1. COMBUSTICN - POWER GENERATIOR

The lignite depcsita of the United States remresent & huge potential source of fuel
for power generatlon. It has heen estimated that Iignite constitutes about 24 percent
of the remaining Natlonal reservea of solid fuel on & tonnage basis and about 15 percent
of the reserves on a E.t.,u, basis. (See sec, 3, part 1,) The major portion of these
regerves 1s 1in North Dakota,

Lignite has been used locally for domestlc heatlng since the first sebtlers buwrned
1t at forts and fur-treding posts as early as 1855. Some of the first studies of the
nge of lignite In stesm boilers were conducted by the Federal Bureau of Milnes from 131C
to 1920 (15, 19).1/ However, the commerclal utilizaticn of lignlte as fusl for producing
wower developed slowly. Kot until about 1925 was any really successful lignite industzrial
fuei-burning equipnent developed., Simce then the commerclal use of lignite as a fuel
for producing power has been Increasing steadily.

Bocause of 1ts nigh meisture centent, low hesting value, and lack of preferential
transportaticn rates, lignite has a more restricted area of competlition then is generally
true of higher rank coals, The approximate extent of the lignite-consuming area is
ghowvn in figure 36 (mee sec. 6, part 1) and analyses and cheracteristics of North Dakots
lignites are discussed In sec. 3, part 1,

When used with properly designed fuel-burning equipment, 1lgnite has proved to Pe a
satisfactory fuel for power generatlon. With the equiment now belng used, the dis-
edvantage of high moisture content Jn lignite is largely overcome, as regards firing and
heat-release conditions In the furmnace, although, obvlously, greater smownts of fuel and,
ash must be handled per wmit quantity of power gemerated than with higher rank coals,

I+ is Interesting to note the Importent role that coal is playing in the repidly
expmding electric utilitles industry in the Hatien., TUtility power~generating capacliy
i3 growing at the fastest rate In history., In 1950 approximately 50 percent (21) of the
total energy outpub of electric utilities was generated with ccal., Trends indicate 2
continued expension of electric utillties with greatly Increased comsumptlon of coal
in the near future., The utilization of FNorth Dakots lignite In electric utllities plents
hes incressed gulte rapldly in the last few years alse, For example, In 1o4k the annual
Production of lignite in Worth Dekota was 2,515,000 tonz, of which 54 percent (1} was
uged domestically and 46 percent was used Industrially. By 1951 the output had expanded
to 3,281,000 tons, with an Increase In Industrlal use to 66 percent (k) =nd a dscresse
In domestic ume to 3% percent., The Incressed use of fuel cil for domestic heating has
cauged the rapld reduction in the domestlc coal market.

Methods of Firing

Iignite has been successfully burned In power bollers by each of the following
tethods: Underfeed stoker, traveling-grate stoker, spreader stoker, pulverlzed firing,
Bnd the eyclene bizmer, The imderfeed stoker was never very populsr for use with

:3- Trnferlined numbers in perentheses refer to citations In the bibIlography at the end
of this section.
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lignite, srd it 1s now considered obsoletz, The first resl progress in the uillizatien
of lignite for powsr plents was brought ebout by the successful devslopmsnt of forced-
draft treveling-grate stokers, This methed of firing Lignite ves used sxtensively for
a number of years, However, it now has been largely replacesd by the more versatile
grreader stoker. Most of the power plants constructed in the lagt few yesrs ars fired
with spresder stokers used in conjunctlon with e tfraveling grats. However, the boller-
gize limitetion inherent in this methed of firing, whlch will be discusssd elsewhere

in thls sectlon, 1s such thet for large installations fhe unit-pulverizer method has
besn chosen. The uss of pulverized-lignite firing for large central power statlons will,
no doudt, be further expsnded In the Iuturs. The recently developed cyclones burner hes
been fownd, in one plent test, to give satisfactory cperation with lignlte,

The various methods of Firing ligite In power boilers are discussed In ferther
=4 I
detall below:

Underfesd Stokers ’ &

Tn en wnflerfesd stoker coal is introduced through a retort bensath the fusl bed, ¥
The volatile gases are distllled off and urned as the coal moves up through the In- ;
candescent fuel bed., Alr for combustion is Introduced through tuytres that form the
aides of the retort, The fusl bed for underfeed stokers lsg ugually quits thick and
reguires considerable agitation %o move the fuel, Since lignite is a free-burming coml,
which does no% hold together, and when wmderfed burns In & very thin leyer, it tends %o
arift or avalsnche as & result of the air pressure and bed sgitation, For this remson
‘nderfeesd stokers have not been used extensively with lignite, COther dissdvantages
commen to this method of firing are high meintenance costs and lack of flexibillity in
operation, Although there have been some reagonably satisfactory installations wlth 3‘
underfeed stokers (5, 18) fired with lignite, at present this typs of unlt 1s not being 3
used in &ny power-genereting station In the North Dakota lignite-burning region,

Chain- end Traveling-Grate Stokers 1

There iz a dlstincticn between chain-grate and traveling-grate stokers, tased on d
tne link etischment and drive mechenism; but opermtion of Doth 1s essentlally the seme, p
and Por the pwrposes of thile discusslon they will not be congidered separately. Im
elther instance, cast-lron links sre assembled to form en cndless grate, which is driven |
arownd a supporting structure by sultable chelns and smwrockets., Itz operation is gimiler E
to that of a conveyor belt. Fuel is fed by gravity from the hoppsr and forms = level,
uniform bed on the moving grate surface. The fuel Is ignited by ths raediated heat from
the ignition arch and by hot gases forced over the bed ty the resr arch, Forced drafi
ig supplied to compartments between the strends of the grate. Fach compariment has =
demper for zoning emd controlllng the air to the various sections of the grate, As the
grate moves the coal toward the rear of the furmace, the combustion process ig completed,
end the esh 1s automstically discherged into the ash hopper.

