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GTI Developing Solutions, Delivering
Results to the Manufacturing Sector

Kevin Trim, Gas Technology Institute [(GTI), Des Plaines, Il

Gas Technology Institute (GTI) is addressing the need for clean (low-emission},
efficient and reliable combustion systems through a wide-ranging research and
development program conducted within its Energy Utilization Center,

TI has more than six decades
of experience in developing
and evaluating advanced

combustion systems for use in
residential, commercial, industrial and
power pencration markets. In chis time of
volatile enerey prices, it is providing oppor-
tunities for energy-use markers to mote
flexibly address currently rising gas prices
by using more efficient gas equipment
already developed or under development,
G rescarchers also are working o reduce
the environmenral impact associared with
the use of such cquipment.

Mast of GTI% combustion rechnology
development is performed in its 11,000 i
srare-of-the-art  Commercial/Tndostrial
Combustion Laboratory in conjuncrion
with leading manufacturers and end-users in
competitively secured contracts from fund-

ing enrirties such as LS. Dept. of Enengy

View of wide :

(DOE; www.energy.gov ), Califormia Energy
Commission (CEC; wwweenergy.ca.gov),
and the natural gas industey, Typical proj-
ects involve bench-scale and pilot-scale
development testing, followed by field
demonstrations and technology transfer o
cotnmercialization partners through licens-
ing arrangements.

“For maore than 60 vears, GT1%s com-
bustion program has been providing salu-
tions for the larze commercial and indus-
Hamid Ahbasi,
Executive Director of GTI% Energy

trial  secror,”  says

Utilization Center. “Owver time, we have
changed our program to address the
changing needs of the industry, and roday,
we are focused on near-term  product
development. The breadth and flexibility
of our laboratory gives us the capability o
meet the combustion B&D needs of vir-
tually any cugromer.”

__ GTI's 11,000 ft? Commercial/Inc
. Combustion Laboratory
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History of commercial success
Several examples illustrate the commercial
successes from GT1s combustion program,
Support for these developments has prima-
rily  come  from  DOES  Industeial
Technology Propram (ITF) and GT1's Gas
Industry Programs,

Forced internal recirculation

(FIR} burner

GTls low-emissions FIR bumer (Fig. 1)
can be used in a wide range of industrial
boiler applications for producing paper,
chemicals, perroleum products, food and
steel, The bumer technology demonstrates
low nitrogen oxides (NOx) and carbon
monoxide {(O0) emissions from natural
pas combustion without any energy effi-
ciency penalty.

MO emissions reduction i accom-
plished without the use of external flue gas
recirculation (FGR), special contral rech-
niques, complex intermmal moving pares,
high excess air, or special air handling,
which typically are used with other meth-
ods. The FIR burner uses a GTI-patented
method that uses a recirculation insert in

the combustion chamber adjacent to the

Fig 1 The forced internal recirculation [FIR)

burner provides less than 10 ppmv NOx with
natural gas in both fire-tube and water tube
boilers without external flue gas recirculation.




burner face to promote internal gas recir-
culation. The recirculation insert also pro-
vides a flame attachment point to increase
the Tame stabality.

The simplicity of the FIR design is an
important characteristic. The FIR bumer
can be operated with standard controls and
flame satesuards uwsed with conventional
bumers. This makes the burner attractive
for the rerrofit market because the cus-
tomer is not required to buy any special
equipment or controls to replace their

existing burmer.

process is aimed at boiler operators seeking
to minimize total cost to reduce emissions
while increasing boiler energy performance.

In the process, natural gas together with
recirculared flue pases are injecred above
[l'l'ﬂ.' combustion grare o Create an oxygcn-
deficient zone. Direct injection of narural
ens into the combustion zone reduces the
availabilicy of oocygen that could resulr in
MO formation. Under these conditions, a
significant part of NOx precursors decom-
pose and react, forming melecular nitrogen

rather than NOx. Tests confirm the added

“For more than 60 years, GTI's combustion
program has been providing solutions for the
large commercial and industrial sector.”

— Hamid Abbasi

Executive Director of GTI's Energy Utilization Center.

Some alternative NOx reduction tech-
nigues require complex internal moving
parts that need special linkage armange-
ments or special electronic control tech-
niques to accomplish the movement.

