he Processum cluster -
Fish feed and Chemicals
from the forest

Clas Engstrom

Keflavik november 2014
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The Franco-German relationship

The e e aa SPECIAL REPORT GLOBAL WARMING
IECOIIRONSE .. ... oes

PAGES 23-23

A SURVEY OF CORPORATE LEADERSHIP

OCPOBEN 28TH-$15% 2003

BE
WORRIED.
BE
WORRIED.

Climate change isn’t some vague
future problem—it’s already
damaging the planet at an alarming
pace. Here’s how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT

HOW CHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT

THE CLIMATE CRUSADERS

Lt
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SP PROCESSUM

Industrial Reaserch Institute,
Cooperation, Open Innovation,
Business-oriented, Clusterhost,R & D

e Started 2003

e Turnaround 20 million SEK

e 17 employees

*130 Biorefinery R&D project since
2008

e Hosting the VINNVAXT-initiative the
Biorefinery of the Future

ePart of the SP-group since may

processum -.
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Biorefining'inta cluster.set up ' R
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Figur 13. Mo och Domsjds uppbyggned av organisk kemisk industri under 2:a
viiridekkriget. | vissa fall anges Sven nediliggningaésr. Produktiriidet giller &r 19485.
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Killor: Skogen ger. Stockholm 1946. Svensk Triivaru och Pappersmassetidning -
Srsnummer 1943. Svensk Kemisk Tidskrift 1962 s. 132. Festskrift till Carl Kempe.
Uppsala 1964.

6’ processum -




Logded /A
? G

7 Yo
J g Rundvik




Processum R&D council

Funding from VINNOVA and EU for promoting growth of the Swedish biorefinery industry

Projects Description

Succinic acid and Butanol Production of succinic acid and butanol by fermentation
Electricity from low-value heat sources Production of electricity from low-value heat sources

Yeast project Optimization of industrial yeast cultivation within the BoF-cluster
Hemiextraction Extraction of i ; K
NIR project Analysi d sp metry”

Hemp project

Green liguor sludge
Fibersludge project
Lignosulfonate project
Fertilizers

Biogas

Green chemicals nvetsigate ew chemicals within the BoF-cluster
Refined ligno Methods for lignosulfonate refining

Methods for purification of methanol from kraft pulp mills

Quality improvements and new applications for lignin from hydrolysis processes
Otimization of the cultivation of energy crops

New materials for replacement of tropical wood in plywood

Modification of ashes to enable return of ashes to the forests

fuels

New products
and processes

CelluloseTe Refining of the cellulose within the BoF-cluster
R/F-project Optimization of retention and formation during paper proguction -
' Multilayer project Increase the strength of TMP-pulp. WWW%) 10 refl n ery'se

I Trainae NnroAaram A trainca nronram with fivve nf thea ~comnaniac within the RnE_~liictar




Wood biorefinery products

[

Candles Plywood su'b'_s‘titute Aviation fuel

R -—
3 : 3 5 -

Viscose thread Green chemicals

Fish feed

Concrete additive Nanocellulose AETNES
it L Torrefaction

Biogas



Processum pilot equipment

« Bioreactor

« Chemical reactors (ATEX)
— Flow reactor
— Gas/liquid reactor
— Batch reactor

« Pilot for biomass drying

» Torrefaction pilot

« Algae cultivation pilot

* Unit operations

» Viscose spinning pilot

« Pretreatment reactor

processum =

&
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Pilot and demo facilities 5 DME pilot
worth >100 million euro 4 Entrained flow gasification pilot ;
g Indirect gasification pilots i

Biorefinery Demo Plant

/!  Chemical synthesis pilot

' Gasification pilots  Viscose and spinning pilot

TMP pilot Pulping pilot
Chipping pilot | Membrane filtration pilot

. Unit operation pilots



Forest industry + Chemical industry

== A unique collaboration between the Swedish

chemical industry and the forest industry
== Platform chemicals from wood for

making green polymeres and chemicals

Renewal of two important export

industries in Sweden
Adresses climate change

111

Will identify the need for political
decisions to realize the bioeconomy
vision

processum =

sion platform




3 » DEMAND FOR BI0O-BASED PRODUCTS IS GROWING

CURRENT ANNUAL GROWTH OF
THE MARKET FOR BIO-PLASTICS?®:

A 4

WORLDWIDE PRODUCTION
CAPACITY OF BIO-POLYMERS*:

MILLION
TONNES

proce

2011 2020

(expected)




LOCALLY GROWN PLASTICS
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Design and Status of the
Industrial-Scale Torrefaction Plant

In Holmsund, Sweden
P Fridstrom?!, M Berglund?, U Bojner?, T Lindgrens,
M Nordwaeger!#, | Olofsson!#4, K Hakansson!4, A Nordinl4

1BjoEndev, Ornskoldsvik, Sweden
°Torkapparater, Stockholm, Sweden
3BRUKS Celltec, Ornskoldgvik, Sweden
‘Umea Uni i

AB TORKAPPARATER BRUKS e

THERMAL PROCESSING EQUIPMENT “ \-"


http://www.bruks.com/en/

»»»> solved!