Since the fuel bed is not agiteted with this type of steker it is well-sdapied for
use wilth free-burning cozls, such asg lignite, During the perlod from 1g2l to 19kd a
numbsr of forced-druft, travellng-gmrate stokers wers ingtalled In lignite-buwrning power
plents In the Unlted States and Cenada, The early units were designed for preheated alr
temperetures {18) of about 300° F, It has since been found desirable tc increase air
tenperature to 4000 F. or more to Improve the speed and stabllity of ignitlon, 37
increasing the preheated-zir temperatures, it has been possible %o obtein combustion
rates cocslderebly higher than those for which the it was origilnally designed, Verlous
types of lgnition arches were tried with waveling-grate stokers. The most successful
deslgn (j_) h=s been a low, long, weter-cooled resr arch. The rear-arch design is used
to force hot combustlon geses across the bed top to Increase both ignition end burning




rates, Overfirs air Jets heve been stccessfully uged to create turbulence end mix
the furnace gases, improving combustion,

Proper size consist =md distridbutlon of the lignite feed on the grate are important
fectors 1n obtalning good opsrating results with this method of firing, If the fuel bed
is not wiform, owing to Impreper sixing of the coal, blowholes may ocour end ailr distri-
butlon will not be wiform over the fuel bded. Ths cosl size used witk this methed of
firing renges from 1- tc 1-1/2-inch meximum size, with the permissible percentage of
fines depending upon the draft used.

The largest boilers in the North Dekota lignite-turming reglon using traveling-
grate siokers are the units at the Eidder statlon of theOtter TailPower Co, ot
Wehpeton, N. Dak, This plant hes two boilers of 100, 000-pound-steam-~per -hoi capacity
Pired by this method, These mits have maxlmm efficlencles of about 80 percent, A
nimber of smaller furnaces (_2_, LE) In this reglon successfully use this type of stoker,
and 1t has been estimmted that a unlt as large as 200,000~peund-ateam per hour could be
successfully fired with a traveling-grate stoker burning lignite., Figure 1 (12) shows a
typical lignite-fired traveling-grate installeiion. This wit was inatallsd a€ ihe
Tevils Lake statlion of the O%ter TailPower Cc, in 1G47. Operating-performance data (_l__2_)
for this boller =re shown in flgure 2.

Because of the characteristic of traveling grates to respond slowly to load
changes owing to the relatively large quantity of fuel cn the grate at one time and
becauge of difficulty im burning coal with a high percentage of Fines efficiently, the
trand 1s toward the use of other types of stockers in the new installsmtions.

Spreader Stcker

With smreader stokers, coal ig thrown ilnto the furnzce end umiformly digtributed
over the grate elther mechanically, as with a roter, or phewmatically, Dumping or
traveling grates may be used. The latter has proved 4o be more desirsble for lexrge
bollers (7) because it offers the following adventages: A clemner boiller TOOR, 1o
fuel-ved agitation, no loss in rating during ash d1scharge, and a lower combusilble
content In the agh, The ‘raveling grate normally moves towsrd the front of the boiler,
Primary alr 1s Introduced below the grates, end overfire alr is supplied above the fuel
ted, Fine portloms of the fuel ars dried and burned in sugpension when tlrown inte the
highly heated furnzee cavity. The larger particles, which also are pertly dried in
suspensicn, fall to the grate and are burned there, Other things belng equal, the
percentage of fuel bwrned in suspension is a function of the size distribution of
the fuel fed to the unit. Because of high moisture centent, 1ignite shatters
easily when expsosed to the fuwrnace atmosphers., Consequently, the portion burned
in suspensicn and the smount of fly ash produced are greater when lignite ig burned
than when higher rank coals are fired by this method.

In early Installations boiler passes plugzed cwing to the long flame =nd large
uantity of fly ash having a low fuslon temperature. To correct this conditlion,
furnace heights were Increased, slmg screens were added, and water-wall construction
was uged to reduce furnace outlet temperstures (1__1) » Ag a reault of the large percentage
of fuel burred In suspensiom, the fuel ped is thin, and hlgh-reslstence grates are used
wlth spreader stokers to control mdergrate alr dlgtribution snd Plow., Preheated sir
temperatures &s high as L0GC F, ere used with spreader stokers, Most lmstallations
utllize overfire alr o mrevent stratification of fwnace geses, create turtulence in
the furnace cavity, reduce £1y ash carryover, and sometimes to control superhest:,

Leas superheater surface per powmd of fuel burned is requlred when lignite is
burned then with other coals because of the greater volume of gases resultlng from
svaporation of the molsture In the lignite,
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Figure 1. - Traveling-grate-fired steam generating unit of 75,000-pound-steam-per-hour
capacity at Devils Lake station of the Otter Tail Power Ce., Devils Lake,
N, Dak. See reference (E) in section 1.

(By permission of Indusiry and Pover magazine)
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Pust collectors usually are installed with epreader stokers, Scme plants re-
in ject clrvders, but the large quantiity of fly ash =nd the low combustible content of
the egh do not make thls pructice as desirable wlth lignite ass with other coals., If
ash 1s reinjected, it usually consists of that caught from the boiler pass =nd alp
heater, although sometimes dust from the dust collectors 1is reinjected also (J_.i)

The conmercial slzes of coal mogt camonly used =re 2- ty O-inch or 1—1/2- by
O-Inch screenings with a cénsidereble percentage of fines (under 1/2 inch), One of
the most Important cperating fectors for the spreader stoker; snd one e which ths
stoker 1s most sensltlve, is the size distribution of the feed. Almost eny kind of
coal cem be buwrned successfully with the spreader stoker, provided the sizing is
correct, TFor thls reason, the spresder stoker often 1s chosen for plants having more
than cre type of coal avellsbls. Some of the other advantages of soreader gtokers
are (4, 7) low investment cost, low power requirements, low maintensnce costs, rapid
response to load changes, rapid starting, sud abllity to respond gulckly from a econdi-
tlon of live tank,

Boller capacity with spreader firing is limited by the distance the cosl can be
thrown with proper distribution. In present practice thiz distence is 18 to 19 feet,
As a result, the maximm economic boller capacity 1s considered to be approximefely
250,000 pounds of steam per hour {13).

The largest spmreader-stoker installation burning North Dakote lignite is the
Crteaville plant of the Otter Tall Power Co,, which has & capaclty of 160,000 powmds
of steem per hour.

Some disedventeges of this method of Plring are: The possibility of consider-
atle Ply-ash carryover, fregquent renewal of the fuel bed necesslitatsd when operating
with dump grates, and rapid burning out of the flre if the coal feed gtopes, owing to
the mmall amount of coal on the grates.

