Caterpillar Inc. Sustainability Commitment

Gas Generator Sets
“Our vision is to contribute, through our diverse businesses, to a society in which
people’s basic needs are not only met but fulfilled in a way that sustains the

environment.”
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Topics Covered

 Caterpillar Inc.
 Caterpillar Manufacturing
« Low BTU Gas Applications Worldwide
— Low Energy Fuels
Landfill gas to energy
Digester Gas
Industrial Biogas
Ag Biogas
Coal Mine Methane
« Cat Dealer
— Experience/Consulting

— Product Support
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Caterpillar Inc. 2008 Sales & Revenues by Geographic Region
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Caterpillar Worldwide Locations
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Dealer Main Stores
® Manufacturing Facilities
@ O0Office and Other Facilities
@ FG Wilson, MaK, Perkins, Solar Distributors
Progress Rail Locations
Y Parts Distribution Centers
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Caterpillar Gas Engines

» Al Caterpillar gas engines are built - 80% parts commonality with diesel engines

on the frame of diesel engines for: — Engine block

— Strength and long life — Crankshaft

— Large active engine population — Main bearings

— Application synergy — Connectingrods _ __________ _
— Better parts availability — Cylinderheads G \§ERRFELLANR
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Caterpillar Electric Power Experience

™ 70 Years Experience (1939 - Present)

= & Over 450,000 Gas and Diesel Installations
‘ ' Worldwide

(Installations over 350 kW)
243,000 MW Installed Worldwide
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Cat brand electric power products




World Leader in Heavy-Duty Gas Engine Sales
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EXPERIENCE

« Caterpillar Shipped >11,200,000+ Gas bkW in Last Decade
— More than 42,000 stationary gas engines shipped

— 2.9 billion estimated operating hours OATEDDII I ADC
— 2.35 million bkW in gas engines shipped in 2008 alone & YE-EEE SE-E.ruEl
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Low Energy Fuels

Low Energy Fuel Heat Range
Coal Seam | |
Landfill | |
Digester | |
Wood Chip ]
Manufactured | |
0 5 10 15 20 25 30 35 40
136 272 408 545 681 817 953 1090
Heat Value (MJ/Nm3)
Heat Value (btu/ft3)

* Low Energy Fuel Heat Range

— Coal Seam Gas 13.8-35.6 MJ/Nm3 (370-955 btu/ft3)

— Landfill Gas 10.2-25.7 MJ/Nm3 (275-700 btu/ft?)

— Digester and Biogas 10.2-25.7 MJ/Nm3 (275-700 btu/ft?)

— Syngas / Wood Chip Gas 4.0-11.9 MJ/Nm3 (160-320 btu/ft3)
— Manufactured Gas 4.0-35.6 MJ/Nm3 (160-955 btu/ft3)
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Landfill Gas-To-Energy

Sanitary landfills produce large amounts of methane and CO, gas due to the natural biological
digestion of the organic materials incorporated in the fill. Internal combustion engines are used to
consume (destroy) the Landfill gas extracted from landfills with the aid of a gas collection system.
The gas produced is composed of about 50 percent methane, about 50 percent carbon dioxide

and a small amount of non-methane organic compounds.

Heat Intensive Applications

Applications
Municipal Landfills Locations close to the landfill
Private Landfills Gr_eenhouses
Chemical Processes

Food Processing
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Landfill Gas-To-Energy

Caterpillar Advantage

» 30+ years experience in the industry

* Engines designed to tolerate fuel contaminants (modified cooling systems, improved metallurgy)
» Factory supplied mobile solutions available

 Competitive owning and operating costs

» Total system efficiencies to 90+% with heat recovery

» Designed for utility parallel operation

» Systems backed by superior Cat parts and service networks

Cat Product Available
kW range: 350-2000 kW
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Landfill Design
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Landfill Experience

First commercially available landfill gas generator sets
installed in Chicago lllinois USA in 1983.

