


Market Leading Brands

Climate Control
Thermo King, Hussmann

Industrial
Infrastructure Solutions
Ingersaoll-Rand, Dresser-Rand, ARO,
Bobcat, Blaw-Knox, IngersollRand IR ASG,
Club Car PowerWorks

Security and Safety

Schlage, Von Duprin, Steelcraft




Why Ingersoll-Rand at the Landfill?

Industrial pedigree

Qutstanding engineering expertise

Organization size and strength

Product design & performance
iy — Military-grade rec perator

mEEEN — High efficiency Lr ance 4 T

— Low emissions beuqtqr




IR's US Service Coverage
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How did we get here?

1989 - Demonstrated proof-of-concept
1¥M « Developed breakthrough technology recuperator

1996 .+ Began development of commercial units in cooperation
with SoCal Gas, New York Gas, and GRI

2000 « Shipped first Alpha field test unit
= Bagan shipping Beta field test units
2001 . First commercial units
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A Better Microturbine By Design

+ Reliable commercial / industnal-
grade design

« Robust, military-grade
recuperator
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booster

« Rugged oil-lubricated t::earmgs _

+ Provengeneratordesign
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The Recuperator Is Vital
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Unigue cormbination of:

— wery high durability
better efficiency
compact packaging

— compeatitiva first cost

- attractiva life-cycle cost
Dastructive pressure

— burst strength in excess of 3 times operating pm55|.l'u
Endurance

— 1000 hours (steady state) al peak temperature and
exaggerated differential urrplrmn = Mo measurable -
ar visible. iom.
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Initial Market Strategy

Microturbines: a new way to supply facilities with
continuous energy generated onsite

Installed inside or near a building to provide electricity
and optionally heat, similar to a baoiler

The value proposition 1s heavily dependent on
"spark spread” -- the difference between the value of
electricity and fuel




Cogeneration Reduces Cost of Electricity

0.00 0.20 0.40 0.&0 080
$Mherm of Fuel (100,000 BTU)




Events Converge Against Cogeneration

+ California energy crisis

— Deregulation screeches to halt in most states

— Market prices for power and fuel become
increasingly unstable

« ENRON

- Heu;htens uni::xarl"euntyur about 1nng term pncfng




LFG to Energy Issues

Reciprocating engine LFG to energy requires too
much attention in projects below 800 kW

Standard maintenance costs severely affect
economics of most small LFG to energy projects

Existing technologies often contribute to:
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IR Recognizes Commonality of Needs...

» Landfill gas
+ Digester gas
— Municipal wastewater treatment
Agricultural anaerobic digestion
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Jamacha Microturbine Project

Feplaced Honeywell micraturbines

Installed in newdy roofed area

Loy BT LI fUel

2407 electricty (haseload) exported to grid
Mo heat recovery components (cogeneration)




Oll Microturbine Project

« Ol (Operating Industries), Monterey Park, CA

* |nactive Superfund toxic waste landfill site

« Constant flaring at ~24% methane content

« Six PowerWorks units operating at 28-40%

 Exhaust gases are flared to ensure complete
purning of gas

» Perimeter wells prevent landfill gases from
affecting surrounding family dwellings
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Many Lessons Learned

Dirty air
Fuel contaminants
Effects of wind

Challenges of common exhaust ducting
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On

going Tests

» H.5 --levels versus effects

+ Siloxanes -- levels versus effects

+ Physical modifications to increase tolerance
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New Options Are Coming in 2003

« Modular pre-engineered compressors to serve
multiple units

* Pre-engineered, factory-built fuel treatment
modules, tuned to the needs of our microturbines

-+ 250 KW units for larger projects
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250 kW Package

= 250 kWY, model & IS0 conditions
* Has 120ft peaking power capacity
* Efficiency

— 32% LHYV electric wbooster

— Upto 7% total with cogeneration

* Low emissions with natural gas
— =9 pprmw HO % i@ 15% O,

* 8,000 hour maintenance interval
* 10 year design life
» 3 footprint of 70 KW
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1-877-IRPOWER
www .irpowerworks.com




