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Overview of anaerobic digestion technology
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Comparlson of Organlc Matter Blodegradablllty of Chinese and European

MSW
XA EFIER MRS Bl IR R PR D # R e TIRIRILL

MSW characterization jprismEkEYS S China g EU gy
[m/m%] [m/m%]
Rapidly & moderately Bioorganic municipal waste BMW (food- o 1
degradingRESHIERRE and kitchen waste. green garden waste) o~ -
Slowly degrading Organic matter with a higher semi- and lig- ( > 88 ’ > 59
nocelluloses content (wood. yard waste, 10 47
[BEDHE paper. textiles, composite material.)
Non degrading A% Inert organic and inorganic matter (plastic. 12 A1
metal. glass. ash.) }
Total ISk 100 100

(Sino-German RRU-BMW project, Raninger & Li, 2008), (in m/m% FM)
(PRI R P A S B A USRI 2008 4F)
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Composting (aerobic) Digestion (anaerobic)
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Wood waste [ 57 A< 4

Yard waste (Garden & Parks) /=" 10
Bioorganic household was

Increasing Lignocellulosis content and structure 1% <254
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Number of biogas plants

~ Overview — Evolutlon of the Amount of Blogas Plants in EU
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In 2016:

> Number of plants T.] #{&: 17,662

> Total annual production: & 7= & MfH 181,565 GWh (EU28)
> Installed Electric Capacity Z#EHi%¥: 9,985 MW

> Electricity generation  F&: 62,704 GWh
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Figure 1: Evolution of the number of biogas plants in Europe, Source: EBA Statistical Report 2017
19/02/2019
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Figure 2: Evolution of the number of plants per
feedstock, Source: EBA Statistical Report 2017
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Biomethane production (GWh)
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In 2016:

> Number of plants T.) %&: 503

> Total annual production 4 & 7= H: 17,264 GWh
(EU28)
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Figure 3: Evolution of biomethane production in Europe (GWh), Source: EBA Statistical Report 2017
19/02/2019
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Figure 4: Number of biomethane producing
plants per feedstock in 2016, Source: EBA
Statistical Report 2017
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Waste based AD capac:lty development in Europe
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Almost 8 million ton per year of digestion capacity in Europe by end 2014 in 244 plants
20144F JiG244 ) T2 AL P 58 77 1] 15800 /7 i 44

Equivalent to 5% of all household solid waste generated in Europe and equivalent to 25% of
all biological treatment ( incl. aerobic composting) for household solid waste %[5 TRk #H K
FERE A B 5%, SRR TR CRHERL) ALFERE J1H)25%

Steady increase in size since 1998; from 18.000 t/y to on average 32.000 t/y of digestion
capacity (now 36.000 t/y on average in last 10 years = about 120,000 inhabitants) H M 1998
FERUEK, MCPIIRUEIL.8 i Wi/ AE )44 3.2 T /4, i 21045 P45 3.6 i I/ 4 = —
ML TERI2ZAN

7.750.000 tpy
Il early installed capacity
e 5.900.000tpy 244 plants
B Cumulative installed capacity
190 plants
== fverage size (cumulative) 35.000 » 3.300.000 t[J‘ilI P
30,000 § 1.400.000 tpy 114 plants
]
o § 340.000 tpy 63 plants
' T _—
c
om0 g 120.000 tpy 18 plants
2 3 plants
]
g
=

5000 1990 1995 2000 2005 2010

FEIEFIILSISISSS LSS FS Capacity development of AD in Europe BERMIRSRAZEE TISIMR LR
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. Biogas Generation from Biowaste in Germany
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in operation

@ not specified
under construction

in planning

0 50 100

Waste digestion plants in Germany according to state of operation and

substrate input (DBFZ database, 11/2013)

Source: DBFZ, Projekt Stromerzeugung aus Biomasse, 2013

waste digestion plants

® biowaste (§ 27a)
@ industrial/ organic waste

H biowaste (§ 27a)

A Dbiowaste (§ 27a)
4 industrial/ organic waste

state of operation not specified
@ industrial/ organic waste

— e— kilometers

200

11/2013

(c) DBFZ Deutsches Biomasseforschungszentrum gGmbH, 2013
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O about 130 plants generating biogas from organic waste

digestion in operation (11/2013)

