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Microalgae -
the green source

Ideal solutions for
commercial photo-bioreactors

Why using tubular photo-
bioreactors?

* |deal thermoforming

Material + Smooth inner surfaces reducing surface build up
e High surface quality prevents internal contamination e —— e £ « Dedicated optical properties for algae growth

e 2 + Chemical resistance (pH shifts, CIP process)
Quality : : + Compatibility with optical functionalizers
e Effective illumination for higher yield - . . « Variable jointing possibilities (welding, solvent
e Supports to mix nutrients for improved yield cement, push-fit)

 Flexible concepts for durable UV protection

Optimization « European food approval available upon request

e |deal for research and development

e Usage with genetically modified strains possible

Costs

e Lower operating costs and reduced carbon footprint

e Proven commercial value on an economic scale

Flexibility

e Relatively easy to scale up to large production farms

Reduced water loss
e No evaporation of water within piping

The green energy

GF Piping Systems recognized the need for innovation
early, as the microalgae industry began to rise. Clearly, the
critical component of any photo-bioreactor system is the
reactor tubing itself - whether in the horizontal or vertical
configuration and whether for indoor or outdoor
installation. Ideal solutions include a tubing which is
transparent and at the same time shielding. A tubing which
is transparent enough to pass useful light such as the
renewable energy of the sun, but without any premature
damage by UV and without allowing precious algae to be
easily scorched by other harmful wavelengths.

Ideal solutions for tubing feature:

» Lightweight enough to avoid unnecessary bulk and cost
* Robust and safe enough for high pressure loads

» Simple jointing

» Non-fragile piping

» Easy integration of other system components

+GF+

Customized Filter

» Pipes can be dimensioned according to well-established DIN
8061/62 standards for PVC-U pressure pipes up to T = 40°C

EnviroKing ThinWall is a low-pressure containment pipe,
manufactured in IPS sizes and specifically optimized for use in
photo-bioreactor applications.

 Improved transmission characteristics

In addition to ThinWall, EnviroKing UV is also manufactured

in IPS sizes to Schedule 40 dimensions, which provide

sufficient wall thickness for algae systems.

+ Corrosion-resistant

* Non-conductive

 Lightweight, easy to handle and install

» Lower overall costs of installation than glass, acrylic or other
transparent alternatives

* Manufactured in IPS dimensions

 Fully compatible with standard PVC pipes, fittings and valves
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Static Mixer Push-Fit Jointing Designed U-Bends
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Photo-bioreactor systems
for future markets

Individual ComponentS Microalgae are receiving increased global attention and

show rapid market growth. They offer important benefits

for building your own uhas

» Use of sunlight as main energy source to convert
P B R SYSte ms the greenhouse gas CO, into biomass
" » High concentrations of valuable contents such as

proteins, lipids, pigments or acids

» Potential use of salt or fresh water, which can even
be replaced by waste water

Choose our individual solutions for your PBR tubing,

fittings, manual and actuated valves, sensors and

instrumentation.

UPSTREAM - COMPONENTS

RAW MATERIALS MICROALGAE PHOTO- GF
BIOREACTOR COMPONENTS

LIGHT ’
Fittings

co o

NUTRIENTS

Automation

WATER

Jointing
Technology

* All you need from one source

We offer our customers not only reliable and innovative
products, we supply tailor-made solutions from one source.
The diversity of pipes, fittings, valves, jointing as well as
automation technologies in the portfolio is as diverse as

‘

our customers and their individual challenges. Pipes Fittings Valves
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From fabricated As a global player, GF Piping Systems offers a wide range Fields of application: Right to the end'

of comprehensive solutions for diverse applications - all Their benefits make microalgae a potentially rich source
- from one source. for a vast array of sustainable products with applications i
Su basse m b ll es to We also offer professional services, from consulting and in various industries: p roceSSI n g Of a lga e

tu rn key SYStemS, t:eel?;ir:etzzie\!/z;lfcturingandassemblyaswellasafastand A reqUIreS a Wlde va rlety

: + Pharmaceuticals of refining before use.
o u r Co m p lete Offe rl ng Our custom-made components perfectly meet your needs e Fish food and feed
and complete your system. Our global network offers you « Food and feed We supply piping systems for every step of the way
helps to ease your the right partner to work with wherever you are located. » Cosmetics to deliver your final product. More than 20 different

* Fuel complete plastic solutions are all designed to meet your

prOJGCt. « Fertilizer demanding needs.