« Qver 1,550 MW of landfill product installed worldwide.
— Continue to add over 150 MW/year -
»  Over 55,000,000 hours of operation on landfill gas. J(§ QB
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Caterpillar Solutions to Landfill Gas Contaminants

+ Landfill gas contains corrosive contaminants
— 4 categories of corrosive contaminants:

« Sulfur compounds
« Halide compounds

o Acids
« Silicon compounds

* Engines designed to optimize engine operation in landfill environment

« Corrosion resistant A/C core
+ Match current Caterpillar corrosive fuel requirements
* Oversized corrosion resistant fuel system for very low inlet fuel pressure

* Bright metals removed from areas that might contact fuel, blow-by with fuel
borne contaminants
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Optimized Engine Jacket Water Temperature

« 110°C (230°F) Jacket Water outlet temperature
Protects internal engine components from corrosion by preventing condensation of
water, not allowing sulfuric and other acids to form

» Positive crankcase ventilation
With warmed intake air to prevent condensation and corrosion from blow-by gasses

with fuel borne contaminants
— Extends ol life

Piston Cooling Shelf: High water
volume for proper top of liner cooling

Liner corrosion from condensed fuel
contaminants at standard jacket
water temperature
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Landfill Customer: Biogeracao Energia S.A.

CUSTOMER: Blogeragio Ensrgla S.A.
LOCATION: S50 Paulo, Brazil
MARKET SEGMENT: Landfill

C

Requi C Power sing Landfill Eas

Scopa of Sapply  Eguipman -
2 Cat* BB 16 Gancretor Sats
Sarvicas -
Enginzering plamning
Project HIE- qEtics managemat
Civil Corstruction
Equipmant testing
Dalivery, satup and installstion
Froduct supgort and maintenance
Plemt opantion snd monitoring

Cat Powwsr Dusler: Sotreg A
Sao Fauln, Brazi

POWER NEED

The transfirmation of domestic wesie int a valuable
commercial product 15 2 necessity inday. And for the oty of
St Pado, Brazal, 115 a reality that was cealed in 2 mere

e MR

The Adermo Sanitirio Mumicipal Handrranies Landfill =

the one of e largest sanitery landfills m the country of

lrzril. The landfin

receives appromaiety 7,000 o of
wonde daily, which amounis io hal f of what is produced in

off B30 Panio fone of the workd s kupe cities, with

2 population of 16 m

i people.)

The Bandrrasirs Landfill was built 3 years agn. le
capacity 10 reoEve wisde will come o an end im the year
200, whem the lancdfill will coniain moss them 3 million
o of waste. Orver the yeans this wasie will generaie
maltioms of jons of paws. These pases, if lefi wnirsied or

Nared (25 was the landfll™s previoes pracsce], wil

coniribuis io ghohal warmmg, & well as sibject nearky
commamities o the negatve effects of methane and

carbomic pases.

The caity of 5i%o Panla, i cooperagon with the land Sl
cancession operakr and with Biogas (e company tha

powerprofile (

Dnd ol 1 werkd's [argest snghe lend il gas powsrod
thamoslacinc plents was commissianod iv.Januany 2304

owns and operzirs the |audfif’s gas collection and processng
farilities) oped io tzke giohal warming prevention acion
with & landfill pas power generation '
power plant bers resalted in social, eonkogical and
bemefits: for the city and iis msidenis.

“The transfommation of wasie inio sellable elecirical
emerpy is & worldwide nesd. The snvimamental advanisges
from collecting 2nd utitizeg methane 2 a powsr generation

fel have: comir buted i the reduction of harandous gas

confirmes Waker Amadera,

Power Systems manager for Rraal

TOTAL SOLUTIONS

Tt tanetfill concession aperstor ealeded the mxisance
of Sotreg 5., the Cat dealer for 75% of Braxl, including
the cit
poweT generaton equipment and build the landfill pas power
plant. The 22 MW mectallafiom comsisis of 14 Cal (3314

pemeraior seis, raled al 925 kW oontimuous power. All te

530 Panlo. Sotreg wes sel ecied o supply the

c AT Electric

Power

Biogeragdo Energia S.A.
Séo Paulo, Brazil

24 Cat gas gen sets producing 22 MW

+ 170,000 MW-hrs/yr
(enough energy for 58,000 homes)
* Reduces 1.5 MMt/yr CO.e initially
* 16 MMt CO.e in the next 16 years
* CER CO, value ~ $240 mil (at $15/Mt)
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Digester Gas

Sewage treatment, or domestic wastewater treatment, is the process of removing
contaminants from wastewater and household sewage, both runoff (effluents) and
domestic. It includes physical, chemical, and biological processes to remove physical, chemical

and biological contaminants.