BT ALY E130FEE=E T (11/2013) MEHLEIIRE{EhFE4
AK

- input: exclusively or predominantly bio-waste and green

waste, organic waste and waste from the food industry

mAEISREEZEYHIRMNGFENIE, FHNMRNER
TAkHTIRK

O 75 plants use municipal bio-waste from separate waste
collection

TSR I 5 Ak B R i R UK SR A T IBL 4 M dar 3k
O 59 plants use exclusively or predominantly bio-waste

(under the terms of § 27a Renewable Energy Sources Act of
2012)

SORTI EIIR T EMAEYHIR
(R#E20124E AT BB A RERE R 270D
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-~ Blo-waste fermentatlon ovVerview technologles

EWUROREE: BRI

Type of fermentation

KRR
—

Continuous Non-continuous

Lo E[Se3 563

/\ \

Wet fermentation Dry fermentation Dry fermentation

B REE TRE TRE

DM < 30-40%
DM < 12-15% (Percolation process)

GuR):sur))

v v J

DM digestate DM digestate DM digestate
R BEER: B
5-10% 10-20% 20-30%

DM < 20-30%

Source: BMU: Okologisch sinnvolle
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o A wide range fermentation types

is available
A B AR v ki

o Fermentation types are grouped
according to (1) continuous or
non-continuous processes and

(2) dry or wet fermentation
A BERTIIRE (1) EEE s IFEEE T IR
(2) FeLRAREH

o The choice of process depends
on the dry matter content A wide
range fermentation types is

available

NFIRNEERRTTYUREE, 7
Uz A EERE,
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Pretreatment of wet fe rmentatlon
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Grinding by: screw-,
knife- or hammer mills

BRAELDE]

3 Fractions 3354
« swim (Plastic,
wood,..)

pre-disposal through squeezing

. EFE (R, AL B H R B E

» sink (stones, glass,
sand for disposal)

.« UL (Bk B,

S FAEKYT)
Hydro-pulper for liquid * liquid suspension —
digestion technology for fermentation

- BEBR— KB




_Continuous stlrred-tank reactor (CSTR)
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"Sunable for Ilvestock and poultry manure, energy crops (silage)
kitchen waste, fruit and vegetable waste and other raw materials

BEHTESRE. RFEEY F) fFuR. REuRkEFRN

O  Wet fermentation process with
stirring, continuous fermentation

Floating roof

Geared
\ dG'ngrreatglrr:‘mg ‘ motor BERBILZ, Wik, E8R#
Discharge ' O Reliable and flexible technology
A Fill level 17" Platform
o ¢ ; 39 & S
| Central column FIEREHIBA
Arcushion |1 O FEHelps microbes in contact with
e : raw materials
: A BT RAEY S Rk
Insulation .
o Fully fermented raw materials
T SE 2T R B IR

o Alarge number of German
companies use such processes , for
Example : Envitec, MT, GICON,
Weltec, Okobit, BTA, AAT, Strabag,
AAB, Arrowbio, Entec, Envirotec,
Envitec, Schubio, AMB Haase,
Biostab, Preseco

KREEEAFRMALRLTE
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~ Anaerobic Q_t__gestlon of high. DM Feedstock {7 e
BRETHRSERENRERE gIZ fo

Dranco Kompogas Valorga BTA/LINDE Bekon GICON
CARE, BAT

€ Inoculum recycle

Q=0)

i

Biogas 3 phases pulper Garage fermenter
v . recirculation
Feed Digested ms 2-step fixed bed reactor
o paste Feed B StEFTIRM
piiz ) B Digested biiz ) FREUA BRI
Feed Digesied Y éﬂ AL 2EEEFRRRES
o paste
™ %
=4
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Anaeroblcblgééﬁon of Bio-Waste EE!I%LL:I;&EQJE Sk g |Z B
Kompogas Technology (CH), Plugflow reactor (CSPFR) E;,,ﬁbit&;ggg

R

Kompakt Fermenter
+ Basic modiule for fermentation and gas production



~ Plug flow fermentatlon contlnuous Opel’atmn”"