MIDSTREAM - FABRICATION DOWNSTREAM - REFINING

GF FABRICATED SUBASSEMBLIES TURNKEY SYSTEM REFINING PROCESS MARKET END PRODUCTS
OR GF CONTRACT MANUFACTURING

2

NUTRITION ‘
COSMETICS Y
PHARMACEUTICALS i

FISH FEED o»
”~

A

((

((

AN

Al

[

-

A ¥

BIOMASS '."
BIO FUEL r

* The perfect system for you

Plastic piping systems are ideal for use in commercial
photo-bioreactors. Plastics do not form galvanic elements
and are non-conductive. GF Piping Systems with its
Sy comprehensive product range offers its customers high
Automation Training Customizing Algae cultivation at algae Algae cultivation at product reliability in combination with jointing technologies PVC-U/-C and ABS System ~ PROGEF System ecoFIT System
production specialist LGem  University of Texas, Austin . . .
proven over time in practice.

+GF+ Detailed information online: www.gfps.com
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Our successful projects prove our ability
to adapt PBR technology to your individual
requirements, even in large scale
operations.

|
+ Advantagesj ] * Customized best-in-class
of GemTube PBRs solution at research facility
» Prevention of fouling by using our revolutionary bubble This site contains one of the largest scaled algae
brush technology demonstration facilities of its kind in the United States. It is
» No growth inhibition as a result of excessive amounts a collaborative effort between GF Piping Systems,
of dissolved oxygen AlgEternal Technologies and the University of Texas
« Very large tube lengths are possible, efficient and College of Natural Sciences, UTEX Culture Collection of
unlimited upscaling Algae and Center for Electromechanics. The algae site is
« Extremely low energy consumption (< 200 W/m3); option an applied research facility for exploration of science and
to operate even without a circulation pump for fragile technology to optimize biomass production through a
species (dual operation mode) closed-loop vertical system and to provide an algae source
+ Very thin-walled tubes and simple jointing contribute for demonstration of downstream processing techniques.
to easy installation and outstanding cost-performance Inia very small area footprint, the site demonstrates the "
ratio enormous potential of algae as a feedstock for domestic {--
» Simple and robust p&cess control (optional remote biofuels and other algae products. : '_
control); just pH control in the basic version l _

Alq

cu=- ﬁiﬁuﬂeqe of Natural Sciences
HEs L

Conter for Elostromedharics
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GF Piping Systems

Worldwide at home

Our sales companies and representatives
ensure local customer support in over 100 countries

www.gfps.com

Argentina/Southern South America

Georg Fischer Central Plastics
Sudamérica S.R.L.

Buenos Aires, Argentina

Phone +54 11 451202 90
gfcentral.ps.ar@georgfischer.com
www.gfps.com/ar

Australia

George Fischer Pty Ltd
Riverwood NSW 2210 Australia
Phone +61 (0) 2 9502 8000
australia.ps@georgfischer.com
www.gfps.com/au

Austria

Georg Fischer
Rohrleitungssysteme GmbH
3130 Herzogenburg

Phone +43 (0) 2782 856 43-0
austria.ps@georgfischer.com
www.gfps.com/at

Belgium/Luxembourg
Georg Fischer NV/SA
1070 Bruxelles/Briissel
Phone +32 (0) 2 556 40 20
be.ps@georgfischer.com
www.gfps.com/be

Brazil

Georg Fischer Sist. de Tub. Ltda.
04795-100 Sao Paulo

Phone +55 (0) 11 5525 1311
br.ps@georgfischer.com
www.gfps.com/br

Canada

Georg Fischer Piping Systems Ltd
Mississauga, ON L5T 2B2

Phone +1(905) 670 8005

Fax  +1(905) 6708513
ca.ps@georgfischer.com
www.gfps.com/ca

China

Georg Fischer Piping Systems Ltd
Shanghai 201319

Phone +86 21 3899 3899
china.ps@georgfischer.com
www.gfps.com/cn

Denmark/Iceland

Georg Fischer A/S

2630 Taastrup

Phone +45 (0) 70 22 19 75
info.dk.ps@georgfischer.com
www.gfps.com/dk

Finland

Georg Fischer AB

01510 VANTAA

Phone +358 (0) 9 586 58 25
Fax  +358(0) 9 586 58 29
info.fi.ps@georgfischer.com
www.gfps.com/fi

France
Georg Fischer SAS

95932 Roissy Charles de Gaulle Cedex

Phone +33 (0) 141 84 68 84
fr.ps@georgfischer.com
www.gfps.com/fr

Germany

Georg Fischer GmbH

73095 Albershausen

Phone +49 (0) 7161 302-0
info.de.ps@georgfischer.com
www.gfps.com/de

India

Georg Fischer Piping Systems Ltd
400 076 Mumbai

Phone +91 224007 2001
branchoffice@georgfischer.com
www.gfps.com/in

Indonesia

George Fischer Pte Ltd -
Representative Office
Phone +62 21 2900 8564
Fax  +62 212900 8566
sgp.ps@georgfischer.com
www.gfps.com/sg

Italy

Georg Fischer S.p.A.
20063 Cernusco S/N (MI)
Phone +39 02 921 861
it.ps@georgfischer.com
www.gfps.com/it

Japan

Georg Fischer Ltd
556-0011 Osaka,

Phone +81 (0) 6 6635 2691
jp.ps@georgfischer.com
www.gfps.com/jp

Korea

Georg Fischer Piping Systems
271-3 Seohyeon-dong Bundang-gu
Seongnam-si, Gyeonggi-do

Seoul 463-824

Phone +82 318017 1450

Fax  +82318017 1454
kor.ps@georgfischer.com
www.gfps.com/kr

Malaysia
George Fischer (M) Sdn. Bhd.

