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China’s direct and indirect BG Generation

Policy Drivers
. » —_ . == \ ) ‘/_‘-E
P TR T H R S T B BUR
i ?Clrcular Economy. |?.!Q'|_ICV , based on the ‘Cleaner Production Law’ (2002) by
NDRC and SEPA, till 2020 and 'Circular Economy' Law’ (2007), to provide a

legal, framework for its national sustainable development strategy

PRI TR, R E R R Z A E KRR R 20024E M A7 A 7 i AL R
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China’s direct and indirect BG Generation
Policy Drivers

B T SR I B 1 B K

4)  ‘National Rural Biogas Construction Plan’, by MOA (2003), 23m units of BG
plants, 20% of farmers biogas users in 2010.
Y EI%?&?H} BRI, B T2003FEMAN. F20104E, KE 230077
JE VSR, W 209 1) A% R HIVE SR b BEVR -

5) _Environmental Pollution from L ivestock Breeding’, SEPA (1999) bioorganic

|

‘Wwaste from Ilvestock Is one of the main pollutmg o] 0

tﬂﬁﬁﬁf}uﬁ@c %miﬁ%& :
' relevant after 2013 (Post- Kyoto) ‘HES ﬁiﬂlfﬁﬂl
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China’s Energy Generation 2004

20042 H BEYR A =1 L
7% Renewables 5 7% A] A BEYR

Petroleum
23%

Natural gas
3%

Hydropower
Renewables
7%

App. 60 GW

Coal
67%

+
N\

2007: 78% of 700 GWel installed capacity derive from coal (3 bn t/a)!
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China’s Biogas Generation Targets ﬁ
A= Rz R ¥ SYNGEE B

China Renewable Energy Law 2006
20065 A [ miAn Al F A RE IRV

2020: 970 GW el. total

\
2005 | 2010 | 2020 | 2030 Source
Share of RE among total energy mix (%) 7 10 16 (30) | NDRC, CS
Share of biomass within total RE mix (%) 18.4 18.5 NDRC, CS
Biogas: total production (bn nm?/a) >7.3 /(:- 24 State Grid Comp.

/

18.5% of ‘renewables’ or 3% of the entire energy demand in 2020 should come from biomass
(agriculture, industry, MSW, sewage sludge, small- and large-scale units, landfills)

220204F, FAHESR (BRI, Tk, MSW. ¥5¥8. K/DNRIEHE. HEEGEY TR £ v
A RETR" MIAF18.5%, &7 BEUR T SR E R HI3%

Biogas from BMW not considered !!
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Energy Crops versus Waste Biomass ﬁ

Worldwide area for crop production: 2400 mha from 4100 mha are not in use (Source:FAO Muller
2007), but in Asia............

12007 'miltlion-ha

1000

China 2050: app. 100 mio t/a energy crops (MOA)
but 300 mio t/a BMW

800
600
4007

2007

0_
Latin America sub-Saharan East Asia Near Industrialized Transition
Caribbean Africa East/North Countries Economies
Africa
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China MSW Composition =23}

RRU-BMW pilot areas average of 12 monthly analysis Shenyang 2005/06

YRR 7= YE /X AR TR B3R B 0 B

|  2005/067R{t /MK 124 B RS HTEHE (% m/m wm)

MSW average composition 2005/06,
4 pilot areas, monthly samples, n = 48

Average BMW content of MSW

China = & > 66 %

(average of 38 analysis from 27 cities
in China, 1998 — 2006)

Europe= = 33%

O Bioorganic Fraction W Textile

O Wood/Bamboo O Paper
W Packages/Plastics O Glass
W Metal @ Minerals

W Hazardous household waste @ Complex products
O Other categories @ Fines fraction




China Urban MSW Disposal 2005 om

FH 7SV

Biological
Incineration Treatment
3% 1%

Sanitary Landfi
24%

Not collected
48%

Uncontrolled

disposal
A0/
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Sanitary Landfills
(18% of anthropogenic GHG from LFG emissions)

