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Laboratory (C FRI_ ) or time l) irec lorale oh Military Prog rauums . Office oh fl ue Chiet ~uf
I I Ig I I IeCI S . ul IudL ’I I’I(i f t I  4
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(abitability ~~iVi stolu U iIRL-I.i i).

AppIe ci~IlioIl is CXtCIIdC ( l 1(1 t i m e t uil l isV iIlg p~ rsu ’ti , uel lou ideas inco rporated int o
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EN: Mr. B. Wassern ian . Meclianica i Engineer . DAEN-MPO-t .J : Mr. D. Williams, Mechanical
Engineer. Naval Civil Engineering Laboratory. Port Hueneme . CA: and Mr. RD. Winn.
Mec hanicai Engineer. DAEN-MPO-U. Administrative support was provided by Mr. R. C .
Donaghy. Chief, CERL-EH.

COL J. F. Hays is Commander a I) ut ~~~tor of CERL. and Dr. L. R. Shaffe r is Tech .
nica l Director.
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PROJECT DEVELOPMENT GUIDELINES Objective
FOR CONVERTING ARMY INSTALLA- Tlk o bj ect iv e of t h i s  rep or t  is t o  ~i s i t ’  l- ,i c ii it  ft’S
TIONS TO COAL USE mi md l) isirici l- mig i i uee u- s ss m t l i  geum ei mI m t ’c lu u i ical  m u d  cc-

OluO i miI .  gum t dammc ’ lou  des e lo l iuu e c u t  t i u l \ c i s u l i u m  rot .

It— cis til l A u l u m y  l ixed t u c i lu mu cs : umd i us t ~ I l u t u u u i r s

1 INTRODUCTION Approach
Eluis s t u n l y  ss ms ,mc c i umu 1 il i slit ’it mu m liii h I l ow im ug s me l ls

- A I l t e m I t i l u ,’ lCVI t’Sv St IS cuu m md i i . t,’ tl i~Background
ves i lul e mut cuist m mi & l  Opel atuo l is  mmmd uu i a i r ~i~ m e , ’ (V~~\1 IOne oh t cL t i s c  oh tim e m lz u i iolm a l e t ie rgy st rateg y sei 

-
- - . data oim (a > coal IISC techmm o log ies dciii l i l t us I i av m tu glurtli by time Presude llt on 2° April 1977 IS to  reduce 

-
- . - - - - potential ut ista llat lo n app lIcation: (h) S ul \ i2t’ tLu eIs si uc ludependence on $ ore igm u oIl and t luere hy li m o vu lnerabil. 

- - 4 -
- . , as refuse-derived tue l (RDF). petr i Ie uu i i o m is au id In-tty to supp ly dlsrup tuotus. In respo nse . time Arm imy Ad- . -

- , - . . bricants (POL), and waste ts-und wh Ich l a s  ~ li rtent ia lvus( rv Group omu Energy adopted Army-wide goals rib - -- 
. 

- 
- b r  cofi ring wIth coal: and (c i  svs1eur r ~ I or c i i , Figreduc llue bot h energy consumption and dependence on . 

-- 
- - - . . particu late and gaseous sulfu r and m uutr o geii oxideuuonrenesvab le aiud scarce I uc ls. A major obj ective 01 ,

- . . - . polluutan ts I roun stack zi mses .the Army Energy Plan us tim eliminate use ot natural gas
and rediuce the use of pet roleuuii liv 75 perce mil by t h e  - -- 

- - 2. A field analysis ss as carr ied out ii sii pp len m euu tyear 2000. In fleet ing t h is c i m ullemige . il ls expected that • . - - - - . -— - mnborn iat uo i i  gathered in t ime l i terature ievu ew .  I hu t s an al—many ilus I lllatu om i heating and p irver pl i m i ts now luring . .  - I -
• - \ iS ms o h operating SYStCu l i s  emnp lu z ms z i ic hitmihu s u hv ,uei’ budu~is or oil wil l he er j iver t i— d to 12( 111 . . . 

- -- SySteumi s allil h u e  gas de suu lh uu r u / u t i o r i u  Iccimmiol git’s Tire
utter portion was comidi uct e d in co r p c l a t i u i u m  wu t lm the

Recogni cm mg t i e  need to use cuul as a prIIiiIry fuel (‘ERL Environmental Div isi uu . so luicti is misesureamu mi e
w hereve i possible: the Directorate of Facilities En- sta te4 i f— a r t b lue gas de siu lti mr i ,mt iom i ~s ~i e r i us  Ii ir h iul te m u .
g imm eering. 0111cc of time Chief of Engineers (OCEi l, t i l l  A rm mi~’ use. 5 -

initiated a requiieunetmt for technical and economic
guidance tor use by I : ici lj t ics and 1)ist Tic I Engineers in 3 Tech nic:mI and econunm ic dl  t:m on a mp hi~ah Ic c i a  I
lie lila mmii mug . desi gn - and oi p~ ra il on oh’ m o d  ermi coal use - salvage fuel - and Ii uue gis I rea In m e l t  t , - - 1 i Ii ilogies
systems in Ar m y  fixed facilities and inst allatuotus. were reduced and mnani pulated for prr ’ scr u a t i r r m i  j ul a

format suitable for field use mi proleci deveI opuiieiit 6

T h is  work is being co nducted in several phases. The All cost data were adj u sted to E Y ~~S t i n t s  h5 us ing
first ph ase, comp leted in F \ 77 , comprised a review of constnlction cost indices pub lish ed itt -\ ‘ n y  Regrila-
c u ir rem m u and advanced c a l  technologies to determine tion 4 1 5-i 7 Published data for la rce i i l a m mt s were
wh ich h ave potent ia l  near-term Army apphicat iot u . and downscaletl to represent t im e t y p ica l i i r ie r  oh \ r i r i~rcco mmm ine mude d that instahl2t io n coa l conversion d or Is boiler capacities (25 t 200 MBt uhu 172  to ~~~‘ \IW J I
elrm phuasit c proven direct co umuh ustion ii’chit io logies.3 

using estab lished scaling tactors ~The see nd phase of work is to provide general tech-
meal and ecomion l ic guidance on app licab le coal tech — 4 11am haway, S t  - icc / u, mo/i, ~ I I a/uat i i, i t  -i - r u  ‘ -al ’nologies for use liv l) istrict and Facilities Engineers in im ’as te-ro-I:m ’rg m Sm~ r -nms . Interim Re porm I —I  iiil \ t )A ( 14 2 •~
deve kipim ug im ista ilation coal use projects. This is the t ( 1.RL, 1977) .
sui h iect ol the study reported h e re . 5 A Systematic StuiJ~i- of l iable Strat i Cli f/i ’ t o ry!

of Sulfur Oxide Emissions from . 1 r , p mr-So R i / i I t i  S -‘ rumm y
Ar ln ameni Readiness ( o m umuu- a mr d , - \ ) pm pi at  u,imr 21  s
08-t 704. 1978.

-\ rn iy I- nergy Plan illtadq uarters . l)epar mm cnt of the Ar my 6 Personal (onmm unica uion wirh ~t lr. L kil ler . t u i re ,m ma t t’
h i )~ 

, 197xj. iii l acilities Engineering, Office of the ( m c i  ~i I- uneer s
2 - - - Washington , t)(’, 12 October 1 9 7 T

~ Heating. b ur -rgl - i c / ( - - tw p m a,m d b uiel 5torage , Dust rthu tuo,u ,
and l ) i r j s -m coi g .S toc o is  AR 420-49 WA . 1976i. Empirical Cost Es timates for •l!mhni ( o,mstrml, -Iiupi and

- . cost A d/us tmen Factors , •-t R 4 15 — I  II) .- \ . I 9’ ~‘IloflI g. I - \ t . ,  Jr . and S. A Ilathaway, , lp iml, eat moi m of
i f ,  / rp m (oa t F ,  h u h  e r r  to Million I- iz - r/ rtr i  s tnt erimn Reporl TM Energm- Productim m h r ti u/i,! has/i  F u r  ~. - Rep r r
i - — f  Jul . ADm SSS bO (I S. A r m y  (in st r ou ct i mi 1-ngineering I I S.- ’u—RT — 2036 m t . S , - t r i r rs  I i c i t t r m c s  I flClfll’ lii
Resr.u rc h L jIi,urlI ir5 (I R Li . 1978). \C ’ mmcv . 1977 1.

7
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4. TIme bIn:ul stage of time study involved arranging 1 . Systems for producing amid distributing eiue rg~aiid reporting tec hnical and eco iuomiiic data iii a Iorui iat appear to be unique to t he individual imi sta l lation amid
suitable for field use as an engineering tec hum i ica l note . therefore are difficu lt to categorize generi ca lhi - Sonic
bulletin, or letter. ’ Chapters 2 through ~ ot t h is report installations ( n otably amrnuniti omm pla m its i love a r m - —

m rm a y be used fur t h is pt irp use - elementary two-plant. one-loop is stern . st Ir s’ save
more t hu a iu one plant with eac lm se rv imug a differe nt user

Scope sector , ami d oth ers mna~ have a sr t ia hl c e m m t r a l plain. is iris
‘I luis report cs m im ta muis ~t’ uui ’ rml teci mnu u-cc o no mm uic ink ur- as mans as two dozen sm al ler outl\ ing pla ur is . .‘,ic h

mna tm on for c- mm iv ert ing it ust al lat iomi heating and power serv im ig a dit’ber ent sector. Still t u t hss ’ ms hias e tn r mm a rur
plai ts u u t i g u r ic  in capacit y frommi 25 t om 200 MBtuh ~.2 eet i t ra l piano . b u t  h ave t iunieroums stroll u mi u tb ~ imi g pla its .
to 55 \ lVs I to coal us a p n u u r u i ~ In u el. lhm e report cor ers each serving an iso laled clums ier ut use ms ( mr n e ’ r h ~ iii

I ) a c e  mi cual  o V e m s l u .- rs ( u t  t ime I i lstul lal lomi m coal e uius er -  cases . smima hl ou tlyim ug pl a mmis comm s is i 01 9’ l~ i to i u o pack .
m c m i  u n it su ipp ls pruuh leu t u . (.2 )  deliver .. s t r ranc . m mmd age gas. or oil— blre d boile rs. Eco uuumn mv ot s- aie p ce1u~ es
luamud l in g ot cu s al :  ( 3)  c u u m u ve i m t m on ai  s t o ke r — t i rmm i g  t ec hi mm ul — replacing sm uu a ll out lvii ug cleam i f mu ei .$lu ed pi.o ml” ro t h
ogy :  (4) coal r c s , b n c a t u u m n :  ( S t  s :mh rmge t uie is : ami d mi~ ~ s~ cu s m i ’ b lred boilers. W h ere t h e r e  is a si errcl ic um i t rmuui iihc m
te u um s i t t  r e d c ucu u u g eo usSuut u uf p a t i m e c u t a i s ’ u is a t eru u l amid sit’ outlying plant s. it ma he e usi - e b l c e m i v e  u i~iuduet ’
gaseo us sulfur amid m ii t r u u p ctu urs ides. and distr ib ute to t h em a gaseous com i - d euc i e d  Inc h .

C mnverse ly. it urma v he cost-ef fect s-c to bui ld a la os ’
Mode of Technology Transfer central system to distribute energ y hI riuui l y imm a u m se m s

0( 1- so Il ussluc imi hor mat io rm in thus report as a mi Emi— In this case . retiren iem it of ouit l im ig plam its could is’ 31 .1
gineer Tec I-mnica l I em te r for use h - Facilities amid financial loss to the Army . since their t e n m r uim -u:m i ra h r u e is
Distr ict  Engineers imi deve lopim ig coal conversion pu expected to be low beeauise cmi a proiee r 1’d m arket
jects for Arm y flied laci h ities nid insta hlatiomi s. decline for package boilers firing sc arce Iliels.

2. Mu st Ar m y boilers produice saturated stea ni ims
t ime pressure range from IOU to I SQ pri g I ooO (100 lii

1 240 000 Pa) for heating amid cooline. Fess prss duuce
0 MAJO R F I N D I N G S  ON COAL electrical power , and . of t lmose, most prod nmc e e le c tr ica l— CONVE RS ION AND SUPPLY poover for in-p lant uuse. Somiie plants prodruee supe .

heated steam. Load pro$ l les can var ’  is Id s ’ t~ mmri uu i g
imi sta h latiomis.

The Ar ir r ‘c -iv ide g n u  I ob med i ts ’ h .~ rot ii ra I gas amid oil
co mm surn m pl iuun h~ c i t i v e r t imig tur c i su f  as a prim umary fuel iii 3. Many installations u s’s -er used coal amid irem ice dii
i m m s tm i l a l i o m m l m e u t i m i i  aimd r ins e ph a im l s re q umi l ’s mes ul m — not have receivr mi g . iiauudling. amid s t o r , is ’ ’  Iae i l i t us ’ s .
t ruu u si b uru ummm c ro u ms hr’s iec i ummi c m l lactors at i n r i m i l m i j o m i  M m u i~ ins la hlat iuu m is l imi t  sw ut ch med iruum t u coal t ’  e l cun et
ies el .  I i,esc t i c t u i m s  iu ic luid e t ime desi gn ii t im , ’ e \ u s l i m m g  iuueis h ave puil original c c l  su uru gs ’  urea ” 1 u t h i e r  use .
l m e m t i t u g  at ud ros ier pl imut s~ s te m u r mmm d roi is ’ Ih uei f ac i l i t i e s  At  s m i t e  ob t h ese ut i s t al la l mu i mi s . t h e  plui s~ ,ui plant h u t
anti m u d  lm Ca s u i t  i t u t  thus ’  d ch iv s ’ rs  . h iumid h imig .  mmmd been h u h  up nemr  liii’ ,‘s ’ r itra i h u e a tmim c . immd pu rser

s tu r usts ’ it cora l ,  l ire t t m i i mm ss — iuug par aemap hs sunmm uimari ,e plants. red u iciu ug time area as -amiable I i i  c a l  st r ras ’ s- . ~m shs
$indimigs i f  that pornomi of this ’  study whuic h i invest i em ted dis posal. amid gas cleanup eqsm iptu ie mit . \ 1’ s  .\ nriy lu~ a t .
insta llati mni - heve l potet mti al  fcm r coal co rmve rsiomi amid im ig amid power plam its also l uck sp ies’ wr t hctu i  t im e plammi
su m pp h u - 

itse l I for bumikers . gas c leatiuip equ ipmueuit . m mmd It icr
imardware miecessar v for coal use . Or ic, i uah s’st lu i pt ms em st

Installation-Level Parameters of Coal Conversion at r m mami ~ pI m m its t hat switc h ed b’r u utm m ~ oh is cu t h e m
Tllis shi l’ f u n d  t l t i t  t im e pruthleumi u t ’ iisstaht utiumi tec lmmio logica hlv obsolete, imi poor re pa rm - p.u t u uhi ~ ~a n r

cu r u l ,‘ uun isensu om i  is cmm m is uder ah ’ lv moore cu mup lex t h an nihalized. c ur couup lete lv go mie.

\ r nmv .w i de  i. c li imid i c : m me. Fssem mt ia l fimidintis so - it hs . .  - - . -
- 4 . The origimial design basis ut older -\ t  t n ’ , hm uicrespect to t u e umvera hl coa l ci ur lve rs lom i prohhemm r arc as - - - 

. 
-

- II m m o tter m uimikmiow n. m nh ih it m m ig :ussr ’ m s , l , s ’ , - I  it n i n e i t  caI c u ows. 
pahihitv to fire a particular coal at r i led ,,,i m eli ~ \V h mi ie

- . - su mm nc mid-fired boilers were desigmied t i  he coal- , ‘ n i  c i t .
‘ I’,- r s . ’ r u . c I  ( , m m l u m l m l m l i c u m j , m r m  nsi t tm SI r Is. I). Vt inn . l) irectorj me ihic . time ha rts of t h is des ig mi us hiig hm h ~ vao ,cl ’he amid ul memm

i t I ,c i tu l u n ’s  I c lc ’ i r u r - u - r t u u - ’. LIt I . V, ,is tm im m m u uu m .  i / i  - 23 Jimmie 975  i l t dem en mm uuu mhie.
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5. Some A nim my boilers wit h coal-fi rimig capabi l its low-sulfur coals is growing. hut i ml a s ch iauie ~’ iii response
were desigiied to fire a wide range of coals. These have to both these proposals. Fimial ls - pie~s u u e s  t u r  inhibit
the h ighest probability of successful coat conversiom i . importation cit •

~ ’better ” coals mi cuc u s t a te s  r-.itli large
Arms ’ boilers withu tigh t  design tuel limitations face up detuuonstrated recer ies of “p o m r ur c r ’’ c u c u l s ire eu peo ted .
to t 0  percent derating. depending in the coa l avai lable. Coal procured by installations so i hl piob at~i~ he non-

con’uphian t i n  tennis rnf sulb’ur c m i  temut  -

6. I)esign im itu u mi ui a t i o i i  c o n A u ins hioi lers ms ex tme imt i ’ is
ih ifficult Its oht :sium . i mshuihit imm g bo uth i csss ’ ssois ’ is t out ~~~~~~~~ - 3 . lIme u mu a g us mt um ds ’ o i l umid us u s t um a i i m c s i i h i a m c c i u  C u d

w ide coal c ouu vem siomli  pc mten l ia l  m m m ii l’o rmrm ui i m t i c m u i  imf a co ns um ummpti ou i z u umd . mi l ie u , lilt’ c a l c i t e  oh l im o pu m eu uu c .
rat ional c o i l— c m miversio im pr iu gn a im u . uuu e u t agueeun ent ss i ll at ccl c m i i i  l is t , l m u cer i u m ii

equivaleiit tom is of coal pci s’ e.ur , im u sl : u h l . , l i u r u rs  Is ’  su mma l l
7. Lag t imu i es tub um mdm ismn iah—sca l e cod cc uu m ser smum i m l ie emuer ns  commsuumiers in a na l i c i mu nn id e cu ’ imle. \ I aoci iuudivi i l—

miow as uiiuc Im as .1 years alter et $ uuip luue mi t mrde r amid are uahly wil t not contribute us r ss om c i s us a u ut i i i c ’~ st i l l  ( m l  a
expected to  lemig il me uu . Ma tuo it~mcture r s amid arc h itect ! su pplier ’s problt . It h a s  Hit been uuu c u us tc , m h to m c u Ol —
engiuieers (A . k’ s) often sb muot possess time necessar ~ burning imista llatic ins to receive i n t l  s lrs’e il ic-.u i iou coal
maim poiver to h maim tile thu e p n e  c ted In tie work vu uI ii tie m ini smi pphie rs whu us e arm sell it m m o srI mete else . \e s’ ut u d
iii addition to t h eir regular workload. Because of t l m m s , retrofit coal-blred bcmilers shiouuud he desi g n e d t o m it (m li i as
it is probable th at a lomig-term . ratiomial l~ planned wide a range ot’ coal as possible Sum emis umr e ripl immi al
ph asing-u i programi m coordinated wit h the t ither services , eiiergv production in face of the t im r pu e dict ul hc duality
industry, and oth’uer governm mient agencies will bring of delivered coah.
better results tham i an uncoordinated . conipetitive . hit-
and-miss approac h. Information Required for Project Development

