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Introduction ... General /1 44...ffiA

The oil crisis in the 1970°es triggered interest in domestic
en%?qy resources, among other Biogas — -1/ 214 (CHY
A HIEPIEENNTFIEEF P GESR, B EFTHT

Interest has been reinforced by later concern regardin

global warming (CO, neutral energy) 2 7 X féfi‘%&“
(ECO,HEKFEST) HIALLNHE | 1X—F0E

And for biogas, further reinforced by concerns about ground

and surface water N pollution and a wish to utilize and

recycle natural nutrients (including recycling of organic
waste) T 1L AR KRR R R (40

A HIED) 7 sl — S Bl T H o0

As a result the Danish ministries of Energy, Environment and
Agriculture launched a development and demonstration

program for biogas in 1985 B, FIZEREIRHBES RN F
F1985FF 5] T T B H
Similar initiatives have been launched in other EU countries

as well 7 A & [F 5 10 5 L L7590 H



Introduction ... Why Biogas
I AR PR A

Sustainable and domestic energy production FJ 7 ZE 1) P4 5

Ae i

Reduced Green House Gas (GHC) emission [FAK 7T = ~{44
(GHC) HEJK

Recycling of nutrients (N, P, K etc.) [P AEUR} (U 45 )

Reduce pollution of groundwater and marine environment i,

D) HIL R KRR P B 1R v G

Limit import of commercial fertilizer #21H] F AL I ) 3E

Create rural activity and job opportunities G/t % & 2E = Hl T

TENLZ

Reduce odor nuisance of manure handling /> 255 AL £ 1)

FLR




Introduction ... Biogas in Denmark
A LIHAAESE R

In Denmark focus has been to demonstrate the ig/ootentlal of large manure

t}gsed Biogas plants: /73 i — B 7L B A ZHZE(E/R T/ 7 LU T 77 [T
« as suppliers of renewable energy £ A 4L BEJEFE)E

* as a method for better utilization of manure as fertilizer and for a more

flexible manure redistribution among farmers £ %7 & 2715 JH 25 (7 1E 2 i
ﬁ/ﬁ,@—f BRI 2 7B

The Danish programme has since led to the construction of approx. 20

centralized plants: /73571 6)/SC i LIREE % T 2720 BEEF (75T
* treating an annual amount of manure and other biomass of approx. 2.4 mill.
tonnes per year SELL FEZE(F e H At 7 P [ 29240 77 i

« producing biogas equivalent to approx. 65 mill. m3 of methane per year 4=
Va7 50077‘7% 12579757

Large centralized manure based biogas plants is a speciality of Denmark due
to: KHEFZ(VHT) BAERFH
. l%g?tégs:ve agricultural sector and high animal density &7 &\ F71E 574

e good energy mfra-sturcture (dlstrlct heatmg in many towns, extensive

BT RE T e AR O R



Introduction ... Biogas in Denmark
A LIRSS
Biogas Plants in Denmark FF=EHES]

e 22 Centralized manure based plants
22N Eh A BB SR
e Total treatment cap.: 2.4 mill. t BM/y
BEALHERE S 240 MY R/ E
e of wich manure: 2.0 mill. t /7 y)
HpZ@E2007 M/ 4
* BG prod. approx.: 95 mill. Nm3/y
BSEAERYA: 9500 /74
e Specific BG yield, all: 38 — 40 Nm3/t
BAESTER: 38~40 /M
Note: Only centralized large scale biogas plants A 7741/ A
T
incl. Maabjerg (running in phase) #//7Maabjera (/£

SWEDEN
B 4t

4

=1r)

In addition there are sewage sludge biogas

LinkoGas
Plant S)




Introduction ... Future perspective
N .. KR REE

The potential amount of manure in Denmark (approx. 30 mill. tonnes per
year) could support a large number of new plants, and a growth of this
sector is foreseen in the Danish governmental energ% planmng pollcy 75"

e e I i
LU PR e AT B 32 ST Ao Ao

Ultimately the vision is 5!0551[ energy free Denmark b %z/ 2050 with biogas

as one o f the elements I F)2050 FEAF , B
HOWEVER 142

Denmark is only a small country (~ 5 mill. people) with little quobal impact

FFERE— P E5E (25 7.7—/( ) , XEEZENR
China is so much laIr ger, with a significant biogas potential 1 72~