Another advantage to the FIR design is
the low excess air requirements to operate
it as opposed to high excess air levels
required with other NOx reducrion tech-
nologies. Disadvantages of high excess air
wse are higher operating costs due o
mereased electrical energy usage o supply
rhe exrea air and decreased boiler efficiency.

FIR burner technology is licensed o
Johnston Boiler Co. (for firetube  boiler
ipplications) and to Coen Company Inc.,

(for packaged watertube boiler applica-

rions). In addition, a Memorandum of

Understanding was sioned with Hamworthy
Peabody Combustion Inc. (for application
in field-erecred boilers in the sreel industry)
pending @ successful field demonstrarion in
2004, California Gas Co.

(www.socalgas.com) provided additional

Southern
funding ro develop this rechnology.

METHAME de-NOX®

GT! developed METHANE de-NOXZ, a
combustion modification process thar sig-
nificantly reduces stoker NOwx emissions,
while increasing boiler performance and
enhancing combustion of problem fuels

such as coal, wood-waste and sludge. The

heat release from natural-gas combustion
above the stoker grate stabilizes the firing
of solid fuel, which improves combustion
of difficult-to-burn waste fuels such as
those with a high moisture content.

With METHANE de-MNOX, overfire air
(OFA) is injected at a higher elevartion in
the fumace to allow sufficient residence
rime to complere the reburn reacrions.
Adding OFA bums out the remaining
combustibles and CO in the furnace gases.

Tl is actively involved in rechnology
rranster and deployment with its commer-
cial licensee, ESA
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Environmental

Working closely wirh end-users and part-
ners, Gl continues to participare in test-
ing, modeling and design for commercial

applications.

Oxygen-enriched air staging (OEAS)
GTI's OEAS process reduces NOx by 50-
70% in plass fumaces with no negartive
impact on glass quality. Tests on glass
melters in the field show thar OEAS is by
far the most cost-effective method in rerms
of dollar-per-ton spent to decrease NOx
emissions in this applicarion.

With OEAS, all combustion occurs
inside the fumace over the surface of the
molten glass, minimizing energy-cost
impacts for NOx control. As pare of the

process, the amount of combustion air

A T

through the firing ports is reduced to
decrease the oxygen available in the flames
high-temperature zone in a first combustion
staze. This teduces WO formation, but
leads o higher CO and unburned hydro-
carbon levels. Air or oxyeen-enriched air is
then injected into the furnace near the exit
porels) to complere combustion in a second
stage within the turnace.

The technology has been successfully
retrofitted on more than 12 endport and
sideport container glass furnaces in the
LS., Europe and South America. NOx
emissions are reduced berween 50-70%
on endport furnaces. The first applica-
tion of OEAS to a sideport furnace (300-
tpd) decreased NOx by 40% to below 2.5
Ibfton. To put into perspective, Southern
California currently limits NOx emis-
sions from all container glass ranks to 4
Ibfton and is

stringent regulations,

considering even more

The OEAS system has been operating
continuously for six years. OEAS systems
subsequently installed on several 320-tpd
sideport furnaces reduced NOx by as much
as T0%.

Combustion Tec (glass division of Eclipse

ology is licensed to

Combustion Inc.; www.eclipsenet.com),
who is marketing OEAS for endport and
sideport furnaces uzed in mulriple plass
industry segments, including container, flat
and sodium silicate glass. GTI is working
with Eclipse o apply OEAS NOx reduc-
tion technology to other high-temperature
furnaces in the steel, ceramics, metals pro-
cessing and other industries. Southern
California Gas Co. provided additional

funding for this work.

Fig 2 High-luminosity burner. Modifying
fuel within an oxy-gas burner prior to com-
bustion and controlling fuel/oxygen mix-
ing proeduces a more luminous flame,
which provides a higher heat-transfer rate
and lower NOx emissions.




High-luminosity oxygen/gas burner

Oxygenfnatural gas combustion offers ben-
efits for high-temperature materials pro-
cessing including reduced NOx emissions,
better furnace control, a compact furnace
system (e.g., elimination of regenerators for

glass meleers) and smaller flue-gas cleaning

equipment. Despite significant progress in
oxypen/natural gas combustor develop-
ment, current technologies provide fairly
low flame luminosity, which prevents them
from achieving the full production rate and
thermal efficiency increases thar are possi-
ble with this process.

