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Choosing technical equipment under safety aspects %

SR e L N
Gas-Pipes
WA

 PVC-KG pipes are not admissible, since their design strength
corresponds to a maximum of 0.5 bar.
PN 1 is necessary!
AREFHPVC-KGE , A EAT B A 0.5 bar. 2 PN
* Generally, steel pipes have to be used. Plastic pipes may be
used outside of closed rooms.
Plastic pipes have to be protected from mechanical and thermal
damage.
— ORI, DB AN . SRVE P LUAESN S, B2 D BRI T 101
 PVC, PE, stainless steel or black steel
PVC,PE NFEA a2k (A TS
(after drying the biogas)
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Choosing technical equipment under safety aspects %
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Overpressure / vacuum valve

hydraulic (measuring pressure)
JE it KR 0345 G IR )

Mechanic device N

(reacting on N
increasing d
volume)

BUB B CRAAT BT i n)
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Gas outlet Gas outlet
at overpressure Lid at overpressure

L | )
J1
‘ ‘ Krieg & Fischer Ingenieure GmbH

—— Extension

Immersion cup
for overpressure,
guided vertically

by rod:
Is lifted if
PVC flange bushing overpressure builds up
with DIN flange - in the fermenter
perforation = {adjustable from
PP sleeve nut, N 0.5 to 5 mbar,
160 mm — - in steps of 0.5 mbar)
Connecting pipe - i i ! ]
to tank T
@ 160 mm L] | o
Sealing liquid
consisting of anti-freeze agent
Threaded rod (approx. 10 litres)
L]
354‘——?51“3 Sealing liquid
Immersion cup ‘ ‘ chgﬁl&pqint |
for underpressure, £ with drain valve i I
e ey £ Principle of MT overpressure /

A Event of Underpressure vacuum valve with extension MT
underpressure builds up

in the fermenter mT b s 5 B /77 MT GB35 40 1) B2 1

(adjustable from
0.5 to 5 mbar,

in steps of 0.5 mbar) er November 24, 2009 6/41



Choosing technical equipment un@tﬁty
aspects 3

P L PR

Solid input device with piston
pump equipped with

3 valves (PlanET)

FH -4 AT AR (R 774 34 R 1) PR3 28 2

_ Referent: Torsten Fischer November 24, 2009 7/41



o
o]
=
Q)
o
S
=]
Q2
=
(]
[5)}
=
o
@
<
(5)
N7
L
o
(o))
Q2
—_
X

November 24, 2009

Torsten Fischer

ent

holder roof

ing gas

IX

F



|
oK E-Elil'lj\:

—

™. - “a ! -
KRR RG] S
E .-l__l'. S
|
Kz D100 - E:E Ty

\

Ly

/

R SR SRS

T
)

-
r
r

—
.
S0

o

10650

1 B
e T
/%{’T{’V%’T; e

y

|
R ]

=

Krieg & Fischer Ingenieure GmbH

b ks
e

condensate tank
without gas-
emission

T AAAHETB v Tt i 4

-2 N0 ex-zone
> TLHTX
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Choosing technical equipment under safety
aspects

R RAR A
CHP-room
CHP 5 1H]

— Compressor > Ex-zone 1
4> AiX1

— Monitoring compartment air
Fa IR i) 22 <,

lower explosive limit LEL.: 4,4% methane
B AR NEAR R LEL: 4.4%
upper explosive limit UEI : 16,5% methane
I RV ERR PR UEL 16.5% H 4t
re-alarm 20% LEL

T A 20% LEL
main-alarm 40% LEL
T 40% LEL
(all electrical devices have to be switched off)
WO ITRARL T AT ) P A A 7

— Air input / output
A AN

— ventilated input
SHRRETIPAN

— ventilated output - explosion protection necessary
A0 A HH > DA A T BT R DR A
— Alarm

Bk
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Biogas pipe
- stainless steel, PE
R

> AEN, PE

_.-_—;g-;:.""'-

Substrate pipe
- PE

S
> PE

Waste Water
- PVC
SRR K

> PVC
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Choosing technical equipment under safety %
aspects

LS on
Vi e e I ¥ Ny

Biogas plants handle substrates that are hazardous to water. Contamination and
other disturbance of water has to be avoided (WHG, VAwWS, JGS)

PR A BOKAAAT R R o, R ey B AN AR K AR T )

« Site: distance to water >20 m
Wb FKARE]EE K120 m

e Substrate pipes need to be double-walled or constructed as suction pipe
JEE A TR A A 2B XUBE B o s A 3

