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Ratchaburi Farms Biogas Project,
Thailand:

Small-Scale Project Des N Document (SSC-PDD) - Royal
Danish Embassy, Thailand

September 2005

Delivering sustainable solutions in a.more competitive worlc
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A
Shares of renewable energy sources among LANDESANSTALI

fur Agractecnnik

total final energy consumption in Germany, 2008 *“""""

M Other energy resources,

e.g. hard coal, lignite,
mineral oils, natural gas Hydropower
— an & G T 0.9 %
Other )
renewables - £ Wind
04% | /  energy 1.6

\_Biomass

6.6 %
Renewable

Energy 9.5 %

Source: BMU, 2009




Technical Data
- first quarter
of 2008 :

sale of natural gas quality ,
biogas and feeding it into the :
natural gas grid
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Biogas Plant Szarva
Mezéberényi u., 0640 hrsz. - H-5540 Szarvas
Operator: Aufwind Schmack Elsé Biogaz Kft.




Mixers / Service-Box
Pumps

Gas pipes

Substrate pipes
Heating

CcCHPs
3 x 1.190 kW_,

Activated
Charcoal Filter

B S
600 KW _,

Reception Pit

Fermenter with Gas Membrane Roof and Gas Storage
Secondary Fermenter with Gas Membrane Roof and Gas Storage
Digestate Storage Tank Foil Roof

Solids Feeder with Double Conveyor Belt Feeding Technology
Separators

Biological Desulphurization

Gas Cooling Unit

Gas Compressor Station

CHPsS

Pump Building

Activated CTharcoal Filter

QONOUDMWNS

Ada
NSO

Fermenter 2.100 ™
and Gas Storage 880 mm™

Secondary Fermenter 3.700 m™
== Gas Storage Z.100 m>

Fermenter 2. 100 ™
and Gas Storage 880 m~

-
Reception
Pit
200 m~

Reception
it

Secondary Fermenter 3. 700 m~
Gas Storage*'2.100 m™

200 m~
-

Fermenter 2.100 m~™
and Gas Storage 880 m™

Secondary Fermenter 3.700 m*~
Gas Storage 2.100 m~

Fermenter 2. 100 mm~
and Gas Storage 880 m™




Technical Details:

CHP installed: 3 X1.190 kW Net Heat Production: per year about 25.500.000 kWh
1X 600 kW,
Substrates Solids: ~ Sweet sorghum, Manure,
Electrical Output: 4170 kW Process Sludge (44,000 t/a)
Reception Pit 1: Pig Slurry (33,000 t/a)
Thermal Output: 4.135 kW, Reception Pit 2: Slaughterhouse Wastes,

Whey (45,000 t/a)

Net Electricity
Production: per year about 26.200.00 kWh
(feed-in capacity)

Production of Raw Biogas: per year about 12.500.000 Nm”®

of which 26 % from sweet sorghum

of which 1 % from pig slurry

of which 30 % from slaughterhouse
wastes, flotate and process sludge

Waste Material

of which 36 % from turkey and cow manure

of which 7 % from whey and process sludge













Technical outline and processes - Flow
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Manure
450
~ 24% from cattle
52% from pigs
24% from min

Line” 60.000 tons/year

21/06/20M2 138 :44
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Bioethanol

Biodiesel

Vegetable oll

64.000km
_—_—

Biogas | 67.600 km
l

BTL (Biomass to Liquid)

Source: Agency of Renewable Resources (Fachagentur Nachwachsende Rohstoffe e.V. (FNR)), 2007







“New technology always makes a project a
bit unpredictable. So it’s vitally important
that we can rely on our experienced suppliers
as well as the measurement data.”

Elmar Hennes,
Zahnen-Technik GmbkFl
%
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INnNnovative energy storage

Biogas storage tank of the pilot project ‘Smart Grids® operated by RWE
Germany in cooperation with the Federal Ministry of Economics and
l'echnology in the Eifel region.

In discussions about alternatives to conventional power generation, the topic of energy storage is
quite often in the focus. A biogas plant in the Eifel region is breaking new ground in exactly this area
— in part thanks to precision measurement technology from VEGA.

Biogas plants srtill represent only a small percentage of

Germany’s energy mix. The nearly 6,000 biogas plants in
4 / - i e s e

Germany produce about 2,291 MW of power; according to
N - £

the German Biogas Association this represents about 2.46 %
of total power consumption.

Yet one should not underestimate biogas: in contrast to solar,
hydro and wind power, biogas can supply baseload demand.
Not only is it independent from the weather, this organic

product can also be stored, allowing biogas energy generation
plants to be brought on-line as required.

