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=

Building up a biogas plant
AT R

Planning of a biogas plant

AR LTT BIER] .

= Type and consistence of input substrate
IR

= Amount of input substrate per year
REAE R R R

= Local circumstances
24l ) 4

— Heat usage
PR

= Pre treatment, pasteurisation
b EE, K

— Automation level
A 24k KT
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=

Compiling a biogas plant
YR R

Planning of a biogas plant
EYSR T R
— Calculation of biogas amount
YR
= Size of digester
SR RS
— Size of engine
LIRS §
= Flow sheet
FFEE
= Site layout
T A

— Estimate of costs
o e
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Energy Calculation | (Example)
ReEAZHE 1 (PR

Input: N
Potato Raw Matenal 1 5 &4kl
Starch TER

Qil i

Potato Sludge TG
Sum Bk

Total Solids: S [ A <

Potato Raw Matenal L= =é%l

Starch

Oil

Potato Sludge
Sum

Volatile Solids:
Potato Raw Matenal
Starch

Qil

Potato Sludge

TR

il

+ 5
S8

FERMEAT LG A
T =AM R

HER

T

RSRIEY:

G-

Krieg & Fischer Ingenieure GmbH

97.610 t/a
4 495 t/a
636 t/a
6.583 t/a

109.324 m¥/a

20.0 % Input
60.0 % Input
100,0 % Input
30,0 % Input

22.7 % Input

90,0 % TS
90,0 % TS
95.0 % TS
90,0 % TS

November 24, 2008



Energy Calculation |l (Example)

REEE I CREED

Hydraulic Retention Time
Digester Volume (net)

Organic Load Rate

Specific Gas Production Rate:

Potato Raw Matenal
Starch

Qil

Potato Sludge

Biogas Production:
Potato Raw Matenal
Starch

Oil

Potato Sludge

IK 345 B B 1]
REEEARRL (1))
SR INR )

R
LT
ok

i
ST

Ay
SR
ek

i
TR

G

Krieg & Fischer Ingenieure GmbH

41,7 days
12.500 m*
4,9 kgVS/m®/d

600 m*t VS
600 m*t VS
1.000 m*t VS
700 m*t VS

10.541.880 m¥a
1.456.380 m¥/a
604.200 m¥/a
1.244 187 m¥a
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Energy Calculation Ill (Example) Z@
REEAZET N CREHD e —_—_—

Krieg & Fischer Ingenieure GmbH

Methane Content: Eﬁki%g’
Potato Raw Material - MH 58 %
Starch HER 60 %
Oil i 65 %
Potato Sludge TG K 62 %
Sum Bt 59 %
Calorific Value: Pl 5.9 kWh/m?
Biogas Production: GEt7/ e 13.846.647 m*/a
1.581 m*h
Biogas Power e 9.306 kW
Engine Power (installed) (3 Gas Engines) X#/WLWJ1 (%30 (310 500 kw
Engine Power (electric) RMLIIT) CHLD 4.200 kW
Produced Energy (electric) FrRE (LD 32.608.977 kWh/a
Engine Power (thermal) KAWL ST (O 5.250 kW
Produced Energy (thermal) REfE (B 40.761.222 kWh/a



Mass Balance | (Example)

DB D
Input Starch Oil Raw Potato Sludge Total
Input (t/a) 4.495 636 97.610 6.583 109.324
Input (t/d) 12,32 1,74 267,42 18,04 299,52
Total solids (%) 60.0% 100,0% 20.0% 30.0% 22,T%
Total solids (t/a) 2697.0 636,0 19522,0 1974.9 248299
Total solids (t/d) 74 ¥ 53,5 54 68.0
Volatile solids (% TS) 90.0% 95,0% 90,0% 90,0% 90,1%
Volatile solids (t/a) 2427 604 17.570 1.777 22.379
Volatile solids (t/d) 6.7 1.7 48.1 49 61
Water (t/a) 1.798" 0f 78.088" 4.608 84.494
Water (t/d) 5 0 214 13 231
spec. Gas Production rate (m*t VS) 600 1.000 600 700
(dry gas, Normal conditions 1,18 kg/m?®
Biogas
Gas production (m*/a) 1.456.380 604.200 10.541.880 1.244 187| 13.846.647
Gas production (m*d) 3.990 1.655 28.862 3.409 37.936
Gas production (t/a) r 1.719” 713[ 12.439" 1.468 16.339
Gas production (t/d) _ 4,71 1,95 34,08 4,02 4476
Water content: 4% 69 29 498 59 654
Wet Gas 37°C (t/a) 1.787 741 12.937 1.627 16.993
Wet Gas 37°C (t/d) 4,90 2,03 35,44 418 46,56
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Mass Balance Il (Example)

