ECOSYSTEM PROJECTS, LLC

A New Approach To Energy
Recovery From Waste, Landfilling And
Regional Public Private Partnerships,

New York State Tools For
Energy Recovery From Waste
And Landfill Self-Sufficiency

Federation of New York State Solid Waste Associations
May 6, 2008

EcosysTEm PrROJECTS, LLC

TECHNOLOGIES FOR CONVERTING
SOLID WASTE AND SEWAGE SLUDGE INTO RENEWABLE ENERGY




BACKGROUND AND BIOGRAPHICAL INFORMATION

ECOSYSTEM PROJECTS, LLC STEPHAN HENRIQUEZ

» Exclusive licensee to briquetting, gasification * President, Ecosystem Projects
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PRESENTATION SUMMARY

NYS Waste Management Challenges

Keys To Enabling Energy Recovery From Solid Waste In NYS

« Briquetting And Gasification As Keys To Energy Recovery In NYS

ISSUES

ADDRESSED « Impact Of Briquetting And Gasification On Landfilling

» Briquetting And Gasification Compared To Incineration

» Lifecycle Analysis Of Gasification Compared To Incineration and
Conventional Landfilling

» A Regional Public Private Partnership Business Model To
Briquette and Gasify Solid Waste

» Market Drivers Favoring A Regional Partnership Business Model

Strategic Advantages of Regional Partnership Business Model

TECHNOLOGIES FOR CONVERTING
ECOSYSTEM PROJ ECTS’ LLC SOLID WASTE AND SEWAGE SLUDGE INTO RENEWABLE ENERGY




NYS WASTE MANAGEMENT CHALLENGES
LANDFILL CAPACITY SELF-SUFFICIENCY

WASTE GENERATED IN NYS AND
LANDFILL CAPACITY REQUIRED
FOR DISPOSAL IS INCREASING

* The waste generation rate is
increasing faster than the
recycling rate for materials

Beyond Waste: A Sustainable Materials Management Strategy for
New York, p. 6, NYSDEC presentation to Federation of Solid Waste
Associations Board, February 13, 2008



NYS WASTE MANAGEMENT CHALLENGES
PUBLICLY OPERATED LANDFILL RESTRICTIONS

MOST NYS PUBLIC LANDFILL
CAPACITY IS NOT AVAILABLE TO
NYS WASTE GENERATED OUT OF

THEIR SERVICE AREAS*

» 85% of publicly operated landfill
capacity cannot be used to
dispose of waste generated
outside of their service areas**

*NYS Solid Waste Management Board
Tenth Report To The Governor and Legislature, p. 8
December 2001

** Chart Data compiled from NYSDEC 2006 Solid
Waste Capacity Chart




NYS WASTE MANAGEMENT CHALLENGES
PUBLIC WASTE COLLECTION SYSTEM ISSUES

PUBLIC WASTE COLLECTION SYSTEMS
NEED LANDFILL CAPACITY

» Public waste collection systems in
densely populated areas of NYS either

* Do not have their own landfill capacity, or

* Need additional landfill capacity to
manage future needs

PUBLIC COLLECTION SYSTEMS EXPORTING

WASTE OR LACKING AUTHORITY TO
RECOVER ENERGY FROM WASTE

Are subject to:
Increasing fuel costs
Infrastructure costs

External regulatory authority



KEYS TO ENABLING ENERGY RECOVERY FROM
SOLID WASTE IN NYS

* Process MSW to biologically inactive fuel that reduces export
transportation costs and can be stored at energy user site

« Overcome landfill service area and collection system SWMP
KEYS TO A restrictions by converting MSW fuel to gas at energy user site
SOLUTION

* Increase efficiency in use of landfill airspace

« Site small footprint energy facility at energy user location

* Meet or exceed criteria pollutant performance of fossil fuels, landfill
gas and other waste fuels

» Recover energy from waste for use in natural gas, combined heat
and power, and “small” energy user markets

* Reduce environmental and aesthetic impacts to communities in
which facilities used for the partnership are sited



BRIQUETTING AND GASIFICATION AS KEYS TO ENERGY
RECOVERY FROM WASTE IN NYS

UNIQUE BRIQUETTING CAPABILITIES

e Convert MSW and other wastes to
biologically inactive, odorless fuel

» Handle, transport and store briquetted
MSW and other wastes like coal

» Convert briquettes into energy at
chosen location and time

UNIQUE GASIFICATION CAPABILITIES

Use existing stacks

Use combined heat and power at energy

user sites to:
* Reduce costs
» Increase efficiency
* Reduce emissions

Scale to large and small users



IMPACT OF BRIQUETTING AND GASIFICATION ON
LANDFILLING: AIRSPACE EFFICIENCY

ASSUMPTIONS

0.003% off-size items
per day

Conventional MSW in
place density of 1450
Ibs/cu yd w/cover

Ash 17.7 TPD @ 65
Ibs/cu ft & Inerts 11.5
TPD @ 100 Ibs/cu ft
from Briquetting and
Gasification