Development of a coi l  coisve rsion prot ect n ec .luires a
8. Use of salvage fuels (solid waste. biornass , POL) well thought out concept of wh at t h e  project e m i u: ui ls ,

eit h er by heat-recovery mncim uerat ioti or as a coal.sup- Later ch apters of this report prov ide ccc mucep t c r a l tec h m-
plernent is a briglut prospect both t’or conserv ing coal muca l intormmiatiot u amid general cost data to support the
couu isum ption amid possib ly for dilutim ig sulfur oxide project devc lopm nem it effo rt , The folhi rn ’ iimg mi m i u i im r ia l
e mm u issm ou mis in flute gas cit tier 1 c m wil h im coimip hia rice comi— km fo r mmua t io imm base is requirert (Table I ) -

ceumt rati o m us cur to conce ntrati oi is th at are t r iore easily
and econ umimica llv treated. Time Arniv curremitl y has I . T h e  project developer miiums l h u t  sr t t ie ty pe t ub
seven waste -to-energy projects amid a broad RDT&E boilers am id t h eir respective desigiu basis cm mr r e mi t l v  at time
program . and should contiuiue its leadershi p role mm insta llation. W h i le it is riot difficuilt lii cm m i s i’rt coa l-
t hus area. 5hesiguicd boilers to gas or omi l. co mive i sicm ti ni t humu s’ rs

designed $‘or gas or oil to coal at mini mmm i m im i  i ,c ii n in ts

Coal Supply seldom im cost-e btect ive because hiuilc m r ’ h t m i l ih imu s j moh
r ime pr im h iem tt ofc im a l s iip h ih\ 1c m i iusta l lati ui ns is siur r i lam amixi h iar y eq m l i h ir m melml addit k mt is au -c re o 1u t inc j ,  \ i tm i

to ) that b’aceth by lutist im ud uustria l coal co misumiiers. Essen- manmi fli ctu irers and A k s  mmo sv pre fe r re plac imi g g~us - ami d
t hai findings with respect to t h e  overall coal supply oil-designed boilers wit h coal-tired uuu its u at h uem thmami
problem are as follows, converting units, The pro t ect deve lrupr ’r sh ould ai m

obtain records indicatim ig lustorica l stea uum prod uct ‘Ii
I. Ar mtr y boi ler plamits desigmieti for a particular coal trends for each boiler in order to dt’ut’ u urr i mm s ’ rcquu im cit

mmma s bin nd design basis cum a l uuiavailahle t ’or reconversion operating hours per year amid required t u u rmm i h c uw ui.
because of lime re latively lu mmig tit h e simice desi gru amid t he
coon petit 10)11 b r  sti pply . 2. The project des-do ie r  t i uus t ai s um iii Ia m mu i mi t m m n  mma

tion tin the coa l t h at so- ill pruihahis he iser l , Sil l s ’ s’
‘. It is probable t h at coal cumm ure rsiummi sou l  require nature of t h e  bud to he buirneit us l i ce k ’ \  Iae iot  i i i  c i u m i

addition ot blume gas desm ul t umn i ,a t k mmi equ ui pmm iem ul. ~A hu i le conversion progrm itis , hea rumig t i m i ec i l s  mil l  so ’ir ’r - u u u m u u  m m m c i
present emission standards are 1.2 lb S0~ - Ml3 t i i  (279 0 cost of storage . hm mn tlh ii ug . cot r m hu u s mi cu mm . iuu d l c u m i l m u t m m u u m

kg/ i) fired , the US. l~nviro nmm ie uuta l l’ru m t e ,  t icum i Agency contro l sy stemmus. Probable suppis c’ m u m  s-all lie iole im -
USI- PA) has proposed new legislation requiring 90 tible h with the assistamice mit  t h e  I )r ’ l m .’ i ms e I’ m m cl S i m 1 m p l u,

percent SO2 remii ovcd regard less mit  the stmtt ’um r in the Agency and by referrimig Iii st a u ut hm ni iu id t is tn s s u mmum o e s
c u a l. Moreover , tIme ( ‘ lcam r A ur Act Amn endm nemits of’ such as t h e  Ke vst uuuu e m n miui mi ( m ull I , u, / i , , si ,- c - t!,jcc iw/ I C

1977 ( P L  95 . 95)  encourage use of a scrubber on all
iiiapplications regardless of sulfur level. Competitiomi for A c ’c - s t mnui ’ tool hmdc,strm , t lmiuuii u ! i 51c m c mi —l l i lt , I
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Table I
General Information for Project Developmen t

Probable C,mal Suupp lv Installation Stea mn i Needs
(m i nt ($/ t o n arid ~/ \ I  ltiu) Disuribution syslenm
Pro’, inm care Aiuls’ ris Ilisioricul Steam tren ds

I vear ls - mt mon t t m ly , daily, hourly)
lltt imruatc analysis Seasonal toads
(‘alorii’ic value Load variati o imms
.\s t m analys is Projected stea nm trends
1)ensitv Availability of Salvage I’uels
I - Ituw pro ‘cnn l ’ s RI) I-

I3iommmass
t’OL

I ns ma 11am immm i Ilimi kr Plani
Na mep late data
I)esigmi tut’!
Sueatn quantity and quuat ity
Origi mmal design package
()n-tmand coal equip rmment
,-\va itab le area for coat equipment

3. The project developer m ust hmav e imiform uatio ui cent (Eastern bitum muumo us ) In) 37 percent ( \ mmr t h merm u
rega ndimig availahilit o f  salvage fuels ( RDF . biomass , plain s lignite). For equal boiler plant h eat input - ahcu u l
POLl w lmic hi ec iuht i he humnen.i sv it hm ecual . (‘auit iuin mnust 16 timues niore lignite t i ma i m i : ast cm t i  h i tmttmt i t io us ci uai
he exercised h ere. \~‘ h u e  RDF h a s  been widely puib- m m i o m s t he stored . liamudled , amid finm.’sh . rhu us ch apter
hewed . t h ere are tio long termu data regarditig its provides gem ieral imi b ’orniation tin t ime nir ~c t c ur  cu m u it  dc pera .
perfomm uance as a coal supplemmient in converted boilers. tions , echtupmuent , amid costs of coal delivers’ , luand l imig.
Huisveve m . use of R1)F. biomiiass. an POL in nesv boilers and storage systemiis.
specit ically designed for t heuu alt imie or in co m bin ation
w ith coal is state-of-art teclt m io logy. The m ajor unit operatiu -m m is for delivery . h ia nu d h imig.

and storage of coal are: mmnloading, prepara mu cmi . trans-
It h as  heem i shmoss ’m i t h at uu iamiy installations do not fer . ouitdoor storage , covered storage . irm-p iamit hour , .iilmig.

generate em ui m um ghm so lid waste to rmiake RDF production amid we iginu m i g and nieasuring. Not all these m i peratc u u m i s
c ius t-eb ’f ectus ’s ’ - Time best hirospects l’c ir ilista hiation tuse mieed be itivobved j ri all inm sta l hati o mm coal use ss si e m . rid
r u t  RIM lie iii pu rc h ase of lime w aste fuel from large mmiu st time s - occur iui the stated seilnience - I u ex auti ple.
r e e m i muma l wast e- pr i mc es s uu ug l~uet hh t ies , It is possible that coal delivered by rail or boat miiighmt gum thiroi ug hi u nmh u iad _
by time t inue a ccua h convcr s ic umm project gu mes into) design . hug, preparation . tram usfe r . and nuctdo oi r ml c rag~ hct ’um u e
current qu est ions pertainiuig to procure imiem ll agree muemit em iterimig covered storage . But coal delivered by truic k
wil l he resomived. muiglut go directly to covered storage.

Unloading
Se lcetiom ’ of a coal om nload umu g ss - s is ’ nu i depcm ids nun3 DELIVERY , HANDLING AND STORAG E hmoi sv t h e  coal is delivered Equipmiie uit to ) m cco mrrn mu o u date

ra il cm r boat the liverv includes car anti barge tuover s . e: m n
t hmasv uuu g eqol ipti lent . car sh akers . rotary car  duunipcu s .

Svstemmms t im delivering. huanu ih ing . ami d Sto ring coal cram ies amid huickets. unloadimig towers , portable c m i m mv s ’ \  -

ire largely imidepemit lcuit of time par licu l lar coal use te et c-  ors , lift trucks so itli scr iops , track huippems and v ’~u mi u I s
m clogv sehecte u.h , huit mmcfl ouf time muatmure c it t h e  coal types oif b ’eed ers , Truck delivery is hs tar  t h e  eas iesn

pmocu red . (‘a l cu n m t ue val u es range t’rouuum 12 .000 Bt tm lb umio ut ic 1c m manage ant I u ism i a hls - hoes u m ot req ii i me t’ qu ft
(27 .9 Mi/k g) ton Fastermi bit um muu i u ioi u Is cmm a l to ( 800 mmm c m i t specillcaliy imitcmmd ed t’os r umn ioaih iicg - (“nu al di’’
Bt mm ‘lb ( I  5,~ MI/k g > for Ncmnt lmern Plairns hignit e (S u mmiu c livened by t r u ck cat s be semit directly to Ooi td nucur sti r or’
( I S .  cu ma ls have ii calorj l ic v m luu e us u rns as 3~)O0 Bt u u/ l h or to a cc m nvcsor  t’or de livery to im i -plamim hu imi k ’ t ~lul l Mi kgj ). \ Iou s iure com i tem im ca m i range frotn (m per — Cap ital cost mit ’ ra il and boat umn loadiu rg t ’~m 5- i l i t c s ’ m t ’m m m
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iargeu m uu sta h lat io m mi—s c ale o m h uera l io m i s - u i , u uc c i s- uip 1mm TIme capital cost b r  c cmzu i c t u i shu i ig s’ .~l s ’ i ums r mt i f m. ’s
$3 ,000,000. Luhour . repair amu m ,h um i a i i : t ec i : c m cc 5 ’ . t umid helwce ui S~0,000 atmd S701J 000, iuum 1 immr t . c i m t  m ’ e e i u u u m m i g
e lectrical power are i i mup r mrtam i l  r e c umrrm m mg costs , costs are b nmr imi ai t t t e tmatmce a umd repa ’ auid t’icm ’ m uc zu i

ponver.
Comal s ilou,u hd be umuloa nied as rahiId ly -as iuuussih he Ins

ini m uu mum u /. e labor cost amid . for hioat ti mid nail s~ s t s ’ mt i s , In ) Transfer
avo id demm iurrage ch arges . luthu istr v tremi t hs are to pro- Tramusfe r meters lou t u a uu d h imm g bet sn eer t i c s  unm i mma th in u e
vide sufficiemit eapahi hits to m umi lnuasl :c $-d u~ coma l suqmp iv psuint au th final storage , b’rou m u ss l c i c l c  e m ul  di sei lanLiem t c i
in a suigle 8—h iou ur s lum t ’t . T itis cn mn rcs 1mo nds to ummi u im— firing or processing nmpe rat ic ins . Is calls iss ’s ’ t ra nc st m. ’ r
loathing rate about n inc Ii o em time uimumxim urn tot t u l phamu t et~uipnient includes skip hcust a - hue hem elesa u n  s a u m d
c uu a l huirmmimig rate , belt couuveyors.

W lie ui rail syste i m us are mused , coal is ~- u u slomumu a nl l\ me— Tra u us l ’er c ip e ra t i cm mms s h m c u u id be suu iup le .is m issihis’
ceiven i uu l mop p em —h n > tt cs un cars ramug mn ig in ca pacity In time case cml ii plant w h ere t rc u c km du n u o p c c c .uI iii a s ard
between 50 and 100 tons (140(1 tom 2800 Mg). Delivery storage pile , a lift t rumc k ss’hhi a scoop c a mi tak s cm l i t ee t -
time shiomuld he plamuied libera lly because cars reqture ly to the closed sto irage bee c i ss s te icu . ( I t  m c m i . h im ‘Sn s ’ n’ e u - a
timm i e for spotting. m oving nun t h e  siding, amid somm ictinmes conveying system is uueede d heeauus c miners ’  a ce  s ’ ss ’ n ne
sh ia kimig anti t huawimmg. Because of t h is , t h e  design coal amid active coa l imivenlonies tn be cu m:cc c c uc l: ’- - d . -\
ltam ut il imm g r:ut s ’ 01’ t Ime cmim tve or m~ sts ’n i is about Iss’ic e time typical insta l latu m r ui tramistèr ss s t e uuu ec iuld imu cl uid s - at .
design unload ing rate. If ha ngen — t h mamm—normtia l shmipnien ts e levatimig be lt cimnveyon l’r n m iu m I hue ci iii c c: id ir ug poiri I ( i .e..
arrive , tIme conveyor syste m can be operated muu ure than delivery h opper under rail h ead) tn s s ’m uclu iscd st ucna ge .
I shift/day to reduce de ruumrrag e chuarges. Mnist belt conveyors are equipped ns tI m a uuia ’ami eti c hit ’ad

ptmhley to remove tranip iron. A t ran s t  cc clinIc can
Preparation 

umista hied midway throuighi t h e  e riveyor bli ght to di’, cr1Coal preparatiom i operations at installation-scale t he coa~ to open storage .coa l-fired h eating and power pltumit s are ustualhy l imim ite s h
to cru shing. arid. s imice stoker coal is normuahiy procut red
in t h e  necessary si/.e t h is operatiomi is oftemi miot mice- Elevating belt conveyors has-c uusaxt t nu iuu ic s5l imces suf
essary. Crums lming etustures I lm a t m iptimmia l ly sized coal goes abot ut 20 degrees , and huemice require sc u hsuat i t i : i I leir e n ii
to t h e  boiler: acco mrdi m ig ly , crus hm em s are umsed whemi t h mere of travel if in—plant storage is lnghr - Au i a l teu cat  ins ’ us t ime

is ecotionuic advam itage mi huiying hangs ’ htnnti our ruI n-ou t— huicket elevator systemmm . Wit h Ilium ss s ts ’ u im , e s a l earl hi
mimic coal. Imi timis case. cciii is screemuesi het ’mire it e r u t c  -

~ 
uimi loadcd from nail car tin truick Iii a de luven  s 1 c m upper

t h e  crusher tum mmuinimm mii c prnm sl uctioti of lines . as hjacemit to t lue plant am id l i f ted direct ly u p  Icc nui ’ p l : i ncu
stora ge.

Severa l types 01 coal crus h ers are available : rotary
brea kers , single-ro il crushers , double-ro ll crushers amid Capital costs ob’ tra nus l’cr ~v st s ’ cum sa i s  \o ’ Lt ,’k - ‘I r um5 k s
hanitiierniills. Selectiomi of the proper coiifigtmna tiom u average ahouit SI 8 .000 amid scoo ps ahoum l S20.000,
and size depem ids oti: type of cnmal . cot iditi oum cut coal Elevating co utve s ’ t im s y stemmus c amm he am h i gh as 5350 .000.
(wet , dry, dir frozetu), I iard ci rn ms ’e gnindabihity. t ype cmf amid bucket elevator svsi s ’ t uis as oiuusl i  .ms 5.4 )0 ,1100 ,
crus h er feeder , feed site to cnmish e r , product size . Important necurnitig c mst s ans ’  e lect  n m ed c m u n s e m  (mu m t i e
allowable fractio n of lines, -an d th roughput capacity , conveying systen is au th fuel - labnmr . a mi d ()& \l I in t h e
Breakers amid hianunerm iiills yield lu m ps nit a given uuax- vehicu lar syste uuis.
immumun u site . because all cnma i passes t hmrcmug hi screem i
opeumiligs hefomre disc hsarge . Rout! crt isliers miiay nicca- Outdoor Storage
siomia l ls pass umversi ,e huimm u ps. Mamiuit ’act urers nomrmi ia liy Coal storage can he divided i mulu c  155 m c  c ’ .c c ’ t ,m ur  is ’s
golaramlts ’e t hat only 80 to  90 pencemit of t Ime c n u ms im e t h active ammt l reserve . ,\c t ins ’  s im ’ r  cs ’ s’ muip1ihs’ s c m  u;uI ’ t ic rut ,
co al prc mdumct will pass a specit ied scneemi su e, equiptuicut directl y ami d is ousualls iti- p i t mum u Rc’.s ’ ise

storage is mio nm ua h ly ou ltdoo m rs. Wli s ’ nu mui m l d m u m u m  si ‘ r u t ’ ,’
Coal is usually c nu us d ed before covered sto rage , serves c um i l~’ as a res e rve , m i o m numma l pnas It- i’ is t i m  In : mmm s feu

Faci lities using outdo nmr storage usuall y cr u sh coa l al ter  part of atm incotm uiu ig sluipumiemut lii a5- u i s ’ e SI , i c ,mn ’ n’ tu m mn h t ime
it is reclaim ued fruuni tIne pile . html before it is placed in a ncmm t aimider t im reserv s ’. t nu u mim sv hmic h u coal is i s’e la iuu uen l  us
protected area. needed.
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lime l)s ’1 sz lm t uuue mmt  mi t  l)el ’s ’ nmc ’ 4 1)01)) ms ’ n 1 u uins ’s t h a i  N i c t e  t h m a t t h e  sn m c r uu iz s’ au e a req uiued b u t  \ , c c n h m s ’ i r c l ’ l , c u cc ’ - -
~~

pharsts umuai lm tai n at least a 30-day com a1 mc ipbs is d siring time lig mmite I uavi img a calum n i lie v-al um e cc l  68(10 ~ t cc I I’ ( I S
t hris’t’ cc m idest um u m ,amt hus cit tIme s sa c  - Lamusl :urs ’,u required MI/k g) auid a de musity iii 40 lb/ ct u It (c ,4c ) k g, -cn i 3

l i i i  nsoit dom ir sto urage c ain he e nm mup uted I noun Eq I : womu hd he 55 .622 sq It I ~ i67.5 mum 2 Him inc urs ’  ti t an ‘a cs ’
tIme area reqom ired i’or t hue Las t erum hitum m r ius m us ‘a l mum

— 
( m o ) ( 4 ) ( 1 . i- ) (N) t ine cuniiputed exaimip le. T h i s  i l i t ust rate s svlu ~ ii is ittul

— — 

( I n  ) ( d )  (hu t )  u .q II t h a t  pruiject rheve lopers do pne l imuiuauy g ro Lit i t t stcrnk to
ideiitif v prnmbabhe cn ma l su ipply.

where A = req uuneni storage :u rs’;u (
~~i I t )

W r to tal plato sl u.’ : u n um nuc i l p uit c :npacity ( 1 ) ~ 
Storage area c-aim be neduced hs ’ building l ice . m ’ .ml

hum ) pile vertically. Ahum ut 20 b’t (6 . 1 ni) in lms ’ i~, lc ’  Is (hu e

LI” = ss um i m er load factm m m cl i cr iet i s icm u i ie s s ) h im umit for a manageable free pile. Silos ,c nm l ml 3m n’ bins

N = miu uu muhe r c .4 c I : lVs si mirage ca paci by (days) can he eniplumyeth svhiere lau d area is mm c ml  :1 ci able , h cut

d = c n ma l n t e tus i t s  ( ibm ‘ ccc  ii) t lce n are cuist lv.

hut = tics’ ca- c e  pile hich~thit
i/v pnoduct -to- ttm s ’ l ratio (lb stea mnc , ’lb cnma i) Cciii shioudd be sto red at a sun s ’  los cu e d m mm i mm lcd

grou t m i d - well drained . I’ree of stauiding s s :c t m ,’i - a mi d

‘l’iue facto r En cams be calc ulated fr is m im Eq 2 -  pne lerahls on hugh grouuid ho t  suhiis’~ I ti ll i c c , n Iu i t ~
Penmiianent areas are top-dressed or hiard-sur l ’ace d . te n e t ’

( liv)_(1:111 on uuntis’rfill on ot h er loose or pn mn tmuu s ccu r t ’:ucs ’ Time
h - v =— 

li~~
’
~
’
~ 

~Eq 21 storage area should he cleared of all fcmrei grm nat ncr
e having a low ignition leumipenature ( i .e.. so m m d  - paper .

