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Dear Reader,

A key part of the strategic mission and vision of Delft
University of Technology is to carry out world-level
multidisciplinary research and design with a view to
sustainability. Sixteen Process Technology-related
Chairs within two Faculties and five Departments of TUD
contribute greatly to the realization of that vision.

Delft Research Center for Sustainable Industrial
Processes (DRCSIP) provides a platform for those
Chairs to carry out sustainability-oriented collaborative
research projects. In many of those projects Process
Intensification plays an important role.

The current symposium is organized not only to
commemorate the 1°* anniversary of the Chair of
Intensified Reaction and Separation Systems (IRS) and
the 6™ anniversary of DRCSIP, but primarily to give the
participants a broad insight into the innovation,
relevance and diversity of the research activities within
the Process Technology community at our University.

Prof, dr. ir. Andrzej Stankiewicz
Symposium Chairman,
Scientific Director of DRCSIP



Morning: One yvear of
Intensified Reaction and Separation Systems

Time

Title

Eipeaker

9:30 — 10:00 hrs

Coffee

10:00 — 10210 hrs

Introduction to the day:
6+1 years on susfainable process &

energy technologies: an imtensified

Andrzej Stankiewicz, IRS
- Jme:

research affair at TU Delft
i . Intensified Reaction and Separation Andrzej Stankiewicz, IRS
10:10 — 10:30 hrs Syat _3

10:30 — 10:50 hr=

Microwave Enhanced Mulfunctional
Reactors - novel approach to faster,
safer and low energy consumption

processes

Tomasz Durka, IRS -
Jme

10:50 — 11:10 hrs

Solids, interfaces and solutions in
crystallization processes

Joop ter Horst, IRS -
Jme

11:10 — 11:30 hrs

Opportunities for Process
Intenzification in Crystallization;
Application of Air Mixed Devices,
Ultrasound & Membranes

Richard Lakerveld, IRS -
Jme

11:30 — 1150 hirz

Towards tallored separations for co2

Andre Bardow, IR -

capture _ _ ame
11:50 — 12-10 hrs ;ms High Purity Separations by | » 5 cei IRS - 3me
1210 — 1200 hrs | Lunch

The Chair of Intensified Readbion and Separation Systems has been established in 2008,
"Processes, Plants & Products for People, Planet & Profit” presents the motto to researdch
activities of the Group. The Group provides education and conduds research in the field of
intensified readtion and separation systems for the process and energy industries, within the
framework of sustainability. The interdisciplinary research is aimed at generating fundamental
and application-oriented knowledge focusing on locally controlled activation and transport for
tailored processes and products. The research imohves a combination of experimental work and
miadeling shudies and spans a broad range of length scales, from molecule to process plants.




Afternoon: Six years of
Delft Research Center for Sustainable Industrial Processes

ﬁm&

Title

ﬁpﬂaker

13:00 — 1320 hrs

Bic-renewables beyond bicethanol

Luuk van der Wielen, BT -
THNW

13220 — 13:40 hrs

Small & Smart Processes - enhanced
expernmentation for rational and fast
design of bioprocesses

Marcel Ottens, BT — TRW

1340 — 14:00 hrs

Brewing acids with yeast

Rob Brooijmans, BT -
TNW

14:00 — 1420 hrs

Simulation of the bubbly flow in a
large scale fermentor

Rob Mudde, MSP - TNW

14:20 — 14:40 hrs

A new process for the production of
furfural from biomass using ionic
liquids and supercritical carbon
dioxide

Miguel A. Tavares
Cardoso, DCT — THW

14240 — 15:00 hrs

Biomass gasification combined with
hot gas filtration and gas upgrading
for clean syngas generation, a
promiging route towards green
bicfuels

Marcin Siedlecki, P&E —
ame

15:00 — 15:30 hre | Coffes _
. ) Challenges in model-based process Paul J. M. van den Hof,
1530 — 1550 hrs control and optimization DCSC — 3me
Intensified detection for bicamays

15250 — 16:10 hrs

using digital microfiuidics

1610 — 16:30 hrs

Michel Rosso, MSP - TNW

Understanding self-assembly of
nanocrystals

Philipp Schapotzchnikow,
P&E —3me

16:30 — 16:50 hrs

Exploring the fundamentals of
flameless combustion in a jet-in-hot-
coflow bumer

16:50 — 17:10 hrs

Emst Oldenhof, MSP —
THNW

Intensified operation of shumy bubble
columns

Masim Hooshyar, DCT -
THNW

17210 - 1730 hrs

Energy efficiency in industrial
processes: ORC turbogenerators for
heat recovery

1730 - 1750 hrs

John Harinck, P&E — 3me

Synthesis and applications of
hydroxy-sodalite membranes

Enrique V. Ramos-
Femandez, DCT - THW

18:30 - 2100 hr=

DRC SIP User Commifiee meefing,
including dinner

The Delft Research Center for Sustainable Industrial Processes (DRC SIF) established in 2003 is a
strategic process technology research institute of the TU Delft which strives to enhance and to
promote sustainabilty in the chemical industry by focusing the RED effort on the development of
green, intensified processes, DRC SIP brings together 14 process technology Chairs of TU

Delft in the innovative interdisciplinary research program.







