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Scale-Up Today
Standard processes in Multi-Purpose Plants

Laboratory: 0.1 … 1 l Pilot: 10 … 100 l Production: 1‘000 … 10‘000 l

Scale-Up 1 Scale-Up 2
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Scale-Down-Reactor

1… 10 l

 Geometrical similarity (bottom, stirrer, baffles) ➔ similar mass transport.

 Challenge: Scale up of the heat transfer!

Production

1‘000… 10‘000 l

Direct Scale-Up

Scale-Up Tomorrow = Main goal of the project
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𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑎𝑟𝑒𝑎

𝑉𝑜𝑙𝑢𝑚𝑒
: 39 m2/m3 2.8 m2/m3 

ΔT : 0.8 K 12 K

6

Standard approach for the scale-up of the heat transfer

Standard Lab-Reactor: 1 l Production: 4‘000 l

ΔTΔT

07.12.2021

heat exchange via glass jacket heat exchange via jacket

Direct Scale-Up ?

ሶ𝒒 = 𝟏𝟎
𝑾

𝒍
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𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑎𝑟𝑒𝑎

𝑉𝑜𝑙𝑢𝑚𝑒
: 2.8 m2/m3 2.8 m2/m3 

ΔT : 12 K 12 K
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New approach for the scale-up of the heat transfer

Adiabatic Shield

ΔTΔT

07.12.2021

Direct Scale-Up

Scale-Down-Reactor: 1 l

Heat exchange via H/C-Finger Production: 4‘000 l

heat exchange via jacket

ሶ𝒒 = 𝟏𝟎
𝑾

𝒍
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Hydrogenation reactions
Batch reactor

H2 (g)

1 - 60 bar

Reaction 

mixture (l)

Hydrogenation autoclave

(multipurpose)

4000 l

heating/cooling 
system

Chemical reaction:

2 A + H2 → 2 AH

𝑇𝐽,𝑖𝑛

𝑇𝐽,𝑜𝑢𝑡
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Scale-Up Strategy
Simulations of 

production scale

Production scale 

data

Scale-down 

experiments

Direct scale-up to 

production scale

Dynamic process 

model
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H2 (g)

Reaction 

mixture (l)

Dynamic process 

model

c 
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Production scale reactor

 Mass transfer

 Heat transfer

Lab

 Chemical reactions

 Physical properties (RM)

12

H2 (g)

Reaction 

mixture (l)

Dynamic process 

model

c 

[mol/m3]

T 

[°C]
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Simulations of 

production scale

Production scale 

data

Scale-down 

experiments

Direct scale-up to 

production scale

Dynamic process 

model

Scale-Up Strategy
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Process parameters

c0

[mol/l]

14

Simulations of 

production scale

n

p

𝑇𝐽,𝑖𝑛TJ

Process performance

 Quality (yield, side products, …)

 Production capacity

Safety

 Quantitative risk analysis (focus on severity)

V [m3]
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Simulations of 

production scale

Production scale 
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Scale-down 
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Scale-down 

experiments

Miniplant: 1 l

 Geometrical similarity (bottom, stirrer, baffles)

 Identical materials (lab and production)

 Similar heat transfer area to volume ratio (Hot / Cold Spots)

Production: 4‘000 l

07.12.2021

Direct Scale-Up
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Miniplant

 Laboratory safety

 Adiabatic shield

17

Scale-down 

experiments
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Miniplant

 Geometry (mass transfer)

 Heat transfer
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Scale-down 

experiments
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H/C-Finger

 Computational fluid dynamics 

(CFD)

 3D Printing (316L)

19

Scale-down 

experiments

07.12.2021ICB - School of Life Sciences FHNW Prof. Dr. Andreas Zogg / Thierry Furrer CHIMIA 2021, 75, No. 11:  

https://doi.org/10.2533/chimia.2021.948E-mail: andreas.zogg@fhnw.ch

https://doi.org/10.2533/chimia.2021.948
mailto:andreas.zogg@fhnw.ch


20

Simulations of 

production scale

Production scale 
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Labor-Leit-System

SPS

Jérome Blum, Karl-Heinz Langendorf, Prof. Dr. David Zogg.

Outlook: Digital Process Lab
PTC  - Muttenz

Miniplant (Scale-Down Reactor)
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Outlook: Digital Process Lab
PTC  - Muttenz

Dynamic process 

model

MPC (Model Predictive Control)

Engineering 

Model

Prof. Dr. David Zogg (FHNW-HT)

Prof. Dr. Christian 

Kronseder 

(FHNW-HLS)

Cobalt

Lab 

procedure

Batch Record

Recorded Data

Sampling Tags
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