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1 Introduction

Background

Many U.S. Army installations pay relatively high prices for electricity (more
than $0.05 per kilowatt hour [kWh], or more than $12.00/kW demand) under the
current regulated environment, primarily because Army installations are com-
monly remotely located.  This situation may be compounded as utilities are de-
regulated — a circumstance that will make energy prices more volatile.  Installa-
tions with the greatest energy flexibility will be able to reap cost savings under
deregulation.

Army facilities frequently have heat and electrical needs co-located in a building
or cluster of buildings.  This makes these locations well suited for energy “cogen-
eration.”  The term “cogeneration” refers to the simultaneous generation of two
types of energy, usually electrical and thermal, from an energy source such as
natural gas or diesel fuel.  Cogeneration plants offer several advantages over
conventional facilities.  A cogeneration system’s ability to capture energy output
in two forms makes it more efficient than conventional energy systems, and re-
sults in lower overall operating costs.  Many cogeneration plants are designed to
use more than one fuel.  Such fuel flexibility makes the plant a more reliable
source of electricity, reduces its impact on the environment, lessens its vulner-
ability to fluctuations in fuel prices and availability, and generally lengthens the
plant’s useful life.

For example, a typical commercial or industrial facility produces steam or hot
water in a boiler and purchases electricity from the local utility.  The typical
power generating plant may be only 35 percent (or less) efficient.  A cogeneration
unit, by contrast, can be over 80 percent efficient.  These higher efficiencies can
reduce operating costs to make packaged cogeneration systems economically at-
tractive to Department of Defense (DOD) facilities where there is often a simul-
taneous demand for thermal and electrical energy in the form of domestic hot
water (DHW), process steam, heating, or cooling (via absorption chillers).

Combustion turbines are an emerging electric power generation technology that
may be well suited to co-generation.  Technological improvements coupled with
economic and political factors are rapidly moving electric utilities away from
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traditional steam power plants and toward power cycles based on combustion
turbines.  Micro-turbines are a miniaturized version of combustion turbines cur-
rently used in the aerospace and electric power industries.  A micro-turbine unit
weighing only 75 kg can generate up to 24 kW of electricity.  A single rotor sup-
ported by air bearings serves as compressor, turbine, and electric dynamo.  The
micro-turbine’s simple construction, when coupled with the cost benefits of mass
production, is anticipated to yield electric power at capitol costs as low as
$200/kW.  Although the combustion cycle efficiency of micro-turbines is low (25 to
28 percent), the exhaust stream is high quality heat that can be used to meet
steam or hot water needs co-located in the building.

The U.S. Department of Energy (USDOE) Office of Industrial Technology is cur-
rently funding micro-turbine demonstrations.  This study reviewed ongoing
demonstrations to evaluate the technology for possible application at Army in-
stallations.

Objectives

The objectives of this study were to:

• Locate demonstration projects and collect data from those projects to provide
general pricing, efficiency, and operational information on the micro-turbine
units coming into the market.

• Collect data on the natural gas and fuel oil performance of micro-turbines to
identify the parameters for successful implementation of micro-turbine tech-
nology at Army installations.

Approach

Systems Engineering and Management Corp. was contracted by the Construc-
tion Engineering Research Laboratory (CERL) to research the current status of
the micro-turbine technology.  Demonstration sites were located and surveyed
regarding the performance of the technology in the field.  Micro-turbine manu-
facturers were contacted and surveyed regarding the pricing, efficiency, and op-
erational information of currently available micro-turbine units and those
planned for future production.



CERL TR 99/82 7

Scope

The manufacturers who had fielded demonstration units conducted their tests
under strict confidentiality agreements and would not release the test data.  This
report summarizes the information available on demonstration projects and in-
cludes data from the various micro-turbine manufacturers.

Mode of Technology Transfer

This report and the survey data collected will be made available through CERL’s
world-wide web (WWW) URL:  http://www.cecer.army.mil.

Units of Weight and Measure

U.S. standard units of measure are used throughout this report.  A table of con-
version factors for Standard International (SI) units is provided below.

