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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION .. 

GNIDO 

A. JOB DESCRIPTION 

DP /PllI/82/002/;.:,-')k /31.. •. Z 
Sho...~-Ten Ekpert/Coal C:.bustion Tecbnolog 

. As soon as possible 

Manil.e., Philippines 

'fo establish the necesSU'7 senices and capacities in order to 
Purpose of proiea a::hieYe better. energJ" utilization in inclustr7, and to illpzOYe 

the peto:raacne or the sector. 

V.81-33106 

The expert vill be attached· to the lliuistr'J' of Enero -mad vill work 
under close su:pex vision· of Cbiet ot Paero Consern.tioD Dirision, 
Bureau or BDerg Utilization am Cbiet '!echDical Mriser of tbe proJect. 
ID particular the ~ sball proride the toll~ technical assistance: 

l. Conduct selectiTe IRD"YeJ' or Pbilippiues plants presentl.y utilizing 
coal or are iD tbe process of cODTertiDg to coal. to determine aD4 
r~eucl aeuures to iaproYe etticieucy of coal. utilization. 

2. CoD4uct smfpars tor coal users such as cent plants and pover 
plants OD coal cca~ion technologies vhich shall iDclucle yroper 
:baa4ling an4 utilization of coal in cment Jtilu, boilers &Del 
runumces. 

3. TraiD tmgizaeers of m:u an4 tbe PIOC coal c0rporatiou on 
cCDCbJcting eue:rlT autits or coal eca'bution qstms. 

' 

Applialionl INI communialionl ,...,...,. dtif Joi> Dtllriplion ...,,.. bs""' to: 

,,. "'IOMll! Rtcruhmlm llclion, 1'9dut11W Operllionf OMlion · 
UNl?O, YllNNA IN'YERJt,TIOHAL CENTRE, r.O. In 300, Vilnna, AuArta 

' I 

.... / .. 
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Jrd'tlt1llltion 

.. -- - ·- --~ ........ -

Research and clnelopment UDdertakea vith:ia the last decade ill 
Yarious countries has produced maD7 nev 'tec'bllologica1 and DGD­
tecJmo.logical. 'Uchnitues f'or the eonserYatioa uu1 eeoDOllical 
usage of' ea.-a in iDchJstr7.. Al'tbaulh iaf'onaticm reprtiq 
such ·schemes is general.17 a'Vllilalale. ·it has .not 7et beer. gra'tl.7 
exteule4 -w ~eveloping cGUDtries9 ··,.n17 -a.ec.ue it bas DD't· 'lleeD· 
ade.-Ul.7 dissainate4 te them aml. JIU"tl7 llecause these COllllt:ries 
generall.7 lack satticieat expertise·w ·aftil 'thnSel'Yes o~·it. · -· -
Te'CJmical -assistauce is theret'ore a ftl.ua'ble Yehicul.e f'or iapart- . 
iug Dev• baovleclge to the recipient COIUl'tries ad f'or creating . 
both the apertise 11114 the 1'acilities where the7 are needed. 

F.nerg conservation is a relat.ivel.7 nev area in the GoYenment' s 
~ to reduce its clepeDclence on iaporte4-0il. In ~clition 
to its aggressiTe cleTelopsent .of' domestic energy resources. the 
Govenment nov visbes -to embark OD-llD euergr-saving progr-e 
t.brougb tbe·iaprcwement. 01' e:rticienc7 in tbe use of' t'uel.s iD­
--1or i:a4ustria1 enterprises. 

A Jll'&C'tical. va7 of' achieving this goal is the creation ot an 
instit;ution which woal.4 graclual.17 acquire a bovledge ot aergy 
anaceaent and couenation techniques and the skill ot app17-
ing thes to energ users. 'l'o this encl, it is proposed to 
establish an :Daea Jllaagaent. cOnsul:t.aac;r SerYice (DICS) iJa 
the coatry vitb UJIDP/UllDO assistance. 

'l'be principal · obJect.ive of the DS:S vill be to implement 
energ-saTing measves ~:nong inc!ust:rial &Del DOD-iDclustrial users. 
It rill vork tovazrcls that obJectiYe by clneloping a core ot 15 
specialists trained bJ a tee ot intensatioaal experts to ce:rrr 
out eDeJ"gJ' autits &Del CODSUlt.ucies vit.h local st.aft• Tl>is vill 
entail the elaboJ"atioD ot a general. qstea tor the cleveloprent, 
application ana iaplaat .. t.iOD ot energr-1&Ying measUJ"es &Del 
technology &DC1 the prepantion ot vorldD& •IN&l• vith meth04ologies. 
Local specialists vill 'be trainee! b7 tbe DICS aD4 in tact.ories. 
1\ln.henore. a laboratory rill 'be esta'blisbe4 tor the purpose ot ·· 
testizal t11e et.tieiac7 of tuel utilization b7 ava-eonS\llliD& 
equi:;i11at. Group training a114 tellovship• rill 'be organizecl bJ 
the l'MCS tor o.ttieial1 &D4 zcanagers to observe bov other eO\IDtri•• 
an4 selecte4 ill4u.trie• 4e&l vith tbeiJ" ne:-11 problem • 

• 
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-~ IV oplDlODt . 81V clnelop..- ~ ~t;loml. &OOWQ llhoal.d. 

~- apcm zid:l.OJl8l wzg ptl:l.oJ "1th t;lle ht gbea po.ai'bl.e 

nu ot .Si Ji •td.oa o:f tdae .._at;~ .reaouoea. ~ Pb:l.l.:l.;pplllea 

.. ton---:1.a ...... lllg na11.·naoarcea wit;b. ftla'td.~ 

:fooanb1e wtntng u4 geolog:l.cal co:aditio•• Beaoe, bar4 coal, 
. .. . .· . . ·- . 

aid to cenu.a a1;u11;, 'bro- ooal, oagld; t;o conat:l.'1die the 

•ill aoane o:f ~ eae11 ill t;11e Pldl.i;pplllea. ne 1n-

4118Vld. P"P8• O~ 1;laa OOGllRJ 8boa14 be 80QDd1J beae4 OD. 

wrg prm.4ecl 'IV ~ npand1ng ooal wtJdng tncJ~stz:,. 

9aie Vadlt:loml o'b~:l.n• ot 9J1M11 poliQ llaYe 8'at;e4 . 
~~ t;blre aboal.4 be adeqaaH .11114 aeome emrgy aappliea1 

t;Jad "laeJ aboal.4 'be e:tf1C1811t;J1 aaeclf ad t;ba'I; ~- t1ro -

ob~ect1wa abo~d be a~necl at ~- lowest oon to_ t;Jae -

t;lcm. !be o'b~eotlna :r..- aa m.egratecl · 'Dug ponoi to tu 
mticm oaa _119YU be paraue4 1ll l80latloa. ._~ • .._ JO-

llOJ 4Mialcm :La llblJ t;o :lJIYol'ft ...... ~r all. flt • W:l.te 

D...,.:ii o:r· otbo _oo~cleatlom. It; 18 not; po-.lde te-4114 

a g~al :r...ia to apnaa tile P"JU 'bel-• te B'Rdlre 

la ... 1Ad1Yi.4ual c190i.AC>Jk What; 19· i.llJO"e8' i• .. ... 

-

cu.a.nw la oon Sa..-•• ..,..... al ...... .__ 

ot eoti.• ~cl be ........ - J&'.n..i, - ,..aD.1.e . . 
-1 -- pl'OldDed)1 ia ldllll. ..... cllneiMa .. Willl .... 

