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Waste Management Drivers in China

PR B T E K9 zh 7

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

WERY (b, #iRK. B8, 250

2) Landfillspace is running out (eastern - coastal provinces)

HHE P HIERFER GRE-IERE 6D

3) Circular Economy (Material- and Energy recycling, )
TEIETE (PHELATBETE B [ SR A D

4) Greenhousegas mitigation (climate change, Kyoto Protokol, low carbon
economy), 40-45% CO, emission reduction in 2020

HESEEHE (RBEEL. FEBER. RREY) , BI20204 —FALB R
40%-45%.

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

A A REYE CBRULARETE. BRERE. WEHERE) , F2020E KHEIER
] F=EE3GW
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China’s GHG Emission Reduction Policy

1) 2002 ‘GHG Emission Reduction voluntary obligations’ & China's 2006-
2010 mitigation actions: to reduce the intensity of CO2 per unit of GDP
in 2010 by 20 % compared with the level of 2005

2) 2009 the State Council announced that China in a "voluntary action"
taken by the Chinese government, is going to reduce the intensity of
CO2 emissions per unit of GDP in 2020 by 40 to 45 % compared to 2005.

....... international inspections should only cover emissions cut achieved with capital
assistance of developed nations under the UNFCCC mechanism (CDM) and must be

"measurable, reportable and verifiable”.

37 Kyoto protocol signatory countries agreed to reduce their collective
greenhouse gas emissions by 5.2% from the 1990 level till 2012 (which can

hardly be achieved, see Austria). The Post-Kyoto regime is still pending. CDM
to outsource this obligations!!
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Climate Relevance and estimated savings in GHG emissions of
different waste management options

ARKEFEEREN T REVERFERAE SRR

EFYEERAR B ESAHRELS B ESAEHR B EAHE R R
Baseline GHG GHG emission Potential saving in
WM Technology emission (tons CO.e/t of GHG emissions
(tons CO.e/t of waste) | waste) (tons CO.e/t of waste)
Landfill with LFG flaring 2.46 0.74 1.72
Landfill with LFG utilization | 2.46 0.68 1.78
Composting 3.54 0 3.54
Anaerobic digestion xexe | 3.54 -0.055 36

....not considering the indirect savings from utilization of generated energy from Biogas.

&A% S A e ST AR T HH B R

(Source3ky&: World Bankith 54R4T)
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Changes in EU-15 GHG emissions by sector 1990 - 2006 - 2020
#£1990-2006-20204E Rk dﬂlsimﬁi A HERAR AL

= The EU net GHG emission from SWM are declining from a peak of 55 mn t CO,,,, in the 1980s to an
estimated 10 mn t CO,,,, by 2020.

R I 4k B AR 3 S A v HE TR R 4 L 1980425500 T i C O B 25 AR B 20204E 1000 T ECO,5¢, « 7E1990
F|20064E 3]

Why avoided emissions:

- Use of secondary resources
- Less transportation

- Baseline emission reduction
- Renewable energy sources
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Development of Waste quantities collected and treated 1981 - 2009

19814F-20095 R F W SR AN AL B 8 1) % %

collected treated
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Development of Waste quantities in China till 2050

220504 B IR AR KB (World Bank 54347 2005)
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China Solid Waste Management 2010,
>360mt/a MSW after recycling from 654 cities,

] [ 4 PR 5 ) B #2000, ﬁ654@‘éﬁﬂiiﬁﬁlﬁll&}:ﬁﬂ?@%ﬁﬁ%ﬁ?3 6L M/4E

1.5% Biological Treatment 4 #)4b3
4.5% Incineration 42

30% treated ij At

1%

5%

1/3 not collected

BARIR 24% coéntrolled Landfill
3 5 ) S

2/3 collegted (157 mt/a)
LNES

. : 40% uncontrolled Landfill
60-90% of Bioorganic matter Wz i
In MSW produces GHG!

