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Methane Sources - )t

Animal Faeces
Biogas 30-65% Factory waste water

Sewerage Methane (CH4) (palm, cassava, ethanol,
brewer processing

Anything
Putrescible
High Carbon

A as COD
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Methane Key Points (7)==

CH4 — Flammable Gas, Main Gas in Natural Gas and CNG.
Good Source of Energy — must purify for use
Green House Gas 22 times worse than CO2.
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Methane — Biogas Q; STRATCON

Input Sources Biogas

Mix of methane, CO2,
H2S & trace gases.

A watery slurry of
about 10% solids from
various sources:

* Food waste Typically ~55-65%
» Cassava Starch Methane
Effluent,
* Brewery Effluent Sewer Gas ~ 45%
o Palm Oil Mill Methane
Effluent,
« Ethanol Factory Landfill Gas ~20-50%
Effluent, Methane
» Sewerage Plant
Sludges Hydrogen Sulphide

varies from 1-3%

Sludge (must be removed).
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The Science of Biogas

Carbohydrates

Fats

Proteins

ETEpE

Hydrolysis

:> Sugars \
:> Fatty acide \
:> Aming acids \
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Carbonic acids
and alohols

Hydrogen
Carbon diowide
Ammonia

Acidogenesis

Acetogenesis

()=

Hydrogen ethane
Acetic acid Carbon diovide
Carbon dioide
Methanogenesis




Types of Bacteria and Reactions C STRATCON

 Hydrophilic — performance related to

. . . S 7 TP, < Ty v

Volume, works well in tropical climates ;%'5% el ‘*

with constant ambient temperatures. £ ..,,a ol
 Mesophilic — takes place between 35°C ! I3 vy

and 50°C. Depending on location gfﬁj,,r,,_.. L

heating will be required. .ﬁ’..@ iivs 4 i ai
 Thermophilic — takes place above

50°C. Requires heating for tanks and

Insulation to ensure constant Methanogens

temperature. In action

 EXotics — saline tolerant and
temperature tolerant methanogens.
These have not been widely used.
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Process Names and Terms of Systems (7))

continuous stirred
tank reactor

CST Continuous Stirred Tank

CIGAR Covered In Ground Anaerobic
Reactor

UASB Upflow Anaerobic Sludge Blank

subsirate

immobilized

Hybrid Where process Modified to oy

suit feed stock make up (pH, Solids
size/conc or Contaminants)

Dry Fermentation - High solids low
water use ot

Proimated wasie ]\

Agitetors
Gaifnalor |

Extraction
Tyem

g Dewatering

Flug Thony necioe

Seuree Sinlag Umecianhigon GrmbH
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Types of Systems
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TECHNOLOGY
NOTE: Typical process parameters for cogeneration systems.

[a)
=
-
LLl
-
o
LLl
nd
O
o
<
)
P
n
c
O
O
=
<
nd
[
n
<
—
o
N
©



) STRaTEON

The Process from Waste to Bio CNG (Membrane)

Remove
De-Sulphur U,COZ& H20

Bio Biogas
Waste Engineering

Compact 6~9m
ciurwt.-ankld —— S

Speed 1500~1800rpm
' 6~9m skid

I | Wet or Dry CNG for

' H2S | vehicles,
Stripping | pipeline &

il H‘ 1~45ppm Industrial

hree-léﬁére-B'bbster
____._—-
. H

Compressio I
s —— e —
A,

I i = & == - J- |
Two-Stage CRU O |
=1 a 0% Me i .| k ) - = -
arget 2.5%, ane ] =i ray :

- '__-"::k, . 3%, Energy' 1
0.24kwh/Nm3

T O
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Hollow Fiber Membrane Technology for CO, / CH, Separation

The membrane separates CO,,0,H,0,HS... I?:iomitr;%r;/e
gases by the principle of A /\\ﬁ [CH ] ( <)>
14 : maxXx

selective permeation across
the membrane wall.
Relatively fast permeable
gases such as CO, and
H,O to pass through the
membrane wall quickly are
diverted. Bioga
The slow permeable
gasses such as CH, and
N, flows straight through
are part of the product gas.
The medium is permeable
gasses such as O, and H,S
will be partially separated.
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STRATCON

Cevainpsrs & Cansultaims

Hollow Fiber Membrane Technology for CO, / CH, Separation
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Fast Permeation ~ H,0 CO, O, N, CH, SlowPermeation
Gas : Gas

CH,
Methane

Biogas In

i

Membrane | !' ; - N ' ; 1 .
(Polyimide) S CO,-rich

Permeat
e
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Types of Hollow Fiber Membrane Technology
Single Stage Two Stage Three Stage

Waste gas
) €O, and CH,

(i) Waste gas (i) Waste gas Riomethane [iii) ::% for recirculation

A
" u&.{ CO;and CHy T
Ra biogas ]Ec-memame wkioges 7, 7777 "\ for recirculaton  Raw biogas 7/ & H V/ "\ Biomethane
/-/ // f/é;’/: i W fé % A

Gas Quality in percentage of methane (CH4)

< 92% < 95% < 98%
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muainneis & Cansultams

Simplified P&ID for Bio-CNG as NGV fuel

High pressura

aoriae High pressure R o S |

_compressor o) G

o F’ g il
; ‘;, / Product gas (biomethane)
{CHy-rick)

-]

BioCNG [_ = ~
dispenser Cooing  Pume - i =
s - o
o SAAAS: ) E
WaEker ‘%ﬂ c o
E £
+ Refrigeran; \-;’ ‘ £ g
dryer t I E t g
e H rg
I I =
el \ A )— ) =
" Hoat
Cwlmg ‘ recuparation > B
Compressor (Drying)
“--”. Oflgas
(NH (COy-rich)