In the biogas plant in Spielmannsholz in the municipality
of Uttfeld (Germany), the operator is going even one step
further. With the help of so-called ‘smart grids’, the biogas is
not immediately converted into electricity but first collected
in a storage tank and then converted into electricity the next
day or at a later time, for example when the wind is not
blowing.




—

Financial incentives for /“‘"W\"W
biogas technology

Renewable Energy Sources Act

11.67 Cent /| kWh: biogas current (depending on plant-size)

+ 7 Cent /| kWh: biomass bonus (up to 5 MW)
+ 4 Cent/ kWh manure-bonus
+ 3 Cent/ kWh CHP-bonus

+ 2 Cent/ kWh innovation bonus
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Farm Energy column

New oppnoriunitie
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As far as costs go, pig farmers need 1o
know that while slurry provides a stable
and useful digester, it does not in iiseitf
contain that much energy. The key io
nrofitable biogas production is to combine
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hortly before the compietion of the b;ogas park in Konnern, Saxm1y~Anhalt, Germany, WELtec |

BioPower GmbH has now received another large order for the construction of a biogas park.
The custorner is NordMethan GmbH. The 10 million euro plant that is being built in Barsikow,
. mumnicipality of Wusterhausen, Brandenburg, and will generate 151.8 million standard cubic feet of
biomethane per year from early 2010 on. As in Konnern, the concept is based on the processing and
feed-in of biormmethane into the natural gas grid.

Every hour, the biogas park in Barsikow will generate about 38,830 standard cubit feet of biological |
raw gas. About 3,530 standard cubic feet will be produced for the heat required for the plant, i.e. the
needed process heat will be produced regeneratively. From the remaining 35,300 cubic feet, 17,650 :
standard cubic feet of biomethane will be produced and fed into the existing natural gas network. This |
guantity corresponds to a thermal power of about 5 MW. With this annual amount of energy, 3.500 |

four-person households can be supplied with electricity permanently.

At the WELtec biogas park in Barsikow, NordMethan GrabH will create five new jobs on an area of
183,000 square feet. NordMethan opted for WELtec BioPower as provider because the company has |

already set up more than 200 biogas plants around the giobe since it was established in 2001.
The reference project is the biogas park in Konnern, whose annnal production from spring 2009
on will amount to 15 million standard cubic feet of biomethane.

The biomethane produced in Konnern will be sufficient to supply about 10,000 homes with heat i,

and electricity or about 9,000 cars with an annuaal maileage of 18,600 miles.

WELtec BioPower GmbH is specialised in the production of premium biogas plants with stainless |

steel fermenters that guarantee consistent guality regardless of the location. Therefore, the share of the

international business is relatively high, amounting to more than 35%. With this rate, the Vechta-based |

company is the German biogas plant manufacturer with the highest export share.

In its capacity as general contractor, WELtec BioPower is responsible for the overall planning of biogas

parks, the turnkey setup including the infrastructure, approval planning, production. and installation,
as well as the operational launch and subsequent biological supervision.

24 | Pigintermational | iu/auqust 2009 | www.pig-international.com

their slurry with suitable high-energy co-
products, such as silage, maize or food
waste, to optimise gas production.

InGermany, for example, itis understood
that most farmers use about 20% pig Slurry
and 80% maize as feedstock to feed their
on-farm biogas plants.

They calculate that a 200-sow unit can
provide enough slurry for a 500kW plant,
which is considered commercially viable
there, thanks to the generous subsidies
they receive for using energy crops, such
as maize, as well. The average payback
period for these plants is between seven
and eight years.

However, those farmers who cannot rely
on a steady supply of maize to guarantee
biogas production for 365 days a year
(essential for a profitable concern), could
always look to food waste, which is very
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Biomass Power Plant

Co-located with Grass

« Sell Giant King Grass to
co-located 30 MW

biomass power plant

- 600 tonnes/per day grass
- 80% utilization factor
- 175,200 tonnes per year

1400 hectares needed

« $36 US/tonne in China for
agricultural waste

- Price has gone up as
demand increased

» Stable fuel costs desired




Energy Crops

Compare

Consider only Crude Palm
O1il which is accounted at

around 10% of total

biomass produced from the
oil palm plantation.

g /,/"

=
ENERGY CROP | YIELD | ENERGY | PRICE _#/H;ERGVYIELD CASH YIELD

(mt/ha) | (Mi/kg) | (SUS/mt)+(G)/ha) ($Us/ha)

Switchgrass | 25 179 |50 | 448 1250
Miscanthus 39 179 150 698 |11950
Jatropha 1.6-20 | 47 | 700 | 67-84 | 1120-1400
Palm Oil | 3.5-5.0 | 42 700 | 147-210 | 2450-3500
Giant King Grass | 100-135 | 18.4 50 | 1840-2484 5000-6750

