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1. CBM Resources in China

2. CBM/CMM Development Technology
3. CBM/CMM Utilization

4. Development and Utilization of AMM
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B CBM recoverable resources and proven reserves

€ The recoverable resources amount to 12.5 trillion m3, with high, medium and low coal rank
accounting for 1/3 respectively;

€ The total proven reserves in China were 711.1 billion m?, and 14.7 billion m? were newly
discovered in 2018, up by 40.3% over the previous year.
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B [Integration of Coal Mining and Gas Drainage-Jincheng Mode
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B Coal Mining after Gas Drainage and Integration of Coal Mining and Gas Drainage-Jincheng Mode
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Directional Drilling Technology in Sihe Coal Mine High level borehole drainage technology
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B Coal and Gas Co-mining-Huainan Mode
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Co-mining Technology of Coal and Gas in Gob-side Entry Retaining with Y-type Ventilation without Coal Pillar
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Protective layer mining + floor roadway cross-layer pressure relief mining and surface drilling.
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B CBM/CMM Utilization Scheme
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W Utilization Technology for VAM
» Thermal oxidation

» Catalytic oxidation

» Auxiliary fuel for boiler or gas engine
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Sangzhang VAM Power Generation Project in No.2 Coal Mine of Shanxi Yangquan Coal Industry
(Group) Co., Ltd.

Investment scale: 180 million RMB

Oxidation devices: 6 units, installed capacity of steam turbine: 15 MW

Annual destruction volume of methane: 830,000 tons CO, equivalent

Since November 1, 2018, heating has be started for the air shaft of the Coal Mine.

After completing the grid connection project in December 2018, grid-connected power generation was
began.
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Sangzhang VAM Power Generation Project in No.2 Coal Mine of Shanxi Yangquan Coal Industry (Group) Co., Ltd.
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VAM Power Generation Projects in Central and

Taoyuan Districts of Gucheng Coal Mine (Planning)
» The design scales of Gucheng Coal Mine Central District
Project and Taoyuan District Project is the same
Investment scale: 2X 185 million RMB
Oxidation devices: 2 X 10 units
Annual destruction volume of methane: 2X 1.38 million tons
CO, equivalent
> Installed capacity of steam turbine: 2X25 MW
» Combined heat and power supply in winter replaces 20-
ton/hour coal-fired boilers respectively.
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Ventilation Air Methane (VAM)

In 2013, CCII undertook the general project Synthesis and its reaction kinetic model research of novel Pd-based
monolithic catalysts for ventilation air methane.

In 2017, the IIEM undertook the Youth Fund Project of Natural Science Fund Controllable preparation and
catalytic performance of binary Cu-Mn mixed oxide catalysts supported on hierarchical porous monolith for

ventilation air methane combustion

100%
s {2 T eke e Bl T 0% e A = 100% -
[l % 8 R P23 & 7]:‘ 73 H % a8 % H‘ 2k & /}‘., 1= ——0.5MCu-Mn/1%2r/AI203 —e—Pd/ALOs
. i 2 —m—0.5MCu-Mn/3%Zr/AI203
z : 80% |
WOH o E 5 OB # # & Al 80% | 4 0.5MCu-Mn/5%Zr/AI203 " [ —m=pd/1%cesal0;
= 5 —0.5MCu-Mn/AI203
A e [E#H &M 02017 388
ke M gy 2 60% - 60% |—a—Pd/3%Ce/AlO;
L g % ——Pd/5%Ce/AL0s
¥ F HE M 3h 201348 18 45 49 E 19 3 Yo T-HEill ¥ B 201 74E 1 AL WUH i i 20% - a0% |-
BEESEFEFESSREEFEE (£5: Wit-s00) Mgketr BESAREETIN (4S: 11307050 - o
B AT RFEES 0D AEAERERITEL, LR THT L
EREHEEELZRS (TR AHEELSE) RERE % 0% ,
fri Vil el . : ‘ . . ‘ ‘
EARMIER (B DR AREELRE 1, 4 0 100 %00 300 w0 =00 0 700 . oo - i coo