I8 i 4 R 3 H R 60-909%0 1)
YA DR = A =S A
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China MSW Composition 2005 — 2030
H [ 2005-2030%4 44 i [ 44 = 7 4 1k

| (>
S 7172 B3R -
AT
o
H
i
G,
0 : O
o b B
A7
O -
At
Ak <1omm O 2030, 480 mio tiyr
(Weltbank, 2005)
RRU'BfMW PPh()lt areals _ Average BMW content of MSW
average of monthly analysis o
(n=69) Shenyang 2005/09 . j}fﬂi@%}%ﬁ%*m%%ﬂ%ﬁmﬁ&ﬁ L
S ChinaE =+ > 66 % up to 80% (average from 27 cities in
T China, 1998 — 2006 $t#E R T B 27 B3 i
B R K 5 A AT ( izl A2t — \ )
n=69) YLFH Europe BR# = £ 33 %
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Sanitary Landfills in Liaoning (Daxin & Laochuchung)

(18% of anthropogenic GHG from LFG emissions)

2 Landfill sites in Shenyang

Laochuchung & Daxing > 4,500t p.d., lifetime till app. 2030,
LFG collection under CDM credits anticipated

CH, co, T T

Gaseous emissions

2 of 6 CHPs operating

Liguid emissions

11 Raninger — GIC-AKH -
12/2006



Abundant Biomass-Waste Resources in China 2005

NDRC 2008: 2050 1 bn t of coal can be replaced by biomass energy
2006: 650 mill tce/a, potential 2050: 1 bn tce/a
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Source: Zhejiang University 2007 soil /loss - industry - feeding - incineration
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Chinas Biogas Production & Potential

China: Biogas Potential from Wet- Bioorganic Wastes
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58 CDM Landfill Projects in Chinaregistered
20 CERS issued as at 09/2009 by UNFCCC

Expected Emission Reduction:
> 6.9 mn t/a CO,equ. X< EUR >8 - 24
(>11 - 33 USD)

LFG recovery rate:
Western Countries = <60 %

China =<13 %* (<10 % of the LFG potential)

* Not included projects which are performing so badly that they are not in
the position to submit a monitoring report
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Landfill Simulation Research
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Comparison of Organic Matter Biodegradability of Chinese and
European MSW

S FH B AR #Hﬁﬂilﬁlﬁi%%ﬁm%}ﬁ A Y i A RO X EE

T I A R R R i R
MSW characterization China EU
[m/m%o] [m/m%o]

Rapidly & moderately Bioorganic municipal waste BMW (food- - 12

degrading#E5+#E %  and kitchen waste. green garden waste)

Slowly degrading Organic matter with a higher semi- and lig- > 88 359
nocelluloses content (wood. vard waste. 10 47

RHET#  paper. textiles. composite material.)

Non degrading A4 Inert organic and inorganic matter (plastic. 12 41
metal, glass. ash.) B

Total B 100 100

(Sino-German RRU-BMW project, Raninger & Li, 2008), (in m/m% FM)
R A 2 YR BT WSO P -3k i T 26 R a2 303 E 2008)
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MSW LF Simulation Research (ICEEE)
T AR VE b SR AR SES (ICEEE)

Up to 550 days Shenyang MSW LF Simulation
20097k FHIE T A= V5 b ORI SE TG (SEEe A H: 550KR)

Climate Chamber conditions: 37 °C, compression 3.5 t/m?, anaerobic, inoculum,

{EE4E: 37°C, E453.5 t/m2 , [R&E, Bk

150 days 300 days 550 days

CHN EU CHN EU CHN EU
pH * 42-64 | 55-6.0 | 52-63 | 5.0-6.1 | 4.7-6.1 --
Density (kg/l FM) 0.79 0.46 0.80 0.47 0.83 --
Volume reduction 38% 5% 41% 9% 44% --
Mass reduction 22% 3% 26% 6% >38% --
TOC reduction ** 15% 2% 20% | -
VFA (g/l) * -- -- 26 - 30 28 - 41 30-39 --
CH, (% vlv) *** 5 18
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Comparison of 3 Landfill gas calculation models

400000
—— UNMFCCC Method. Tool 2008 .'
350000 | = US-EPA -—
—*-  Central American CE o
-"r-
300000 | -

CHasin 250000
(t COzeq)

200000

150000

100000

50000

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

Fig. 3: Comparison of three landfill gas calculation models (US-EPA 2005. US-EPA Central American