.... Ilda I.a t;~ ~ --s111 .... ill~ ..... 
M1e ...... .., ot • JOUo7· 

· • ....Otim of t.11•l•M • t•••• .. ••IW i• oftea 

\ 
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JD ~ .... ..,_ aa all ob3ec'1:n o~ •nap poll07. Belf-aatt1citm071 

llGllln•l'• ill cle&Ua'bl• ~ la ao ~ aa :l!Mll PDIMl8 aoaroea m;r 

9tter aappli.ea 11111.oh ·baft- a· 1o1re naoafte coat. alld ee ma 

wue, ·~ 'bo'*t aa c011p&r9411l~ _,..,na, it :l8 aot m ob~ec-

'll• iii it;a· -. rlgl$; -oYJ••• ctrcwtallaea, •itll ~ a­

- "naift. eaea aappu.~ 1-11 -.14 -m&rkna aml with bdipnoaa 
- . 

•aoaoea ill ..,. co....._.,"1Nabl.• or aploifiatd.ODt 11; ia 
". . • ~ • - . - "'-"'" -""'?ir'' .. 

' 

' ~~~l>le ~o •UYe ·;pope• '°9Ut1a ~ IUMlar~ oba .... . . . -
Uwa or ~ _ oo~ alll1 119Cari.'Q :I.IL t;ew ~ ndac'liloa or t;1ae 

. ..,..... OD. U,.••· 

• 
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It la c.o-a paO'tlce la coaVlea wi'th a Yarie'Q of 

Jd.p. u4 lom hDk ~la, to aeene tbe htgber rei*1og coal.a 
. . -

_ ~ 1Dllaatrbl .- dem8'lo aa• .-_ npon 1ddl.at i.. :nlllD-

1Ds ooai. de aaetl 1- ponr pmnUoa u4 t• ft.rbg cmat. 

kll•• Ia tlae lld.U.Wl-• wh ot tlae CMl 1MmdJrg plallta llllYe 

be• oomened or e.taigneA '° aae ooal with oelo.dft.c 'Wal.• 
r - • 

ot 9CJQD...1000D JlifWlb, wlleftaa it •ea Nallse4 tbat •8' ot 
. - . 

tbe ocm'fi17'• ta.;ue coal oat;pd; .Oald ban a oaloriflc ftlQ 
. . ' . ·-
7200-8000 B'la/lb. 919 problea ill Nrlre'tillg Pldl.1ppillaa1 coal 

11•• thea~ore 1D boll to ~'181) beat; tbe pn1181d; ~ :futD­

• 4•u4 oa ld.gh ftD1t coal.a. Blere an tr.wo poaa1ldl.1t:Leaa 

1V illportimg high nm coal.a u4 blemli:ag 1dlea with l"-1. 

low Ylllae coal to bl:illg tbea to tbe ldm- apeciftcatlcma 

nqalrecl 'bJ tJle o..- aD4 power gw.raticm 1Jlltut;rlea, or 
. . 

1'1 apgradillg lD qaallQ &meetio coal.a lll •ellb:l..ag plama. 
. 

Bae. ftlllppLlea :lDd118'rJ cleveloplellt baaed . oJd.efl1 11pon 

om prillu;f. ~ mdo:l..ala •iU be pouibl• oD1J U tbe ata­

te .laaa adeqaate~ loge on baeki-ap pot~iel .,,_g taoW.-

t:l.ea .. to•dl, llqalcl iui. u4 otber ••ru ·~·· ne 
state !aa• to get e.aoagh big JOW• :l.DdutZ'1 oompl•t•ll Mtl ... 

~i.Jlg tlae qaickJ1 pOll:l.Jlg •llU&J 4-at of ti. clnelopi.Dg 
·' 

lD4Utri aD4 towu u4 Till-•• tbe l'ld.llWim• llave ~ 

fto:l.em n•ouoe• ot ld.twtaou aD4 l:lp:l'ou 00918 a4 otller 
• _. , • r 

pow•~ r••uoe• iD orde~ to be al>J.e to •at:l•O tm canellt 

11114 '1le Mu• pow• ~eqw..-. ot * nate. 
' 

ne •n:l.8at:l.oD ot ~- ot J'bilippt.m ··~ taua 
Coll "R 0081 lli.m• ad •••• u a tael to~ powu a4 .. .-
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:lndastr, is dltticw.t at preMJl't becauae the· deli'ftred che­

ld.cal anaqaea of coals and coal ashes are not complete. 

TeZ7 often it was mt boWn troa where and ham suplea of 

coal tor ·ana~aia were taken. ~ cheld.cal aDa~aes of coal 

baT8 not contaill84 chloril181 phoaphoru,· alb11a, which 

are belin4 to be a factor of :t.l.reaicle tonJ.1xg probleaa. 

Def1cienc1 of coal ash twd.billt;J made 1D a ld.l.cll: reclalc1Dg 

8114 oxicU.ziDg at.oaphere. !heae data are essential tor the 

estimation of coal qaalit;J. 

fte- deliveze4 chem1.ca1 ana17aes ot coal.a were made bl 

d1ttereut laboratories in the PbilippiDea lll1d abroad. Deae 

laboratories uaed d1tte1'8D't atamar4 aethoda1 British Standard, 

DD .stadarcl and .181'11 Standard. It these chemical anal.Jae• 
-

were mad.a ill accord with ASS Standard •thoda ozal.1, the 

aoat md.versal used •thoda 1D the Pb111pp1Des, it wouJ.4 

have been Jlllch easier to·ce11pare tbea and draw concluiom 

about the anal.Jaed coal qualit;J. !he qual.itJ of r~t-wtne 

coals troa different coal Iii.ma is various. Coal miDes 

aae onl1 aizlDg of coal, tb.aJ do not uae cleUJjng coal. 

So• coals are atrongJ.1 cont am' nated with abale or. with 

aulpbar and alkalis. •or the p.irpose to improve the q11ali't7 

of coal theJ bleD4 it on atoclqarda. fe ll&l8t conclwl• that 

those coals caDDOt aat1sf1 the demand of power aD4 c•ent 

plants because of coal qualitJ coutraillta and that the · 

coals aut be cleaned. 

a. Pb111ppinea have anclergrotald ancl opencast coal 
·• 

llillea. UDdergro-r J. coal miDea are small aD4 of low ucha-
. 

mzation rate. ~re a.re·a DWDbe.r ot amall-acal• opencast 
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pro&peots and op ei:oast 111D8a. 

8=1 rara Coal ll:lDe is the biggest moc1RD opencan coal 

JdJle 1D the Phil1ppims. Coal frOll tb1s sl.De la barmd 1n 

Philippine coal :f1rec1 tbemal power plants, Bat;angaa Poirer 

Plant being tbe biggea't rece1TH of Sewt •an coal. Bae Seai­

rara coal 1a recopizecl as a ~ l•acHng to h'gb1 fogJing 

of boiler external haating ~acea. !M ha80Jl tor ldgh aah 

fouling· properties of the coal 1a 1ta ldgh cont;eat of alkalis a 

Ia2o and ~o. Samples of thia coal taka 1a 1985 were anal1-

zed tor content of aocli.aa uiclea Ul4 potaui• a:iclea. So• 

&8J1Plea of tbe coal were found to contai.D :rroa 6 to a'bon 

10 '5 of a ocli.aa ozicle 1a the aah. Un:tortmaat~, .. 4o aot 

poaseaa infomatton OD whee .-.. 11811Ple• were taken taa. 