Collaboration possible for wide-ranging research

For years, GTl has looked at combustion research as an important component to main-
tain American manufacturing competitiveness. Through its Commercial/ Industrial
Combustion Laboratory, GTI continues to develop solutions and deliver results to this

impaortant market,

GTI's Combustion Laboratory houses the following equipment:

* Seven research furnaces ranging from 100,000 to 5 MMBtu/h, which allow simula-
tion of a wide range of industrial process heating equipment. High temperature fur-
naces (100,000, 500,000, 3 MM and 5 MMBtuwh) with variable loads can simulate
almost any industrial process heating environment. These include:

* A1 MMBtu/h integral quench radiant tube heat treating furnace
= A1 MMBtw/h indirect-fired flat radiant panel furnace
« A 1.2 MMBtu/h furnace to study and develop heating concepts that maximize

convective heat transfer rates

+ Two boiler/process heater simulators (5 and 12 MMBtu/h)
A 20 MMBtu/h packaged watertube test boiler, which can be used to test a single
burner, or to study flame interactions between multiple burners
+ A3 MMBtu/h submerged combustion melter
An automated infrared-heater testing platform
& bench-scale facility to study flame characteristics and develop new combustion,

sensors and controls concepts

« An extensive array of emissions and performance measurement and data acquisi-

tion systems

For information on collaborating with GTI on combustion research programs, contact Hamid
Abhbasi, GTI's Executive Director, Energy Utilization Center; tel: 847-768-0585; e-mail:
hamid.abbasi@gastechnology.org; Web: www.gastechnology.org.
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GTI's 12-MMBtu/h boiler simulator

GTI's 500,000 Btu/h high-tempera-
ture research furnace

Because of this, GTI developed an oxy-
genfnatural gas-fired bumer that significant-
ly increases production rate and thermal
efficiency and reduces NOx emissions {even
when wsing lower-cost industrial oxypen)
compared with current cxygen/natural gas-
fired rechnologies. GTI% high-luminosicy
burner {Fig. 2} increases thermal efficiency
and decreases NOx formation by increasing
radiarive heat transfer 1o the load. This con-
cept combines a fuel modification (preheat-
ing) zone with staged combustion.

A small portion (o 10%) of the natural
gas is burned, and combustion products are
mixed with the main source of natural gas,
producing hydrocarbon soot precursors ina
heated oxypen-free environment, Pre-
heated natural gas then enters the first,
fuel-rich, combustion zone and oot forms
in the flame. The majority of the combus-
tion occurs in the second (fuel-lean) com-
bustion zone. Burning soot particles create
a highly luminous lame thar is more thee-
mally efficient and cooler than a typical
oxygen-gas flame. Heat transfer uniformity
is increased and NOx emissions are signifi-
cantly reduced.

The burner has been operating for more
than a year on two glass furnaces (fiber and
flat). It can be installed on new furnaces
and can easily be retrofitred o existing air-
gas and oxy-gas fired furnaces, including
glass and metal melting, heating, marerial
treating and cement clinkering. Sales on
several glass furnaces are pending through
GTI licensee, Eclipse Combustion Inc.

Mew York Stare Enengy Research and
Development Authority {(www.nyserda.org)

provided additional funding for this research.

Promising current programs

“GT1 is proud of the commercial successes
that are the result of R&D performed in its
Combustion Laboratory,” says Abbasi. “As
we look to the future, we're optimistic
about our potential to provide impact
through several novel programs that we're
currently working on.” Some of these pro-

grams are described on the following pages.

Partial-oxidation gas turbine (POGT)

In a project sponsored by CEC and GTI%s
gas industry programs, GT1 teamed with
Solar Turbines Ine. (heepsffesolar.cat.com)
to develop a POGT for combined electrici-
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ry eeneration, and hydrogen-enriched fuel-
gas production for on-site induscrial use.

When combined with a typical industri-
al system such as a high-temperature fur-
nace ar industrial boiler, the POGT offers
end-users an overall system efficiency of at
lease 7O-85%, with direct fuel-to-electrici-
ty conversion efficiency of 88%, Air emis-
stons from the POGT are expected to be
less than 3 ppm of NOx for electricity gen-
eration, with a 30-70% reducrion for
industrial boilers and furnaces. Significant
reductions of carbon dioxide (CO0;) emis-
sions will result from improved efficiency
and fuel urilization.