Applications Heat Intensive Applications
Wastewater treatment facilities Locations close to the landfill
(Used to improve landfill gas quality)

Greenhouses
Chemical Processes
Food Processing
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Digester Gas

Caterpillar Advantage

* Engines designed to tolerate fuel contaminants (e.g. high temp cooling)
 World class fuel efficiency

 Competitive owning and operating costs

* Total system efficiencies to 90+%

» Designed for utility parallel or ‘island mode’ operation

» Systems backed by superior Cat parts and service networks

Cat Product Available

kW range: 50-4000 kW
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Digester Gas Customer: City of Hamilton

powerprofile

CUSTOMER: Clty of Hamifton
LOCATION: Ontario, Canada

Castomar Requiremeat 'Win Oatarc Minsty of Energy

ranewabla ancrgy program contract for
digestar-gas-fmlad ooganeretion sysiem

Soape of Sepply: Equipmant -
(Ona Cat*1 § MW gas ganarator sat
g'lmrnd brya Cat BIENIC low-enargy:
ul anging

Fual condigoning system, heet racovery

aquipment, switchgaer end utiity
imerromectons, PLCbased controks,
and a sound-attemated enciosrs

Harvicas -

Turmkey design, consiruction, opersion

and maintznence with fxad-fee
Customer Sarvice Agreamant

Cot Daaler: Toromamt Power Srsl-era
Concord, Ontenia, Ceneda

POWER NEED

When the Ontzno Misisiry of Energy annousced 2
resewable energy imitative in XMM, the City of Hamilico
=W an opporumity

Anzerchic dgesiens al the oy's Woodward Avesue
Watewater Treatment Mant produced & million cubic
mariers af bingas per year of &5 percent methane. The plant
barmesd sovme af the g in a bailer for beating, bt larsd
e majonty of iL

Sermmg the gas as 2 source of renewable energy, the city
responded io a Reqoest for Proposals from the Mimistry of
Ynergy with plans for a 1.6 MW cogenemton by foelsd
exclusively with dipesier methane. The project wemald sl
uimaisly meet 2 need for incresssd. haciup peneration al
the ireatment. plant, 25 identified by 2 power sody.

The mimisiry ssiecied e City s proposal thoough
campetitive bidding based on the price of encrgy per
iaiowatt-hour. I was ane of Len winning projects iotaling
165 MW af renewzhic genemting capacity. The ity then
umied back o Toromont Pewer Systems in Concord, Ost.,
which hadl developed the project propesal, io buld, operaie

and maintzin the cogeneration plant.

Toramant Fower Sysians instaled this bmicry 1.5 MW Sigoshor-ga
tualed cogensretion spsiam st the Wosowerd Avones Wash
Treaimant Flant i Hamiton, Dnt. 15 powsnad by & Caf® B35
enging Comfigurad 16 low-ansrgy hudl

SOLUTION

To gemerats slectnioty, the oty fomed a corporaie entily
under the Catario Rusiness [
Hamillon R esewable Power Inc.

Hamilion ax the sole sharcholder. yuie
which in 2002 had suppilied the oty with a 3.5 MW Cae
(33516 pex penerator saf for & dinict snergy project im the
divwsinws are, ook menkey responsibility for renewahis
emevgy projecl The local office of Conesinga Rovers &
Asmocistes provided engineering and peoject managsment
support through comstnicgon.

Toromont delivered the compisie copeneration syssm
im a stand-alome module with 2 sound-asenuisd enckesz,
A the heant of the sysiem is 2 Cat G35HN gas engine ina
oomffiguretion: designed o be durabie and nelisble in beming
low-cmeTgy fucks withowt needing exiemsive fuel comditioaing.

