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Energy Nexus Group

Professional services company focusing on
distributed energy

Subsidiary of Onsite Energy Corporation

Company Origins in Co-generation and On
site Power

Active in Distributed Generation and
Combined Heat and Power
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Discussion Topics

» CHP Market Overview

» Remaining CHP Potential
» Technology Medley

» Economic Considerations
» Assessing Project Viability
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Potential DG Applications

e Combined Heat and Power - common practice by large
industrias; large untapped potential in small industrial and
commercia

» Peaking - potential growth market for customer peak
shaving (500 to 2000 hours/year) by light industrial and
commercia

e Premium Power - emerging market to provide quality
power to sensitive customers

 Niche Applications - providing power in remote or
isolated applications, shut in gaswells, and other niche
markets such as landfill and municipal waste
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Combined Heat and Power

e Traditionaly the most effective DG option

e CHP sequentialy produces electricity, thermal or
mechanical energy

» Tota system efficiency is key to economics
e O&M costs are critical
» High operating hours covers high capital costs

* CHPis attractive from an energy policy
perspective
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Industrials Represent 90% of
Existing CHP
» Existing CHP Capacity (1999) 52,800 MW
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o Existing Commercial CHP Capacity (1999) 4,930 MW
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Gas Turbines Dominate Capacity

e Existing CHP Capacity: 52.8 GW

Gas Turbine
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Recip Engines Dominate Sites

» Existing CHP Installations: 2167 sites
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Broad CHP Opportunities Remain
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US CHP Market Opportunities
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CHP Technology Options
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Fuel Cell

Gas Turbine

Technology isaKey Driver for DG

» The cost of small generation
technol ogies has declined

» The performance of small On-site generation
generation technologies has is becoming a
increased viable option for

more Users

» Controls, sensors and
communicationshaveadvanced
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What Affects Technology Choice and
System Design?

Energy costs and fuel availability

Electrical load size/factor/shape
Load criticality
Thermal load size/shape

Special load considerations

Regulatory requirements
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What Differentiates Technologies?

» Size

* Fuels

» Efficiency

» Capital costs

* O&M costs

» Amount and quality of thermal energy
* Emissions

* Risk
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Technology vs. Size Coverage

]
Gas Turbines 'WI- I
1 i
Lean Burn Engines m
Rich Burn Engines m

Fuel Cells E‘ | .Strong Market Position
1 JEIMarket Position
MicroTurbines b —— Llemerging Position
10 100 1,000 10,000 100,000

Applicable Size Range, kWe

Reciprocating Engines

* SizeRange: 30 - 6,000 kW

* Electric efficiency: 28 - 38%

 Fast startup (10 secs) capability
allowsfor use as standby

* Thermal energy in the form of
hot water or low pressure steam

* High maintenance requirements (lots of moving
parts)

» Emissions can be an issue
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Industrial Gas Turbines

Sizerange: 500 kW - 50 MW
Electric efficiency (22-40%)
Start-up time: 10min - 1hr

High pressure steam or high
temperature direct heat

Egtablished technology for
many power and direct drive
applications

Multi-fuel capable, but economics and
emissions favor natura gas

Microturbines

Sizerange: 25 - 300 kW

Electric efficiency: 20 - 30%
Start-up time: >1 min.

Fuel compressor usualy required
Small CHP, Power only and Peaking

Commercial introduction underway
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Fuel Cells

« Sizerange: 3 - 3,000 kW
« Start-up time: 3hrs -
« Electric efficiency: 36-65%

« Low emissions - exemptin
some areas

« Only PAFC is commercidly
avalable

« Cogt isbhiggest market issue

Fuel Cell Technologies

Proton exchange
membrane fuel cell Phosphoric acid fuel cell .’_n-'u T m 1
(PEMFC) <250 KW (PAFC) 200 kW - 10 MW :

Molten Carbonate
electrolyte Fuel
Cell (MCFC)
Solid Oxide 1-100+ MW
Electrolyte Fuel
Cell (SOFC)
1-150+ MW
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Single Stage Steam
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CHP is Not Always Electric