Giant King Grass has highest mass, energy & financial yields

Grass yields are dry metric tons per hectare. Switchgrass and Miscanthus are
grown in temperate regions. Giant King Grass is grown in tropical and subtropical
regions with two or more harvests per year. Jatropha and Palm Qil are grown in
tropical and subtropical regions. The grasses are suitable for direct combustion,
bio-methane production and cellulosic biofuels such as ethanol. Jatropha and Palm
Oil are used for bio-diesel. Comparison is illustrative only. All of these biomass

crops are needed. 1 hectare=2.47 acres; 1 mt/ha=0.445 ton/acre




Planting In

Southern China




Planting In

Southern China




in early August 2009

Giant King Grass planted late April 2009 Giant King Grass

ing

10 days after plant



Gilant King Grass

Cut at 1m and wet for Cut t 4 m and dry for energy
biogas



Multiple Energy Markets for Giant King

Grass

* Dry and press into

* Direct combustion in _
pellets to be co-fired

100% biomass power

plants (5-30 MW) with coal in existing
- 30 MW power plant

requires 600 tons of
grass per day

coal power plants
- Up to 20% co-firing
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VHW Bio-Energie Gmbh & Co. KG

Location: 21717 Fredenbeck, Germany
QOutput: 600 kWel

Input material: Maize silage, slurry, manure
Heat utilisation concept: homes

Year of construction: in implementation

Bioenergie Ostetal GmbH & Co. KG

Location: 27404 Osterheeslingen,

' Germany
Output: 2 X 250 kWel
Input material: Maize silage, slurry, manure
Heat utilisation concept: digestate drying

Year of construction: 2011



Mecholupska zemedelska a.s.

EBB Sp. z 0.0.

Location:
Output:

Input materials:

Heat utilisation concept:

Year of construction:

Location:

Output:

Input materials:

Heat utilisation concept:

Year of construction:

I
Predslav/Katovy, Czech Republic
1.200 kWel
Maize silage, Slurry

Farm

2012

63-722 Borzeciczki Ul, Poland
2 x 500 kWwel

Maize silage, slurry

in implementation

in implementation



Agri.capital Biomethan Zwei GmbH & Co. KG /]

Location: 26524 Hage, Germany
QOutput: 1.400 kWel

Input material: Maize silage, slurry
Heat utilisation concept: Gas upgrading system
Year of construction: in implementation

Lotation. 20607 Aurich, Germany
Output: 1.000 kWel

Input materials: Maize silage, Slurry
Heat utilisation concept: Industrial Park

Year of construction: in implemenation




Biogas Herrenhallig GmbH & Co. KGC

Location:

Output:

Input material:

Heat utilisation concept:

Year of construction:

BGA Brekling I GmbH & Co. KG

Location:

Output:

Input material:

Heat utilisation concept:

Year of construction:

25840 Koldenbittel, Germany

250 + 320 kWel
Maize silage, pig slurry
Community

2011

24881 Nubel, Germany
2x400 kWel

Maize silage, Pig slurry
Homes, Farm

2011



Bioenergie Stiderwalsede GmbH & Co. KG

Location: 27386 Suiderwalsede, Germany
Output: 600 kWel

Input material: Maize silage, pig slurry

Heat utilisation concept: Farm

Year of construction: 2011

Wistengas GmbH & Co. KG

Location: 21255 Tostedt, Germany

Output: 2x%250 kWel

Input materials: Maize silage, cattle slurry, pig
slurry

Heat utilisation concept: Farm

Year of construction: 2011



Josef Kurmann Biogas GbR
Location:
Output:

input materials:

Year of construction:

Biogas Nordel GmbH & Co. KG

Location:

Qutput:

Input materials;

Heat utilisation concept:

Year of construction:

Heat utilisation concept:

26219 Bosel, Germany
370 kWel

Maize silage, pig slurry
Farm

2011

31603 Diepenau, Germany
250 kWel

Maize silage, Pig slurry, grass
silage

in implementation
2011



Brand Biogas GmbH & Co. KG i. G.

Location:

Output:
Input materials:

Year of construction:

Ecoenergy Societa” Agricola S. r. I.

Location:
Output:

Input materials:

Year of construction:

Heat utilisation concept:

Heat utilisation concept:

26197 GroRenkneten-Sage,
Germany

500 kWel

Maize silage, cattle slurry, pig
slurry

Farm
2011

42010 Rio Saliceto, Italy
999 kWel

Maize silage, pig slurry
in implementation

2011



Barrelmann Biogas GmbH i. G.