Kz, masrmwyet

Today is an important day for our common globalized future S~ XX 7
172 B A I T AT
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General O&M Philosophy — Mz {7 4E 5 Hi&x

The core of a Biogas Plant is a biological process 77T/ 1% /124 YT 72

Although the plant contain technical equipment and systems, it should in
many respects better be viewed as a living organism X & 75T/ N E 1RZE %
HEHRL, ALERETE, EHENZHEFIEEE N LYK

Living organisms depend on vital “life support systems” to function correctly

and continuously J5F 1) EYENIE “EmRIERA " FKIE FHELERIE

A Biogas Plant is NOT like a machine, which can be turned on and off /5 “T/
PRI, AT LIBER TR

To strive and perform optimal, “life support systems” must work at all times,
and “living conditions” shall be kept stable and in harmony with process

requirements 2y J A 1ZELF, “HEmRERL T WA —H LIE, “4E
I BRIFIEHN G L ZER O —2.
Proper biogas O&M is all about stability and harmony, well in line with old

Chinese Confucianism principles. & 1& & 1T 412 E5 2K T &AL,
GSEZHIFE o B —2.
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General O&M Philosophy — Mz {7 4E 5 Hi&x

lee Ilwng organisms, Biogas Plants have individual character 5154 v
T/ HEHSHIME

The biomass mput is never completely identical, and the mlxture

micro-organisms are different as a result BREE M T2 e —HE,
il e

Ona techmcal level plants are also different, adapted to local conditions

and evolving over time 7<) LN /ZEH L EFA—FF, BES5H5AEA]
Zﬁﬁf/ﬂ NﬁﬁT /i

General good practise O&M procedures can be defmed but also a
“feeling” for the individual plants requirements is needed by the O&M

staff. —BER L RELNETTHP B, XA R,
FEEITRPA T T

Methanosarcina '.
Vegger plant

«—

Methanosaeta ESSSEES
Grindsted plant RS
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Plant examples from Denmark F} 22 7373) 7~

LinkoGas Plant — Established 1990/91 and continuously evolvmg/expanded

LinkoGas JHS) , @711990/91, 2 Ja AWy %k




LinkoGas Main data
LinkoGas ) 3= 5

Built &1 : 1990/91

Owned by 45 farmers as a cooperative

45 AR AL R A AR

Biomass processing4b I /|- 4) i 300.000ton/year

Biogas production/= " EVHA, 10 mill. Nm3/year

Fermentor capacity /< [ 54 F 14.600 m3

Process temperature /2 [ L 52°C
~_(Thermophilic r=siit)

Gas storage capacityfiti “{ i 25 FH : 5000 m3

Utilization of Biogasid < Hi& CHP-generation

Electricity production & L& 20 mill. kwh /

year + heat



More plant examples from Denmark

V)

LEMVIG BIOGAS PLANT (1991/92)
LEMVIGHSX) (1991/92)

THORS@Z BIOGAS PLANT (1993/94)
THORS@ W) (1993/94)

All with similar elements — but individual character

AR AL B, (HAR AT R

All plants “still going strong” and continuously evolving

i “ABATIREE 7 AWk
Significant exchange of operational experience

between plants O&M staff (publications, statistics,
seminars etc.)

BLAABJERG BIOGAS PLANT (1995/96)

ﬁfﬁ’j NN , Q/Ej:}jkmz,lmj(%ﬁflﬁ% QX BLAABJERG #A/ (1995/96)



Flow-diagram for Linkogas Amba
Linkogas Amba Vi FE &

X 2,400m3 % 1

5,000m3 % i i

filkd

e ilib

5,000m3 74 S HE

2. 400m3 X e

Engines and Boiler
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hydrolysis pool &P anaerabic digester posterior shurry

fermentation tank

ote : Many similarities => Similar “good practise” O&M guide lines
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General O&M principles— 24T 4E3 [ 1)

AL

Gas treatment CHP A HLI™ 2 2 o
as engine(s) Wi
gaseng CEZ )
Electricity to grid
O I (mainincome)
] Internal heat External heat usage
Mixing & ; | (saving) (extraincome)
pre-storage R ] AR (R
IO 0N
Pump
Biofertilizer
| =No | —> (potential
- extra income)
Blomass Macerator echIZz:\t er Digester(s) e ex;(:l?]t er Biomass
transport in g g e %%g transport out
A=Wy s WERTAE U HERIEE ks R o After storage A=) s

