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CARBON CAPTURE AND LNG

New Value Streams:

Bio-CNG, LBG & Liquid Food-Grade CO2

BIOGASPARTNER: DIE KONFERENZ — EINE STRATEGIE MUSS HER
DR. UWE KIKILLUS
7. DEZEMBER 2017



LEADING PARTNER IN CO2 & BIOGAS UPGRADING
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HAFFMANS/UNION: COMBINING 60 YEARS OF PROCESS TECHNOLOGY

PENTAIR ‘ BIOGASPARTNER: Die Konferenz - Dr. Uwe Kikillus - 7. Dezember 2017 2



CO2 AP P."L

Lt
g

4

|

i

Agri-production

e [ pH Control
cce er_ate plant Other @ Water treatment

growth in Industries

greenhouses

Beverages s

Carbonation Reactive agent

and beverage
dispensing

Industrial Cleaning

[
Food Industries OD Solvent free

. - 4 Agricultural C[eaning for
ood preservation, freezing, & Food e e
chilling, packaging, extraction

Refrigerated Transport (' Welding
Maintain the cold

chain for fresh and

frozen products

Arc stabilisation
\‘l‘{ in MAG welding

Many other applications:
e.g. in fire extinguishers, as natural refrigerant, ...

NEER 7 ‘*‘\\\\

: h‘y“

Fun.ngDSToc ofcl;i:

PENTAIR BIOGASPARTNER: Die Konferenz - Dr. Uwe ikillus - 7. Dezember 2017




’-!

CO2 FR@ ?117

i
EIGA DOC 70/17:

FOOD-GRADE CO2 FROM BIOGAS
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* Energy crops, bio-waste & [landfill]

* Food safety risk assessment completed

e Stricter quality criteria than for industrial CO,
(30 vs. 9 components analysed)

* Inline / complete batch analysis before supply

* 1200* EIGA samples since 2015 '

e CO, complies with food-grade requirements

e Test result: < 2 bacteria / dm3

* ISBT guidelines under revision for biogas
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NL EXPERIENCE

First plant in operation since 2011

Mainly bio-waste, vegetable & food waste
Higher level of impurities -> process control
CO, goes via industrial gas companies and
OCAP pipeline mainly to greenhouses
Demand driven by greenhouses

UK EXPERIENCE

Energy crops / unprocessed vegetable matter
High quality -> low risk

CO, goes via industrial gas companies to
food & beverage and industrial applications
Shortage in conventional sources -> imports

Regional demand & distant industrial sources
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BIOGAS UPGRADING - ADVANCED plus

Biogas AD

Flare

Low Pressure Stage BIOGAS PART

Membrane Separation
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Chiller (H,S/vOC) Conditioning

Heater

Compression . High 1st Stage . Temperature Quality . BioMethane
Pressure Conditioning Control

Conditioning

High Pressure Stage Membrane Stage 1 & 2 Revenue Stream

Methane Recovery Green CO, to free air / | Flare / Digester |
y Local gas consumption

Revenue Stream

High Pressure Stage Purification & Liquefaction Stage

Compression . High Regenerative . CO, Liquefier Stripper - Liquid CO, Foodgrade
P Activ. Reboil iqui
ressure ctiv. Carbon eboiler Storage tank Liquid €O,

Conditioning & Dryer + Pump

CO, PART
Cryogenic Separation

INTEGRATED PROCESS — NO CH, SLIP — FOOD-GRADE CO, — LESS ENERGY
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ADDITIONAL REVENUE WITH CO,-BOLT-ON
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FOR VARIOUS UPGRADING PROCESSES — LARGE INSTALLED BASIS
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NL 2011: 450 Nm3/h BIOGAS TO GRID & GREEN CO2
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6 YEARS OF LIQUID CO, RECOVERY
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Vielen Dank fur lhre Aufmerksamkeit!

Dr. Uwe Kikillus
Product Line Manager - Energy

Uwe.Kikillus@Pentair.com
+31 77 850 3855
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