Current Status of CMM Activities in U.S.
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U.S. CMM Sector 3 E CMMIBLIR :

] 2006 US coal production: 1.2 billion tons
2006 FEEEHRTRE: 212
o 2006 US CMM methane emissions: 158 bcf

20065FE ECMM B T HEE : 158023 H R

- 612 underground = 359 million tons coal; liberated 123 bcf methane

612/NHE T IR TR H 3. 5942 MK BT T 12304257 5 FE R B o6t

- 812 surface = 803 million tons coal; liberated 35 bcf methane
812 B R BN T K th 8.03Z MR, R J T 3501232 75 T FRUF) B e
CMM is emitted from 5 sources: CMM FEBCRIE T LT HANEIE -
1. Drainage systems at underground coal mines (also commonly referred to as drainage systems)
IR FHHEERS CEE B AMAERS)
2. Ventilation air from underground mines

W HRERES

3. Abandoned or closed mines

R EE RARIT H

4. Surface mines
ERY
Fugitive emissions from post-mining operations

K JE Rk BTG R

U

3 RAVEN RIDGE RESOURCES
INCORPORATED

o




2006 US CMM Emissions
20064E 3% H cMM K HERR

Surface
Mines, 22%

Underground
Mines
(drained), 5%

Post-mining,
13%

Abandoned
Mines, 8%

VAM, 52%

T CMMHEEE &5 BHTRERI5%, BRD CMMIERE & B R ER22%, 27 ECMMEIHRE 5 BHER13%, EFT HRomm 5 a3k
BEHI8%, RS F S CMMEHERI52%
» _ CMMis 12% of country’s methane emissions _ CMM 7 [ 5¢ Ff e HE U ) 12%
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CMM Project Types 4
CMMJI H K2

1. Drainage system projects #iHi R4 E

e  Pre-mining (vertical, horizontal boreholes boreholes)

FFRET (Am. BEREsL)
e In-mine boreholes FF¥ 4570

e  Post-mining (vertical gob boreholes)

FXRE (EEXZEXAL)

2. Ventilation air methane (VAM) projects

BRESHF S E

3. Abandoned mine methane (AMM) projects
JEFH I e H
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Drainage System Projects

fHER G H i

e Emissions from drainage systems are 40% of emissions from underground coal mining

AR G HIHRE S 3 T D H R E 140%

e Systems developed primarily for safety reasons; can also recover methane for
destruction/use

FRERZEERHTREFZR; RN WA PAEWCR b PLE R EE BRI A
— Pre-mining: produces medium to high quality gas
FERAET: PEFBFEBESE

— Vertical wells - drilled from surface into coal seam

TEHF: NREBHEEHL

— In-mine: produces gas ranging from ~30% to 90% methane

FRAH: FEEKLETEEZ30%2]90%) B bt

. qu(_eholes - drilled from inside mine into coal seam/surrounding strata prior to
mining
L. WEEH A BRI E O BS 7L/ R 60 H B #U2 K85 FL

— Post-mining: produces low to medium quality gas

FXRIE: FERBIFHSRE

e Gob wells Gob wells - drilled from surface into coal seam just prior to mining

KA X F-FRZ BT WK BIE R 85 5L
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vrainage system rrojects
HHER S H °

e Many uses for recovered methane; end use depends on
quality
e E ) AR 1R 2 g (BB FE BT B e i i iR
e High quality gas = /i B ¢
— Pipeline injection FINE1E
— Vehicle fuel REMRE
e Low quality gas {5 FF &%
— Oxidation &b
— Combustion WRIge
e Medium quality gas 5 B §%
— Power generation & H,
— Coal drying YRR T
— Boiler fuel LAy )
— Industrial applications MV FHi&
— Upgrade for pipeline use F+Z & 18 F
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Drainage System Projects 7

fiHE RGN H

e 23 mines with drainage systems in place
23 FHEHE RS B Ar

— Majority in East and South; 25% in the West
ZHAERTAEE; 25 %ETTH

e 14 are recovering and using CMM
1479 H1IEFE B B FH cmm
— 12 are injecting into pipeline 1240 3724 | B e N B
— 1is producing electricity 1M FH =4 Bt AT & H
— 1is heating mine ventilation air 1M FH 7242 1K) B e FI 000 38 XS 48
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Drainage System Projects 8

fiHE RGN H

e Drainage systems w/out recovery (9 mines):
RKBHHERZIE KHFIM
— 100% use vertical gob boreholes
100 % KFXZ X #H AL
— 11% use horizontal pre-mine boreholes (1 mine)
11 %R RAR AL M B—1AS)
e Drainage systems w/ recovery (14 mines):
ELREMAERAMEKF 14
— 100% use vertical gob boreholes
100 % KFXZ X #H AL
— 50% use horizontal pre-mine boreholes
50% K F 1SR BT 458 1) 85 L
— 43% use vertical pre-mine boreholes
43%K F R AT E AN 1L
e  “Gassiness” S 4&
— Al mines with drainage systems in top 40, but gassiest are not all recovering 7E [ 4042 KA s &R A
ARG, ERSEHBHHEU
—  Of the 20 gassiest mines, IX20F SAR KN,
e 85% have drainage systems 85%F4 fHHE & 4t

e 60% recover and use methane 60%4 [F] Y 3% B B 4%
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VAM Projects 9
18 X BL3 B H

e Ventilation systems required at all underground coal mines
for safety

HTR4e%E, TR TETGBEREGERNRS
e VAM typically contains <1% methane, but VAM is largest
source of CMM emissions in US
VAMIEH S H A BN%K e, (ERFESREVAMA R CMMHERBR 8 K RIE
— 52% of all CMM emissions s2%tcmmER SR IEFVAM