Je A

Principal diagram showing vital biogas plant production steps 1= £ i fe K i
AN TR BT R

It is a chain of steps, where each link can spoil production />0 B8 ¥4 il —~
HE, B DEAE R REI AR AT

All systems need to be cared for to maintain a stable and optimal production
B RGBT B IR TR AR E M FE I A RS




General O&M principles— 24T 4E3 [ 1)

Chaotic and unplanned O&M )
= | | . PERE TN IR
S8 T RLMBARIEE T 4 Decline
i3
kY g Break-down ®
Fluctuating HHIA‘ ‘ A
and sub-optimal "’%'Kﬁl'ﬂwg " Prolonged
roduction on
! ropair vyt 8
Rk time '
Controlled and planned O&M
Controlledzp 4 i 23 21| - 2
A0 4 top (IR EEAL C
Stable and / ™~ Fast recovery
optimal production Ear.ly Short TG
Fasg Mt kB =ik A decline  repair
detection  time
PERTRIE PRI )R B.
i R e
[

lllustration of value of controlled operation and pro-active planned
maintenance X & AP A TR 4R TAERI OB

Disturbances are minimized, resulting in more efficient production and better
economy (and less panic) T Hi# /DM, @ATELEE AT R0CR, RAELTHE
Hhr CEADETD

BUT : It may not be easy | {H: XIFAE S



General O&M principles ... Design interaction
—RABAT4ER IR ... 5 TSR

BARIR
Equipment
protection

instrumentation

Complete replacement
pump on stock

JEAT ] R

Pue @ TS
NO NO
H [> —@——N— Component —N—

TEREIRMA R
Process state
monitoring
instrumentation

NC

A

By-pass (if feasible)
to allow continued operation
during component service
B CU R VR
GUEHR o Y N ESHEAT

Redundant pump installation
TLRERG

e Illustration showing Design — O&M interaction & W] T & i Fliz4T4Ed /)9 &

e Proper equipment and system design is important for effective O&M work I ffi
I 2 AR GERCT 0T B B Ie AT 4R 4P 4 o0 B



General O&M principles ... Design interaction
— R ATYER R ... 5SS

Design related O&M issues: 5 ¥ i fHI< Iz 1T Z4EH

Suitable and sturdy equipment &5 L 7] 5E 1 14 £
Automatic protection and safety instrumentation to avoid serious break
downs H BN ERIF AN, DLk G0 )™ B A S a3
Redundant installation on key functions, or quickly replaceable complete
components on stock L DI HEHS 4 TUAR W, BOE G A n s
PR AT

— Operation quickly restored iz 47U i# Pk &

— Proper service off-line i@ [ 46 T 4E4
Shut off possibilities and easy access where relevant 1] DL < 4] A ZL i)
CIRDSEIPN
Drain and flushing connections where service is foreseen 75 2= 447 [F 1
A ARG TEE
Process indication instruments and logging to be able to follow equipment
state and trends, in order to react in time | 2 W AR FIE R 10 5%, 1f
DR B 18 25 AR AS A& S, AT a] LA A IS i by,



General O&M principles . Spare part management
— BT RN .. HHEE

Kegg Strategical pare parts and Wear parts on stock [ {7
B 2% A R FE AL

— Strategical spare parts : Parts which can be foreseen to be needed to
keep vital functions running and/or+Earts with Iong deliver Y, time [ %

g}i A AT 21 1) PR o< B T 23847 B s RO AN /B Bt D N a) | ()

— Wear parts : Parts which can be foreseen to wear out periodically, to
be able to schedule service without need to wait for parts %%ﬁﬁ EIE
T, B 75 22 e WISE e f B A, ) DAk RIZE AN 7

Update relevant spare and wear parts to have on stock

according to experience SHTAH I 2-A ARG, RIEA L
{r v AT

Remember to replenish stock as soon as spare parts are used

WAL 2 Ja SEED A 72

Consider to refurbish replaced eq |pm nt to keep as
le%rgﬂe %encv spare units % f& T Jﬂl RN RN SAEA