EngineHEAT Powers
Absor ption Chiller

EngineDrives
Centrifugal Chiller Both Provide
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Thomason Hospital Central Plant
El Paso, Texas
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Engine Generators - 2,400 kKW

Engine Chillers - 1,300 Tons
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Absorption Chillers - 1,300 Tons
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Comparison of Current
and Advanced Technology

* 100 kW System
v Current: $1390/kW, 28% dlectric efficiency
v’ Advanced: $915/kW, 35% electric efficiency

» 5,000 kW System
v’ Current: $1075/kW, 28% electric efficiency
v Advanced: $950/kW, 36% €electric efficiency
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Comparison of Current
and Advanced Technology

Effective CHP Power Costs
$0.12

s010 1-$0.088

$0.08 1
<

100 kw 100 kw 5MW 5MW
Current  Advanced  Current Advanced
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Average Cost Cents/kWh

16

5 MW CHP System Net Power Costs
Compared to U.S. Industrial Electric Rates

Competitive Market for DG . . .
* Median industrial customer
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Average Cost Cents/kWh

100 kW CHP System Net Power Costs
Compared to U.S. Commercial Electric Rates

e Median commercial
customer pays 8.2

Competitive Market for DG

CommercaIRaE cents/kWh -- but regional
g‘jjf;nﬁej;j:n’g“;;"y'“e variation is significant
e Current technology 100
kW micro-cogen systemis
1\\ competitive in 40% of the

e~ market

» Advanced microturbine
system extends
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of the market
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|
\J California — The “Perfect Storm”

* High Demand Growth

e Capacity Shortfallsin Western
Region

» Strained Old Inefficient Gas
Power Plantsin Caifornia

e Electric Transmission Constraints

e Tight U.S. Natura Gas Market
magnified at California Border

* Infant, Immature Regulatory and &

Market Structure

The “Wake” After the Storm
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EHPrior to 6/1
B After 6/1
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The Impact of Rates on
On-site Generation
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CHP Uses Less Energy

Separate Heat
and Power

Combined Heat and Power

Power
station fuel
(121)

35

Electricity

180 S

~HP system
fuel (100)

Boiler
fuel BOILER  Heat D0
(59)

Source: Kaarsberg 1998 9 (Losses) 15 (Losses)

CHP Reduces Emissions

25
20 NOx (Ib/MWh)
mCO2 (100Ibs/MWh)
15
10
5 -

Util. Coal Ind. Gas CCGT Ind. Gas
Boiler Turbine <200MW Turbine CHP
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Distributed Generation Offers Real
Economic Benefits

Ancillary
Bervice

But the Valuation Is Unclear

Ancillary

SEeFHEes

ETSESE] » Dramatic variance of perspectives
e State policies will shape DG market

Standby
Backup
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Assessing CHP Feasibility

Avoided
Energy/Capacity
Cos!
Interconnection
Standby Charges
CHP...CCHP
ySTEm atd Identify
Capital Costs Sizing . L Cost
O&M Costs I~ Options Determine Cogen . ks Assessment
Salvage Value [ S Cogen | system Savings of Financing
Performance System Costs and
redl RECOVETY Conceptual Ownership
Company Identify Design Capital Options
vatd Operating Q&M
Fuel Costs Mode
QL.0LL3 Options
S Lo
Minimum .
» | Thermal Load Alternative
gt » System
Cost
Electric
SR —
J Obtaining Data »4  Technical ility 4 F >
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Critical DG Market Issues

Standby and backup tariffs

I nterconnection requirements
Quantifying grid benefits

DG access to energy markets
Public support/incentives
Permitting and siting procedures
Non-Bypassable Charges
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Summary

Wide range in technology performance in
terms of codt, efficiency and emissions

New technologies being tested in niche
markets

All technologies are improving

Match to cost, performance, regulatory and
risk requirements of the user
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President

701 Palomar Airport Rd., Suite 200
Carlsbad, California 92009
Tel. (760) 9315820, X112 ®Fax. (760) 931-5344

Direct (760) 710-1712 ® Email: kdavidson@energynexusgroup.com
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