The POGT converts a portion of fossil-
fuel energy to shaft energy, which, in turn,
'i:‘.: |.|31'L'|'.| ki1 ;:I:m’:rHH: \'."E\'."I'.'Tril.' 'r“'l“.'\'."l'l Ah (EECUTS
within a conventional gas  turbine.
However, in the POGT, a high fuel-to-air
ratio means that there is insufficient oxy-
pen to combust all of the fuel, which resules
in @ high-temperature, high-pressure, fuel-
rich exhaust that can be efficiently used for
other industrial processes.

The value of a POGT unic is realized
when it is inteprated ar a selecred industri-
al site according to Joseph Rabovitser,
GTI's Director, Power Generation, Encrgy
Utilization Cenrer. Rabovirser says the
I]'Iljlll‘.-rfjil] CUsSEOIMET Can gl..:'l'l{"‘n'ltl: FI:?-".".'L"]' [-l.'!ll_
on-site use or for sale ar very high system
efficiency, while the residual fuel improves
environmental performance of on-sire

ENEergy CONVEersion umirs.

Supplemental FIR duct burner
Another combined heat and power (CHF)
project by GTI and Coen Company Inc.
invalves the development of an innovative
supplemental natural gas-fired burner o
produce onsite hear and electricity. The
burner (part of GT1% family of FIR bumn-
ers) fires namral gas along with rurbine
exhaust gas to achieve maximum thermal
efficiency, while at the same time reducing
the amount of NOx emirted from a typical
CHP system.

The use of a supplemental burner in a
CHP system can increase thermal efficien-
cy to more than 80%. However, current

supplemental burners greatly increase NOx

Fig 3 Lab prototype Super Boiler. Target goals of a Super Boiler under development at GTI in-
clude efficiency levels greater than 94% and NOx emissions levels below 5 vppm on natural gas.

emissions. Specific ohjectives for this CHE

.‘i'!,=.‘~|'|.'11'l Arc:

* Heduce NOx to less than 20 vppm, cor-
rected to 3% {-}':

* Achieve ar least 33% NOx reducrion
compared with a gas turbine and con-
ventional burner

* [rovide abilicy to adjust the supplemen-

tal firing over a 3-to-1 matio (turmdown)

With this system, an FIR supplemental

duct of a

burner is installed at the exhaus

gas turhine and uses rurhine exhaust gas as
a source of oxypen. This arrangement
recovers thermal energy from the rurbine
exhaust for additional heat generation,
which results in up to a 50% increase in
thermal efficiency, and 12% higher offi-
ciency than the microturhbine and boiler
operated separarely.

Inteprating a gas turbine with the FIR
burner and a boiler allows the user to raise
shEam Or hl'l1 water 'L'l.:i[]'il.}llt IMCTCAS I TE
emissions. NOx created in the gas rurbine
is exposed to reducing conditions in a
reburning zone of the FIR burner, resulting
irn overall N reduction compared with a
power generator and boiler operating sepa-

rately, Results of combustion-laborarory

o

firing tests show the abilicy to increase effi-
ciency and reduce NOx emissions simulta-
neously by more than 50%. Enbridge
Consumers Gas and GT1's gas industry pro-
grams are funding the project.

Super Boiler

Through ies Super Boiler program, GTI is
developing new, breakthrousgh sceam-gen-
eration technologics. Successful develop-
ment and commercialization of these Super
Bailer technologics will potentially save
LS, industey over $10 billion annually in
steam production costs and will minimize
the environmental impact of steam gener-
ation throughour the LLS.

The objective of the program is to devel-
op and demonstrare a first-generarion
Super Boiler (Fig. 3) by integrating nowvel
technical concepts thar can achieve effi-
ciency levels above 94% and NOx cmis-
sioms levels below 5 vppm on natueal gas,
As part of the project, GTI completed a
technical review of the basic Super Boiler
design parameters and reamed with
Cleaver-Brooks (www.cleaver-brooks.com),
a major LLS. packaged-boiler manufacturer,

GTI and Cleaver-Brooks integrared the
combustion system, heat transfer elements

and hear recovery system, combined with







