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1) Why Energy from Biogas plants ? A4 HESENEETE ?

- Anaerobic WWT for Environmental protection K475 7K 4bH ] T3R8 (R 9
- Anaerobic fermentation for Biogas generation R4 KB H 14577 1H0<

2) Feedstock J&ElHki%

3) Technology HiA#kix

4) Success Factors for Biomass to Biogas Energy conversionZ:%)]

JRFAL S BERKIAN T B R
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Chinese Biogas Technology Drivers & overarching targets of the ADB

Project & ¥ SUBA H13Eh /) RITEATIR H 3 46 B 45

1) Environmental Protection (ground-, surface waters, soil, air),

Agro industry the largest polluter in China JiE{£3 (. HE

2) Greenhousegas mitigation (climate change, Kyoto Protokol, low
carbon economy), 40-45% CO, emission reduction in 2020
BESAERAE RERL. REGER. KL , F]2020F —HK
IR IR HE40%-45%

3) Renewable Energy (substitution of fossil energies, energy safety,
sustainable development,), 3 GW from MLSBPs in 2020

A AR CBULARETE. BBIEZE. WEHERE) , 32020 K
H RIS FERE3GW

4) Rural socioeconomic Development K K&, #ESR5F 7
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Role of ‘New Energies’ from the view point of the State Grid

BT REVRE B 5% B O 75 THD KR

67.95 Ocoal ®oil Ugas Hothers=Renewable Energy
A i RS (incl. nuclear power)
Hin=m] B4R (A%

2010 20156 2020 2028 2030

(Prof. Hu Zhaoguang, Vice Principal, State Grid Energy Research Institute: the development of Energy sources till 2030
HIOEEER, EFREMEEEMFATRI, F2030F 8K K E), 11.2010.
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Biomethan & Biofuels, comparison of energy output per hectare of land

LY LE & EPIRRL, B DI B REYR = H X EE

Biomethan 67 600 km

+ 17 600 km*

Rapsdl
s
Biodiesel 23 300 km + 17 600 km*
emen P =

22 400 km g+ 14 400 km*

23 300 km

Bioethanol

*Biomethan aus Nebenprodukten
(Rapskuchen, Schiempe, Stroh)

Pkw-Kraftstoffverbrauch: Otto 7,4 1/100 km, Diesel 6,1 I/100 km

Quelle: Fachagentur Nachwachsende Rohstoffe e. V. (FNR)
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Arguments of the Use of Bio-Methane as LNG replacement

KT A RBAGBR R R K S8

= Per energy unit 27% lower CO2 emissions than for liquid fuels
FEAS RE U FAAT ELIBAL R ARSI CO2HF 827 Y%

= No emissions of toxic matter or particulates, lower NOx emissions than with diesel engines,
less noise and vibrations

BAH Y ORI, EESEIh A S INOXHIHEBUD,  [F]INEE F iR 3l 2D
= Minimal ozone forming potential * &4 2 HIRE IR /)
= Substantially lower costs than with oil based fuels Lt il BEHE) AT
= Easily transported via pipeline 5 %5 5 ] & i fiik

= Without pipeline the gas can still be moved by LNG tank ships, or overland using LNG tank
trailers 7EACH & T8 IR 7T LR I LNGHRES Iz S, 28 A FHLNGHE 4-12 %

= More diversified sourcing than with oil kb J5 i1 () % fh 2 %2
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Theoretical Gas Yield Calculation EWS#ArEETE

BAHSBRBA R B WE T EER, BT L TR RS R
NEg% BT R AR . TR Z{EN0.2 - 0.5m3VE T i K 14

The specific biogas or methane yield expressed as mgfkg of volatile or total solids added, is
also important and can be used as a performance variable which will depend upon substrate
and reactor design. Typical values are 0.2 - 0.5 m® biogas per kg of volatile solids added.