A good example of a large modern spreader-stoker lnsitsllatlon for burning lignite
1s the newest boller mt the Mimnkote station, Grand Forks, K. Dak. This wnit was sdded
to the statien In 1350, It is rated at 135,000-poumd-steem-per-hour continusus cepa-
clty and bas & maximum lL-hour capacity rating of 150,000 pounds of steam per hovr,
Steam 1s generated =t 615 p.s.i.g. and 825° F, The boller is of the bemi-tube type,
with complete water~wall construction, I+ ig fired by two epreader-iype stokers with
cheln-grate ash removal, ZNach stoker has sn active grate width of approximately 12
feet and 17C square feet of grate ares exposed tc the furnace, 8iz ovVerthrow-type
cocal feeders driven from & common line shaft supply fuel to the beiler, The super-
heater is constructed in two sectlons end iz of the center interbank vertical pendant
type. A retwn-bend loop-header-type econamizer received the gases from the boller
outiet. The tubwlar-type air pre-heater ils constructed in two sectiona, The lerger
sectlon receives gases from the economizer, and the smaller section is installed on
the dlischarge slde of the dust collector., The furmace is degigned to reinject the
cinders from the lmet pass hopper, Additlonzl overfire air is supplied by a separate
fan,

Performance tests were run on this furnace in Mey 1950, The principel operating
data from this test ere plotted in figure 2. Overall boiler efficiencies excseding
80 percent were maintained from shout L5 to 115 percent of the rated load, Preheater-
alr temperatiures range from 300° to 3500 F. Ach samples were collected from the last-
p=ss hopper end dust-collector hepper during part of the test to determine the re-
ductlon 1n combustible content by cinder relnjection. Less +then 1 percent difference
In combustible content of the ash was found for the two samples. Figure 3 showa
graphically how the combustible comtent in the dust-collector hopper refuse Incressed
with boller capaclty, whereas that of the ash plt refuse decressed,
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Figure 3. - Percentage combustible in the refuse as a function of boiler load during
performance test on 135,000-pound-steam-per-hour boiler at the Minnkota

station, Grond Forks, N. Dak. See reference {18} in section 1.
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Operating data, teken from the plant reporis for 1952 for the entire Minnkota
station on a monthly and yesrly basis, sre given in table 1. As would be expected, the
everage boller efficlencies sre lower than those shown In the charts Tor performance
teats.,

TABIE 1, - Summary of opersatlng data, 1952, Minnkois sbtation,
Minnkotae Power Cooperative, Inc,, Grand forks,
N, Dak,

(Data supplied by Minnkota Power Coopsrative, Inc,)

Fuel costa.iiiinnersnnasanannnn cents per million B.t.u. 31
Boller ol i N e uuuuasnuasssnunaneresnenaassas DERCENL 77
Station heat rate.....iciisnenaBubatl, per net kvo-tir, 15,582
Station consumption,....percent of gross powsr generated 6.17
Plant factorl Sedsiearussansasmrsencuns assrasasspercent 70
Ruming plant capecity FaetorS/......eooueereroeon.. do. &5
Fuel COSTunennnsarasraceserennsnsa ills per net kv, -hr, 4,61
Operzting labor........ At reereeteaianabananas reeaesado, 0.63
Meintenance ineluding material.....cvee... T T N 0,23
MigCel aneoUTe teacansransnsoasnoannnnonnnsnsssasasea o, 0,11
Total productlon BEDENBE . i eetrasaraenasanassnsnsnssdD, 5.58
Station heat rate, best month.,...B.t.u, per net kw,-or, 15,076
Boiler efficlency, best month.......uveeseess..., . percent 774
Steticn consumptlon, best month. . veeireriinennnnnnnnens
sesesriressssusesese o pETCENT 0F gross power gensrabaed 5.05

grogs kw.-hr. generated per yr.
(hr. per yr.] (instelled cepaciity in kw.)

High plant factor is maintalned at Minnkotae stetion by vsing the
dlesel plant for pesk loads. Diesel plent capacity is 15,000 kw,

E/ Plant factor =

g/ Running plant capacity factor =
Grogs kw.-hr. generated per yr.
(Hr. operated per yr.) (installed capacity In kw,)

In figure k esh-collection dsta are mresented for one of the Hwo 72,000-pomd-
gteem-per-hour bollers at the Minnkota plent, The boller design 1s ghown iIn figure 5.
These units ars slmilar in deslgn to the large boiler, Shown on the greph are typleal
percentages of total ash collscted in the stoker sagh hopper, in boiler end air-hester
#oot hoppers, In ecomomizer soct hoppers, and dust collectors. The psrcentages of
combustible material at each of the points of collection also are shown in figure L,
Princlpal operating date from performence tests for this boller are given in figure 6,

Pulverized Fuel

A pulverized-fuel aystem consists basically cof = pulverizer to convert the rew coal
to powder, & fan to comvey it into the furnace, and a buwrner to mix air end fuel in such
& mapner as to wAlntaln stable Ignition. Pulverized-fuel systems rey be erranged ag
elther wmit or bin systems, In the bin system the pulverizera are operzting independently
end &% full cepacity, Pulverized coal is digcharged to a storage hopper, from which it
is rempved a3 regquired. In the unit system cne or mors mechinss pulverize and deliver
the fuel directly *o the burners. Most recent Instsllaticns esre of ths wmit system,
which Is simpler, requires less gpace, creates less flre hazard, and kss & lower inltlal
cost than the bin type.

Bummers for pulverlzed fusl may be mounted slther horizontally or vertically. Ths
horizontal burners somstlmes are made adJustable sc that the rate of evaporation in the
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weter walls end the superheat temperature cen Dbe controlled by $1liing the burners and
thereby chenging the position of the mein £leme In the furmace.

Pulverizers are classified asg elther impact or attrition mills, depending on the
method of fuel rednction. The 2 methods may be comblned in 1 m11l, and lignlte can be
pulverized successfully by elther, It is necesszary to reduce the molsture content of
the lignite enmough to prevent packing snd sticking in the mill, With wmit pulverlzers
this is accomplished by Ilntroducing high-temperature primary air (600°-800° F.) into the
mills (13, 18). The tempereture of the fuel-air mizxture from the mill usually is
maintained =% 130° to 200° F. (i3); this discharge fram the mill contalnas water vapor,
often near the saturation polnt, so 1+ 1s necegsary to insulate the duct to the furnace
to prevent condensatlion, This method of pulverlzing reduces the total moisture content
of the fusl spproximately one-third.