- rags , wa ste oil). Storage near hue - at s n iu mnees (i.e ., mu ca insn lucre liv lugimen heatim ig v :uluie m i t  the coal ( Btmm /
Ihi 

or host wat er lines , furumace s , stac ks, hunm t so a t e r  I an t-s .
- ‘ ‘ , 

‘ , hiuii ss’wei lines) should he avoided . Co:i) s hmn m u)d :c lw a sI It = hum ilem pt - mutt e l tucim ,’nis ’\ (d m nu e m i smmm u i hes s ) . ‘ - , 
-

- be spread iui hioruznamta l Ias’ s’t s - rmot ni co nica l pules .
I Ic = steat u s’ nt hiah pv ( Bt c u / l b )- Rtm noft can be ct ntntmlled by be nurms.

Fnr  exaniple . consider a boiler plant w ith tIme following . -Equipimiemit used imi opemi cc ma l S n dm r :cs ’s ’ sn mm cm nts un-
o penatium g parameters: - 

‘ 
‘

eludes huh ldomzens . scrapers. carr ails , bu u~[ s’es . nnamn-
- ways. cra nes au md buick e is . amid cc m nv e s ’ sm n sn st s ’ mm is.

Vs = i_ O 000 lh s%eauis /l ir -

- Buhls bmv ers amid scrapers c c i sn be ts o ecu ~~~ 
“' ,000 amidLI- = 0,6 ( co mlti s e t u s mmmm load tac l u m r )  , - -

‘ $60 ,000. I m m ipo mm t amit  recmu mn i uuct r u s t s  are Inch. sp a in  :mos lN “ 90 d :cs s st iurage
— ‘ - ‘ u m ia n m t em uan ce. amid lahs mr. Stninac te mm c t s ’ n i Is  ,‘ ,i t i  C u s t :ms

il = 4~ ibIctu It c cci s t nu m sm ct s
- ‘ - 

‘ mumuc im as S2 ,000,000 loin la uci s ’ mm i s ta l i : t l cn m m u- sr  ,cls ’ pianO s ,
lit = 1 5 1 1  as -crags ’ pile liem g hit

liv = 12000  I3tu/hb c ma h lce , ct imic u va h ume
Fff = 0 76 

- Covered Storage

lie = I OUN Btu/l b mls ’ au mc e tmt h mah pn Ac tu s’ s ’  coal storage is lea n s :mlw: us s miu tn n t aiue u h mn a
covere d strc ce ture sume hm as a himi , silts , c’ r h ccmm ks ’ m This’

Th en t \  ps’ mit  s tr uctu l ne selected depemuds mini t ine anni cim l i  m i t

coa l to he storet ! . P,im s :uc ’e gem is’ra hls’ ssui~mble I c u r  sititihl

I-v ~~~~~~~~~~~~~~~ .~ ! u m O~ lb s i r ’ mum/l b ~
- plant s . svh ihe larger p la i t s  requ us ’ s l it s cc hunkers

I l)(IX desi guiesh 1 c m ecruiss ’ rn’s’ t l cs m sr s pace atis l per il t t eo m umn’ e mm memit
fum el h o w  to time pu’nmc esS, (1ti iits - sea ls ’  piano s ts ’p i :.illv

a tto l use h : icg e silnis 1mm himis outside time pl a n t .

5, 
( 12 t ) ,000(24 ) (0 ,( m) P b - ) t  (‘ crven ed storage fu r’ reset s-c s ’s ral is arm i m u5re c sc r ns ’

(9 , 11 5 4 (~) C 1 ( 1 5 )  practice. Ad s - ammtages include t h e  imI m il iu s t o till and
discharge wit l uo u mt nuom bule es luu i pu um e n n - ur u im mi r ,uu /s ’ cc i i i

25 .4 S cu sq I t  ( 256 5 2 tn t s lu crage area losses. and mimaintaim i coal imi gist - md c u c n , l c n i n u m i ,  Im is al, cuu
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at’si lieticalls preh erab le amid mu m a ’ ~iu iu ites tu ne oh available c ml gates 1cm co m i ib u t mh ll mm so - , S m m u cm c p i au i ts  c r c a s  m ucs ’ i i ud m.’ ii
it mi ioh area . This’ strom igest sl isa ol s ’ai m i: i g s ’ is i ts i u m i i ua h and c o u ui s s ’vl m ug svsl e ium t o m  beec h s- m o b t u m m i u m  : m r c s  hm mmu iks - m  m~ui I is ’I
o m p ena t imug co u s t s . to m u m s ~m icms e ssu i mg u mmmut - I .mig s ’-sr chs ’ l u h c m c t m  m m m c  t i.l’.s ’

s’ei s’ c mm i mu p hr’x hi t i m m s ih iumg svsb s ’ i mr s iums ’l mmc l ummg s m m n c c ’ mum
I3muui ker s arc uvem hme: m cl s lc u t ’ zmgs’ b’u ii us a i ru u igs ’n h but m m l t h i s  t ’cu l l mm wi m ig s’n h u m i hm m u is ’ill - belt ,‘ m m m l \ c s  0 5 . \s ’ uc ss

g r av i t y  coal bl ums o ’ to t Im e sm m tmi . h m mcm s .nSss ii mg e o h ul i p lu t t ’ l lb  cm m l u ves ’ mmn m . bli gh t  c l m l m s s ’\ m m t s . h u m _ - ks -i s ’ Icn’ :u m m m n s . ~‘humu t r ’s .
They arc toi l) b~ d . usula lls b~~m u u m t he um mi l cmadimm g po ll . i~ lilt i rmicks . m ui c u m uo mi t m ils inch i m : u u c c s o i\ S .
a distrihoitimug e m cl mvev o m nun at u mourmat ic  trip slat immim w h me u i
a bucket e levator is mised . Bumi m kers are Is ’picahhy tab— I)epending pn im umari l y ui p c u mu c m uum m i mhs ’ x u iy  cu r l :a hmacils
nicated frnumn steel plate and iinetl wit lm concrete or in-p iauit h andling ss s u e uuu s ca u m namige u h i t , m  52 .500 .000
gunnite. in first co)st - Iniporta ust necurrimig costs are elect i ieal

power amid uuu ain ls ’ um a mics ’ anti re pair .
A vau let s nib hoist-er coui mbl g~m nat i n mm us exists . (‘ vh i im-

drical hunkers are scm -tied circular bins suitable to n Weighing and Measuring
small cosal operations. T lmey ‘arc co ut uu pa ra t ive iv inmw iii Coal mimu lst he weig luest u i pc u rc t i e hun em y t i m e um s u mme
first cost , are self-cleaning, amid lem in l thuemmuseives hum a emurrect payuneii t. It ru l u ist a lsuu he sn emg l ued uist lid ‘ ‘ u s ’
unitized boiler-bt mnker arra n ge u u uent. Rectan goilam humu i k- meac hu iiug t h e  boiler (our is O mer hitocess ts ’ mSs I I m u m  mu n shem
ers wit h multiple bottnm uim hm cmp pems are su i iba hhe for to evaluate overall piauit perh ’cmn mmmamuce
feeding a battery of boilers. I lopper sides are oI’ts ’ ui
lined wit h stainless steel to ) iuuprm ive coal ilcsw ch ar- Delivered coal cauc he so-et-nlmed at tim e l umibm u s lu mug
acteristics. Suspension (or e-alenary) hunkers alsnm have point or elsewhere in the hiam ichh iu ig is stein . Rasu _ s~ ale
multi ple out lets stilt -able for b’eesi imig m battery o f hosi l- types are truck , nai l, commibi n atiomum tu us k auud mai l  - amid
ers , but are nost se lf—c leauiing. conveycim belt umiits. All h u t  the cmi its ’ eymm i hell cii i I ts

record directly mimeasur ed sn icighmt .  Time s’mut is ’ e y n s r be lt

Severa l Anniy boiler plants already h ave coal bunk- unit continuously weighs coil by mmu u h ti ~iIv i icg time
ers. Care uiiust be ta ken to ensure th at they will ac- varying load on the belt by t h e  belt speed ~~eighit
conumiiodatc the coal to be fired, since t h ey were indicators include dial (with i m ptu snu mal au t n m mm iatic
probab ly designed for annmt lier coa l with different flow printout), registering beanis , amid digital ins lica t mi rs ,
properties. Careful analysis must also be made when Capital costs for tru ick scales range hs’t nnce u i 530 .000
considering using aui existing hunker fn)r RDF or and $80 ,000, for rail scales beino dccii S ”S .OOO amid

-‘ RI)F/coah mmiixtumres : these So)hids have highly difficult $160 ,000, and (nit conves nir he l l  so’s ’ igh n i tm s ’  ss steur t s
flow properties and tiie bunker arid t’eedim ’mg systems hetweeti S20 .000 tm uu d $80 ,000. (‘os s i ml cu t c mi bit n ,ul mm mt i
w ill nominally require iiiodificatiomui to huauud ie t h uemim . tmoick atud rail sca les c - aim he as Ini ghi ,ms S. t)0 .000, -‘511

cnssts are luigiuls’ depetudeuit o um c a p a c i t y  - mm le asur e ur le tnt
Bumikers are subject to large it uternal s tat ic  loads . In uim nmsie , installation re q m u irem iien uus , uu u r l us pc m m l re u m - mcml ,

retro)fitting a btinker to ami existing phamit . careftm l atten— luimportant recurrimig ctmst itemmus aue unal l i t s ’ u l a m l s c  mu sh

t ion must be given to the desigmi nit structural reint ’nmrc - repair aiid electrical power.
ing, supporting structures , auud foundations.

Scales or l’eeders caui he umsed tn m so s’ighi cnm ai lieu weel u
Insta llation-scale cmial bmmmikcrs caui cost tip to tIme bunker auid process s’s ’ssel. Scales ~~~~ Im mea l

$1 ,000,000 depending on capacity . cns iufigtiration . amid capacities between 10 t m mr u s ,’ h u m aum t h it) t m u m i s ’ i c r auid
insta llation requirements. Th ey require very small consist of a we ig lu- lever s s - st e ut i , sv s ’ ucc tu  hmo m pper . amu d
O&M costs. A variety n)f flow aids such as bin vibrators feeder, Capital costs range het no ee mr 530 .000 amid
and gas injection systems are available to reduce niotl - $50 ,000, depending omn capacit s - ts pc it is ’ cn m r diu i uc
ifi ca tions required when storing a nondesi gmu coa t- their device , and insta llatio ’mu i. 5,~’ei g ir t ’er ’ u !e n s a id ’ nu sc i a hl v
costs range between $10,000 and $200,000. Iiniited to ) pulverited cumal-f i n imu g ti mish c c i i i  ‘c asu hic m i im m mm

systems. T he rccom imnueii de ch cmmmtb i gi in at immu i is mlii ’ lt m h le
In-Plant Handling feeder , w h ich operates mmii a smart  -s lI p basis t iumn l us

In—p lant handling refers to t h e  uiuoveuiient nsf ens-al cuuui t rolled by tI m e h’u me l ilei mma imol m mf Ome s’ s’ssc ’ I m ) m hue
between final storage atud processing equipmiient ( homih- feeders such as immu e ket . drag. -ami d tm 1 mrmuui  lv pen i ts ’
ers cs r gasification vesse ls). In ruu dimimem itary syst clui s . t h e  vn ul mim iuel nc  devices nmperated his t h e  c m m m i mbmim n mm mm m e c u m r l  roil
in—p lant h andling equ ipmu iemi i can consis t nituly ot ’ chill tes system. Belt b’eedcrs am -c h ig h is am_- cm ii t in ’ vii i it mime it uc
lou il irect (b mw to m imi divimi ual processing nuiits a ums h valves devices which arc i ’ c co s i i ium u eu m dc c h so rem i prr ’ c c s, s’u m i n Im cml
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nsf i m- u rticom late in blue c-.ises is necessary , e ither before qtuire its tuwn engineers to spend a das tsr twu s -at lIce
release to) t Ime at uui osp hc c ncc sum - entry 1m m air pollution installation inspectin g t h e  candidate pla i t  -amid ,iat lm-
contmo i eq uip umuemi l - h ’es ’d s ’ u ss ’ it hu wei ght ing capahi lut~ cOng fuurt hier data.  Time i m m a um c u tac tu uu er  ns II tue nier aIls-
Imave a cusst mange si rm u i la r  t m  that of scales. lm ii ps mmtant give a frank assessn ieu ut c u f w h e t h er t h e  bmm r i i er ca d he
re ct urriu sg costs to n scaie~ ans i feeders ate ns-aiuiteuianee converted , amid cut t h e  musaguiitude of “tut k tumid C m Sl ’
titus i re piuif ,uumul electr ical posvem involved -

It is ge imera h l~ imupruidemm i (mum i l i sm a h la ll ummu s’u cgc n e etum ig
staff to ) attemmipt sumc hm aim a ssessmm s e m ct i t t  t ime 1 m u mm i ect

A COMBUSTION SYSTEMS I: BOl LER ds’velopnieumt stage. Even traditi ss nual cc ma h .us ~ Is - r l tm ut m l-
U CONVERSION occv ca u m he very conmip lex . au m d appraisa ls nu de is

desigmi exper ts  are more likely to be accurate ,

Cm ut iss ’ rs t , , n u nsf t m u stuu i la mio m m hnui lcrs t c u  coal scull most A lthouglm it is recomumended that hs rilec - ,:cuui n ’ s r l ilm ii .
lm k ’ ~is imiv um hve - to t - em - Ilu t ec hmnusl c ucu ’~ - Ns’~c nl ~ all its be determined by time muanufactumen - the pm nu nec t
cnc s t . c llat iuuus l:uck time s ’ sm m mc nmr t i y  cml  scale cs ’ s l t mtme d Ins developer cams contribute tnm overall 1’nnsj ect success his
nitu ks ’ pu t  vem m ,ed c m it ti ss ste fliS c’lust -cismn petit is e 55 c l i i  beinut familiar wit Ii time tec hnology a utd nmaimi problems
cu s nms ’ r u t i mmi uu c l  s t u m iset  ‘ci, s teur m s ,  It us puobahie t in - at  umu iss t . involved . Key tune -as - am - c l’o mnu maces amid stc sk ems . s ’ cs um ih uus -
i t  mm mm t al l , \c u i u y h m miIet ~ c he si g mm i ’ d t im t i c s ’  oil amid g u ms .s u ll tins comit nmsl timid mum - a l ma ’ m~eut ieuit . ami d me u i mos va l cut ash antI
mu l l lie c msm m v e nt e c l In c c u:ul .  l~cu t  t tc s te umni  s s m lh emthmem he res idmue. A general i u mtro ; ti uuctiom uu b r  ecu a l  cc mu m u b usl i iu r u  anti

s-placed I 1m er ha hm s h> h-anger c emmim al cm ial- fi ret l u mnmi ts ) t in . bumilers ca um he fnmt mm id iii TM $.~i.S( I , Rc~~airm a uz ul ( ‘ lii-
m mm a tes s eases . hired mvii hi c umal-de nun s ’ cI gas. Imist -ahii mt iomi j uj r’s,’ c ’,mtral Boile r Plants (DA . 1962 ) ( ‘ h m -a l m c e u S cmf
buit lers desic ined tc m fine g as amid oOl can seldom u he tIns report provides moore detai led in l’om iim at iomi tom tIme
c mi msen ts ’ ,l t I m coal s ’ e mu t i nmncct ra l l ~ . s vhuim _ h m is a kc~ factor key areas mentioned above, Stm hset it tem it pamttgr ’-ap hus
in t h e cm mru l c l um usc c sil cu l i mr oti leu mi . Th is ch apter fr um nis hues lucre provide general inforunatio mi cmm l sevenud cases omf
gemmer -al in) ’mm rniat ic rm c iou t h e  c om l mvens i cccc osf boilers tn) imidustrial-scale coal cumumvemsi omi in nurder 1 dm ih h u i st n um t s ’ (lie
em s uml . practica l amid ecos nomu ic sigmiifica imce m i t  t h e  retrn mt l t

- . pcobkns .
Coal-Convertible Boilers

Tire p n u ’ t e cn c l s ’~ e ls c l m s ’ r  n : u c c s t  s i eteru m mim i e ss ’ h ie uh mer a
- - Fuel Considerationsa u n er u  ho m u lem c au m he sc r rus ’ er te s l  t i m s isal tim] nm iamnt ammi - ‘ - -

- - ., - As stated earlier , the nuost im ii ps m rtam ml des uce mi ‘ misid-r-a t m nmn . I es ’ mmer al .  pc s k u u nte c mii ’ amid ~,cs -t  c u e d hu mhers u m re , _ - - - 
—

- ‘ 
- ‘ eration b r  a boiler pia imt is the foci to he hummed -‘5nm ut comm m s s ’ c ’tub le, so h u e  su ts ’-e rec t e l  bo uts - ms thes mgne t h to  - - -

— - - - general idea of probable coal supp ly r m m n usl he ob ta u mucs !t ire l cs ’ , ms ’ c  Ic u e h m m ml ( Bunu iker C, lis ’ ;cs’ \ s h is t uh i t u ts ’ . ~\c i , 6) - , 
— 

- -- - 
- — - imi proiect developumient sta mtes if a c mos erst o n p1 1cc 1m mcu s lie, ( It  m I te l a n m eu . sum rum e ntis- sacm ul m c e nuilnig hi, tip - 

‘ 
- 

-
- 

- - 
- 

- 
‘ us to be tec lm m mmca lly successt uul -

—~~~ I s- c u r t  mi t h e  c i t rn s ’ s’ rs i m m n , Ot hers . ss’ h u c s h m  sne re
th’si ’ r t i ’ u l h u t  s ’ s~~i emmmm ns ’m s i mm n , rm m a \ l u uu s - e cmiii , a ‘c uru all
r u mt im ig hiss , shs’p en i mt iu i m _ n  ill th i s  u c u m l n u r s ’ u lmi c i l mt d m j mcnt is ’m u m f TIme oust immupoirtam i t d i t l ’s’ neuiees betns e~’ cn cc s ,u i - ) lm ’ed

h u t  c m ma l i m ,  ms hmmunt ’ml , h t m uj i s ’m n, sr I c i c h r  muir ’S’ t ir ed cu ma l amid du d — d i t  ccu u s -tlm e sh ho mi lc m s are a o hu mes ’l mn ’s m c lt c u t ’ t ime