CeH1,0g +60, —56H,0 +6CO,

192g COD

CEH1206 }SCH4 ‘|‘3002

3x22.4=67.2 litres/mol

1000 _ 3
o> X (67.2)=035m"/kg COD

0.2 - 0.5 m3 biogas per kg COD
Biogas Calorific Value/d S #HE: 5,2 kWh/m?
CHINA®H H: 1 kg COD = >0.23 m3 BG, ElectricityH fE: 1.8 kWh/kg COD
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Gas Yield Calculation, US ASAE D384.1 Feb.03 S#&r=&il&

ASAE D384.1 FEBO3

4%*%1 - ﬁ%?ﬁﬂﬁ%ﬁ1000kgﬁgﬁmﬁ4ﬁ Manure Production and Characteristics

. L . . S e Sr L Lo
Table 1 - Fresh manure production and characteristics per 1000 kg live animal mass per day e 3 A A
Animal Type'

Parameter Units* Dairy Besf Veal Swine Sheep Goat Horss Layer Broiler Turkey Duck
Total manure® kg meand BE 53 62 B4 40 4 51 £4 a5 47 110
std. deviation 17 17 2 24 1 8.5 72 19 13 13 *
Uring kg mean 26 18 *+ 39 15 *+ 10 ** *+ ** *
std. deviation 4.3 42 *+ 48 36 *+ 0.74 ** *+ ** *
Density kg/m® mean 890 1000 1000 990 1000 1000 1000 870 1000 1000 *
std. deviation 53 75 *+ 24 B4 *+ 93 39 *+ ** L
Total solids kg mean 12 BS 52 11 11 13 15 16 2 12 k1|
std. deviaon 2.7 26 21 6.3 35 1.0 44 43 14 34 15
Volatle solids kg mean 10 72 23 B5 92 *+ 10 12 17 91 19
std. deviation 0.79 0.57 *+ 056 0.3 *+ 37 0.84 2 13 b
Biochemical oxygen kg mean 16 16 17 31 12 *+ 17 3.3 *+ 21 45
demand, S-day std. deviation 0.48 075 *+ 072 047 *+ 03 0.91 *+ 046 *
| Chemical oxygen kg mean 11 78 53 B4 1 *+ i 11 1§ 93 7

demand std. devaton 24 27 + 37 25 + = 27 18 2 ¥

pH mean 7.0 70 8.1 75 ** *+ 72 5.9 *+ ** *
std. deviation D.45 0.34 *+ 057 ** *+ ** 0.56 *+ ** L
Total Kjekdahl kg mean D.45 0.34 0.27 052 042 0.45 0.30 0.84 1.1 062 15
nitrogen’ std. deviation 0.096 0.073 0.045 gf u& [51: cﬁa 0.22 3 Efﬂ 0.13 0.54
Ammonia nitrogen kg mean 0.079 0.088 012 1y Elkg < O + >* 23Dm |Oga§3 =¥
std. deviation 0.083 0.052 0Me 010 ** *+ ** 0.18 *+ 0.018 b

Total phosphorus kg mean 0.094 0.092 0066  0.18 0.0a7 0.1 0.071 0.30 0.30 0.23 0.54
std. deviation 0.024 0.027 0.1 0.10 0.030 0.6 0026 0.081 0.053 0.083 0.2
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3%, WA Cow manure, liquid (9% DM)

W% W Pig manure, liquid (7% DM) |
#53% Chicken manure (15%DM) |

KX42E Turkey manure (20% DM)

AR Vegetable residues (10% DM)
R Grass silage (25% DM)

kT % Corn silage (30% DM) |
Tk Left over food (20% DM) |
HYRH Cereal straw (85 % DM 1

HlE> %Y Grease separator (5/50 % DM
¥A410F Colza cake (15% fat

[t Left over bread (90 % DM) |

SE

)
)
.
)

1 30
1 30
o s Spec. gas ‘y‘le|d m? N_Biﬂgas‘{t substrate
== do HALTAE: AROLEA/MEUR
_: 53
_ | 151
| 200
| 220
| 300
55 | 500
| 550
| 580
v

1 m3 biogas X =4 - 6 KWh/tFM
CHP: 1 m3 biogas X = 1.5 - 2.5 kWh ElectricityH, & 3.2 kWh Heat #
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Suitability of BW for biotechnological treatment

A=Y E DB ) A P BOR A B 5 vk

MNutrient Requirements

A major factor which determines the digestibility of any substrate is the presence of nutrients
required by the microorganisms. There have been many studies into the optimum
carbon:nitrogen ratio and optimum phosphorous levels for anaerobic systems. For waste to be
readily biodegradable the COD:N:P ratio should be around 100:5:1. In anaerobic systems
ratios as low as 100:1.75:0.25 have been viable (Stronach, et. al., 1986). The presence of
trace nutrients can also be critical fo successful biodegradation. Trace nutrients essential to
methanogenic activity include iron, cobalt, nickel, molybdenum, tungsten. Many of these
compounds are available in biomass wastes but often addition of key trace nutnents can
improve the process considerably.