ID Sellirara, coal Iii.Deel ~· c11tterezd; ledgea1 ••- baa 

clitterent properties •• atea fWtl. ne o81iptd; ~- the Id.Ile 

ia stacked on two pileaa the first pile bu aelect;e4 Id.eh 

qualltJ coal with lOll ash contents and caloriftc Talue aboat 

9,000 MU/lb, and tbe second pile baa low qualltJ ooal With 

b1gh contents of aah 8Dd lOll calorific values 7,500 MU/lb. 

In tbeae two pllea, tba Seairua coal is blemed. !he chmical 

· anal.1••• of bleDC!ed coala, -at present hav• •cle ill tbe coant17 

· and abroad, showed th8t this coals •• a tuel tor boilers baa 

moderate aah foaling properties. !hia conclusion is con:tirmed 

, 

Semirara Coal lf1De baa a no,..,naJ rated capacit, of 1.0 

aillionll! pa an4 a naaber of 811&1.ler scale opencast proa­

pecta and opencast 111nea waiJlg conventional e°"bllortng 

eqaipment.tor overburden rellO'l'al and coal extraction. !he 
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prelleDti Ummg openoaat; belongs to 'the Sud.rue Coal Corpo­

nUoa. 

hR 81'100 Yoen ilpim a.Bucket 11beel --.va'liora (Bn• a) 

ee empl~Je4 ill ca1itillg 30 • 1d.gh benclaea. h'lial de:l 11 ogt;­

pat la a-. 201000 beak ~. Coal ~ · OTerbarclea •• loecle4 , 
c111'9ctl1 OD 1;o bel:t OODYQora Yi.a lloJ'lr x- can. Ban of 111.De . 
ooal 1a trampor1ied. to the coal nockpilea tor dUect; abipld,llg. 

· Onrbarden 1a tiftcted to a clnap1ng alte •blch 1a loca'liecl 

manbeaat; Of the p11;, Wiie:..._ 181111 is being :recla:IM4 rrcta 

-. ••• Attap'l;a are ca.rremq being •4• to Jl1De tbe au.a· 
8- aD4 its •14e •-•re aelectiftl11;o ezcla4e1 •hue 

poulble, 1;be tld.n ahal.e bends within the Main. Seam and ge­

neral.l1 improve the quali'Q of m1De prodw:t. !he tot-al thickness 

ot 'l;he Seaa is 24.5 •• !otal coals 18.6 m (76 '5) and total 

abale 5.9 • (211- '5). !he final re1mants ot overburden are 

cleared ott the top ot the aeaa aaiJ:lg a coab1Dation ot a 'JI/ 

or JJ8 Caterpillar bUl.lcloser and. a Caterpillar bac~e, 1D 

c0D3unction with D.J .B. articulated clwap trucks. During 

excavation of tbe s!taa bJ the BU• the shale parti!IP are 

118&rQ all selectiv~ llined. lliDe otticiala report tbat the 

BD's can.ucavate selectivel.1 down too., m and &ch ot 

total eba~e is ther~:!ore selective13 removed. ~ more cont­

amnated coal is direc '7ecl to the stockpile and tor the mine' a 

own captive power atati~u. ~ power plant is rated at 15 KW 

and take• about 50,000 II'! pa ot low grade coal, eqaivalent 

to .5 '5 ot the 110mi.Jlal total coal output. Belativel.1 uncont­

aminated coal is directed to"the coal etockpile,.and placed 

in a ·pre-determined location accorid.Dg to its qual.1'1• 
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llolrevv, aelectin wtntng bJ mta ca Gab pronde a .snor 
. . 

aa:tepaztd egaiDat proclaciJlg aA mptioml.Q l• qaal.11;.J product. -

. Cbelllcal ••lJ898 of s= ran coal.a 
-... 

(Prold.ate amlJaia) 

Jlan-ot-"'• IU.g1l aelec- Low ae- ..... 
coal tecl coal lecte« bed 

9911 coM 

hW •iatazie, " 25.e7 16.5 17.J 7.0 

Ash, " 
17.63 9.9 17.5 e.1 

Tolat11e a., " 29.60 37.4 ~.5 37.6 

•.Carbon, " 26.90 36.2 27.5 47.3 

Calorific value, 

gross, B!l'U/lb 9JOO 9100 7200 11500 

Sulplmr, '5 0.59 0.70 0.79 o.60 
Ka2o in coal, '5 o.43 0,32 0.56 0.23 

I.aO in coal 1 " 0'17 0.15 0.16 0.06 

•a2o + l.t' in coal, " 0.60 0.47 0.72 0.29 

Grain size, - 0-40 

Ash content in the so-called selected coal ranges between 

19 " and 12 " and is about 50 " higher tban 1D coal samples ta-

ken direct~ :trom the seam. ~obab~ the bulk of higher qaalii;J 

stocked coal for shipment car bave aD aah content close to 17 " 

with aD 1Dhenut moiatun of 17 '5. SGch a ah and moisture con­

tent a woQJ.d prodllce air dried calorific value of 81 200 Bi'U/lb-. 

If •• take into consideration the calorific value of low grade 

coal in the atock piles 7,200 B'l'U/lb, and that 1Ji the Pbilippinea 
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_ wb ot tbe coel band.Jig pl.am. ban M4lll CC>DYene4 or ct.. 

at.,... to aae coal with calor1:t.lc Yalu ot 9000 1;o 101000 

BlU/l.'b • wt; OODClad.e nat 8-:1.rara coal camot aatiar, 
th• 4-Dd ot tlle• plane b8caaa• ot coal qaal.11;J coll81;n1Sa 

ad that -aeleeti1ft •' m ng 'IV .. , • 1a Do1i aattlciellt and 

does DOt gift tbe wt Di- apec1t1ca'1.ou reqaizred bl the o­

aut; aD4 pme geaeatioa iadnatriea. 

Bae 8-1.nn coal la recogntse4 aa a 1ael leating to b1gb 

toaaJ1 • of boilft at;ebal, balrt;illg aadaoea. _. nuoa tor 

ldgll uh foal'• propuotlea of the coel la ii;a id.p coateat 

ot al~11as Bai' aDll '&;!'• s.ilplea ~ thia coal tak• la 1985 

were analJzed tor content; of ao41aa oxides and potasaiaa 

oxides. So• Nllplea o:f the coal •ere tound to contaiD 

~· 6 !I to abOTe 10 '5 of aodiaa ox:l.de 1n tbe aah. Un:fortunate-

11 •• do not poaaeaa intormat1on on where theae aaapl!• 

• were talceD troa. ~ cbemical aD&Qaea of blended coals 

both 1D this comt~ and abro•4 show that th1s coal aa a 

tuel tor boilers baa modGrate ash foaling prop~i••• Baaed 

on the _Seairara coal chemical ual1aea quoted abOYe, the 

conclusion is that •ashed Seairara coal •111 not onl.J .-:t 

the reqaired calor1:f1c va111e, bat "111 alao res~lt in lo• 
:I 

or moderate ash foaling properties. 