ABSTRACTS



Andrze) Stankiewicz
Intensified Reaction and Separation Systems

How to win the nano-snooker game and realize perfect reachions by creating an
environment, in which the geometry of molecular collisions 15 fully controlled whale
energy 15 transferred selectively from the source to the requred molecules m the required
form n the required amount, at the required moment and at the required position”

How to catch up with the Nahme and ultra-lgh-interface systems with specific
interfacial areas exceeding 100,000 m"/m’?

How to get full control over the properties of a crystalline product or generate products
with new fimctionalities?

These are only examples of the questions which become increasingly relevant m the
times when the Age of O1l seems to be approaching the end while chemical co 1
big and small face tremendous challenges concermng matenals availabibty and energy
efficiency, environmental burden and operational safety.

Many of those questions can be addressed and solved based on the genenc ponciples of

Process Intensification, by applying fimdamental Pl-approaches m the spatial
thermodynamic, fimchonal and temporal domams.

The Charr of Intensified Feaction and Separation Systems established m 2008 applies the
above menfioned fimdamental pnnciples and approaches of Process Intensification m 1ts
research program focusmyg on locally controlled activation and transport for talored
processes and products.

Fig 1. Mﬂmﬂumﬂkﬂgmﬂﬁhﬂ:ﬂmﬂmgﬁmmaﬁﬂcmﬂmmemm



Tomazz Dutka

Microwave Enhanced Mulfunctional Eeactors - novel approach to
faster, safer and low energy consumption processes

Combmaton of reaction and separation processes (multfimeionahiy) and apphcabon of
altermabive energes e g oucrowaves are one of the poneiples of Process Intensification.
Infegration of pmltfimetional reactors with altermatives forms of energy bnngs profits
shorter reaction ime, lowes energy consumption and safer operation

Three, commonly known mdusinal processes; stmmr_efmgnf{hu}a]mhuls,
polyestenficahion reachon and reactive dishllation are investigated m a view of mfluence
of mucrowave radiation on reachon amd separation m order to mmprove econommcal

ecological and safety problems.

Integrated bow - temperatare relorming of kHeafuels and
hydragen separation for fuel cell apphcations

Carhon disodde
Fg 1. Potenfial amﬁﬂﬁnlufhﬁcmme-&]mu:uih{un]:mm



Joop ter Horst

Solids, interfaces and solutions in crvstallization processes

Generally, crystallization leads to a pumity of the solid product of 99.9% or more mm only
one process. Since many products are solid. crystallization 15 frequently used m bulk,
fmdﬂ:ll:ihmnam.i]:almdmtry Although crystalhization can be performed m
uj'staﬂlmaslargaaslﬂm of more, crystallizafion remams a molecular level process
where molecnles unld mio a lathee at the crystalhne surfaces. Smee fixtore crystalline

products will become more and more complex, the demands on crystallization process
design as well as on findamental crystallization knowledge will merease. The synergy

between crystallization process design research and research on crystallization
fimdamentals 15 one of the strong pomts of the sechion infensified reaction and separabion

SYStems.
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Richard Lakerveld Herman Kramer, Andrze) Stankiewicz, Peter Jansens, Johan Grievink

Opportunities for Process Intensification in Crystallization;
Application of Air Mixed Devices, Ulirasound & Membranes

Crystalhzahon processes are widely applied m chemmcal mdustry. Cumrent indnstrial
exhibit complex process behaviour and often show a linmted flexibality to manipulate
product quahty. This coninbution addresses opportumties to mprove control and design
of mdusinal crystalbzers by applymg genenc pnnciples of process mtensificaion. New
equpment and methods are expermmentally tested amming at 1solation and optimization of
the rate of key phenomena, which domunate product quality. Expenimental setups are
designed and tested mvolving air mixed devices for crystal growth, membranes for the

generation of supersaturation, and the appheaton of ultrasound for nucleabion. In the end,
combimation of the technolomes allows for tighter and more flexible control over

crystalline product quality compared to tradiional operation.




André Bardow

Towards tailored separations for CO; capture

Carbon dioxide capture and storage (CCS) provides one major ophion for the short-term
reduction of COs-emissions from electricity-generation plants. Currently, the addition of
CCS to a power plant miroduces an energy penalty of about 25% wihich 1s prolbitrve.
The caphme step accounts for 75% of this efficiency loss. For this reason, the work

presented here aums at the development of novel processes for CO; capture.

