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Landfill gas recovery and reutilization Rationale.
B E IR A S F A 2

Landfill gas generation and corresponding GHG emission
B I AR = A DA AH Y. it = R
Main Components of LFG Recovery and Power Generation Plant

b S [P SR e FEL BT R ) B

Electricity generation technologies for Landfill gas
W7 PRI LI R
CDM Perspective of Landfill Gas PrOJects

b Y IHS I H 11 CDMF 52
Registered CDM Landfill gas projects in China
SR E B R IE S com T H

Sino-Italian cooperation projects in Landfill gas utilisation

TR A AR B SRRSO R 5 T A R P H
Lessons learnt gég{\l\g %&U”
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Refuse disposal is one of the most common ways currently used for solid urban waste
management. Currently, China produces more than 150 Mtons of garbage annually, of
which 90% is dumped, untreated, into dedicated landfills.

B P SE RS A I i ] 44 R W B b B i H ) V2 —
H AP AR 3T b e iR 1,544, H i 90% R LA
RCFE . HIEE

In most landfill facilities (often managed “open sky”) the biogas produced by urban
waste decomposition is not collected, thus representing an important green house gas
(GHG) emission.

A B B A B AT A A 7
I P T R R IR 3 G

A

Methane to Markets



Moreover leﬁl‘,

the recovery and utilisation of LFG may reduce odors and other hazards
associated with LFG emissions and give a significant contribution to GHG
emission reduction, as CH, causes 21 times more damaging to climate
changes than CO,).

i 3 SRR [ PACRIA Y AT DLl 2> 7 388 K T ) 0wk, AR
Bl S HE I i R I E e 3 Ol = o B B
Bk, By HEE (CHA) FEBUH A5 B = 20 e ik 2145

instead of allowing LFG to escape into the air, it can be captured, converted,
and used as an energy source.

5 AR HC KA, ORFEEBRRI AR B AT 1R e

therefore, to control GHGs emissions, LFG recovery and utilization need to be
considered when establishing the municipal solid waste disposal system.

AT PEHIR = SRR, AR 3G ST [ A PR ) A P AR G Y s
AW IR S M S T % 18
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Theoretical CH4 Generation from 1 ton of Waste

MU AR SRR P AR R

Schematic Landfill

i‘jﬁiﬁi@%%@ 0123456789101 121314 151617 181920 212223 24 25

artn

Municipal solid waste (MSW) contains significant portions of organic materials; MSW is dumped, compacted,
and covered in landfills.

ST [ AR A A R R A AT AL bR L T SR o

Anaerobic bacteria thrives in the oxygen-free environment, the decomposition of the organic materials and
the production of primarily CO, and CH,.

PRARC P A1 SR AR B PR B vh oK B A, (e e ML ) 73 % S CO2FNCHA K ik -
Each tons of organic waste generates 60 to 120 cubic meters of LFG over its lifetime (25-30 years).

IS EUF, R AL R B AW i 11 25-304E H n] P2 42 60-12007 77 [ b S JE I A
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I}i\s well knownihat the landfill bioggs lrEelzpressgts a valug\ble source of renevggtgle energy:
AR 0 b S TR AE ) = 08— A B O R ) AT AR BE IR

the percentage of methane in the landfill gas: 50%, having a calorific value of 37 GJ/t, compared to 50
GJ/t for natural gas

BPPOEMA A A 1IT50% e, HUEIA37GIN (RS MV EIA50GIN)

® CH, Methane

m CO, Carbon Dioxide

methane 50,

m N, Nitrogen

m O, Oxygen

Others

Methane can be recovered and used in gas fired electrical power plants and the technology
for blo)(@s reuse is available on the market.

%i@ BRI RSO R A, H T S Lt 2B =R FH SR AN ] 11
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The general options for generating electricity with landfill gas (once collected) are:
— B SO S T B R R F BB AR

Reciprocating internal combustion engines (IC engines), more than two thirds of the
operational landfills use this type of equipment.

ER AN, HATe/Fr b R 2 + =70 2 “ KRAIX R &

Stirling Cycle - external combustion engine

Wk ARG SR A B AL

Gas turbines, steam turbines
‘4\\:/—:‘@?/8*)_[3’ %?ﬁﬁ%*ﬂ

Alternative solutions: fuel cell, which are technologies that are available in small
incremental capacities, have short lead times from planning to construction, and have
lower air emissions than other, larger-scale, generation technologies.

BT B, H AT BORENIA SN, bl 21k 1= % 1]
R, B HAR RS R B AH L HRIBCE G
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Fuel cells generate electricity through an electrochemical process in which the energy
stored in a fuel is converted directly into electricity, avoiding the need for combustion.