2new Landfill sites in Shenyang
L«ﬂLaochuchung & Daxing > 4,500 t p. d., lifetime apRe30 years
"‘i: -:1, co Iection under C..;_'.edi_ts ant|C|pat i

- 4
S T B it P
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China Problems with LEG Collection =23}
[ SEE S W AER) A &

But on a long-term land filling has to be seen as an ‘end of the pipe’ solution. In China
only 20 to 40% of the generated landfill gas (LFG) can be recovered at sites, which are
equipped with a state of the art LFG-collection system. The reasons are:

The composition of waste: high content on fast degradating bioorganic waste (with a
very low content on cellulose, lignin and other slowly degradating biopolymers,)

The conditions in the landfill body: water saturated, high density, high temperatures

The operating practise of landfills: uncontrolled water levels, widespread open filling
areas without temporary top-covers, If top-cover layers they are without HDPE lin-

ings, no functioning (horizontal) active gas well systems

LFG recovery rate in western countries = < 60 %

China =<20%



China Problems with LFG collection
R SRR AT E I )

MKIEKE, HE LR M RimiaE” J5ik. EESEGREESEEEN20%2]
40%, XERAFMSWE R CLARFE RERNEBI T WEERKIREEZG W T ILA
J3 T -

B8y FEBIREER S EARERERN IR, FYER. KM EREER
EVIREY S BIRK

S BRI BOKARSRE, BEE, BN
- EEBAERIL, TCEHIKAL, TGRSR UR AR &AL T R B, A 3EE R

A&, EARHDPERNR, TIRER OKFI) £HARG

LFG recovery rate in western countries = <60 %

China =<20%



EU Landfill Directive cp1999/31/EC1999

stepwise reductuion of BMW landfilldisposal till 2016

16% of anthropogenic GHG emissions from Landfills16%H]

EU landfill target: 65 % BMW reduction till 2016

(:DH:HE

=4
Q

i
L)

ned o landfil
a8

Target 3 — 2016

Thatcan be

% of BMW Produced in 1995
Consia
@
&

o) L
(= ]
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Abfalle aus Haushalten und Shnlichen Einrichtungen 2009 rd, 3,7 Mio t - SZENARIO

Integrated

MSW Management
Austria
%%ﬂﬁﬁéﬁﬁﬁ%
=

Federal Waste Management
Plan, Forcast 2009
2009 FEWR R &=

Probleriesfe - Elektrenikpchoot rd 00001

SB

RcksEnge ra. S0.00F 1

FROG R arI0g 1. 30 G0 |




[
BMW & MSW Digestionin Europe 2004 E

20044 Rk Y B MWHIMSW RE G AL 1 I,

2006 Germany: 78 MBAs 7.2 mt/a
> 1500 Composting & Biogas > 14 mt/a

1430300

§FFFFFFF

An Kompoitierungsanlagen mit RAL-GGEcsichérung
he- angehelerte Bicabflle

CAPACITY (TON/YEAR)

1
I

Ml =l sl sl sl & Illl

a3 2 53 34 3D e 9T I I3 0D 201 A2 A0 204

1354
[ mBlOWASTE ___nREesiDUAL msw| [
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Agricultural Biogas Plants in Germany ﬁ

Nr. of plants
4500 _ 1000
inst. MW el.
4000 | 900
3500 800 @
QL
L 700 @
3000 o
@
L 600 o
2500 =
L 500 g'
2000 -
400 3
1500 =
1300 =
<
1000 -~ 200 2=
500 1 100
o @ OO [ rw | | | | | | | | | | 0

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
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EU Biogas Production 2001-2020

EU crude biogas production (mtoe)

