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Na tura l gas cofiring in stoker boilers is now coming of age and
ma turi ng as an off-the -shelf tool to improve the eco no mics of stoker
bo iler firing . Thi s article see ks to revie w the five most popular econo m ic
d rivers related to operating cos t reductions available throu gh natura l gas
cofiring.

BACKGROUND

Na tural gas cofiring is a techn ology that blends the most desirable
charac teris tics and capabilities of natu ral gas w ith mo re difficult and
problematic solid fuels like coa l and woo d wastes. Na tural gas cofiring
involves the use of a very sma ll amo un t of natural gas, typ ically less than
10%, firing ove r stoker gra tes th rou gh spe cial burners. The cofi ring burn
ers that have been develop ed are of a high pr essure drop, very turbulent
design. The effect of the gas firing zone is to burn ou t carbon part icul at e,
low er excess ai r requirement s, and smoo th out solid fuel variabilities and
exc urs ions . Thi s tran slates int o lower ope ra ting cos ts and imp roved
stoker ope ra tions eve n with natural gas fuel cos ts being two times the
cos t of coal on a Btu basis.

Burner com pa n ies th rough out the wo rld and es pecially in th e
United States ha ve ins talled natu ral gas burne rs into solid fuel fired boil
ers for more than 50 years. This, however , is not cofiring. Cofiring is the
special sys tems , equipment, and operationa l techn iqu es that allow for
natural gas to be burned sim ultaneously with other fue ls.



Sta r ting in th e mid 1980' s, th e gas industry began ex p loring
whether auxi lia ry gas burners could offer sign ifican t ben efit s to boiler
opera tors wh en used for sus tained gas cofir ing rather than so lely for
warm-up or standby d uty. Conso lida ted Na tura l Gas Co mpany (CNG)
throu gh East Ohio Cas evaluated cof iring at Kent Sta te Uni versity and a
power plan t in Painseville. Ohio, cha in gra te and sp reade r stoke rs, re
spec tively, both equipped with single COEN COFY R burners. The Cas
Resear ch Institute (C Rr) ev alua ted cofirin g at a Vanderbilt Universi ty
spreade r sto ker equipped w ith dual COEN COFYR burners.

The process of cofiring has come thr ou gh a learn ing curve and pro
gressio n just like a number of other technologies. The se early projects
used off-the-she lf single gas burners designed for 100'1" firing. At the
requ ired cofiring turnd own rate the burner 's large th roats prod uce d a
lazy flam e that di d not pe ne tra te the furnace. These bu rners d id di spl ace
some coal Btu input with natural gas and sho wed mar ginal ad d itiona l
benefit s of im proved operationa l flexibilit y, increased efficiency, and re
d uced NO, emissions and opacity. However , the systems as evaluated
we re not op timized and d id not show nearl y the kind s of ben efit s that
today 's specialty b urners provid e.

Add itiona l work was need ed in both market development and
burner / boiler enginee ring to deli ver the full po ten tia l of cofirin g ben
efi ts. To further develop cofiring practices, GRI initi ated a series of dem
onstra tion proj ec ts wi th a team com prised of East Oh io Gas, Co lum bia
Gas Cos. , Acurex Environme n ta l, and COEN Co m pa ny to op tim ize
cofirin g equipmen t and practices, and to verify performance and eco
nomic ben efit s.

Cofiring tod ay typically mean s two burner s arranged for tan gential
firing to ma xim ize turbulen ce. The design of these burn ers create a spin
ning flame as the burner fires ove r the gra te. Th is tu rbulen ce mak es for
an incin erati on zone over the gra te. At the time th is ar ticle was wri tten ,
12 stoker cofirin g projects were either in an opera ting , in sta lla tion, or
p rocu rem ent phas e. These proj ects are listed as follows:

Site
Vanderbilt Unive rsi ty, TN
Ken t Sta te Univer sity, OH
Dover Mu nicipal. OH
Hoover, OH
Ober lin Universi ty, OH

Stat us
Op era tiona l
Opera tiona l
Opera tiona l
Ope ra tiona l
Opera tiona l
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Ford Motor. OH
Notre Dame Un iversity, IN
Boise Cascade, WA
Eli Lilly, IN
D,13 , Johnson , WA
Anon, Site #1, VA
Ci ty of Ma ni towach Public Utili ty

Opera tional
Operationa l
Procurem ent
Procurement
Procur ement
Procurement
Procu rement

The most p rominent eco no mic drivers for cofi ring p rojects have tra
d itio na lly been env ironmen tally ba sed . Cofiring is one of the m ost cos t
efiecti \'c mean s to avoid air pollution comp liance upgr ad es with sto ke r
boile rs when usin g so lid fue ls, Cofiring's ability to reduce particulate is
we ll d oc ume n ted through ex tensive testing at a number of the opera
tion al sites , The five most popular op erating cos t reduction driver s that
have bee n ex perience d with cof iring include the following:

l.
')

3.