5’ :c tr hm s c c s t mrcn i tmu ui~u mu c ’ t hutu t f uu e l. hum s . mi n ce atta im m . t h us ’ soi hci ‘osmium cut ’ co ma l het ’nui mc hu mni m u m i c i am u sh t ime , mshm cm ii—
suu cs- s’ss mi t tt i a i tmt tu imu l ig ca ted e a i ma c i tv  th mc pe m id ’s mm ii t h e  taimmed in its c nmnmbtmst uosmm pnc ’ c h tm ct s flu.’ cm ur : i btust i o um m

scc 1mj il is ’d coal . 
‘ pro ds icts t’rom oil htmniming emsn ila i l m hIlls’ tush . amud

h a t  mir t h gas produces no ash - As shionviu imi II u c ol er 3 ,

Determining Convertibility cns a l o ust be ummloadeti . hians hied. si nmied, amid mnrm rr s ’ t i nnu es
l ime mmm o s t re l t :c ble sva\ u m u m i s’I~ ’ t  n u i i c m _ t i m e lea Th iiit~ 

prepared hefc m re firi u ig. so lucre - as m m ii a:i d gas res h nmm c l i t t le
m i t cmmuive c u i r im ’ c - ‘ i u m l c d u i s ’  b im u ml s ’ m u~s c uca l is t I m .us k I ns preP~r a tinmm m .
ut ramicu t t uc u n i r e m l i t ’  iri s— ct ds’s- s’ im u l m i - m s i m m m u u h d first
su m i l ec l  m mu tou r u tm ; i l c ’  il l c ’ mc tu ls mumoms i hu t - r i m los h ut ’ (‘ mnuh- l’Ired boilers insist hi - us e larger t’umnu c . m c e s be,’ , unc s s ’
buu iuu r ’d : (2 1  lm ’ s’ m u t d i S  m u t h i c , m t r ccc c  , c r cmom t m l ,  u tm m m mi ih u ls , nlai l y c i t  tIme htum um ool t timne imeeded tour somhd coal ptuu ti m _ L’m ,iut d
a um d Iu mm u iu i s  s le t i run p ‘ i n l t i s ’ t kmti ( 3 )  t h e  murugm u ma l bonier becamis e ci t  the ashm produced. I iguire I il l uistra tes tIme

• p lau mt pr mm ~ect u i e v e im m h s m u i eu um h 5 uuck.m ~c wlumcht  uut t im s ’ uml e s blue t h ih ’tere u mt fui numa ce sizes for cnual . oil, amid ~.is m u m  eq u c a!
the ,uuc us huus j- ~ it t hu ~ ca m s Ic c i ate sm “ te nt: inch (4 )  boiler steam um produ ct insu m . T he  ecu -a l-fired I m cm uis ’i n ’t’qumu u s ’ s a hisut
li tmu tmt ’p i .utt ’ ch ui ta , I lie i m l , u t m u u l : m e h i c r , ’ w ull h mrmmhma h l ~ me- 2 ,5 t u m m I e s  mo ore tmur l ua ce n’ni i u m m u m c i h i a mi  t h i s ’ c i , c s - ’ ncc - 5h cummmm ~
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WIDTH W 1.10W 1.25W

~ D~~TH D J 1.20 0 1.25 D

_ _ Juu~~

_ _

HEIGHT H 1.20 H 1.60 H

GAS OIL COAL
Figure 1. Furnace size vs. h’uel fired.

Att enupts to hire cn)al in flue gas-designed unit wosuid Time b ’urum ace si /es s li ouwn iii Fig u r e 2 arise Ir muumu t ime
obviously result in drastically reduced steam output. interp lay of differeuit coua l proupcrties . Time turtua ces mmmi
Firing coal in the oil-designed unit would also result in the right are for low-rank lignites which are high in
derating. moisture and ash and low in h eating value . T he fur-

naces on time left are for Eastern bituminous coal amid
Coal propert ies also play a mmmaj s mr role in the feasibil- h ig h-grade Texas lignite. Th is figure clearly illustrates

ity of conversion. Diffe rences in heating value and their t he fuel-specific design basis of coal-fired boilers . It
impact on required outdoor storage area requirements would be possible to fire Eastern bituminous cn mai in
were shown earlier. Of interest lucre is the interplay lime unit designed for North ern Plains lignite with little
between ash b’us iosn propert ies , flue rat ios ouf basic to uuiodificat ion and ~srouhah ly uum ui i r mt t ui t m rumfe ni capaci i 5’ ,
acidic ash c m u mstit ue umts . t h e  i rom nfca lci ut mu ratio s , as h but t t h e  muppos ite 5 l im i t  t r u e .  I Ic u mcci , eveum m t’s’ mmm m veu l immg
friability, and (lie absolute aummou nt tsf ash per MBtu a cts a l-desi gimed boiler ruu uis i t mv i m lve dcra i i t m g m mr else
fmme l fired. euutaih substam itial rcl’uuildiumg.
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Butu .mmunous Bituminous Texas Lignite PlaIns

Sub Bmtummnous Liqnute

Figur e 2 luitl uieiuc e mif coal type toi furm mace sm/C .

Fimrt hser . su ppose time nuih- t iretl uuus it im m Figure 1 cc itm ld time gums-t ired units ss-ens ’ tutu area nme assmn imtL I it  hs
be hired scutht Eastern h i i t itmi u rs nmui s cm -a l so i t lu  a 20 h er- 480 ft (396 mm by 40 iii). inicluidi u ig tr u r h mumm e hams .
ed it der a tut i g .  th at timis ss- s’ ne sat is factnm rs - in lug hi t  ost ’ stea nn gemierators auud cc ’mo m h iim g I m un s s’n f lue 5 . d t t m ’ phati t
prujec led steanu sleu iuamm c ls ,- m t t h e  l mm e at b m r m , amm nh thua t .c designed tc m fIre cnsal reqtuired aim area i r is  c C.iSs’s! 20
pnm mjcct were dcs- e lospcd sun thus btisus. A hater detailed t u n es t c m acco mmuuuoda te tIme additissm ia l b ’an ihtics me c in ute5l
analysis revealed th at is um ly a imnuriu l u c cc s a l  CliUldi he umiade to tuse comal: storage ~‘arsi , as im ih ispnssal area. t loie ~as
available , and its umse would req uuime sever -al mullion t reatrr ie u it  etluuipnieuit . rail s uslu t ic is . etc . lice r n muui- tu i ’eol
dohla rs ummon c iii capital mm md i bleat io mns - Tine m m nug imua l l’uu mace was m u omr i mi t ma iiv t sv ics’ tIme size n u t  I hue gas lu-ed
project woum id probably be s hue lv ed uuud a nc m l hen des’e I- fuurmiacc. Bccauise sit time ash C c smlte m s t nit t ime r ii - iiiOitC
cs ped based nm kmumwu i cusal sumpp hy, sieh u m s h u g  time coal liberal homiler tuuhe spaciumgs ss eic req uiur es h. 11cc  fu mnmiac e
cmm u iv e rsmo ir m el’fort c m ii tom several years , ‘s um s elev ateth . w ideumed , uuuiti deepens’sI : uiumsi tieso s d m p c t

b ue ti ter elem mi e uu t s , ee o uumcm umi u/ em . amis h aun pmel ts ’a ts ’ n no s u e
As h ~uom penli e ’c ui h s cm vui rs sok he hv auuun muug e u u:ni ’ c uuut l tune aildesl . Time stack s o s  melosc a te si t om : i cc im iu i i rm c m s i, its ’ fl ume

miii imi sr i aim I Ins co misu s he r w lieu’ s’n’uu I un- at mui g ho mdci’ c coi ne r — g ums Inca I mmm c m i t et~ LI ip nie mu I -
S l umm i .  svi t hm s’ m u i ph ma s is m u m  t i mo rs c p rms i ms ’n i ies so hui5 ’ hi cuuu use
h i mmi h i t ig and e n umsuc uu u mm cmsmmvect ivs ’  pa’.ss’s Su ubsha u i i iah Case II: Gas and Oil to Coal (Industrial)
redesig n -amid uu u mm d il lcatiiuui is om b ’tc t s resituu red m u  costum e (ii th u s case , twos large ii idcis tr nuii hos ilcr s dcs mg u ied 1 m m
I m muc h m e c ’ i u te - 5 - s ct- perh im rmuia uu c e nsf re l me at s ’ rs . s ’ cm m mm- prouducc 650.000 lb h r  (~~2 k~ ‘I SI s ’. mmtu t u c u lm u  h umid
ommu/ ers . stu per hmeatc rs (if press’ m i t) .  ami d i’v .m picr at iSs’ uiuu tuuma l gas is crc c n mt mv ertcsh t o m h u m  mu a %‘o s’sl s ’ n u u  - ma l -

s u u r lu i~ es , Thue coal-hired uu uui t reqonresh t ’ouu mr t u n ics  t ime s’ lumu me c ut
t h e  natura l gums unit.

Cap ita l cuist oil ’ boiler tm m m mn h b icat ioui s umn i e s svidei~
w ith boiler c osmui igu m rati m t r u ti tud h much iii he tired - Snmui ue Case III Gas and Oil to Coal (Industrial )
coti l edunversion p n m m ie cts h ave ex pendedh ums h i lt Ic t ic hum h i m  s’u u se. ii mc mp .su pposils ’ n i h m i uie m ,h s ’’c i c i u i d ’n! Iii
s~oo.ooo tom r c im r uvs ’ mtu n i g i i id mu s i mia i-sc umi e himm le rs tom coma l . im no mnhuuce 400,000 ib lur (50 kg ‘I St e amum I’ mum u n l i mmug
who le time -cc it t  u t ’ mutbm cr bomikm it imi di li cu ul i mi irs h as  c x — m ia tu i ra l  gum s sn uis c isnver teci tms s’ mi al t i r i m i a  hi, s r ’ t s ’ ,ci t s ’r
ccedn’ d S t  5.001)000. sm ut - i’m , T he miua x iu n umm i st c am uu ing r’ l l i m s ’ m t \  m u ’ .  . t t t t ,t uti(l

lb/h r (25 kg/si. hutti led ~ tIm e c uas’ m t  g ra te  t im - au could
Case I: Gas and Oil to (“z,al (Utility) lie iuista lled . TIme f nu h l oswi t m g geim eral u i m m md ibica t  inmums s i s ’ n i’

hum t h i s  case . two 400 MW hmm il er s desig tus ’s i 1m m Ii us ’ gums ium c lm mdc d: furnace bo m t tom uun pressure p-ails w n’ id ’  rm i o n chn t len h
-ami d mmii were cuiunss ’ n ls ’ il tum t u r d ’  c im ,:l a’. a ~ r i imt a n y t ’mue i . tum accmm u m uu imo s da te a h iom h mp em tmmmt l m m mm u su mt :i hh e t d m t  , is i m
wmi h u mm i l  ha c k mi 1m , (‘ hut ’ c uvm, ’ r a u i  plau m t S i t . ’ n e d h u m u rs ’t t is ’ l l ts kit c his pomsa l : a 16 — t ’t (4 ,° l—ni ) deep ashu Iu os h i ps ’r ss :m- . .i l n s ’cl-

I ts
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t ’c eds ’ rs . bu nk e rs , plpiimg mmm o’re uic hd~d and wimidh umoes Case VII: Firing Coal and POL hlndustr ial)
lmtod i f ’j Cmj t o m uiecoum mnmmj da te t uew hur u me rs . soo sth louwers In t h is case , a cou al.hlrcd bouiler rated at ahomu l
wer e added: super hueate is atud a i r imeu iteu s soe m e umm omd ii l c d oO,000 lb/ h r (7.5 kg s) stea uim was receIving tutmuudesign
to prevent plug ging cause d bs him tisli iii t ime cc m ui ’.ect insn (nsff -spec ihicat insuu) ecu - al atud experienciimg shif llcuhtm
passes: gas clea n up atid as h d ispnmsa l equip u ime iu t was lum ai i utai i m lml g optiumial cnmnubustion. Th is ic m c ai ioim alsns
added; additional fans and ductwork were added. had a significant uim uloun t of waste o ils , c nu nsist ing

im m ai lul um nmf lubricants and crankcase oil. so- hu i chu were

Case IV: Gas and Oil to Coal (Industrial) beimig sold to a scavanger at uu b m w  price. E ngineers

In this case , a spreader stn uk er so as retr u m fi t Ins permit e x per itu mented wit h firing ti me waste oils wit h cn)al nun

coal hiring in a bsu il er s r igina hl s designed for gas -amid oiII. time trav eling grate stoker and fo iumnd that soumie ccs al
Time bot toumu ’supporues l gas- fired um ui l originally noas rated cosu ld be conserved and , mor e i umi porta u m ii v . t h mat coal

to produce 300,000 lb’lur steam (87 MW ,~, After ~~~~~~
. cos tmm hti st insn cnsu ld be iumu prosved. In th is sm s te u r i . time nu ils

v ers io un , it was derated to 150 .000 lb/ h r 143.5 MW). arc fed os nto time ems -al ~uist priour I c c i ts feeding in inm tIme
boiler. An invest umi eti t out less tim -aim $10 ,000 no-as re~

Case V: Restoration of Coal Capability (Industrial) 
quir ~’d b r  time n u t transfe r ai m nh h uaimd h i ng s o- s l emm i , Th is
o peratios um has heeui successfu l tour severa l euims ,

lii t h i s  case , a s t cu d v was em m n slc ucte s h 1m m nkte n mum u im e l ime
tec h m iuo s k ug ieal au md e cmm n o mummuc aspects ouf restomri um g cciui l
capahi iutv to a h m ile r imnsuse at aim A n u s  am i m u m m un i t iom u m COMBUSTION SYSTEMS II:
p lant. Time three 125 ,000 lb/hum ( 15 .7 kg s u hosi lers t h aI 

~~ BOl LER REPLACEMENTwere designed to fire pulvcriienl cosal iii flue 1940s were
converted to n’.utumr al gas in time I %Os and Immot imba lled
in 1972. Time study mmmdicat e d t i m ui t time desig um c o sal was In so su mme eases it immay be necessary to  rep lace existing
unavailable. Tns accuu mimm umoda t e time avai lable coal re- bssi lers wit h units designed t m  tire coal rat her  t h uami
quired substantial interi usr bnmiler wo urk. New burner and convert thmei mi . As iiidicated in time previn sums chapter .
combustion ti mana geineu mt equipimment was required . uimost gas- and oil-tired phaumts canmiost be converted
near ly all (aims had to be either rebuilt mm rep laced . -and easily to coal-fIring. Th is is particularly true for pack-
the coal handling and storage ss stein required cou mmp lete age boilers , but even boilers designed to fire coal umiav
re habi litatis ums, Time studs recomumum uiend ed rep lacing the sacrif ice sonie rating in reconivers ion. Mmsreous ’er , al-
amu m quated no ater treatum u ent systc i mm . Total cnmst of re- though somime boilers nmighmt be convertible tom coal
sto r ing coal capabi l it s ~-as est imated t o m he S7 .500.000. t ec h nicall y . t h ey may be eit h er tec hmuiic ah hs n’mhsnm hete our
Including equipu il et it fosr r e tm m nmvu u l ut par u menilate and 

~ s old t l;uu u a 
- 

long future c m perat imm g life cannot be
sulfu r oxide pollutatits frcuni t ime fluue gas , t ime cost gu uaramit eed. Out lyiumg package bouiler ph a uits -arc hit-ely to m
cosu ls l exece sh $20 ,000,000. he ehimimiui ’,ite d iii tIme com a l commiversio um el ’fo m rt . wit h I tucir

I’umncti o umus hei umg ta t - e u miser hm large ceul t iu m h i / e sl  55 s-
Case VI: Coal-Convertible , Oil-Fired Boiler to RDF i elums. liii’. ch apter pm mis inlet gcmm e ra l ic chutu ie u ih  amid
(Industrial ) ecosu lomu mm ic in f os r m m ma t iou omit umc ~ ems - al— Il mcu h hue - atm tug -aim ci

In t h is ease ti bn u iler desig imed in t ime I 940s to ) hire pms we r plants. TIme discussios u i i u mc l u hes u ush m r eum ’mova i
heavy h ’t me l oil and to ) he ccs nventi hl e tns cosal is heiimg systemums , hut iiot h andling aimd stnsrage . -air pos hlutiusti
imiodifled to fire 100 perce umt RDF. The hosiler is rated control , and salvage fuels. w i iie lc are covere o h in se p.
ahoumt 25 ,000 lb/hr (3. 1 k g/s) s l eam i m. Time RDF is once~ arate ch apters.
shredded mimunicipal solid waste -and will he purchased
f u r  an estiim iated cost uuf $0.68/MBtu (S0.00064/J). Stokers
To ac c os u i mm u uodate time RDF , the boiler had to be Time two general classes of stokers are um nderfeed and

c osmmmp Icte l~ rebuilt . “Cnsa l convertibility ’’ in t his case omverfeed , depending on t he durectio t u I numm u m whiichi ccsa l
ems i usist e d mit l i tt le unm ore than atm indicatio n nun the plant reaches tIme field bed . Types of uiuun lerhees l sn mmkers tire
bh t uepri ni ts nsf app nm .sxi ma te ly where a pit might be dug single retort aild umiu ui t i p ic rct omrt - 1 pen m m f  m c vcm b et ’ml
for bott o umm ashi removal. In additio nm to ) bosi ler reb ml i id- stoskers are spreader aui d umu a ss-h u im um i u i ~’ , umimu t um m s ’ m mmlmc u s  m i t
11m g, air pollution co m ntr u m b amid sci p h istica t ed RDF time lat ter  grommup are m is i u al lum is ’ te u mcml mm lii, um i seu l lu m
h andling eqtmipumment had to be installed . (‘urr ent es ’ desig n : c h uai u m - g t ate , I ravc lmu m g ’ gnu m l t ’  , . u u im i S i n  u -n m m m i