éﬁfﬁ}ir‘%& @@k@ G I Z Doutsshe Gessllschaft

nnnnnnnnnn hait (R17Y GmbH

””””” Biokgas
—— Biogas
Substrat Fermenter 9
Substrate Fermenter
Garruckstand
} :
@ 7 7 . Digestate
VARV AN 4
. 72 :
Mischer N4 ; Feststoff
Mixer (M2 soie
Feststofi- Prozess-
separierung wasser
Solid separation —F— Sewage water
o Cross-flow reactor with agitation, continuous ~ © Low operating energy consumption
fermentation, higher than the fermentation BITRERIE _
T I N Tr——— o Fully fermented raw materials
\ y =] ] ! ] TR [— AL o
R B R T SE TR TR B
RE® O A large number of German companies use such
O Reliable and flexible technology processes
AT 5 H RFHEAR KEEEARFEALETS, HiN: Axpo Kompogas,
o HHTF#MEWEEEEm Archea, Dranco (vertikal), Valorga, Strabag ualo

Helps microbes in contact with raw materials
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~ Dry fermen_t_atlon contlnuous operatlon i s
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DRANCO DIGESTER

—_—
:haf zur Verwertung organische:

Biogas Plant

Digester:
26 m high, 2.500 m? total volume
System: Dry Fermentation, 55° C

Input: Organic material with 45 % DS
approx. 35.000 tons / a

Output: ~ 600 m? Biogas / hour

Retention Time: 21 days
10 circles

Gas-Elements: CH, 50-60 %
CO, 40-50%

Hydraulic group
of the pumps

CHP unit:

460 kW el. 520 kW th. Energy
Gas Storage:

Volume 600 m?®




™

~Dry fermentatlon contmuous Operatlon giZ S—
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Biogas
Use

Intensive <
fermentation

/Posl fermentation
\
Active I ' I
Digestate mactive ‘ :
1 £ ln‘acmu T Digestate
. | Mixer Digestate ST storage
S —

Pump

© No moving parts in the digester

o0 REBNFFEBNGE

o Piston pump moves the digestate and mixes fresh substrate in

o MIAFEERTRHMMAEEEA AR
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Dry fermentation — batch ob’eratlon

 FRE®-MARE " |7 s

fiir Internationale

Suitable for household waste, kitchen waste straw, and other &rganic Wastes with

more impurities
BERTHRENR. BRE. B DURMMRERE NEIEFY

o Non-continuous (batch) technology for solid
dry materials

FEELEE (=0 B, ERTE&T R

o Reliable and flexible technology

AT AREMEAR

O Suitable for raw materials with high

Gasspeicher/BHKW

Perkolat-
diisen impurities, low pretreatment requirements

ERTRERSHEN, WL EERE

o Low construction and operating costs
BEHEAMEITRAE

o Easy to appear dead ends, unable to fully

Isolierte

Fermenter ST v s
wand

1 ferment raw materials

SR, TRTERBERY

o Alarge number of German companies use

l such processes, for example :BEKON,
Bioferm, Loock TNS, Biocel, Biopercolat,
GICON, Kompoferm

KEEEARRALETZS

: Pumpen- geneigter Fermenterboden
Perkolattanks mit ’ .
FuBbodenheizung  S"™P' mit FuBbodenheizupg



~ Dry fermentation — batch-operation

"""" FIUREE - HEzU A2

flare I : i exhaust stack

biogas

purgs air

—y

< ficqc percolation liquid:; oo:
i distibution b

percolate

hydraulic gate

percolats heating system
-.' -u:—
drainage system concrete digester percolation ligid storage tank combined heat and
for percolation liquid with integrated heating system 5 with integrated heating svstem . poweEr unit
o
= 3 Sum of gas produced
S 2 from all digesters
e T
S "
a 3 Batch digesters
)
2 ; ® D
>
2 — )
fa) 3 Digestion stopped
®
: >
T 1 T
Time 0 2

4 6 8
N Time (weeks) 19
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| "--Dry fermentatlon 2-step b@tCh operatlon

i

spraying

spraying Mk

percolate = hydrolysate

BiE=IKE

Several percolators

Solid residues to  EZEER

composting or as  FHEIEsK{E
fertilizer BE#

K, wSheE

percolate reflux s3iEEz

BREFEHE

biogas generation
control valve

hydrolysate
pIN:

methane
reactor

YR RiEs

TZKER
process water reflux

biogas
70-80 % CH,

Deutsche Gesellschaft
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giz

B8
70-80%ERKE

Fixed bed fermenter,
16 h HRT, 1% DM
packing material

ElEKR =R
16K DEERIE
. 1%FHIER
2B S

BEER
liquid

KRR

¥

O anE

1
Waste water, liquid fertilizer 4= - - =1

residues
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~Pohlsche Heide BMW Blogas Plant BEKON Technology
BEKON;ﬁ* ..... HLIJ&:E I*EE gIZ Doutscho Gosallsohalt
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Composting