Model 2007 and UNFCCC 2008) on the example of Shenyang. Laochuchong Landfill. A PDD es-
timation and W expected CER result
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Case: Shenyang Laohuchong landfill
applied the LFG forecast model special for China, (EPA, May,2009)

Landfill gas

a) left: k =0.0668, Lo = 116 t/m3 (as in the UNFCCC methodology, PDD)
b) right k =0.04, Lo = 70 t/m3 calculated according the real waste composition and Climate
c) red =for casted, blue = actual yield
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TOC mass balance of the EU and Chinese MSW

after 500 days landfill simulation
(rainfall 600 mm/year, 37 °C, pressure load of 3.5 tons/m?, inoculum)

TOC balance
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MSW Incineration 3% T &4 EY)H B

The MSW incineration shall be developed fast in the coastal, municipal but also rural areas (about 600 new
incineration plants till 2020 with a total capacity of 103 mn t/yr, which would be about 1/3 of the collected
MSW). 357 [E 4 R IR ke AMXAEIE v ST 3T R FR, RIRERAT X th R R  (F]20204K 8 600 4%
[, AERESIEE]1.03MZM/AE, GRS ST B A RY) B HER1/3)

2005-2009
Heat value#VE:
3.600 kJ/kg FM

Co-incineration with
coal !

SR B SRR |

average treatment capacity number of plants

Development of MSW Incineration in China 2001 — 2009, treatment capacity (in 2010 71,200 t/d was not
reached). #* E2001-20094FE T IR R K&, E20104F, ®AHIEE|71200M/ K KRR 7))

Xu Wenlong, Outlook of energitization of Biomass of municipal waste in China, EU-Forum on Clean Energy 2011
Biomass Utilization Project MOA/GIZ China
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MSW Incineration 3% T &4 EY)H B

Emissions limit values according GB18485-2002, draft GB18485 and EY2000/76/EEC
FR 2 HEBEL AR #E GB 18485-2002, GB18485%. K FIEY2000/76/EEC

Item H HCI SOx NOx coO Dioxin

Problems with Hg and Dioxin
emissions
TR AN —WESE R HETAL k] R
(WB1H:4T, 2005)

2011: New emission
standards are proposed.

2011: HriHEBAR R BRI

MSW Incineration plant Chongging,
Tong Xing

R F T B R,
1200t/d, 2x 10 MWel, Investment:
CHY 450 mn

& 4.5/476, 20055

Xu Wenlong, Outlook of energitization of Biomass of municipal waste in China, EU-Forum on Clean Energy 2011
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Composting H#HE

Composting was increasing in the 90t but is decreasing since 10 years to currently 7 plants, because

of the bad end product quality derived from mixed waste and/or sewage sludge processing, though the
market for organic fertilizer is good (< 30 EUR /1).
HEEZE B 90ERA) N, ERETNEEERFVA/EGRTPFBIEERRIRT, T10ERMEL
B TR, REFHENTSHRE (< 30BKTT /M)

(Compost quality requirements acc. World Bank 2005 H#:fEiF & E sk iR$E H4T2005)

Number of MSW Composting plants in China® B B & B HE e $&
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RRU-BMW 4 Pilot Areas in Shenyang
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BMW Source Separation in Shenyang

Y BHIR T A b IR Sk 42K

Public Communication — Biowaste bin — Separate Collection — Lab investigations

NARIREBLR 53 RA5 B - i’«%iﬂi‘dﬁ B oy RWER- L E T



BMW/RMW Source Separationd i 7] 24 REmE- bz 3% /5] e B 38, i Bz 3% 43 2R

Shenyang ¥LFH, BMW & RMW from PSS pilot areas, 505 participants, 3511 6] 44 MeAg b 3%/ EI i3k T B 3%k B
SEK X BR5054 2 53, 4 years (206 weeks) 2005-09, [kg/c. week], 44E (206/&) 2005-09

Kg/c.week

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116 121 126 131 136 141 146 151 156 161 166 171 176 181 186 191 196 201 206

RW Collection situation
0312005 — 312009 (2068 weeks)
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Livestock Sector China

Commercial livestock farms: 4.3 mn in 2008

Large and medium-sized livestock farms: 20,000 in 2007
but only 3% are equipped with appropriate waste treatment facilities.

