studentsawake!  Richly  illustrated
chapters  with  improved figures  and  flowdiagrams Chemical  Process  Technology,  Second Edition  is
acomprehensive introduction, linking the fundamental theory andconcepts to the applied nature of
the subject. It will beinvaluable to students of chemical engineering, biotechnology andindustrial
chemistry, as well as practising chemical engineers. From reviews of the first edition: “The authors
have blended process technology, chemistryand thermodynamics in an elegant manner… Overall
this is awelcome addition to books on chemical technology.”– The Chemist “Impressively wide-rang-
ing and comprehensive… anexcellent textbook for students, with a combination of fundamental-
knowledge and technology.” – Chemistry in Britain(now Chemistry World)
This book will provide researchers and graduate students with an overview of the recent develop-
ments and applications of process intensification in chemical engineering. It will also allow the read-
ers  to  apply  the  available  intensification  techniques  to  their  processes  and  specific  problems.  The
content of this book can be readily adopted as part of special courses on process control, design, op-
timization and modelling aimed at senior undergraduate and graduate students. This book will be a
useful resource for researchers in process system engineering as well as for practitioners interested
in applying process intensification approaches to real-life problems in chemical engineering and re-
lated areas.
This comprehensive work shows how to design and develop innovative, optimal and sustainable
chemical processes by applying the principles of process systems engineering, leading to integrated
sustainable processes with 'green' attributes. Generic systematic methods are employed, supported
by intensive use of computer simulation as a powerful tool for mastering the complexity of physical
models. New to the second edition are chapters on product design and batch processes with applica-
tions in specialty chemicals, process intensification methods for designing compact equipment with
high energetic efficiency, plantwide control for managing the key factors affecting the plant dynam-
ics and operation, health, safety and environment issues, as well as sustainability analysis for achiev-
ing high environmental performance. All chapters are completely rewritten or have been revised.
This new edition is suitable as teaching material for Chemical Process and Product Design courses
for graduate MSc students, being compatible with academic requirements world-wide. The inclusion
of the newest design methods will be of great value to professional chemical engineers. Systematic
approach to developing innovative and sustainable chemical processes Presents generic principles
of process simulation for analysis, creation and assessment Emphasis on sustainable development
for the future of process industries
Process  intensification  (PI)  is  a  chemical  and  process  design  approach  that  leads  to  substantially
smaller, cleaner, safer and more energy-efficient process technology. A hot topic across the chemi-
cal and process industries, this is the first book to provide a practical working guide to understand-
ing and developing successful PI solutions that deliver savings and efficiencies. It will appeal to engi-
neers working with leading-edge process technologies and those involved research and develop-
ment of chemical, process, environmental, pharmaceutical, and bioscience systems. * Shows chemi-
cal and process engineers how to apply process intensification to their system, process or operation
* A hard-working reference and user guide to the technology AND application of PI, covering funda-
mentals, industry applications, supplemented by a development and implementation guide * Lead-
ing author team, including Professor Colin Ramshaw, developer of the HiGee high-gravity distillation
process at ICI, widely credited as the instigator of PI principles
In recent years the need for sustainable process design and alternative reaction routes to reduce in-
dustry?s impact on the environment has gained vital importance. The book begins with a general
overview of new trends in designing industrial chemical processes which are environmentally friend-
ly and economically feasible. Specific examples written by experts from industry cover the possibili-
ties of running industrial chemical processes in a sustainable manner and provide an up-to-date in-
sight into the main concerns, e.g., the use of renewable raw materials, the use of alternative energy
sources in chemical processes, the design of intrinsically safe processes, microreactor and integrat-
ed reaction/  separation technologies,  process intensification,  waste reduction,  new catalytic routes
and/or solvent and process optimization.
The proposed book will be divided into three parts. The chapters in Part I provide an overview of cer-
tain aspect of process retrofitting. The focus of Part II is on computational techniques for solving pro-
cess retrofit problems. Finally, Part III addresses retrofit applications from diverse process industries.
Some chapters in the book are contributed by practitioners whereas others are from academia.
Hence, the book includes both new developments from research and also practical considerations.
Many chapters include examples with realistic data. All these feature make the book useful to indus-
trial engineers, researchers and students.
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Improvements in Bio-Based Building Blocks Production Through Process Intensification and Sustaina-
bility Concepts discusses new information on the production and cost of bio-based building blocks.