(=)

"

e | methods nvee

tailorable
separations

Figure 1: Framework for integrated design of materials and processes for CD2
capiture,

In particular, the design of novel solvents for absorphion processes 1s addressed. To
actually tailor the solvents for a specific apphcation, a model-based methodology has
been developed that atms at the miegrated design of the solvent and the corresponding
caphwe process (Figure 1). Thereby, the inferdependence between molecular solvent
charactenstics and process settings 15 fully resolved allowing for the generation of truly
optimized capiure processes. Further developments towards talored separations for CO,
caphure are also lnghhghted



Aylin Selw, Andre Bardow and Peter ]. Jansens
Towards High Purity Separations by FricDiff

Frichional Diffusion, bniefly FncDaff 15 an altemative separation teclmology, which
emerged from the concepts of reduced energy nsage and avoiding hazardous solvents
[1,2]. FricDnif 15 based on the difference m diffusion rate of two components when
diffusing through a third component, so-called counter gas (sweep). In the FncDhff
concept, the separation occurs becanse the hight components m the feed mixture diffuse at
a ligher rate into the counter gas than the heavy components. This difference results into
the ennchment of the heavy components on the feed side. The heavy components have a
larger molecular weight, and expenence therefore more fnchon with the sweep gas. This
fnction between the molecules occurs mn the pores of a barmer (porous layer), where the

feed components and sweep gas diffuse counter-corrently,

Faad-Side Product () CH ® cHe
@ Sweep gas — N, @ Sweep gas -,
"l a-H Swesp-Side Produd
gy

Fig.1. FrcDhff Component System

In thes present work, possibilifies to achieve ligher punity of the product using FneDaff
are therefore investizated The simmlation results support the clam that the novel FneDnff
technology 1s a sustamable separation method also applicable for tasks of strong
ennchment. Based on these results, a design-case has chosen for a test umit whoch 1s
under construction now. This vmit shall demenstrate the techmcal viabahty of FneDnff
technology mnder industnial conditions.

Eeferemoes:

[1] WA M Geboers, PTA WM Eedkhof P. Lipmsn F. Peters; FricDiff” A novel separation concept.
Separation and Purification Technology 56 (1): 47-52 (2007)

[2] A. Sehvi, B. Breure, T Gross, T de Grasmw and P T, Tancencs: Basic parameter study for the separation of
a isopropanal—water mixtore by using FricDiff technology; Chemicsl Engineenng and Processing, 446
(2007) 810-817.



Limk van der Wielen

Bio-renewables beyond bioethanol

My coninbution to the meeting will be along the following lines, to miroduce two 1ssues
for the debate.

The wholistic siteation 15 a growmng luman population frapped on a planet with
abumdant solar energy, limited materials resources, an early twentieth century

(energy) mitastruchure and matchmg behaviours.

A simplishic model mdicates the need for a change on all accounts: stop growing,
hamessing solar m vanous forms meluding “biobased™ ones, recycling matenals,
upgradmg the energy mfrastructure as well as our behaviours.

Today, bio-energy provides 10% of global energy demand (50 out of 500 Elfyear),
of which 40 El/year mefficiently (90% loss) m developing coumines wood stoves.
Global sustainable biomass potentials are estimated between 100 and 700 EJfyear
(let’s take an average 350). So bio-energy 15 the low hanging frut (with cofinng
and oethanol as the lowest of the lowest) for short term solutions for energy and
matenals resources.

My two-cents: “bro-renewables™ can be made to become a senous contnbutor to
the portfolio of long term solufions, since we need agnculture and forestry
anyhow. Although biomass grows m a farly democratic (distnbuted) manner, and
the entry level seems relatively low, a next step towards a truly sustamable
coninbuiion needs major investments in a severely neglected agro/foresiry-sector.
Issne 1 — the change 15 urgent yet needs resources and time — the latter being
determmed by the combination of science & techmology development, logistics as
well as human aspects ranging from resistance to change towards vested interests.
Issne 2 — we need a comprehensive strategy —taking the above mto accoumnt-
towards a biobased economy, with a reasonable and imderstandable trajectory. A
necessary step 1s clanty on drovers for such a global biobased economy as well as
its constramts and sustamabality critena, all of which are local.



Marcel Ottens

Small & Smart Processes - enhanced experimentation for rational and
fast design of bioprocesses

Mmiahmzation allowed computers, once with the dimension of a iving room, to shnnk
to the size that fits m a cell phone. However, mimatinzation 15 not linnted to electromics.
Chemucal synthesis performed on chip allows for faster and more selective reactions,
thereby reducing waste and elimmating expensive separation steps. Small volumes and
high area-to-volume ratios reduce nsk (e.g. good heat transfer), short diffusion lengths
allow for fast mixing, therefore otherwnse difficult reachions can routinely be performed
mn massive parallel designs m Lab-on-a-Chip apphcations. Furthermore, mocro systems
allow for rapidly screening of optimal reachon / operation condrfions or stram selection
for mochemical conversions/fermentations. This presentation on Small & Smart
Processes will show efforts and achnevements withm TNW depariment of Biotechnology
mn this area with respect to (bio) process techmology / (bio) chemmical engimeening with
lustrative examples.

Figure: High Throughput Screenmg Robot;, Fight top mlay: mucro chip for metabolic
analysis.



. which 15 obviously problematc for
i of engmeernng C4-dicarboxilic acid
Mution of effectrve transport i 5. cerevisioe







