A specially designed confing sysiom clevaies jacke
waler iy the optimum |smperziure i prevent condensation
off fued-borme: sulfior compounds and the: formation of stfuric
acid, which can demage engine componenes. A orankcase
wentilation pemp ects polentially acidc hiowhy gases
and draws m fresh, fillered air. In addion alminum and

City of Hamilton
Ontario, Canada

One Cat 1.6 MW gas generator set, fuel
conditioning system, heat recovery equipment,
switchgear and utility interconnections, PLC-based
controls, and a sound-attenuated enclosure

“The dealer delivered the complete cogeneration
system in a stand-alone module with a sound-
attenuated enclosure. At the heart of the system is a
Cat gas engine in a configuration designed to be
durable and reliable in burning low-energy fuels
without needing extensive fuel conditioning.”

“The facility operates continuously, fulfilling nearly all
of the wastewater treatment plant heat load and 20
percent of its electrical load. Total cogeneration plant
efficiency exceeds 80 percent. Projected simple
payback on the cogeneration equipment is five years.”

®

CATERPILLAR’
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Industrial Biogas

Water is often used in the processing of foods, beverages and ethanol made from agricultural
crops. The waste water from the process is collected and treated as effluent in a digester plant.
The anaerobic digestion of the effluent creates a biogas that consists of varying amounts of
methane ands CO,. The methane can be collected for consumption in a gas generator set to

create electricity while enabling emissions credits.

Applications Heat Intensive Applications Commercial Byproducts
Food processing Heat for facility process or cleaning Fertilizers
Beverage processing Locations close to the facility Soil enhancement products
Greenhouses Animal bedding

Chemical Processes
Food Processing
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Industrial Biogas

Caterpillar Advantage

» World class fuel efficiency

 Competitive owning and operating costs

« Total system efficiencies to 90+%

« Systems backed by superior Cat parts and service networks

Cat Product Available

kW range: 350-2000 kW
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Industrial Biogas Customer: Guangzhou Zhujiang Brewery

Market Segment: Industrial Biogas

Guangzhou Zhujiang Brewery Group Co. Ltd.
Guangzhou, People’s Republic of China

Cat 460 kW generator set
‘Sranighau Trflarg Browery Groap Do, L Cat 960 kW generator set
SEngmaL, Papi s Reputic of Cing
Power garsrason for fis cooling, fusl .
Srwen n o acpu’s el i “The Cat dealer began by presenting a
comprehensive cost analysis to the
e Con 8350 W g parar . brewery, including initial investment and
e —— operating costs, estimating that up to
i R 95% of their biofuel methane could be

Tha China Enginears, Lid (CEL]

used by the new system. Currently, the
overall efficiency of the generator sets is
up to 80%. The brewery’s current cost
savings from the system is an estimated
RMB400,000 (over USD58,000) per
month.”

For more piomati o ple s vl
WL -0 T W comybr

)

@

O _ -
oM G LA, thai razpacies kg, "ALTAT™. Cterpllar Vallow” wnd tha POWGR IS e drem, nmems EATE HHLLAH
NECE-mrms e product geriy o hew ar e rat ool Cripelar ndmayrebe g wabas serazman
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Ag Biogas

Organic matter is flushed or loaded into large lagoons (pits), or sealed containers where bacteria
in the natural anaerobic digestion process produce biogas (typically 65% methane and 35% CO,).
The effluent can be heated to accelerate the process (38 degrees C or 56 degrees C). In many
parts of the world, ag biogas is responsible for up to 10% of greenhouse gases. The methane can
be collected for consumption/ destruction in a gas generator set to create electricity while enabling

emissions credits.

