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Abstract ing engine. Utilizing the energy efficiencies of these prime
Competition from deregulation is driving utilities and movers coupled with the recovery of the heat in the ex-
consumers to seek out alternate means to reduce the cbstust gas produces a very efficient power cycle.
of electricity. The utility industry is expected to shift gen- A traditional cogeneration plant consists of a prime
eration away from the traditional central station philoso-mover coupled to a generator and exhausting to a heat
phy to dispersed generation with the formerly wasted heatecovery steam generator (HRSG). The heat recovered
to be recovered and used for industrial steam or to hefitom the exhaust flue gas is used to generate steam for
commercial building$?! Some experts suggest that theprocess (cogeneration cycle) or to drive a steam powered
dispersed generation will take the form of cogenerationurbine driven electric generator (combined cycle). These
by locating thermal electric generators with heat recovplants are costly and significant capital savings could be
ery steam generators alongside the thermal host. Coindiealized by repowering existing, installed steam genera-
dentally, there are a large number of existing boilers thabrs in either “hot windbox” or “cold windbox” arrange-
can serve as waste heat receivers if properly modifiednents. These retrofit repowering strategies can offer en-
This could result in substantial capital savings, further rehanced operating flexibility and capacities over a new
ducing the cost of the dispersed electrical generatiorcombined cycle plant. As in the typical combined cycle
Repowering cold windbox industrial boilers complimentssystems, supplemental firing (if properly designed) can
and reinforces the dispersed generation philosophy.  be included in the repowered plants enhancing the steam
This paper will compare the economic and technicatycle operating conditions to: 1) produce higher steam
advantages of repowering existing small industrial boiltemperatures needed for process, 2) increase boiler steam-
ers with conventional engine/gas turbine driven generatdng capacities, 3) allow operating the boiler while the
sets. Operating advantages in steam generation reliabilirime mover (CT/engine) is off-line for maintenance or

and flexibility will be presented. load dispatch, and 4) improve plant efficiency. For many
) operators, it is important not to jeopardize the reliability
Introduction of the thermal energy supply. The lack of confidence in a

Cogeneration, where steam and electricity are produceéliable steam supply is probably the main deterrent to
simultaneously, typically takes the form of a combustionthe adoption of the cogeneration cycle.
turbine coupled to an electric generator with the turbine
exhausting to a waste heat recovery boiler. The combufiscussion of New Plant Vs. Repowering
tion turbine is a derivative of jet engine technology and As economies of scale offer less impact in the small
can be applied in either a simple-cycle arrangement (elegenerating capacity ranges (i.e., less than 20MW), gen-
tric generation only) or cogeneration cycle where botterators will seek alternatives to minimize capital costs and
electricity and steam are produced. A strong alternatecalize a competitive advantage. Each of the alternatives
prime mover to the combustion turbine is the reciprocatis discussed below.



Combustion Turbine with HRSG

Programs are underway to develop technologies to ad-
vance small combustion turbines’ performance and effi-
ciency?3 These programs will bring to the industry
equipment that is reliable and affordable to maintain. With
dispersed generation, the electric power generation indugackage
try will rapidly grow to include small consumers who will ~ Boiler
become self-generators. These small consumers will in-
clude institutions, hospitals, universities, small manufac-
turers, and light industry.

Capital required to install a traditional combined cycle
plant in large sizes (greater than 50MW) ranges about
$700-$900 per kW. As we move to smaller generators,
capital costs will increase to approximately $900-$1100
per KW. Even so, the payback can be very attractive as the Internal Staging Ducts
increased operating efficiencies reduce operating costs.

The traditional combustion turbine combined cycleFigure 1 Integrated boiler burner* — advanced concept for mid-
plant is sized to match the maximum site thermal requiresized co-gen or combined cycle plants. *Patent applied for.
ments. This offers maximum cycle efficiency at full load.

On the other hand, these plants tend to be inflexible and
do not allow the operators the ability to match changin@ shows an improvement in cycle efficiency of 16% at
thermal loads. If steam demand falls off, cycle efficiencyfull load for a combustion turbine supplementary fired co-
decreases due to energy losses when exhaust is bypasgederation plant. Figure 3 shows a 14.6% improvement at
to the atmosphere. And, unless auxiliary steam generatirfgll load for a reciprocating engine plant. Using Figure 4
capacity exists on site, matching thermal loads may resutdb compare the combustion turbine to the reciprocating
in electricity generated at times when market price is lesengine in the cogenerator plant, it is important to note the
than generating cost. An auxiliary boiler is required forreciprocating engine arrangement achieves higher plant
operating periods when the prime mover is out of serviceefficiencies at steam loads of less than 30%. Note that
these analyses assume the prime mover/generator is at full
Repowering Cold Windbox Package Boilers load, optimum heat rate, and supplemental firing is needed