!be qaalitJ of 8-irara coal depeDda, abov~ au, on 

how wh it ia conta•imatecl bJ coal abale associated •1th 

tbe aeaa beiDg m1Dect. !he abales anc1 mdatone1 the comaon 

non-coal iapuritiea, exhibit high brittle but •ban moist 

are highly plastic. When wet, the shale Pell~ rapidl.1 ala­

kea to form a smooth p~ttJ-lik• mass. On _lmeadiJJg and fur., 
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tber wetting the shales pro<iu.cea a saooth oiq te%tured sus­

p8D8ion. During the wet season this clQish shales covers 

the a ur~acea of coal graiDI 1 aggloaerates, and adheres to 

tbe surfaces of tbe coal h&ndJ1ng Qatea causillg coal sup.. 

pQ illternption to the thtmu.i plant. 

It baa been clecia.ed to "balld a Coal Washing Plant at Se­

id.rare of output 250 H/br1 which baa t_o bring Sew1rara coal 
., 

to the qualitJ lnel required b;J the ceaent and power genera-

tion industries. lloweT&r1 c.-1 aaioJd.Dg of &llCh a plant will 

take a relativel.7 long ti11e. In JQ opiDion the Seeirara Coal 

Corporation ahollld 118ke 1Jalecliate obangea in applied enract­

ion •tboda which would in the short tera briDg the coal qua-

lity up to the guaranteed m1n1mma specifications required b1 

One proposed WQ o:t-1ac:hini.Dg this llight be as :tollo•sz 

to recruit a team o:t woJ•kers (crafataeD/tecbniciaDS) and 

equip them •1th pneaat:f.c drills, shovelli.JJg machines and a~ 

41t1onal coll'l'eJiDg eqm.1•nt and cleplo1 thea to work together 

with the BD's excavato~s. !h1a group of •jnera could achieve 

al..llost totall.1 selectiv11 ld,n1ng of coal. When the coal wash­

ing plant 1D Semirara i::i put in operation and Sem1rara Coal 

111.De rettarDS to the pr.~sent SJ&tea this team o:t Dliners ·can 

be retrained and emplo1-ad at the washing plant. 

The coal reserve• at Semirara 1slOD4 when proper~ ld.Ded 

ere generall.1 suitable :ror pulverized-coal and /or stocker 

:tiring boilers. ContiDU•>WI mining a1stea.· wsiDg buctet-wheel-

9xcavator conv91or s1 st11m is appropriate. However, the cut­

off aeam thickness o:t 0,,50 a currently beillg practiced 17.1 the 

a1D6ra ma1 have to be 111creaaed to ainimize on impurities 11-

-
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ke shales and au.dstone f':ro• beillg lliD.ed with coal. In case 

ot tbimler coal ••- it is necessa17 to eaplo1 llallaalq­

operated pnaaatio drills together with shcmtl aacbiDe to 

selectin~ mm ot coal. 
\ 

With regards to altlllia content in aah, the f1Dal direction 

ot tbe-Semrara coal is 'o andergo coal beneticiation at the 

ll1D8 a:lte betare abil'P'ng to coal users. A .review ot the CW 
... 

atadiea conducted 10 USAID uiDg Sewt ~• coal 1Dd:icated -
tbat at gn1 n.cant •oUDt of these alkalis can be re110Yed bJ 

waaM ng, t;Jma, utilisation. ot purel.1 Seairara as t.lel at Ca­

laca Pl*-1t (•ashed) ia hi~ achievable. 

. Seairara coal preparation plaD't facilities are designed 
- . 

to clean raw coal troa opencast coal mines. !he clean coal 

prodllced is asual.11 ot consistent qual1t7, but its propor­

tion of marketable product 1a about 20 to 40 '5 leas than the 

raw coal received troa the Dims. 1Hn1ng costs per ton ot 

clean coal are therefore iDcreased accord1Dg!J. hrthermore, 

the capital costs of a modern coal preparation plf11t 8Dd t­

cilitie• designed to treat 1,000,000 ton.s ot raw coal per 

1ear ar~ #15 to #?JO llillion, to which aaat be added the coat 

ot operatillg the plant aD4 the coat ot ctispol:: 1Dg ot the lar­

ge quaDtitiea of waste products ot coal preparation. 
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3. OBSBRY~I<lfS AID AllAllSIS OP .COJ.L ._ BELATED PlllBUP'S 

OI IPC CO.AL TffDJIAL PLAftS 

ftis report ls.prepared to outline observations and ana­

~ais of coal relate~ proble• at·the BatanCas and the Cebu 

Coal ~nal PJAnta. 
/7 

file llisaioD was carried oat troa JamaarJ 22 to l'ebrllar1 

14, 1986.1·~~ covered 'Yi.sits to Batangas and Cebu Coal Thenal 

Plall'ta, .lt:'.as Conaoliclated Jlin1 ng_ aD4 Development Corporation•• 

(.lCllDC) n.udir.eci-;Becl COllbaation (l'BC) 91ste• as well as ae­

ries of lectures ill each plant and seainar OD coal coabuStion 

tecbnolog. 
It was gathered tbat the pri.m&rJ concern ot the Batangas 

Plant is the ash foaling ettects if the Seid.rare coal where­

as in Cebu Coal !hermal ~lant proble1111 like coal handling, 

grinding and deterioration of coal propert;J at the stock-

Jard ~ere obsernd • 
. 
II. B.lT.ll(a$ COAL-l'IBD THJ'RMAL PI.Aft 

.l. Observation& and ftDdinp 

Visual iDSpection of the auperheaters (primar, and aeconcla­

r,), preheaters _and economzers conftrmed ~ relativel1 clean 

coDVective surfaces. tb1s is the result of a cout1.Dlled tiriJJg 

of a a11cceaa:tul blend of local with imported coal which has 

a neutraliziDg impact OD the high alkali Semirara coal. 
. . 

In the evont that the Philippine Government should atop 

iaportil:g coal in the f'1ture, however, BPC should be prepart!d .. 
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to switch to :tiring straight local coal. ~s IUIJ' be • 

co11plished lJ1 1.Dvesti.sati.Dg a~ this stage local coal, ot­

ber tball Sud.rara, with neutralizing property on the foul­

iDB alJtalia of the Seid.rare coal. 

Sodiaa compounds wbich Seldrara coal has high content 

1Ji ash are 'tbe mat~active conaituenta in pro•tiDg hot 

zone toulhg. JV buefic1at1Dg this coal a high perceint­

ge of fouling al nlis can be reaoved resulting in aoderate 

aall foUJ.ing •hen asecl as teal.. It is ver1 like]l tba nsi.Dg 

waehed coal at the Batangas Plant •111 eli•' nate the use 

of the imported OD88e 

Weekl1 checking of the pulverizers performance current~ 

practiced by the Batangas Laborator, should be made daU., . -
to eDSUre tbat coal is ground to specifications. 

B. ll•~•endationa 

h •hdad:ze ash fouliDg to acceptable level, the fol-
. . 

lowillg suggestiona arraDged to their importance should be · 

carried out. 

1. Continae tbe present coal blemi1:1g prop.-aaaae. Tlda 11181 

be accomplished by undertaking laboratory anal3sis of 
ev•.191 coal delivei91 with particular focussed on alkali's 

concentration. ·A report higblighting the toulillg chare­

cteriatica and tbe recommended ratio of blending ot coals 

should be submitted to the Plant Manager. 

2. AppJ.1 soot blowing a• often as possible. 

'· Check aD4 keep excesa air as lo• •• possible. 