Location:
Qutput:

Input material:

Year of construction:

Location:
Output:

Input materials:

Heat utilisation concept:

Year of construction:

Heat utilisation concept:

21401 Bavendorf, Germany
250 kWel

Maize silage, Pig slurry
Farm

2011

27367 Winkeldorf, Germany
365 kWel

Maize silage, cattle manure,
cattle slurry

Community
2011



Landenergie Heeslingen GmbH & Co. KG fi

< | Location: 27404 Heeslingen, Germany
Output: 600 kWel
input materials: Maize silage, grass silage. Slurry
Heat utilisation concept: Community
Year of construction: 2011

Unternehmensgesellschaft Hemslingen Séhlingen Biogas Gmbh & Co. KG

Location: 27386 Hemslingen, Germany
Output: 500 kWel
Input materials: Maize silage, grass silage, pig

slurry, cattle slurry

Heat utilisation concept: in implementation

Year of construction: 2011



Betriebsgemeinschaft Wohlerst GmbH & Co. KG

Rolnicka a.s. Kraliky

Location:

Qutput:

Input material:

Heat utilisation concept:

Year of construction:

Location:

Qutput:
Input materials:

Heat utilisation concept:

Year of construction:

21698 Wohlerst, Germany
600 kWel

Maize silage, Pig slurry, slurry
Farm

2011

50401 Novy Bydzov, Czech
Republic

1.800 kWel

Maize silage, grass silage, grain,
cattle slurry

Homes, cattle sheds
2010



Valorizzazione Ambientale s.r.l.

Location:

Output:
Input materials:
Heat utilisation concept:

Year of construction:

Location:
Output:

Input materials:

Heat utilisation concept:

Year of construction:

27029 Vigevano, ltaly
999 kWel
Maize silage, dairy cattle slurry

2010

23996 Losten, Germany
526 kWel

Maize silage, grass silage, grain,
pig slurry

Pig sheds
2009



Semlow Biogas GmbH & Co. KG

Location:
QOutput:

input materials:

Heat utilisation concept:

Year of construction:

MP Biogas GmbH & Co. KG

Location:
QOutput:

Input materials:

Heat utilisation concept:

Year of construction:

18334 Semlow, Germany
250 kWel

Maize silage, pig slurry
Pig sheds

2010

27404 Wense, Germany
340 kWel

Maize silage, pig slurry
Homes, pig sheds
2010



Biogas Altbarnim Betriebs GmbH & Co. KG

Location:
Output:

Input material:

Year of construction:

Biogas Niemand GmbH & Co. KG

Location:
Output:

Input materials:

Heat utilisation concept:

Year of construction:

Heat utilisation concept:

15320 Neu Trebbin, Germany
536 kWel
Maize silage, Slurry

Farm

2009

26487 Blomberg, Germany
536 kWel

Maize silage, grass silage, cattle
manure

School and swimming pool
2009



Biogas Brunn Betriebs GmbH & Co. KG

Location:;

Output:
Input materials:

Heat utilisation concept:

Year of construction:

Location:
Output:

Input materials:

Year of construction:

Heat utilisation concept:

16845 Brunn bei Dosse,
Germany

536 kWel

Maize silage, cattle slurry

2009

67-106 Otyn, Poland
250 kWel

Pig slurry

Farm



Biogasanlage Schmidt, Trerberg

Location:
Output:
Input materials:

Heat utilisation concept:

Year of construction:

Location:

Output;
Input materials:
Heat utilisation concept:

Year of construction:

24888 Trerberg, Germany
190 kWel

Wheatfeed, Pig slurry
Farm

2009

14715 Damme-Nennhausen,
Germany

370 kWel
Maize silage, Grass silage, Slurry

Farm
2009



Vorm Placken Biogas Westrittum GmbH & Co. KG

Location: 26197 CGroRenkneten, Germany
Qutput: 250 kWel
Input materials: Maize silage, turkey manure,
cattle slurry
| Heat utilisation concept: Turkey houses
i : | Year of construction: 2009

Biogas Dorum GmbH & Co. KG

Location: 27632 Dorum, Germany
Output 250 kWel
Input materials: Maize silage, grass silage, cattle

manure, cattle slurry

Heat utilisation concept: Homes

Year of construction: 2009



Biogas Lichterfelde Betriebs GmbH & Co. KG

Location:
Output:

Input materials:

Heat utilisation concept:

Year of construction:

Location:

Output:

Input materials:

Heat utilisation concept:

Year of construction:

16244 Schorfheide, Germany
536 kWel

Maize silage, grass silage, cattle
manure

School and swimming pool
2009 / 2010

15345 Moglin, Germany

536 kWel

Maize silage, Slurry, Pig slurry
Farm

in implement
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