Torrefaction s

r

- Bulky raw material + High density, compactable
- Wet, hydrophilic + Dry and hydrophobic
- High milling costs + Friable = lower grinding costs (10%)
- Non-feadable + Feadable (spherical particles)
- Low energy content + Higher heating value (as coal)
- Inhomogeneous + Homogeneous
- Ash related + Reduced problems
- Risk for biocontamination + locontamination
e /Wb N— Further
Sl | Refinement

(low value heat

via process . )
integration) Torrefied biomass



http://4.bp.blogspot.com/_e9KFK5WCmOU/Sg8P8NvOf9I/AAAAAAAAAis/LRFXRI1FSHI/S1600-R/TROLLSP%C3%96.jpg

B?oEndev

PROCESSEN

GROT, bark., gallings- och rijningsved

~
“\: Produkter

|\ Biosyntesgas
WTH

Kataly-
s

L) | A

Comercially available: Siemens, GE, Conoco Philips, Shell, Chemrec,
\ Haldor Topsoe, Sasol, Rentec, Oxford Catalysts..............



http://www.chemicals-technology.com/projects/rabigh/rabigh4.html
http://jp.stockxpert.com/browse_image/view/27415451
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~S.From wood to food | NS %

Industrial residual
streams

Single cell protein

L Food Cultivated fish
‘i




Background

® The human population is projected to
9 billion in 2050

® The demand for fish is estimated
to increase with 300% within 40 years

'F\S\;ER\ES

suomey, | f =

® 80% of the oceans are today fully
exploited, overexploited or depleted

. . ® A considerable share of the fish must
Fisk SToCKS OF THE OCEANS FISH $ToCKS ACLORDING come from aquaculture in the future

AUORDING To BV POLTICIANS ... To RESEARCHERS.,..
Sl Fass . 3 Oy dtim fen 2001

m) Fish production through aquaculture is projected to double within the next decades
and so is the the demand for protein for feed

processum

I,'
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Reference: FAO — Food and Agriculture Organization of the United Nations




Background

2300 Fishmeal price _ _
2100 ® The annual fishmeal production
1900 is about 5-6 million tons
1700
1500 ® Fishmeal available for
aquaculture is now falling
1300
short of demand
1100
900
700 =) This shortage must be met
500 by alternative protein sources!
300 - I |
Mar 1999 Jul 2006 Dec 2013

Fishmeal, Peru Fishmeal/pellets 65% protein, CIF, US Dollars per Metric Ton

processum .
o Fonce




Benefits of ”’Single cell protein”

® Single cell protein consist of fast growing microorganisms (fungi, bacteria, algae)
® Rapid protein production (from kg to tons in 24h)

® Can be produced from residual process streams from the biorefinery industry

® Environmental benefits! No fish depletion, no deforestration of rain forests,
less transports.

m) A potential new co-product for the biorefinery industry




Spent sulfite liquor (SSL)
SSL-permeate
SSL-ethanol stillage
Fiber sludge
Hemicellulose hydrolysate

Paecilomyces variotii
Fusarium venenatum
Rhizopus oryzae
Candida utilis

SSL-pem eate



From lab to demo scale

e A O Y ————— |

Shake flasks

Pilot bioreactor

The Swedish Biorefinery Demo Plant



10 m3 bioreactor




Feed and feeding experiments

=) Various feed formulations with up to 68% fishmeal substitution was produced
=) The feeding experiment was performed on the fish Tilapia

m) 4x25 fishes for every feed formulation




Weight (g)

140 -
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100

80

60

40

20

Feeding experiments
Fish growth

ﬂ The fish growth was similar or
better than the control

=) 12% better growth was achived
with 66% fishmeal substitution
using P. variotii

Control P.variotii (38% sub.) P.variotii (66% sub.) F.venenatum (39% sub.) F.venenatum (68% sub.)

processum
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Network and credibility takes a long time to build

Tacit knowledge very important

Long term finance important to build the cluster
Cooperative spirit successful

Network increasingly outside the region

Successful in strengthening existing industry structure

We are strong in R&D, but big scale ups and commercialisations
are a challenge

Demos and pilot parks are important

Policy very important to take the next step — long term demand
boosting measures — systematic change take time — creating

- the new bioeconomy is not a quick fix

] oy



Thank you for your attention!
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http://energimyndigheten.se/en/
http://www2.matis.is/media/large/!!Matis_logo.jpg
http://www.domsjo.adityabirla.com/web/web.asp?uidObjectGUID=0876FBDC-B3F0-4CF1-8F8A-EDBB5D786AF8
http://www.sekab.se/