4. Keep grain size ot pulverized coal to a~citicationa. 

5. It tb.e above auggeationa are not enough to prevent ash .. 
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a) Paint the superuaters1 p.reheaters and economizers 

with threa (3)·coat1Jlgs uaillg ca1ciua !eydroxlde 

(Ca(OH)2). 

b) Apply hamidification at the secoJl.daey air using waste 

ste&ll approximately 1 psig, trom 10 to 20 lb steam/1 1000 

lb.air. 

c) App~ adclitives to the :tuel supply line before the 

pul.veri2.er or at tJa.e secondarJ air uaiDg any ot the 

tollowiIJg additives ground to 200 aesh. :limestone, 

dolollitta, magnes1WR o:d.de (Ilg()) and alnm,Diwa o:d.de 

Cil20j) .. 

6. Expand laboratoey capability to be able to undertake comple-

te coal anal;vses. 

A. Observations and Hndings 

The Cebu cc,al Pi.red Thermal Plant receives coal from eight 

(8) ditterent c:oal mines. These coals were J:li.ned using bull­

dozer at the s·tock;yard (uncovered) before being sent into the 

boilers. At tbe atock;,y ard, coal piled to about 10 m high is 

estimated at 180,000 KT enough to sustain tbe plant 300 d&Ja 

operation. 

However, ·the plant ia uai?Jg dual-firing (oil/coal) because 

the reqaired volume of coal to sWltain the boiler requirements 

camot be su1,plied due to coal handling probleu. These prob­

leu were •XJ;»erienced startiJ:JS at the crushers, conveyors, 

down to silos, screens , hoppers, etc. Another ~1gn1ficant 
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problea is the deterioration of coal property while at the 

sf:or-k1ard• Coal handling problems are to a large extent cause -
-

by clioe1 property in coal 1 high percentage of coal fines 

and high aoisture content which when combined tog6ther 

agglo•rates and adhere·s to the _surfaces of the coal handling 

Qstem causing coal suppl)' interruption and a shift to oijL 

bandl.i.ng 

problems, however, is moisture content. 

The large ~ariance of coal propert, when delivered to the 

stocQard: 10,000 11J!IJI 11 and 12 " of ash1 and when ti~ed 

in the boiler: a,ooo M!UI II and 28 ,.of ash, in IQ opin1.on 

is due primarilJ to improper stocking at the stockyard for 

e%ceptiona11J long period of time before being reclaimed 

for use. 

It nmat be kept in mind that in tropical countries, li­

ke the Philippines, excessivel.1 high piled coal exposed 
-

to all Jd.nds ot weather •111 release heat when moisture is 

added therefore losiDg volatile matter, reduce calorific 
/ . 

value1 at the same time ash content increases. If the tempe-

rature o~ coal inside the piles reaches the critical point 

of 140°P, the spontaneous combustion of coal occurs. 

B. RecolDlllendations 

In order to minimize coal baDdliJJg problems and dete­

rioration of coal propert1 at the stoc]Qard, the following 

lll&J be adopted: 

1. Jleduction of coal inventory in the stockyard to about 

2-4 weelta plant normal operation. 

2. Jleduce moisture content of coal before sending it to 

the boiler. 



, 
• 

!h1s ~ k dom bJ storimg coal ill a concre1;e paved 

and onerecl (roo:te4) stoc:Qard :tor a period of two (2) 

••eke be:tore·se:ading it to the boiler. 
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Ce PIOBilQIS JRICOORTIRlm 'IIm THE USB OJ' LOC!L COAL 

AS JU1IL IB POOR PLlftS ARD CEllSBT ImJSTRY 

I. fO!P PWf.rS 

Low qaall'Q of local coals u.sed as fuel :tor power plants 

reimlts in low output and efficiency. The steam boilers have 

high ash foaling of heating surfaces a~ Corrosion. In order 

to improv~ the e~icieDCJ of boilers coal ~s barned ~lended 

with imported COE.la which have neu.tralizing impact on local 

coals. 

Some pOller plants bave coal handling problems and another 

significant problea ia t:b8 deterioration of coal property 

while at the stoc)qard. Coal handli.Dg problems are to a large 

extent cau.sed by claye1 property in coal, high_percentage of 

coal fines and shales as well as moisture content Yia.ich when 

combined together agglomerate and adhere to the surfaces of 

the coal haJldliJlg 91stem causi.llg coal supply interru.ption. 
' -

Another Eiignificant problem is the deterioration of coal pro-

perty w~Lle at the stoclcyard. The large variance of coal pro­

pert;.y •ban del~vered to the atoclcyard 8Dd when fired in the 

boiler is due primaril.1 to improper stocking at the stoclcyerd 

:tor an exceptionally long period.of time (6-12 months) before 

being reclaimed :tor use. 
I 

The power 1ndust1"1 also encounters probleDIS with the 

utilization and storage of pulverized-:tuel ash. 



- 25 -

II• PIDIDIZBD-BED COJlllJS~OB 

J. review of the Philippine coal reserves indicated that 

tuture coal output would range fl-om 7,200 to 8,000 BTU/lb. 

It also contained slll.phar and fo'11111g alkalis and high ash 

content. Coal cleaning is an expensive method of improving 

coal quality and not every coal can be success:t'1l.ly cleaned. 

High percentage of coal fines which contribute to coal handl­

ing problems •ill a111ays be experienced eve.11 with the mecha­

nization of the coal mining il:ldu.str,. 

In view of the varyi-ng types of coal that the coal miDi.ng 

industry bas to offe~ in the future, fluidized-bed combustion 

system may yet otter the best alternative to the pulverized 

coal burni.Dg plant. 

fluidized-bed combustion is reliable, and efficient method 

of produciJJg steam fl-om low grade coals. The use o:t limestone 

as bed material ensures very low sulphur emission, while the 

low operating temperature in·the bed ensures low BOx emission. 

High ash, low calorific coal can be successfully burneu 

in this type of boiler at high thermal efficiency - 85 %. 

!he 1.Diustrial developmeAt program cased on indigenous 

raw materials will l>e possible onl1 is the state has adequate 

baek-11p potential e1iergy reserves and enough power supply to .. 
successfully meet tlie growing energy demand. 

III. CEJ.ENT INDUSTRY 

Until 1985 nearlj' all cement plants in the country have 

converted to coal. The planned annual consumption of all cement .. 
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plants will reach 1.459.000 metric tons by 1986. They barn 

high calorific coal, which is a mixture of local and imported 

coals. Tbd author explained to them the reasons of formation 

of ash-ri.Dgs, deposit rings at the beginning and at the end 

of dintering and calcination zones of barnillg kiln and prov:l.­

ded methods how to prevent their in:tormation. 

Lectures ~ere given on the properties of coal as :tu.el, 

coal sampliDg and ana~sis, cleamng and utilization, and on 

the :tooling properties of coal llineral matter. Also conaid~ 

red was the ash ·tou.ling of cement kilns and some recommenda­

tions were provided· on ho• to prevent ash touUng of them. 