Applications Heat Intensive Applications Commercial Byproducts
Swine Farrowing/ Feeding Locations close to the operation Fertilizers
Cattle Feeding & Milking Heat for operation facilities Soil enhancement products
Fowl Brooder House/ Feeding Heat for improved digester operation Animal bedding
Greenhouses
Food Processing
Etc.
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Ag Biogas

Caterpillar Advantage

* Extensive experience - unattended engine applications
 World class fuel efficiency
 Competitive owning and operating costs

* Designed for utility parallel operation
« Systems backed by superior Cat parts and service networks

Cat Product Available

kW range: 50-2000 kW
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Ag Biogas Plants

Selling Excess Power o

+ Biogas plants Biogas
gasp J the Utility Companies

— Methane and H,S generated
during decomposition of
organic wastes Generator et

— Rarely will blowers be used to
aerate effluent

Not cost effective... can
hold effluent for longer
periods of time

— Engine heat is sometimes
used to warm the mixture,
promoting faster
decomposition

Electrical Power
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Ag Biogas Customer: Nong Rai Farm

Market Segment Biogas/Sustainable Development

Nong Rai Farm

Rl Farm was seaking & means
bicgas rasercas o kil

iy Iri o JH:"II:& wnd B PINGE 120G e omax, ar el
EcopaTs wd Faoact deatiy onl s 3% adesans of Iyterodler ol Wy rex be coed wias permoen

Mooy Rel Fems

LIS pawar ganaration for uss
h‘urnldarmmunhhqumdamn

= [ne Cat® EMIG gas geseraior set
Elr[skw

= One Cat G106 ges gesereinr st
[0k

Design, installation, and commessionn
uf‘rmgmmmrm and ther |::|'r|11cvlg
paniks and automatic tansfer saitchas,
aswall es periodic mantesance and
ovariaul senvices

CATERPILLAR®

Nong Rai Swine Farm
Rayong, Thailand

Cat ® 105 kW generator set
Cat ® 70 kW generator set

“As the generator sets would be running
continuously, it was important to work
with a supplier that could provide
guidance on engine care and also have
parts available in a timely manner when
necessary. Caterpillar was chosen
because of its reputation for quality power
generating equipment and extensive field
validation of similar units operating on
methane gas.”

Caterpillar: Confidential Green
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Application Leading — Agriculture (Methane Gas-to-Energy)

PERSPECTIVE

I_JIQGAS AS A FUEL SOURCE
| F :

hiogss ey, e e pimmis ool cely renid e et ol pectmang ewry leel ol s decrety
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Coal Mine Methane

Methane gas is naturally occurring in coal seams. It is released during coalification process. One of
the ways Kyoto participants pursue the goal of carbon reduction is through the Clean Development

Mechanism (CDM). One of the most promising and effective greenhouse gases used in CDM
projects is coal mine methane (CMM). Cat gas engines can “destroy” the methane gas to create

electric energy while enabling emissions credits.

Heat Intensive Applications

Applications
Privately held coal mines Locations close to the sight of generation
State-owned coal mines Mine facilities heating and cooling
Abandoned coal seams Chemical Processes
Food Processing
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Coal Mine Methane

Caterpillar Advantage

* Engine tolerance with changing methane concentrations

 World class fuel efficiency
* Proven lowest owning and operating costs with maximum reliability

» Total system efficiencies to 90+% - proven combined cycle application

* Designed for utility parallel or ‘island mode’ operation
* Systems backed by superior Cat parts and service networks

Cat Product Available

kW range: 50-4000 kW
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Coal Mine Methane Customer: Energy Developments Ltd.

Market Seqgment: Coal Seam Methane

Energy Developments Limited

Coal szam mathang, viewad for yaers
5 8 hazerd requiring ramowal from
undergroend mines, has bicome 2
wiabke fual source for generating a
significent smount of alectriciey at the
Appin and Toweer coel mines in New
South Wieles, Austrlie

Located near vast reservas in the
workds major cosl-preducing regions,
BHP Billion's Appin and Towes
langaall mines produce twe millizn
tons par yaar of claan coking ool
within the Z1m- to 3.5m-thick Bulli
Seam thet is part of the 3,000 m*
Sydnay Basin. AMarch 1986 report
by the Mew South Wales Degartmant
of Minzral Besourres estimates thes
tha Sytnoy Basin and two othar New
South Wielcs basins heve the comiined
potental to yikd as mech e 511
billion m* of recoverable gas

