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Introduction

Methane is naturally found in coal seams throughout the world. The amount of methane trapped
in a coal seam varies by country and by region. The presence of methane in coal represents the
principal hazard associated with underground mining of coal. It is necessary to continuously
extract methane to keep the methane concentration in the mine below its lower explosive limit.
The lower explosive limit of methane is five percent by volume.

Methane can be extracted from a coal seam in three forms:

Coal Bed Methane (CBM) -- Extracted by drilling wells from the surface into the coal
seam prior to mining, or from a coal seam which may never be mined. CBM generally
has a methane content of over 90 percent;

Coal Mine Methane (CMM) -- Extracted from the mine itself, while mining is underway,
or sometimes after mining is complete. CMM generally has a methane content of 35
percent to 60 percent. The non-methane fraction of the CMM is virtually all air (nitrogen
and oxygen). CMM is extracted by drilling horizontal wells into the coal seam; and

Ventilation Air -- Ventilation air contains very low concentrations of methane. As the
name implies, it is the exhaust from systems designed to flush the mine with fresh air to
provide a safe environment for mine personnel. Ventilation air is generally unsuitable for
energy recovery.

CBM and CMM can be converted into several forms of useful energy, including electricity,
boiler fuel, pipeline quality gas, or vehicle fuel.

CBM and CMM has been converted into electricity using reciprocating engines and combustion
turbines. The largest currently operating reciprocating engine project is located in New South



Wales, Australia. It employs 94 reciprocating engines having a total installed capacity of 97
MW. It has been operating since 1996. The largest currently operating combustion turbine
project is located in Virginia, USA. It employs two simple cycle combustion turbines. It has a
capacity of 88 MW.

The above two projects are exceptionally large. CMM/CBM power projects currently exist in
Australia, China, Germany, Japan, Poland, Russia, United Kingdom, Ukraine and the United
States. Approximately 50 projects, ranging in size from 150 kW to 94 MW are currently
operating, with an aggregate output of about 300 MW.

It is also possible to convert CBM and CMM to pipeline quality gas (natural gas equivalent).
The quality of gas that a natural gas distribution company will accept varies somewhat
throughout the world. Often, the energy content of CBM is satisfactory with minimal
processing. If the air fraction of CBM is too high, it can be beneficiated to pipeline standards by
removing nitrogen using pressure swing adsorption.

CBM can be used to produce vehicle fuel, or to produce transportable fuel (if a pipeline is not
present) by converting the CBM or CMM to compressed gas or liquefied gas. Compressed gas is
transported to markets in high pressure tube trailers. Liquefied gas is transported in low pressure
tank trucks.

The Shanxi Jincheng Anthracite Coal Mining Group Company (JMG) operates one of the largest
and most successful coal mining companies in the People’s Republic of China. The Sihe Mine is
JMG’s largest mine. The Sihe Mine is located in southeastern Shanxi Province. It is about 500
kilometers southwest of Beijing, and about 20 kilometers west of the city of Jincheng.

JMG currently collects CMM using horizontal wells. The CMM is pulled from the mine to an
above-ground CMM drainage facility (a vacuum pump house). JMG uses some of this CMM as
boiler fuel and to supply a 15 MW combustion turbine power plant and some of the CMM is
discharged directly to the atmosphere.

JMG is now engaged in a project to increase the capture of CMM, which will improve the
working conditions and JMG will simultaneously install the world’s largest CMM power plant to
utilize the CMM of the Sihe Mine. The gross capacity of this power plant will be 120 MW.

JMG engaged SCS Engineers to provide technical assistance in development of the project.
SCS’s responsibility includes: design review; assistance in procurement; assistance in monitoring
contractors and equipment suppliers; operator training; and assistance in plant performance
testing.

CMM Supply

At Sihe Mine, CMM is extracted from the in-situ coal using horizontal wells. Boreholes of up to
530 meters in length have been drilled ahead of the working face of the mine. The boreholes are



converted into wells and the wells are connected together through a network of piping inside the
mine. The piping extends through a shaft to the surface where it terminates in a CMM drainage
station (a vacuum pump house). All of the CMM from the Sihe Mine is pulled to a single
vacuum pump house. The CMM exits the pump house at a slight positive pressure (7.7 kPa). It
is now stored in a 10,000 m> low pressure gas holder, and it is used to fuel a 15 MW combined
cycle power plant and to fire boilers to supply building heat.

