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Engineering of gas engines

SR EIHLLRE

A biogas engine consist from a lot of different pieces.
Examples are ranging from container with stack to cooling
water and exhaust gas heat exchangers to turbo charger.
And all is related to safety requirements. This
presentation tries to cover several technical items but can
not be complete as a gas engine is too complicated to be
completely discussed within 1,5 hours only.
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Krieg & Fischer Ingenieure GmbH Z@

ﬁgi%ggﬁ%ﬁ\’ I%EDE%‘ BE /1)‘\ El‘j Krieg & Fischer Ingenieure GmbH

Engineering Office, specialized in Design and Engineering
of Biogas Plants T f4b: T NFyH A TR At TR

Foundation: 1999 JYAZ A 1999 4F

Team: 18 ABN: 18 1~

Experience: > 20 Years #%U4. > 20 4

References: ca. 140 Biogas Plants 4. 140 ™M/ 1)

in: Germany, Japan, Netherlands, Austria, Switzerland,
Lithuania, Italy, Slovakia, Canada,
USA, Spain, France, Ireland 5
THREPER: FEE, HAS, 22, fr2z, SN
wE SR, E, PEEEE, EE, R
Partner: Japan, Korea, USA, Canada, Bulgaria, Bra
Turkey, Poland, Italy , Spain, Ireland, S
, BORA, PHHE, RIRZE, ZEIRYEN
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Krieg & Fischer Orders at this Moment 5@

; N  cieg & Fischer Ingerieure G
(April, 2010) A+ Harril & 2010-04 ) . .

' Germany, No
gjand und Canadad The Netherlan
Jnited Kingdom and Finland. dff}
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Torsten Fischer AR iHEA /K

* President of Krieg & Fischer Ingenieure GmbH 7@ B S53E& /R TFAT A v B3

- Founded by Andreas Krieg and Torsten Fischer in 1999
22 B U - s RS AT A AR - SRR A7 T 1999 4

* Education: Engineer for Shipbuilding Construction #7. i

* Experience in the field of biogas since 1992 1 1992 4£ I 4 My Al (1) 145

- Special fields: - waste management and municipal engineering
- safety aspects of biogas plants

LK RPEBESWECLR: WAL Rgamn s
* Lecturer at the University of Hoxter and Giel3en i v irr il 2 K24 JHi

* Accreditation of the Chamber of Engineers of Germany as
Expert Witness in the field of biogas #EhHESiEKNExRS5#HE

I 2 I VP B
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Service offerings of Krieg & Fischer i@
in the field of Biogas

VB AT IR 45 7=

- Studies 77

* Concept Development #it&HA

* Calculations il%7

* Permits & Approvals VF 1] iF 5 Ak

* Engineering T %

* Tendering and Commissioning #1455 i1
 Construction ik

« Start-up izl

* Optimization/Retrofits {/i.{t. / Bigid

» Supervision and Consulting £ 55 %14)

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fisch_




N

References — Examples 2% - 7/l

v

Central Biogas Plant

FRES

Potato Residue Digestion

ORI MR

Energy Cro Biogas Plant
BEVEVEE ST

Energy Crops with Cattle Manure
G-I REVRAEY)

Kitchen Waste Digestion
J& bR 4k

'Biowaste Digestion

EX7/)5 iRy
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Werlte,
Germany

T, F37R%y

Krieg & Fischer Ingenieure GmbH

Krieg & Fischer Ingenieure GmbH

Built: 2002 . 2002 4

Input: i A :
manure CEJE) 90,000 m?3/e
fats Qi) 20,000 m3/a

Digester 2 x 3,200 m? steel

B tanks kit: 2 x 3,200 m® 4

Ui
CHP: 2 x 1,3 kW, gas engin

RO T 2 x 1,3kW, AR R EhE

Gasholder above secondar
digester, heat usage
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Im Brahm, Germany

Built: 2005 #:i%: 2005

Input: kitchen waste,
pig manure, horse
dung
WioN: B bk, Rk,
BE
Digester: 1,205 m?
concrete tank
HAL: 1,205 m? R
gt 1 i
CHP: 2 x 190 kW, gas
engine
PRI~ 2x 190 kW,
AR BN
Mesophilic process
engineering with
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Combined Heat and Power Plant  FuHi ey~ 1) g@

* Introduction CHP il = /4
- Safety 4t
 Container / Building %% / #44)
* Pretreatment of biogas / Exhaust gas emission /< AL # / &< HE
L4
 Special parts }F7k >
— Blower AL
— air input output 7= 4 A\ Fi
— lubrication oil tanks J1E% h4A
— heat utilization #AEF] ]
— Control %7l
- Noise emission %
« Start-up i3l
* Maintenance, spare parts, maintenance contract 4ifs, &f0F, 4540
* Mode of operation A/ 45 ={

e B O e
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Introduction CHP  Hvri i 1] 414 Z@
Combined Heat and Power plant

Biogas IQ

' ©
™ Gasometer Heat exchanger
Digester
@} Heot
Gas flare consumer
| ®
Biomass
S Electrical
(>) Raw fertilizer energy