Tha Apgin end Towsr sitos constitste
whet & angueily tha largest cosl seam
s enargy project intheworld, sd
e of the world's |ergest racipmooeting
I:‘"%I'{" generaior install esons of any
kind. Corsuming BH,000 = of coal
seam ges per day |supglemanted

when necazsery by netural gas fom
Moomiba, Austrelia), tho genarating
squipment defivers & combined 34 MW
of continuoers cepacty o the local
wility grid

To comvart the Azpin and Towor

oal minas intn this signifcent
mnargy-genarating resowrca, Enargy
Developments Lod. (EDL), basad in
Brshans, Qusensdand, locksd o

Ce dealer Encrgy Powar Systams
Australis to provida o total of 8 Cat™
BB ratural-gas-fucled gencentor
sats divan by kan-bum, low-amission

reciprocating engines. [ edicated

to driving postive and sustainable
changs, Bhesa genersior seis were
designed by Caterpillar for coal saam
mathena encrgy projects end other
iowi-znargy fuel epplcations. An ides
it for the Appin mnd Towsar projact
thase engines would be cepabla of
oparefing on mathane ges, e a reliskle
and ezonamic selution

Tha coal seam energy project begen

in 125 with EDs instalbvton of tae
protobyps Tt generats sots atthe Appin
st i bast ther performena oo tha ooa
saem muthana. Frovious enginearing
aned Faesibility studias hod ehio evalusted
the usa of large-scalke ges turbine pame
movers. Despite snme concern et
mutple recipmcating generstor sots
wnuid pose challanges with sarsra
perts ond consumable supplies. melysis
fnund fhat the ergne-based sysam

weas e most eEractive soluton Besad
an bath capital and lng-term opamting

e

This.initial avaluetion was followed in
Deoamber of 1956 by Enengy Power
Systems Australia'’s shipment of the
production generaior seix. B ofthe
BIENE genersinr sabs wers deffeenad
and installed &l tha in site, with B
mmaining 40 going o the: Tower sie.

Tha GIEIE generstor sats are driven by
16-oyfindar, lean-tum engines operating
at 1,500 rpm end ried b peoduce 100
W of cortimeces power. The cagines’
kan fual midure i controlled By 2n
alectronic systom designed by EOL fiat
mgelates the aifuel retic for medmum
periormance end miniTism emissions
ender varying boad, fusl and lempereturs
condinms.

Acrial viaw of tha Appin Power Siatizn
showing Catarpilar qeroraler sels.

Energy Developments Linitad

EHP Eiliton's Appin znd
Tower Cosl Mings
Mew South Walss, Australla

Coal 5eam gas FRCIprocating
engine-Jenerzior Instaliation

% Cat® B3515
reCiprocating engies
{couplad to SRA brushiess genarators)

Energy Power Systems Ausirla

CATERPILLAR®

Energy Developments Limited
BHP Billiton’s Appin and Tower Coal Mines
New South Wales, Australia

94 Cat 1,030 kW generator sets

“Consuming 600,000 m?® of coal seam gas
per day (supplemented when necessary by
natural gas), the generating equipment
delivers a combined 94 MW of continuous
capacity to the local utility grid.”

“Through a progressive maintenance
program, EDL has safely extended

time between major overhauls from

the standard 40,000 hours to more than
60,000 hours in some cases.”

Caterpillar: Confidential Green
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Coal Mine Methane Customer: Jincheng Sihe Mine

Jincheng Sihe Mine
Shanxi Province, China

60x 2 mW Cat gen sets in a combined
cycle steam turbine application producing
120MW @ 1060m (3,500 ft) altitude

*Largest CMM project worldwide
+840,000 MW hrs/yr sold to utility
+ 233,600 GJ heat recovered (winter only)
« System efficiency of 80%
* 2.9 MMTCO2e CERs
« Economic value: $45.3M/yr @$15US)

Caterpillar: Confidential Green
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Application Leading — Mining (Coal Mine Methane Gas-to-Energy)