 Tanks: waterproof, they have to be double walled or equipped with a welded plastic
liner

v BIK, AR BUE A IR R 2

* have to be protected from mechanical damage
I (EA AR A

A wall has to provide the volume to collect the content of the biggest tank
WA 1 HAA TR ORAIE B K 24 R 2

* Pipes: Depending on the substrate, pipes have to be installed above ground or
double walled

EIE: BT IR, AR b e XU
e Storage capacity > 6 month (JGS)
iR E >6 MH (JGS)
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Choosing technical equipment under safety
aspects
PR A TR B VAWS

closure  |nspection : waterproof :
\ pipe : surfacing :
SR b S K . AL NN
P ' .
: + 35 :,
: : A : insulation
A ' ' . '
W, ' ' u:{: or
[} L] ]
: | i .
| ‘ : 2 ]
[ ' !
r ! r
| ' !
! 1 y ) y
] L ' ]
7 i ¥ y . v
/ i i % ; \}
7 4 : : S ruc 4
( : i , [*L tion foil | r
” 4 l ¥ Y 4 P Y S l,pr J .l
=2 At
-— ! : E
- sealing : -
decline >1% sheeting drainage filter layer

Foliel6

Source: Biogashandbuch Bayern
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Welded plastic liner

and monitoring pipe
PR
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Choosing technical equipment under safety
aspects
P A R

Tanks and other
devices has to be
protected from
mechanical

damage
WIS 1 7% g A A )
B SR

Nl
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Designing failure Z@
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w container to
windows IS
too small

CHP A AT 1
N FRY R R N
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Designing failure

BRI

Input:

Potato Raw Matenal
Starch

il

Potato Sludge

Sum

Total Solids:
Potato Raw Material
Starch

Qil

Potato Sludge

Sum

Volatile Solids:
Potato Raw Material
Starch

Oil

Potato Sludge

LTPN
G R
BEAY

ith

T EER
syl

SYLRCN
TR
TR

it
G5
syl

FERE R 4
T E MR
i

ERACH

Hydraulic Retention Time sk Jy{Z 8/ (1]

Digester Volume (net)
Organic Load Rate

THILER (net)
A I Gigr 5

Specific Gas Production Rate: <%

Potato Raw Material
Starch

Oil

Potato Sludge

Biogas Production:

Potato Raw Material
Starch

Qil

Potato Sludge

Methane Content:
Potato Raw Matenal
Starch

il

Potato Sludge

Sum

Calorific Value:
Biogas Production:

Biogas Power:

+ G MR
it
ERCH )
G/ e
+ G MR
R
i
T EER
ot £ it
G EME
VER
i
T EEk
syl

i
A

/NP

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
227 % Input

90.0% TS
90.0% TS
950%TS
90.0% TS

41,7 days
12.500 m*
4,9 kgV5/m?/d

600 m®t V'S
600 m®t VS
1.000 m@t V'S
700 m3t V'S

10.541.880 m*a
1.456.380 m¥a
604.200 m¥a
1.244 187 m¥a

58 %
60 %
65 %
62 %
59 %

5.9 KWh/m?®
13.846.647 m®/a
1.581 m*h
9.306 kW

Engine Power (installed) (3 Gas Engines) kai¥lii s GATKREIHD 10500 kW

Engine Power {electric)
Produced Energy (electric)
Engine Power (thermal)
Produced Energy (thermal)

KPS (D
AR (D
REBLHLS) (B0
FEAEREE (D

4.200 kW
32.608.977 KWh/a
5.250 KW
40.761.222 kK\Wh/a

Krieg & Fischer Ingenieure GmbH

Energy

calculation

e L5
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Input:

Potato Raw Matenal
Starch

Oil

Potato Sludge

Sum

Total Solids:
Potato Raw Matenal
Starch

Oil

Potato Sludge

Sum

Volatile Solids:
Potato Raw Matenal
Starch

Oil

Potato Sludge

i N\
TR
i)

i

+ G5
Syl

ISYERZS

+ G IR
ek

il

+ G5
A

{5 R ] 4
TR
ek

i

+ =5

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
950 % TS
90,0 % TS
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Hydraulic Retention Time

Digester Volume (net)
Organic Load Rate

Specific Gas Production Rate:

Potato Raw Matenal
Starch

Oil

Potato Sludge

Biogas Production:
Potato Raw Matenal
Starch

Qil

Potato Sludge

K3 {5 e 1]
AT (net)
ALY g

U
SRV
e

i
A

G/ Wi
T+ SRR
ek

i

+ G5

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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Methane Content: FH e &

Potato Raw Matenal + G R AR 58 %
Starch e 60 %
Qil JH 65 %
Potato Sludge +Emk 62 %
Sum e A 59 %
Calonfic Value: P . 5.9 KkWh/m?
Biogas Production: EEt7 i 13.846.647 m¥a

1.581 m*h
Biogas Power: AW H T 9.306 kW
Engine Power (installed) (3 Gas Engines) xzjy 017 (34=kkzp) 10500 kW
Engine Power (electric) RAHLE S (H) 4.200 kW
Produced Energy (electric) PEA R () 32.608.977 kWh/a
Engine Power (thermal) RIS (O 5.250 kW
Produced Energy (thermal) FEARRE (HO 40.761.222 kWh/a



Input Starch il 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 18.04 295,52
Total solids (%) 60,0% 100,0% 20,0% 30,0% 22, 1%
Total solids (t/a) 26970 636,0 19522.0 19749 24829 9
Total solids (t/d) 7.4 1T 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 45,1 4.9 61
Water (t/a) i 1.798" o 73.088"7 4.608 84.494
Water (t/d) ] 0 214 13 231
spec. Gas Production rate (m®t VS) 600 1.000 600 700
(dry gas, Mormal 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 26.862 3.409 37.936
Gas production (t/a) - 1.719] T13] 12,4391 1.468 16.339
(Gas production (t/d) 4.7 1,95 34,08 4.02 44,76
VWater content: 4% 69 25 498 55 654
Wet Gas 37°C (t/a) 1.787 741 12.937 1.52¢ 16.993
Wet Gas 37°C (t/d) 4,90 203 35,44 4,18 46,56
Reactor effluent
Total solids (t/a) 8.491
Total solids (t/d) 23
Volatile solids (t/a) i 6.040
Volatile solids {t/d) 17
Water (t/a) [ 83.841
VWater (t/d) 230
Cutput (tfa) 6 Monate: 46.166 92.331
ITutaI solids (%) 9,2%




Designing failure
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maximol gshobener Spiegel

outomot. geregelte Gusdom

Gasiberstrimung
(mit Magnatventit)

Beschickung |
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Sinkschichien—
abzug

The ‘Pfefferkorn’ digester is not usable if
swimming layers are to be expected

MR BN, WA

Source: Eder u. Schulz 2006, Biogas Praxis
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Designing failure
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Designing failure
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Designing failure
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Designing failure
[Za2P N
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Designing failure
e N

Absperrhahn| _
@ spF =
Gasleitung
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central stirrer

Broken shaft of the i
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Technical failure
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Technical failure
BRI
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Technical failure | iy T

s

G

-* =
4] Ul
Y ¢ "y

. oty |
; ."_."

." ¥

g

'1{?




I
e

-




%
7 g
£ o 1
~ ";ig & Fischer Ingenieure GmbH

ember 24, 2009 36/41



November 24, 2009

t: Torsten Fischer

()
| -
=
'
Y
Ie
Q
-
h
&)
b
T




'Ijechnical failur
5./ NUN e

genieure GmbH Referent: Torsten Fischer November 24, 2009 38/41



Technical failure
case study 355

FOR RS 5T 355
» Gas holder roof collapsed:
fi = O] 15

The secondary digester was not
equipped with a safety device
TR AT A R

Starting operation without qualified
company

BEAT G I o F AT I8 AR

The digester was equipped with a
fracture disk

VA IR

Condensate tank < 70 mbar

R < 70 mbar

The biogas flare did not switch off
automatically

AR A 3 K

The vacuum device in the gas pipe
was not adjusted.

WAE E IR E AN

_Referent: Torsten Fischer November 24, 2009 39/41




case studie 401 Z@
e 23
KHIBTSL 401
-Problem: odor emission
] ARHEIK

-implementation of the horizontal tank as
primary digester

T A kb 2 e
-elongation of the retention time
A A5 B IR ]
-improvement of the mixing
HUCHETR S PR RE
9diﬂestate is better decomposed and less
smelling
DAY I R L, AR B D

—>mixing tank should be equipped with a
cover

> BEFIGEE Y. C 2% Tt

—>improvement of the storage tank
(elongation of the conducting pipe

S>E KM GERK T
—>installation of a biogas flare
> IR .
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