SI conversion factors

1 in. = 2.54 cm

1 ft = 0.305 m

1 yd = 0.9144 m

1 sq in. = 6.452 cm2

1 sq ft = 0.093 m2

1 sq yd = 0.836 m2

1 cu in. = 16.39 cm3

1 cu ft = 0.028 m3

1 cu yd = 0.764 m3

1 gal = 3.78 L

1 lb = 0.453 kg

1 kip = 453 kg

1 psi = 6.89 kPa

°F = (°C x 1.8) + 32
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2 Demonstration Projects

Of the major micro-turbine manufacturers, only one manufacturer — Elliott En-
ergy Systems — has a commercial unit currently available.  Based on discussions
with manufacturer representatives, demonstration projects on Alpha and Beta
micro-turbine units have all been conducted under confidentiality agreements
between the manufacturer and the customer receiving the demonstration unit.
Units have been tested at Army facilities, including one unit at the Military Traf-
fic Management Command (MTMC) in Falls Church, VA, and one unit at the
Twin Cities Army Ammunition Depot (TCAAP), Arden Hills, MN.  Both sites
were under signed confidentiality agreements.

The unit tested at MTMC was manufactured by Elliott.  The purpose of the test
was to determine if the micro-turbine would be suitable for remote power gen-
eration for unit deployment where commercial power is not available.  Limited
tests were conducted, which basically consisted of no-load fuel consumption only.
The test was performed on an early Elliott unit that will not be commercially
available.  Although MTMC personnel were not generally pleased with the over-
all performance and operation of the demonstration unit, they have agreed to
purchase one of the commercially available units from Elliott to package into a
remote power-generating station.

The commercial units are designed to use natural gas.  Once problems associated
with converting the natural gas fuel system to diesel fuel are resolved, MTMC
will take delivery of the test unit, which is scheduled for delivery about January
1999.  MTMC plans to conduct several tests on the unit, and, if testing is satis-
factory, may purchase additional units.

The MTMC point of contact for the purchase of this unit is:

Ben Reischer, HQMTMC
5611 Columbia Pike
Falls Church, VA 22041-6862
(703) 681-7793

The unit tested at TCAAP was actually acquired by the local utility, Northern
States Power Company.  A Capstone 25 kW unit was installed in September
1996.  Detailed testing was performed on this unit and documented in a report
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published by the Electric Power Research Institute (EPRI).  All parts of the re-
port are covered by a strict and specific copyright, which prohibits translating
any part of the report into any derivative work.  The report (EPRI TR-108297) is
available to EPRI members and was obtained by Systems Corp through the local
Tennessee Valley Authority (TVA) office.  The report details the testing at
TCAAP and a test at the James River Paper Company plant in Ashland, WI.
The report has very specific performance related data, including unit output,
heat recovery, and fuel consumption.

This is the extent of the demonstration information that Systems Corp was able
to obtain while researching micro-turbine applications.  Due to the very competi-
tive nature of this product, manufacturers are unwilling to publish data on units
not currently commercially available.  Chapter 3 of this report details informa-
tion on the manufacturers of micro-turbines, the products they anticipate pro-
ducing, and (where available) the dates when their products will be commercially
available.
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3 Product Manufacturers

NREC

NREC is currently developing the PowerWorks™ line of gas turbines.  When
packaged as cogeneration units, the sizes will range from 30 to 250 kW of electri-
cal output.  NREC currently has no demonstration units.  NREC projects that
the first units will be available for testing by late 1999 or early 2000.  The units
are designed to have low emissions (less than 9 ppm NOx) and an electrical effi-
ciency of 30 percent HHV (higher heating value [Btu/lb]).  With a cogeneration
package, the efficiency is projected to exceed 80 percent.  NREC is also planning
to utilize the turbines in chiller packages that will yield integrated part Load
Value (IPLV) coefficients of performance (COPs) approaching 2.0 HHV under Air-
Conditioning and Refrigeration Institute (ARI) conditions.

The point of contact for NREC is:

Jay Johnson
Product Manager - PowerWorks™
39 Olympia Avenue
Woburn, MA  01801
(781) 935-9050 ext 118
www.nrec.com/pwrwrks.htm

Elliott Energy Systems

Elliott Energy Systems is the only manufacturer that currently has a micro-
turbine product on the market.  Elliott has had numerous demonstration proj-
ects, all of which were conducted under confidentiality agreements.  The unit
currently on the market is a 45 kW unit with the following specifications:

Price: Basic $28,750
Options: Recuperator $9,750 (increases fuel efficiency to 30%)