There are approximately 15,000 package boilers opegrt steam flows 20% and higher.
ating in the U.S. supplying steam to process industries, Environmentally speaking, overall plant N€missions
hospitals, institutions, and utilities. These boilers are typiare reduced as the fired boiler reburns the nitrogen oxide
cally shop assembled and offer a very reliable, cost effedn the prime mover exhaust to produce lower total emis-
tive source of steam. As utilities unbundle under deregusions. Reburn technology, as applied in large boilers, gen-
lation, retire plants, and look for more competitive sourcegrates controlled amounts of hydrocarbon radicals by fir-
of electric generation, there is a significant opportunity tang substoichiometrically in the boiler, which in turn re-
utilize these installed package boilers to cogenerate steamices NO in the exhaust flue gas from the prime mover to
and electricity at efficiencies exceeding large scale poweK,.[! The combustion process is then completed by add-
plants. ing the balance of the combustion air through ports in a

The large package boiler population and market poterfinal burnout zone. This same technology can be applied
tial have driven developments to overcome the technicah small industrial boilers.
issues. Using the existing boilers as HRSGs will reduce
the owners’ capital outlay and can result in a combined
cycle cost of $600-$800 per kW. A schematic of the plant
arrangement is provided in Figure 1. ® 3.35 MW Combustion Turbine Supplementary Fired Boiler

The technical advantages of repowering cold windbox ® 3.35 MW Combustion Turbine & Separately Fired Boiler
package boilers to a supplemental fired arrangement age
numerous. With supplemental and fresh air firing capaz
bility, boiler steam production is independent of eIectric§ 80
generation offering greater operating flexibility. This is§
important to many industrial owners where steam and ele@- 6o -
tric loads fluctuate significantly and independentlys —
throughout the day. Unless supplemental firing capabilz 40
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ity is provided, most cogeneration plants can not suppoft Assumes Generator at Full Load and Best Heat Rate

these daily swings, or require auxiliary boilers to satisfy T U T T B

demand. 0 20 40 60 80 100 120
Thermal cycle efficiencies are higher for supplemen- Percent of Full Load

tary fired cogeneration arrangements as compared to a Full Load Steam Flow = 55,000 lo/hr

simple cycle generator with an auxiliary boiler. Figures 2
and 3 compare plant efﬂmepues for ?—FOgen?rat'On plardigure 2  Plant efficiencies with various combustion turbine con-
and a simple cycle plant with an auxiliary boiler. Figurefigurations.
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cogenerators it may be cost effective to install a small heat

® 5 MW Gas Engine with Supplemental Firing & Cooling Credit
exchanger to cool the exhaust down to acceptable tem-

A 5 MW Gas Engine with Supplemental Firing without

Cooling Water Credit peratures to allow the use of carbon steel materials.
® 5 MW Gas Engine & Separately Fired Boiler Not clear at this point is expected new governing NFPA
100 guidelines on contiguous burner arrangements and their

impact on the plant BMS controls, which needs to be stud-
ied thoroughly.

o]
o

Repowering Hot Windbox Boilers

While the emphasis of this paper is small industrial
boilers which are primarily cold windbox (i.e., no air
preheater), some discussion is necessary on repowering
existing boilers that are designed to fire with preheated
combustion air. Hot windbox units serve large industrial

or utility plants.

Full Loa'?,e;‘izgiﬂm i°535d,000 Ib/hr The hot windbox arrangement offers a relatively flat
heat rate over the entire generator output range and is about
10% lower than the original plaft. Boiler retrofit costs
could be minimal. Atissue however would be removal of
the air heater and installation of additional economizer
surface to capture the heat in the boiler exit flue gas. The
most attractive approach is to preheat feedwater but the
existing FW heater circuits would have to be modified.
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Figure 3  Plant efficiencies with various reciprocating engine
configurations.