Pulverized ligmite ignites easlily snd burns with a stable, relatively short flamme,
The high percentage of volatlle matier end low Plxed-cerbon content promote rapld
ignitiorn, therefore the flneness of pulverization 1s not as oritical with lignite asm
with other cosls, Secondary air for combustion is Introduced arownd the perlphery of
the Dwrner. Dry-botbom furnaces sre used with pulverized ligite firing,

The first successful pulverized-lignite Ingtallations in the United States were
made in Texes in 1926 (11). In that year L poilers, each rated at 185,000 pownds steam
per hour, were ingtalled ab the Trinldad statlon of the Texzas Power & Light Co, The
boilers were of the three-pass, crossdrm design, with interdeck superheaters, At that
time mill drying had not been developed. Lignlte was predrled In pteam-heated grid
driers before being fed to the mills, Molsture content was reduced from 30 to 33 percent
as mined to 25 to 28 percent at the mill, The drled =nd pulverized fuel was then stored
in pins before being fed to the burners., Duners wers romted for vertical firing, and
dry-bottom furnaces were used, These wnlis cperated at an efficlency of 75.5 percent at
full load, with a heat release of 14,600 B.t.u. per cublc foot per howr, Two other
similer units were edded te the station in 1931. These boilers each had & capacity of
325,000 pounds steam per howr end showed & full-load efficiency of abeut 76 percent
{Ej, with a furnesee heab-release rate of 23,200 B.t,u, per cubic foot per hour.

Other equally successinl pulverized-lignite wmits were operated for a mmber of
years at the Comel statlon of the San Antonio Public Service Cormisgsion (j_) . These
boilers had a rated capacity of 232,000pcunds of stesm per hour and were designed
for an efficlency of 75.5 percent with a furnace-heat relesas of 185,400 B.t.u. per
cubic foot per hour.

The power stations mentioned ebove have since been converted to firing cther fuels.
However, the uge of Texas lignite for lerge stesm generators has shown renewed mromise
recently with Installstion of the lerge Texas Power & Light Co. plant at Rockdale,

Tex. (16).

The Tirst modern pulverized-fuel Installatlon for North Dalota lignite was ingtalled
at the Crookston station (12) of theOtter TallPower Co. in igks, (See fig. T7.) The
rated capacity of this wmit 1z 75,000 poundsof stesm per hour at 25 p.s.l.g. and 825° F,
Two unilt pulverdizers are used tc supply fuel to four horizontal burners. The alr heater
ig divided intc primary smd secondary sectlens. The total combustion air passes throwgh
the secondary heater, after which the steam 1z divided, about 80 percent being supplied
to the burmer plenum boxes ag secondary alr at about 400° F, The other 20 percent 18
passed through the primery eir heater, where the tempersture is reised to about £500 F.
before 1% ia sent to the pulverlzers. The principsl operating data (12} for this toller
ere shown in figure 2. The satiafactory operation of this pisnt definitely established
that North Dakote ligmite wms sulteble for use in pulverized-fuel Ingtaliatlons.
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A series of boiler-performsnce tests was conducted in 1549 gt the Crookston sta-
tion by the Bureau of Mines, In cooperation with the University of Horth Dakota and
the Otter Tail Power Cs. The purpose of the tests was to obtain infermetion on the
tehavior of steam-dried lignite, &s compared with the burning characteristics and
efficiency of raw lignite. These comparative tests were run with a boller load of
gbout 50 percent of rated capacity.

A summary of the test data showed the following difference in operation when
purning raw and dried lignite:

1. Boller efficlency was incressed from 76.% to 81.5 percent whern dried lignite
was burned (17.8 percent molsture) compared to raw llgnite {33 percent molsture).

2, The temperature =t the burner outlet, as determined by an optlionzl pyrometer,
was approximately 3609 ¥, higher when dried lignite Was burned, using an equal percent-
age of excess air.

3, Stesm temperature leaving the superheater was 18° 7, lower when the boiler
was operated on driled lignite. Less ailr prehest was used, Although less heat was
removed in the superheater and air heater, stack ges temperature wasg 78% F. lower
when dried lignite was burned, indiceting that more heat was transmitted by radlation
in the main part of the furnace,

The superior combustion characteristics of dried lignite are indiceted by these test
results, However, such improvements must be balanced agalnst the increased cost of
drying when the economics of this type of cperetion i1s considered, At present no
power plents are using steam-dried lignlte,

In general, it has been fourd that the operating efficlency of pulverized-fuel
units is sbout 2 percent higher than spreader-stcker instailations with the same exit-
gns temperature (18). Some other adventages of pulverized-fuel firing are: Quick
response to load changes, wide range of kinds end gquslity of coal that may be burred,
gbsence of moving parte in high-temperature iraccessible locetions, and the ease with
which the boiler can be converted to gas or oll firing, Mits of virtuslly emy capac-
ity over 75,000 pounds steem per hour cen be fired with pulverized fuel.

The main disadventesge of pulverized-fuel firinmg, especially with lignite, is the
high suxiliary power reguired for pulverizing. Both the first cost and maintenance
are considered to be higher for pulverized-fuel instellatlons than for other methods
of firimg, For a given capaclity boller, larger pulverizers are required for lignite
because of its low heeting value. The fibrous nature of lignite alsc incresses
grinding difficulty snd power required.

The W, J. Neal stetion (figs. 8 and 9 (€)) of the Central Power Electirlc Coopera-
tive, Inc., Voltaire, N. Dek., is a gocd example of modern pulverized-lignite installa-
tion, This plant was bullt in 1951 to meet incressing pover demsnds in western North
Deketa end to serve as standby power for Missourl River hydroelectric developmente.
This plant is only = short distance from several producing lignite mires.

Gusranteed contlnuous cepacity of each of the 2 beollers ls 230,000 pounds steam
per hour at 865 p.s.i. and $05° F. The meximm 2-hour capaclty is 260,000 pounds
steam per hour. The plant was designed to burn lignite of the following smalysis:
Moisture 39.0 percent, ash 6.6 percent, heating velue 6,600 B.t.u. per pound {as mined).
The hoilers are designed for 80-percent efficiency with a hest release of 18,000
B.t.u. per cubic foobt per hour. The furnace 1s of the dry-bottom type and fully
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Figure 7. - Pulverized-fuel steem generating unit of 75,000-pound-steam-
per-hour eapacity at the Crookston station of the Otter Tail

Power Ca,, Crookston, Minn. See reference {12) in section 1.