This is a flow design of the single stage membrane in parallel. The advantage of
single stage membrane design is that due to less number of membrane used,
the equipment capital cost is much less than the 2 stage design. The
disadvantage is that the CH, recovery rate is lower.
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Concept of Biogas Upgrading & Performance of Membrane

Membrane
. 2nd stace )
From Landfill Membrane i
or Biogas Compressor  Regenerable Carbon Ist stage
collection 16 bara  VOC removal  filter
(=
5900 SCFM |-
0 PSIG r | > (Gas to
44.7% C0y |- pipeline
A% CH, : 3000 SCFM
ﬂf{}f n:’]_ CO, rich $7.2% CH,
"2 VOCs, CO, to Flare Permeate 1.0% €O,
= L 18% O,
Permeate recycle 1.76% N,
Flow schematic: biogas/andfill gas purification unit
Gas Type Particulars Rating Thl S | S the 2 Stage
R t >95% : :
seovelyTate ’ membrane design for high
CH, Product gas purity 90% ~ 99%
methane recovery rate.
CO, Removal target 0.5% ~ 3%
48 OhPimcdins Ua R 0.3 Notfe thgt .the feedback flow
0, % Product = % Feed x 0.6 deSIQn IS |mportant to
N, o T e O [ (12 ensure the high recovery

rate.
Important take home message — 2 stage!
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Configuration Example

Skid mounted MRC compression unit to CASIC for 30,000 m3/D natural gas
liguefaction project for CNOOC. It is the smallest MRC compressor package for such
application and the whole system is made to be portable with high compression
efficiency and low refrigerant loss.
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Startup on: Feb, 2009
Raw gas feed: 16 MMSCFD (18,800 Nm3/h)
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Full Infrastructure Solution (5)niia

Incoming

Gos resource
Biogas SRR

Fuel converter kit, Replace
engines or new CNG vehicle.

sequence control panel Offsite bottling plant
v v CSR Opportunity
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CNG Filing Infrastructure, Trucking & Bottling (7 2TRATCON

Mobile daughter station can transport CNG Anywhere .
Making a “Virtual Pipeline” —

From Biogas pond/tank
to vehicle solutions to
@l replace diesel with CNG
to repowered fleet -
vehicles — reliable,
plentiful, ecofriendly
and where you want it.
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Different Processes to Purify Biogas
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i e
Existing Examples of WTF Projects -

Location (City, Capacity (Nm3/h) | Working Since Feedstock Use of upgraded biogas
Country)
CMG Vehicles {Cars &
Kobe, Japan 2x 330 =660 2006 WWTP Buses)
Lille, France 2x600=1.200 2006 | Municipal Solid Waste CHNG Vehicles (Buses)
Kobe, Japan 150 2004 WWTP CNG Vehicles (Cars)
Trollhattan 2, Sweden 400 2000 WWTP CNG Vehicles {(Cars)
Sorpa, Iceland o0 1009 WWTP CMNG Vehicles (Cars)
Kalmar, Sweden 90 1998 WWTP CMG Vehicles (Cars)
CHG Vehicles (Cars &
Uppsala, Sweden o0 1998 WWTP
Buses})
- ] CNG Vehicles (Cars &
Linkdping, Sweden 2x330=660 1997 Organic Waste B
uses)
CHG Vehicles (Cars &
Bromma, Sweden o0 1997 WWTP
Buses)
= CNG Vehicles (Cars &
Trollhattan, Sweden 140 1095 WWTP
Buses)
Sonzay, France 100 1994 WWTP CMNG Vehicles {Cars)
Lille (Marguette), ]
Erance 100 1993 WWTP CNG Vehicles (Cars)
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) pinpla
More Existing Examples of WTF Projects

Location {City,

Country) Capacity {(Nm3/h) Working Since Feedstock Use of upgraded biogas
Skarpnack, Sweden 2 % Totara 4.000 Commissioning 2011 Drganic Waste CHG Vehicles (Cars)
Katrineholm, Sweden Rimu 300 Commissioning 2010 Drganic Waste CHNG Vehicles {Cars)
KTG, Germany Totara 2.000 Commissioning 2010 Crops [/ Waste Pipeline injection
Catalyst, Canada Rimu 800 Commissioning 2010 Organic Waste Pipeline injection
Stresow, Germany Matai 1.200 Commissioning 2010 Crops Pipeline injection
Lidkoping, Sweden Totara 2.000 Commissioning 2010 Organic Waste CHNG Vehicles (Cars)
Zwickau, Germany Rimu 300 Commissioning 2010 Crops Pipeline injection
Vastevik, Sweden Manucka+ 130 Commissioning 2010 WWTP CHG Vehicles (Cars)
Orebro, Sweden Totara 2.000 2009 Organic Waste CNG Vehicles (Cars}
Lille {Marguetie], ]

France Manuka 80 2009 WWTP CNG Vehicles (Cars)
CHG Vehicles {Cars &
Motala, Sweden Manuka 80 2009 WWTP
Buses)
Katrineholm, Sweden Manuka B0 2009 WWIP CHNG Vehicles {Cars)
Seoul, Korea 150 2009 WWIP CHG Vehicles {Cars)
13 5 x z-uuu = " - - " -
Gustrow, Germany 10.000 2009 Crops Pipeline injection

Pipeline injection, CHG

Municipal Solid ;
Vehicles {(Buses) & Power
( jse: )

Waste
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Madrid, Spain 2x2.000 = 4.000 2009




Waste Supply Chain and Linkages for Waste
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