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R esearch and Development
Projects-Cogeneration and
Advanced Turbine Systems

DOE's Office of Technologies
Repo rts on New Studies
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Gas turbines are improving ste adily, keeping pa ce with increas­
ingly st r ingen t emiss ions req uirem ents , new capacity need s , and
growing compet it ive pr essures to improve efficiency. So far , techno­
logical improvements to keep up this mom entum have mostly come
from the pr iva te sec tor . But federal ass ista nce is a lso availa ble to
st imula te R&D.

So me of the new act ivit ies ste mming from DOE 's Office of Tech ­
nologies , specifica lly in the areas of in advanced turbine systems and
cogenera t ion, a re given here.

CERAl\lIC RETROFIT GAS TURBINE

Th e performance of current gas turbines is limited by the tem ­
perature and st rengt h capab ilit ies of the metalli c st ruct ura l material s
in the engine hot sect ion . Much progr ess has been mad e in the devel­
opment of cera mic compone nts for va rious h igh-tempera tu re environ­
ments ; now atten t ion is focusin g on integrating such componen ts into
sta t ionary gas turbines such as those used by industria l cogene rato rs
a nd elect ric uti liti es . Usin g cera mic components would a llow hi gher
t u rbi ne in let temperatures without cooling, thus improving the ther­
ma l efficiency of gas turbines .

Because of their super ior high -tem perat ure st re ngt h and dura­
bility, OIT is currently sponso ring a cooperati ve program with indus­
t ry to develop un cooled ceramic components such as nozzles , blad es ,
rotors , and combustor liners for gas turbines . Wh en combine d with
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innovative turbine designs, these advantages translate into a signifi­
cant improvement in thermal efficiency, considerably lower NOx
emissions than the best domestic equipment currently available, a
major reduction in emissions of CO and VOCs, and lower capital
costs. The technology could be used to retrofit an existing 15,000 MW
of capacity as well as be used for new capacity additions. The pro­
gr am is attempting to help U.S. gas turbine manufacturers to become
the first to commercialize this technology and capture a major share
of the $100+ billion worldwide market.
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I PARTNERS: Solar Turbines, AlliedSignal, DuPont
Lanxide, Kyocera, ANL, Norton
Advanced Ceramics, Sundstrand
Power Systems, Carborundum, NGK,
ARCO, University of Dayton ,
Caterpillar, Babcock & Wilcox
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OIT COST: $14,000,000
I INDUSTRY COST-SHARE: $5,000,000
I

IENERGY SAVINGS: 36.6 trillion Btu/yr in 2010
I

ENVIRONMENTAL
BENEFITS: 2.1 million tons waste/yr in 2010

COST SAVINGS: $175 million/yr in 2010

I EMPLOYMENT: 930 jobs (new base) in 2010

I
I
I

: CONTACT: Pat Hoffman (202-586-6074 ) )-.
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HIGH-PERFORMANCE STEAM SYSTEM
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St eam turb ine sys tems are used as both stand -alone sys tems
and with gas turbines in combined-cycle sys te ms for industrial cogen­
erat ion. Th e efficiency of these sys te ms has change d little since tem­
per ature and pressure limi ts were set in the 1950s. Th ese lim iting
condit ions are mostly a result of the corros ion and eros ion problem s
th at occur whe n conventional steam system compone nts are ope rated
at high temperatures. If these problems could be overcome , however,
ste am temperature and pressure could be rai sed , resulting in in­
crea sed gene rating efficiency (and thus power output). To address
th ese long-standing limitations, OIT is sponso r ing the developmen t of
a high- perform ance steam sys te m (HPSS) for industrial cogene ra tion
application .