R for agricultural use
Hygenization | 9

O,
\ Primary pit /

Krieg & Fischer Ingenieure GmbH




Introduction CHP LI T0) /2
Combined heat and power plant

T exhaust gas

SRR
# 1
gas detector
PRI 2%
exhaust gas silencer silencer used
Stack | P air 2 7
1 | table cooler
l_l Ll ‘ / e T B = Zlfl\lt‘/?\jﬁ‘ﬂ%%
LL| ‘ / i [ | 1
ﬁm / 7 1 il LB
e e Rl I
| gas train i
- i =" RIR AN = l mraocz)hr::e | electric control cabinets
- == i LA AR
ﬁ o461 -
flap  airinlet it [rrmr - —— 11 ey 1
jalousie K[ [ ] MDD A HEL oil
B = I station
engine and I
silencer air gegnerator Battery
admission - ) FH
HE RENHLTE AL
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Introduction CHP® VR [ )
Combined heat anc *
haust gas » .
Ej %/;?us " ; | - n‘ f(\‘ E ~——
% = -

gas ‘ S
detector

stack | ¢

M 4

ey [F [ Ll eeeT il
—» gastrain X machine

< i R | room ¥ | electric control cabinets
I &3 21 42 o 2
flap air inlet iJF I : . —
jalousie AL I L0 1 ﬂﬂ@@@@@]@f ..-.n ; oil
ELIRG ol L) station
. . engine and Battery it
sﬂen_cer alr‘ generator & ZHLF
admission i % b
SRR
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Combined Heat and Power Plant  HUHLEG ™ ) Z@
* Introduction CHP e IBE = A4

- Safety 4
* Container / Building %% / #2504
* Pretreatment of biogas / Exhaust gas emission <AL FE [ [k HEL
« Special parts kS
— Blower XL
— air input output =< fi A\
— lubrication oil tanks V#7146
— heat utilization #AEF
— Control #1f
 Noise emission %
« Start-up /12l
* Maintenance, spare parts, maintenance contract 4:1%, &1, 4i&4
7]
* Mode of operation  # 1 #5 ={

- Different types of CHP /[ 2 78 {1 b i e
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Safety I

Biogas VA {1«
Typical composition of
bhiogas
Compound Chem
Methane CHy; 50-75
Carbon dioxide | CO- |25-50
Nitrogen N> 010
Hydrogen Hx |01

Hydrogen sulfide| H:S§ (0-3

Oxygen 0. [0-2
Density biogas #~#/% (60% CH,, 40 % CO,): 1,18 kg/m?
Density methane Hili)s : 0,72 kg/m?
Density carbon dioxide —4ifbia)s 1,98 kb/m?
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Gas warning system (/A 4E R 5¢

N7 d %

—, == [ —
#7 [ /
Heating =~ I, I,

tr
)

Heat extradtjon
~ 1 400———=
gas || -Tﬁ- }
COM X EEs0r - 7 M- L

1 — o

| =

}t‘; -
?l V I!

Gas detector “{AK I 25
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Safety Lower and Upper Explosive Limit Z@

et ENERER IR

T
RICH

T

LEAM

100% GAS
0% AlR

LLE.L

L.E.L.

0% GAS
100% AlR

Krieg & Fischer Ingenieure GmbH

Krieg & Fischer Ingenieure GmbH

Explosive limits give the proportion of
combustible gases in a mixture,
between which limits this mixture is
flammable.

BEIEM R 25 th 1 TR SR VR 5 EE A
, BN VRS A Y

LEL - Lower explosive limit
JBYETMR  4,4-5Vol% CH,

UEL - Upper explosive limit
BYE LR 15-17 Vol% CH4



Safety 4=k ﬂ@

Lower and Upper Explosive Limit | N E 1A

055,25 %1 0100

Explosion area: 15/ [X 1.
\ Exceeding of 11,6 Vol% oxygen
70

And between 4,4 Vol% methane (100% LEL) and

60 6@ 16,5 Vol% methane (100% UEL)
o & R 11.6% TR 4.4%-16.5% 2

2
o
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y
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5 , *
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90 — N0
10 " \E\ \ i methane % \ 0

0 /10 20 30 40 50 60 70 80 90 100

Methan [% | emm— source: after Tabarasan /

Explosionsbereich Rettenberger — UBA
Forschungsbericht 12/1982, Nr.
1030227 Teil 1




Safety Z@

Gas warning system 24t U4 E 25t

1. Leakage of biogas A<l &&

2. 20% LEL reached:
I8 B EEIE F AR 20%
—> optic and acoustic warning
AN A S
= 100% ventilation 100% i Jx{

COMmpressor

3. 40% LEL reached:

IS B EVE TR 40%

- optic and acoustic warning
T2 R A 2

- 100% ventilation 100% i )X

- automatic switch off of the

CHP a3t = 2 4:
- automatic closure of the

Source: Sicherheitsregeln fur Biogasanlagen blogas plpe H 3ok M AR T8
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Safety 4> Z@
Gas warning system {4 R 4¢

Krieg & Fischer Ingenieure GmbH




Safety 4>
Gas warning system A EAR R4;

s #= Manual and automatic valves in the
p— biogas pipe

Krieg & Fischer Ingenieure GmbH S
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Combined Heat and Power Plant

| s
Introduction CHP  Fl Hui = (1 i £

Safety 4>

Container / Building 348 | 835

Pretreatment of biogas / Exhaust gas emission =47/ filab [ k4
i

Special parts k)

— Blower XL

— air input output R B AR S Y

— lubrication oil tanks i ¥ i1 i

— heat utilization 1 F] ]

— Control il

Noise emission M %75 4

Start-up )i 7]

Maintenance, spare parts, maintenance contract 4E4", Fiff, Fl4Ed
& [A)

Mode of operation /- 15

Different types of CHP  Hi UL = 1) A [] 25 7Y
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Container / Building #2224 / #3471

* Installation in a building ¥ & /24504
Installation is done on site in a building. & '& &) J5kb

e |Installation in a container ¢ & (EAEEE5E Y

The pre installed container will be delivered.