Compressor $9,750
Enclosure $3,750

Specifications TA - 45:
Output rating:  Power: 45 kW at 59 °F at Sea level
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Voltage:  120/208/240 (480 with a transformer) VAC
Frequency:  50Hz/60Hz
Phase:  1 or 3
Operational Temperature Range:  -40 °F to 120 °F
Speed (RPM):  116,000
Pressure Ratio:  4:1
Non-Recuperated Outlet Temperature:  1300 °F
Recuperated Outlet Temperature:  600 °F
Efficiency (LHV): 30% Recuperated
MTB Overhaul Hours:  27,000 (estimated)
Noise Level:  70 dBA at 10 ft
Fuel Types:  Natural Gas, Diesel, Kerosene, Alcohol, Gasoline, Jet (JP

4/5), Methanol, Ethanol, Propane
Inverter and Controller:  Microprocessor Controller, Digital readout, Re-

programmable Voltage and Frequency, Auto Shutdown Features,
Fault Isolation Detection, System Diagnostics, RS232 Communica-
tions Port

Size:  Weight - Less that 2000 lb with enclosure
Dimensions (with enclosure):  Length 64 in., Width 30 in., Height 34 in.
Emissions (using gaseous fuel):  NOx PPM 9 Non-recuperated

NOx lb/hr 0.005 Non-Recuperated
CO PPM 145 Non-recuperated
CO lb/hr 0.082 Non-recuperated

The next unit scheduled to come on the market from Elliott is an 80 kW unit.
Their product literature indicates a 60 kW unit, which is not currently scheduled
to be produced and a 200 kW unit, which is slated for production sometime after
the 80 kW unit.  The point of contact at Elliott Energy Systems is:

Rich Sanders, Executive Vice President
Sales & Marketing
2901 SE Monroe Street
Stuart, FL 34997
(561) 219-9449
www.powerpac.com/micro.htm

Capstone Turbine Corporation

Capstone Turbine Corporation appears to be the most aggressive company in
terms of field testing their turbine generator product.  Based on conversations
with a manufacturer’s representative, Capstone has field tested over 100 units.
All of their field testing has been conducted under confidentiality agreements.
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Chapter 2 of this report references an EPRI report that published two of Cap-
stone’s demonstration projects.  The Capstone Micro-Turbine 28 kW generator
package became commercially available during the week of 7 December 1998.
The price for a single unit is approximately $40,000.  Quantity purchase dis-
counts are available.  Preliminary specifications are:

Output:  28 kW
Efficiency (LHV):  26%
Heat Rate (LHV):  13,200 Btu / kWh
Emissions:  <9 ppm NOx
Noise Level:  65 dBA @ 10 m
Full Load Fuel Flow (HHV):  410,000 Btu/hr
Exhaust Gas Temperature:  520 °F
Total Exhaust Energy (base @ 59  °F):  277,000 Btu/hr
Dimensions:  74.8 in. H x 28.1 in. W x 52.9 in. D
Weight:  700 lb

The point of contact with Capstone Turbine Corporation is:

Jim Clyde
6025 Yolanda Avenue
Tarzana, CA 91356
(818)774-9600
www.capstoneturbine.com

AlliedSignal

AlliedSignal has developed a 75 kW Turbo-Generator™ micro-turbine.  The unit
has completed the Alpha phase of testing and is beginning the Beta phase with
units being placed in the field.  The Beta test period is anticipated to start in the
first two quarters of 1999 with commercial units becoming available by the 3rd

quarter of 1999.  General specifications for the Turbo-Generator™ are:

Efficiency:  28.5% (LHV)
Emissions:  25 ppm NOx
Noise:  65 dBA @ full load at 10 meters
Size:  8 ft x 4 ft x 7 ft
Maintenance:  <= $0.01/kWh

Systems Corp contacts have discussed the issue of test units with a Turbo-
Generator™ distributor, and they seem receptive to the idea of placing a test
unit at an Army installation.  The unit must be purchased (contingent upon
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satisfactory operation), but pricing is negotiable.  The Appendix to this report
includes a map showing the nationwide distributors for the Turbo-Generator™.