• t iurmat es place t ime cmu st mit t h is project at $8 ,000,000. vibrati ng grate.
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luh a lit clint ch e h seu mnl s mm lu t h e  t m ’ s ’ m mh kuuu i 1 t  n i ie l l lu m d w u ih i mm uu t  Is re i ) a r : I l i m mul i u t t m er  t h i ’ au i si,iilg, amid Jhi iSS~ Im s um u g
selec teni . uiumd ihuis ill tu ur l I  slepennls hui u ge lv cmum b mmt hu t ime s lmall m mw pits to u r l l om om r —l ev e l ash reimm ui val ,  II t i m c m e I m m ~e c u mu m
ste uiu i i hosad p rm m b lht’ at i hue h u mcuu u ios m u am ini t ime promperti cs mmh he use d ium c m mnv e mt cd boiler’ , w h ere avuii luible ash m e-
time e mm a l tom he burned. Tab le 2 t ’urimisb ies in (cml uu uat k mni movai space is su uua h l -

ommu t ue czs’umer a l ch aracter is t ic s c u t  stout - ems witlu respect tom
Ib ue se su ir ia hh~s. and Table 3 indicates the perfnsruimanuce Time vibrating grate differs f roi ui the reei prcs ca t ius g
cu b st mm k ers wit h resisect h mm so u h sl fu el h mr nm l x ’ m t Ies ,  ‘‘i- grate iii t h a t  grate travel  is hm v ihratin mum . w h ich mc
h raluicn ’ -~n uutc :iimd ui mm ui tip lc rt’ im m I urin ier tee d s h ut-ens tln- n- omm u l i m l is i l e ni  hs uuui ecs ’i’ui tr i c thrive umsss ’ m u u h is mu l umu it m l ed
i uu m s - c bee mu um um ui t ted.  ~Ium~l c m tm bouu hem tec hnl m m mh o mgy Imomso ’ at t h e  tro u t end oil thue ho m i ler. 1 - r et h u em i es au id du m nui t i o m u m
emu ip iuasiies t ime tra v e h iimg grate atud S pr e a t tem st n i k c r oh vibrati nsim cycles are aut nmu i iatica lly timmu e d t o m respond

pet , amm ol t h ese will pro ibah l be time uimomst used l lri uug tom houi ier l osad.
tec 1,uno hnmg ies in A n u s  s’ss teu ’uis . particu i harly in h ig imi cut ’

t huenr h igh po utenmia l h im (mn iumg sa ls ,ug e t ’tuel s. Oscillating grates can be adapted to hosi lers rausg imug
up to ISO MBIu/hr (44 MW) , The grate is um uc h iumed h is

Spreader stok ers uise a co mm mi h i ii ati t ut u nit suispeumsion t Ime ash discharge enmd. Flexure plates impart uiiotion
and bed btirnuiuig ( Figtmre 3). (‘ni-a l is c u mmmti u uu miui sh y dis — t im-at causes the grate to oscillate -
trib uted eun h uem by ummecl lanica l or pumetmummatie miiudcs
frustum the t ’mom u mt t o t Ime rear usf t h e  l’unumace aboive ti

For high-e fficiency operation . a cumu mtim uuous ly dis-hum rising h’uue l bed - Ash hal Is frosm u m time con I m m  tmou sly
forward-moving grate into a h op per at time front of t im e charging grate such as the traveling grate us favored ,

Particularl y because of its highier burning mates , thefuirnace. l,p to 50 percent of the huriuiimg can m,mccuur in
suspe imsi smrm . hut 20 tom 25 peree lut is typical. As a resuult . trave ling grate is now thue uiiost popumiar grate cnnfig-

uration for spreader-stoker boilers rated more thanhigher partic ulate loadings in u se hlm ue gas occur . ht mt about 65 MBtu/ hmr (19 MW) . These grates continuouslytitus disadvantage us mmh ’ten nm ut wei g iieuh hm o’er last trave l at wide range of coals atud salvage fuels Whereres poinse to los -ash sw iut g s .  Tuurndouwn g emmera l l s e n temuds
possib le , a traveling grate is preferable in co u iserte di’rim u mm 20 pens- emit t i m h’o m ll lou-ad cah)ac ity . hu u t  i l Iuiu i l i i u l uum hnmilers because nsf its h u g h a llowable hue- at release rateslosact cams reach ah us u ut h 2 percent if pr o mvisi os ums are immade
and ca pability to burn a variety ssf ft me l s.

at f lue desi gn stage .

A variety nmf grates can he used with flue spreao ler Mass-burning stn kers rely cnmuup hete lv ist u bed-
stou t -er , Time simimp iest ansI least ex peuusive tYpe u t  grate buirni umg. Chiaim i grate aiud traveling gm - ate stnmkers ame
is time stat iosnmary grate. w h ich mum uIst he c ieau ied mum - at m — t’undaimienta ll I he sau te . u’ xcept t hat time hun ks nit ’ time
oia llv. tinicmimm lcd g n u m les aco’o mummm m osdate hol lers m u  time ~ 

c hma uu m grate stokers arc assemim bled sos thuat f lue timove
Inn 30 Mlltt u/ imr (1  .4 to 8.8 MW ) raumge h u t  arc’ rarely wi t hu um scissor-hike action at time ret o rt s bcuid . Uhi e

uised : time boiler is son simm - al l  t h at time necessar s h u e  gas tr ave h imug grate resemiihhes a c o m mit iuuui ot is coti v m ’y nuc huht -

c ieai mu up co luip um meuit cannot be ~usti tm ed ecdsn mn)u’nica hly . In a typica l mumass—bur um imig o’u peratiosn . coa l us g i u ms mt ~ .tcs t

Simiii larly, duiupiumg grates are mused less aimd less , as air frou n the bunker to) um h opper along time bs miler frcsnt wail
pohl ut k m m m lasv s imave becos rume immore st riuigent. Contin- and enters the ftmr nace after passing under an ad iuistah le
tIOtiS se lt ’-c heauiing grates nsf tIme fusi lowing types are gate to regumlate fuel bed t h mckness .

t ’av ns red : rec ipromcati i mg. vibrating, aim d oscillating.
Att ai nable l i ca f release rates range imp to ) ooo.ooo (‘h aiti- and trave l im ig-grate stokers (Figure 4 ) eaui he
Btu /s q ft-hum ( I  800 000 W/ miu 2 -hut) .  Use cit a travelin g used in boilers up to 200 MBtu /h r (58 M\t u mt ud t i re
grate imi a spreader stoker will raise timi s ins 750 .000 wel l suited to ) hire a wide variety of csu ais au md sumlvum ge
Btu/sq It-it r (2 4(11) 000 W/ muu 2 - l it I. t’mie ls. Screenings nsf I .25 m m .  (31 umuumi) ai ud less time

nou ruuu ahl y used. Such stokers are . hm niwever . St’lis t t m n u ’ t o m

Time rceiprocat imiu grate c mi mi s is ls  nit lateral rows oit str nmtsghy caking coals , which i it h u ib it passage n u t  t undem -

umver iappiiig grates w h ich mm mu ms -e t u e t ’uie h beth fomrwar d . fire air to time (mmcl bed and canu resu lt iii losv oeu cIti-
Frequency cit thue reci procatimig cyc le is synchronized ciency because of unburned carbomi being slits It - am gs’uh
w ith fuel ansI air su.mpp ly. This grate can he used on to time ash pit. Use of strongl y caking e ni u m ls will utls nm
h si l ers rate d up to 75 MBtum / hmr (22  MW). accoumu - ums ean sacrificing responsiveness to rapid load sw im-ugs
mt uu m dates a wiole range imf hito m ni hi u m mums and hignitic coma is wh en rising ch ain- amid traveling-grate sto s ke ms ,
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Table 2
General Stoker Characteris ti cs *

Spreader With Chain and
Traveling Traveling

Capability Grate Grate Underfeed

Ru picl 1mm _i d I mms ’rn’ ,uss’ I ,u 3
\ tuuu ium u it n ’ m,’a rt ’ c uuu h iss .1 .1 5
Uvcrs~cm uum m .’ m m u .m t ‘ccgns’ga u icmtu 3 4 4
I ire wide va rj n’t y m m l s’un ,m Is I 4 4
I-ire h’ ins ’ coal 4 4 4
Gooud bunncicu l so all loads 4 2 2
Miuu iui mal t ’hyasli in snack gases 4 2 2
t iac liu t i lum si cam mu Jm muni umm uu tn - n fm m m mr 2 4 4

mu l m o ’r.ui imm g cm miidii ii m l ms
ti in i u mm al mum al um t e n a umc s ’ 2 2 3
Nl inim i m al pcm soc r eo nsu l mm l mui s m ; m 2 2 2

(stnmk c r , auxiliaries)
Ash and cinder handling 1 2 3

* 1 — I’ xcetlenu
2 - Gosmd
3 - Fa ir
4 — Poor

Table 3
Iumil uence at ’ Fun’I Pro lmert ies (In Firin g Met lu*I

Solid Fuel l”ir ing Met lmod

Underfeed Underfeed Traveling Spreader
Sing le Multip le Grate Stoker

Solid Fuel Pnuperty Retort Retort

As-f ired size cmm fl s ist t 2 2
Mmsisuure 3 3 4 3
tak ing immnle~ 2 2 I 3
Ash fusibility 2 2 3 3
O’rindabiliuy 4 4 4 4
I-nubility 3 3 3 3
Vcm ia t ij e ummat t er 3 3 3 3
l- ’ ixed carbon 4 4 4 4
As h Content 3 3 2 3
Heating value 4 4 4 4
Ash viscosity 3 3 3 3
,-‘isti counposition *
Sulfur *
(‘im lomn ide s * *

* ,-‘u.fls’s’is t’irs’s ide l’omu hing nmm l im mm pc mrt anl tom cnmnmtm usuion.
* * I flu ~mn mr u,u flu frms mum cosrrom s ioum stand p0m m . fl out vital tom ccmumm bust l om mu .

Very Inmportant I
lmp umrm a nu 2
~t in mm r lust t mm srn ans’e 3

• l.it mle lnupomrtans ’c 4
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Ash and Residue Removal iumg lu m u p pc ’ r~ 1 s ta- k tmnm st tu mn t iumee - _ cst  ann - l u - _ n.
u nm et ’ eeuus ’ m, n ~ Ct l t Cgm m r i s ’s m l  s \ S h ~’i1it ho r rcu i i m m5muin . !  sohu e lu septirat e ’ t ime -air -amid , c slu \ -  , mu u 1- ’~’ , nn u s - Its-

h u t o m m i m  as h and u s  ,unhi are s’ \ h m : c c i s t m ’ n ’ u . pt meuiu t iul l io ’ , a muo h charge t j t s ’ , u- ,,~,cI lm os t ’ t he n s om nm e Is ~~~~. s’ ) , , ,n s , ; e i s  ‘ c .i~ it
s l ,u u~’ it i  h - m u m  s ,un . u l L’n plat u ts he g - ,  l I m its ’ nuperatmui g at to a S t , m n t m C s ’ himu As ’ , t r omm ~ t he sep _ s :c ’ - ’, s i n P u t _ t i cs
2 d m  \ Ih luui  i t t  ~~~~~ MVm I u m um n l ls’ss l  s ueani ~~h i:mu i s t s ’ n tine m.u i m c 5 - lt ’s so hums - lu mu t l i s t  he S’ I I t m u i c ’ i  ~~~~~
‘u S ’ , l c ’ I i i s  , um i ’ c u nui ,u l !s sn ls’s t em l . I c u m ’ h m s h i  m.’ m m l l i s ’ m i t  - i tm o’ th lmm o l n c ’ lS ’ , lsm ,’ ml t o m t hus ’ ,uuc m i m ms 1 i i um ’ u t - - ‘s , . i uu  s s j s l u c ’ i  ~~

i l c t i u m c ’ . ui i mol h i m ’  is 1ms ’ u i um c l _ imc c m m m u u m t  m i t  ,i’, lc s’ m mi h m. ’s’t enl m i n u s  \ sn~’~m , c , , so ,ml c ’ m , - i  n, ~- , h m .immm5 ’ .ml c’\ Im , mc uu t m ’ n , umn hit’
ule temim u imm e s hmn ’m_’ uh ie ‘t Im _ n  h u m  ( - ,, 1 us ) ,  s ’ t c i n ’ u i t  s’ u i mm h i m ’ ,us m i ss— u i. t im e d i n ’s l m , , n n c ,  .u I i t 5 - Is u m i ’ - ,i 5’! II,
huig hu t in 25 m u’n5’s’ n c t  - tumid i t  ‘ n i a i u u  ‘~.i ls - .u)_’e Im ue ls s n i s h ,  t i s

Rl) h sine hired s o u t h  m_ u i u m l _  t Ine em m u ,m ~ nuni ns’ ,cs hi e m mu i temut  ca um l ice mmu e s ’ l mu tu mi ca ( exhi.ucc ’ .u~’ n us Is i m u s - i l I s  .u n u n m u u m m t  -

— s _ in s tip to 41) pe rcent II time i m nl mpe n - t  nheve hom pcr is umu — dniv emi . mu utumr s - m m ’ s i l n n u ’ - J n c ;u l ,m ,  enn ms ’uI u i m n~~~, i’!-
s e n t t u u n u  aho uu ul so m a t  tuue l ( s  I so- ill be hired either ium mess m u m  pum rpmsse m i t  the s’ \ h n , i cmsI i’t  us t om p num o - id e h c s ~ l cs ’ n ptn ’ c s d ur e

• converted houml ers . it is bette r t im mj ver estim uua te tush at time b m ule uu mum a t ie m m m c c  cc m m n  m u nl e n s’nud hs - s’ni
qu ma u m mi t s  t m  e umsumm e n u l t i s ’us ’ un t  i uaum uhh in g capabIlity. pt e nsum n c at time cl i tc hn tmn ~ n’ ciii, To iii thus , m Ime s ’ \ I, ,c : c s t n ’ n

o i raws a l_ mr ge s m uhu unn i e  I air m i m i  m i t  t in e t i’ s ’ C t S c ’ ’  amid
I Ic e miu a~o mr el e t i n e m n u s  m m t  . m mu e”~huaci ste r nv sne u mm t ins’ uts ~s’ p u m n  c l ii . C,ltlSi lit ’ s lu m tum t 1t c ~ mu u mi n n l s , c t  ,- i , ’scs t hue s\s umtu ’-

~m u ~~m m ~y, -‘s pm ueu muu ia t i c m ’ umt i Ss ’ s m m i  n n m m c s u ’ n , u sbu t ’ n mmmm m s’ ohhs ’5’ n -  tug C _ u s’S T ime s’s _ ln . mc i sms ’ n t V j m u s - .mis essies ‘m u m  ‘) !t s. ’,_ m u m ~_ js ,

21)
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Figure 4. (‘h a m  gn a nc s ncs ke r .

during w h ich there is hmug h u sehc ’ c ius  f’losw t h mr m m u mg hm t Ime Capital cn ust s uuf exhauister rem oval systems , inchtmd-
pniem iuuiatic hinme , \~ hnc nc I hue ex hut m nuster sit i t s  - i l l , i l m s ~ itig m , , u tdc s m i r  silo , cans range mup to $250,000. dependiuig
vactm t uuui hum _’a ks . and sii’’~hca r gc ‘ m ’ s’s ‘s o nun os pen. Time m m mi  quu a i mtit y h andled and, in retrofit app lications , on

sic is repeated a m i t m s mmm umt u cah ls  u m um n u l  all us ),  hm . ms heem n c m u u l s t n m u e t i m u n m  difficulties , Iniportaust recurring cost
r e n m m m m ve m l It is niuan u iah ls act s ’- mu ~‘ l  hs , ps i  , cn m mr n  Time it s ’ umms inc luide electrical poits’er amid umlainteu sance and
I I c m ’~ i c . m u m i s ’ ,uI n’\ l u . m , c s t i ’ l mu s e’ hs ’ss i’ ?d ~’I t!\ t t c u u m u  ihio~ m u h u er uc ’ j i u u m -

n~ I’’~ 
kn’eps air dnnp I.m ~ ‘ d i t m ’ I S i  e m m n m ’ ,t , i t i l  - un d ies ’s

um u i lmm r u um t1 m m~w v~ h om s’ i u s mmmcl m i m u u s n m n n n e s  s o i l  mum h m u h m mI ( m i u ~ .~j i m ,’~j hom i ie ms Is pue. ihl~ o’ms ms tam u t - atm ,ms lu husmppe r
l i um mi t i m  thin ’ ,mshti a h , m s b m  m m _ n t  ‘ ‘ u n , , - s : I r tut ’ch hs thus ’ s s s h c ’ n nc  he l mm os tIme s , i m i ss ’s’ ncun e  pass. Imi hm m iicr ’, i l  50 \lh3n ,u ’ h,t

t I- I  \I’s~ ) ~t i jut lc uIs  auid l,m n per it is smh ’t e mi en u st-e t ’t’ect ive tci
l’lme iu n m i u I t is - cs s is ’ , L I S  .iuc u’ m ’ n i s ’ t  .uhcs  ues ’ u mn nu i mu e mm n henl I n  n n ’ u n i ucs n this ’ hi~ as h captumred so t l nn s stuige (amid somut ic—

Itur e s ’ ph tm m u t s  l imes h m _ m s ~’ t t c c  , m s l \ , m u n t . u c  — m u lu ighi h int - t u ni cs tds m m hro m n i n lu mss u c st r c u l m i u d m 5 1  m_’ umi l e c l u s m n )  im i tc m t im e
cl un t jm t s ’ ct m_’ m m t i \ s ’5 m ult i s ’ t i h ia m, u ! \  , oo h u m cl n  i l l , i S  he hs’ u m el j e muu l hun imace iii nmrder Ii’ ui u i imi u mmize c’_i mhn it i losses in liv tush .
in rc tr •st l t  app l isu u inm mm cc s~-i i ere t l m s ’ ne is I i o mt m.n n mo mu l g h rmmo lu ui i tImer gras’its or pimeuuiiat ic reinject i u m mu sv s tm n tt u s can he
uiear tIme plaiit h u m  a mu :ish i silo, ci te d, It is ot ’teim adva umtag eom us 1cm as lapt thuc umve nti re

m m sn s ts ’ n u u tom re inject iv ash . siuuce smucim s stemt is can
‘ske l  ss s l e m i n s  mr s  uim mt ree l  t u n , t s ’ n t c l c t t m m t  i nn luntn u , i h-  resumit  in improved t’ueh oise anud increased nmvc ra lh plant

nm _ a im ’ pl~Iu uis . p r mm ic m p: ihl ~ hs ’cui iuse mm l u lns p mis ~m l , u nn , l so t u te r  eh ’b i e ie m im _’y .
t re a tumm eult ren hu ii reuni eum ts . whu ic im caum scu hs t , mm utu tu j ls mum ’
s’ru’ :m s s’ mms er umll u i pe ru  l imi t,  e m in n-, h s-en when so s i  ss ’ rc i h hm,’ms Controls
ar e ‘ iso~c l I in air poullu it icimi cmmntr n u l . cepulrate uhrv systet iu S Controls serve tom mumo d ulate fumel snmpp h s .  to mimainutai m i

• 
- ar e reeomm mu mie nded h u m  remiio iv irm g h m m i  to mnu ash , his as h .  constanut stea m flocv ansi pressure t ummnl er vat  ving loads ,

and residue capi m ireo l isv dr panl ie m l ia te rc un nm mva l  equip- ari d to correct and rtmaintain time optimal ratio nsf
mmm c m ii - ecinihuistisi ri air to fuel into - Series cos nt rush ss’ste ms