{By permission of Industry and Power magazine )
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water cooled, Bach boiler has 6 horizontal turbulent-type burners supplied with fuel
from 3 bowl-type wnit pulverizers, An air preheater suppliss air at aboui 680 F., part
of which is uged for mill drying in the pulverizers. The fuel-alr miztwre lsaves the
pulverizers at about ].30c F, Flue ges leaves the furnace at 500° F,

The plent has been operating on a low capaclty factor for over = year, and dwring
that time the pulverizers and bollers have given satisfactory performance, Resulta of
a recent test by the bollsr manufacturer show that these bollers can be operzted with
pulverized lignite and satisfactory lgniticn maintalned at less than cne Tenth of
rated capacity.

Operating data for the Neal station for 1952 are llsted In table 2. These data are
teken from = summary shset of operating data from selected cooperatives complled by the
United States Department of Agriculture.

TABIE 2. - Summary of ogperating date, 1952, W, J. Neal statlon,
Central Power Electric Cooperative, Voltaire,

N. Dak,

Fuel coste.seiasnan. sessenseeneasCEREs per million B,%.u. 17 e
Boller efficiencF.iesveevsareanreensanncaseasssasiboroent 76 b
Station heat rate.......vvuvaeea. Botiu, per net kw.o-br, 1k,500
Station conswmption..... percent of gross power generated 11,7

Plant FBCEOT e, sussveesrensansssrarsssnannss +e....percent 34

Running plant capaclty £Actor.....cieseesanessasasss-d0. 63

Fuel COBLbuvursesncanrrrencenness.. llls per net kw,-hr, 2.5%

Operating 18bor COSb.uussescresnsrcrsssssersanaassses Ao, 1,0k

Malntenance coBt...cisciresnernssascocrensseonasnansasdO, 0.26 .
Miscellaneous CoBt...eecus... WesseterevosansanassannsalD, 0.36 K
Totel production cost.,,..eveas Cemiaes DY T+ IR 4.z20

Station heat rate, best month.....B.t.u. per net kw.-hr, 14,058

Foliler efficlency, best month.ieursesavssanasasa percent 80

Cyclone Burners

Cyclone burners are the moat recent development In coal-bwrning equipment. They
are essentlally water-cooled, cylindrical, combustion chembers, the inside of which 1s
lined with = plastic chrome refractory. Crushed coal and primary air are introduced
tangentially at one end of the bwnear. Fuel and alr are thus gliven a whirling motion,
which ig further Incressed by tangeniial introduction of secondsry air. Tertilary air
ia admitted tengentilally at the outer end of the burner, causing the mixture to move
In &n increasing heliz towsrd the main fummace. Combustlon of the fuel is completed
a8 it moves through the buwrmer, leaving most of the molten ash adhering to the cylinder
wall, from where it Flows to the slag tenk, The nature of this burning tends io reduce
Eu‘bs'bant;a.lly the amownt of ash carrled in suspensicn, hence fly-ash emlssion is low.
The axis of the burner is tilted downward at the furnace end to facllitate dlscharge
of the molten agh. Combustion gzses pass into the mein furnace through & reentrant
water-cooled timoat at the discharge end of the burmer and thenm pass over the heat-
&bsorbing surfaces 1n tke boller, After a molten-slag coating has been established
on the buwrner wall, the larger particles of the incoming fuel are forced againet the
aticky surface by centrjfugal force end thereafter move wlth the slag at a slower rate
than the air, causing a vislent scrubbing actlon between the coal and alr. This action
accelerates the rate of combustion. Burning rates as high as 400,000 B.t.u. per cuble
Toot per howr and temperatures over 3,000° F, (9) are developed in the cyclone burnmer.
Preparation of coal for use in a cyclone burner consists of crushing to a slize of about
1/k-inch., Thias represents & subsisntlal reduction of auxiliary power over that reguired
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for pulverized Ziring. However, the forced-draft-fan power requirements are lerge wigy
cyclone firing tecmuge alr is supplied to the burner at & pressure of about 35, inches
H-0. This presswre 18 required to obtaln sstisfactery velocities in the burner. The
cyclone burner has been successfully used with a large number of coals, as well as with
cll and gas.

Cyclene Iiring was developed to obtein a better method for burming coals with high
ash content erl low ash-fusion temperature, Pilot-plant models were constucted and
tested before 1340 {1C). A developmental installation was mede =t the Calimet station
(fig. 10) of the Commonwealth Edison Co, in 194k, Since then this method of firing hag
been Ingtallel 'n a nwmber of largs midwestern (20) power plants,

In May 2535 tests were conducted at the Celumet station of the Commonweslth Edison
Co., Chicago, 731, , using North Dakote lignite in an §-foot-dlmmeter nearly horizontal
cyclone burner. The rated capacliy of the boller was 180,000 pounds steam per hour at
350 p.s.1. and 53(° F. stesm, The followlng Informeticn is tekem from a descripbicn by
Hoffmen and Dratelle {13) of the test conditlons and results,

The Zigh molature content caused gome ignition AlPflculities In the early
rart of e tests, but these were overcome by burning natural ges In the
mrimery air line to the crusher, thereby raising the air temperature to the
crusker from approzimately L25° F. tc 6500 F.

Retsz up to 170,000 pounds of stesm per hovr were cerried with satlz-
fectory crerating conditions, Excess alr leaving the cyclone was varisd
from apmrozimately 5 te 30 percent to study the effect on combustlon and
slag tepping, During perlods of coperation with low exceas alr, cnly fine
sparklerz, similar tc those which might have cecwrred from bwrening raper,
were cbeerved in the primary furnace, and slag from the tap was qulte
fluld, Trere was no smoke at any time firing this fuel, Turlng periods
of operation with high excess alr, the slag in the primsry furnace was
somewhat zcre viscous, and occasional lsrge flskes of 1igmite could be
geen on e rimary furnace floor. Im general the slag behavior was simller
to thet of the normally-burned Illinois No. & bed coal, but perhaps slightly
more Y1isoolis,

The fest results can be swmearized ag Pollows:
1. Tzls lignite can be succesafully bwred in the cyclone firmace,

2, Primary alr tempersture of srcwmd 650° F, is required to provide the neces=-
gary Cryirg to give good ignitlon,