B 750 A #¥. BEWE LR, ERWEWEMERL
Tt £
ERVHERAEAT LA RSEN, TAARAALERY
FHRR CHEE A FLLE pMEF IR EY (WL TFHRE
Hil4) EFRR. 2003E0 A 11E L6A M, RERMARREN
i H e FHATHEELRGEERE (hitps: //isis. nsfe.
gov.en) BEFE RAFESE, g HHFRET RN AR 6
EFRTY ., WA, WE R AT H AR
(RUNENE) ; FHERSAN, BESHERARASL &
FEREAAEIFIN18E 16AW, HEAUE o iHR R FHE
HFEFEAREE D BRHELLE,. WIEIAIBI6AH.
FAE RN E RHFEL T UHRE A FARRE (-
Fif, ERESETFH ) mEAAgaR, HEZAMRMER

201749 F 11H 165
# ,‘liﬂ?"—i/&m&fﬁ

i Uﬁ‘ﬁﬂixhﬁ’ﬁ #
YIHEER CERNREATH)
FABE, RATRLAE20ITH o YT
3] 45 sh F BB o o B kR FEAE, 0174
OF26H 16 5%, kLGS AR FLELTWHRERESN

ﬁ)T&H1
AEEME A

12



hy — 3 —

T g—

IHHEM&CCII

(L= TEACTISE]

—

B KEEY RE

> 19974 5188.2 1 kb

> 2018459004k

> 2011-20184FH[R], 1T 20112004k

B Large number of coal mines were closed
» Up to 82,000 in 1997
» 5900 1n 2018
» From 2011 to 2018, a total of 11,200 coal mines were closed.
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. 13
BT HEE Number of mines




(L= TEACTISE]

IHHEM&CCII

.

O
>

vian

REAT HEE

Zalad: TR HEREE

201810 H 1H, FHaedsky 4 B S R I ¢ P 3 )T
R AEPUITERNE S, RN, HIERE K LA Rk
e A PR LA S A0

20184F10 H15H, HRTTEAIL X AZEAL I, 75 H:
F VBT E AR R A FLRIE, 1BIE SRS ASLT,

Risks of abandoned mines
Potential safety hazards: gas escape and surface subsidence

On October 1, 2018, a gas explosion occurred in Xuandong Coal
Mine of Jizhong Energy Zhangkuang Group during the sealing of
the air shaft, resulting in 4 injuries and damage to some vehicles
on the Beijing-Zhangjiakou Expressway over one hundred meters
away.

On October 15, 2018, a gas explosion occurred in Liyuanba Coal
Mine, Shihao Town, Qijiang District, Chongqing City, during the
sealing operation of the shaft wellhead, causing 5 deaths.

14
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B CCII has long been committed to the research on the resources and basic theories of AMM.

A\

From 2014 to 2016, CCII undertook three projects funded by the British Prosperity Fund for three

consecutive years.

2014 - Policy Recommendations to Improve China’s AMM Extraction and Utilization

2015 - Feasibility Study of Pilot Project on AMM Development and Policy Recommendation for AMM
Development and Utilization in China

2016-Utilising UK Expertise to Promote the Commercialisation of AMM Recovery in China

Researchers from CCII went to Britain, Germany, the United States and Canada to exchange waste

Coal Mine Methane development and utilization technologies and on-site inspections.
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B CCII has long been committed to promoting AMM development and utilization in China.