2002 2.7
I 2004 = 4.3
2500 I 2010 = 15.0
ktoe 1| » 2020 = 100.0 (potential*

2000 —— The 100 Mtoe waste potential consists of 24 Mtoe solid agricultural waste, 16 Mtoe
| | wet manures, 12 Mtoe wood é}rﬂcessmg residues, 20 Mtoe MSW, 12 Mtoe black
liquour, and the remaining 16 Mtoe Sﬁ]ht between demolition wood, packaging
t

wood, household wood, other agricultural resides, dry manures, food processing

u's

=
|
|
i
| | "
1500 | | residues and sewage sludge.
| .
| |
B o
| |
] |
| |
| | |
| | | | |
1000 | | | I 2001
| | | | |
| == | 02002
i | |
| | | a |
| | | | |
o B | | 02003
| | | | |
S00 -inE—1—i1—1 i Pyt |
| | | | | | O 2004
i | | 1 | | |
= |2 > > | | | |
| | | | | | @E2020
| | | | | | |
| | | | | | | = b
o = E E | | | 3 E
| Ll il iml | it | i |
| £ CAEmE =nll eel i ml el
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RE: Mureck since 1990
1990ZEMureck & R
Biogas — Biomass — Blodlesel B —HEY ) — Y5

Electricity #% - Heat # - Fuel #kl

BIOE’?Z&’?"g’L *

Strom - Wiirme» Bmdm.s el
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cirm

Biogas as Vehicle Fuel in Sweden 2006

2006 I # . YHSAENATE AR AE F 1F 1

N ©

10.193 MNm®(51.1 %) 771 . 101.931’Zm3

Biogas:
Natural gas: 9.749 MNm?3(48.8%) = . 97 49{/.m23
19,4 MNm?
-/ 215 GWh
20
16,1 MNm?
- ~ 158 GWh

—
o

) Hatl.ral gas

Million cubic meter
=

]
2002 2003 2004 2005

1 1
1995 1996 1997 1998 1939 2000 2001




|
CHINA: MSW Collection and Treatment

Prognosis (till 2050)
1979 — 20504 [F 3 1 b X A= vy ol R 5 4 s
B )3 W15 B ole

MSW collected & treated from 1979 — 2050 in cities [mio t/a FI¥ o -

»”
-

”~

—

Treatmert

' d

- Quartity of MW collection &8
Cuartity of MSW trested 28BS

o 8 & B B B B & 8

= el == = 9= 2 |

1979 ~ 2005 2011 2050

Urbanisation: 28 % in 2005 40 % in 2010 70% in 2050
Tk it 1. 2005:E28% 20104£40% 2050%E70%

Population in > 700 cities / 1 bill people > 420 mio t MSW collected (app. 1 — 1.2 kg/d.c real)
700 &M BN OB HO81044 BERER N BEN4.2{M (AFATFKL2AT)
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RRU-BMW Pilot Project Objective
ﬁ??ﬂézwﬁéﬁﬂ@iﬁﬁ 48 57 ﬁw}J

*-“-\Aﬂ]ﬁ ni}&ﬁj\%’éi@f‘ HHIAREAAT N

- BM\N collectlon — quantity (app. 60 -
WY R R — BE (RAEA

B'Ogasgiﬁgg“’” potential RRU- BMW 3 prOJect phases T H 31N B
- Compost quality 2004/05: 10 households 10/ B R
HEAC R & 3 2005/06: 700 part|C|pants PSS/SSS T H
- 4 pilot areas
- Residual Waste quantity and charac 4 PMe/ X700 N0
TR BB R 2006/07: 2 PSS pilot areas
__ 2007-2010: Demonstration project
R - Technomi'c'al and a-ud Economic Fe (implementation, collection, treatment)
H

- ﬁvx%llﬁﬁ'ﬁﬁﬁ*d G ant|C|pated I DURE X B X B (jkﬁ@




RRU-BMW °4 Waste Stream System’ ﬁ
RRU-BMWIH B ] “4Fhds 3 3 51"
ln- Fe il

~c5
3: RW LA
AJ (o] e ar 3
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BMW Source Separation Shenyang =23}
VR BH A 51 S PR Sk 3 2R 3]

4 pilot areas collection results after 1 year, 2005/06
2005/064F—F B ILFH AN 7= ve /D X A5 K5 2k o RS B 1 O