PUF AR iz H

Krieg & Fischer Ingenieure GmbH Speaker: Torsten F_



CHP in a container LR~ 4&14k

Krieg & Fischer Ingenieure GmbH



=

CHP in a container U~ A4k

m ';;:,—:’ |n| i 'HT

vll i u[l T NN
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Krieg & Fischer Ingenieure GmbH

CHP in a building Eﬂ/\i_ RPN TR ARG Z@
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CHP in a building 7 />4 V\]EI’JEBME?%# Z@

Krieg & Fischer Ingenieure GmbH
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CHP in a building 7> &L 50 P 1 HL ARG Z@

Krieg & Fischer Ingenieure GmbH
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Combined Heat and Power Plant

' X PR ]
Introduction CHP  HLFHIES ™ (1) fi] /1 Krieg & Fischer Ingenieure GmbH

Safety 44>

Container / Building 35 | 83

Pretreatment of biogas / Exhaust gas emission /47" Filab B / < HEIX
Special parts Rk )

Blower &% JXUHL

air input output R 4 A 4 L
lubrication oil tanks 15 i1
heat utilization #4417 ]

Control %1

Noise emission %75

Start-up Ji1%/)

Maintenance, spare parts, maintenance contract 4i4", Fiff, F4Ey 5[]
Mode of operation 545 5 =

Different types of CHP  Hi Hh i 1) AN [i] 2 7Y
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Pretreatment / Exhaust gas emission Z@
WAL ER 1 B S HEIR

Utilization in a CHP: o #2114 1 H
Protection of engine and reduction of emissions
R BIHLI OR3P AR A ) 92D

* Biological desulfurization “E4/lifi

* Activated carbon filter (chemical contaminations as
hydogen sulfide, siloxane)

R ESS O AL E A SA L A s 4
« Dewatering, cooling fIit 7K A4t
* Catalyst (formaldehyde) ff:1L5]  CHIEE -

Link TA-Luft (english version):

http://www.bmu.de/files/pdfs/allgemein/application/pdf/taluft_engl.pdf
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Pretreatment /Exhaust gas emission
Desulfurization TiANEE / P HEC I

Biological desulfurization in the digester A7 A= 47) it il
A small amount of air is blown into the digester /b (AR A J iz

Biological desulfurization outside the digester & /¥ 6 78 =4 i fii
Chemical desulfurization in the digester 7 [P 4k 2% i i
Chemical desulfurization outside the digester % [#% 4 Mb 2 i i




Pretreatment / Exhaust gas emission Z@
AL BE [ PR HEK

Hotteln

..r-i’_;-"";“éf,'-'"‘ "‘;‘&*3. o \
Activated carbon filter
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Pretreatment / Exhaust gas emission

TALEE 1 PRSI

exhaust gas
N g

]::;,
AR
gas
detector
exhaust gas silencer silencer used
stack | ¢ exhaust air air
table cooler
I 7& f A
‘ N =
[ A zﬁﬁ/ \\f;
| “:':ﬂ“ I —
machine - , .
i} 7 room elec!tJrlllc::.I cbcl)ntrol cab.lr:e-t.s.
Saieaieaiearaniiina o | AR | I RN N H N
flap air inle I , 7 ey i
jalousie .= L 1 ﬂﬂmm@@@m/ i oil
T ) station
] / ] Iengine and
silencer air generator

admission
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Pretreatment of biogas =47/ [ Tl &k Bt
Demands of the engine < a1 2K

Heizwert Hu >4 [kKWh/m?® ]
Heizwertschwankungen <1%/10 sec

Methangehalt (CH,) > 40 [Vol.%]

Methanzahl >70- 80, in Abhangigkeit vom Motorentyp
Methanzahlschwankung <1%/10 sec

Schwefelgehalt, gesamt (S) <2200 [mg/m® ]
Schwefelwasserstoff — Gehalt (H,S) <0,15 [Vol.%]

Chlorgehalt, gesamt (Cl) <100 [mg/m?®  CH,]
Fluorgehalt, gesamt (F) <50 [mg/m® , CH,]
Summe Chlor und Fluor (Cl + F) <100 [mg/m®  CH,]
Ammoniak (NH,) <30 [mg/m*®  CH,]
Siliziumgehalt (Si) <10 [mg/m*®  CH,]
Staub (3 —10 ym) <10 [mg/m®  CH,]
Oldampfe (> C5) <40 [mg/m®  CH,]
relative Feuchte (¢) <90 [%]

Kondensat Kondensation im Ansaugtrakt ist auszuschliel3en
Gastemperatur 10 -50 [°C]

Gasdruck, am Eintritt Gasregelstrecke 50 - 100 [mbar](Flief3druck)
zul. Gasdruckschwankung < +/- 10 % des Einstellwertes,

bei einer Schwankungsfrequenz <1 mbar/ 10 sec

Abweichende Betriebsbedingungen sind nach Ricksprache und technischer Prifung moglich.
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Pretreatment of biogas =47/ 11 74 1 Z@
Biogas quality ZE4) it

Example for required biogas quality from a
supplier (MWM) A2 g5 S L1 A2 = A EA

— Pressureless gas at interface 1 X<k )1 Mk

— Methane content: F i & & 57%,
— Biogas flow rate: ik /i 830 Nm?3h

— Biogas temperature at interface: max. %[ /A% 40° C
— Gas humidity: /%5 100%

— Average hydrogen sulfide ~F#Jfiifb 2075 A w
During start up operation peaks till iz % .2 2,000 ppm;
<50 h

— Maximum oxygen content: iz K4/ 5= 2%
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Krieg & Fischer Ingenieure GmbH

Biogas is in the digester
saturated with water
vapor

THASAE K 2SR 5 At

5

ooling down to ambient temperature i

the storage tank and in the gas pipe .
I AFRERTV M T e J 3 %R
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jas emission 7 (1]

37/87

Speaker: Torsten Fischer

Krieg & Fischer Ingenieure GmbH May 15, 2010



Pretreatment / Exhaust gas emission

Demand on Exhaust gas emission

TRALHE | RS HE

X PR AR ) i K

Krieg & Fischer Ingenieure GmbH

GE imagination at work

Emissions-Grenzwerte (Erdgas)

Emissions-Grenzwerte (§iogas)