2 1
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css i mtuu u h m i mue san uab le (air ci i tu ue i~ as t Ime basi s for aol lust— losca II~- . Capital costs t i n t r a se u i m i c t  g ru l ms ’ ul m u !  spnm _’ti dm_’i.
iimg t his’ se c o m im s h s’ tun ma hs he (h ’miu ’l mm s h im ) .  Iii hmui u ulllu’l svst s ’c u i s , stcuker  es iul i ppes h hcu ileus iii ihu e 25 t o m  2111 ! ‘ s i Ru nu ‘ i c r
a c hi a umn ’o’ iii s teammi pres s miu e iu mutt a tes s mum t u l t suum e n m t u s (7 ,2 to SS MW) ca pae its - rummige ate t iem so- eeu i ~‘ 25 .UUO
c h c t m n c ~ es in ho c t l m h ’nieh auu d air s u pp ly. Cu m u mm b iu ma tj n m m u MBtu i— hmr (57300/ MW) cap t mci ls tn s 540 .1)0(1 Mh3 t s i ’ l c m
series-para llel cn m ui tr n sh systems sure uusuahl y set on steaum u (S 11 .000/MW) capacity , o ith i s pre - a dem - stumke n cs s i en , ,c
hiniw tns ad 1usj tIme fuel feeol mate , Parallel systems are at the h igh emid, Additic mnah c c c s n s  nib ’ a uuxihi , u n cc u m n u d
fas-or ed iii bomiler s rated tip 1c m 100 \lBtu/ iir (2°) MW). buildings which mtust be cc unside red can hnimu g I-  ‘ i ,s i  miens
and are gainimug pnet~ rencc umi larger iuudustriah-scale plant cnms ts tnu betweemi S~ 0.000 \t Bt u - hm r (52 3 ,000
units, Most parallel systems imic htide cn m umtrn ml nsf th ie air- MW) capacity and SI S ,000lMBtti-imn ( 53 ( m (II II \1\’s
ft meh rat u n u - aum d allison niperat hug perso mnneh to ssft ’set capacity. exe louding air poi1 uu t i o iu ’m Ccci i  In imi em] lIt pin c c’ c c i  -
varIations in ftmel ehuara ctemistics , cou iubt isticst i co)ndi-
tiosuis , auud kes c huar tue ne n ust i es of t lum a l cns t mtmo l el eu mu cus ts , hu muportant mecu irrimig cu m st iuemus are iahn u u a n d ]  umu tmunu-

teuiance and repair , (‘osu l plant o pcra uics ni h m j s t c l n  ie, c his
~s t cu sn installation central boilers were designed and ‘ has been labor-inte ussive . ss’ it im so m n me insl tcsi  ru -al plani

built betweetu 1935 and 1950 , so-lien pneunmuatic direct- staf t ’s nunibering as immanv ~us 15 unsen ps I  shu i t u  - Lveui
conn ected analog eon mtrou h systems were s t a te  cif art , w ithu greater aulton iation he im uct iris ’ ’ ’ n  rd h c u esh miii i 5’ ns a l -
Ctirre uut tcc imn m u m h uc c i v iuivudves iumtegrat esl circuit digital fIred stea umi-productin s un ss ste n nus. time perscs uc nmei rt’t~smi re-
amiu l umu m a lcu g s S - s l eucns . so uth so- ill pros habt y shu il ’t ent irely to uiuem i t is s uibsta imt us i Il~ huig h u e n t im au m or e ,uc- and um i l _ t im e sl
dug ituih e muntnms i s ium h u t  I 9~0s. Smuc h u m_- iuui tnou t  s ystemmis are S\’stenis. Mai umt eu uaui ce amm o ! repai m Cnmsis time t c i- ,c ’ ~ l5’,d lC l  -

far s cs pe ni umr los cumies pres-a ihim ig mmm i  iu ista lhsi tio m ms and ruingimig t’r u mmmi 3 pens’s’ u mt  t o m 4 5  pens ’ m_’m u i ‘ m u  thus ’ e a 1 ’ tn j l
s h uusu u lt l he included m mm l  umtm l v in time si e s ig un nsf new cuist oh t h e  plant ,  r huese lIguuues ex el uishe Li’~m u  and
hmmihers , huit a lsom imi en m umver s iumn nml ’ c x ist itmg om u ie s . nmu a iu ite u mam ice au m ut re pa m n mm li  ,uin p m m h hu uu iosuu  s c u l l  I ci t  eq u ui p—

um ue nm t , so’ hiehm is tre sited it s Chuapter ~ -
~shu 1tip le I’uue l tiring can iumvn slvc eith er prs portional

tsr preferemitia l tiring of one fuel. m u  proportional ilriuug,
mimi c t’tmch is tismually hase- lomaded umlanulall y, whuile the 

6 SALVAG E FUELS
c t hier is unmodul ated by t h e  autoumuatic toil -al fuel enimi-
tros hler. l’meferenmt ial systeumus umse t so ’ uu ccmnmtrm ~lhcrs -, _ - is Stulot igs’ t ’uue hs tus’ _ m fl ,mi m le c m u m u u r c n m _’, m s c s  \ r n t t t  n m s l ,jll um —deumi and increases . um scen mnu dary fuue l c nm m mlp t m uer eale uu lates t icm mm s imaclude refuse-derived Ouch ( Rl) i ’  I, cc ,isne svo nn dt he differences betsoc e ni firing-rate de uu uaiud auid pri- (hiomn iass ) . aumd waste I’OL. T ime (huua ustitv ansi uitu ah its ofmimar y fuel flow , amid tim e data ate uused as a set pcs i umt four each varies with locatiom i. Imi devehop mne a coumh co u m ser-t Ime secomndar y Itue l controller. h leimce . state-sit-art Si om u m project , availability nmt s ah saune fuels so - I t ie l u nn i i e i tmt echnohomgy can he used to csm ntn n h ccmf I ning salvage he cmuhired so-ills coal s itu m uul ul he ac sc~scituels su ch as RDF and hio um mums s ,

RDF
‘/ ‘/ hmiic l ime cos u u m hius tuou n cm u nt r mml  s\ ’ sl cnn i  muin u o h u h ui ls ’s s lim Rh) h” us i t t ix esi cm m hit h s s a c t e  h cm u m _’ 1 c 5 ’ ua us — 1l i t ~~ m a

ami s h h utch iu ipm it mum rc ts p m mmise hum lmu aoh sh itimuges . a hu ln m ie i  ns ’l-_mt is s’ls Isu,su~mos gen ~e~ im~ _ h in ei m is cc ’hl u u l m m s n ~
- s l i t fuel

muiana g emmmemit sv sts ’uti is ess c mmtua llv aim mi mi —m ul l ’ e mmmutrom l ( s e  mmt ’ RI)l is s l e hs ’ rnn u immem i hs s’ o mumm p t lu i l cc t  h ts ~ c _ u ; ’ n n _ c i
permimit t ung tirin g t mt alms loath s o i meim c i uumnh i tu ui mu s are sti le. anol hit ’e -es5 ’he c muc nc m if ( 1 )  ecta hi isiu iumg a mi ens hueat-
Mc ide rmu huirm ier system u is i m m c l mud e mmu u cr mm c m ml m m puu i em te ch — ne m _- m u se n s ir ucimu e ra to ir plamit tumid t i’t ’sS ’ tS h n l g nn mi ’ ss’dnos kugy w h ich au lt u mmu iatica lly cimecks certain bo um le r som lid waste im utc i Rh) l- h’o mr cus s’ is  us st n p p he t mie un n ,c rs t I L l  in c
parameters s iui muhtaiicomuushv doiring s ma itmi p int l ompera — aim e” u ust iuig huuiler , h’ nm ’ l u u c t i m m m i  of Rh) I cu s , u ahl ~ s’u n n a m l s
t h in. aiid . based otu the dat um . cithuer p erm m mits om pe ra ti o um at least t ws m shm r~oldimis~ si ,mcts ’s , -air c l t c sscn  u s c i  mm m li . s~ 

u ,’ s’ t I _
to) coiut ’m nuc cur initiates shmti tdo ’u~ - um . Mcsdernu humm ncr iumg, south s umn n i et m n i u cs du n imig amid pelleting. \ mu uis  i t t  ~nt miha -
count ris ls (inc hum uhuug f la umme sah ’ety amid sa feguard syStcn is ) ti mins usu uuoll ~ shim u m nut ge muer -Jus’ e nuo s u ghi s c mt ns l  cc .1st  m_ ’ nmm
mimuust be im mc huded its aniy cmm uiversi on eff m mrt.  Investum ietut ec,mi ui m c ni i ica h hy justif y t it s~ 52,500 ,00() n m  ‘ s ,ui( l0 ,t)0~m
costs range between $250,000 and Sl~00.000 iaer ims v es lummcmil reqoiired to ur arm Rh)h pro s l ucl m u u ui ln n me Ii
hmm iler , poussible t im - at  i uu sta l la t im ‘ mc ’  s oi l !  s’v i’in t t i a h l s  s c ’ akin’ i ’ m

pruscure Rl) l - t ’rm m mm u large c nvu h iaus iesc ’ u ur cs’-m ee m m \  c u t
Co,ts enterprises - ahthmouig h m uum mc e u I u m imc t is’s ‘e ~ut i inn s ’ I mis’l

‘s laumy capita l d m51 e heumme t mts t i s s m c c n t m i c t s l  wi t h hos iler spes - m b leati m m ui au rd Ic u ig tht m l puune imase tier s’n’ in n e umt n ’ m c m ~ I he
mep hacemmu e mut are s n t u’.s ç x’cI ic aumu l Inn u~ i he est iu uiat cd resolved heb ’msre RDI: cuimu he svu s ts ’ ls lss ’mI
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\ - m  e’n pc m L ’ m u4s ’ io n - ac~- c s ’ m , , c 1 , c t , ,’ sn c i  l c r i i m g  R1)I- on t h u  ulepe midimu g cm ’, t his’ t x t c n n u  ccl humumec mu i o m d nu im, : c nnu u n u  me—
e i t h ie u mm u m t m ut :u h ~ous or b u d  mc ) imu c ’ c~ u , c i L c i u s c l I - s s , m l e hm ea tinu ti  quuimed and time 5’ nc s i of ’ b m a mm d hii ug t ime immaterial , Sa n-j u mps of
Jul51 pom n o e m plam uts . It us s t m mb: ub[c t h at Ar , n is use if RE)F v ingui c In uel so-ill tusu’ahlv Ot is hack these n e l t o tuvs ’Is small
sou l e nm t p lct is u/ s - s cu l i p li’ v , l e i c t u n l c  ec ra l n i u l m  pelleueui - c  i nve s t n memmts oh’ 1 to 4 s e a r s ,
sieui’mi l im. ’sl Rh ) h ( f ) R h) I ’  in cim:m h’ t l re d hmmuln, ’rs ,

Wood Waste (Biomass )
‘mm,’ u m t DRI) I’ km m_’ \ u s in n c tn  c ’ tn l - l i r s ’ m l b m - i lm _’ t s  h i , c s  sen  \\u iosl _ ti u ’ec ,l hcs nle rs l c , c n s ’ a ln s nme h m u s n m n s  cm h ’ s c n~ s- essbcu I

t o m  he o ieunmm umm s trt i tes l  m i 5 ’ m_’ l  tIre lmi nm ~t ns~ nil . (‘ c u n m e m m t  I j ),\ mip e mu ul i o mu. pamt icuulari ~ imu t cm me su utsn tc cst t ~ tm rs ’ um s s t uc hu .ic

siu’ t u m o mtms t ra t i smuu  m fc u m t l n iu mg 1)1(1W a i im _ I ~mmti h ni l a sprs ’ tm s lc t this ’ I~-aeit Ic \nm mt h uw e s t . Maums s cc m _ - h m ss s ns ’ c c ms s cusp e umsums u m-
5~,mk m_ ’ n .es iccu l ’ pesi boiler imi I i :c ct- ’ s ncc s s cm - \ll - ‘ ~c .m - lire h ogged sO’ cimms! tsr hark , so tunic s c nu me umse c tn. mt e - t in i t t g
unassed m u t i l s  123 h io i t m m s s mf expe r i iuu emmtsu l Ili s. L c n c  n iuu ic t ee l m ui n s h i s um y , -\ ec e i nt de v el nipnimeumt us ‘‘\~m mmmu tmi x ’’

at :shonnt halt ’—Ioa d ~m mle m ups’ua n u c m u c .  I cr i u ml !  )RI) I ’  in anm t , m g ~~mts!  s sm nu u c i  t r ust c i t  s’j tn oltist peihe teul mu m a nume e huam u meal
c \ isi ing boihe~ wit hictut m i m -ajor mod i t’im_’at m ini ti s-s ’s I lm e e ~ u rtusitsmu mmmiii -

s _ tuni c Iiiu m its mtiu mi s disctmssed earlier ~or u u s j n tcu ldicc — qc m a l c t \
en sa ls . l)R1)F has a lnis~er tus h, lu ns in in c temiu perarcu ns ’ t iuutui (‘uipita l CniSlc lnm r i u ist _ mhl aunm ui—s ca h e co s m n m s !- t ’ined hnsilers
t im _ tun iS  all eosa hs. a s-- : u lmm c ’ j t j c  vu sho me nnf t c bm ’ tS i (uQOO I~n c u  lb s - ,c n u  r :uniee tro u mm ~‘mt)0.1)0U t o S20,00~~O00 , depending

( In  \1J ‘Isp), south h u c nmc um musre raj m iu lls timid ! s’ c m m , P s  tlm: un on m_-J p t us - i n s  . tm r ’ t c s -’ S pc s’ m u s t  nit ‘‘‘S~ m , c u d c x ’’ can lan ge
Cu tc l .  (‘ mm cu m, ’ ! cu sn\u  pro m . t t ’-c i m ’—eo m iee pt sheuu m n imi st i’ :m nkm nt c i i  het so’ mt emc 5 5  and 540 n u n  t immc l tud n nn g ea pu t uu l ammi us r tu i a—
c m c tin iiug DRI)l ann] coal m u  a co u m ce n i e c .l hc m i ls ’ m is 2 n ’  4 I c c , deperudumi g tin plant captm - un s - poreb numse b ruc e ,  t mmmd
c m _ -tin s tuss ~~ - tramisportat iusru c cn st  01 n ass ums ui te u ’ial \~ c s ’ IC  a sui n l i c u cn nn

‘ m un im l umotis supply cii forest ss asic is euist i red . sv nio d-
C’ - m m ccm _- rse ls . n est h c mj lm_ ’i’~ e u , ,  h~’ timi d n _ cc e beers sic- ii ‘l u tct svs tem m ls cams be ecnm not mi ica l mint  aim Art i iv muusta hi a-

sign e d  tom t i r e  RDF am id ec u _a l, Mncs I pnspcuia r j s t ime tioum , Coti mi umg so-uod waste witlu coal in less boilers
spre der sn m k s’n - on i rm_ ’ _’ RDF is t in Ccl pne m c i nn u c i  is - ails - smut bot h to cm nnss ’ nv e coal eomi Stumnpt ionl and diltute sulfur
tim e coal i t  5’Ji , m l l ~s ,cf l \  - Ii a co nt i msu uonus , reliable smupp lv oxide cuisis suons to cn’ un hn ini ccun mi pha uiee lesehs is a ls c n telt
- -u m u ss - s-ous t RDF is avutilahie . RIM- ca n he cm iums iu ler ed um to he tmn c imn icall~’ t’easibie, btmt uio cost om ’ hom sg .t erm as
t cc huni et ii i sutc hlc ca nis i i s l , , ; c for ec i t mn i mmg so ’u t l n  coal its uu pert ’onuilanc e data are available to cunt ’irnn t h is.
mIens ’ huccn i5 ’r, \ h, u u ci l  l~ietnirs hiumm iti ng \ c u l \  use c s t ’ RI)F
inc pr m c cu re i em mt  cj c ls - s t i m m l i s  ( tume t spee i f lcat io mu u . le usg t hi c m l

: u e rs ’ c i , c t i l t )  c i icm ,’ nm s s -c d e t u t l i e m . 7 COAL GASIFICATION
POL

‘[lie t u r nn me  osf coasts -’ P01, in c\us t un n c!  ut tu s- . null- , amid
e c m t m! . lm ne d boilers us tec hmn ica hls feasible anul is g a in miuc e Ct mal g:mslii~tntioul ss sn m _’uius niiighmi he c m n s m — e l i e e t i v e  at
, m j i c n , u t l r u c i  c’s ps ’ r i s ’ n Ice  rapiul hs - It no ,- \ r c n ,s  oci hics t l ma l  c nnsta h hat i oums hsaviusmi a suubstui ust ia l umu uuim h e n ’ oh’ package
POL be oms eul on hmer mnver u c ,c ~n l i s ’  - S nu cl ss ’ t u 51cc c’~m mm tu ism ’ hc boilers thu - at  a is’ sl s ’5IciIi s’ui 1c m tine rca t uum al gums c i i  cdl - Coal’
ins ect as suipp le u nuemit t i r s ,min s ,j h iam s t ’uut ’l m u  Imea l -rs ’ Cm ic c r5 sheriveul gucs cant e_ isils he timed in ex is l i m ig  tin cot boilers
immcih m enui tmmn s . ~ i t I’nmrce s - i  c i s l c s ’s ? c :uce s h mo m sn - uu thu - a t  n bue olesigmied Ic ’  lire e i t h e r  bc s ’ tus ’s fumel om i h osr coal , 1mm S m u l i lL’

ho m h hm s s su i i c r  m um , mtm _ ’ r i t u ls e t umu he limed as tu s m m pp le im is’ r m n in iumst t uuuc es . t ime i t s t _ c hla t insu u s o u l  miss _ mi arid cu pe n u t s ’ 1 sm i t h

osih — antI g _ m s — cur e mmal—t i reut  bcu nl ers noi t h i  u m u unm i un i t i l himi hen guisih ica tion phamit .  \s e m snmmmmmercia l  i n c t e r m _’st us ecsa l
umntms hmhicatu m im i : so :iclmt t u s c , m l u u m u l  p usnc i nu . enc g t u c m _’ cm i i , mmm ix- p , us j t i c t u t i cu t i  c n s u u t iuut ies ins rapid g i m i s s  iii . iru s t t mh l , m i u mm t is
t t mrc s umt n i c t c m n c - m _ - u lgmn iu ’ oi l , c5 ’ c i t iue t imt uurhi ume Im ub nicamut , iuiav t i un ct in mum as um nnut m rke n hn m m c os u u uu u mer e i alb c prc nuhuuccu l
aumo l huvu l rau uh ic h umid ; c mu cnmp le\ u i i l \ i l m l n ’s n mf p is l c i i c . m _’ n leum cs ’ no ms .
oil. s v m n t l t s m l c  t u urhuuu e m c i i ,  hi s drumum h i e lluid . timi d ‘u t c m i m i , c n m l

s i m ivenit - J l ’ -4: amith JP.4 eu siut a m ni un sutenl so mli i  m~o e, c s . ‘[ hue Ss’ cs ’ r tm i s- nm - al g ,msul ’ i cau i m i rm te ehmut nu k m g ies s’\ ucl , bu mu
- \ r l l c s  h as  s , cs - Ccs s i I c h l \  l imed s cum s - i c  u l , i t m m r  s - e lmue le lumh - l i t t le is lsum nm co ’ um nut thu c in po mtc uu tt a i ins umms tt m ll a t un i r u .ss ’ u ui m n
riea imt au md cra nk — s - t mse c m i i ;  t h e  munu i n m _ ’ nuum ls time c p Is ’_ c s!  mun tipp hiea !iui uss: t n i c m c i are mum adv 5m uuce t l sieve lo u i’mmtm dl ut an d
lum p e m ti i just bet ’osne it is fed Iii tIme s t cuk e r . lea di uug Ins have 1101 s e t  beets pmnsveni . Nimi st co sut u i muems -iti l pl u onm ts tin s ’
im u mpm mmv e uh s’ mct m h m_’ iuii h m c c n u i m m c , relt it ivels ’ ltu c pe-s c s mh e c u p s - n m u c u s , sol im ie dev e lms pmuu e