In support of the new 120 MW power plant, JMG is making the following improvements to the
CMM supply system:

e Four new drilling machines, capable of drilling boreholes over 1,000 meters in length
have been procured;

o The capacity of the vacuum pump house will be increased from 1,432 Nm>/min to 2,796
Nm3/min; and

e Two new 30,000 m’ low pressure gas holders will be installed.

The combination of more aggressive drilling, and the above facilities, is expected to increase the
capture of CMM and supply the 120 MW power plant with a reliable and adequate source of
CMM.

Power Plant

The new 120 MW power plant will incorporate the following principal components:
e A pressurization station which will draw CMM from the gas holders and which will
increase the CMM pressure to the 35 kPa required by the reciprocating engines;

e Sixty 1.8 MW Caterpillar 3520 reciprocating engine/generators. The engine/generators
will be installed in four contiguous power houses;

o Twelve waste heat recovery boilers (three per power house). Each boiler will serve five
engine/generators; and

o Four steam turbine/generators (one per power house).

The characteristics of the engine/generators will be as follows:

Gross Output 1.8 MW

Heat Rate 9.15 MJ/kWh
CMM Inlet Pressure 10-34.5 kPa (g)
Exhaust Temperature 458°C
Generator Voltage 10.5kV

Usable Hot Water 744 kW

NO, Emissions <500 mg/Nm®




The design methane content for the project is 41 percent; however, the engine/generators will
operate on a methane content as low as 30 percent.

The characteristics of the waste heat boilers are as follows:

Steam Production 6 tonnes/hour
Steam Pressure 2.5 MPa (g)
Steam Temperature 400° C
Feedwater 105° C

The characteristics of the steam turbine/generators are as follows:

Gross Output 3.0 MW

Steam Flow 16.26 tonnes/hour
Steam Temperature 390°C

Exhaust Pressure 0.0108 MPa (a)
Generator Voltage 10.5 kV

Other important power plant subsystems include the following:

Cooling

Cooling for the engine/generators will be provided by roof-mounted, air-to-water heat
exchangers. Cooling water for the steam turbine/generators’ main steam condensers, generators
and lube oil will be provided by a mechanical draft cooling tower.

Hot Water Recovery

Jacket water will be used to provide hot water for building heating. The productive use of this
waste heat will free up more CMM for electric power production.

Water

Raw water, in an amount up to 141 m*/hour, will be provided by six groundwater wells. The
water will be softened and be used as makeup water for the cooling tower and for the hot water
building heating loop. The softened water will be further processed by reverse osmosis to
provide boiler makeup water.

Wastewater

Principal sources of wastewater will include: softener regeneration water; reject water from the
reverse osmosis system; cooling tower blowdown,; boiler blowdown; and building drains. After
oil/water separation, as appropriate, the wastewater will be discharged to the coal mine’s existing
wastewater treatment plant.



Interconnection

The generators will produce power at 10.5 kV. The power output will be aggregated and will be
stepped up to 220 kV using two 75 MVA transformers. The 270 kV power will be
interconnected into the Shanxi Province Power Company’s (SPPC’s) transmission grid using
indoor GIS SFG switches. A 220 kV transmission line will be constructed to SPPC’s existing
Quinchi 220 kV transformer station.

Project Schedule

A contract for the supply and installation of the engine/generators, and all major power
generation equipment, was awarded in May 2006. It is currently anticipated that two of the
power houses (60 MW) will be operational in June 2007. The other two power houses (60 MW)
will come online in December 2007.

Project Funding

The project is being funded through a loan from the Asian Development Bank (ADB) and by
JMG. The project cost is about US $200 million. Revenue produced by the project will consist
of avoided power purchases, sale of excess power to the local utility company and the sale of
certified emission reductions (CERs) under the Clean Development Mechanism (CDM). A
portion of the CERs have already been sold to the World Bank’s Prototype Carbon Fund.

30,000 m’ Gas Holder