» Organizing Shanxi Lanyan CBM Group and Shaanxi Coalbed Methane Development Company to visit the Britain

and Germany to learn advanced technology, successful experience and conduct on-site mspectlon
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Technical exchange with British experts
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Face-to-Face Technical Exchange Meeting with DMT Visit Germany's AMM Power Plant
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Visit Britain's AMM Power Plant Visit Coal Authority of the UK
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CCII has long been committed to the research on the resources and basic theories of AMM.
Accompanying the leaders of the Coal Department of the National Energy Administration to visit the Britain and

Germany to learn advanced technologies for AMM development and utilization and exchange successful
experiences.
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B CCII has undertaken the project Policy Research on
Exploitation and Utilization of AMM Resources in Closed

Mines, entrusted by the National Energy Administration
Field Investigation

Shaanxi: Shaanxi Coalbed Methane Development Co., Ltd.

Liaoning: Shenyang Coal Trade Group

Chongqing: Chongqing Energy Group

Hunan: Energy Administration of Hunan Province, Hunan Coal Group
Inner Mongolia: Energy Administration of Inner Mongolia , Baotou Shiguai
Industrial Park

Drafted "Guiding Opinions on Promoting Gas Control and Utilization in BHITIES

Closed Mines" (Draft for Comments) Hold a seminar 18
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Organizing a workshop on AMM

development and utilization.

The workshop on AMM development and utilization
was listed as an important topic in the International
Symposium on CBM/CMM and Shale Gas in China.
It has promoted technical exchanges in the AMM
development and utilization and provided a platform

for foreign enterprises to display technical services.
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Heilongjiang Longmay Mining Holding Group Co., Ltd. Abandoned Coal Mine Methane Project
In March 2017, technical experts from CCII accompanied Mr. Thomas Breheny, President of HEL-EAST Company,
to visit Nanshan Coal Mine of Hegang Company and Lishu Coal Mine of Jixi Company, Heilongjiang Longmay
Mining Holding Group Co., Ltd., and investigate the potential of AMM development and utilization.

o
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B Ningxia Hui Autonomous Region
» CECEP Ningxia New Energy Resources Joint Stock Co., Ltd.-Wulan Coal Mine (Closed in May 2016)

Remaining CBM resources amount to 691 million m?

Accumulative development and utilization volume of AMM: 35.8269 million m? (pure) by June 2018;
Providing 93.15 million KW+h of clean energy by June 2018;;

Achieved sales revenue of 36.486 million RMB and reduced greenhouse gas (CO2) emissions by

517,500 tons by June 2018;.
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AMM development plant area, drainage pipeline and power station in Wulan Coal Mine 21
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Liaoning Province

Liaoning Hongyang CMM Clean Energy Development Co., Ltd-

Qingshui No.2 Well (closed on October 31, 2016)
v Qingshui No.2 Well constructed 5 pilot test wells when closed.
v' Average flowing gas production of No. 1 Well 1 is 2300m?/d.
v Maximum flowing gas production of No. 1 Well : 2700m?3/d.

e . & 129 HWE =52 (m3/d)
= - 000 - Self-injection gas production (m3/d)
_h'h 7; 4 2500 /_/\
" il o vy 2000
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B Problems

» Mining rights

® The ownership of mining rights is not clear

® The application period of CBM mining rights is long and has many links.

» Regulations and standards for coal mine closure

® Coal mine closure mainly takes measures such as dismantling equipment and filling the shatft,

and does not require prevention of secondary disasters.

23
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Problems

Technical issues in development

The geological conditions for abandoned coal mines are complex, with large regional differences. At present,
key technologies for gas storage, reserves assessment, migration and favorable area selection in abandoned
mines have not been broken through.

Lack of demonstration and guidance

Lack of confidence in technical feasibility and economy.

24
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»  China has abundant CBM resources, with great development potential.

»  The technologies of CBM development, CMM drainage and combined CBM/CMM
extraction are gradually mature.

» The technologies for civil use of medium and high concentration CMM, power
generation or industrial fuel, power generation of low concentration CMM, purification of
low concentration CMM and thermal oxidation of VAM are gradually maturing.

»  Positive progress has been made in AMM recovery and utilization.

25
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