uec hm mmn m losgi e s arc u s i m i s l i s  pulnut s m _ t u e .  ( ‘s - a l e , m sit ica t i mmn m
(‘a pmn a l cmmsI iii sn ui s t ,  pc l ro m h eu uu iu c c c l  anuc i hum bruetm u ut s-s s i c i nus c sn i tm l l s  produce tu l’uue l so i i h m um h ne umtnnc e  s t i tm mt ’

t ’i r i i c su  c ,u nm ruui n gm _’ i sc isc s’ciii 5 (lU anu d 5 10 ,000 per h mm i her ,  hm_’ t so - eetm 100 aum nl ISO h lu i c  cc l  h 3 , 1 mm 5 , iu \l.h nm 3 I
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hl ug hc— h - t nuu cu uc ci l u e :ct inu m m Os s -n ,— i c t s  p m m c d n n s -’e .m l’uue l s m i t h  a ca rh ms m n l cn ’ . i ccc cxus ls’ j uc d i \ s !  _‘ s’ , u ,‘ \ .  i i  u_ il l O s - ’ m s - l u

tum _’ t m i n n ur ,  v .c l c c s - Ns’ tsu emsn n 70t) ti tus - h mm d c l IOu ‘ m s - I  (2 0  1 m m  33 t a l k  1m m a queuichi tank , ami d Itu mil  is s’nu u i _ c c m u c , i  c i i  t ine
\IJ ii - b , knit are l:u n pe lv sl e \ ’ e lc i l mhmt m t nt tul, (‘mi nnnummerc ial piodniet gas . Time coms is s pra s — c l c c m _ ’ l m 5 ’ i m s ’ v l  I - c c ’ l n d c l ,
uni es h i mu uni—h 3t c i  s - m m _; l  e :c s - n l ic , u iun m i i  s~ snmt l , us  proui uucm t um bnueh u m m usi te u m sislu arid passes 1 m m a \n :c sie bleuu i ‘m m ‘Id I s-s l c o h c
so ut h um hnm e, n t i ins - i  value hm_’t it emt;c 250 umuul 400 R n m i - ’ s -5- i  pmoduuees p n mcce s s  s n c a t c l , ‘O h s ’ u d d e r  s - v m c 4 u u c~~, I i jm_ ’ titus
(5) 3 1 m m  34  \l I :10 ,n is treated t d m ot nn sm,ns ’e tine pus i unc ulane an sI s c u ! t i u ,  I

nttcs m_ ’ l m u l j m m d S n u i cnv  t c l ’e s h n c m s s  cc inn Tabl e -4
Furnace Considerations

Sc v m_’c ’al c , m u c s n v i s ’ i : , u m m - n l s  mc i u m i p m m n u u m m u t  \ c i c m _’ ni  is - c m _ I —  (‘:m pu ua l c ots  out a pla n t  c m i  p mm ich n us ’ un nc t  uis ’ m , i ’ : m m , ’ i i i ,c

tu cum t ml g’_ m si b us ’uu l m n mm u pnolL ’ s- ’t . pum m t i s ’cdu mnly so h uemi s Itu 5c c I tunn es ’ ‘ m t t s s c m _’ l c  515 .000.000 m i d  54 ~‘ I

c c m t m i - . l m _’ r i c enl t i c s  us noe l ill c ’ \ c s i i u i g msuv - Ltns ’e hcci le ms , l us t  imm ci .,t i tnn n ’ nn . s s - a le 55 S I m _ ’ l m c c .  l i u ~’ .m r t . cu nt  c ’c c n n t r l n m :  s c s - i c

sure la hs c s r. m_’lee u umeumh poss e .a ic s l  c i m : c l l I I s ’ n l . , t i , .‘ - m i d  is’ ; i_ c m i

Rm,- s-- s- - c c u  c lu ij i , ,, h utu ss ’  c l et m r ls cIs ’~ic m - u i s i l ’ , i ts - ’,I t i cumt  soh uen (‘ tn mm s ’ mit phat i t s  m a c e  s i _ u l t c i i 5- ml np i v ’ 20 i s - m s - in s -  pci
lime h ls ’ ,u t iu i l l  s t u i c c e  u s t ’ t hus c c m s - c l — c t e m t v s’d ‘tmcs us ccc lmvss ’  t n h , i u c m  sh ill . sosd i ul u c n n u n m o l a l v c ’  ac id  nepaum s’m O l c  s t i l l  u n I ’ c m - d t i i c

301.) l i i  s m , ,  I I  \1 ,I n m i ’ ) .  n bu m _’rc s - ’ , u s c n t c llv s h i h t ’j c u u lus mc tic ic iu cut l n u s O  ps’ n e - - m i t  n mt ’ thne n i s - u .c hl cs l  s’ sc j ’ u t :u h s- ’ - ’’i - ‘ !  t ics -’
e cc i t c i utul ,,’ nIl e ‘ m i n us ’ s  ti m ’ c c l c , - .’ c s nnu i t  t ime t imn i i i l ’ i c t i cv i  i l a u m n  l) ns pc us al c t bs p r n n c i n n c t ’ m  s au l  I s-i c m i  u n - m p ~ v l  a un t

bumrn i m _’ n c to m lire t ime fu el mi n t i s - k_ mgs ’ honl em ,, ui nno l iui aimn na iui u , m s -- s n u m so h ueue aims - h il ls s uns -’ vu i n h n- _’m n i  n e , c c i u i o  j s c n i _ , Nc
u .mt e s - h s t u i ntu e itv .  l~e lc m ’ -s t h u s -  lis- uu t u uu g  c~ l ncc .’, nbc lm u el pipes t i ns’ me u me lmumig depletuomu. S u ’ mv~ ’ t l i s -’ s u , un tc i : , l s’m ’ s h  m !,i l :c ‘ I n
mm ~ d,u~ us :, c s - i  Ii ,’ i , m, ’ i c ’uc ss ’ v,h m m O i/ s’. os’ iui ch i no nhi t l ’mo’u ut t  m m  app ivu nig t h is c~ s tm _’ ; I I  m in i the li c t _ } d J i ’ ’  s- s - S c ’ s-’ _ c u . -
eu m u mi pac n p-s-cc Is:cgc pla t mts , . -\ hi it uv c ccsl l  it is somet innues :mv;milahle -

necessary t m  eu c larec time i in m aLe wl ue n t iring a lcis v -Bttu
1015 . t uflitS nies u s - t t t u’- l to m ems - a l suuid incas -s t’uuel oil so- ill
proihablv hi t s - c l i t t le duft iem uity t ’imiuig gtc s svut hm a in ear mu mg
va itue fro nm ahnmuut 251’) Bu cc se c (s - I .3 ‘u,t .h - tn 3 unpovard.
F u r  t he se units , c 1tlcicuie~ iiuc reases of uup to t) percent 8 AIR POLLUTION CONTROLtime possihhe . is lois’ e t l i s - n emucs ns ’c t v n r  gs us- uuuì d ciuh—de s u mr ui c d
pae ktm g e h n i u l ems ulrnip hs’ as u mm t uc l u as 20 percent whet s
tImnuag. lc ,us U nut eao. Fkuuath’ , lvi us - Rut uc ‘3,15 i s -p . m t u g  cost Ii,- R~u niccec uog C i\V.’s’u v- m s cv i  .rc~ psi1) cu t tic s us- t v  cc us P ni c mini—
tu pe radui u t t o ’  me ts - in pihiutl ir ie s iuituli i ~ - so m ile 5515 c o m m  su phian it lcvc hs is’ ’ ‘tic c ml  t I c s - - s ’ t s - .cm , - .t ut l’ ,u h ! c n m ,s - ’ s- I s - ’ ‘I’ m l ’
ic m,’ t mt u n , u ,  n-a luue ii 300 Rim s - s i  I l l  \1,i In _n I tunidh h i gh e r  Isl es ’ s in its s - m um 1 cmmmtvs ’ms im mn n m_ ’ u ) m t m t  I hut ’ ma ul ! p m mi l n i c n m

c - a tm he eas ily u rt c , s n m c m i v ’nl his pipe. 1cm he uhs ’a lt sout h u u umc l cr  t c i tti~ 
‘s- I _ c s - c s- sos -- i t c i l i s - - n u ha te

matte r and tine vt t m s - c v ’ c i s  n i\ cs lec  c m s l u t lu i n  ‘t ic ,] nI 1 .  s ’ s - t i

h un s l c c c l ump iu i e a s- - m u  em c s u ! i m , ’ : u t u c ’ l m  p m v m ç s - ’ s-’i _ umse oil ~\ i li i s’ t ime h uuri u m ui g nm ) s’nct m l lcas ui ’,e i s  m i mi C li t

iui e m _ l n u i m n n — R t u u  guus s - l t m m c c l s l  he cc m m nsis ier esl , uc s it t ie r s -  thu s’ m_’stahlisl i es- l buui ’ t c u n y . m u 1 ’ mc pn m s i t e  m o n ‘ i n s -’ nm l iv  s- ,O’ c ’ m m i

m u t ’ h m s - s i  p i c t e mi t i tm i m n s - ccs -’ s’ c ss t u u i nuse imi s- ’ \ c s t m nn g h om i l eig. sej ’ i t i c t uu t l i g  t h ese c ’ i ! l t a n u r s  l u l l! s - t i -. Is- c uss ’ ’  it nt i s -’ t mu s ’ h
c u u i m _ i s ’u c c u e ’  t,s - m u s ’ . c l l s  i - t i c n c u t n c d ,

Gasification System and Costs
,-\ m_ ’ , u l i tscc n uu5 ’ : c i l v u m i  cc -, n s -’ u mu nec i u m u m s ’s emm uu l che lucs ’ i \  - Its - s id e s  i’ s - n i n e  ‘u s-’s - s -- u l l  s - !c , \ s , m c i u , m t ms - . n i n  i tn u c . n c ,mn , c m ’ is -

l m s uin u l ) m m m : _- . ant i s - i m ’ n t u ts -’ s - s ’, ic ’ ’ Is  cI i ’ mm .’ i I ss -s ’ ul eumr h im _’n, It _ c I s - m i  t im h n cm l i cu t io mnm m_’ m m u m t r csh n s ’ e h uu. , i I  d c  sin s ’ dO .’ ,  iO f j v m c  ‘ ‘s i ,
ind ium _ Icc a separate ita lia n lit m s-- es - c plui mmi 1 c m p n u m dhnm e l i c m u i  c , i u l s m n m u m e  l a i ec _’ m_ i u u a muuuu ies  it m_ ’I,- s- u i  .5 ,0 I’ s-S c ’ ! . .uc ,c l ut-
c u t  u t c v s u i — m i s ’m isCn h pa’ . f lit’ Hi , ms - l  s’cu m utn me re i a hu,Tul p r cm m_’ s’ss ul m um n c umu a rm s  c ’fls’ i.li c m ’ 1  pu’ i s c ’ u i i i - _’l L i l c v ’ s -s -’ m,’,hs , m ! ls . 1
fuur pr u m o luus - m t n cu um s c t h i u u u n u — h t u c u  uns us h u u m n m n  e t mu mi is n t m m _’ I’4_ nip_ us ni su ma h ls’  mc c i i  s’ c,’ v c n c , v w i _ ’ .c I t m m  m_ ’ m uu vs ’rt mum u m _’ ’’ ’ , c ,  C Iii

pe rs . [ m u is ’L ~ ncs. ’ m.’c0 u u m t i m keme m_ l i ’ m s Kmnppe rs h u c e i n c m _’s’ r mn i g  l~ i mme st imal l plat i ls s o n n i m  C m i t u l — l H s -’ci m n uu n s  I cs -_ n i  iii Ill.’ m_ uusc
(‘c ‘ ncn  ‘ m u c s  - I’m u s- ho rud m l ’  , -\ mu u nmew , l ,c rev ’ - c em nt noul ev u ci (in es - i I~c,u u n i t s ’  tucd i’ m~~ ut

pl u ’ c c n s . t ine m_’ ’ ’ s i  m i t  so m ph nmslu m _’ tmu s ’ c i , c u , r m i l u m n u n m u m  s-’ , u n m t t m u l

I Icn s i i , m u t c ’sS ccc . s itu atnmm o is p huem ’ue p Ie s- sure . v m \ s - gv ’ n i— is ’c l m m n u i tm m u i s c m mi i l s ’ l u u l u c s  Cml i i  en p u_ m i t h u  I l1~s- ’ l i - cl s- i_ i l .
hlo mwi m . m ’ u i t r m i u u i e t h l lmm so cmmusml is - ’ u ( I  u e c c r s ’ s 5 am] ii) annul hnu nim iuig s-s s - t m _—nm .
m n ’ n b c c mre s t u tu c m m u m l hc i mn l v s --n i/ec i 0’ 1) pe is ’ s’ t m t  i iu in
21) 1) umm es im.  -\ h ‘ ! l i m m g s ’ n i s - ’ v m d u s n m u i \ t c u l s -- mi t mu - s- s itv ’ u c t u mi d c umu m i Tm_’m_ ’ i c u t m m h , m c t ~ tcs r  n t - un ucu s ’ ;ul m ’b i m t m t t i c lu l , u tC p i l l - i l l s -
us urm u m _’s- - u v ’ c ! I m i t u m  t Ime cit is i hi ,s u il iom ns no’s-sd hiu r m u i u mth u  psu irs - m l  Io ns um i m um i g e r trumc k reec urd i huamu i l i u m ’  m n  s - s d ) ni  cnn]

• m m ppm m s n i u ct  m_ ’ c m ’ u n u : c l  b ’ i uu m rme rs  m m : l , m n i c t m ’d s mi P c I  t h eir is ’ tm ’, t i i t t , u t t s ’ im  c i ’ s i c I m _’s It uvl l i  s’ is ’ s-’ t i ’ ’s t , i u i , , l i m e s - - n i l  m i ’ s  , u nu ~h
v ’ c c m m c m _ ’ n t s ’ h i l hne n to ’, c c  mr t m m u u m  scc ~ Ic hu umui m t u i s _ c s - I s  c: mtu he h_ u cti,b uu u mis s ’s - I l m c i ’ m r n s -  t i h u s ’ ms)  v , c sm _  h’mee mm is- s- ’ ,m s - i s -  _ -~‘s - s - l mh lc

us , ’,] \ - ! , c u m l v ’ - armm i v - h i _ ui sirs ’ ‘10 ‘ m i s ’~ I pn i uutm n i l s t o m I h i s -  cd h uu ipm nm e m m t u isn iu uiis mc ) i s -’ s- ’ (’ ! s ’ s! mt 1 c c  s- ’ b , m u u s ’
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Figure ~~ . Koppers- I’m_ mt z ek cc na l gt m sil ’ic r.

Tah le 4
Coniposution of CoaI-Deri~ed Gas

Fronm Kop per s- r t utz e k i’ro c ess
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separator to reuiove larger particles anti pemumit flume m_ ixides, In plam mm ung ss sr.euims liar t ics ’  re du ei i cmn c cl ’ t h ese
gases to cool so iiewhat , Neverth eless , fabric tiltrat iouu poiluu tanmts . one must assunr ie ftu il Is - mad plam it ns peuatioui
systems ‘nu n eoal~fired plamits uusuahly enuploy high. amid c uwnpliaumce ss’it h time n i i c m st  suri u m ge um u c ui si sslt ut u g uide-
te um iperatume —t o lem ”.mnt ummedia suich ~ms hluorocambuiui , buses iii e n led at tIme plant h eat ) mu ,
which is aun iomm g time nnost cm _ isti y ummedia uiiar1~eted.

Cumst of air pollution eo uuu mmmi eullui puieimt us pu’r hm a ps
Scrt u hbem ’s sOuti also be tms e d t ’omm part icumlate me u mim _m oal . t ime ummost powerfu ul a m g u uum memmt s - mss ’ ml h~ h m r d m o mu u m s ’ tu ts  nsf

bumt (1mev are preferred fur rem imoval oif gaseocus polluut- coal gasit icatio us svs t e m iis , pt m rti c c ul ar l~ m u  m e t mu ctI i  s ilmi a-
amnts , Moist eou ummm sereia l aumd developing syste um is for flomis. Co,ul gasiticat iori ca um redn mc s ’ eum u iss i mmul  mif air
stul t ’tmr ns xide nutu m is - u s - al  use sct m~ibhems amid a c l mem i mica l pohitutants I’mo nti buc ihers by us-n al ias -c m u g  I l c s ’ s m u  I c c  en tu e r
uunediu m nm s su mch u as l iumme . hitim estus um e , m u m a g nesi nmm ni , cur so diu uu m s time hoilens in time tims t place. This ac m n i d - a i muts ’  m_ ’ nu gu mus ’e n inig
t im t reat  thu s ’  smu t m um. mmieastm r e nmuust be j t u s t i t ’icd liv m_’ csnmu pa riuig tIne etipital

amid life—c ycle c mperu ru ii ug amid uu is m i i u temc . c n mcm ’ cc ’ ’ , ) ’ ,  m m ! ’ muew
I. smui g semuhh c rs m mutmoduuce c unto t Ime alread y e c m nmip lex gasification amid retmoti u emuu i ss i cc u u  cm mu mtmom i s v c t c m u n s ,

ensal eoumversn c u ui si t uatins um time adttitior iah t’actors cu f Process and cuist iumfom uiiatiomi on u m s - auia h ’ m ls ’  , m uun ns si u i tm
s-c- t iter tr e a t mmmemmt amid sludge uhispomsa l. Scmuu bhers oti cm _ m ntro l svster ims iii (lie t m ’ lhc msving pa nag rap h is oo’ill assist
larger hmeat iu ng amid pomwem plants fining Imi glm-suit ’uim. h i gh -  time project dev s ’ hc ’ pem its mimakiuig t h is dec ision , Other
ash coal ovihl generate vast qtmau mt ities of bvprodducu costs are site-specific and ummcust he est imnism t e nh locally .
whiose disposition can add tip ( m m S2 .500 .000 to anmitual
operatim ig dt)St. l)ispuisal alte rnatives iumc ltude lined amid Particulate Control
uuml ined pouid immg , amid mu mec h ma mmi cah dewaterir mg. Water Equip immemit fnmr metiun iv imig pam t ic u late s t r omnii  h u e  gases
recircuulating os- stems are preferred to com ssemve both iumc lt mdes umsec hmaniea i enul lec ’ tors . e le c t m n us tui u ic pmecip-
water ami d lau d area. Capital costs umf disposal svs temm m s itators amid fabric f i lters (baghi oo uses I. Tem _ h i um uca l  details
can range from $2 ,000,000 to $10,000 ,000. wit h and design guidance for iumip leu nie ni immg uhu is eq tuipu m meumu
sophisticated lined pondit ’ig systems at time high cu d, can be fouund j im TM 5.8 15- I .  .~1ir P ollution C’ontrol