Land [mg/NmJ-] tr. Abgas @ 5%02 [mgINmS-] tr. Abgas @%02
NOx CO NMHC HCHO Staub NOx CO NMHC HCHO
Rustria 250 (150) 200 150 (50) 400 (500) 650 (400) 150
Belgiem - (Flandern) (n,/30)*2600 1300
Danemark 550 500 (10) 550
Finnland 467
FFrankraich 350 650 150 50 525 1200
Peutschland 500 300 60 20 500 1000(650) 60(40)
lnaarn \ a\[\ Ra\
talien 450 450 300 150
Uapan 310/470 500
Niederlande 438 438
Portugal 3077 1219
Spanien 500 950
Schweiz 250(50) 325 400 650
UK (n,/40)*267 550 1400
USA ca. 250 ca. 1200 150 ca. 250 ca. 1200 150

Krieg & Fischer Ingenieure GmbH

Speaker: Torsten Fischer




Pretreatment / Exhaust gas emission Z@
WAL 1 IR =

Lean burn engine

(L ES SRy &)

__stochiometrischer Motor

high

CO, C H,, exhaust gas concentration %

s
) low

NO

/

0,9 1,0 1.:.1 1.:.2 1;3 1I,4 1.:.5 1,'.6 1;? 1:3
Lambda [ ]
Dependancy of the emissions on the lambda value (Herdin 2002)

7F lambda B8 H A ARHE R A e ¢ Herdin 2002 )
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Pretreatment /Exhaust gas emission
Exhaust gas treatment Z@

TIALFR | RS HE
J&AS AL HE

* Oxidation catalytic converter
for reduction of formaldehyde
FH T3 P e 25 5 ) SEL A R A0 TR i

—>precondition: biogas has to be free of sulfur

Reaction chamber

WA WARER e

* Exhaust treatment system

RAAMERGE n
N’
Exhoust gos Chimney
. >
Switching unit Purified exhaust gas




Pretreatment /Exhaust gas emission
Exhaust gas treatment

AL BE 1 TR
JRAAEHE

Catalyst
fiEAL T
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Exhaust gas emission % {Fi
Technical instruction on Air Quality Control
ST AR RPN A TR S

same engine
different height
- of stack

| [ R BIHUA R

5.5.2  Discharge through Stacks

Stacks shall have a minimum height of 10 m above ground level and project 3 m, as

a nummum, above the nidge of the roof. In case of a roof with a slope of less than

Link TA-Luft (english version):
http://www.bmu.de/files/pdfs/allgemein/application/pdf/taluft_engl.pdf

Krieg & Fischer Ingenieure GmbH




Exhaust gas emission [k
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Combined Heat and Power Plant #urnt= Z@
Introduction CHP  #A FH I 27 &

Safety 4=k
Container / Building %% / #3514
Pretreatment of biogas / Exhaust gas emission kb2 / < HE
Special parts REHRE 2
— Blower #{ X HL
— air input output =< fi A\
— lubrication oil tanks J#7 Jil4f
— heat utilization #fEF] H
— Control #4fil
Noise emission %
Start-up Ji2))
Maintenance, spare parts, maintenance contract 4i1s. %15, 4451
Mode of operation /12
Different types of CHP  /~ [ii] & 70 [ A Hi J
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Special parts FFik 5y
Pressure difference (pd) blower Z@
Hs 1A IEIH‘JESEMM | \

|

Krieg & Fischer Ingenieure GmbH



Special parts ﬂ@

Blower, position FFikil 7. w XML, A7 &

holder roof < Ak I

vacuum device _jnt—F 1)
it g o
Secondary digester Blower CHP
:‘é Wz N .
S At SR e
Gas holder roof
vacuum device lq-—" 1
O =
Secondary digester blower CHP



Development of the flow pressure in a gas system with
pressureless gas holder

KRS RS RG FmE s s 5424k
Pressure
[ 77
[mbar]
= B
0 -¢1- \ § gg
\ L a3z
0 - = cﬁ
I 3 QF
= O &
‘ flow direction
» B 7 i
Digester CGravel  Gas Blower Fine filter CHP
WAk filter holdet 530, 1R =41 BU e %%j}igﬂéézﬂ
BRI JESS:  fi=E B

Source: Ch. Schnatmann, 2010, Vorstellung DWA M212 ,Technische Ausristung von Faulgasanlagen auf Klaranlagen®
In: DWA Veranstaltung Energietage
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Special parts
Blower kil oy s AL

Gas holder roof

SR TH * o

=

Krieg & Fischer Ingenieure GmbH

Blower

AL

Secondary digester @
A

Gas holder roof

SR T S U e |
Blower S
s AL S ||
Secondary digester o ﬁﬁﬁj
“ i =

Krieg & Fischer Ingenieure GmbH



Special parts
Blower, explosion protection 7k %4 Z@
gy XL, P |

15

Schalldimpf er

Fackel

Schallddmpfer

o BOOM!! ===
E:

Tizcrkihler
A

JT. 0

i
(E
%/

Altaltank

Frizchaltank




Special parts Z@

Air input output FFAES Sz AU A

* Supply with combustion air 255 141
« Cooling of the radiation of the engine % z#L %

- High ambient temperature may become a problem

Regarding DIN the lay out design of the table cooler base on a
temperature of 25° C .

ey PRI A S B T REFA — A~ 1], 22518 DIN A badte, @ H1ds
A JR v Ak T 25°C Rl

—> Standard rating of the engines:
altitude < 300-500 m

RENHLTF B PPY . 4k < 300-500m
- Starting system 0 — 60° C )12/ %%t 0-60°C
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Special parts
Air input output Z@
REIR 43 S S N
+40° C
ambient temperature
Spain MR AE, PHHEZ

b

The local conditions are most important for the lay out design of the engine!

i (1) 2 A L SR R S L AT Jmy e v i B 2 () A AR
In China: different lay out design in Harbin or Hainan

FEA ] AN[A] BAT SRy BT S 7RV B P
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Special parts