SR R TR, FAL 2 S A R, A S NI R R A A AE SR T g B A
B, i aRE S T IR IARE o

The microturbine is a derivative of the much larger combustion turbines employed in the
electric power industries. Microturbines spin at much faster speeds than traditional

combustion turbines.

AL i e AL ) TV BT KRB =i e LR IR AL i, (EGCE i e AL
[ e 26 3 58 2 EUAL G im B LT RS 22

Currently, however, no steam turbines and commercially available Stirling engines have

been applied in LFG application. Most used technologies are internal combustion engine
and gas turbine.

PRI, H EUES SRS TUH o i R B 28 e LR R AR 2 S A
KBBR8 T3 RS ILAIR im Fe AlL o
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Advantage {£&

Disadvantage %%

Internal
combustion
engine

AR

High efficiency MES
Utilize low pressure fuel gas compressor yo

BE K

Adaptable to variable LFG supplies AT
BT RNNIRIERS

Suitable for moderate size landfills Z=HLZ
£ R 1E N R IFIR Z B AR TR
Lower capital cost %% ZHAEK

Higher emissions BER S

More complex cooling system
mHRGERE R

More moving parts BaHHRZ

Higher maintenance cost

4#12. RTETEAHRS

Gas turbine

RSEA

Low emission ﬂiﬂ#ﬁ&

No cooling water required

TR AKX

Simple lubrication system

3 &

/|ﬂ/'%‘%§f, Iﬁﬁi

Few moving parts and wear points

B s MERRD

Vibration free operation

Exhaust can be utilized in cogeneration

MR T AR B

Lower efficiency MR R

High pressure fuel gas compressor
required = EBRS

High capital cost X% &

Not suitable for moderate size landfills
KINBETERE

Sensitive to varied LFG supply loads

XS B HY S U=

Sensitive to ambiente air temperature

A

Methane to Markets

X3 WLLA B 22 SRR E Bk




In short, ﬁ%%ﬁﬂ%lﬂ:

the IC engines has the lowest capital cost, whereas the capital cost of gas turbines is about
25% higher than reciprocating engines.

AIPILE Bt AN AR, SRR AL P55 57 F K20 22 L AL

5125%.

the IC engines has the highest O&M cost, about 25 to 30 % higher than gas turbines.

NI T R4 2 s, R EEI LA AL 1 25-30%.

gas turbines are only suitable for larger sites (3,000 kW and larger power plants)
and require more careful control of the methane content in the LFG supply.

RS AL DE H] T R BB Y7y (el 7% =t 4 £ 3000k W
LAED  EOG B3R S e 2 R P 3l K ™
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LFG to power is not free, base on the common business scenario in China or other
developing countries no investor will be interested in this kind of project.

B U ) LB AN 2 S 5T, T H Arg o (B IXHF
1A IR X R AR DL, AT B8 Fal RS T H TR

CDM gives a very good opportunity to reduce GHG emissions while
developing LFG to energy projects using revenue generated by the sale of
emission reductions.

COMHE 3/ U AR AL T BLBL, RN S R 3 5
SH K T B, R R T2 T4 2
KT H 2 3
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Methane to Markets

However, at the end of 2006 of all of the types of CDM projects allowed under the
Kyoto Protocol rules, LFG CDM project were only 6%.

¢ E 2200644 IS, AR A CDMIN H N A7 6% A b

SIS

oo o
1%
} |  Other
/" 1%
Hydro
2%
~_Wind
il 6%
Other
——Renewables
4%

/\_EE+Fuel s.

14%

~—_LFG
— 6%
Agro-forestry| Animal waste
1% 3%

CDM project types: share of volumes of
CERs through 2006.

20064F-13: /i F{ICDMI H Fhi2%

(source: “‘LANDFILL GAS CDM PROJECTS:
CURRENT TRENDS AND FUTURE

OPPORTUNITIES FOR DEVELOPING COUNTRIES”,
C. LEE*, J. BOGNER**, AND A. TOEFY® )




Country [EZX N'Iﬁ%o%%%ts
Argentina P TR £ S
Armenia V.3 g b 2
Bangladesh & N7 2
Bolivia A ZE L. 1
Brazil .74 40
Cambodia K IfjZE 1
Chile A 11
China *H'[H 4
Costa Rica & IAZLhN 4
Ecuador J&.JRZ /K 4
Egypt EI or ggg 1 each

/D%Eas \%%ﬁﬂ%id\
Indla B[] & 10
Indonesia /1% J& P4 V. 2
Israel DL 4.4 2
Malaysia LR pgar 9
Mexico = PY Hf 71
%lc&ragua Peru JE N7 I . 1 each
Philippines JE{3t = 6
South Africa g F 1
Tunisia X JE 2

Methane to Markets

Up to April 2007, there were 180 registered
landfill gas CDM projects out of a total of
632. They are located in the countries
indicated in the table.