Design Manu al (DA , 1978). Only a h rich des e n ipninimi of
TIme ftutture of air polluitamit emis ission gumidehines is th is equipmet st is provided h ere ,

very un certain. The (draft) tiational energy strate gy
enmco umrages scmtmbb inmg fltme gases at all coal-fired plants . Cyclo n e co llec noms ame oc ’idcis tmsesh particu uiate
(JSEPA h as  proposed mmew gtuide him ies reqoumni m lg removal reum ioval devices , amid unam my Amu imy boiler plaum n ’ designed
c i b 90 pereerm t c mf st u iftum in t ime t lo me gases . regaruh less of for cn mal base t lme mmm iumsta lled . Two w idciy mused types are
c m uneeumtm atio m i m . It is prohahie thu - at mieso - legislatimi m i will s~uow mm imm Pic tu re 7. Part i c uul aue- lademm St IS p_ msss ’s tatigem i .
he immt m oduuced meu h m u iri u mg efficient rmt i u m mval nuf specif ic niallv im n tum a cvh mm d nic al omm ci m n u ict u l ehm m mn t m bi er  arid exi ts
partic imlate uruaterials establis h ed as heiumg hiazard umus or tupward throuugh a s- -e uitma l c c p eriing The n e su ui t i u m g vn m r t e s.
to xic. Th ese factors will certa iuml y imimpact upoui the mioso umiotion creates a stm o iig cs ’ m mt rifmuga l tnurc e bleld . in svliic im
conilpetit ive low-so ulfo ur coal niamket. Moreover . ( hey  tim e particles. 1w vimttue of their ir u ert i s m - se pa rate fr c unu
will strongly affect the viability of usin g salvage ft uels time carrier gas str e t utim. Tines t i meum nnni grate alnn img time
(RDI’ , bm ci ui uass , and POL) wit h coal busthi to dilute cs- ’c lcc ui e walls by gas th is-s amid g uam iv amud tall i i mtoi a
eu’um ission of certain pohlutam its t c u  within comru phianmce stor age rec s ’ is-e r. Depc umdi rmg out u he e urh isr i s um i lem mu muf
levels tumid to eonms emve coal, time liv ash , it iuiay he reir mj c ct c u h i tm tmm t ime hon le l

Timese uuncem aimmties pose semiouus diffict mit ies fom time (‘apital v i c ms i s  ‘ m l ’ em. c hu mimes lo u im u dum s t nial-sca lo , ph m mt i ts
designer and pmoje ct deve loper alike. T h e p rcm iee t ra u mm i e hetwc eu i SI 5 .000 aunt S2 (RI .OOd l d s - peu mm _ h u m g at m
develuuper must mhttu in i u m hmmnu m sutinm m m omi time suulfuur and pamticu u)uii e losani . met 1ut ire d efI i m_’ ie nus - - s - mmrmu l n etmo mt l t
a sh c n m u m ten t mit ’ t ime fuuc l(s) niumst likely to he huur m me uh am id prnmh lem u us . As m m gm_’ ums ’rai n u t ’. s-’t m l i i l t m i  m_ ’c ’ ’ , i s -  i n c u s  he
on t ime pmnibsubie liming rumet i mu id, I ’mmm uim n msl  s tmuke r—f im i um g e s t i m m m m u u e d  at hetco -ec ru S i .51) sm it h S3 50 1ms - ’ n a c t u a l  u’uihic
t echr iolumgies . nitnuige r i m xides etmmm s sio u i  is uiot ex pec t e d  fmmomt pen in u inumle ( 5 m m _ h u l l  ( SO.0(II_ mh s - m uts i Smn) 001 o ;mnu m 

.s-,
~

to h’. a problem and . irs time cases cohere it us . pru mcc s s gas thoso nuts’ , w lmer s ’ tu m _ l~ i rsui mge s he i co eem m 400 umn uh 60()
cum n t n m ul s  geumu ’ m uuhi y s - s - il l be uusuuh le 1mm red muc e niitrm mg c um pen \ l Bt mi—l u r  ho sih e n hie t ut i t r pmut  t u s - m_’o uuul, I nmi , u )  a n m u muuu ui
cs xi dc cmunce n u lr atio un tnm c mm nmmp lm amiee levels. \It i~u u t  e hm ah — cumsts I c r  c spem u uti um mi aimd m m’m u u i ru temuu m mm c ’e cal m he hc tm _’ m tmi inme uh
he nges so-ill he t ’aeeul in renluicimig partic ulate tm t mnl suu ht ’u u m  t’rouii Fquu:m ti o n 3 -
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G = s 
0.7457 P11K + M 

~ 
cimarged plate or tube , Particles are re m oved to ) us collec-

6356 P 
q (ion h opper by o- ibratiuig or rapp ing t ime plate. Electra-

static prec ipitatnur s collect partictm latmt s um mom e efficiently
where t h an cych oumes . au md are particularly et ’fect ive f u r  cap-

tturi uig small particles. Because of their higim particulate
G anmiual O&M costs (domliars) removal efficiency, pmecip itato ms are often used to
S design capacity (acfm ) precede those desulfur ization systenis so’imic lm depend on
P pressure drop (inches of water) pamti ctulate-fmee gas. Depeusding oum time resistivity of time
I-I imot mrs per year operation (hi/ym) particles It) charging. h u e  gas additives suu ciu as su mlf u.mr
K power cost (S/ kW h ) tnioxide are umse d to ) ac h ieve Ifighi collect ion ef ’ficienacv .
F fan fractiona l efficiency (diunme nsinsn less)
NI = ammnual maintenance cost (S!aefm) Retrot Itting a boiler pIano s- o - it lm atm electrostatic

precipitator tmsua lIy preseumts problem ims caused by the
In using Equation 3 . it should be noted that pressure large size of tI -me precipitatom ,
drops , P. t laromugh these collectors usually ranige be-
tw eeui 0.5 and 3.0 inches of water (120 and 745 Pa)s Cap ita l costs of e iectmc mst a tic precipitat nmrs mange
that maintenance costs , M. typica lly mange between between $4 .25 amid $7 .50 per acf imu ( S0.002 amid
S0 .02 and $0 07 per acfm (StJ .40 and S33 , I Mimm 3 -s)~ $0,003fumm 3 .s) gas flow amid depend tupo mmi pamtictm luute
amid coumibined fa rm and motor efficiencies. F, average In)ad , reummoval ef ficie uuev . amid re tmn mt lt proh ls ’umms. Imqua-
abouut 0.50. lion 4 c-atm he umsed tus esti u mmats ’ arm uitual cs- isIs.

In elect noustatic precipi(ators . time lance requmired to G = S (ii 1K + Ni l (Eq 4j
separate partic les fronm time carrier gas mest nlts frou ’ru an
e lectric charge oum time particles atmd time electric field where
s-v it hiu’u the precipitator ( Figure 8), Particle ch arging
ta kes place by time at tacim mne nmt of iofls generated by an J = power consuu ’nptioui (kW-a cf uii)
electrical coir om na , Generation nsf (lie corona involves
app lications nif h ig h dimu ’ct- c um rem mt voltage between a Va lumes (‘or J c- aim rauige betwe c um O.00(i amid 0,01 2, anmd
sn uma il-radius so - ire amid a cy iiumdnica l m)r plate electrode. va ltues for M uusuua lly vary betwee um S0 .I 20 tumid S0.3 ’S
CI’uargeul particles are at tracted to atm oppositely per acfrn ($56 and Si ~7/ M umm 3 -s)

High Voltage Disch arge Electrode (-)

Charg ing Field ‘
~~~~~

‘Ns-,s-s-s-s-s

-

Charged (-)  -~~~~
-
~~~ 

—

Particles 
~

s- “ Collect ing Baffle

Particle Path

Grounded (+) Collecting Surface

Discharge Elect rode
Tension Weight

Figure 8, Schematic oh’ sumr face t~ pc LSI’.
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Fabrmc f ilters (usually bag lmot uses) li-ave heeum mused fo mr t h meim misc mimi Ar uu mv in i s t a l l t u t unm u c s:  ( 1 )  hun ue s - Iu iu  u s  s - s- i

mim a u my years to reummove do usts t’ro mum m immdt istm us u l prnicess ing. (2) h i u mmu ’s ( mmn e slum my sc r uu hhiu ig , ( 3 )  n u u t u s c c c ’ s- u , u s- h m u m ’ ,
gases , mmoit a b ly in cemmiemi t aumd mm-metallurgical c m perati us u us. scrubbit ig. (4 ) sodium s i so lut iou u s - e n u hi l m in ug. anud SI
They h ave beemi instahied ummore recently min i co aI-himed catal~iic mix idatio t i , Ge ni c umui ls - Il’ s - s - s -  p~ ’’~ es ’.’ - s  e l m - mi d
boilers amid have perforu imed successftu lly , 1mm a typical os um an inmimial part icuuh a ne me u uc n ’ oa i  si,m -ee 11cm s- p l .m mu u s
haghosuse as shiow um iii Figuuie 9. tIme fab rmc is t ’u’mnuue d timat liace haghi o mus es - . e lc s -’ t t m m s u , u u c s -  P ms ’ s- ’ i t m ’ m t m u t c ’ u ’ , c i m
into, a vertica lly Iuu uu ig tube our sleeve closed at time tnu p . cit h ier liighu lv s ’ It ieienu m hx umt mi _’ um l a ts -’ uc m u i m s u s l  s- . h i c u p iu ie mun
As time stack gas is drawn t lmrouug im tIme h-_ mg. tIme co llected cani rcuro m l l t  desuu lfuur iisu !mo u u i es i nm u h ’ um ns ’ m c t  - Ii c s s ’ s - p s -’ . ted
u,lust fon umms a Ioomse hy deposited cake on tIme in side, t h at oust iu ms t a i lat i umu ms cci i i  m u en h cuc re  i , . m , l  l l m n m _ ’ .c - n us ’ uu n-
Periodica lly tIme gas flosw is diverted amid time duust re— meri t s\ s t cncu s w lue mu c o m u m se rt um i g n c ‘ s - m m a l  in us - immure ’
mmmomved t ’rom u mm t ime fabric eith e r hs t mg nt : mt u o mi . pamti s u l bzug wo mt h m~ tim - a t th tue gums u le s o m hl ’ui n iiuuu io iim 5 ’m s - i e c i m s  Ire l a b o u r -
co mih apse . aim hack hi um so or reverse tu ir s t . (‘o ml lecteu l doust inuto ru usive. 1 mm ad sh i t im m n i t o m  thus ’  usual st _ u I - t a . , c _ i l  hi l t -

falls tu b s a h mmmpper I’rc m uum w h ich ii us l uuutm ln ’th to m dmspoust ui . as immam ms as IS ads h i t i osm u tu l imiu imt —s s ’ uu ns c m i  I t c h c m c  u i _ms he
A lt i ummuig h u um na uu v fuuh ruc unrateriuu ls au th so ’ct ms -’ es tune mmuar— required to o mpem s ute a ii m_ i umt : u i u ut s uun i  a lam es - ’ m u c s n , m b l . c t u o u u m -
ku’ted . best sen s c e s ’ scm far bums he eu u wuth i  c o c u s e m u  glass scale flume gas sl s ’ sm u ht ’u u nu i an im m nm ss s - t euun .  so m i s - l u  us mu n c .u l u r
Ilher u mmedma c mmtut e u l  south gra pimite aims! Ilu mo imuicarhomum a somp lmis ti c ated ehmm ’ immic tu h pc i ’ s - s - s - s  in l a n d ,
poly timers.

lum l iu n mesto mme s itmrm y sc nmmhhini cm s - s s i c n i s ,  summ ~ k L , c s - es
Fuuhnie filters Imave aim at hva umtage cmv e r e lect rn statie are washseui with a rce ir eu u la t immg s i m ur u ’ ,  m t  ium nnu ~s- i m m m c

precipitators in t imat th eir umsumall y imigh i collection e fti - am md me _ meted ca lc iuun m salts in sou ut c r m u - m e um ‘~O 1 - t mig e
c iency is u mout affeu ’ted hs’ the c hmeum m ie a l ccsunpositio um of scruuhb er system. Pa nti ci u late amid gt css ’c - u cs  s - m c i !  c u r  chum ‘side
time fly ash , m m cm by partic le st /c T h u s ,  at locations are remimoived s immi uui tau iu ’o mt us ls - Lunume s t  c i c c ’ I s-’c m l  n u t t u s - t  i’s--
where t h ere  are apt tom he h’meqm uenm t c hmanmges or uncer- wet- g mc s uu ’ud heh ’nsme it is fed io n t ins ’ cs- I ul’ i’ i  I e b t imuenut
tuumniti es in co al supply. baghotmses are favored osver iuos ld ta umk. Ca lcitmm ui s - iu~tlt e a nms i suu i pi m au e s - mu m u iutm - .u his’
pr ee i p i tato urs ,  Time s caum he mused in series w it lm those dispoised of. and sta ck gases uumuus u he n e ) c s - ’ .m ucd , I- g um s’
desu u lt’uurization systemmis w h ich depend umn particulate- 10 i s a  general pro m cess l imos s imeet c i i  a Is pie-al h i u n u e s t u c r u e
free gases. scuirry scroubbing sv st et mi . humble S l’c u u ’r u ishies s- api t _ m i  s- m i s - u

amid aumum m ual O&M data m c m i  t ime nau ig m_’ c c l  i mm ’ i . Ihmi ts su i
Retrof itt ing baghiotises usually presents nmore prob. b miler capacities comisidemed eanmuh im _ i smu s ’ i c ’  ,- ‘ mul uuse,

let mms t im-an metr o rfitt ing precipitators . because baghouses
time bulk y. Liuiie slu rry scrmmhhinig ss sI s ’ ims miss’ tm me m i s -  ; uI , l n u u i g

s lur u s cml ’ calcineul l in u iesto mm us ’ ( h iumme ) am id t e: ucls ’d s-’.u iu.’ i mum ii
(‘tup itui l e m s - b c u s m u u g s ’ hehoo’cen 54 .00 u u umd 57 ,50 lieu- stilts imi scsu t c t  tom co- sus hi s - u,us -’l’. gm u s s -’s m u mu R o o m - s - c ues ’ s- s- m i n i m -

t ue l’m uu (S0 .OOlS : um ici $0.t)035 , u u u m s ) ,  nh e p ci ms hu im nm mm ii  s m / s . hen - G e u memal i mucum_ ’s’ss ‘fo mso us c lu m uss n u  mu I i c iune  I I iii

~a t m m _ u u h u u i m ’ l m m u u d . cm c hlcs ’ l m m m u u  e t t l m_ ’ is ’ mmc s , mu im _’shiu u musesi , umumo l I im uue sto im m e s c nu uh h irmg _ cu u h cin uumm s - mul l  me , utus - h s - c i l ’ l ’ _ m t s - ’ s- , c lms -
n e t u m u t it pr omhk ’ um ms. ‘l’iuc I u u t t er  s - ai m m uicr cas e S 5 ’ S t s ’ t l l  ComS i uum m u st he uhi spoms es - l out ’. a n t i s lu ms - k gt ms u uuuu st  i’ s- ‘ s- ’ I c s ’ su l e c t
up h um tum u m t in n m es time C mm s t umb ’ t h e  e quu ipumi c nnt. i:u iuatiou ui Table ( l’umnni is iies capital s - m u st anmu l a nu m i c . u l  O~s- \ l s - l u mta m i n i
S can his u sed toi nlei er immi umc uuu m u muua l O&M e c s s t mn : t h is ss s te unn for time rauige m m f i u us ta h iuu t im m n u  hc i ihei  ‘ : m m I m ,cc-

it ies u.’o inisid emeth ca mm u.h id su le h cs r ~mm al must ’ -

0,7457 P11 K(~ =S  — -e--~-’ -- -i’ M ~Fq 5~ .~~~~~~~~ -
‘ ‘ _ . ‘ , -f i s -~ b ~

- 1 mm uum ,ubuiusi. u slu im n ) ss s - i s - l i ’ , ,  ~~ in s - u c l . u i c  - I u s - s  c c ’ s -
sure ovashed iii a recireum lati ng sl um n n’ v cml n m, ict nc s -’s-iml _ i uc s - !

\‘ m m lmu m _’s m u f  P can v s uuv hetwec tm S antI 20 inme h me s m mf w al e r.  reuuc mc d rmmagnesiu uii m— s ull ’u um sti l t s -  m m  cs s ’ t s - r Ic ’  ns ’nn uc mv u’
V t m huu es m mf NI c- a im vary bet w e e mu 50 .125 anul Sti.4 10 per sum lt ’uu r d mom x id e , Baghiom uses .e heel u n i s iat is  prs ’ : u h m m n a i m u\ mcI
suc t ’u m m ~‘cs~ aimnl S19 3/ Mn im ’s) depeumdin ug large ly out scmuuh hc ns c-a tm bus tused t o n t irst s- nags ’  p u n u n s -  nu lt u ic m s - ’ i i m c m c -
I nec~u iemu c v of umm edi a repair amid rep lacemnme t mt - a l, Make mup ummag umesium u nucust he sha h ’s - e m_ i anush suc ids ’ d t o m

ec c c ’ e r only hand humg i cc ss s ’s . hm_’m_ ’ t uu u s m _ ’ s - c u l l _ m i s ’ s- i c mm unm e d in
Flue Gas Desulfur izat ion t ime promcm sss are rculuuceul duuming mege uue m inion. 1 m m i mm-

I m m li ke p-a r t tcu u l a t c  rc uri um v tml tee hu nmmi lm i g ie s . Ih io ms e s y st m _’utt . s lmum mv I’m o m n m m t ime cs-- u ic hher c m ii i s- ’ m_ hs’cs t i t e r  s’c i ,
m_- uumns ’ tmt l ~ uuiar kcie nl four h u e  g m u c nlestu l t ’o un i .’ s u l io su m dom m mcm i dried . ca lcined and t s ’s- ’~ c l s-’d . duiu n im m cm h u m s - i c  s - c  - cu e s -- mu-

t ic s ’ um lung hu i s l m , t ~ c u b  ump e ra i m m mnu . Oh ’ this ’  n um uu tm c rccuu s  tr uu tm s t i s umhl ’m u m nhum sx us - h c  c u uu m bs’ s s - u u u  tmi  a m s - u u i . c s -  t s - m n l t m m u i s ’
pr m mm ’ m_’ scm _’s s ustu t huh le . h u s m _ ’ humus’ s- ’ tu b tuuuuu.’tl um ‘uutl ’fk’uent uueud ph u u m ut to m pmn u m_ io u ce mi~ p~’ n c s - r I m  .m s -’ is - l , I i e , u u c ’ I s- I i ~ isc s-

s- l egu me m m !  m _ c m n n i n m c s ’ u s -  u m m l i , m u t c , u m u  to so , urm uu t r t  o ’ m m um smc hcmt ru g  a gcn mc ruu l pu c m cc s s f l m ms~ 1 m m  t hus -’ u n l , c - ’ m m o ’ s - u , u  o l u m u  us  s -s s - mt ’ umm ,
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