BMW Non BMW RMW MSW
O3/05=03/08 " pers. L AL B4 VL
n kg/ % %m/m
365 days ¢ kg _ kg %m/m kg kg/c.a
365K c.a m/m n=6

Primary Source Separation — PSS #] /5L 7175 - PSS

Beifang Yiyuan

\ 155 12538 81 3.4 2795 15333 99
b ERR
van Ke 143 9319 65 4.7 1213 74
Ji Bkt ' 10533
QuanYuan

: 207 13585 66 4.1 2755 16340 79
SRR /INX

TOTAL PSS
PSS % 505 35443 (" 71) ('8 ) 4.1 6763 (16) 42206 84

——

Secondary Source Separation — SSS ik g2k - SSS

Dong You SSS 180 11552 (64 ) 2.3 at67  (29) 16319 91

KMSSSE
24
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BMW/RMW Source Separation Shenyang

VCFH AR

YIHL IR K 2R 75 5]

BMW & RMW (Kg/c.week) from 3 PSS pilot areas, up to 505 participants, 2

years (106 calendar weeks), 2005/07, 84 % BMW, 16 % RMW, kg/c.week
2005/O7jﬁ$E{}IBH?/\?JJ{A{}?;V\%@ZTWB/J\ZE%M@? Pl RBL] Je A TEB RN
FEAERRER, 5058 FER, Wik 84%, FIRLIFEA16%

25 ! : : |
| | ] |
ZW " l ' &y
) | ]
. \" |-I.r' .'ﬂ'.'."d“m_. : o’ :{‘ . ' ""‘ ! R ""AY'
/1] i 7N
1 - ) \acA R .
) I \/ I
| | ]
0_57 ) 1 1 I
) l —el-VKBMW —a— QY BMW
BMW | ! —sLBF BMW —goly.:(QYBMW)
0 L T L L B
1 4 7 10!13 16 19 22 25 28 31 34 37! 40 43 46 49 52 55 58 61 64 !67 70 73 76 79 82 85 88 91 94 97 100103106
| ] |
kg/c.week : Weeks
., RMW |
)
)
|
)

0.5

T T T T T I \\\\\\\\\\\\\\\\\\\\\ T T T T T T T T T T T T T T T T T T T T T I T T T T T T 1T
1 4 7 10113 16 19 22 25 28 31 34 37l 40 43 46 49 52 55 58 61 64167 70 73 76 79 82 85 88 91 94 97 100103106

Summer season Summer season Weeks
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~ RRU-BMW Opinion Research 2006 Sl
| MHREIFE

* Results in [%] based on 185 valid answers from Project participant, PSS and SSS

185 B MBI EL R (%]

e .

Q1/06: After 1 year PSS of BMW in your Q2/06: Do you like to continue PSS/SSS,
home how do you think about ?, A: useful, A: yes, B: if obligatory, C: no
B no opinion, C: useless R AR e B IR R A, PRI SR R
E’J%ﬁﬁ%ﬁ)ﬁ FERFEILER I RBEE, IR NG ? A: JBR; B: FEBUNERKISAF T 24, C:
wmfE? AMRAEH, B&Af4ABM, C:&H ANEE;
100 914 94100 — HPss
90 -
80 - 80 | 77.1
70 -
o0 gpss| %0
S 50 -
10 | @ SSS 40 -
30 -
20 - | 20
10 - 0 0.
0 - w : :
useful no opinion useless Yes it obligatory ~__ no
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Methane

Biowaste

— — === ioethanol / Bio H

.\T —— BW-WW -+ BMW —><—sewage Sludge —<—FTS
—©— cattle manure —> cattle manure/BMW(2:1) — cattle manure/BMW(1:2)
120.0 r
[]
L]
- []
E 90.0 -
(@)] 1 -
X i
- []
zZ [] A o 0006006006660 6606006066060606606690
: 60.0 | o0 T~

300 - :’3 ‘32 O O—=0 <O O—O O— 0= O—
P2 At o e
7 Ll HEBMWIES B, KEBMW, ISHIE 1158 &5 /Ki5TE
00 4- 4 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
days