General O&M principles . Spare part storage facility
— BT RN .. HEE

Keep storage facility Dry, Clean and Ventilated. {& 7 55 4F 00
T, TR R 4

Keep spare parts organized so you know where to find the
parts for different equipment. {5 2 AL HE, IXFER]
DLJITIE A1 MR L A 2 AN [F] 3 25 B AR A

Keep parts according to manufacturers recommendation. &
i 3 ) AR AT A

Upon receiving of parts: Check that it is the right parts and
quantity. BT KA Y S TR 1S 1 A

Put them in place. #5441 Fl IR m] DLE H AT A

Spare parts are normally preserved for shipment and storage
when delivered, so keep in original packlng AT AR R TR

TS R, A R R A R
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General O&M principles ... Health and safety
— RS TS R . BRER S

Don’t forget Health & Safety: Jjll & 1 i 5 ‘224>

Use proper work clothe and safety equipment according to work: 24 T-AF b A7 43 FH 4538 1)
TAEMRAI 21524

— Safety shoes (general when handling heavy equipment) 224 GRS #R 4 B KR4 1)

— Helmet (general when venturing outside general access areas) <7 Gl 5 78 A L X B LA

— Gloves (when in contact with biomass etc.) 2 Y3l A= 4 )i s

—  Safety goggles (when risk of sparks etc.) ¥ H & (447 KAE25)

— Ear defenders (in noisy areas, >85 dB(A)) 4" H-#& (55 K [X dif, >85 dB(A))

— Personal gas and EX alarm when in risky areas where explosive gas or poisonous gas (H,S) may occur

NSRRI CHALT AT BEA BRI SRTA B R (H,S) I fa B X 350D

Use the proper tool for each task (it is not only safer, but also more efficient) 45 I {f: 1 F]
IEAAR TR CAMUE 224, 1 HER )
A “Work Permit” procedure is recommended to ensure all know what is going on and when

A FHVE AT R B, A DR S AmT I A8 R A AT A S

Always ensure local service breaker is switched off and locked or blocked on electrical
equipment before service 7&HL A& 4TINS, UR 240 DRI T OG0 O A I AL T

Shut off, drain and vent work area/equipment to be serviced 4E4" I, HEACHIHE T X 5 A1

W
Clean up work area after job is done |41 5¢ 15 15 vt 1A X 4



General O&M principles ..

. Health and safety

— AT R .. ﬁ%)%tcé

Special Health & Safety issues related to Bi
SIS R 2 2

e Be aware that biomass contain millions o

ogas Plants: 45 5l &1 X VH

f microorganisms, some

of which may be unhealthy to humans: 74 =447 i A0 & e

T A, Hoh— e mT e NAAqg A

— Avoid direct contact with biomass (gloves etc.

5D

O
) kO H A R (F

— Frequently wash hands and take bath after dirty work 2255 V8T, M EHA

BAETARREDER

— Keep work clothe clean (and separate from private clothe) 145 T /F Ak

mi (HRANAL R 731
— Keep plant clean {345 1. Vi
— Vaccination against Tetanus is recommend fo

BB A

r plant staff #5403 @04 T



General O&M principles ... Health and safety
—MRIBITET RN .. BFERE
Special Health & Safety issues related to Biogas Plants:55 741 W VES ) KRR Z 4
HI
e Be aware of explosion risk where biogas may leak and mix with air: | fi# /i< 1] Ge itk
H SRS K R fE
— Periodically check for leaks, and in particular if smelling gas 3 Hf 2 ilitlss,  Fr A & A7 R 1)
Sk
— Ventilate areas with gas equipment 17 7“1 25 1) 55 0] PN AR 518 XL
— Never work on operational gas systems 26 /N EIzZ4THIVH A 240 I TAE
— lsolate and vent work area before initiating work JT-45 T AF 2 R @ 25 1A X da g8 X
— Avoid spark igniting tools on gas systemsikif G /1 VH < R Gl H 7= A2 kAR A5 T H
— Work permit mandatory on gas systems ¥ /<,. 5 2t it 1l 1 VA Al UF & 50
« Be aware that H,S is a very poisonous gas 71 = H,S /& 7 ' JF 5 58 144
— It smells like rotten eggs, but if concentration is high you can’t smell it any longer and is in
danger being of poisoned without sensing it [F A7 L AS B IRIE, [HIR S m i i A2, n)
BEAEVR AT B 2 I sl A P B S
— If You smell “rotten eggs” be alert. 1 [i] 2] A FEWRIE, EARFFE)
— If smell suddenly “disappear”, get away immediately to fresh air area Ul 4K IE 5EIRI K, 7
RIS T 21145 58 i 2 A [X 3
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O&M equipment specifics ... pUMPS
u%“’“é’ﬁ)ﬂ g