Air input output
RRRTS s 28 S S A i

exhaust gas
N g

]::;,
AR
gas
detector
exhaust gas silencer silencer used
stack | ¢ exhaust air air t
able cooler
L X ﬁ 7& r ;s
' | = \ B2
-‘ﬁﬂ 4(; =*%{ \EE
| :':ﬂ“ I _
machine - , .
i} 7 room elec!tJrlllc::.I cl::l)ntrol cab.lr:e-t.s.
1 1 lllll
flap air inle L - \:’ ® li ili
jalousie - [ e e e ! i’ oil
T 2 LT station
. / . Iengine and
silencer air generator

admission
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Special parts Z@

Air input output £ ) . 7£ Eﬁiﬁu]\ﬁﬂiﬁuﬁ

Hesting { ' ' 1. Suction of
supply air
2 esor (VAR NIIE T

2. SUCtion Heating {1
of air from the

container i
S 48 0 P [ 2 /ﬁ%’% S |
ik y w
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Special parts
Air input output fhﬁﬂi*fﬁ/

éply air
with air filter
A 2 e g A I R 23,

Krieg & Fischer Ingenieure GmbH



Special parts Z@

Lubrication oil tanks 52k JEHE AE

Innenbehaliar VET T00I
ii - . AG
5 G
I =l
H 7 g
\ ‘ A ,» Nl
- X L 1o = g =
Fackel N
Abluft Kihlaggregat gaswarmet auscher -
Vﬂ_\ ) ) ﬂ Ti ::x\[mler -
Tischkihler ’> '
[l I Innenbehélier VET 10001
1] - —
i I 1 .

=], = /—%'ﬂ:' N any

=
'ﬂ 3 Alfaltank Frizchattank 4 E,_
I K
- -
&t
—
o S

Matenal: PE-HD
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Special parts Z@

Lubrication oil tanks kB2 JETE WA

i
g AY
™ ® 2 o i : T
) : % : oil tanks
I =T Q1O j N E
s ol i LU TEM
| —————— S— 2 4 4 4
= —




Special parts Z@

Heat utilisation k7). AAaes H

* |ntercooler & 4%

-> heat has to be used or discharged in an
emergency Cooler Fiui iz fr A5 EuA K& A 4 R FH e i

* Exhaust gas heat exchanger i/ # #i
—> optional, if heat can be used ke, 5P T LRI ]

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fi_



Special parts
Heat utilisation 50364y : FEER]

Stormfisher Biogas J 420 GS-A81
Total reoverable thermal output =
[#8% tolerance +10% resenve for cooling requirement)
(consisting of lube oil, intercooler 1st stage, engine, and exhaust)
Engine jacket water cooling circuit (calculated with Glykol 50%)
165 KW 208 kKW Engine Jacket water flow rate
Lube Oil Intercooler Decoupling
1 KA g NA
max. 94°C l Hot water circuit (calculated without glycol)
.I. .I. 400 kW 0°¢c
78.3°C
74°C
Engine 80.2 °C 737 kKW Hot water flow rate
64.9 m3/h
max. 85°C max. 88 °C Exhaust
N !
-I_ 80 °C
78 kW l
Intercooler ° °
Low Temperature circuit (calculated with Glykol 50%) nd stage 180°C 470°C
fo- M N
Reoverable thermal output = 78 kW l
(+8% folerance +10% ressrve for cooling requirement)
Cooling water flow rate =| 20.0 m3/h 55°C 58.9°C
max. 80 °C
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Special parts Z@

Heat utilisation Fik5r: FAREA]H]

omestic or industrial heating purposes

R BE B MY BB
heat distribution grid

A )L A
ater heating /K #4
team production 25774

ir conditioning, cold
production with heat

U, K

rying (wood, wood-
Chip@ieQEFEche) Ingenieure GmbH




Special parts Z@

Heat utlllsatlon CFT%QA%J\ H 1

[ puenoes
Y ==
lllll
=T 7]

—_
-
—

\% Heat storage tank it /74



Special parts Z@
\ T

Control  FpikiEh s 44l

switch cabinet &40

Krieg & Fischer Ingenieure GmbH



Combined Heat and Power Plant HHi = 1) g@

Introduction CHP  HuH1 B /£
Safety 4=k

Container / Building %% / #:5%)

Pretreatment of biogas / Exhaust gas emission i iab P / &< ik
Special parts 57k 557

— Blower & X HL

— air input output &=/ [ F A\ Y

— lubrication oil tanks J#7 Jil4f

— heat utilization FHEF] T

— Control 51

Noise emission B

Start-up )i %))

Maintenance, spare parts, maintenance contract #i1z. %, 4ic4
7]

Mode of operation #4f: 1=

Different types of CHP A~ [i] 25 78 1t b i ¢
Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fis




=

Noise emission I FF i

» Stack A
* Emergency cooler (50414
* Air input output 2= A\

TA Larm (technical instruction on noise control)

The point of noise measurement is at the window of the nearest
building.

I PE B A BOARSE F: e (1 B e AE Bee A VU 3R 1) 7 ) Ak



Krieg & Fischer Ingenieure GmbH

Combined Heat and Power Plant g@

Krieg & Fischer Ingenieure GmbH

Introduction CHP #1124

Safety 4=k

Container / Building %% / ZE574)

Pretreatment of biogas / Exhaust gas emission 7/ AL H / &< FF i
Special parts k)

— Blower B

— airinput output /< 1 A

— lubrication oil tanks Ji# iHA4f

— heat utilization FHEF]

— Control 5l

Noise emission 7

Start-up 23}

I\I%aintenance, spare parts, maintenance contract 4i1&. &1F. 464
H
Mode of operation 545 5 =