Conventionally

Briquetting &

Briquetting &

Landfilled Gasification Gasification
200 TPD MSW Residuals Plus Residuals Used
Cover As Cover
Daily Tons Landfilled 199.4 29.2 29.2
Cu yd per ton of waste 1.15 0.98 0.98
Cu yd per ton w/ 20% Cover 1.38 1.18 NA
Cu yd of airspace used per day 275.12 34.456 0
Daily Airspace Savings/cu yd NA 240.71 277.17
Annual Airspace Savings/cu yd NA 75,103 85,854




IMPACT OF BRIQUETTING AND GASIFICATION ON
LANDFILLING: ECONOMIC FACTORS

CONVENTIONAL LANDFILLING BRIQUETTING AND GASIFICATION
« Landfill life is only extended if expansion is * 500-600 percent increase in capacity
permitted and landfill is physically expanded without:

e Less landfill life, lower revenues * Permit costs
* Physical expansion

» Capital Cost

» Defer closure costs




IMPACT OF BRIQUETTING AND GASIFICATION ON
LANDFILLING: ENVIRONMENTAL FACTORS

CONVENTIONAL LANDFILLING

Biological degradation and associated
health or aesthetic issues

» Odor
* Attracts vermin and pests

More groundwater impacts from biological
and chemical loads of leachates

Greater air emission impacts

* Methane, H2S and mercaptans present in
fugitive, uncollected landfill gas

* More SOx and PM emissions from landfill gas
combustion

BRIQUETTING AND GASIFICATION

* Briquetted MSW does not leak, stink or blow
around

* Lower groundwater impacts from reduced
biological and chemical loads

* Lower air emission impacts compared to
Landfill Gas Recovery

* Methane, H2S and mercaptans eliminated

Less SOx and PM than landfill gas combustion



BRIQUETTING AND GASIFICATION COMPARED TO
INCINERATION: PROCESS FACTORS

INCINERATION

Electricity & steam

Heterogeneous MSW fuel
* Higher, varied moisture content
* More ash from metals & inerts
 Lower heating value

Gas cleaned after combustion
Larger combustion gas volume to scrub
40-66% bottom ash, 33-60% fly ash

GASIFICATION

Gas, steam & electricity

Homogeneous MSW fuel
 Lower, constant moisture content
* Prior separation of metals & inerts
 Higher heating value

Gas cleaned prior to combustion
1/3 — 1/6 less gas volume to scrub
98% bottom ash, 2% fly ash

Greater equipment options in power
production



BRIQUETTING AND GASIFICATION COMPARED TO
INCINERATION: LAND REQUIRED AND STACK HEIGHTS

ASSUMPTIONS

Truck served

3 day MSW hold-up
for Briquetting and
Incineration sites

5 day Briquette hold-
up for Briquetting &
Gasification sites

Subject to local law
requirements

Incineration Briguetting and
Gasification
325-4,000 TPD 200 -1,200 TPD
Facilities At One Site 6 — 20 Acres* 2.40 — 6.90 Acres
Briguetting Facility Only NA 2.00 -5.30 Acres
Gasification Facility Only NA 0.40 — 1.60 Acres
Stack Height 275 Feet** 50 Feet**

* Evaluation of Alternative Solid Waste Processing Technologies prepared for City of
Los Angeles by URS Corporation, September 2005, p. E-146

** Evaluation of Alternative Solid Waste Processing Technologies prepared for City of
Los Angeles by URS Corporation, September 2005, At 5-9



BRIQUETTING AND GASIFICATION COMPARED TO
INCINERATION: CAPITAL COST COMPARISON

Incineration WTE Briquetting &
ASSUMPTIONS Facility 750 TPD Gasification 200 TPD
Capacity* Capacity
Sale of Power Sale of Gas
20 year tax-exempt - -
financin Capital Cost/Ton of Daily $155,000 $137,500%*
9 Design Capacity
No Cogen eration Development Cost 30% of Capital Cost 30% of Capital Cost
Permitting @ 6.6% Capital $10,000,000 $2,330,225
& Development Cost
Grid Interconnection $3,000,000 N/A

* Basis for Comparison: Waste to Energy Analysis Report, pps. 8-10, June 21, 2007, Oneida-
Herkimer Solid Waste Authority

** Average of $120,000 - $155,000 range



BRIQUETTING AND GASIFICATION COMPARED TO
INCINERATION: ENERGY PRODUCTION COMPARISON

ASSUMPTIONS

No Cogeneration

Incineration WTE Facility
750 TPD Capacity

Sale of Power

Briquetting & Gasification
200 TPD Capacity

Sale of Gas

Energy/ton of waste

566 Kwh/ton*

5,430,244 Btu/ton**

Availability

90%*

90%**

* Basis for Comparison: Average of 475 — 657 Kwh/ton range, Waste to Energy Analysis

Report, p. 13, p. 7 June 21, 2007, Oneida-Herkimer Solid Waste Authority

** Based upon LHV of 4,400 Btu per pound of MSW




BRIQUETTING AND GASIFICATION COMPARED TO
INCINERATION: REVENUE OPTIONS

ASSUMPTIONS

Cogeneration

Incineration WTE Facility
750 TPD Capacity

Briquetting & Gasification
200 TPD Capacity

Sale of Gas No Yes
Sale of Power Yes Yes
Sale of Steam Yes Yes
Emission Reductions
Avoided Landfilling Yes Yes
Energy Efficiency Yes Yes




