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Processium General Overview
Who we are

259% 15%
dedicated to R&D
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Processium General Overview

What we do

CLIENT PROJECT DEVELOPMENT

. Industrialization & e -
Research Process Conception Process Scale-up : Commercialization
production

PROCESSIUM
PROCESSIUM SERVICES
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CONCEPTION ET DEVELOPPEMENT DE PRODUITS/Conception et développement de produits.pptx
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Processium General Overwew
How we work

Laboratory dedicated Laboratory dedicated
—

to products processium to processes
h Process & Product Design
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Analysis and
measurements
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Laboratory equipments :

Liquid separation

1- Liquid-Liquid extraction
(continuous and stirred column)
5 to 25 I/hr, up to 150°C

2- Continuous distillation

1to 3 1/hr, 20to 250°C, 10to 1,000
mbar

3- Thin layer evaporation

(short pass available)

1 to 3 I/hr, 20 to 250°C, min 1 mbar or
10-3 mbar for short pass
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Laboratory equipments

Reaction & Separation

1- Tangential filtration (ceramic)
MF, UF —Max 4 bar

2- Ball mills

3- Batch reactor
1 bar, up to 200°C

4- Tangential filtration (organic)
MF, UF, NF, RO — Max 60 bar

5- Continuous reactor
1 |, micro-wave heating system, up to 40
bar, up to 250°C

6- High pressure distillation
1 to 20 bars

Continuous or batch distillation
Reactive distillation
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Process Scale-up
Basic Data Errors

Projects without Projects with Basic

Outcome Variable .
Basic Data Errors Data Errors
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Key scale-up items

External: Market, people and m
environment

Critical Scale-up Item Euiticaliscalcuplitem
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TRL 3-5

TRL 1-2

processium
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Nth of a kind TRL9

A first-of-a-kind
application, large-scale
production facility TRL 7-8

Demo scale
production facility
TRL 5-6
Deve|0pment and vt
Validation of
technology TRL 3-4
TRL 1-2
Concept

Proven
Industrial
scale

Demo-
industrial
scale

Pilot-scale

Lab-scale

Research
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Process Scale-up
Key steps

Production rate Scale Up

(kg/h) Factor
Industrial 100-10,000 -
Plant
Pilot 1-100 1-10000
Plant
Miniplant 0.1-1 100-100,000
-_—
processium
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Process Scale-up
Scale-up factors

Process Step

Maximum Scale-Up value
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Process Scale-up

Time scale

10000 |
Industrial ---
1000 plant
Production 100
(Kg/h) Pilot-plant ---

10
1
0.1

Research
0.01

0 1 2 3 5 6 . .
Years
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Industrial biopro
A case study : 1,4 BDO

1,4-Butanediol: 5 years from concept to commercial (0.5X 1,3-PDO)

Process and product validation at commercial scale following extensive pilotina /
T=138g/L L
Process and Product Validation at Commercial Scale SMM Ibs 140 R=3.1g/l/hr ——
5 Week Campaign =m-Dec, 2013 y* = 105/%/ '
3
e 50 fermentations run at commercial scale with 120 |=#=Nov, 2012
integrated continuous downstream processing
: : ===Apr, 2012
¢ No surprises - consistent performance, all scales , /./-l
e 15t mass production and sale of an established 100 - =#=Feb, 2012
bulk industrial petrochemical by fermentation - - m-Mav, 2011
e 2013 Kirkpatrick Chemical Engineering 2 Y r__,.l
Achievement Award : 2 80 |=m=Mar, 2011
z 600,000L 5
E =H=)an, 2009
8 60
Demo I o / //././
40
Pilot /////./
. 13,000L
Lab F —— 20
cum [ e
2009 2010 2011 2012 0 ' ' ' ' !
4 0 12 24 36 48 60 72

Time (h)
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Industrial bioprocess scale-up
Biotech vs Chemicals

* Microbes

* Aseptic operation of fermenters

* Control of the fermentation process

* Natural feedstocks

* Low product concentration in aqueous phase
* Selectivity

* Impurities

—
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Product & Process Scale-Up
Two main routes for Process/Product Scale-Up
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Industrial bloprocess scale-up
Main steps of the conception and scale-up stages

Demo & \

R&D .
Industrial

At

GO-NO GO GO-NO GO

Deliverables

* Either process book of the demo plant and V1 of the process book of the target
industrial unit

* Or update production package

* Risk analysis

—
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Industrial bioprocess scale-up
Main results of the conception and scale-up stages

Demo &

Development .
Industrial

" Process flowsheet .'
" Mass & heating balances
= Operating conditions
= Sizing of unit operations
" First optimization of the process regarding o
 CAPEX/OPEX
* Product quality, productivity, yields

* Environmental impact

—
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Case ty 1

Preliminary Techno-economical study

Coutcalculé / Paramétre 1 —— Parametre 2 Paramétre 3
Codtcible e Paramétre 4 Paramétre 5
Inacceptable Passable Viable Idéal
300%

— N\
\\\
100% = \_

10% 100%
Hypothése ouperformance (en%de la cible minimale)

* First technical and economical estimation of the project

* Fermentation development defined in connection with
purification and separation requirements

_ processium
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Case stdy 2

Process development

Joint development of DSP / USP

. ed wat Final effluent 2
eC}';'oeo Wahe" (About 20% of the
(75-80% of the { Treatment flow to be treated)
I total flow)
1 DSP }

Co-product
Fermentation q[ DSP
Purified co-product

Final effluent 1
(About 2% of the
Purified product flow to be treated)

*  Minimization by fermentation of the most penalizing impurity in purification
*  Valorization of a co-product: economy of work in fermentation
* Recycling water with sufficient quality for fermentation

—
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Case study 3

Feedstock impact

= One of the key step in the process is to separate the noble
product from the salts and sugars

= Development of a DSP with 1G sugars :
* PCD A (1G): Performance and robustness. Yield 97%

 PCD B (1G): Low performance, and limited robustness due to fouling
problems. Yield = 80%

* Development of the same DSP with 2G sugars :

 PCD A (2G): Low performance and limited robustness
* PCD B (2G): Good performance, and robustness. Yield 95%

‘ Necessity to have a global approach : raw material/USP/DSP

—
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Case study 4

Downstream process optimization

[ Estimation for a 30 KT/year plant }
Refer.ence Energ.y integration Difference
solution solution
Vapor consumption t/h 44.5 12.5 -72%
Cooling water Consumption 2630 730 _73%
m3/an
Power consumption ) 13.56 )
(compressor) GWh/an '
Number of exchangers 16 18 +2
OPEX k€/an 8480 3173 -62%
K€/ t final product 0.28 0.10 -62%
Return on investment time <2ans
— .
processium
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Case stdy 5

Toll manufacturing

Cost /item Estimated cost for purification Final cost €/kg
100% Tolling Continuous production/ new plant _ »qg
< > < >
90% - 180
- = =% CAPEX
80% - 160
° ~ — - %Fixed costs
70% % OPEX excluding solvents - 140
- = =% OPEX solvents
60% - 120
50% TNe--mTTTTTT T - 100
40% - 80
30% - 60
20% T>< . - 40
0% N T - 20
0% 0
1 10 100 1000 10000
— Product tons/year
processium
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Conclusions
Process scale-up

* Objectives
* To limit the risks

* To save time
* To manage CAPEX/OPEX

* How?
* Identifying market targets
* Implementing adapted industrial methodologies
* Looking for key partners
* Working in parallel, anticipate
* Defining GO/NO-GO milestones

—
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