Different types of CHP A~ [F] 25 7 (4] Ay i I



G-

Sta rt'u p )i|:_|[ ZEjJ Krieg & Fischer Ingenieure GmbH

Commissioning i
 Proof full electric power with 50% CH,
TS 50% 1500 N HLRER) 78 70 IR Uk
Proof full thermal power with 50% CH,
T e 50% 1H 0L N AREER 7870 18k
* Proof noise emission %t
* Proof exhaust gas emission & tHiiitir
* Commissioning regarding safety 247 it i it

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fis_



Combined Heat and Power Plant ﬂ@

. o
Introduction CHP W HL I = /2

Safety 4=k

Container / Building & / @414

Pretreatment of biogas / Exhaust gas emission 74/ filAbF / k< HEiX

Spemal parts ik
Blower & XL

— air input output 7 11 4 N\ i H

— lubrication oil tanks J#7F hi4d

— heat utilization FHEF] ]

— Control il

Noise emission 3%

Start-up i3l

Maintenance, spare parts, maintenance contract Z&. %4
i3 g

Mode of operation /5

Different types of CHP A~ [F] 25 70 [t A e ¢



=

CHP Maintenance U HLIEK )™ R4 4E1E

« Maintenance service 4i1&/Ili%%
 Spare parts, spare parts procurement 1, 244K
* Service contract 554 [



Pro2Z — maintenance plan for motorplants type 620

Desciption of activities lE1 | e2 | e3 | k1 | E5 [ E6 | E7

M a | n te n a n Ce 1. management by operator/client

Yisual check of the total plant (daily)

p I a n C H P Check display instruments {(daih

\ N Check vibrations (d aihy)
i){‘[‘ EE Hﬂ%‘ }LLA ?\ QJKLJ El’(j Check running noise (daihy)
I = Check reattachments (daily)

z& 1% i/+ jZ[J Check impermeahility (daity)

keep of the operating journal (if necessany)

Trouhle shooting after co-ordination with ProZ
(if necessany)

Messaoge to Pro2 after operation digurbance

(if necessany)

Message to pro2 after operational abnormalities
(if necessany)

Trangfer joumal to ProZ {if necessany)

Feceipt goods {oil, spare parts) {if necessany)
Check lube oil level and refill ail f neces-
sary(daily)

2 IC gas-engine

Yisual check of the total plant

X X X X X X X
Test an function run ¥ ¥ ¥ " ¥ ¥
Checking the lube oil level ¥ ¥ X ¥ " ¥ ¥
Checking the coolant level ¥ ¥ X ¥ " " "
Leak check on endine, lines and endine drain ¥ ¥ ¥ ¥ ¥ W W
Checking the engines for wibrations and running
nDiSES K }{ }{ K K K K
Externalvisual inspection ¥ ¥ X ¥ " ¥ ¥
Checking the vake clearance ¥ ¥ ¥ " " "
Checking the starter hattery X ¥ ¥ X ¥ ¥
Checking the spark plugs ¥ ¥ ¥ ¥ ¥
Checking the engine venting feature X " "
Changing the lube oil fiter " ¥ ¥
Checking and record operational data and per-
formance characteristics X X X X X X
Replacing the air filter inserts, cleaning the air fitter
housing X X X
Checking ignition timing " " "
Checking the governar ¥ ¥ X ¥ ¥

Krieg & Fischer Ingenieure GmbH : :
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Froz — maintenance plan for motorplants type 620

Desciption of advities E1 [ EZ2 | EF | E4 | E5 | E6 | EY

1. management by operator/client

Wisual check of the total plant {daily)

Check display instruments (daihy)

Check vibrations (daily)

Check running noise (daily)

isheck reattachiments {daily)

Check impermeahility (daiby)

keep of the aperating journal {if necessany)

Trouble shoaoting after co-ardination with Fro2

{if hecessany)

Message to Pro2 after operation disurbance

{if hecessany)

Message to pro? after operational abnormalities
{if hecessany)

Transfer joumal to ProZ {if necessany)

Feceint goods (oil, spare parts) (if necessany)

Check lube ail level and refill ail if neces-
sary Iidally)

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fischer May 15, _



2. IC yas-engine E1 | E2 | e3 | ea | E5 | E6 | E7
Yisual check of the total plant W W W W W ¥ X
Test an function run W X ¥ ® X X
Checking the ube il level W W ¥ X ¥ X X
Checking the coolant level W ¥ ¥ ¥ M X X
Leak check on endine, lines and endine drain W y W ¥ W W W
Checking the endines for wibrations and running

foises o o X o M o X
External visual inspection W ® Yy X o X X
Checking the valke clearance W ¥ W W W W
Checking the darter battery ® W W W W W
Checking the spark plugs ¥ » W W W
Checking the engine venting feature W W W
Changing the [ube oil fiter W X ¥ X X
Checking and record operational data and per-

formance characteristics X X " * * ® X
Feplacing the air filter inserts, cleaning the air fiter

hiosing X X R
Checking ignition timing W W W
Checking the governor ¥ ¥ X X X
[ferviceplan G20__ 0609 15_G B.do: Seite 1.0 Stand: September 2006
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Krieg & Fischer Inge

Desciption of activities

E1 | E2 | E3 | E4 | ES | E6 | EV

Checking crank case pressure

Checking, cleaning and adjusting gas-mixer-
aystem

4
x
x

Checking the pick up gonition, rpm, electronic core
troler)