-t.

5.

Efficiency Improvement s
Rebxed Coal Speci fica tions
O p por tun ity Fuel s
Sum me r Loads /Turndown
Derate Recover v

EXA\ IPLES OF COFlRlNG OPERATING
COST REDUC TION SCENARIOS

Th e grow ing populat ion of successfu l natural gas /coal co firing
p rojects has y ie lded impo rtan t information on ope ra ting cost savings.
The informati on presented below is for a fictitiou s si te created for ex
ample p ur poses . How ever, the information used ha s been obtaine d or
in ferred to be reasonably based on actual site performanc e d ata.

EXAMPLE - COAL STOKER SITE INFOR j'vlATIO N
l. Fired output need ed = 90,000 MBtu 's
') Efficiencv = 72 '}'u

3. Gas cos t = S3,00/ MM 13tu
-t. Coal cost = S2.00/ MM Btu (S50/ ton @ 12, 500 Btu /pound )
5. Operating hours (8,000 per year)

65% full load
35'!;, @ 15,000 ~vlI3 t u's (Summer)



OPERATING COS T REDUCTION DRIV ERS

1. Eff iciency Improvements
Cofiring with natural gas in stoke r boilers has been shown to im 

pro ve efficiency (hea t ra te) by 2.6% at Dover , Ohio, and 7.0% at Oberlin,
Ohio. Three ph en omen a con tribu te the most to thi s. They are ca rbo n
burnout, excess air red uction, and firebox heat tran sfer im provemen ts .

Ca rbo n burnout occ urs as unburned carbon in airbo rne p articulat e
comes off stoker gra tes and becomes cons ume d in the gas cofiring zo ne .
Meas ured reduction s of ca rbo n in fly ash we re found to be typicall y 33
35'1., (Do ver, Ohio, si te).

Documented Carbon Burnout-Dover, Ohio, Site
(Percent Carbon in Fly Ash)

Fly As h

Mec ha nica l Co llecto r

Bottom Ash

Baseline

36

67

16

Co fire

24

42

18

Carbo n burno u t also helps to reduce qua n tities of ash th a t need
di sposal. Cofiring's more effective burnout of carbo n also makes for less
sooting and a clean er fire side . Thi s im pro ves hea t transfer be tween soot
blows and also red uces soot blow frequen cy.

Whe n cofiring burners are depl oyed they also m ake for more effec 
tive m ixin g / turbulen ce in the firebo x area. Thi s increa ses heat transfer in
the firebox sec tion of the boiler. Stack temperature reduct ion s of 15-20
degr ees Fah ren hei t have been experience d w ith cofi ring.

Co firing burners deliver air and oxygen for combustion (excess air)
in a zone where overfire ai r is typically in trod uced. Th is air help s to
minim ize the need for over-fire air. It also helps to reduce the overa ll

need for excess air.
Sites have experience d an overall reduction in ind uced d raft fan ai r

flow re q u ire men ts . Th e red uc tio n in flow requi rements and fricti on
losses makes for hor sep ower savings a t the 1.0 . fan .
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Elficiencv inc rea ses tend to a lmos t offse t the increased fuel cos ts
associated with na tural ga s. Th ese increases a lone generally do not offe r
en ough opera ting cost savings to mak e cofiring a ttrac tive.

Site lnnnic! (increase qricic/lcy 3.IJ% iui/Ii Cofiring)

A. Pre \'io us Fue l Input Cost:
125 NINIBtu 's (52) = 5250/ Ho ur

B. Cofiring Fue l In put Co st (IO'X, Gas Use) :
New fuel inpu t = 90/ .75 = 120 MMB tu' s
Coal Co st = lOS (52) = S216/ Ho ur
c.1S Cost = 12 (53) = 536 / Hour
Totn! Cu(iri/lS Fuel Cos! S2521 Ho ur

N e t D efi cit (S2/ Ho ur)

2. Rel axed Coal Spec ifi ca tio ns
Cofiring w ith natura l gas has been d ocumented to give boi le rs a

wid er operabili ty range. Operability for a stoke r ge ne ra lly means th e
ab ilit y to perform w itho u t opaci ty (smo king) episodes and /or slagging.
Cofiring also reduces Sulf ur Dioxide, Ni trogen Oxide, an d Carbon Mon
oxide em issions. This increased operability a lso means tha t a wider
range of fuels can be successfully burned .