PRz A CFED

Krieg & Fischer Ingenieure GmbH

Reactor effluent

Total solids (t/a) 8.491
Total solids (t/d) 23
Volatile solids (t/a) t 6.040
Volatile solids (t/d) 17
Water (t/a) g 83.841
Water (t/d) 230
Output (t/a) 6 Monate: 46.166 92.331
Total solids (%) 9.2%

Input Reactor effluent
( ___________________________ ) -
e 15,0% Dry Biogas
0,6 % Moisture
Water < 77,3 %
76.7 % > Water
Volatile Solids o650 e
G i IVoIatiIe_SolidS

Inorganics

AL L norganics
100 %
November 24, 2008 8/32



Organic Loading Rate Z@

AR R

The organic loading rate (OLR) is the daily amount (d)

of volatile solids (kg VS) per digester volume (m3).
AP R (OLR) A4 F A5 fr R IERE AR () O R VE [ 14 B (kg VS) «

OLR = VS *V 1* t-1 [kg* m-3*d-]

The organic loading rate should be in between

3to5kg VS *m3*d1
HHL AT RAES 3] 5 kg VS *m3 * dt

Referent: Torsten Fischer November 24, 2008 9/32




Organic Loading Rate (OLR) Z@
AHLIATH(OLR)

}'m-a:

biogas yield [m3 kg]
biogas production rate [d!]

BE,I:
OLR (kg m” d?)
Biogas yield and biogas production rate depending on the organic

Ioading rate (source:Pia Mahnert; Kinetik der Biogasproduktion; 2008)
PR E AT R E AP F KR
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Hydraulic Retention Time Z@
K 745 BA W) 1] s rcer ot ee Gt |

Krieg & Fischer Ingenieure GmbH

 The Hydraulic retention time (HRT) is a measure of
the average length of time that the substrate remains
In a digester.
KR IS ) CHRT) 2 AT B 16 % e HL PP 380 I )

« HRT = Volume of digester/Volume of substrate

(flowrate) HRT =V [m3])/ t FG [m3/Tag]
HRT= R FEREARTR YRR (g

e The optimum retention time depends on the

degradabillity of the substrate
RSBS00 5 6 1 T 1052 £ S 0 B
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Hydraulic Retention Time Z@
=N =Nl
AT BT

Ymax

FIl|_|
= o,
2 Q
o ©

-
E =
S =
[5) (&)
> 3
2 S
o)) o
ks) 0
O e Sy

S

o)

mean retention time [d]

Biogas yield and biogas production rate depending on

the mean retention time t .
(source: Pia Mahnert; Kinetik der Biogasproduktion; 2008)

PEMY ST AT R S B N TR DGR
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Task 1: Energy Calculation Z@
1. BEES
fE5L: el

Input: N

Cattle Manure M3 20.000 m3/a
Kitchen Waste i s b 10.000 t/a
Sludge Fat Trap 5 fig Ve 5.000 t/a
Sum 5878 35.000 m3/a
Total Solids: A [ 4

Cattle Manure GRELS 9.0 % Input
Kitchen Waste Jf 55 5 3% ? ) % Input
Fats i 15,0 % Input
Sum Bt 13,0 % Input

What is the dry matter content of the mixture?
T2 A T 55
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Task 2: Energy Calculation
f£552: Remil®

=

Krieg & Fischer Ingenieure GmbH

Input: BN
Cattle Manure 3 20.000 m3/a
Kitchen Waste B v 10.000 t/a
Sludge Fat Trap }Hzﬂ/; R 5.000 t/a
Sum o 35.000 m3/a
/m\VI“
Total Solids: '%"MK’
Cattle Manure FaE 9,0 % Input
LRGN P
Kitchen Waste E%iﬂ& 20,0 % Input
Fats i 15,0 % Input
Sum it 13,0 % Input
Volatile Solids: 4% % 1k [ 44 .
Cattle Manure Ak 820%TS
Kitchen Waste 65 J52 b7 % 880%TS
Fats HE,HB 8 0%TS
Hydraulic Retention Time  k fig {2 B4 15} ] ?
Digester Volume (net) PR T AR TR 2
Organic Load Rate R4 Tﬁ% 3,5 kgVS/m3/d

What is the volume of the digester? (Given in m3)