3. Zlsg behavior le similar te that of Illinols No. & bed coal,
tre glag may be a little more viscous.

L, Txe crushing characteristlics =re somewhat dlfferent from those
of other ccals turned, the crushed product belng coarser and more fleky,

5. There lg no smoke discharge from the stack regardless of excess
€, To eliminate the need for pre-drying equlmment, a cyclone-

furnzce-fired it designed for burning this lignite should be arranged
for direct Ziring to permlt drying in the crusher,
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7. Although dust loadlng tests were mot conclusive, Indicailens were
that ash discharge from the stack was somewhat lower than when btuwrning
I1iinols No. 6 bed coal,

Cyclone-furnace-fired bollers have shown high efficiencies owlng to the low exzcess
eir and tke low combuztible loss in the ash, Cnly sbout 10 percent of the total ash
content of the fuel enters %he main furnace. This can be compared with an average
figure of 50 percent for & wet-bottam pulverized-firsd furmace and 80 percent for a
dry-bottom furnace. Results of cyclone-burner tests using Illinols coal {g_g} have
ghown nc reduction in egulpment, or Iabor for cleaning the heat-sbgorbing surfaces,
however, because the dust that is carriled over 1z of such = composltion that it
sticks to the swrfaces, Much smaller dust collectcrs are reguired for this method
of firing, The combined slag- and ash-hendling system iz, however, more camplicated
for cyclone-burner firing then for pulverized-fuel firing.

According to Schroeder end Stasgser @_C_)), a cyclone-flred boliler requlres approx-
imately 10 percent legg flocr space and 25 percent less volume then a comparable
pulverized-fuel installation., Some other advantages ere low cost of preparing the
fuel end low malntensnce cost on buwmer because of the lack of moving parts. In soms
ingtellstlons the induced drsft fan has also been eliminated. The cyclone burner has
been used succesefully with upits as small as 180,000 povmds of gteam per hour, and
it appesrs to be applicabls to virtually any larger size instaliation.

Comparative Survey of Stesm Power Plants Burning North Dakota Lignite

Tgble 3 lists the lignite-burning steem power plants in North Dakota, Scuth Dakots,
snd Minnesota (2, 12},

+ ghould be noted from table 3 that lignite-flred boilers have followed the
industry-wlde tremd cf using Increasingly higher operating temperatures and pressures.
It is also significant tc note the largs number of bolilers that have been instelled
since 1947,

Boiler, fwmace, and stoker date (2, 12} for 15 cf the larger lignite-hurning
bollers are listed in teble 4. The deta listed are design or specification informatlon
in all instances end not test or operating data, The boilers listed range In capacity
from 60,000 to 230,000 pownds of stemm per hour, and all except the Fargo mit have
been installed since 1Gk7. Open-type complete water-wall construction is used for all
the recent Installations, except the Bilson wmit, which uses a refractory fromt wall, Alr
heaters are used in sll the installations listed except Fargo, but econemizers are used
wlth only 5 of the 15 boilers listed, Twelve of the bollers llsted are fired with
spreader stokers, 2 with unit pulverlzers, and 1 with a chein-grate stoker. The popu-
larity of spresder stokera 1m quite obvious., However, the Ortonville plant approaches
the maximm size wnit now considered adaptable for use with them, The wnit pulverlzer
method was chosen for the lmrger W. J. Neal station, end future bollers over 250,000
pownds steam per bhour will probably be flred with wnit puiverizers or cyclone burmers.
Heaet release Tor the wmlts listed varies from 18,000 B.t.u, per cubic foot per hour for
the W, J. Neal boller to 35,600 B.t.u, per cublc foot per howr for the chaln-grate-
fired Kidder station, Preheated air temperatures ranging from 350° F, to 450° F. are
used with the spreadsr stokers and &73° to 700° F. with the wmilt pulverlzers. The
boller efficiencies llsted, which range from 73 to 80 percent, compare favorably with
efficisncies for simllar boilers fired with other coals after adjusting for higher
flue-gus loss due to evaporation of the molsture content of the fuel.

Comperative dats on heat rsleases for bollers bwning bituminous coal and lignits
ere presented In tadls 5 (2, 12).
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TABIE 5. - Comperative heat-release vates Tor bollers
burning limmite =and bituminous coal

23

Capaclity, Firing rate, Hent relemse
pounds pounds / B.t.ou,/ [ BLEL/
Fuel snd firing Fo. of of 5¢.7%, cu.ft./ | sq.ft,
equimment boilers | stesm/br. arate fhr, hr, grate /i,
Plamia bwming lignite:
A. Treveling grate,.... 6 36,700 g2.1 35,100 116,833
B, Spreader stoker,.... 21 73,000 T6.9 27,029 | 562,333
C. Pulverizer...,...... 2 - - 20,767 -
Plents burming bitwminous
coal:d
A. Traveling grate..... 2 85,000 35.9 135,96 | 450,000
B. Spreader stoker,,... 25 £3,000 36.5 26,248 465,000
C. Pulverizer..,.......| 29 - - 21,048 -

L1/ Toby, T. 8, Deta from New Steam Generators
tlon, No. 12, 1g48, p, 17, )
Informatlion on bitumincus firing wes teken from thiz scurce to provide informs-
$lon on bollera of capacities similer to those of the lignite-burming unita.

In Puip and Paper Imdustay: Ttilizs-

It will be noted that the performence of lignite-buming boilers is very aimilar
toc that of bltuminous-burming boilers, with the ezception of the rounds of coal per =
hour per square foot of grate ares. This value ls larger with lignite because of Its
lower heating value, On the basiz of the data presented in table 5, the average heat
release rete for the lignite-fired bollers about equals that of simllar wmits tuming
bituminous coal. However » the respective boiler efficiencles are not consldered in &
this listing, To obtaln maximum efficlency, lignite fuwrneces sre generally builg '
higher and have scmewhat greater volume per wmnit capacity than bituminous furnaces,

Selected operating data
lignite are shown in table 6.
of the cther plants in table 3,
the plant,

(2, 12) for 1950 of plants fired with Nerth Dakota,
These planis were chogen For study beeause, wrlike many
they do not supply stesm for heating puwrposes outside