The HPSS technology is based on using tw o advanced steam­
cycle compo nents. One is a high-temperature boiler whose tubes are
mad e from In conel 617, an exceptionally strong nickel alloy that is
capa ble of wit hs t anding high temper atures without wearing out. Th e
second compo nent is an efficient, high-speed steam turbine that in­
corpora te s state-of-the-art turbine blad e materi al s technology bor­
rowed from gas turbines. A system based on HPSS tec hnology can
handle steam with a pressu re of 1500 pounds per square inch and a
temperature of 1500°F , compared with curre nt maximum conditions
of a bout 900 pounds per square inch an d 1000°F. This tran slates into
an increase in conversion efficiency of more than 50% and an increase
in electr icity generation of more than 20%- both increa ses achieved
using the same amount of steam. Compared to the typical ind ustria l
practice of operating with conditions as low as 600 pounds per square
inch and 750°F. the HPSS will more than double both powe r output
and turbine efficiency ,
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PARTNERS: Solar Turbines, Innovative Steam
Technologies, INCO, Precision Cast
Parts , Fischer Valves

OIT COST: $1,893,000
I IND USTRY COST-SHARE : $300,000

ENERGY SAVINGS: 68.1 trillion Btu/yr in 2010

ENVIRONMENTAL
BENEFITS: 6.2 million tons waste/yr in 2010

COST SAVINGS: $132 million/yr in 2010

EMPLOYMENT: 880 jobs (ne w base) in 2010

Pat Hoffman (202-586-6074)CONTACT:

~-------------------------)

ADVAt"'l"CED TURBINE SYSTEM

OIT is develop ing advanced turbine systems with DOE's Office
of Fossil En ergy (F E), the Electric Power Res earch Institute, the Gas
Research In stitute, the Environmental Protection Agency and others
in response to the En ergy Policy Act of 1992, Section 2112 ("Heat
En gin es" ). Th e goal for advanced turbine system efficiency is a 15%
improvem ent over today's best gas turbine systems; reduced emis­
sions of NOx, C02, CO, and UHC; and a 10% reduction in the cost of
generat ing elect ri city for both utility and nonutility power gene rators
by 2002. FE is developing the utility gas turbines . Initial adva nced
turbine sys te ms will be natural-gas fired; these gas turbines will be
capable of burning coal, biomass, or other solid fuels. Th e OIT pro­
gram is targeting the development of a new industrial-application
turbine with a power-generating capacity of less than 20 MW.

Th e advanced turbine system will need to operate at hi gh er
firing temperatures and higher pressure ratios to achieve higher ef­
ficien cy. High er firing temperatures will require manufacturers to
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incorporate such features as ceramic components and better turbine
blad e cooling techniques. Operating at these temp eratures alone will
not meet the desired efficiency goals; however, manufacturers will
need to mak e innovative cycle changes using compres sor cooling, heat
recovery, turbine reh eat, and moisture injecti on technologies. Th e
advanced tu rb ine sys te m will use advanced low-Nfr; burners, ther eby
eli mina ting the need for costly emissions control equipme nt.

I PARTNERS: Solar Turbines, Allison , Howmet ,
AlliedSignal, DuPont Lanxide, ORNL ,
EPRI , Indian ap olis Power & Light , GRI ,
U.S. Turbine, Fluor Dani el , Others

orr COST: $15,289,000
INDUSTRY COST-SHARE: $10,000,000

ENERGY SAVINGS: 81.6 trillion Btulyr in 2010

ENV IRON MENTAL
BE~EFITS : 4.6 milli on tons waste/yr in 2010

COST SAVINGS: $293 mill ion/yr in 2010

ElvIPLOYMENT : 2440 jobs (new base) in 201 0

- - - --- - - --j
Pat Hoffman (202-586-6074)CONTACT:

These R&D advances, and many others in th e technical field
whi ch aim toward improving ene rgy and environmental efficiencies,
a re reported in a volum e publish ed recently by DOE 's Office of Indus­
trial Techn ologies , "Enhancing th e Compet it iveness, Efficiency, and
En vironm en tal Qu ality of Ame rican Industry Through Technology
Partnerships."

For copies write to Louis J. Sousa, Communications & Inform a­
t ion Team Lead er , Office of Industrial Technologies , EE-20, Depart­
men t of En ergy , Wash ington , DC 20585.