— 60% of CMM emissions from active underground mines 0%
FICMMHEBCR B 1GR3 T ™

e Estimated VAM emissions from 50 gassiest underground

mines = 196 mmcf/day
BRSO FH SR H T HHEB I VAM 196 mmcf

— 29 million metric tons/year 44290077 1

A —
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VAM Projects 10
VAM I H

e Opportunities to use VAM as primary or ancillary fuel
i FIVAMAE N EE SRR L&

e End use technologies i fERER

— Thermal flow-reversal reactors #3005 iz v HE
— Catalytic flow-reversal reactors {E4{L IR Bl % & B HE

— Use as combustion air in engines and turbines
YERRBIFLARFENR S

— Other potential end use technologies Hfi#&7F i) & v F HiA

— Concentrators %&H |

— Lean fuel gas turbinesFBRIRSISEHL
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VAM Projects 11
18 X BLIT B E

e One commercial-scale oxidation project operational in Australia

FEBRH I B A B — A AR B E AL TR

VAM-to-power project using TFRR (6 MW)
fEF6JKFLIITFRR, fEVAMA T X T

e One demonstration project was completed successfully in US at closed mine
(TFRR), anticipating moving equipment to active mine for commercial operations

— AR E AR ERRAT I (TFRR) A 5B, FHATEB SR ZNERAT H LA
e NLIE 1R

e One demonstration project at active mine approved by MSHA - in operation
(TFRR)

— AR E AT HRRET L RE 5 @R R - C S ETFRRET HRIE+H
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AMM Projects 12
A P=IEY LTI H

e AMM = 8% of total CMM emissions
AMM 5 FrE CMMAHE 18%

— Active mines = 144.5 bcf methane

AR LR TR 14454250 77 FE RK B e

— Abandoned mines = 13.4 bcf methane

BRI R340 75 FE R H e

e Mines continue to release methane after closure

SRR FERE R P 2 5 R SRR T8CE FF b
— Unknown number of abandoned mines (thousands)
NEFER 2/ DRAHT (B
— Some sealed, some flooded, some vented for safety
e US AMM emissions generally declining since 1996
H M19965EFF 153 H K AMMARHE 38 T F%
e 44 AMM recovery projects 44 >AMM [E] it T H
— 42 pipeline injections 42N T BB IZ 5
— 2direct sales 2N T EHESE
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Methane Use (Bcf)

Summary of CMM Projects
CMMIRH & 55

50 bcf of CMM recovered and utilized - 32% (2006)
200645001232 75 3 R ICMMAE EISCRIRI A, 5 CMMAERBUE B 1I32%

13

— 14 active underground mines = 46.2 bcf recovered; 18.7 MMT CO2e reduced

14 AP FH A 3462423075 T R I eMMAR BTG Jb T 18.7 73 M co2e A HEK
— 33 abandoned underground mines = 3.4 bcf recovered; 1.4 MMT CO2e reduced 33
NEFH HhFIE3MZL TR R FICMMBE [EI; 8> T 1.4 75 co2e HERK

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Year
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Emission Reductions as a Function of Investment 15

T ———

D HEREA R A BRI — TR
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Optimized Use ggh’ef:t‘;‘fr: Only LNG
= p10 CAPEX $s/t CO2e $3.50 $3.68 $3.45
Op10 $s NPV / t CO2e $2.29 -$0.43 $2.79
® p50 CAPEX $s / t CO2e $4.45 $3.89 $4.48
0p50 $s NPV / t CO2e $1.58 -$0.52 $1.90
= p90 CAPEX $s / t CO2e $5.86 $4.00 $5.91
[p90 $s NPV / t CO2e $0.69 -$0.85 $0.67

3 RAVEN RIDGE RESOURCES
INCORPORATED
7



	Current Status of CMM Activities in U.S.�美国煤矿气开发利用现状
	U.S. CMM Sector 美国CMM现状
	2006 US CMM Emissions� 2006年美国CMM的排放
	CMM Project Types�CMM的项目类型
	Drainage System Projects�抽排系统项目�
	Drainage System Projects�抽排系统项目�
	Drainage System Projects�抽排系统项目
	Drainage System Projects�抽排系统项目
	VAM Projects�通风瓦斯 项目
	VAM Projects� VAM 项目
	VAM Projects� 通风瓦斯 项目
	AMM Projects�生产煤矿瓦斯项目
	Summary of CMM Projects�CMM项目总结
	References �参考文献
	Emission Reductions as a Function of Investment �减少排放量作为投资的一个功能