F T AW AR Eﬂ%‘ﬁ@ﬁwBﬁigﬁlﬁ%%ﬁ!@%%ﬁ’%gﬂﬁ%%%ﬁﬁg&o ERIEN
ARETPERMC: LR EEA mm%am&g X F R, HCOD:N:P{E#E
100:5: 1Hzrﬁa@z4aﬁ%m1&$%}ﬁ$ Z{BE%C%%FP % LI AT A% 2 100:1.75:0.25.
BN EE AP RN EYEFEE R BER . MEEFRYRmEE. 4. 4. 4. 8
FEHESEEXEE., XBEYRP KBS EEYREFYHYES, BREEIN—%
MBS YRS LY PR B ER
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The reactor content in an
unstirred fermenter shows 4 layers.
From top to bottom they are

(i) swimming layer (scum)

(if) mainly water

(iii) active sludge (anaerobic
digestion takes place)

(iv) digested sludge and
sediments
CRs have limited efficiency !

ZHL SRR RERERMEHLENZERNER
s, —MaAAEMNLEBITRRAZER. LE
#ﬁ. BE. BERICTER, EPRE HILEHE
IR AR TFIEEEA, EmMSREIR.
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Dayi, Chengdu, Sichuan [§)][g#8K & : 20,000 Rabbits % 7-,800 m3 passive conventional AD 7% J& 1% 4
PRAR R 50 KWepinsta 2005, Invest: 1 mio RMB, Biogas production in winter not operational ! } G2 7E1Z 1)
A A AR R T !
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The new conceptual approach to develop MLBGP for Biogas and CDM

AR BXECDM4 &, KERXKTEBES] KFHE, FHE
Digester Types /H4t2K#! (US standard)

Complete Mix Digester (CSTR) 4> Vi K48 % V. &

TS influent shall be from 2.5 to 10% (<35%). J5UB -9 5 & BV 1% 45 2.5-10% 2 ]
(<35%)

HRT/K 45 B i) > 17 days.

Temperature mesophilic (35 °C to 40 °C) and thermophilic.
L N AEH R (35 °C £|40 °C2[H]) BirE iR

Appropriate mixing devices shall be provided to assure a complete (mechanic,
hydraulic, pneumatic) mix process .

WG BRI A% LA Rk B 58 42 (WU WURIESB D TRA IR
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Complete & Continuously Stirred-Tank Reactor (CSTR) ZE4EPKFERE Iz [V 2%

_ B 09090909000 seem is a typical high performing reactor for
hsz °r|:°"°'e m°““te"t'_m":_°r,°r high DM feedstock (6 < 35 % DM-VS)
ydraulic or pneumatic sirring) g /= disposal. Feedstock, the effluent of the
I FL reactor, the liquid, solids and
Gas microorganism are totally mixed. The
Out effluent organic matter (ODM)
In Hj 7}( concentration is the same as the ODM
concentration in the reactor, a 2" digester
VAL e R ST T (A AN A - is recommended. _
:fz‘lf )f TR o oo e b Boge
. e 0%t TN
: o "' ﬂ"‘:’:c:?':; ;;g.;'j' Influent Effluent S
LT Sludge

CSTRXIFELERER, BB TYREEXSER (6<35% T
MR-ERER ) TSSO MR, Az 2B RN BT 375
TENRTS, FEAERPIRIN. BEERMMEDLTRERES, HKEH

p%

~_

MIRE SR REARLEREHESE Continuously Stirred Tank Reactor (CSTR)

Biomass Utilization Project MOA/GIZ China Renewable Energy Programme
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iR, Gas Anaerobic sludge back flow Reactor:
I\I' Out This is an improved CSTR and it increases
In / |\ TE ok the. retention time o'f migroorganism and
ik —+=- .sollclls through prempltatlon an.d backflow. It
- e is widely used in treatment of industrial
=t \\ - wastewater (alcohol wastewater,).
Stirrer Sludge sedimentation sogas