AubF20074E 00 H, CEFEME
632/~CDMIii H #1804 Ay b7 3
FEHAIH .

Opportunities for LFG projects under the
Kyoto Protocol still exist, and these
opportunities are expected to continue
beyond 2012, the end of the first Kyoto

commitment period.
RI{ERI201 245 — LAl v i ]
25 W Ja A5 AE AR PR T 4R 4L

R JE b PRI I H B4 o




Estimated
Registered Title Other Parties Methodology reductions
(tCO2elyear)
Nanjing Tianjingwa Landfill Gas to UK Northern ACMO0001 ver. 1
18 DGFee Electricity Project Ireland AMS-I.D. ver. 6 e 4
03 Maros | Meizhou Landfils Gas Recovery and | syiq ACMO001 ver. 2 286,525
Utilization as Energy
21 May 0 | Anding Landfill Gas Recovery and | Noiheriands ACMO001 ver. 2 75,557
Utilisation Project
Wuxi Taohuashan Landfill Gas to ACMO0O00L1 ver. 4
09 Apq 07 Electricity i o AMS-1.D. ver. 9 S [opEac
Shenzhen Xiaping Landfill Gas UK and Northern
04 Mpy 07 Collection and Utilization Project Ireland M 471,619
s , : UK and Northern | ACMO0001 ver. 4
13 May 07 Jinan Landfill Gas to Energy Project reland AMS-1.D. ver. 9 112,908
i’ g $z0mMPostipg of organic waste in Germany AMO025 ver. 5 41,880
Wuzhou

Of which 6 projects (written in yellow) produce electricity. ,E:EP/‘T/I\j'iji Eﬁlﬁ E o
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The Italian Ministry for the Environment, Territory and Sea launched LFG CDM activities in
the second half of year 2003 in China. In cooperation with partners (both Chinese and
Italian), D’Appolonia has worked on several biogas reuse for energy production in China.
The objectives of this initiative are:

s KA B A Wy 561 20034F 1 -4F 5 80 1 A8 A [ 1) 2y SR SHIE S CDMIIR
H. D'Appolnia a5 H e Em H S EE &2 7 A RAED A
REVRFEHIH TAE. THRF FEEHK A

selection of the landfill sites iﬁi&iﬁiﬁlﬁfj H@Iﬁi’%,

preliminary assessment of the Technical and Economic Feasibility :BE*\ éﬁé{%‘ﬂﬁ‘@
HIRIZB T

set up of a Memorandum of Understanding (MoU) with the site owner

ISREVR N LTRSS ARy LTI

development of the relevant CDM documentation: PIN, PDD

£ COMA X HI I H 3 PINL PDD;

development of the final design and technical specifications

I RENIE =2 S ag witks % NSRRIk
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Construction
Supervision

it T

Engineering CDM
Design Procedures

TR CDM HiiE

LFG
CDM
Project
Renewable | | DR Plant
Energy CDMInH Construction

A R 7 [ i

Plant
O&M Waste

B RIEAT Mgfgag;mfg?t
R Yits i



Based on the recent Sino-Italian experience, LFG projects development
in China must overcome several obstructions.

S TR AT 928, o [ 0 55 H 1y
RIEAEA s NI bR —

Technical $7 A7 [H] .

Poor system design of landfill sites EVRISEERLIIET] Eﬁﬁfrﬁ%%%, o2 il

Poor system operations & management (cover, site practices: impact,
leachate, etc.)

ISR B AE 4 (Andvi s s s3T50, B aede) ;
Vandalism/informal recycling (paper recycling, etc.)

— LA DR G B B A IE R PR EA  CandRak i[RI FH &5
Over estimating recoverable LFG ﬂ IEI L&iji&iﬁi%/—jgﬁ El@ 1ﬁfﬁﬁ%
Scarce data on waste characterization 14 J<Ev 3% 487 Pk 10 B 45 R G

Less information on waste disposal history
A I by S Iy 52 AR SRR
Difficult to be sure for projected future waste

X B ARz [ B I B A R

N
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Thanks for your attention!

G PN P SESY

D’Appolonia S.p.A.

Via San Nazaro, 19

16145 Genova (Italy)

Ph.: +39 010 3628148

Fax: +39 010 3621078

E-mail: marco.cremonini@dappolonia.it
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