How long is the hydraulic retention time? (Given in days)
a2 R BEREAA AR (m3) 2 JK B INHR) (R 2
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Task 3: Energy Calculation

R . VA W =N
E953: Heltit

Input: ?ﬁﬁf\:
Cattle Manure JasE s 20.000 m3/a
Kitchen Waste &t o by 3% 10.000 t/a
Sludge Fat Trap e i ve % 5.000 t/a
Sum oy 35.000 m3/a
/ll;\-[/‘l_‘
Total Solids: Sl R AR
Cattle Manure M 9,0 % Input
henviase s
B g f 0
Sum EE'EE 13,0 % Input
ST
Volatile Solids: A M [ A
Cattle Manure ARE S 820% TS
Eit::hen Waste 6 2 b B ggg Z’;o ig
ats \ ,
I 1y °
Specific Gas Production Rate: RS- % .,
Cattle Manure ARe TS 250 m3/t VS
Kitchen Waste G B d 700 m3/t VS
Fats B i b 4& 1000 m/t VS
BEIEﬁY):I:'J

What is the total biogas production rate per hour?
2 S BN R A S PR 2
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Task 4: Energy Calculation

KA. BEEA
fE%4: Rehtits
Biogas Production: AR
Cattle Manure 4 369.000 m¥/a
Kitchen Waste Jif 2 17 3% 1.232.000 m3/a
Fats HS iy 637.500 m3/a
H

e = A EL

Methane Content: (TR
Cattle Manure e 63 %
Kitchen Waste G B 60 %

5 P55 3
Fats E%‘& 60 %
Sum iz i 60 %
B Et

Calorific Value: Hf 6,0 kWh/m3
Biogas Production: %%hég 2.238.500 m3/a
UTH 256 m3/h
Biogas Power: 1.546 kW

G/ W a

What is the optimum size of the engine?

o KL A5 ?
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Task 5: Energy Calculation Z@
K5, BEE
fE9%55: ity

Biogas Production: SR

Cattle Manure A 369.000 m3/a

Kitchen Waste 6 5 b 3% 1.232.000 m3/a

Fats S 637.500 m3/a
el

Methane Content: e =

Cattle Manure e 63 %

Kitchen Waste & k4% 60 %

Fats G 60 %

sum N1 60 %
st

Calorific Value: H 6,0 kWh/m3

Biogas Production: 4507/ W =1 2.238.500 m3/a

256 m3/h

Biogas Power: P g H 1.546 kW

Engine Power (installed) (1 Gas Engine) 1.645kW

Engine Power (electric)  Akz#hMlih )y (B ASMAEKINL 625 kW

Produced Energy (electri c)) : 5.145.846 kWh/a

KReNBLsh Ty (4
What is the produced electric energy per year?
fH S AAE I L
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References — Examples
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Potato Residue Digestion

Energy Crops with Cattle Manure

Kitchen Waste Digestion
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90000 m3/a manure

WERLTE

20,000 m?¥/a fats



Sakatoon, Saskatchewan, Canada %X Z@

Krieg & Fischer Ingenieure GmbH

built: 2003 20034 %k

substrate: pig manure,
potatoes JiK#): s, + 9

digester: 2,000 m3, steel tank
KPPEGE: 2,000 m3, FHHE
CHP: 4 x 30 kW,

microgasturbines

B 4x 30 kW, AARIREAL
designed for low outside
temperature

A PRI S AR e v

» special design: gas holder in a
tank (left tank)

Fepkvort:  AUARICREE CAAMD
special building material for
gas holder roof and insulation

AR B R TR I ik
ML

November 24, 2008 20/32



France, Noyon %%

Substrate: 40,000 t/year fluid
and solid organic waste and
sludge

Pi)fi: 40,000 /A7 [F AR A (1 2R
WRE e

Digester: steel tank

3,479 m3

REFGHE: TNHES,A479 m3

Gas engine: 716 kW
SRR 716 kW
Solid-fluid separation of the
digestate

QS

g 27 e P

s T
- . N -

- ~
N 4 N e
" b -
-, =2 .
\\
-

vl

q
A
A
A

T O

b 7- \(" 7 - d



Japan, Hokkaido H 4

Seismic Zone IV

G

Krieg & Fischer Ingenieure GmbH

Input: manure, co-
fermentation

Y. M, REKEE
Digester: steel tank, glass
coated,1,500 m3

KRIEE: ANGE, BOE)ZE, 1,500 m3
Gas holder roof above 450
m?3 secondary digester +
external Gas Holder
AR TR AR FR450 m3 — 2k

IEAN AN AR R A

Diesel gas engines:

3 X 65 kWel

SEmpL AR BIL: 3 x 65 kKWel
November 24, 2008 22/32



Germany, Falkenstein f#[%

Krieg & Fischer Ingenieure GmbH

e Input: corn silage, other

Silage
JEY: TRl kLR HAd 1]
;F:

* Digester: steel tank, glass
coated, 2 x 3.500 m3

PP B, BOIREE,
2 x 3.500 m?