Note :

Special centrifugal pumps
may be suitable for

high flow/low pressure
Transfer

ZESIE
F IR 12 0 7K
KA REIE T
K& /KK Sk
e

Typical eccentrfllc wolr1ml(1p05|t|ve d)IS l.p JE’JmﬁHB):‘If:O"r I%o)%aﬁs% 0
pumping (low flow pressure ; + /N
{fiﬁ/JUk;k) Hﬁﬁm@?ﬁﬁ (BFRAR)




O&M equipment specifics ... pumps
BATYEY . R

. Generally select relatively Iarge pumps compared to flow requirement#i< #&
I B LR PEAR X BRI K AR
e Larger pumps are less prone to clocking and more tolerant reg. hard
foreign items K [I/K AN Gy 58, AN 52 I 52 52
e Pum speed is lower (for a ilven flow) with reduced wear rates
IR IR N (TR K’EE LR, BRI
. UsuaIIy give longer service mtervals (fewer operational interruptions)
W AESP R BRI TR B G ¢ D —Bea 4T i)
Av0|d suction vacuum if at all possible 1} 1] g )< & ikt 00 25 W
All through hardened rotor}tool steel) when abrasive wear is severe

élW‘*JrF’T‘b P BT A A 1 CTEAND

* Proper protection agamst excessive pump pressure (pressostats)
ﬁéd%%)j@ﬂtﬁimﬁﬁ KR (Fa s

e Avoid dry running by level SWItCh or (more reliable) thermal flow
sensor/switch " \ ‘ :
FHVEA I ol Tia AT el CEATSER)) PGl At i / Tk

e Flow measurement compared to pump speed is useful to determine wear
condition. When flow reduces relative to speed pump is worn and may

deteriorate fast f E7 380452 3ok LI IR s S i 00 o 4 37 S A 0] T xﬁ.
BN, UL KR © 8 B4 ﬂﬁﬁi‘/ FEIR P




O&M equipment specifics ... other pumps
m%”%ﬂé’ﬁiﬁj He

Rotor pump.
Medium to high flow with
Moderate pressure demand.

¥7
D@J%ﬁﬁl TR S EK,

ﬁt

Centrlfugal pump.
High flow transfer with low
pressure demand.

%zuﬁ

R EEAk




O&M equipment specifics ... pump utilities
WARIBAT Edh .. 5K

Liquid flow meters

WA T

e Typical electromagnetic type flow
meter shown below
1 ] SR ) g = v

e Useful to check pump condition,
but also for process control
purposes (to know how much is
pumped)
TR AL, [FI i T i

il C T

1% LY Al ) )%
ko Variable Frequency Drives (VFD)
AR AR )

e Example shown abovelll |4

e Useful to maintain stability when
demand varies (compared to on/off
operation) '] T £ iy ZARAL LI (A

_ — WIS fRFrEE e M

i Ll W " ¢ Savesenergy in many applications

RS T DR RN R

' o e e May extend useful lifetime of
components 1 DUSE A4 75 1



O&M equipment SpECiﬂCS ... Heat exchangers
B g R

¥i

Note :
Various other biomass
heat exchangers are also

in use

SN

L &R A= ) o e R A
WA AL .

Typical spiral heat exchanger for direct digested biomass to
fresh biomass heat recovery.

