To hear the audio portion of this presentation
Call toll - free: 866 - 740 - 1260
Access code: 3637922

Combined Heat and Power (CHP)

= w W S—

BASICS & BENEFIT

@)

U.S. DOE Gulf Coast Clean Applications Center
On-line Webinar
April 21, 2010

({{HIAIRIC»



Topics Covered

1.  Qverview
2. CHP Definition

3. CHP Basics

B Schematic & Components

B Prime MoversdTypes & Manufacturers
B Heat Recovery 0 Basics & Applications

4. Benefits
5. Case Studies
6. Resources & Contacts

U.S. DEPARTMENT OF ENERGY

Gulf Coast Clean Energy Application Center

<




Overview

V

U.S. DEPARTMENT OF ENERGY

\_ Gulf Coast Clean Energy Application Center




Central Station Model (Grid Power) is
Inefficient

Coal 51.1%

More than two-thirds of the
fuel used to generate power in
Natural Gas 16.9% the U.S. is lost as heat

Plant Uss 1.7%
T&D Loss=s 3.1%

Petroleum 0.2% Residential 11.1%

Other Gases 0.4% = g
' Commercial 10.6%

Nuclear Electric Power 19.6% Industrial 8.2%

Net Inﬁom Transportation 0.1%
of Electricity Direct Use 1.3%

01%

Unaccounted for 0.46%

Renewable Energy 10.1%
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U.S. Department of Energy
CHP Target : 241GW by 2030

20 % Target with
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wPOWER

Robust DOE
250’000 Program and
B@Iicy Changes
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Total Electricity 85 GW 240.9 GW
Generating Capacity (9% of current (20% of projected
capacity) capacity)
Annual Energy Savings 1.9 Quads 5.3 Quads
Triple=CHP adoption within20 Annual CO, Reduction 248 WIT 48 MIT
years Number of Car 45 million 154 million
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Large CHP
>20 MW

Existing Industrial
Market
Almproved performance
AUtilize new fuels and waste
streams
AOvercome external barriers

Over 1,600 new systems

2008 2030
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Mid CHP
1 MW to 20 MW

Fast- Growth Market
ATechnology for new
applications
APackaged systems
ADemonstrations to make the
business case

Over 10,000 new systems
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Aggressive Growth in All Markets

Small CHP
<1 MW

Emerging Market
ANew systems and
technologies
ASmar t
consumers
ABuild distribution network

Grid and|©o6
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Over 50,000 new systems
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U.S. DOE
Clean Energy Application Centers

Develop regional strategies to
support CHP, Waste Heat Northwest 1
id Northeast

I

Midwest

Recovery and District Energy in
TX, LA, and OK A‘

. Ay
1. Education and Outreach Pacific —_ ‘.. WS Mid-Atlantic
oWorkshops, webinars, ‘
-

newsletters, website ’
“ Southeast

=

2. Project Support
o Audits, feasibility studies, /

technical assistance
Gulf Coast

Intermountain

3. Policy Development
o Legislative and regulatory
Issues
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Existing Texas
CHP Installations

Other Gas  Biomass (Non- Don't Know

Other Wood)
125 MW 4 MW
Wood 143 MW 38 MW 80

LI MW Don't Know Boiler and Steam

55 MW Turbine
914 MW

Reciprocating
Engine
41 MW

Fuel Cell
0.2 MW

Waste Fuel
685 MW

State Percent of Total CHP Capacity in the |

Texas_:eads the U.S. in installed CHP (States with > 1000 MW CHP)
capacity:
. . . 25%
A Highly concentrated in combustion 2006
turbines
15% -
A Large systems predominate 10% -
5% -
A Strong preference for natural gas " ﬁ_ﬁﬁﬁm

TX CA LA NY MI NJ FL PA AL IN VA GA MA OR NC IL ME

Source: Distributed Energy Financial
Group
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Texas CHP fleet impact

+ Estimated Annual Energy Savings 0.46 Quads

1 Fossil fuel savings

BComparable to the amount of fossil fuel saved by
the entire Texas nuclear fleet

BSaved 5 times the fossil fuel that wind energy
saved in 2007

Source: Tommy John Engineering
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CHP Definition
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CHP is a type of
DISTRIBUTED GENERATION that. . ..