Livestock Waste:

1.9 bn t/yr in 2004
2.1 bn t/yr in 2005

2.7 bn tlyr in 2006 O
3.4 bn t/yrin 2015

ML Biogas Plants: 4,000 in 2006
10,000 (with 1 bn m3 biogas /year) In 2020
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Agricultural Biogas plant development in China 2001 — 2010
FE2001-2010 RV HS) K&

35000 A r 6,000,000

30000 7 mmmm Middle and Large Scale Biogas Plants - 5,000,000
B | arge Scale Biogas Plant (= 300 m3)

mmmm Middle Scale Biogas Plants (50 m3 <V<300 m3)

25000 -+

—@— Total AD Volume - 4,000,000

20000 -

- 3,000,000

15000 -

~ 2,000,000
10000 -

-~ 1,000,000
5000 I

2001 2003 2004 2005 2006 2007 2008 2009 2010

Year
2009: 56,856 BG plantsy#’R)” > 50m3 fermenter volume R EEFERR, 42 MWel

(Source: China Biogas Association, BIOMA and NDRC Medium and Long Term Program of Renewable Energy Development Plan (2006 - 2020))
CR¥E: HEBESHS, BEESERTNEF KRR TR KR BRI (2006-2020) )

(W) SHnRRRREEIS

QDN 1} P == s
Number of MLBGPs (n)
Total AD Volume (m3)
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MSW B the 12 FYP, 38124551}

During the 12th-FYP period, the investment in this sector will be doubled, reaching CNY800bn
and new concepts will be adopted. New integrated SWM solutions, appropriate to the local
conditions, have to be approached.

FERIR BRI F0E], XTSRRI, KFI8000{2TC AR T, FFERAFTHIE
Do WHILE T S AF ) B iE R E BT RS

-Further increase of the MSW treatment ratio to 80%, & n3%TH & 44 By Ab 28 Lk 45

-support the electricity generation from landfill gas and another 1600 landfills required till
2050

-improve MSW incineration capacity by another 600 MSW Incineration plants till 2020 3Z £f1&
IS BR B A RN SO 3R T A BR M ) AR B RE 77, emission standards will be increased
- 50 Kitchen waste AD plants in 33 cities, fE33/M R T B 3 50 /b B B B 3 FIVES )

-target for the cement industry to treat 42 mn t/yr in 2015 (RDF and Biogas!)
FKYBF=NY B AR A B20154F A0 B 420077 W /4 (FESRFWATEREFESR)

-Source separation of wet and dry waste in major cities (Beijing, Shanghai, Guandong, Harbin,
Shenyang,)
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Integrated waste treatment model with RDF use in the cement industry

FEZK Y =ML R b 3% A B X 5 Br R AT AERR A 45 6

BMW processed in the way of MSW (with or without
sewage sludge), leads to a digester effluent which after
dewatering and biological drying, can be land filled or used
as refuse derived fuel (RDF).

The high calorific waste is converted into RDF too.

To realize this concept the Chinese cement industry got the
target to establish a MSW treatment capacity of 42 mn t/a
in the 12th-FYP till 2015.

IR AR ] R IR A TR A B T 4 R M W AT
T (EEBRAEERER) , REHEYE S BKR 42 T4
{8 0] A THEE R B AR F AT IREL.

ERVE R R Y T R B S R FATAERE . AT W
XEMTHES, REAKESVEETZFHEE (FIETF2015
£E) IBRAEFEA2 mn t/a T E RS B Fr.

AD Anaerobic Digestion[R& & B#

AP Air Purification 54§44

BD Biological drying 44T 1§

BMW Biological Municipal Waste 385 4= ) 7] IR K 72 4)
HW Hazardous Waste H#H FESY

SS Sewage Sludge V58

MSW Municipal Solid Waste 387 [& & &%)

RDF Refuse Derived Fuel [EZ&SEFYIAT LB
REC Recycling [H]i

RI Recycling Industry [F[grzNk

RMW Remaining Municipal Waste $8| 43817 E#4)
SP Sorting Plant for Recyclables [B]#t 42535
TTC Thermal Treatment Cement 7KJE#uib#E
WWT Waste Water Treatment Plant 5K b3~
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MSW Disposal & Treatment - China & Germany/Austria 2000 — 2020

r [ 0 B b of AR VE B 3 Y Ak B R AL AR

[Mm/m% FM]