40460 Shah Alam, Selangor Darul Ehsan

Phone +60 (0) 3 5122 5585
Fax  +603 51225575
my.ps@georgfischer.com
www.gfps.com/my

Mexico/Northern Latin America
Georg Fischer S.A. de C.V.
Apodaca, Nuevo Leon

CP66636 Mexico

Phone +52 (81) 1340 8586

Fax  +52(81) 1522 8906
mx.ps@georgfischer.com
www.gfps.com/mx

The technical data are not binding. They neither constitute expressly
warranted characteristics nor guaranteed properties nor a guaranteed durability.
They are subject to modification. Our General Terms of Sale apply.

Middle East

Georg Fischer

Piping Systems (Switzerland) Ltd
Dubai, United Arab Emirates
Phone +971 4 289 49 60
gcc.ps@georgfischer.com
www.gfps.com/int

Netherlands

Georg Fischer N.V.

8161 PA Epe

Phone +31 (0) 578 678 222
nl.ps@georgfischer.com
www.gfps.com/nl

New Zealand

Georg Fischer Ltd

13 Jupiter Grove, Upper Hutt 5018
PO Box 40399, Upper Hutt 5140
Phone +64 (0) 4 527 9813
nz.ps@georgfischer.com
www.gfps.com/nz

Norway

Georg Fischer AS

1351 Rud

Phone +47 67 18 29 00
no.ps@georgfischer.com
www.gfps.com/no

Philippines

George Fischer Pte Ltd
Representative Office
Phone +632 571 2365
Fax  +632571 2368
sgp.ps@georgfischer.com
www.gfps.com/sg

Poland

Georg Fischer Sp. z 0.0.
05-090 Sekocin Nowy

Phone +48(0) 223131050
poland.ps@georgfischer.com
www.gfps.com/pl

Romania

Georg Fischer

Piping Systems (Switzerland) Ltd
020257 Bucharest - Sector 2
Phone +40 (0) 21 230 53 80
ro.ps@georgfischer.com
www.gfps.com/int

Russia

Georg Fischer

Piping Systems (Switzerland) Ltd
Moscow 125047

Phone +7 495 258 60 80
ru.ps@georgfischer.com
www.gfps.com/ru

Singapore

George Fischer Pte Ltd

11 Tampines Street 92, #04-01/07
528 872 Singapore

Phone +65 6747 0611

Fax  +65 67470577
sgp.ps@georgfischer.com
www.gfps.com/sg

Spain/Portugal

Georg Fischer S.A.

28046 Madrid

Phone +34 (0) 91 781 98 90
es.ps@georgfischer.com
www.gfps.com/es

Sweden

Georg Fischer AB

117 43 Stockholm

Phone +46 (0) 8 506 775 00
info.se.ps@georgfischer.com
www.gfps.com/se

Switzerland

Georg Fischer
Rohrleitungssysteme (Schweiz) AG
8201 Schaffhausen

Phone +41 (0) 52 63130 26
ch.ps@georgfischer.com
www.gfps.com/ch

Taiwan

Georg Fischer Co., Ltd

San Chung Dist., New Taipei City
Phone +886 2 8512 2822

Fax  +886 285122823
www.gfps.com/tw

United Kingdom/Ireland
George Fischer Sales Limited
Coventry, CV2 2ST

Phone +44 (0) 2476 535 535
uk.ps@georgfischer.com
www.gfps.com/uk

USA/Caribbean

Georg Fischer LLC
Tustin, CA 92780-7258
Phone +1(714) 731 88 00
Toll Free 800 854 40 90
us.ps@georgfischer.com
www.gfpiping.com

Vietnam
George Fischer Pte Ltd
Representative Office

136E Tran Vu, Ba Dinh District, Hanoi

Phone +84 4 3715 3290
Fax  +84 437153285
sgp.ps@georgfischer.com
www.gfps.com/sg

International

Georg Fischer

Piping Systems (Switzerland) Ltd
8201 Schaffhausen/Switzerland
Phone +41(0) 52 631 30 03

Fax  +41(0) 526312893
info.export@georgfischer.com
www.gfps.com/int
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