GASIFICATION COMPARED TO INCINERATION AND
CONVENTIONAL LANDFILLING

CITY OF LOS ANGELES
LIFECYCLE ANALYSIS*

» Calculated using RTI International’'s MSW
Decision Support Tool

» Compares four disposal options

Landfill disposal with gas collection for
power generation

Incineration (defined as “Advanced
Thermal Recycling or ‘ATR™)

Gasification
Anaerobic digestion

LIFECYCLE ANALYSIS ASSUMPTIONS

« Key assumptions include:

Net lifecycle analysis
1,000,000 Tons per year of MSW

Waste composition per waste
characterization conducted in 2000

50% trucking to transfer station
50% trucking to disposal facility

Energy consumed and produced in
MSW disposal and management

Summary Report: Evaluation of Alternative Solid Waste
Processing Technologies, pps 7-16 Prepared by URS for
the City of Los Angeles Department of Public Works,
September 2005



GASIFICATION COMPARED TO INCINERATION AND
CONVENTIONAL LANDFILLING

LIFECYCLE
EVALUATION
PARAMETER

Energy Consumption

Excludes Briquetting




GASIFICATION COMPARED TO INCINERATION AND
CONVENTIONAL LANDFILLING

LIFECYCLE
EVALUATION
PARAMETER

Criteria Pollutant
Emissions




GASIFICATION COMPARED TO INCINERATION AND
CONVENTIONAL LANDFILLING

LIFECYCLE
EVALUATION
PARAMETER

Metric Tons of
Carbon Equivalent
Emissions




A REGIONAL PUBLIC PRIVATE PARTNERSHIP BUSINESS
MODEL TO BRIQUETTE AND GASIFY SOLID WASTE

PARTNERSHIP
BASICS

Public waste collection system briquettes solid waste and
exports briquettes to energy user site

Public landfill owners sell landfill space for disposal of
gasification ash and bypassed briquetting waste

Private partner operates gasifier at energy purchaser or central
power station site

Public landfill owner, public waste collection system, and private
partners participate in net project revenues

Net project revenues generated by:
« MSW tip fees
» Sale of energy
» Sale of documented emission reduction credits



MARKET DRIVERS FAVORING REGIONAL PARTNERSHIPS

HIGH PRICE OF NATURAL GAS IN NYS Average Monthly Natural Gas Price
14.00
. 12.00 +
« NYS users pay a premium for natural 10,00 e Commercial
gas due to location g 800 Customers
by 6.00 - —a— Industrial Customers
4.00 A
» Power fleet heavily weighted towards égg
natural gas g2 38338 8%5
S &8 8 8 8 8 %
Years 2000 - 2006
« RGGI, SOx and Nox limits will increase
demand for natural gas In NYS NYMEX PRICES FOR NATURAL GAS DELIVERY 12/6/07

May-08 May-09 May-10 May-11 May-12. May-13
$7.41 $7.87 $7.91 $7.63 $7.67 $7.56

Dec-08 Dec-09 Dec-10 Dec-11 Dec-12 Dec-13
$8.59 $8.80 $8.77 $8.61 $8.50 $8.40




MARKET DRIVERS FAVORING REGIONAL PARTNERSHIPS

EMISSION REDUCTIONS AND CARBON
OFFSETS INCREASING IN VALUE

« Higher value, more transparent
markets for trading emerging

* Phase in of legal/regulatory
requirements under RGGI and other
statutory regimes

» Investment banks pricing carbon
COsts into power projects*
*See “Carbon Principles” adopted by CitiGroup, Inc.,

JPMorgan Chase and Morgan Stanley, Citibank Press
Release, February 4, 2008

WIN, WIN, WIN ECONOMICS

Public waste collection systems lower
disposal costs

Public landfills increase revenues and
landfill life

Energy users pay lower costs



STRATEGIC ADVANTAGES OF REGIONAL PARTNERSHIP
MODEL TO PUBLIC LANDFILL OWNERS

« Sell landfill space to higher price
waste disposal markets

* Increase and diversify revenue
streams earned on landfill airspace

* Reduce truck traffic compared to
conventional landfilling

 Extend landfill life and increase landfill
asset value

* Reduce groundwater and air pollution
at landfill site




STRATEGIC ADVANTAGES OF REGIONAL PARTNERSHIP
MODEL TO PUBLIC WASTE COLLECTION SYSTEMS

4= LANDFILL

Reduce waste export transportation
costs and infrastructure requirements

Service disposal needs with less
landfill capacity

Increase recycling recovery rate

Increase and diversify revenues to
offset waste disposal costs

Decentralize waste management
capacity and energy production

Reduce public health and safety risks
if export operations disrupted



Ecosystem Projects LLC
122 South Swan Street

: . Albany, NY 12210
Interested in learning more about

what Briquetting and Gasification t 518-472-1526
can do for you? f. 518-472-1544

Stephan Henriguez, President

henriqguez@ecosystemprojects.com

WWW.ecosystemprojects.com
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