20%

RIBIN] Illl

2000 2004 2010 2020 2000 2004 2010 2020

Biomass Utilization Project MOA/GTZ China

M Material Recycling
w BMW (AD, Comp)
M Incineration

RDF (EBS)
M Building Material
® MBT (AD, Comp.)
B Landfill

uncontrolled landfills

10.05.2011 Seite 33



International SWM measures with limited success in China

EE] o 5] 42 S 0 5 B U 7 P R AN R AR ATl

-Material recycling of secondary raw materials is performed via a informal, but well organised
marketing system, which is based on market prices and functioning well (about 25% of waste is
avoided for disposal), and bioorganic waste is not included.

ZREMBFE T BRI BRI A IES, BEME I EIE RTINS MR T 54
F (CKBE25% K RF Y8R T 8 , EEANSEYHEIEFY.

- Landfill gas collection was from limited success, as the CDM landfill gas projects in China shows
(17% CERs). And landfill space- and leachate problems remain M\HFECDME#HSIHE (17%

CERs) X%, HHESHNEHAN TR, A B NSRBI R AL

- Composting capacity was decreased seriously during the last decade, as

L ERHERRELRE D RET R EA

(i) composting is not really understood as a biotechnological process (temperature, moisture, oxygen supply,
CO, removal, )

SRR ERERAR— M EDRARIE (RE. BF. 854, CO2ER)

(ii) poor and unsifficient equipments {X 2835 &% 5

(iii) contaminated feedstock from ASW and sewage sludge A3 17 B4 &) F175 e 1551 B R R 48 V5 4y

(iv) Little financial inncentives to produce a quality product X7 /& ¥ 7= f 1 £ 5 4 Bh 1R 2>
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International SWM measures with limited success in China

EE] P 5] 42 R 0 5 B U A P AN R AR BTl

-Waste incineration plants with low emission standards (Hg, Dioxin,) and with low calorific
value 3500 kJ/kg FS of MSW (high water content of bioorganic waste), new standards are
proposed.

BrR AR MFEAR AR Gy ZI83E) , FF BHIRWE ARV RIRFERE (3500T&/T
EEYRD & (EYEIRSOEKER)

- Biogas plants in the municipal sector (so far not sucessfull because of low competence of the
companies involved , see biomass projects in China) TTBERIIRIES)] (BFANLEFFSE
JINFTAFEAR BT, SR EEY R A D

-Agricultural Biogas plants were built based in governmental investment subsidies , but they
are often not operated well as no sufficient incentives for performance exist (feed in tariffs too
low, fertilizer prices, no gate — fees , low competence of technicians operating those plants, no
entrepreneur thinking, difficult interdisciplinary communication,)

RVER)] BETBONFREAMIEY, ERFETHAE. XEERFNERERTE
ITHBOTERANE (NPIAMED . JERM AR, A AR BR) BERARANRBIFES /D
v ANV XTI D . SRR AT R PR D

-CDM not fully used
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Biomass Utilization Project MOA/GTZ China

CDM
Additionality
to facilitate
CDM projects
and Total

CERs to 2012
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Renewable Energy CDM Projects 2010 NDRC Targets

Biomass Utilization Project MOA/GTZ China 10.05.2011 Seite 37



Conclusions

The Governmental policy and legislation in China is supportive to
development a low carbon society considering waste management!

The biogas potential from solid biomass waste is 155 bn nm3/yr in 2050
but not leveraged !

If MSW contains a high amount of fast decaying biodegradable substances
the biogas potential cannot be used through landfill gas collection!

BMW can generate biogas under controlled conditions in biogas planst!

A ‘landfill-free’ China is getting a realistic long term vision!

The subsidy policy should be changed from investment support to
longterm rewarding the operation!!

CDM as atool to make the BG projects economically sustainable is NOT
sufficient considered!
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Thank You! Vielen Dankel

Technical Director
Optimization of Biomass Utilization Project

A=Yy ReTH H EAE
Prof. Dr. Bernhard Raninger

www.china-biogas.org
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