WA F BT A B RES, TR ERSHED R,




O&M equipm. specifics ... heat exch.
WA T YES . gy

* Biomass heat exchanging can dramatically lower own energy consumption,
typically 60-80% 1= i i H e Jolt M F1 E4 RS- KL 00 ¢ {1 60%.
80%

e Veryimportant when heat can be sold or utilized elsewhere
4P e A1 At 5 A BRI IS |

e However, biomass heat exchangers are expensive, also to operate and
must be selected carefully according to need/value N
SR AW o e I F i, T L o AR 5 SR B R AT 18 TR Y e 45

e When heat exchangers are employed macerating become extra important
g‘eis clocking, better heat transfer) N
UK H G IS, DIEIAR IR 2 CE/AD A ZE, AR

. ForHPﬁ-rich biomasses Struvite scaling on digested side shall be expected
X8 T B AV AR TR MR 2 2 T B S 25 40 25 8

e Struvite can be dissolved/flushed out by weak acid, eg. Chloric Acid
(however, beware of acid strength and exchanger material)

B FEA R LIRSS IR N IR/E L TSR COR Ty B R 1) ek B AR 48k A
ar IR B

* Possibility to open up and manually clean heat exchanger is valuable in

case of blocking T 4T T #e s it AT T aTE B nT e, 1k AL b 98

R



O&M equipment specifics ... Macerator

Ty

£

p
4

B is AT e D) FIHL

Note :

) ME| Other installation

configurations also in use
ZIPSIE

R oo

ical macerator on biomass feed line (before heat exhanging)

W) R 22 _E B EIFINL (

BPHT)



O&M equipm. specifics ... Macerator
WA Is AT A YEr . UL

e Macerating fresh biomass is useful to avoid problems elsewhere in the

plant weﬂ%ﬁﬁiﬁﬁi%ﬁﬁﬂ?ﬁfﬁaff /—TFB’J e g 7 A ) it

* However, the macerator itself then become a high wear important piece of
equipment, requmng speC|aI attention 2& 5 %HLZIK%{EEJH:}EEBZ —Ff
mﬁ% [ B U A, i B I

e Easy service access to mternals is therefore important, as are relatively
cheap spare parts
PRPI IR e AN e i R o (A E 2 s PR S B & E PO

* Installation to avoid heavy objects entering the cutting part, either by pre-
sedimentation in tanks and/or stone trap on suction line @ﬁmarﬁmm

/JMDUZT BERHO W B A PRSI BE, 8 Sk R AT N2 D)

. Keepqglenty ) of spare parts on stock, and order new as soon as used J% {¥

IR %At — ELA G S BT W 461

e A complete repIacement drive unit on stock or redundant installation is
recommendable to minimize shut downs % 13 £ FH 58 25 ¥ 1] 5 4 DX 5) o
JCEGE H W%Tﬁﬁd%B%ﬁﬂzﬁe-%?&%%%ﬂﬁ%%i

e The Vogelsang type of macerator (as shown on picture) dominates in

Denmark nowf)”ffﬂ%fﬁcﬁﬁﬁ%gelsangwiﬂm CaniED



O&M equipment specifics ... Gas Engines
1S %ﬂéﬁiﬁ)ﬂ 1T %‘l

Note :

Similar Jenbacher units

also common

ZIPIIE

Ll Jenbacher 1% 2%
AR ik

Typical gas engine installation for biogas utilization
CHP with heat for district heating or plant own consumption

RIBH G Z DR HES .
%Eﬁﬁfﬁim%%ﬂlﬁﬁiﬂiﬁﬂ@{%}— B 5t



O&M equipm. specifics ... Gas Engines
WA IBAT MYEd . T2

 Usually sale of electricity is the main income for a biogas plant I8 ¥ HL A &5 02— M)
HOES AN

* Selecting modern high efficiency, turbo charged gas engines are therefore important, rather
than elder and cheaper lower efficjency_gas engines EEJ‘?@%%RE@%Q&%E@, T T
FRE g PR AN A2 T I B AH AR R ) A 5 [ 3 AR H 2 )

* For example : 42 % electrical efficiency compared to 35% efficiency mean 20% higher income
VEE T s 42%AH% T-35% ) FE 0 BIRAE 20% 5 M N . o ‘
 Large units are preferred due to efficiency and operating cost [ T ZUFFIEAT A, KNk

e 52 N

e However, minimum 2 or n+1 units are preferred for reliability reasons X1, % &2l n] FEM:
, wIK2E EEN+1E 52 AW,

e Full load operation is more economical than part load operation (efficiency and specific
service cost). Therefore consider on/off full load operation with heat storage if needed il
(Tisfr AR TN GORRIRBAET ST WG SRR AR, Sk
IESEPIVES Vi EpEXH) o ‘

Watch lubr. oil quality and secure low H,S level in biogas M %31 5 vl i &= - AR AR H, SR &
Monitor good engine operation, including kWh produced relative to gas consumption to
determine when service is needed. il | iz, A AAX TR ER R, BL
i 5 APT IS e B AP