Kitchen 3tEAE

Waste sk | fermentation|[
1R (BEKON) ZF Sievef#s3

FENF A || Fertilizer
BEFS

Input JEE} Kitchen waste (Biowaste bin) B 43 (444) 40,000 tons lifi/ years:
Output 7=/ Effluent fertilizer Y3V JE 25,000 tons M / year &
Fermenter K€ 12,000m?3, 600 m3 each (26m X 5m X5m), TS=30% 35°C

HRT {5 B4 I} ] 21days K

Ratio old to new feedstock #7IH JE A} H 1:1

Biogas production 60-90m¥t BMW 173} 500 m3 / hr, CH4 55-60%
B =

Biogas utilization Biomethane to grid (Carbotec PSA) 250 m3 / hr, CH4 96%
HAHH AR R, PRAENE M
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Cumulative (ton fy)

Wet vs Dry
EixvsFix

&0%

8.000.000

5.000.000

4.000.000

et
E=Dry

=% Wet
—s—% Diry

3,000,000 /\\
2,000,000

1.000.000

0

N

1! o 40%
0%
20%
10%
0%

0%

0%

50%
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A A A A A P P e P

5-year development 1991-1995 1996-2000 2001-2005 2006-2010 2011-2014*

wet installed / Sy 71.500 401.750 1.148.250 727.750 562.000
dry installed / 5y 144.500 676.000 739.700 1.839.350 1.320.250
% wet digestion 33 37 61 28 30

% dry digestion 67 63 39 72 70




Biowaste vs residual waste

BilhikvsiR &k

4. 500. 00

4. 000. 00
— 't__Hﬁ'-----
"E: 3.500.0:00
2
& 3,000,000
b
=9 B Giowasie
-E <. 300K B Residual waste
o _ I
E —#— % Biowaste I I
_E AR —s— % Residual waste
2
k= 1.500.0:00
=
E
5 1.000.000 +

500,000 '

a
P U R A R . G Q- - I Q- s G L

5-year development 1991-1995 1996-2000 2001-2005 2006-2010 2011-2014*%

1005

0%

80%

0%

0%

30%

a0%

30%

afeyuadsad pajejsu) anienwng

20%

10%

0%

Biowaste installed / 5y 201.000 797.250 749,750 1.318.950 1.125.750
Mixed waste installed / 5y 15.000 280.500 1.138.200 1.248.150 756.500
% biowaste 93 74 40 51 &0
% mixed waste 7 26 60 49 40




Mesophilic vs thermophilic
RigvsSim

. 0000 ‘ 1y 100%

\

90%
—
A= 5 000,000
S 80%
=]
= —
a., M J ] TO%
g 4. 000000 - r
™ g
n‘ .y
E I besap hillic GO%
=
o IR Thermophilic
@™ 3000000 N 50%
'E —r— ¥Mesophilic
E —i— ¥Thermophilic 0%
[
S8 2.0000000 4
=
E
=
L

it

5-year development 1991-1995 1996-2000 2001-2005 2006-2010 2011-2014*

mesophilic installed / Sy 123.500 663.750 1.511.450 1.689.850 1.101.750
thermophilic installed / 5y |  92.500 414.000 376.500 877.250 780.500
% mesophilic 57 62 80 66 59

% thermophilic 43 38 20 34 a1
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Choice of technology in selected countries

********  AREZRIEEAIE

4
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Germany Spain Netherlands| Switzerland| Belgium France
Wet 35% 55% 25% 0% 14% 1%
Dry B65% 45% 75% 100% 26% 909%
Mesophilic 62% 86% 52% 10% 35% 61%
Thermophilic 38% 14% 48% 90% 65% 39%
Biowaste B0% 15% 713% 100% 100% 21%
Mixed Waste 20% B5% 27% 0% D% 79%
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Thank you for your attention !

25 Qian Mingyu
Il H =E{E Project Director

mingyu.gian@giz.de
+ 86 (0)10 8527 5589 ext. 105
+ 86 13810529780

WEChat Account

Sunflower Tower, GIZ-IWMNAMA,

Maizidian Street 37, Chaoyang m Integrated Waste Management
NAMA Project
District, 100125, Beijing, PR China
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