It will be noted that the B.t.u, per kilowatt-hour net for the plsnta listed
ranges Trom 14,800 for the new Minnkota plent to 38,613 for the older Earvey station.
In genersl, the newer plants show better heat rates than the older wnits, However, the
plant-capacity factor probably has more effect on the B.t.u. per kilowatt-hour then
eny cther gingle factor. If boilers are operated on benked conditions or at low loads
for a considerable pert of the time the heat rate will be hlgh, The average boller
efficlency and average plsnt efficiency are similarly affected by & low capacity factor.
The percentage of gensrated output required for station power for ihe plants listed
varles from about 5 to 12 percemnt. This ratio is, of course, higher for pulverized
Puel installiations and again the capeciiy factor hes considerable influence,

A ecomparison of boiler efficlencies of lignite-fired power plarts =nd modern
biltumlnous-fired power plants operating with & high plant factor Indicates thst
station heat rates as Iow as 11,500 B.t.u. per net kilowatt howr seem feesible with
& lignite-burning installation operating with a compareble high plant Factor,
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Construction and Electrical Production Costs for
Limite-Burning Power Plants

The construction and electrical moducticon cost for some of the larger lignite-
burning power plants In North Dakota and Mimmesota sre Listed in table 7 (2, 12).

TABLE 7. - Selected lignite power plants, production snd
operating costs

Production cost, milis/low,-hr,
- | Generating Labor
Year capacity | Construction end
Plemt built in kw, coat per kw, | Miscslleneous | Fuel | Total
Crionville, Minn, 1950 15,000 219 1,156 5,80 6.96
Heot Leake, Fergus
Falls, Mimn. .. 1948 7,500 232 2,14 5.4 7.558
Crooksten, Minn,, | 1948-Lg 10,000 317 2,12 5.85 T.57
Minnkota, Grand
Forks, N, Dak,, | 194k-51 21,500 154 1.57 4,60 6,17
Devlls Iske, N,
DaK. yvavesens | 1O47-4g 12,500 248 - - 7.27
Blson, Minct, N.
Dak 1949 4,000 528 2,58 4,06 6.6k
W. Neal,l/
Vol‘baire K.
DEK, seesrsssse 1950 | 45,000 159 1,66 2,50 | 4,20

1/ Data taken from a summary sheet of cperating daia from selectsd cooperatives com-
piled by the U. S, Department of Agriculture,

Construction costa for the Blson and Crockston plants are wnusually high because
in each instance building =nd other provislons were mede for the future =ddition of
units that couid greatly expand the present Installed capacity. Of Interest is the
decrease In conatruction cost per kilowatt as the plant capaclty Increases., The con-
struction cost of $189 per kilowett for the Neal statlon is indicative of the mammer
In which costs can be reduced with lerge central powsr statlons,

In 1551 the Vern E, Alden Co. (3), Chicago engineering firm, prepared studies of
the constructlion =nd operatioral cost for several proposed lmrge power plents utilizing
lignite, It estimeted that a private company would require $120,000,000 capital to
tulld a plamt of 800,000 kilowatts capmclty. This would be = \mit cost of $150 per
kilowatt, This plan't would burn pulverized fuel, Alternate plsms were worked oul by
Alden for plents of 800,000 and 240,000 killowatts, respectively, using char from a low-
temperature-carbonizatlon process like that to be used at the Texes Power & Light Alcoa
plant { 16} in Milsm Cowmnty, Tex. The comstruction cost estimated for the smaller wmnit
was about $200 per kilowatt becauge of increased investment required for the carbonilza-
tion plant.

The cost of mroduclng power ls primarily a functicn of the fuel cogt. Thereforse,
plents st the mine mouth csn effect & gubgtentlal savings by eliminating frelght costs.
Thisg 1s shown In teble 7, listing productlon coaste for selected plants bwrning lignite,
The Ortonvills, Hoot Iske, and Crookston plants are near the eastern boundary of the
geogrephical araa. of economical use of lignite ag a fuel (fig, 37, part 1), and as such
their coal costs are high,

The Alden Co. estimated a production cost, including overhsad znd fixed charges,
of 2,86 mills per kllowatt-hour for & 800,000-kw, station using raw lignite. This was
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based on 2 coal cost of 1.15 dollars per ton and & 95-percent load factor. Pro-
duction costs were also worked cut for plants using low-temperature carbonization
for recovery of byproduct chemicals, Howsver, the basis of this calculation was
that North Dakota Iigmite would produce about 15 gallons of zalable oll and tar
per ton, which 1s too high. (See zec, 2.}

Detailed heat and material balances for a power plant using fividized car-
bonization of lignlte from Gerrison damsite, NW. Dek., as prepared by the Bureau
of Mines, Denver, Colc,, are presented ir the fellowlng section,

Fluldired Processing of North Dakota Lignite for Power Production

Power requirements in the West are rapidly Increaslng, owlng both to in-
creasing populatlon and aubastitutiom of electrlc power for other energy Pforms.
Thermel power production will accownt for a large portion of this increase
because of the limitatlons In potential hydroelectric develoment, Ligaite, coal,
natural gas, and residusl fuel olls all compete for the thermal power market, and
the selectlon of fuel will te detsrmined by the cost of dellvered energy snd the
cogts Incldental t¢ thelr usse,

The recent develomments In utllizatlon of Texaa llgnite for power mroductlon
indicate that, In certain altuatlons, rrocessed lignite will be the most eco-
nomical power-plant fuel, A plant is belng erected In Tezas uging the process
developed at the Denver lzboraterles of the Bureau of Mines, In thls process, the
raw lignite 1z crushed, dried in a atresm of hot gmses, and carbonized In a fluld-~
bed reactor % yleld char, tar, and ges, The char wlll be used as power-plant fuel
a portion of the gas will supply the heat requlred ic carbonize the cosl, the re-
mainder of the gas will supplemert the char as boller fuel, =and the tar will be
s0l1d for chemical use.

2

The detells cf the pllot plsnits used to develop thls process and the resulis
of tests made are given In a recent publlcatlon of the Bureau (J__.I). Lignite from
Garrison Dem, KN, Dsk,, was tested, and It was demonstrated that this ligeite could
be treated successfully In the pilot-plant wnlis., The calculations In the present
report sre based on the use of Garrison llgnite.

Thig report glves the results of study made to determine the mobable heat
and material flow rates for a 120,000-kw, thermal power plent operating on cher
cbbained by the fluldized processing of Gerrilson demsite lignite, It deals only
wilth the flow calculations required for the schemstlc design of the procesging
plant, Complete economlc and englneering smalyses of the epplication of processing
must be made specifically for Garrlscon llgnite snd the power plant before further
consideraticn of the plent.