* Consider to perform routine service, such as spark plug rgglacemen‘t yourselves, but leave
major service to experts% i [ H 4Ry, LA éﬁ%?ﬁ%%ﬂ:iﬁ@, {HE L RE A28 Tl A
o

e High efficiency lean burn spark ignited (Otto) engines dominate in Denmark, needing no pilot
oil. Dual-fuel capability is not considered necessary. Reliability is high and pure oil operation
%?5? eggigsivlegkg‘etter Qave%‘?jiaogarsﬁfjigd ba;cl;upTth wat%r%klgtil%r for ekgﬁ%er;ci;.réjz
SAYHH K AR OB i AOR G A (BFE) 5| 3E, ARFR BRI . BUREL R G AT 22
TR NE. S RAS T AT, RFT AN UK B il T 5 A ot




O&M equipment specifics ... Gas cleaning
B IBATUEY . L

Note Zil %l

After early 1990’es experimentation with various
H,S reduction techniques, biological H,S
reduction has become the standard. 7£19904F1%;
PLIG S50 T 8 Fh L BRH,SHIHIR, AW Al
N T ARHERIR

Biogas cooling
and condensate
Removal equipm.
VA HIR A ik

IRL R

Typical biological H,S reduction reactor and other treatment

equipment B2 1] 4= ) i A s A FH EC A A B 1 A




O&M equipm. specifics ... Gas Cleaning
WAIBATYE .. H AL

H,S content from pure manure can easily reach 2000 ppm, or
even hlgher if also utlllzmg (Sulfur) rich  organic waste QEE @5

PR EuH SYK IR 25 15 3112000 ppm, 41 SR F 25 it
), JLIRRE 25 6 i

A low H S content is verX mportant for good engine £erformance, the lower

the better. H SHE NG I ATIR 2L, H, S R AR Bk 4

H,S is also p0|sonous with a very strong odour. H%Sﬁjt%ﬂﬁ!
Blologlcal reduction is very simple, but: ZEX i AR 5, {H:

Seed the process with some rotten or digested organic material to provide the necessary S
reducing bacteria i HH Jif 2 Bl E%/ﬁ%lﬁ’]ﬁm%%ﬁ e ik M‘ﬁ‘ﬂﬁﬂfﬁﬁ)lhéﬂil

. Se%%re }q_relatlvely stable temperature in the range 30-40 °C T AE30-40 °C 2 [a] Py — N
E I

* Dose enough, but not too much air, by monltorlng performance eriodically (H,S inlet, O,
excess etc. )@ﬁmﬁﬂﬂﬁfm P fe (]\DH S, HHEASE , ﬂﬂﬂ%@%fﬁxﬁ;@ fli/:ho

e Maintain sump pH above approx. 6. Process tend to run sour by oxidised products. Use
neutralization agent if necessary (biogas condensate, screened dlgested manure or
commerualalkalme Eroducts) TRFF I NV s N pHAE K 6. &F%MJC,H SEIRYE, ERIA
A2 (VRS e, 108 5 RV A 28 5 B vy vt k)

e Keep filling m0|st by showering and add NPK nutrients periodically i il Wik R FFEE S, &
SR IMNPK

* Avoid un-necessary fouling and watch pressure drop to determine when to clean/wash filling
WEG AN EE S5, WSS 403 2% LU 5 ol IV 5 /e el

e Easy access to filling is recommendable for extraction and manual cleaning if necessary 713

uﬁrlﬁ@?ﬁlﬁiﬁﬂ SRR




O&M equipment specifics ... Digesters
s ?EFWE@%

™ Note il %

= Many sizes up to 8000 m3

in use. VI 2 & Pk 2

800m3 ) A I B A4 ]

= | Tanks are either welded

@ on site (as these) or of

prefabricated bolted type

PG B BN S PR

) (KD , BadkT]
S i, DU

Typical digesters at LinkoGas : 2400 m3 low type (foreground)

5000 m3 hlgh type (background) HAK) R EERE (LinkoGas) : 2400m3
QD) 5000m3|%3§2 =p