The author also acquainted the listeners with the te chno­

lotg of applying pulverized-fUel ash and coal wastes in cement 

production. The author has visited the Island Cement Plant 

where the wet method of cement production is applied. 
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IV. lJiOBLBKS BRCOOBTEHED WITH ms STORAGB or COAL Ilf STOCKS 

Du.ring rq visits to the coal 111Dea and the thermal plants 

I have seen large stoclca of coal which •ere not protected 

troa heavy tropical raiDa and ~· oxidation at high tempera-
. . . . 

tare. Coal was often llaintaiDacl at the sto~arda tor period 

ot so• months. It llWlt be kept in ll1Dd that in tropical 
-

colintries lib the Philippi.Des, ezcessiveQ high piled coal 

exposed to all 1d nd.s of •eatbar w11l release beat when moistu­

re 1a added therefore losing volatile •tter, reduce calori­

fic value at the saae tille increases ash content. If the tem.­

perature of coal inside the piles reaches the critical point 

of 140°:r (60°C) 1 &Pontaneous combustion of coal occurs. Por 

example in Semirara Coal ll1De the output is stocked on two 

large piles and spontaneous combustion of coal is occ3sionallJ 

experienced • 

.At the Cebu Coal P.ired Themal Plant coal ~oa eight dif­

ferent local coal mines is uti1.ized. fhe coal •as piled to 

about ,a ft high at the atoc)Q'ard and was estimated at 180000 
' 

JI! - enough to sustain ,00 dQa operation of the plant. Bec&ase 

of this large inventorJ 1 the coal tbat remained in the stock-

1ard for exceptionallJ long period of time under ai:q weather 
-

conditions gradLialJ.1/continuoua~ deteriorates, i.e.: the 

large variance of coal property when delivered to the stock-

1ard1 10.000 Bm/lb and 12 '5 of aah and when fired in the 

boilers 8000 B1'U/lb and 2a ' of ash. 

As soon as coal has been mined and is exposed to the air 

it begins to ox1d1z~ slowly, the rapidit.1 of the process 
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being related to raJJlt and. sutace ~ea (i.e.n.neness). 

The actual conditi~ns of storage and the precautions taken 

1n 11qil:Jg down a stoc.'t plQ an overriding part in determ1~ng 

whetbu- heating actual.11 takes place, bat there -is alwQs :.;. 

so• loss of calorific value UJ4·cok1Dg properties when 

coal is exposed to the air. It there is coal in stock at a~ 

t1- which is llltel.y to remain QnQSed tor. a year or more, 

the loss dDe to sl~ oxidation, even U no heating occurred, 

•oal.d be considerable; b11t it is •ell known that llUUV stocks 

·heat 11p (and so have an increased rate of oxidation) even 

though they may not actuall;J reach the stage of an active 

tire. 

Probably the best •111 to preserve stocks is to tZ1 to 

preveat access of air, and this is normally carried out 

bJ bllilding the stock in layers and consolidating it by roll-

1.JJg. 

Sou ~ears ago it seeaed that 'Chis process of air excl11Sion 

could be improved by covering the heap completely with an im­

pervious lQer, and road tar proved an efficient and economical 

method of careyiJlg out this operation. In addition this method 

could be used on heated heaps which in the absence of air woald 

then cool off and stop ondizillg •. 

1'he sealing of a stock with tar has added some advantages, 

s11ch as protection against wind losses and redaction of cha­

nnelling due to heav, tropical rainf a secondary e.tfeet, there­

fore, is to reduce atmospheric and rive~ pollution to a mi.nimum. 

:By reducing oxidation and stoppillg the percolation ot water 

through the heap an ettl11ent problem of acidic- drainage which --·-
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o~en occurs troa st~ed coal can be completely eliminated. 

!he tar covering also keaps the coal 1111ch c1ryer1 which improves 

the haDdl.ing capabilities of the material on recover.J. fhese 

han\,\iDg problems were experienced starting at the crushers, 

conve1ors, down to silos, screens, .hoppers, etc. at the Cebu 

Power Station and at the Batangas Coal Fired Thermal Plant. 

The use of road tar bas some anique advantages. Road tar is 

produced in large quantities and used in all co~tries; equipment 

tor applying it and personnel. skilled .in its application are 

available everywhere. Road tar is produced in such quantities 

that the amount that might be required for treating heaps of 

coal •ill share only a very small part of the amotUJt used tor 

road dressing. 

In 'll1J opinion the most suitable tar is the "A" "type, defined 

1n B.s.s.76, with a viscosity 80 to 100 sec. Tar skin satisfac­

tory for all purposes can be formed with the tar put on at the 

rate of one gallon to two square 1ards giving a la1er approxima­

tely 0.10 in thickness • .Actuall.J the tar will soak in to at 

least .one quarter of an inch billding the coal particles together. 

!!be tar should be applied at a temperature of about 212°1 (100°c) 

It is essential that, if the tar skin becomes broken, it should 

be patched as quic]tb as possible to maintain the seal. To seal 

a dwRp effective~ with tar, certain requ11•ements Dlllst be met. 

The dwD.p should be accessible from all sides ·and all over its 

surtace for the tar-spraying equipment and its operators. It 

should be built in such a wq, or have stood tor so long en.Ough, 

so that it is not likel' to settle unevenl,. The shape of the 

heap matters little, 88 lollg 88 its outline is ~ree from promo~ 
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t9ries and re-entran1;s and its top does not anclu.late ~ 

form trouglis and ridges, bot it is an advantage to have as 

small an exposed surface as possible for a given quanti't;J 

of coal. W.s ..-, be aost coDYenientl1 achieved with round, 

square, or o!IQ slightly elongated dwllpa, which shoold in 

an;;y case be as deep as possible consistent with a limited 

slope on the ades. Purther, tor a given shape, the bigger 

the heap, the less tar per ton ot coal will be needM.. !rhe 

slope ot the sides ot the heap ~uld be •ell below the angle 
, 

ot repose ot the coal, so that subsidence at the sides, and· 

the segregation of lumps, does not occur. ID order to form 

a complete seal the 1Dterstices between the particles of coal 

on the surface of the dump must be blinded by the tar, and it 

will be impossible to do this it the surface lQer consists 

of coarse coal. The surface la1er should be as smooth as 

possible,- which means that it shall consist of :t1ne coal, 

or contain a substantial proportion of it; thlls 8JJ3 coarse 

coal will be embedded in a matrix of tine coal. It ma1 be ' . 
necess&r1 to tria the edges and sides of the dump, or even 

alter the shape of the whole dump, with a bulldozer, and also 

to remove irregularities throughout the top surface. An ideal 

finish ma1 be not obtainable with a bulldozer, and rolling 

is desirable to smooth the surface and to pwih lumps of coal 

into the tine to ensure the required surface texture. 

Tar-· can be uaed either to prevent spontaneous combustion 

o~ to remed3 it. It ia•probable that the expense ot tar as 

a preventive measure is justified olllJ when a heap ot coal 

is built in sach a '18."J and ot such coal that spontaneous 
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heating or a dust probl 1ea is anticipated. ~:t tarrillg .has 

been delQed and fringe :tires have started, they must be 

qa.eDChed be:tore tar can be applied to the place where thQ 

have occarred, bat it does not •tter 1:t the coal is still 

hot ~ust below the su.r:tace. SprQi.Dg with water :tor a •bile 

a:tter tarring in such circaastancea _, be desirable to pre­

vent the heated coal fro• •lti.Dg the tar and thas breakiug 

the continuity o:t the newl.1 :toraed skin; but it sbou.ld not 

be necessar;,y i:t the heap is pMpared properly. 