From a technical point-of-view, almost all industrial materials made from fossil resources can be sub-
stituted using bio-based counterparts. However, the cost of bio-based production in many cases ex-
ceeds the cost of petrochemical production. In addition, new products must be proven to perform at
least as good as their petrochemical equivalents, have a lower environmental impact, meet con-
sumer demand for environmentally-friendly products, factor in population growth, and account for
limited supplies of non-renewables. This book outlines the application of process intensification tech-
niques  which  allow  for  the  generation  of  clean,  efficient  and  economical  processes  for  bio-based
chemical blocks production. Includes synthesis and process design strategies for intensified process-
es Describes multi-objective optimization applied to the production of bio-based building blocks Pre-
sents the controllability of processes where the production of bio-based building blocks is involved
Provides examples using aspen and MATLAB Introduces several sustainable indexes to evaluate pro-
duction processes Presents process intensification techniques to improve performance in productive
processes
Intensified processes have found widespread application in the chemical  and petrochemical  indus-
tries.  The  use  of  intensified  systems  allows  for  a  reduction  of  operating  costs  and  supports  the
“greening”  of  chemical  processes.  However,  the  design  of  intensified  equipment  requires  special
methodologies. This book describes the fundamentals and applications of these design methods,
making it a valuable resource for use in both industry and academia.
Synthesis  and  Operability  Strategies  for  Computer-Aided  Modular  Process  intensification  presents
state-of-the-art methodological developments and real-world applications for computer-aided pro-
cess  modeling,  optimization  and  control,  with  a  particular  interest  on  process  intensification  sys-
tems. Each chapter consists of basic principles, model formulation, solution algorithm, and step-by-
step implementation guidance on key procedures. Sections cover an overview on the current status
of process intensification technologies, including challenges and opportunities, detail process synthe-
sis, design and optimization, the operation of intensified processes under uncertainty, and the inte-
gration of design, operability and control. Advanced operability analysis, inherent safety analysis,
and model-based control strategies developed in the community of process systems engineering are
also introduced to assess process operational performance at the early design stage. Includes a sur-
vey of recent advances in modeling, optimization and control of process intensification systems Pre-
sents a modular synthesis approach for process design, integration and material selection in inten-
sified  process  systems  Provides  advanced  process  operability,  inherent  safety  tactics,  and  mod-
el-based control analysis approaches for the evaluation of process operational performance at the
conceptual design stage Highlights a systematic framework for multiscale process design intensifica-
tion integrated with operability and control Includes real-word application examples on intensified re-
action and/or separation systems with targeted cost, energy and sustainability improvements

This is a collection of the papers presented at the 1st International Conference on Process Intensifica-
tion for the Chemical Industry, organized and sponsored by the BHR Group Limited, and held in Antw-
erp, Belgium on 6-8 December 1995.
Process intensification aims for increasing efficiency and sustainability of (bio-)chemical production
processes. This book presents strategies for improving fluid separation such as reactive distillation,
reactive absorption and membrane assisted separations. The authors discuss computer simulation,
model development, methodological approaches for synthesis and the design and scale-up of final in-
dustrial processes.
Process Intensification: Engineering for Efficiency, Sustainability and Flexibility is the first book to pro-
vide a practical working guide to understanding process intensification (PI) and developing success-
ful PI solutions and applications in chemical process, civil, environmental, energy, pharmaceutical, bi-
ological,  and  biochemical  systems.  Process  intensification  is  a  chemical  and  process  design  ap-
proach that leads to substantially smaller, cleaner, safer, and more energy efficient process technolo-
gy. It  improves process flexibility,  product quality,  speed to market and inherent safety, with a re-
duced environmental footprint. This book represents a valuable resource for engineers working with
leading-edge process technologies, and those involved research and development of chemical, pro-
cess, environmental, pharmaceutical, and bioscience systems. No other reference covers both the
technology and application of PI, addressing fundamentals, industry applications, and including a de-
velopment and implementation guide Covers hot and high growth topics, including emission preven-
tion, sustainable design, and pinch analysis World-class authors: Colin Ramshaw pioneered PI at ICI
and is widely credited as the father of the technology
This book addresses the application of process intensification to sustainable energy production, com-
bining two very topical subject areas. Due to the increasing process of petroleum, sustainable ener-
gy production technologies must be developed, for example bioenergy, blue energy, chemical loop-
ing combustion, concepts for CO2 capture etc. Process intensification offers significant competitive
advantages, because it provides more efficient processes, leading to outstanding cost reduction, in-
creased productivity and more environment-friendly processes.
Microfluidics  represent  great  potential  for  chemical  processes  design,  development,  optimization,
and chemical engineering bolsters the project design of industrial processes often found in large
chemical plants. Together, microfluidics and chemical engineering can lead to a more complete and
comprehensive process. Process Analysis,  Design, and Intensification in Microfluidics and Chemical
Engineering provides emerging research exploring the theoretical  and practical  aspects  of  mi-
crofluidics  and  its  application  in  chemical  engineering  with  the  intention  of  building  pathways  for
new processes and product developments in industrial areas. Featuring coverage on a broad range
of topics such as design techniques, hydrodynamics, and numerical modelling, this book is ideally de-
signed for engineers, chemists, microfluidics and chemical engineering companies, academicians, re-
searchers, and students.