Cofiring experiences to da te have shown the biggest coal specifica
tion change opportun ity to be in the area of burning more fines . Coal
fines (severely un dersized par ticles) genera lly blow th rough stokers and
cause back end (flue gas clean up) p rob lems. Cof ired bo ile rs (the Dover,
Ohio, case especially) have been able to acce p t sub stan tia lly more in the
way of fines.

Th e po tent ial for tryin g loca l/lower -priced coa ls may hav e me ri t
w ith ,\ cofired stoke r. Th is is es pec ially helpfu l in a world in w hic h stoker
coa l su pp liers ar e becom ing scarce.

The following eco no m ics app ly to our exa mple site for a scenar io
w here coa l costs ar e able to be red uced by only 10%.

Siu: tnumct (Relaxed Coal Specijicatiolls-1U% Coal Cost Reduction)

A. Pre\'ious Fue l In p u t Cos t:
125 ~ 1 ~I B t ll ' S (52) = 5250/ huur
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B. Cofiring Fuel Input Cost (10% Gas Use):
Ne w fuel input = 90/.75 = 120 MMBtu's 5250/ Hour

Coal Cost = 108 (51.80) = $194.40/ Hour
Gas Cost = 12 (53) = S36/ Hour
Total C(~firillg Fuel Cost 5230.40/ Ho ur

Nel Benefit S19.60/Hour

3. Opportunity Fuels
Co firing 's unique ability to incinerate carbon / volatiles ove r stoker

grates makes for a unique opportunity to utilize wa ste fuel s including
biornasses (i.e. oppo rtun ity fuels). In cases where wa ste fuels are used ,
cofiring ma y make it unnecessar y to do as careful of a job in pr eparation
(sizing / dr ying). Thi s can espec ially impro ve the potential for more bio
mass use.

In cases where opportuni ty fuels have been considered but deemed
not fea sible (manufacturing solid wastes from food s or furni tur e) be
cau se of a need for baghouse upgrad es or extensive back end cleanup,
times may hav e just cha nged . A number of s tud ies have iden tified
cofiring as the lowest first cos t way to reduce particul ate emissio ns for
man y ope rating / fuel scena rios.

The follow ing economics apply to the example site for cofiring with
10% oppo rtunity fuels. It was assumed for purp oses of this ar ticle that an
opportuni ty fuel would be available a t $.10/ MMBtu' s. In some cases, off
site d isposal cos t sav ings wo uld credit handling/prep ar at ion costs for
the oppor tun ity fuel.

Sift' I lIIpl1Ct- 1O% Opport li ll i ty Fuets

A. Prev iou s Fuel Input Cos t:
125 MMBtu's ($2) = $250/ ho ur. $250/ Ho ur

B. Cof iring Oppo rtunity Fuel Cos t:
New fuel input = 90/.75 = 120 MMBtu's
Coal Cost = (96 MMBtu 's) ($1.80) = $l n.80/ Ho ur

Opportuni ty Fuel Cost =

(12 MMBtu's) (S.lO) = 51.20
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Gas Co st = 12 (53.00) = 536/ Hour
Toiut C4irillg Fuel Cosl 521O.00 / Hour

Ne t Benefit SolO.OO/Ho ur

-l, Summer Loads/Tu rn down
Coii ring gives you the ability to turn your old mini mal turndown

boiler int o a 10 to 1 or more turnd own gas boiler , a lmos t ins tanta
neou slv. only for as lon g as you need it to be that wa y.

Ou r iirm has known oi a number of cases wh ere stokers can not ge t
d own to wh ere they need to be ior summe r loads or during process 10Mi
reductions (even ings / weekend s). The an swer for some is to mak e the
minim um steam and jus t vent it. Still o thers di scontinue stoke r opera
tions at the iirs t sign of seasona lly lower load s and run g,lS boilers.
Cu iir ing allow s ior the tu rnd ow n condi tions to occur in a w ay th a t
matches and follow s load s.

Ano ther issue to cons ider is the typica l degradation of sto ker boiler
d iiciency c1S loads drop. Ope ra ting on gas during these load cond itions
makes for more efficiency. Thi s also help s to offset the natural gas cos t
p rem ium. Cos t savings can com e from elimina ting the need to make
stea m ,1I1d then vent it. Sewi ngs can also come from elim ina ting the need
to op era te alterna te equi pme n t (standby boilers) just to handl e what the
stoker canno t.

