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FULL CIRCLE?

After more than 120
years, electricity
generation may be
starting to come full
circle, &

Cogeneration and
On-Site Power
Production

Volume 1 number 1 Jan-Feb 2000
E James & James 2000
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The single most effective deterrent to
Improving the efficiency of electricity systems
IS the electricity meter.
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Energy losses in the U.S. T&a system
were 7.2% In 1995 b
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Figure 1. Electricity Market Model Regions

Figure 7. Transmission and Distribution Costs by .L".t
Region, 2005 & "I-ﬂ
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Source: AEO98 National Energy Modeling System, run
BASECOMP.D101797A (October 1997). 6
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Figure 6. National Average Generation Prices in
Alternative Gas Price Cases, 1998-2020
5 1996 Mills per Kilowatthour
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Source: AEQO98 National Energy Modeling System,
runs BASECOMP.D101797A, LOGCOMP.D101697A, and
HOGCOMP.D101697A (October 1997).
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DG is electric generation
connected to the
distribution level of the
transmission
and distribution grid usually
located at or near the

Intended place of use
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THE REAL BENEFITS OF DECENTRALIZED ENERGY

S LESS COST
S LOWER CARBON DIOXIDE EMISSIONS
S LOWER TRANSMISSION AND DISTRIBUTION LOSSES

S LESS VULNERABILITY TO SYSTEM ATTACK BY
WEATHER AND TERRORISM

S ABETTER SOLUTION FOR ELECTRIFYING REMOTE
AREAS
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Cost Benefits of DG

CCGT plants cost $500/kW + $1300/kW for
new T&D.

Users pay power cost plus 3to 3.5 cents per
kWh for power delivery from central plants.

DG plants cost $1000/kW, but users pay only
for power from DG i1 savinge 3 to 3.5 cents.

10
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The largest power blackout
In U.S. history rolled across a
vast swath of the northern
United States and southern
Canada on Thursday August
14 200&

é the outages affected areas _.=s
where as many a$0 million
people lived

President Bush ruled out
terrorism é 11
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D.-R Advanced Microturbine
b Program Goals

NERGY
RLSOURCES

Next Generation Microturbine System (< 1,000 kW) by 2006

— High Efficiency - Fuel-to-electricity conversion efficiency of at
least 40%

— Environmental Superiority - NOx < 7 ppm (nhatural gas)

— Durable - 11,000 hours of reliable operations between major
overhauls and a service life of at least 45,000 hours

— Economical - System costs < $500/kw, costs of electricity that
are competitive with the alternatives (including grid) for market
applications

— Fuel Flexible - Options for using multiple fuels including
diesel, ethanol, landfill gas, bio-fuels

12
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CHP - Cooling Heating & Power

Locating turbo-generators near the users
enables utilization of the exhausted energy to
achieve fuel efficiencies of over5-80%.

Thus increasing further the economic and
environmental advantage of DG.

DR/DER are the buzzwords.

15
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1998
46 GW By 2010, double

the amount of CHP
capacity in the
United States

2010

92 GW

16



R-Jet Engineering Proprietary

The OCN Technology

Configurations, Applications & Performance

As an Industrial Engine

Technion
28 October 2004

17
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The OCN concept:

An annular combustor, rotating coaxially with
the compressor and turbine, replaces the
traditional stationary combustor.

Eliminating expensive components and their
related losses and enabling efficient cooling
of the turbine.

18
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The OCN Engine:

A Innovative, high efficiency, environmentally
friendly, and compact jet engine.

A Efficiency equivalent or higher than modern
high power jet engines.

A Dimensions and Weight substantially less
than conventional engines.