\/ /“\ Clarifier, Lamella

Separator, or DAF

| >

?ﬁ {‘t?m ! tl EfﬂUEITIt
m3fiysiE  Sludge backflow >£7 U

ZTZ2ZCSTREYM R, @i FAE I A \\\//f

TIREFR Y E R EEE, B iz Waste Sudge
AFIAEKAE, iBEEEEE. %L Solids Recycle Stream ]
ZFEETINNR B R E B RFER M E T o

5&5 @] ;‘}7;{, Zﬂ-{}j—cﬁ?iﬁml-li s Contact Reactor (Anaerobic Activated Sludge)
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Correlation of Temperature and Time FERBHRBREEBERIRXR

RST Rule for biological systems:
the reaction rate doubles with each 10°C rise in temperature

RSTHIN: ZEAEMARLGF: B LF10° CRNVERSHEME

To achieve the same grade of COD decay by AD it will take the following days depending on the
temperature (source CAU, 2008) Rﬁﬁﬁi@% TIEEIFHFFICODMRRTE LR, HKEERTRE.,

°C 8 10 15 20 27 32
fermentation 120 90 60 45 30 20
period/day

A sudden temperature change will have a significant impact on the gas production (int. standard
temperature change = < 0.5 °C/day). 53K S AR A 23 ) F 2 M v 7= B (Bl S A2 fb= < 0.5°C /K )
The gas production will be significant changed if temperature changes over 3°C.
WG BRI 3°C, WA RS A B RN
The impact of the temperature change is larger on the methane activity than that on the acid production.
That causes a serious inbalance between acid and methane-production, the fermentation disturbed and the
pH will go down (acid!).
Ui B AR XS GG S 2 K T IR AP AR o TOREAE Bl TG AR = AR R kA, e, pHAE MR (FR ! D
Large and medium-sized biogas project should maintain constant temperature, temperature is to be
controlled. K REA I H N ARUEAS & RIULEE o R T 45

Heating up 1 m3 digestate by 10°C it will consume 3 to 4 m3 biogas.

B I REEYIINE10°C TR E #3384 H A
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C.A.R.E. Biogas GmbH - Overview of Schkopau Plant
C.A.R.E. HK /A 7] — Schkopau & E Hii.

E A
7_'‘I'I'I'I'\'I'I'I'I'I'I‘I'I'I''\'I'["I'I'I'I'I‘I'I"."'F'I'.I'J|_”;I )
liquid fertilizer storage
A IS LR

71,80

Wet Fermentation
WEE R I

EALAEA NIRRT

[ semmenns ssgerase Dry Fermentation 72 /& I# _
z L:-E:unu_smu._rm __l‘_ H'. : ! — /—J CHP
T e H =z = AL

astenearter

T s Segregation / [_--_ A
e e Reception Hall

DRIBIE

] [T

= Lagerilichen Kir Grinshett

Sictberant as

CARE. . eutn

Vergdrungsanlage Schkopau

Ubersichtsplan

5
| | SLLLnLIE

b‘&

-
oy i‘ll“‘“
crinnanAiAAn

ersien o] \ \'il'll'll‘lll

Rev-Nc:@ | Zsichnung: BIO'FIIter ﬁz%ﬁ?}ﬁ%&

Berliner StraBe 100, 06258 Schkopau OT Délinitz
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Advantages & Disadvantages of CSTR Technology (1)
ERRBRNHEL (1)

Advantages 1t 5 :
- Better release of Biogas (higher energy output)

IRUFREGAA (REVE ™= =)
- Equalizing of the fermenter temperature )7 /& FERENR )&

- Equalizing of the pH in the fermenter (no zones with low pH)
Py R RERE N IRIpHAE. (A IKp HAELAS X 350D

- Equalizing of feedstock with fermenter content (innoculum)
Bytg N ek G

- Mechanical stress to the particles HLIg & J11E F 45 ik

- Better access of microbes i B A=W A7

- High organic loading rates (20 kg COD/m3 fermenter volume)
EA N R (20T 50 COD/AL T KRR