Analysls of the propeosed plant for the Texas Installstion Indicated that the
most economlcally slzed mrocessing wnilt would be one designed to serve wnits of
Lo,000-kw, generating cepacity. I% has been assumed in ths present report that
guch units would also be moat efficlent for the Gerrison application, On this
bagls, three Integrated drying and carbonlzing units would be required for &
plant having 120,000-kw. generating capacilty. Thres wnits would permit opermting
the boiler on processed fuel cover its entlre operating range.

The annual fuel requlrements of a 120,00C-kw, plent operating at G0-percent
rlant facter cn variousg fuels are shown In figwre 11, This load would require
1,527,000 berrels of fuel oll & year or 9,451 million cubic feet of natural gas.
If the plant were operated on char, 1,005,400 tons of lignite would have to be
mocesged per yesr, mroducing 401,800 tons of char, In addltien, processing this
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Caleulated fuel requirements for 120,000 kw.
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quentity of coal would produce 10,104,000 gellona of ta olls & year. The power
plant could be opereted by the combustion of 462,800 tons of &ried lignite per
yesr, requiring the drying of 800,300 tons of rew llgnite, The difference In the
raw lignite requirements for the two latter cases 1z due wrinclpally to the
potential heat of the +tar.

The overall flow of meterials througk the entire plant con an howrly besls 1g
shown in table §. For 120,000 kw,, 225,060 pownds of rew lignite per hour must be
processed, rroducing 101,940 pownds of char, 1,014 gallons of tar, 279 gallons of
light oil, 335,000 std. ¢. £, of gas, and 2,241 gallons of liquor, The total s
make will be 607,000 cu, ft. per hr., but a portlon of it is reguired to heat ths
carbonizer,

TABLE 8, - Overall heat snd materisl flow rates for a 120,000-kw,
generating plant, using Garrlscr damsite, W, Dak,,
lignite
(HFowrly rates)

Gross potential Ket potential
Leat, heat,
Velums | Pownds miliion E.%.u. million B.t.u.
Input;
Raw Lignite..,... 225,060 1,644,0 1,473.9
Qutput:
(0175 O 101,540 1,200,0 1,170,.9
TBresevusnnannasa| 1,01k gel,| 8910 151,2 13,1
Light oil........| 279 gal,| 1,850 35.1 33.6
Process ges......{335.1 M
std.c.f. | 27,600 35.3 32.7
Cher in tar,..... 1580 2.1 2.1
Liguor.uuesaiaees|2,242 gal,| 18,650
159,180 1,h24,7 1,382.4

Table 10 shows the snalysis of the net

cperatlion of the carbonizer,

Each

40,000 kv, of genersting capacity will require combustion of 33,580 powmds of

this cher per houwr, which 1z the besic Pigure used in designing thizs plent, About
3,600 pounds of tar, including light oil, will be produced per hour from each wit,
squlvalent to 1,293 gallons per howr from the 3-unii plant,

The snalyses of the rmw, drled, emd carbonized Carriscn Hgnite are ghown in
table 11, Tke raw lignite, baeged on avallable analysea, ls ezpected to contain
39.3 percent molsture and 6.9 percent ash end have = gross heating velue of 6,450
B.t.u. per pomd, The dried lignite will contaln 3.9 percent molsture, 10,9 per-
cent agh, end haeve & heating valus of 10,200 B.%,u, per pound, The ash content of
the char will be 16,2 percent, and its heating value will be 11,770 B.b.u. per
pound,
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TABIE 9, - Overall drier heat end weoterlal balances for = combined drying
and carbonizing init operating on Gerrison damslte, N, Dak.,
lignite und serving 40,000-kw, generating capacityl/

(Bourly tesis)

Tanp_’ M Net B,t.u,
oF, std. c.f./or. Pounds {thousands)
Input:
Raw 11gnite., . veeeeenesaces £0 85,020
R o) 557.3 e ,530
Net heat liberated...,..... 42,300
557.3 127,550 L2 300
Output:
Dried lignite..,eeivesnassn| 175 k9,270 1,560
B0 evRDoratef.,vee,vesvens | 275 656.6 3L,290 36,170
Combustlon EAEES.....veeves| 275 587.8 46,390 2,h90
Ash out of furnece.........|1,600 330 150
DUSE 10BR.usurransnennnes | IS 270 10
Heat 1088, veviavtsenrnsanes 1,900
1,240 K 127,550 12,300

_];/ 3 of these combined units are required for s 120,000-kw, generating plant,

TABLE 10, - Overall carbonizer heat and materisl balsnces for = combined
Gryirg and carbonlzing wit operating on Garrisco drmglte,
N, Dak., Lgnite and serving L0,000-kw. generating capaoityl/

(Bourly basis)

Temp, , M Net B.t.u.
oF, gtd, c.f, fur, Pounds (thousands)
Input:
Retort:
Dried lignite.,..ve.sev..| 175 49,270 1,580
e o B {03 147.8 11,280 1,780
Net heat liberated..,,.., 1L,690
Furnace:
Al i iia i il (1,200 106.8 8,150 2,350
Het heat libersted..... .. 8,880
256 68,700 25,280
Cutput:
Re'bOI‘t:
CRET s s srsnarvanensneons| 900 33,580 7,980
DT s suussesneansnannaenas]| OO0 8.4 2,970 1,770
Light 0il,.,00vunn.. eiena] SO0 2,2 €30 370
LU0 s enssnssnaroneanaa| GO0 130.6 6,220 8,680
PrOCESS ZBS.auessseonsens| SO0 111,7 3,200 2,140
Char inm 38 ...eveveveen.| 900 60 20
Turnace s )
Stack pASSE.. . ..avssanra. 1,500 155.8 15,640 €,190
Eeat 1088, versacesaness 2,130
e, 7 68,700 29,280

L/ 3 of these combined wmits &ré required for & 120,000~kw, genmerating plant,
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13.

TABIE M., - Proximate snalyses of raw, dried, and
carconized Gerriscn ilgnite

Dried l
1igmite Lignite char
Meistm‘e”.................percen’c 3.9 Q
Yolatile matter................do. 41,8 19.7
Fized oar"Don.................--5-0. L3k a1
Aehdo 10, 6.2

TobaLlygasssaaaenssasasrsntersttt
Grogs Bt /1Dy asesseosanersns
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