;IS located in close proximity to the energy consumer 0
building, campus or industrial

yprovides at | east a portion o

} captures thermal energy for use in:

B Cooling

B Dehumidification

B Water and space heating
B Process heat
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CHP is a
PRIMARY Power Source

1 CHP systems are designed to be the primary
source of energy for a facility
Bthe grid and existing boilers are supplemental

} CHP equipment is capable of 24/7 duty cycles.

} Backup diesel gensets are not the same as CHP
+ Typically designed to run for a couple of days
1 Do not capture waste heat and are Inefficient
} Have a high Emissions signature
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CHP is
extremely diverse

; CHP can use many fuels
BNatural gas, petroleum coke
BlIndustrial waste heat
BLandfill gas, industrial and municipal wastes
BWood, agricultural wastes, & other Biomass

1 CHP works in many applications
BlIndustrial Cogeneration & Waste Heat Recovery
BCampus / District Energy Systems
BCommercial Building Integrated Systems
BResidential Systems(micro - CHP)
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CHP -
Commercial |
Sector .

Hotels
Prisons
Airports
Hospitals
Universities
Data Centers
Grocery Stores

Wastewater Treatment

Refrigerated Warehouses

Emergency Management Facilities
Homeland Security & Sanctuary Locations
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CHP - Industrial
Sector

Glass

Cement
Chemicals
Incinerators

Pulp & Paper
Manufacturing
Primary Metals
Food Processing
Fabricated Metals
Rubber & Plastics
Petroleum Refining
Wastewater Treatment
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Basics
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CHP
Schematic

Fuel input

| ™
l/

Work
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Heat
Recovery

Steam
Generator
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Electricity :> Electricity

Generator

Recovered

—> Domestic Hot Water

—_ Steam

Heat
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— Chill Water
—p Space Heat

—> Dehumidification




CHP - Prime
Movers

+ Reciprocating
Engines

1 Gas Turbines

1+ Microturbines

» Fuel Cells
Selection criteria

A Electric Load

A Thermal Load and Application
A Capital Costs

A Permitting
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CHP o
Reciprocating

Engines
Key Features The ARES Program
1 Available in the 5 kW to 10 n U.S. DOE R&D Program
MW range o Develop Advanced
n Excellent part load operation §§§{§{r‘,’§i{£g§”9'”e
1 Waste Heat recovered from o Cooperation between
. Leading manufacturers &
0 Engine exhaust National Labs
o Engine jacket coolant
1 Low first cost & fast statip n Goals
- o - - o Efficient state of the art
7 E_m|§§|ons signature improved Engines
significantly 0 Better combustion & Lower
o Lean burn Engines Emissions
0 Selective Catalytic Reduction 0 Affordable Costs
or SCR
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Engine .
Manufacturers l:‘\TE“PII-'-‘“"
GE Jenbacher

Waukesha
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Gas Turbines

BAvalilable in the 500 kW to 250 MW
range

BBest suited for base - load operations

BTypically fueled by Natural Gas

1 Extremely clean electricity generation SOIaF) Tu rbines

1 Low NOXx
1 Substantially less Carbon footprint

A Caterpillar Company

SIEMENS

BHigh quality heat from Exhaust
1 High grade steam

BOverall system efficiency 06 70 to 80 % |
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1 Essentially a osmall 6 Gas tur bi
1 25 KW to 400 kW

}  Compact and low maintenance

} Can be bought ooff the shelfo

} Tremendous potential 6 Commercial Building Applications

1 Up to 90% System efficiencies achievable

} Packaged Modules - Power + Heating + Cooling solutions
commercially available
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