Checking the engine maount

/F
Fischer Ingenieure GmbH

Checking the garter and ring gear

Checking, cleaning the coolant and exhaust gas
heat exchangers

Replacing eylindetieads

B = = o o I -
B = = o o I -

Cleaning the combustion compartments, checking
the cylinder liners

S I = =

Replacing oylinder liners

Checking and cleaning the coolant controler

=

Replacing the coalant hoses and pipe cannectors

Cleanning the lube oil cooler

Checking and  leaning the intercooler

Checking and cleaning the cooling purmp

Checking the vake mechanism

Replacing the conn. rad bearings,

Pleuelbuchsen prifen, gof. erneuern replacing if
Necessary

Checking fitings and regulators

Replacing pidons

Replacing pigton rings

o b e R o o o e o e o o e

Checking the endine alinnment andcoupling

mMeasuring the crankshaft

Replacing the main hearing

Replacing the crankshaft sealing ings

Checking and cleaning geatrain and contral sys-
tem

Checking carmshaft, replacing if necessany

Replacing carmshatt bearing

Replacing lubeail pump

Cleaning, checking the oil pressure holding valve

o b e e o o e o o o e e o o e e o o e e o e o

Checking an cleaning the turbocharger

Regard manufacturers operating
Instructions, regard documentation,

Serviceplan G20__ 0609 15_G B.doc Seite 23



Desciption of activities E1 | EZ2Z | EJ3 | E4 | ES | EG | E7
Checking crank case pressure W y y W W
Checking, cleaning and adjusting gas-mixer-

Checking the pick up donition, rpm, electronic core

troler) A X X
Checking the engine rmount W W W
Checking the sarter and ring gear y W W
Checking, cleaning the coolant and exhaust gas

heat exchangers X X X
Feplacing cylindetheads y W W
Cleaning the combustion compartments, checking

the cylinder liners X

Feplacing cylinder liners W W
Checking and cleaning the coolant controler 2 W W
Feplacing the coolant hoses and pipe connectars W W W
Cleanning the lube il cooler ¥ ¥
Checking and  leaning the intercooler W W
Checking and cleaning the cooling purmip W W
Checking the vale mechanism W W

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fischer May 15, _



E1 | E2 | E3 | E4 | E5

Feplacing the conn. rod bearings,

Fleuelbuchsen prifen, gof. erneuern replacing if
NEeCESSAny

Checking fitings and regulators

Feplacing pidtons

Feplacing piston rings

x |x (x| x [x|5

Checking the engine alignment andcoupling

Measuring the crankshaft

Feplacing the main bearing

Feplacing the crankshaft sealing rngs

Checking and cleaning geartrain and caontrol sys-
tern

Checking camshatt, replacing if necessany

Feplacing carmshatt bearing

Feplacing lubeail pumig

e ol S b S e e o e S e e o e o e o e o e o S :H:TJ

Cleaning, checking the oil pressure holding walve

Checking an cleaning the turbocharger Hegard manufacturers operating
Instruction s, regard documentation,

Senviceplan 620 OG0915 G B.doc Saite 20 Stand: §eptember 2 006 -



Desciption of activities lE1|e2]e3 | es [E5|E6 | E7

3 Generator W,
Check cable conetions | | | | " | " | "
Lubrication of the generator hearings Regard manufacturers operating [

_ _ Instructions, regard documentation

Adjust Cos-Phi-Regelung controler " % Fischer Ingenieure GmbH
Adjustvoltage controler ¥ ¥

4. Gasleitungssystem

Caorrplete leak check o, X

Adjust gas-mixer-system X X

Adjust zero-pressure-controller " ¥

Check the shut-off valves " %
Changing gasfilter ¥ ¥ ¥

Check gaspressure-monitoring o, X

Clean deflagration- protection-gy sterm ¥ %

: . ) i

Intervals Maintenance stages Execution

atiafter

20 Oh (operating bours) |E1 [ After commissioningand ES E6 EY Authorized trained stuff
Dzl y E2 |Daily check routine Cperator

1,500 Oh E3  |Inspection Authorzed trained suff

3,000 Oh Ed4 |Extendedingection Authorzed trained uff
12,000 Ok E5S  |Intemmediate overhaul Authorzed trained uff

24 000 Ok EE |Extended intenn ediste owverhaul Autharized trained suff

45 000 Ok E¥ |Major overhaul Authorized trained stuff

iz of ) )

Approx, 50 working hours after first commissioning resp. recommissioning

zary. Subseguerntly the oil have be to changed at the given interval.

an oil change iz neces-

The ogiven periods are average values for normal operating conditions and approved mainte
nance. These are standard values without guarantee commitment s |7 there are stronger condi
tions it can be necessary that the maintenance interwal mug be shaorter. Stronoer conditions are
caused by frequently starts long working hours at [ow power level, extremely fast and fre
puently [oad aternation and fregquenthy work with ovedoad and bad gas quality.

Under spedal condition s (part load operation) the maintenance interval can be longer.

Krieg & Fischer Ing

_— o m e e _

- e

w2 o g

B



Krieg & Fischer Ingenieure GmbH

Desciption of activities

E1 | E2 | E3

E4

E5

E6 | EV

3. Generator

Check cable conetions

Lubrication of the generatar hearings

Regard manufacturers operating
Instnictions, regard documentation

Adjust Cos-Phi-Regelung contraler

x

Adjust voltage controler

3

4. Gasleftungssystem

Complete leak check

Adjust gas-mixer-system

Adjust zero-pressure-controller

Check the shut-off valves

Zhandging gasfilter

Check gas-pressure-manitoring

Clean deflagration-protection-sy stem

6 (e (e (e (e [ [

2| |2 | [ |2 |2

Krieg & Fischer Ingenieure GmbH

Speaker:

Torsten Fischer




I tion Wit A
Intervals Maintenance stages Execution
at’after

=l Ok foperating hours) |E1 | After commissioning and ES EE EV A thorzed trained suff

D aily EZ [Daily chedk routine Dpe retor

1,500 Ok Ea |Inzpection Athorzed trained stuff

3,000 Ok E4 |Exendedinspection A thorzed trained suff

12,000 Oh ESs |Intemmediate overhaul A thotized trained suff

24 000 Oh EE _|Extended intenn ediste overhaul A thotized trained stuff

45 000 Oh EY [Major overhaul Athorzed trained stuff

Details of the Maint lan

Anprox, S0 working hours atter first commissioning resp. recomimissioning

zary. subsequertly the oil hawe be to changed at the given irterval.

an ail change iz neces-

The given periods are average values for normal operating conditions and approved mainte
nance. These are standard values without guarantee commitments. 1f there are stronger condi
tions it can be necessary that the maintenance intereal o be shorter. Stronger conditions are
caused by frequently stats long working hours at low power level extrermely fast and fre
guently load atternation and frequentty work with owedoad and bad gas gualiy.