Figure 1. Typical Fuel (CMM) Composition and Physical Properties

Pipeline
Component Symbol Units Matural CEM CMM~
| | Gas |
Meihane CH, vol % 923 859 40.0
Ethane | CH, [ wl% 25 | 38
Sustalnable Application of Reclprocating Gas Englnes Hydragen Sulfide HS vol % = = =
Dperating on Coal Mine Meshane Gas Oiygen | o, [ wels [ =21 128
Nitragen N wol T 3.5 8.2 458
Jotm CY. Les, Caterpiiar |Chna) Insest Co L, johroy iesdhcat oom Qthers [ = IBETES 1.8 I 00 0E
Thomas Tea, Caterpar | l:-nnau myastmet 12a o g
Choon Hwa Tray, 'Wesirac Inc., Calerpiiar Dealer. N.E. Coina, ch Lower Heating Vahie LY MUHm? 333 325 134
Abstract c“'“"“""""”‘h““c MN - 80 £ 100
Ciod prowidies 25 nancsrlc[ql:l:..lﬂ:lmu; anangy misads and qenarates -!Eqncnanl ol tha workd's “Raprasants one particul ar sie Bl one parkcues lime
eleciicity, acoonding o e Waorld Coal InsSiuie. The People’s Hepublic of China producas the

|rgest amownd of hard ooal - an osimatad 2 5 bilion metric fore in 2008 alona,

Figura 2. Mathana Emissions [Matric Ton of CO; Equivalant (MtCO,2q)] from

Tha anthropogenic reicasa of mathana (CH,) into $a amionmaont i a bpproduct of #e coal Coal Mining Activities

minirg procass and $e gbbal warming patontial of #is methans continuas i drow aSarition
globaly. Stakaholders responsiblo for coal and power production ars boking for ways o salcly

[ Regions 1000 1005 2000 | 2005 | 2010 2015 2020

and aconomically mitigats tha rolasss of coal mine orecnhouss gasasn. Afiica a7 | w7 | 93 B4 82 | 82 | &7

| chinacear | 1524 | 1773 | 1455 | te2s | 1795 | 1066 | 2139
Sagquestoring coal mine methana [CMM) as an altamativa fual for reciprocating gas engina Latin America 54 53 X} TE B 10.7
gencralor sats 15 o matra and prowan sechnology for greenhouss gas mﬁ:.:ur:n Prior i | MiddeExt | 03 | 032 | o4 04 | 04 0.5
commissicning CMM-fusled power systoms, the mefane gas compositon must be ewalaated. | NoreEU Easten | I | T [ e
The project B then devaloped by wifizing an inlograiesd sysioms approach. Euncpe | 10 | 10 | 1.9 | 23 30 53

| MonEu Fsus 1420 8.4 G76 | 55 | 588 | s
As with any type of dtemative energy, S sccnomics of clectric power CMM projects play a OECOOAEU | 1860 | 1583 | 4246 | 1232 | 1215 | 1163
majer roka in tha suocass o the projct. Proflas of axisting appiicatons that documant ralabla | SE Asia 181 1653 208 | 243 | 278 3R 5
and sfcian wil n of CAI for gas reciprocating angines will ks offored i ilkusiralo the World Totals | 6167 | 4616 | 3768 | OBR1 | 4076 4495
suoceas of such sysiema.

i Flanned el

il

Thars is considerable opporunity for grow s in the Asix- Paohic region for sleciric power
appications using CAM. Caterpillar’'s axparence in $is iypae of powes generasion has beoni
prowen sucosssiul af several siies in China and bayond, whans tha growing economy demands
susisinabie solulions io mest rising power nsads

zation for Exanomic Gooporvion ard Devalopment (Mombar States at 1505)

Figure 4. China's Coal Basins and Coal Bed Methane Resources

Kaywards: ooal mine medhans, mciprocating gas angines, sustainable devels pmant
altamative snargy, akotric posar, system inlegration

Irroduc tion

Tha mestructuring of China's aconooy and the resuling rapid grow # of both agrcubiors and
indussy have contribested 3o o mors fhan fankold ncresse in gross domestic product (GOP) sice
187 & — and that figers grows at o highar rale each year. In 2007 alone, the real growth mis of
China's GDP was an sstimated 11.4 percant. Maasred on a purchasing powss pariy basi,
China stands as $a second largest sconomy in theworkd afiar the United States. [T]