- Minimizing layer building and sediments ¥/ 45 575 FI (i

- shorter HRT = smaller fermenter volume

UL IR 3 A5 P TS T) =N A P 5 X

W Crown Warsinn - PUMpInG and cuitiig it
O SHoKE

- with sludge back flow the SRT can be increased Foatures and advantages: 0 Senp Sen)
. - . N . W HIY COMBYING AIDSAIZAC AN CHANSE: S D it A
(1785 e M T 388 D ] 7 1252 5 ik i) e
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Advantages & Disadvantages of CSTR Technology (2)

ERABRINRSR (2)

Disadvantages &t f:
- Energy demand for steering (0.008 kW/m3 fermenter volume)
PiFEREAER (0.0087T PL/AL )T KIFHERAD
- Slightly higher investment costs (active mixing)
PO CHH T BRI D
- mechanical equipment need maintenance/replacement (stirrer,
pumps, ) P& 75 S4BT #e (BdEas . 29
- short circuit of a certain percentages of input material given
— 7€ LL i S RE VA R
- The effluent [ODM] is the same as the [ODM] in the reactor
WAL T S =S N A A LT S = A (A
- usually SRT = HRT il [El 44457 B I ] =7K J 45 B4 15F [

I—b

....... Fmmmmm e ————

reactor heating
by double shell
draft tube

e

draft tube

iy
LV

biogas
recircu-
lation

A=t
1y

bottom
sludge
recirculation

scum removal

02.06.2011

L J

Seite 19
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16 Success Factors for efficient Biomass to Biogas Energy conversion (1)

RV R REH A BIE 16N BRI R R (1)

A. FEEDSTOCK JEX}

1) ....high Biogas Generation Potential (high energy density) from bio-decayable OTM ( biogas generation
potential between 30 — 600 m?3 biogas /t FM of feedstock )

IS AR ARAT LT SO T B AT = 1 U i ) GRAAEP1E J54E30-600 A7 5 KV URE M JsURH ) f4)
FiE) (FAKTORHIA 1 = F <20)

2) ....high percentage of fast decayable OTM (low content on non-biodegradable inerts, lignocelluloses,
lignin, ). JLId 7 i A LT & m (e AR 43 5 &2AIK) (lower ODM HRTAR AT AL+ ot 75 5
MK I35 B I TR] = F 5)

3) ....collection (dilution, DM content) and storage (temperature, time,) conditions (manure may have 1% loss
of biogas potential per day)

WAl (Fike. THpUE ) MAAE GREE. INTED 60 SRR R LA%IEA A% 1) (F 10)
4) .... mechanical — physical - chemical - biochemical pretreatment: decomposition for faster
microbiological decay TiAbEE: HUBR-P)3- (0222 o i PAb . Sl Ao 7 g (f.e. straw, F ~ 8)
5) ....multiple substrates (co-fermentation), nutrients balance, trace elements

ZMIEE GREGRE) , EI5F4, MEILE (acc. research results DBFZ 2011 fi#iiDBFC 2011#/F 57 45 £,
F>10)

6) ....control of inhibiting conditions (pH, NH,*, H,S, hormones, heavy metals, sand, )
FUHISEREES] (pHIE, =R, Mi/R%, E4JE, #) (F <10, can lead to total inhibition HE1% 5¢ 4= 4i%)
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16 Success Factors for efficient Biomass to Biogas Energy conversion (2)

RV R EER BB 16N EBRTIE R (2)

B. FERMENTATION %

7)...process selection - one of CSTR or dry fermentation technologies (ODM loading, temp., pH,
NH4+, biogas generation,)

PR A BT R R — (AR U, R, pHIE, &R, WA (F 10)

8) ...apply process temperature management (COD reduction: 8 °C /120 days — 35 °C /17 days)
I R FE A . (/> COD: 8 °C /120K-35 °C /17-K) (F 20)

9) ... operate with high Organic Loading Rates (10-20 kg COD/ m3 fermenter volume.day)
TREF— N RIA UK 2R (10-20 kg COD/ m3RIERERFL, KD (F 20)

10) ...retention time of Substrate (HRT =3d — 7d —17d - 24 — 60 d — 80d?) and Sludge SRT
(=Inoculum), J5URBH=: B I ] (HRT=3K-7 R-17K-24-60K-80°K 2 ) y5i [Fl f4:f52 B s ] (e
#) (F 5)

11) ... achieve a high COD (OTM, TOC) conversion rate (<10% - 60% - >95% ?)