» Gasengine: 2 x 716 kWe
SRR IML: 2 x 716 kWe

_ Referent: Torsten Fischer November 24, 2008 23/32



Spain, Montargull ¥t

+40° C

Ambient Temperature

=

Krieg & Fischer Ingenieure GmbH

Input: pig manure, FOG,
slaughterhouse waste water
sludge

JK¥Y): ¥dE, FOG, J&E37 K Yis /K

Digester (2.080 m3) and secondary
digester with gas holder roof

R PR TRE RN A AT ARSI THUFR — PP A o
Special gas cooling system
adopted to high ambient
temperature

FRRSARY H R GGG miR A S
CHP: 364 kWe Hi#) . 364 kWe
Invest 820.000 € #:%£820.000 €

November 24, 2008 24/32



Kensington, Prince Edward Island, Canada%
JIE DN

\ \\ &I.‘! /
l N ir
\w

Krieg & Fischer Ingenieure GmbH

built: 2008 20084 #)

preliminary laboratory tests 2007
20074 H S5 i = 5T

substrate: potato residues, oll,
potato starch

K. LERkE, g, LEER

digester: 4 x 5,500 m3,
steel tank

RIEWE: 4 x5,500 m3, i

size: 12 MW, % 12 MW,,

2 stage digestion with hydrolysis,

2 secondary digesters with gas
holder roof

e 7 7K ) R I

A TR AR 1) — 0 K P e
biogas is used for heating
purposes — hot water production
AR FE IR — FoK A

November 24, 2008 25/32



Krieg & Fischer Ingenieure GmbH

Chino, California, USA ZH Z@
 rieg & Fischer Ingenieure GmbH |

substrate: cattle manure

(270 tons/year, DM 12% ), liquid
waste from food industry

(83 tons/year) food waste

JKH):  BWEEE (270W/4F, )
12% ) , B DI (830
) B

sediment removal from the
digester

R P B FRL K CRR ) ) A 2

gas distribution in a biogas grid,
expected gas production 18.813
m?3 per day

GEU7/t b SR N N TR U M RSN
77/518.813 m3

expected power generation
capacity: 1,500 kWe

Wit rEE &: 1,500 kWe

e construction costs: $ 5 million
WA $ 5 million

_ferent: Torsten Fischer November 24, 2008 26/32
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Task 1: Energy Calculation
(L% 1 feltit st

Input: LD

Cattle Manure 3 20.000 m3/a
Kitchen Waste i 5 b 4% 10.000 t/a
Sludge Fat Trap GRS 5.000 t/a
Sum i 35.000 m3/a
Total Solids: A [ 4«

Cattle Manure 3 9,0 % Input
Kitchen Waste 5 5o 7 4% 20,0 % Input
Fats i< 17 15,0 % Input