Under spedal condition s (part Ioad operation) the maintenance interval can be longer.

Serviceplan G20__ 0609 15_G B.doc
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Maintenance
General maintenance 415 —fE4is

Oil change 4t
periodically analysis of the oil (pH-value, sulfur)
E A HT CpH . S &)
The interval of oil change depends on
—> the concentration of sulfur in the gas / ol
—> the buffer capacity of the inserted oil

- others
oty 1] B8 B TR Y T
FEAAR T S BRI ;
PN EL Y 1 22 g
HoAth

Every operator has to determine the necessary interval of oil
change of his engine by himself!

BN ERAEE 2 H ke H 2 A DT I A S5 i 11 8] g I Ta !
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Maintenance cylinder head Z@

1 engine (1 MW,)  “iz il i

.
mi |

_émpy
M

CHP
switched
off CHP
< ¢ 4] Arrival
service CHP
technician switched
on CHP

Cooling [:&g s E N P

1h 2h 3h 4h 5h 6h 7h 8h 9h | 10h | 11h | 12h | 13h | 14h | 15h




Maintenance cylinder head Z@

2 engines (500 kW, each) #&iin &

i

S

_émpy
o

CHP
switctfed _ Lossofbiogs |

off

Arrival

service

technician CHP
on

1h 2h 3h 4h 5h 6h 7h 8h 9h | 10h | 11h | 12h | 13h | 14h | 15h




Maintenance Z@

Turbo 4z in%e
CHP1
oval turbo s,
\ CHP 1E% T.{H
Prkr e turbo
arrival maintained
IMWM nEe PRI
Ut maintained
urpno t )
. arrival CHP Itr'] "
MWM operatio
3:00 | 6:00 | 9:00 |12:00|15:00|18:00|21:00(24:00| 3:00 | 6:00 | 9:00 |12:00 [15:00|18:00|21:00| 24:00




Combined Heat and Power Plant g@

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fis

Krieg & Fischer Ingenieure GmbH

Introduction CHP 4 H1 5 7= /- 4

Safety 41k

Container / Building %% / #:5%)

Pretreatment of biogas / Exhaust gas emission i/ Wikb ¥ / [
K

Special parts 7745

— Blower &AL

— air input output 7= 1) 5 A\

— lubrication oil tanks J#7 4

— heat utilization FHEF ]

— Control 5

Noise emission %

Start-up )3/

Maintenance, spare parts, maintenance contract 4i1s. &4, 4:&4

A
Mode of operation #H{EEI
Different types of CHP A [ri] 2 71 1) HAu Hi e




=

Mode of operation /5

* Stand alone operation

The gas engine is not connected to the electric grid
Uiz A
SRR BIHLA S i AR

* Parallel to grid operation
The electricity produced in cogeneration is fed to the
electric grid
5 WM IHTIZAT
PRI o A T LR v Y
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Combined Heat and Power Plant g@

« Introduction CHP Hu 1B =424

« Safety 4k
* Container / Building %% / #4%)
 Pretreatment of biogas / Exhaust gas emission 7/ TN H / /< HEiL
 Special parts k>
— Blower B
— airinput output /1% At
— lubrication oil tanks % W46
— heat utilization FHEF] ]
— Control 7l
*  Noise emission %
« Start-up /i3l
. I\%aintenance, spare parts, maintenance contract 4i1&. &{4. 4
H
* Mode of operation 4L

- Different types of CHP [R5 H i LB ™

o

W
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Different types of CHP A [f] 2 A f) Fh L Z@
o e & P geneure G

* Gas-otto-engine
(80% of all engines in Germany)
RIRT-1F - Kbl CHTEE A& BIHLE 80
* Dual fuel engine
(20%, < 350 kW)
SUREL R BIL (20%, < 350 kW)




Comparison
Gas-Otto engine — dual fuel engine
M AR - R - SUREREIAL A

Gas-Otto engine Duel fuel engine

btto engine V4= L sl diesel engine 227l

Possibility to be fueled by biogas or  Possibility to be fueled by heating oil / bio diesel
hatural gas only (-) (XTAERITTH el (+) or gas il fE R / A= Sl sl Ui
RIRA

No other fuel necessary (+) max. 10% heating oll
N T 1 e Rkl 2% modern engines)
hecessary (-) iy 25 K 10% [ UL

pverall efficiency higher pverall efficiency lower

PREAR R Ty HEZENNES(A

| ower electrical efficiency (<40%) Higher electrical efficiency (44%)
HACRAK ¢ (<40%) D HRCRE R ( 44% )

durability about 60.000 operating durability about 35.000 operating hours (-) ifi A
hours (+) fif ATEZ 6 J1 A~ TAE/NES M2y 3.5 J3A TAE/IM)

Bigger engines small engines
100 — 1000 kKW % K7 A s 4L < 250 KW /N EhHL

at least 45 % CH4 42/ 45% Wi ow gas quality is no problem
(AR A A )

Krieg & Fischer Ingenieure GmbH Speaker: Torsten Fischer _




International best practice
Middle-Large Scale Biogas-Plant-technology
Planning and Design |l

Design of CHP modules

Torsten Fischer and Dr Katharina Backes

Krieg & Fischer Ingenieure GmbH
Bertha-von-Suttner-Stral3e 9, D-37085 Gottingen, Germany
Tel.. ++49 551 900 363-0, Fax: ++49 551 900 363-29
Fischer@KriegFischer.de
www.KriegFischer.de

Beijing, May 15, 2010
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