COD (OTM, TOC) iA%|—/~EHCOD(OTM, TOC)¥: 4t % (<10%-60%->95%? ) (F 20)
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16 Success Factors for efficient Biomass to Biogas Energy conversion (3)

RV R BEE BB 16N ERIIE R (3D

C. OVERALL PROCESS ¥4 T3,

12) ...consider energy efficiency and low energy consumption, minimize energy losses
through insulation, heat recovery of fermenter effluent by heat exchangers,(usually 3-
5% of generated energy for own energy/heat supply!) % [E R GEJH R MU AERE, Wit
BEa R AR AR M) IR BE Y5 AE (F ~3)

13) ...ensure high operational availability of equipment (CHP, stirrer, pumps, fermenter
heating, 3000 or 8000 h/yr) fRUFE & 1 25 nT HAEE (VB =HLA . Hidkas. R &K
PN . ..8000/ NI /4D (F ~3)

14) ...automatic process control of process relevant parameter . 2 2% A5 L 241

15) ...optimize biogas use, minimize emergency flaring or venting , efficient gas engines,

eI AL, 98 KB 3 R GE B0 SRV AE (F ~ 3)
16) ...minimize biogas leakages from the plant , from biogas combustion (1 -15%) , slip at
bio-methan purification 1.5 — 8%

AR EANIRE RGN (1-15%) , DL (1.5-8%) (F ~1.2)
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Training Programme for Biogas Technicians
Driving License for Biogas plants

HABARTE N =H

Process monitoring (Biogas Laboratory,
on-site sampling and measurements)

Tzl GRASR S, DU O AT &

Equipment Maintenance on-site % £ 4 5

Biogas Biology 1H U442 (TheorieH i)

Biogas Technology#i A A (Theorie! i)

Safetyz:4: (Theorie and on-site ¥ i fl 52 )

3 Modules (one week each) A2/#3 1 it

Dayl

Day2

Day3

Day4

Day5

8:00-9:30

9:30-10:00 Group Foto

10:00 - 11:30

11:30-13:30 Lunch

13:30 - 15:00

15:00-15:30 tea break

15:30-17:00 [ SEE A —
17:00 - 18:00 Meeting with potential future trainers (only first time)

Groupl Group2 Group3 Group4 Group5
sooo30 [ EeEE I ——
9:30-10:00 tea break
1000-1130  Maint.(P) Maint.(P) Labor.(T)  Labor.(T)  Labor.(T)
11:30-13:30 Lunch
1330-1500  Maint.(P) Maint.(P)  Labor.(T)  Labor.(T)  Labor.(T)
15:00-15:30 tea break
1530-17:00 Maint. onsite (TE) Maint. onsite (TE) Labor.(T)  Labor.(T)  Labor.(T)
sooo30 (e ReeE N —
9:30-10:00 tea break
1000-1130  labor.(T) labor.(T  Maint.(?)  Maint.(})  Maint.(P)
11:30-13:30 Lunch
13:30-15:00 Maint. onsite (TE) Maint. onsite (TE) Labor.(T)  Labor.(T)  Labor.(T)
15:00-15:30 tea break
1530-1700  labor.(T Labor.(T)  Maint.onsite Maint.onsite Maint. onsite.
After dinner Pedagogic training of potential trainers (train the trainer, only first time)
800930 labor  Lsbor  Maint.onsite Maint.onsite Maint. onsite
9:30-10:00 tea break
1000-1130  labor.  labor.  Mantonsite Mantonsite Mantonsite
11:30- 13:30 Lunch
1330-1500  labonsite Labonsite labor. Labor. Labor.
15:00-15:30 tea break
1530-1700  labor.  labor.  Labonste Labonsite Labonsite
After dinner Test Lectures of potential trainers (only first time)

LORE
9:30-10:00 tea break

1000 11:30 [ G R ion I —
11:30-13:30 Lunch

1330 - 15:00 (S ———
15:00-15:30 tea break

15:30 - 16:30

16:30 - 17:00

P: Presentation, T: Training in the laboratory, TE: Training on the plant

Biomass Utilization Project MOA/GIZ China

Renewable Energy Programme

02.06.2011  Seite 23



giz ="
Thank You! You are kindly ="

invi i i
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