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Hybrid
Oxford English Dictionary, Second Edition

hybrid ("halbrld, "hlbrid), n. and a. < ___l_ :

Offspring of two animals or plants of different
species, or (less strictly) varieties; a half-breed,
cross-breed, or mongrel

1601 Holland Pliny II. 231. . . and verily such
hogs in old time they called Hybrides, as a man
would say, halfe wild LANEEP

1623 Cockeram, Hibride, a Hog ingendred =@ o5
betweene a wilde Boare and atame Sow &% D ALK

hat p Lry g
[ .#i'i " o N e
L5, 7 T inlE i
mp », B TR
# 1 b v o
b 2y 3
i it
S - e
-—
N=TL
I
11111111111111111



Working Definition
Hybrid Fuel Cell System

Combined-cycle power generation system
containing a high-temperature fuel cell plus a

v' Gas turbine
or

v Reciprocating engine
or

v  Another fuel cell
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Hybrid History

Mid 1970s

Fuel cell / turbine
hybrids conceived

1995 & 1996
Workshops at NETL

1998
Hybrid Solicitation

1997

Westinghouse
Contract Signed
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1998 Hybrid Solicitation
Program Research and Development Announcement

- Feasibility / systems studies
. <20 MW

- Near-term

- 70% efficient

- Operate on natural gas

- Contain HT fuel cell

. COE 10-20% < conventional
plants
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1998 Hybrid Awards

Fuel Cell Turbine Type of
Manufacturer Supplier Fuel Cell

Siemens W Rolls-Royce Tubular SOFC

Siemens W Caterpillar/Solar | Tubular SOFC

McDermott NREC Planar SOFC

FuelCell Energy| Rolls-Royce MCFC

M-C Power Rolls-Royce MCFC
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Results from 1998 Solicitation

. Efficiencies of >70%
possible

. ~65% efficiencies
produce a lower COE

- Program should start with
sizes << 20 MW

. Off-the-shelf turbines
poor fit for larger hybrids
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Hybrid Efficiency Leadsto Low Emissions
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Reduce Greenhouse Gas Emission I ntensity
by 18% Over Next Decade
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Vision 21
Ultra-Clean Energy Plant of Future

Energy Plantsfor Post-2015 Goal

. Coal and other fuels Eliminate

. Electricity and possible Environmental
co-products Concerns from Use

of Fossil Energy

Approach

- Maximize efficiency

- 60% coal
- 75% natural gas

. Near-zero emissions
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Market Potential for Hybrids

Up to 20051

. 8.2 GW market

. 15 -25 MW size
. $1000-1600/kW

2006-2009 1
. 60 GW market
. $600-$1100/kW

DOE's Industries of the Future 2
. 70 GW “addressable market" by 2010
. 0.25 -20 MW size

! Resource Dynamics Corp
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Direct-Fired Hybrid

Start Up Line

Stand Up
Duct Burner

Fuel Cell Exhaust

High-Temperature
Pressurized Gas

Fuel

*Air

Containment

Vessel
Power |

A. Condition |

!

Exhaust Compressed Air

Start Up Line Start Up
Duct Burner

<+ Fuel
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Indirect-Fired Hybrid

Exhaust
+

Up . < Fuel
Start Up Line H
Fuel Cell Exhaust .a
Stand Up .
£ Burn?fompressed Compressed
ontainment Air Alr Ail’

Vessel
7 Power |
DC Condition |
Air

Fuel

Air

Start Up
Duct Burner

Start Up Line
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Characteristics of Hybrids

Direct

Indirect

Fuel Cell:Turbine
Power Ratio

~4:1

~10:1

Flow Rates &
Pressure Ratio

More difficult
to match

Easier to match

Efficiency

Pttt

Pt

Thermal Duty

High-temperature
recuperator

High-temperature
heat exchanger

Catalytic
Oxidizer

NO

Yes

Fuel Cell

N=TL

Pressurized

Non-pressurized
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Current Hybrid Projects
- National Fuel Cell Research
Center
- Rolls-Royce (2)
. Siemens Westinghouse
- FuelCell Energy

- Honeywell GE
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National Fuel Cell Research Center
Systems | ntegration Methodologies

- ldentify coal- and natural-
gas-based systems to
meet Vision 21 goals

- Develop tools to simulate
steady-state and dynamic
performance of hybrids
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Rolls-Royce
Small Turbogenerator Technology for DG

. Conceptual design

. Scalable 0.5 - 5 MW Rolls-Royce
. >40,000-hour life

. Cost target $400/kW T E |

LONG ELECTROMAGNETICS, INC.
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Rolls-Royce
Market Assessment and Early Adopter Study

Rolls-Royce

'~ Resource
N DYNAmics
CORPORATION

- Most potential for larger

hybrids
-15-40 MW

. Potential >$30 hillion in

net savings to hybrid
users

.- Small hybrids needed

for market entry / early
adopters

-0.1-5MW
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Siemens Westinghouse
Solid Oxide Fud Cdl / Gas Turbine

. Direct-fired configuration
. 200 kW demonstration
. Located at NFCRC

- 53% efficiency
- Operated > 1,000 hours

. 300 and 550 kW demos
planned
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FuelCell Energy
Molten Carbonate Fuel Cell / Gas Turbine

Indirect-fired configuration
Operated 4,700 hours
Electrical efficiency of 52%

Design of 40-MW hybrid
plant
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Honeywell GE
SECA-Based Fuel Cdl Hybrid

. Planar SOFC and direct-
fired turbine

- Estimated efficiency 67%

- First SECA-based hybrid
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Solid State Energy Conversion Alliance
Core Module for Multiple Applications

Military

—

=TL

— EEE——— |
11111111111111111



SECA Goalsand Applications

-
2005 Beta Prototype
$800/KW ‘ _
- Premium power 2015
- Auxiliary power in 2010 Product - Vision 21 power plants
long-haul trucks . $400/KW - Hybrid systems
- RVs

- Residential &

Military industrial CHP ? A
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SECA Players
Univergities, National Labs, | ndustry

.
UN[VERS]TY N-TL National Laboratory

OF] ITTAH SIEMENS
U Westinghouse nrtlur I? Little

OAK RIDGE
NATIONAL Gx2 UNIVERSITY OF
LABORATORY Fa] FLORIDA If_f rnrrr ‘lll

_

DELPHI

NEXTECH | TV T )
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Technology Road Map for Hybrid Systems

Dynamic control & |
component integration
Turbine

integration 5 5
SECA > g
Hybrids with early SECA units >

IGCC coal-fueled
SECA-based hybrids i

Early $400 / kW Hybrid-based
SECA SECA module Vision 21
unit ready power plants
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A Vision for 2015
Putting the Pieces Together

SECA-Based
Hybrids

Carbon
Sequestration

Hybrid-Based Vision 21
Power Plants

Gasification with
Cleanup & Separation

System
Integration

N=TL Optimized Turbines
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