A Costs substantially less than that of existing
or planned similar jet engines

19
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OCN - Combustion Chamber
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~ A
1 - Compressor 4- Rotary Combustor
2 -Compressor Rotor Exit 5- Rotary Nozzles
3- Bluff Body 8- PowerTurbine
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OCN i Orbiting Combustion N ozzle Engine

Configurations
A Turbo Shaft/ Turbo Jet / Turbo -Fan

Applications

A Electric Power Generation

Aircraft and Helicopters

Automotive Vehicles, Marine, Locomotion
Fuel Cell/Gas Turbine Hybrid

o To To o

Industrial I Turbo -Pump; Turbo -

Compressor -
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OCN Engine

Turbo-Shaft 1 Industrial Version

22
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OCN Turbo shaft Engine (for illustration)

The OCN-engine for Electrogenerator Drive
N=630 kW, rxit=3000 rpm

1300

1600
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Cost of Electricity- Basic Data

Proprietary

System Type OCN1 OCNZ2 OCNS3 OCN4 Combined
C.P.R 12:1 15:1 15:1 40:1 Cycle
kW 200 300 1,200 1,200 100,000
Scale Up | InterCooled
Installed cost $ /KW 390 313 175 193 1200(*)
Efficiencies
Engine efficiency 30.0% 34 .4% 35.4% 40.0% 55.0%
Losses Gear 3.0% 3.0% 3.0% 3.0% 3.0%
Generator 3.0% 3.0% 3.0% 3.0% 3.0%
Transmission 0.0% 0.0% 0.0% 0.0% 7.0%
Generation Efficiency 28.2% 32.4% 33.3% 37.6% 48 .1%
Costof Fuel : $ 4.0 / millionBTU (Gas)
Capital Recovery Factor
(annual ) 20.0% 20.0% 20.0% 20.0% 20.0% 10.0%

(*) Including Transmission component

24
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Cost of Electricity (Calculated) - US$ cents/kWh
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—— 1. OCN1- 200 KW 28.2%
——4 OCN4 1200 KW (IC) 37 6%

—i— 7 OCN2- 300 KW 32 4%
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—— 3. OCN3 1200 KW (Up Scale) 33.3%
—— 6. Utlity Rate -High Voltage (typ)
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Electricity Cost (Natural Gas Fuelled at $ per 1 million Btu)

Electricity Cost $Cents / kWh (6000 hrs/ yr)
8.00 - Utility Low Voltage rate =7.5|cents/kWh (typ)
e
L sl |l Utility High Voltage rate 6.5 cents/kWh (typ)
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Simple PayBack Periodi Years (Gas Fuelled at 8 per 1 million Btu)

Simple Pay Back Period - Power Sales

9.00 ~

8.00 ~

7.00 +
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5.00 +

Years

4.00 ~H

3.00 -

2.00 ~

1.00 A

0.00 -+

OCN1200kw OCN2 300 OCN3 1200 OCN4 - Diesel 1MW  Central (CC)
kw kw 1200 kwIC

Generator Type

Note: The 200and 300kW turbogenerators are low voltage packages.
the others are high voltage packages (in next slide as well).
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CHP Simple PayBack Periodi Years (Gas Fuelled at 4 per 1 million Btu)

Simple Pay Back Period - CHP Sales
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OCN1200 kW OCN2 300 OCN3 1200 OCN4 - 1200 Diesel 1MW Diesel 1MW
kw kW kw IC

Generator Type

Note: Diesel turbogenerators, and the central station can not provide efficient
CHP services 28
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Turbogenerators Performance Map 1 200kW to 2.5 MW
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The OCN Turbogenerators Family
performance promises successful competition
In the rising DER market.

The low complexity lends itself to
manufacturing, assembling and test in Israel.

The production can be assumed by the
existing turbo-machine industry with modest
Investments.

30
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We are at the threshold
of
reinventing the electric power
system

Deblasio, Richard D. and Basso, Thomas S.

Status on Developing IEEE Standard P1547 for Distributed Power
Resources and Electric Power Systems Interconnection, March
2002.
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.
Technology that Powers th2lst Century /Masaru Takayama

MEIDEN 17 January 2002
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