'With this wory swilt ecoromic qmrh oomies Wity inoreasing demands for power froen bath
industios and consumers — China's enargy consomphion fes mone than guadrupled snce 1880,
I 20005, China's aleciricity wsage reached 2,058 trillon Ki¥h and natural gas consomption was
approvimabely 55,6 billion cubic mislers; estimated 2007 of consemption equalked £.93 milion
barrels par day. [1]

China's gowernment recognies Fw nead for ervinnmental resporsibiity in the parswit of groator
power production. The gowernmeant s akan action with official gowvammential managemant
programs [ke the nationwida campaign §o neduce enengy consumption leonched in 2008, (7] The
Kyoio Proiocol, parhaps China's most imporiand amvircnmantal comsmitmend, is an imsrnabonal
agrogmant under the Unitod Nations Framowodk Comeantion on Cimabe Chango that roguines
partcipating develinped couninss 1o reduce Swir greenhouss gas omissions bolow lorols
spacihied for sach of $wm. Thess targols musi ba mat wishin a Sac-yaar Sme framo botwcon
2008 and 2012, [7)
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Over 131,000 Dealer Employees to Support Cat Products

Cat Dealer Employees

at Year-End

MNorth America

51,712

Latin Amarcs

o1

EAME

32,212

21,023

Cat Dealer Employees

Cat Dealers
@ Cat Dealer Net Worth

|diofars In milllons]

Asia Pacific

26,811

Morth America | EAME | Asia Pacific | Latin America Total
L] 7] 1 na m B 1 m i 08 [ na (1] 0
Cat Dealer Employees EL7IZ  EREAl  GISA0 [ mA2  ATE AN ;i 36A1) nEE  EM (A0 IT4EE 16547 12768 121382 1ITAE
Cat Dealers & BE B 51 & m o 0 Ty a 2 Y 1 180 181 7]
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Product Support — Operation and Maintenance

SERVICES
. QOil Analysis
«  Coolant Analysis
. I-R Analysis

. Particle Counting

. Product Inspections

. PM Services

. PM Kits

«  Customer Service Agreements
. Repair Options

. Exchange Components
. Management Software
. Convenient Locations

. Training Materials

. Training

. Product Support Staff

. Used Equipment

GUIDANCE

. Application materials written by industry experts, including Application & Installation

Guide Books and white papers.

Caterpillar: Confidential Green

Quality Rebuilds

Parts Inventories

Used Parts

Field Service

Quality Repair Facilities

Genuine Parts

Salvage Capabilities

Equipment Management Consultations
Technical Support

Trained Professionals

Reusability Expertise

Warranty / Goodwill Administration
Special Tooling

Inspection Services

Flexible Financing

Equipment Rental

Remote Monitoring
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Why Select Caterpillar Total Gas Power Solutions?

«  PRODUCT
— Technology leader commitment to R&D
— Broad spectrum of Caterpillar’s gas product offering allows best-fit solutions to customers
— Package system solutions
— Cat engines are well known for durability and reliability
— Best island mode performance in industry (DG)
— High temp jacket water for maximum tri-generation/CHP heat recovery
— Optimized corrosion resistance maximizes low energy application performance
— Wide range of gaseous fuel applications
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Why Select Caterpillar Total Gas Power Solutions?

« PEOPLE
— Before the sale:
- A&l engineering capability and total systems provider
— After the sale:
- Strong dealer product support network
- Qualified field service engineers
— Enterprise committed to sustainable development
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Why Select Caterpillar Total Gas Power Solutions?

« EXPERIENCE
— Global industry leader
— 70 years in the business
— Established relationships with project developers
— 450,000 gas and diesel installations worldwide
+ Installations over 350 kW
— 243,000 MW of Electric Power systems installed worldwide
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Why Select Caterpillar Total Gas Power Solutions?

« DISTRIBUTION
— Spare parts availability worldwide
— Global distribution centers enable timely delivery
— 131,000 factory trained dealer employees to support your products/applications in region
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