® 5 MW Gas Engine with Supplemental Firing & Cooling Water Credits
A 3.35 MW Combustion Turbine Supplementary Fired Boiler .
® 5 MW Gas Engine with Supplemental Firing without Cooling Water Owner’s/O perator’s PerSpeCtlve
Credits True cogeneration applications should be driven by the
plant’s thermal requirements. When prime movers are se-
lected and matched to the HRSG, the desired flexibility
may be sacrificed.
Figures 2, 3, and 4 were presented above to compare
operating plant efficiencies at full boiler loads. But just
as important in industrial plants is operations at low loads
often required at night, on weekends, or in the off season.
Figure 5 compares the reciprocating engine and the CT
Assumes Generator at Full Load and Best Heat Rate | - gnnlemental fired repowered cold windbox arrangements
: 4'0 : 6'0 : 8'0 : l(IJO —,, toatypical CT cogeneration plant with an unfired HRSG.
bercent of Full Load At fu!l boiler load plant efficiencies are very close together

Full Load Steam Flow = 55,000 Ib/hr ranging from 7.5..3% to 80.1%. But as the steam demand
is reduced, efficiency for the unfired arrangement falls off

quickly. This occurs because the CT exhaust is diverted
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Figure 4 Plant efficiencies with various configurations.

These benefits for repowering cold windbox boilers do | ® 5Mw Gas Engine with Supplemental Firing & Cooling Water Credits
not come without some drawbacks. Most important is that | * 5Mw Gas Engine with Supplemental Firing without Cooling
the small furnace volume and tightly Spaced steam gener- A \;V:tselrw(\:/\;eggsmbustion Turbine Supplementary Fired Boiler
ating surfaces produce high gas side pressure drop and ’ ) e
thergefore placeg large bacgk p?essure og the prime mpover ® 14 MW Combustion Turbine with HRSG
Capacity of the prime mover (particularly CTs) is mverselyo
proportional to the back pressure. For repowering appll>
cations, the prime mover must be properly matched to th@ 80
existing boiler so as to minimize any capacity penaltlest
This is normally not an issue for most industrial appllca-m 60
tions where the thermal load (host's steam needs) dnv%
the project. 404
Converting the boiler to operate either as the fresh- aufs )
fired (FAF) mode or as a supplemental-fired waste heat

Assumes Generator at Full Load and Best Heat Rate

- . - ) 20 \ | \ | \ | \ | \ | \
unit requires that equipment and materials be properly ¢ 20 40 60 80 100 120
selected to match hot and cold combustion air conditions. Percent of Full Load
Fans, burners, ductwork, dampers, flame safety systems, Full Load Steam Flow = 55,000 Ib/hr

air flow controllers, and more must be studied and de-
signed to accommodate both operating modes. For CHigure 5 Plant efficiencies with various configurations.
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away from the boiler and dumped to the atmosphere so By matching the prime mover to the minimum continu-
that steam output can be matched to demand. Intuitivelgus thermal load and including supplemental firing capa-
the uncaptured waste heat reduces plant efficiencyility, operators are flexible to match steam demand inde-
Clearly, it is more cost effective and efficient to size thependent of electric generation and can operate the plant
CT smaller and choose a supplementary fired boiler tat its most efficient operating point.
achieve the needed steam flow. This allows the operator
to turn down the boiler to match the load. Converting Cold Windbox Boilers to
Another interesting point falls out of Figure 5. First Supplementary Fired HRSGs
note that up to about 18% boiler load, no supplemental There are several technical concerns owners must con-
firing is needed. The small CT cycle compared to thesider before modifying their existing boiler to operate as
reciprocating engine is less efficient at low steam flowsa HRSG. This paper will focus only on modifying pack-
(less than 20%) because of the inherent characteristics afje boilers with cold windbox design, i.e., no preheated
the respective simple cycle. However, Figure 6 shows thatombustion air.
no supplemental firing is required on the CT up to about Package boilers are designed with high volumetric re-
36% boiler load while the reciprocating engine arrangetease rates and thus have tightly spaced heat transfer sur-
ment would require supplemental firing at 18% load (Figfaces. This results in relatively high gas side pressure
ure 7). drop. Back pressure on the prime mover is a significant
concern as it directly impacts its power out or electricity
generated. Compounding the problem is the fact that fir-
A Efficiency: Output/Input ing the boiler with the high volume, lower density hot ex-
® Fuel Input to Combustion Turbine & Boiler haust gas increases the burner pressure drop. This results
® Combined Output (MMBtu) in establishing practical limits of exhaust flow that can be
120 100 directed to the boiler. For maximum efficiency, the prime
mover must be matched to the existing boiler.
10017 , $ 30 When supplemental firing is utilized with the prime
- mover (CT or engine) in service, frequently there is suffi-
cient oxygen in the exhaust gas to support the combustion
of the fuel needed for the desired heat input to achieve
steaming requirements. However, when the engine is off
line or at reduced load, or when the steam load is at a
maximum, a fresh air supply is needed to support the com-
bustion in the boiler. These conditions impose severe per-
0' Alssumfs Ge?efatolr at FfJ” LOélld andl BestlHeathate formance duty on the _burners as the combustion air vol-
0 20 20 o 80 1000 umes are drastlca_lll_y dlfferenp _
In the case of firing the boiler using exhaust gas (EG),
Eull Loa%e;ig:nsﬁgvn\:ffgooo o/hr the combustion air is at temperatures in the range of
750F to 1000F with approximately 12% to 17% oxygen
content, whereas in the FAF situation the combustion air
Figure 6 Cogeneration cycle alternatives — comparative evalua- is ambient with 21% oxygen content. In addition, the pres-
tion. sure drop across the burner is required to be low when
operating with EG, (high volume condition), and current
technology burner designs require high pressure drop when
A Efficiency: Output/Input operating as FAF (low volume conditions). This broad
® Fuel Input to Reciprocating Engine & Boiler range of combustion air flow velocities is difficult for con-
® Combined Output (MMBtu) ventional circular burners to accommodate. Because
120 100 highly reliable steam supply is a requirement in most pro-
P cess applications, and because of the fear of losing the
L 80 steaming capability when the gas turbine/engine trips off,
many industries have rejected the use of these higher effi-
cient cycles.
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° New Burner Design Allows Dual Operating Mode
Babcock & Wilcox has developed low pressure drop
burner designs to allow boilers to be coupled directly to a
gas turbine/engine generator and capture the waste heat
available in the exhaust gas from the prime mover. Fig-
ure 8 provides a schematic showing installation of the
lower pressure drop equipment for a proposed project. The
Percent Steam Flow . . .