The point of contact for information on the Turbo-Generator™ is:

AlliedSignal Power Systems, Inc.
2525 W. 190th Street
Torrance, CA 90504
(310) 512-4127

Solar Turbines

Solar Turbines is an established manufacturer of gas turbine engines rated from
1450 to 15,000 hp.  Solar Turbines is in the developmental stage of producing a
300 kW turbine generator set.  If the unit becomes commercially available, the
anticipated market entry date is in 2001. The general specifications include a
recuperated efficiency of approximately 30 percent, low NOx and CO emissions,
small size, no gear box, and low maintenance.  They have built and satisfactorily
tested one unit.  They have not scheduled a commercial test unit but would an-
ticipate possibly testing one by the second half of the year 2000.  They anticipate
their market pricing to be in the range of $350-$450/kW, or less (comparable to
the price of a gas reciprocating engine).

The point of contact with Solar Turbines is:

Phil Carroll
2200 Pacific Highway
P.O. Box 85376
San Diego, CA 92186
(619) 544-2488

Bowman Power Systems, Ltd.

Bowman Power Systems, Ltd. has been developing micro-turbine technology over
the past 4 years.  This year they have begun limited production of 45 kW and 80
kW packaged units.  They intend to begin volume production of these units in
1999 along with limited production of a 200 kW unit by the end of 1999.  Bow-
man provided a quotation for both of their units along with detailed performance
information, which is included in the Appendix to this report.  General specifica-
tions for both units, including price are:
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TG45 Cogeneration System
Output:  45 kW
Efficiency (Non-Recuperated Cogeneration):  86%
Unit Price:  �36,000 ($59,760 based upon 1.66 exchange rate)

TG80 Cogeneration System
Output:  80 kW
Efficiency (Non-Recuperated Cogeneration):  87%
Unit Price:  �50,000 ($83,000 based upon 1.66 exchange rate)

The point of contact with Bowman Power Systems, Ltd. is:

Tom Gearson
Bowman Power Systems, Ltd.
Ocean Quay
Belvidere Road
Southhampton, Hampshire S014 5QY,
United Kingdom
011-44-1703-236700

Summary

Table 1 provides a brief summary on the unit sizes and pricing available from
the various manufacturers.

Table 1.  Micro-turbine product chart.

Manufacturer Unit Size (kW) Unit Price Price per kW

NREC No product on market — —

Elliott Energy Systems 45 $52,000 $1,155

Capstone 28 $40,000 $1,428

AlliedSignal 75 Not Available $350*

Solar 300 Not Available $350 - $450*

Bowman 45 $59,760 $1,328

Bowman 80 $83,000 $1,037

*Projected Pricing



CERL TR 99/82 15

4 Conclusions

This study located demonstration projects and collected data from those projects
to provide general pricing, efficiency, and operational information on micro-
turbine units coming into the market.  Data gathering focused on natural gas
and fuel oil performance of micro-turbines to identify the parameters for success-
ful implementation of micro-turbine technology at Army Installations.  The in-
formation gathered included the most prominent manufacturers currently in the
micro-turbine product market.  The Appendix to this report contains manufac-
turers’ product literature.

The information collected indicates that production of micro-turbines is still in
its early stages of development.  Production volume of micro-turbines will have
to significantly increase for prices to become competitive with the reciprocating
engines in this size range currently on the market.  While manufacturers project
that high future demand for micro-turbines will stimulate production of the
units so that micro-turbine pricing will become competitive with alternative
technologies, the units currently available are significantly more expensive than
the standard reciprocating engine generator packages.

Micro turbines will have thermal conversion efficiencies similar to the larger
utility gas turbines.  Their fuel-to-electricity efficiency may be slightly less since
their regeneration and recuperation systems are simpler.  However, the small
size of these units will allow them to be located close to the electrical and ther-
mal load they serve.  This will increase the overall system efficiency by reducing
transmission losses.

The proprietary nature of the data limited the amount of operation information
available.  However, it seems these units may have some initial operational diffi-
culties related to the fuel delivery and preparation systems.  The technical bar-
rier for delivering these units seems to be centered on compression of natural gas
to feed the small combustors or designing liquid fuel nozzles that are reliable
and low maintenance.

Although manufacturers have done extensive tests, most of that test data is not
publicly available.  Some vendors (e.g., Capstone and Elliot) have disclosed some
specifications and fuel choice options.  From this information, it appears that the
natural gas-fired units are more market ready than the liquid fuel versions.  The
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Army should use its leverage as a large potential user of these units to require
detailed disclosure of the fuel system limitations of these units before the first
procurement.
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Appendix:  Product Information
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