O&M equipm. specifics ... Digesters
WA IBAT YR ... K

* Simple, proven and sturdy design is essential S8 /& K] i 5L
DEAEREIGY T
e This is the “heart” of the process, and any disturbance is costly +2& 1. 2 [ “/CoJE”
Eﬁ?%%‘f%@ cH J\

. Suff|C|ent reliable and maintenance free mlxmg is very im ortant (see mixer slide
later) 7878 A 4% HARSED BRI I O S S22

e Ensure p055|b|I|ty to observe liquid surface through sight glasses to catch floating
layer in time (in can be very problematic to discover a massive float|£ level too

Imﬂ%ﬁTuﬁﬁW%W%ﬁm%%ﬁ DL it |2 Cn S R AR K
i B e 2 A R n) )

e Periodic removal of a batch from the bottom area is useful to limit sediment
accumulation (but also to ensure sedimentation in pre- storzi%es, where access is

e%m)E%MﬁBﬁﬁ—% Mﬁuﬁ%mﬁ(ﬁﬁ%1ﬁﬁﬁﬁ?%@%
T AL TR

e Proper |nsulat|on is ver |mportant to be able to maintain a stable process

temperature. 51 1B PO TR il JEE T T2

e Necessary heatlng capauty likewise, either internal,

external or both. M‘?:E/ij;'m eJ), m LA R
VIR S T

Sight glass to be able inspect surface is important.
A DLEE MR EE BB AR MR ER
Otherwise floating layer may accumulate undetected.

75 N J= 7T BeAE A R 2 K IR ITAR




O&M equipment specifics ... Mixers
L Y L A

NoteZil%ll:

Early plants were with submerged mixers,

but service and production interruption

were problematic. - H1VH) KM ALTK

FEAs, AR LGRSO AL (R 5 i AR )

Now sturdy top mounted mixers prevail

in digesters. HL{E RJ 5 1) TS 22 66 400 FF

Special features of the type showniX fif i £

i HIRFIRAE T

- Feeder screw to suppress floating layer
BERHIR T REFT I 2 1 Rk

- Rotating water lock shaft seal without
wear parts A EPIKEH, TCHFE
ff

Typical top mounted digester mixer

SR TR 2 A T 2%



O&M equipment specifics ... Mixers

< =

_pre- and after storage
“slurry tanks. K FEGENT G fE AT
O PN A R K Dy s K i A
AR A
~Wear is significant, requiring
_periodic maintenance and/or
‘replacement. FEHR ) EL,
8 552 1110 24 7 1/
B Shaft seal leak detection and
ampere monitoring is
“recommendable to avoid
S serious break down or loss
of impeller. Iz Bl &
i) ~p Rl SRR AR DS i)

Typical submerged type storage tank mixer /RIS
S K B



O&M equipment specifics ... CHP generation

Wiz ATH4EP ... CHPHA

[ Eie

,' , o
|“ b A-b A_,

|

Typical gas engine exhaust gas heat exchan

production. L7 ] F| T CHP=#4)VE <5

H

e

NoteZil %H:

Approx. 20% waste heat
directly available from
engine cooling circuits,
but additionally app. 20%
from exhaust gas. 2J20%
[P 2 Fvm) BLE 42 I\ |
Fe MR g 3k, H
i e R SR A3 LA
2120%1) # i

If relevant also steam can
be generated from exh.
gas. Wb IA A LA H
SR A 289

gr for CHP heat
S A g



O&M equipm. specifics ... CHP
WAIBAT4EY ... CHP

e Be aware that gas engine exhaust gasses are potentlally
corrosive due to re5|dual HS content in biogas (unlike
operation on natural gas). 71 = T SN EAHS, 512K
k.ﬂjﬁﬁz%ﬁiﬂfiﬁﬁ ( R TH)

e Avoid material temperatures on exhaust gas side below
approx. 130-140 °C by not cooling too far and by keeping
water side at elevated temperature. {R£F2 HIZK RS, A
ﬁéﬁ}éli T/\/%i%ﬂuﬁﬁakl SN IR R R B 2K T 20130-
140 °C .

e |f cooling below 160-180 °C consider a separate corrosion
resistant LT section. U1 5-74 20VE (K T-160-180 °C , F#[EH
A 7 08 i B



THANK YOU
FOR YOUR TIME
AND YOUR ATTENTION
T 85 ) IS TR) RIORS

Questions are welcome
KD 1]
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