Practicall.7 the cost o:t tarring depellds dll-ect~ on the 

area to be covered; the deeper the heap the more coal there 

is under u.nit area and the lower the cost per ton of coal; 

a sqaare yard o:t surface covers appro~tel.1 a to~ o~ coal . 

in a heap 5 :tt deep. In average cases, there:fore, a heap 10 

:tt high •ill take approxilllately a quarter of a gallon o:r tar 

per ton o:r coal :for a lQer of average thickness of abou.t 

0.10 :m. In Poland it appears that, on average, this process 

would cost about ' ' o:t the cost o:f the coal :tor moderately 

sized heaps, but wou.ld be mu.ch cheaper :tor large dWRps. On 

the credit side there is a recovery of approx1.matel1 10 !' 

o:t the cost in the heating value of the tar, the need tor 

au.ch less attention duri.Dg the li:fe ot the heap in r~der to 

avoid and control spontaneous combustion, and the elimina­

tion o:r loss and troubles due to du.st borne a•Q by the 
I wind. In addition, when tar is used succese:tu.ll7 to prevent 

aiv spontaneous heating there is also the saving in the heat 
, 

value and coking p~operties of the coal. A seco~ advair 

tage is that rain runs off the heap without causillg cha­

nnelling or pasa1Iag through the heap and thaa effluent pro-

blema are reduced to a m1n1.1ium. 
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Y • HB tnILIZJ.fiOll OP TB "BA!BG.AS COJ:L l'IBED !rRBRM•L POD& 

PL•H WLVRRIZED-lUBL ASH 

!be problems encountered With the storage and the· utilize-

- tion of PJl.l bave beco• V8rJ illportant and argent in the Batan­

gaa Pawer Plant. 
I 

~ effective u.se o:f by-products is intimatel.1 associated 

With industrial econoaics. 11aJV 1Ddustriea could not survive 

U their bJ-products were not ecoDOllicall.1 viable and a consicle-
. . . 

rable proportion of reaeaJ:Ch ettort baa al•111a been channelled 
-

towards this goal. In addition to tbe inherent adventure aspect 

ot diacovering new applications tor the bown material.a, the 

ettective uf'e at a l?J-product is a reflection on the economic 

ettie ienc1 and cost conscio.Qalless of an industry. One of the 

moat remarkable bJ-product stories o:f recent ti•s J1U1St be 

that of tJ.e utilization of pul.verizecl-fuel ash PPA. Large 

llOdern coal-barning fU.rnaces are.usually tired bJ pulverized 

fuel and produce most ot the ash in the :form of a :tine powder. 

Bver, potential use for PP.l is necessaril.3 related to 1ts 

p}Vncal and chemical properties and its most significant 

propert1 is certa~ that ot size •. Its high specific surface 

enhances reactivit, and i1: ditters chem:S.call.1 from ash produced 

'b1 the combustion of lump coal. Substances which are vaporized 

durU:Jg combustion condense on t~ tine suspended ash particles 

,in the cooler parts of the turnace and. flues; therefore PJl.l 

contains ·a&ibstancea not" found in clinker ash. 

Potential &ises tall into two mai~ categories - the extract­

ion of valuable substances present in the aah,:and the develo~· 



•nt of 11Sea of the ash 1taell • .l considerable aaount of re­

search work baa been performed on the foraer aspect which has 

scientific interest but baa not so far been of auch practical. 

iaport~·· 

~contrast, great s.i~cesa has been_ achieved in waking use 

of the propert;iea of ashs its i>b1aical propertieg aDl aell­

barden1 ~ characteristics (load-bearing fill), pozzolanic 
. . 

characteristics (atab1l.1zation•ith 11.ae and cement, ase as a 

c011poD8Jlt in structural and aerated concrete aixea) and its 

abilit~i to produce a lightweight;· aggregate after pelletinr..& 

aDd a:lnteriJg. 

~ Poland_ palverized-fUel ash bas found an important appli­

cation in the prodw:tion of briclcs, blocks and lightweight 

aggregates. 

It is possible to •ke bricks contain1 ng 100 '5 PJ'.A. by means 
- -

.of pressing ~ ainteril:lg at temperatures _of 1a30°:r (1000°c) 

and more. The "gree.• strength (1.e.streDgth before firing) 

o:t such materials is however vecy low and tbe important ase of 

PJ'.l 1n brickmald.Dg is as an addi~ive to brickmaking cl&Js where 

it can account for as much as 80 '5 of the raw materials. Ver, 

high q~lit, facilJg bricks are currently being ma~actured 

from. mixt.ires of Pl.A. and brickmalting cl&J. The advantages are 
• 

the greatest with the more plastic claJa and improvements bave 

~een reported in power consumption, drying rates and saving 

1n fuel. 

Blocks can read1}3 be made from pressed ~a.res of PP.A, 

cement and water. This p~ocess produces a strong dense block 

which like dense cor.~rete, baa poor thermal insulation properite1 



-~-

.A. mch more satisfactory buildiDg material is tbe aerated 
I 

concrete l;)lock ude usua~ b;J the addition of alnm1 niua 

powder to the wet 111.x of PY.A., ceaent and water. ~he aln•1niaa 

releases IQdrogen fro• the alkaline ll1x alld the aerated pro- .:. 

4uct is kept at an elevated temperature for soae boars to be 

then au.tacla~d in saturated-steaa at 1.50 lb/in2 (10.5 kg/ca'), 

corresponcung to a temperature of about '65°:r (185°C). fids 
. . 

produces a ver, stable product with low. 110isture llOYeaent and 

tlryiDg shriDbge. ~ densi~ is appr:n.ate~ 50 l.b/:tt3 

co.a g/ca"l and, •1th • crush1Jlg strength in excess of 600 lb/inc 

(42.2 kg/ca2), good load bearlllg properties are achieYed. 

Blocks of this tJpe :tiDd extensive application as the imler 

leaf of cavitJ •all construction and, in adclition to h1gb. t~ 

ma1 insulation, have the propertJ of readily accepting nails 

and screws. 

Much attention is devoted both ·in Poland and in other 

countries, 1iO the production of a lightweight aggregate from 

Pl'J.. Several different processes have been designed, bat they 

all depend on sinteriDg. The Pl'J., to which carbon in some form 

is added to bring the total amowxt 11p to about 5 '5, is usually 

first pelleted with water to _give round pellets of the size 

of marbels. An alternative method is to add clay &lld form 

pellets by extrusion. The sintering is accomplished bJ igni.­

ting the pellets in some form of :turnaee or kiln when the 

heat of combustion of the carbon present is sutticient to 

raise the temperatare of the pellet to about 2200°~ (1200°c). 

The processes prod11ce pellets of a hard cellular ligh~eight 
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aaterial •1th a buJ.lc densitJ Of about 50 lb/ft' co.a g/cm.'> 

(approxlmtel.1 hail the densit, of gravel) and with a very lo• 

sulphate content. ilthough tu individual pellet is less stroDg 

than that of gravel, this does not preclude ver, high concrete 

strellgtha beiJJg obtained. ~ .. e use of lightweight aggregates 1.D­

trod.Dcea a new technology of lightweight concrete coustruction. 

filis allows lighter structures to be designed of aore than ade­

quate strength with it consequent saving of aaterials tor both 

found8tlons aJJd superstructure. !ft>· these advantages that of greater 

therllal insulation can be added. 

D' Recoaaended methods to be used in coal sampling and •qgbsis 

in the Philippine cbellical laboratories 

!he Phillppines have sutticient resources of bitnm1 nous and 

ligni.tous coals to satisf) the current and the future power re-:­

quirements of the state. The rank and quality of the Philippine 

coals depends partlY on their age alJd partl.1 on the strucuural 

setting in which they are foWld~ Older coals, deposited ill struc­

turall.1 complex strata near the Jll8&s1fs of the magnetic belts 

or allochthonoua mas3es are generall.1 higher in rank (bituminous 

to high volatile bitnm1nous ~ semi-anthracite). 