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49



Chinas Biogas Production & Potential =23}

2006 — 2020, potential 2050, BG bnm?3/a

b [ /S A s I R

2006-20204F K 2050 FEHES A r=# 8 ( bnm3/a)

60
I 2006
bnm3/a W 2010
00 2020
B Total in 2050
40

Rural AD (small) DEWATS Agro &.Agroindust. LFG WWT Sewage BMW/MSW/ [Energy crops]
(small) 50 % (m-large) 75% Sludge m-large] Restaurant (m- 50 % gaseous
large) 75% biofuels !
28
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\ Y AR ﬁ

i *+wueee Sustainable Integrated Solid
Waste, Manure and Sewage

SS Sludge Treatment Project
[20 % DS]

Agricultur
e BW

Blogas AD  Anaerobic Digestion JREKEE

642 AP Air Purification ZS#k
Municipal NG BD  Biological drying 45T
Grid BMW Biological Municipal Waste 3% 245 3%

BT  Biological treatment, Composting
s A
/ BW  Biowaste from Agriculture &)NvA=45: 3%
38% |, 3-5%
; PE, PET, PVC DS Dry substance :F%)ﬁ N
1 ! Paper,Cardboar ! HT Hazardous Waste Treatment g [ 3 3% &b 3
.4 dMetals, Glass...

HW  Hazardous Wastef& &3 3%

\ LF  Landfill 3
BT BD MSW Municipal Solid Waste 38 i 242 3% 3 3%
AP AP JRDE Refuse derived fuel BE¥ATABRE!
\

REC Recycling material [B]¥4) it
RI Recycling Industry Bl Tk

<
AP JRMW Remaining Municipal Waste 4173k
Ef::;li/ent CompOSt ) @ SP  Sorting Plant 4338
° % 23 2% SS  Sewage sludge from WWTPW

River, irrigation  Municipal gardens Construction  Energy utilisation WWTP EF'EI‘J?’%J(???)E_ _
parks, agriculture material TT  Thermal treatment/utilisation /R
WWT Waste Water Treatment PI28t y5/K b3
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MSWM SY: Current & Proposed
PEBHI T AT IR E B A TSR

MSW generation is about 370 kg/c.a. The landfill receives 285 kg. By applying the
recommended system the landfill consumption will decrease from 75 % to 36%.

WS R B A N3TOA T/ NAE, B EE A {2854 . W5 prife b 3 ab 22
RS, PrigtEE =R HT75% T FF2]36%.

Actual Scenario (75% LF) Proposed Scenario (36% LF)
kg/c.a fﬂ,ﬁUS%iE@) X (36%IEH)
370 kg/c.a ‘! BMW nH
285 kg/c.a OoBMW H
300+ 300 aMSW nH
O RE nH
OREH
2001 200+ 136 kg/c.a m HW
RMW nH
B RMW
100- ]
100 mMSW
0 | ‘ ‘ 0 — - |
MSW tot MSW  Recycling MSW  Recycling BMW RMW
07 Landfill 07 07 Landiill (RDF)
AVEDIR AATEDIRIEE JAEAH EiELR PEAFIH ARk FRWR FER
30
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Conclusions

‘BMWM is an important contribution to sustainable city
/elopment in China (pollution — sanitation — energy)

20-"CHN renewable energy target = 24 bn nm3/a (5.5 bn nms3/a from rural AD)
*BMW can deliver 19 bn nm3/a = energy equal to a 3-Georges Hydropower |

i plant or 12 mid size Atomic power plants!
0204E:

up B HH
iﬂz’o’Bo%_‘ m@%ﬁf& Tkl

s

; T = L
R AR R e >
2010 only 3 % of BG from MSW/BMW resource will be used !!

- . A =
HT?{L / ang_BG are from similar importance !!
zozofE N (3001'Z,E ESN FrhE

ok '
= A

BMW-M is an interrelated approach which should be taken up by developing

countries for environmental protection and renewable energy supply !!
31
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