Full Load Steam Flow = 55,000 Ib/hr prime mover exhaust gas is ducted directly to the package
boiler where it is used for combustion air. The low pres-
sure drop burner is installed at the front wall of the boiler

Figure 7 Plant efficiencies with various configurations. and fires natural gas to supplement the waste heat pro-
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Also, typical duct burners can not achieve thoroughly
mixed, low CO combustion when operating on cold fresh
air only or at hot but low excess air conditions.

The low pressure drop design uses a combination of
venturi throats to minimize pressure drop requirements,
and distributive gas manifolds to compliment rapid effi-
cient mixing. The net result is a burner that is extremely
stable under high volume (EG) or low volume (FAF) com-
bustion air conditions. The burner can operate with low
excess air (EG supplemental firing conditions) or high
excess air (FAF steam production firing conditions). In
addition, under both conditions, the peak flame tempera-
ture is minimized with the Integrated Boiler Burner
(1BB)"design to limit thermal NQproduction to accept-

able levels.

The burner design illustrated in Figure 1 is a novel ap-
proach to NQ emissions reductions. The combustion air
will not be forced through a highly turbulent circular
burner throat as in conventional burners. The total burner
will be comprised of a distributative design arranged on a
vided from the engine to achieve boiler steam capacitysupporting structure that is placed over the entire cross
When the prime mover engine is off-line for maintenancesectional area of the combustion air supply duct that butts
the boiler is fired with ambient combustion air by placingup against the front face of the boiler’s firebox. The burner
the forced draft (FD) fan into operation allowing the plant’sis placed at this union. The combustion air supply duct
steam needs to be satisfied. will be sized to closely match the cross sectional area of

The low pressure drop burner can operate at high tenthe firebox. The arrangement of the burner and the heat
perature, low combustion air oxygen level or at ambieninput is determined based on the final boiler steam load
conditions. It has been developed for ease of retrofit to eequirements.
package boiler using practically all the existing boiler
components and auxiliary equipment. Capital expenditureSummary
are minimized and a cost effective source of electricity is The 15,000 package boilers operating in the U.S. offer
added. a competitive solution to the expected shift to small ca-

The low pressure drop design is a radical departure fromacity dispersed generation. Industrial and institution
conventional burner designs. Rather than utilizing a higlowners can couple combustion turbine or reciprocating
pressure drop, highly turbulent swirling design, it utilizesengine driven electric generators to existing boilers and
a low pressure drop distributive design. This is not unlikeogenerate, reducing fuel costs while maintaining reliable
typical “Duct Burners” of which there are several designsand flexible steam supply. The low pressure drop gas
available for commercial application. However, conven-burner allows the operation of the existing package boiler
tional duct burners can not achieve the acceptable turin a fresh air fired mode or as a supplementary fired HRSG,
down ratios listed above with high efficiencies and lowproviding flexibility, efficiency, and reliability required
pollution products that are required by today’s standarddiy the thermal host process or heating load.

Figure 8 Integrated boiler burner* — advanced concept for mid-
sized co-gen or combined cycle plants. *Patent applied for.

“Patent applied for.
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