The poten tial for cost reductions ava ilable from eliminating sum
mer or low load waste for the exa mp le site are as follows:

Sil l' 11I11'1ICI- 6 ttl 1 Turndown Vaslls ..J to 1

Previous Hourlv Co st
Inp ut fuel = 22.5/ .65 = 3<l .62 MMBtu 's
Cost = 34.62 (52) = 569.24/ ho ur 569.24

C c1S Usc Cost (2'10 Efficiency Increase)
In put fue l = 15/ .74 = 20.77 MMBtu' s
Cos t = 20.27 (53) = S60.81/ hour 560.81

Ne t Benefi t S8.-l3/Hour*

f iring on ga s during low loads and sum mer condi tions also irees
up labor an d mak es ior less wear and tear on boiler auxiliar ies. Add i-

"Plus vvate rI boile r a uxiliar ies ,' labor.
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tion a I elec trica l savings also occur from reduced coa l/ash handling
equipme n t ope ra tions . In some cases ov ertime for coa l or ash handl ing
svs tem mainten an ce can also be minimized.

5. Derate Recovery
Co firing has been d emonstrated to allow sto ker boil er s to once

agdin opera te near design stea ming capacity. Steaming ca pac ities can
degrad e over tim e for a number of reason s. In some cases, coa l cond i
tion s fro m various supp liers have changed from design such that opera t
ing at full load makes for se vere op acity (smoking).

Recovering this capability with cofiring makes it possibl e to avo id
the use of alternate equipme nt, (in some cases gas boilers), to regain thi s
load . Thi s mean s that more load can be provided at low er mixed fuel
cos ts. Der ate recovery also helps reduce cos ts wher e on site power gen
eration occurs. Our firm has seen a number of cases whe re ae ra ted stok
ers leav e money on the table by not gene ra ting enoug h stea m to meet
turbine capaci ties . Cofir ing helped Dover Light & Power achieve a 10%
increase in peak steaming capaci ty. Thi s mad e for an addition al 1.5 fv[W
of capac ity .

Th e potential for cofiring cos t reduction related to bett er use of
mi xed fuel capac ity for the exam ple site are as follow s.

Site Impact- 20,000 MMBtu's increased capability

Cost On Gas Boiler
Cost = (20/.7-1)(53.00) S81.08/ Ho ur

Cost With Cof iring
Cost = (20/.7-1)(52.33) = 562.97 / Ho u r

Net Ben efit = S18.111Hour

CONC LUSION S

Ope ra ting cos t benefits for the example site describ ed above, using
each of the five largest ope rating cost savings driver s, make for the fol
lowing an nua l ben efit s: (8,000 hours total , 65°/., at full load , 35'10 at 15

MM Btu)
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Bcnefi t com ponen t

1. Efricicn cv

2. Coal Specificati on s

3. Oppo rtunit v FllL'I ~

-I. Summer Loads

2, Dl'r ,l tL' Rl'l- ll\"t~rv

Total Sd , ' iIlS ~

Slr.lt q.;ic PI.lIlning for Energy dnd til l' EI1I'inlIUIll'Il 1

An n ua l Savings

(510,-100)

510 1,920

5106,080

523 ,60-1

5LJ-I ,I72

$3IJ5,376

It 's ve rv ra re that all o f th ese be nefi ts w ou ld be ava ilable to anv one. .
s ite . However, it 's a lso \'e ry ra re that co iir ing is im p lemen ted on ly be-

ca use of o pe ra ting cos t benef its. In fac t, m ost o f th e in s ta lled s ite driv ers

considered env iro nmen ta l ,1I1d opera ting benef its as p r imary mo tiva tors .

Site Economics

T I1l' co st o f co firing depend s on m any things. Howe ve r. in s ta lled
co st s ha ve ge ner,ll ly ranged between 5 180,000 <1I1d 5-100,000 per boiler.

M ost s ites wi th only 0I1l' or tw o of th e opera ting co s t drivers id enti fied
w i ll iind a ttractive investmen t re turns with cof ir ing.

The s im p le p.ivbacks a t th e ex a m p le site versus the opera ting cos t

drivers id e n tified for a 5250,000 ins talled cos t projec t would be a s fo l
lows.

Exa m p le S ite Pa ybacks

All Bene fits

Efricicnc v I Co,11

Efficie ncy I Coal/Sum m e r

Efficiencv I Coa11 Derate

Pa\'back

8 Mon ths

3,3 Years

2.7 Years

1.5 Years

..'\11 si tes p resent unique a nd spec ific c irc u ms ta nces . Ca re fu l d e
tai led ana lyses need to be done before projec t co m m itmen ts are made .

Coiiring s to ke r bo ilers wi th natu ral gas is now becoming a m ore

gene rAl tool with subs ta n tia l opera ting h ist ory . The technol ogy h as n ow

ev olved and operating pract ices are w ell d ef in ed . The ind u s try expec ts

th e numbe r o f project sites to a t lea s t double by th e end of 1998. O pera t

ing cost reductions are now w e ll recogn ized as an importa nt an d g ro w 
in g dri ver for makin g thi s hap pen,
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