S s
. Bt 13.0 %

_eferent: Torsten Fischer November 24, 2008 28/32



Task 2: Energy Calculation

PN

fE552:  HEita

Input: LA

Cattle Manure 3¢ 20.000 m3/a

Kitchen Waste J&t )75 5 3 10.000 t/a

Sludge Fat Trap i3t} 5.000 t/a

Sum Bt 35.000 m3¥a

Total Solids: [ A

Cattle Manure 3 9,0 % Input

Kitchen Waste JF J5 b 3% 20,0 % Input

Fats NE Wi 15,0 % Input

Sum st 13,0 % Input

Volatile Solids: P o M [ A

Cattle Manure SR 820%TS

Kitchen Waste J5F )5 b 3% 88,0% TS

Fats Jig s 850% TS

Hydraulic Retention Time s 42 52 5t i 31,3 days

Digester Volume (net) I P AR 3.000 m3

Organic Load Rate H WL % 3,5 kgVvVS/m3/d

_ Referent: Torsten Fischer November 24, 2008 29/32



Task 3: Energy Calculation

KA. LLED
{£5%3: fet it

Input: N

Cattle Manure 3 20.000 m3/a

Kitchen Waste & e 3% 10.000 t/a

Sludge Fat Trap iEVIE, 5.000 t/a

Sum st 35.000 m3/a

Total Solids: S A

Cattle Manure GEES 9,0 % Input

Kitchen Waste J5F 5 17 3% 20,0 % Input

Fats =it} 15,0 % Input

Sum 587 13,0 % Input

Volatile Solids: 5 R [T A

Cattle Manure A 820%TS

Kitchen Waste 5t by % 88,0%TS

Fats g 1 850%TS

Specific Gas Production Rate: RS P

Cattle Manure 3 250 m3t VS

Kitchen Waste & i 700 m3t VS

Fats RE T v 1000 m3/t VS

Biogas Production: WS AR

Cattle Manure 3 369.000 m3/a Sum:

Kitchen Waste B b 1.232.000 m3/a 5 232'3 500 m3/a

Fat - 637.500 m3/a e

S Hi Wi 256 m3/h

_ Referent: Torsten Fischer November 24, 2008 30/32




Task 4: Energy Calculation

INTE=F
F454: femili

Biogas Production: )5 R

Cattle Manure o3

Kitchen Waste B ki

Fats T i

Methane Content: Pl g 5 4

Cattle Manure A

Kitchen Waste B 37 3%

Fats =i}

Sum BT

Calorific Value: A

Biogas Production: TS P
PR

Biogas Power:
REWLI T (B3

Engine Power (installed) (1 Gas Engine) KB ()
Z Z

Engine Power (electric)

Produced Energy (electric) ()
Engine Power (thermal) wiﬂf“(ﬁ‘)
Produced Energy (thermal) *RE(E)

Referent: Torsten Fischer

Krieg & Fischer Ingenieure GmbH

369.000 m3/a
1.232.000 m>3/a
637.500 m3/a

63 %
60 %
60 %

60 %

6,0 kWh/m3
2.238.500 m3/a
256 m3/h
1.546 kW

(15 ﬁﬁyiz:m%)

645 kW
625 kW
5.846 kWh/a

144 kKW
5.603 kWh/a

November 24, 2008
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Task 5: Energy Calculation
£555: ReEIMA

Biogas Production: AR
Cattle Manure %
Kitchen Waste J5f oy
Fats He i
Methane Content: e o i
Cattle Manure ED
Kitchen Waste J&t 5 b7 3%
Fats Je i
Sum St
Calorific Value: A«
Biogas Production: My
YR

Biogas Power:

RENII S B2k
KahBlah sy ()

Engine Power (installed) (1 Gas Engine)
Engine Power (electric)

Produced Energy (electric) FREE(E)
Engine Power (thermal) ,@‘Ewh(m
Produced Energy (thermal) S ()

Krieg & Fischer Ingenieure GmbH

369.000 m3/a
1.232.000 m>3/a
637.500 m3/a

63 %
60 %
60 %

60 %

6,0 kWh/m3
2.238.500 m3/a
256 m3/h
1.546 kW

(TAKHL -

1.645 kW
625 kW

5.846 kWh/a
144 kW
5.603 kWh/a

November 24, 2008

32/32



	Build up of the Practical and Design Samples��实践和设计样例��Torsten Fischer and Dr. Katharina Backes��Krieg & Fischer Ingenieure Gm
	Building up a biogas plant�生物气工厂的构建
	Compiling a biogas plant�生物气工厂的构建
	Energy Calculation I  (Example)�能量核算 1（样例）
	Energy Calculation II  (Example)�能量核算 II （样例）
	Energy Calculation III  (Example)�能量核算 III （样例）
	Mass Balance  I (Example)�物质核算I （样例）
	Mass Balance  II (Example)�物质核算II （样例）
	Organic Loading Rate�有机负荷率
	Organic Loading Rate (OLR)�有机负荷率(OLR)
	Hydraulic Retention Time�水力停留时间
	Hydraulic Retention Time�水力停留时间
	Task 1: Energy Calculation�任务1： 能量计算
	Task 2: Energy Calculation�任务2： 能量计算
	Task 3: Energy Calculation�任务3： 能量计算
	Task 4: Energy Calculation�任务4： 能量计算
	Sakatoon, Saskatchewan, Canada  加拿大
	France, Noyon  法国
	Japan, Hokkaido 日本
	Germany, Falkenstein 德国
	Spain, Montargull  西班牙
	Solutions�解决方案
	Task 1: Energy Calculation� 任务1： 能量计算
	Task 2: Energy Calculation� 任务2： 能量计算
	Task 3: Energy Calculation� 任务3： 能量计算