·toUDger coals distant trom the massifs are of lower raDk 

(lignite to aub-bitnndDous). The estimation of quality of Philippifle 

coals as fuels for power aDd cement induatr, based on the delive­

red cheld.cal anal.1ses ot caals made bJ different laboratories ill 

the Pbilippinea and abroad baa been difficult at present because thE 

se laboratories had applied different standardss British Standard, 

DIB St&Ddard aJld ASTK Standard. If these chemical aDalyses were 
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made in accordance· with ASB Stalldard aet&ods only, the most 

md:nrsal 11Sed •thods iD the Philippines, it would have been 

llUCh easier to compare them and take ou.t conclusions abou.t 

ana}1aecl coals qaali'Q. 

~SI opiDion, tbe de_l.ivered chemi.cal ana~aes of coals, aaapled 

fro• ditterent coal mines and boreholes, were not complete and 

representative. ~ ana~sed saa;;>les of coal had calorifc value 

of 9000-12000 B!U/lb and in the_ Pbilippinea au.ch of the coal 

barniDg plants have been coJlYerted or desi1Ded to use coal with 

such caloriftc value whereas it ••• realized that moat of the 

-coantrJ's coal ou.tput bas a calori:tic value of 7200-S000 M'U/lb 

onl1• Por the reason of low qu.alitJ of local coals as :tu.el, the 

power plants have achieved lo• output and e~ficiency. Por this 

reason chemical laboratories of :tuels shou.ld know how important 

their work is for the natiollBl ecoDOJQ and how high is the price 

the coantr,, pQS for t~ mistakes. In "1113 opinion, chemical la­

boratories of tuels and raw materials iD the Philippines should 

be coordiD&ted 'b1 the Rational Power Corporation in order to 

prevent such an incident, as for example, the biggest poser 

pl:.nt in the Philippines - Batangaa Power Plant which has been 

bailt for local coals alld burns tuel blend (a mixture of im­

ported and local coal&). 

Por the purpose of credible estimation of the . coal qual~t3 

as fuel for power plants, it is necessar, to consider the fol­

lowiDgi 

1. Ledge analyses of coal. 

2. Gauss• probabili~ curTea of coal qualitJ (ash content, calo-

rific value, sulphur, alkalis) 
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3. !he resul.ta of teats of coal-grading and chemical analyses -

of ever.y coal grade size 

4. !he feasibility of coal ash in mil~ reducing and ondiziJlg 

ataosphere 

'· The results of tests of coal cleaning 1n heavy liquids and 

chellical anaJ.1ses of every coal :traction. 

ft.a following investigations ot local coals should be carried 

out: 

- which coals, either as mined or after beneticiatio~ 'b1 con­

ventional preparation, are suitable UD.der present standards 

for industrial and <\o~estic uae, 

- which coals require special and more intensive treatment in 

preparation than it is now practiced, 

- which coals cannot be considered potential sources for power 

generation and: cement illdllStl'J regardless of preparation. 

'he ash content of these coals could generau, be substan­

tially re~ced 'b1 rem.dVing the heavy impurities. WashabllitY 

anaJ.1ses of the coalbeds of the Philipp;\.nes should be an effort 

to help establishing their p~sical characteristics. Owing to the 

present coacern over emission of sulphur ondes released in 

barning coals, it is essential that the qualit, of the Philippines 

coals be known so that they can be used most efticientl;J. 
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I. BRID SUlllURY CATAWG OF COAL TESTS 

Some ar the prillcipal variables in terms of which coal 

qualit, is expressed are measured b1 empirical tests that 

clo not direct~ aeasure the variable• theuelves, bu.t rathu 

the behaviour of coal an.der fixed coDiitiODS. Stan.dardization 

of these fixed conditions 1a essential for ob-ainiJ:lg comparable 

res'1lts between deterainationa performed within a laborator'l and 

between determination performed b1 dif:terent laboratories. Th.6 

source ot most of these standard methods in the commerce of 

coal is the American S~ieiil for Testing and llaterlals. 

catalog of these teats, together 

with a few ~ecial tests. 

1. Proximate anal;,ysis - AS!'ll D ~172 covers the me~hods of analy­

sis associated •1th the pionmate analysis of coal 8lld coke. 

1.1. AS1'll D 1412 covers ·the method tor the equilibrium mois­

ture. 

1.2 • .ABDI D 2961 is a test method for !rotal Moisture in coal 

reduced to 8 mm top sieve _size. 

1., • .ASTJI D 3302 is the standard method for total moisture 

in coal as it exists at the site, at the time, and under 

the conditions that it is sampled. 

1.4. Residual moisture, ASTK D 3173 covers the method for 

moisture in the an8J.3sis sample of coal and coke. 

1.5 • .ish • .ASTJI D 3174 covers the test aethod for ash in the 

anal.1 aia sample of coal and coke. 

1.6. Volatile matter. ASTll D 3175 covers the method for vola­

tile matter in the analysis sample of coal and coke. 
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1.7. Total sulpmu. ASTJI D 3177 co'V·ers the test methods for 

total sulphur in the ana~sis sample of coal ami coke. 

1.s. B1'U heatixlg valae. Either AS~ D 3286 or ASDI D 2015 can 

be used for determination of the heating value. D 3286 co-~ 

vers the test method tor gross calorific value of solid 

f\lel by the Isothermal-Jacket Bomb Calorimeter and D 2015 

covers the test method for gross calorific value of solid 

tuel by the adiabatic Bomb Calorimeter. 

2. Ultimate anal:ysis - AS!l.'JI D 3176.covers the standard method 
. . I 

tor Ultimate anaqsis of coal and coke. 

2.1. Nitrogen. ASTll D 3179 covers the test for nitrogen in the 
. 

aI1S~sis.sample of coal and coke. 

2.2. SofteniJJg temperature of ash. ASTK D 1857 ,.overs the test 

method tor fusibility of coal and coke ash. 

2.}. Free swellillg index. ASTJI D 726 covers the test method for 

the :tree swelling iiidex o!: coal. 

2.4. Hardgrove grindability index. ASTll D 409 covers the test 

method tor the grindability of coal by the Hardgrove Machine 

Method. 

2.5. 1orms of sal.phur. ASTM D 2492 covers the test method tor 

forms of sulphur in coal. 

2.6. Chlorine. ASTJI D 2361 covers the test method for chlorine 

in coal. Chlori.De is believed to be a factor in fireside 

fouling problems. Although the validity of the values is 

uncertain, generally accepted fouling classification ot 

coal, according to total chlorine content, is as tollowsa 
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htal percent chlorine in coal 

0.2 

0.2 - 0.3 

0.3 - 0.5 
0.5 . 

l'ouling tyP' 

low 

aediwn 

high 

severe 

Chlori:n.6 in coal is associated with sodiam and sodiam chlo­

ride. As such, the chlorine content of coal is a good indicator 

of the level of sodiam - the principal ash-fouling element. 

?>. Elementm anabais of coal ash - ASTJI D 1795 and .Am'JI 3682 

cover the test. methods for anai,eis of coal and coke ash. 

The chemical com.position of coal ash is recognized as an 

important factor in foulillg and slagging problems and in the 

viscosity of coal ash in wet bottom and cyclone furnaces. Coals 

with high-iron ash, above 20 % Pe2o.,, typically exhibit ash 

so~ening temperatures under 2200°~. 

4. Coal samplipg - Coal is one of tbe most difficult materials 

. to sample, varyi:cg in composition from non-combustible partic­

les to those which can be burned completely, with all gradations 

between. Its composition can vary substantially from the top 

to the bottom of the seam.,·from side to side, and from one end 

to the other, within an unmil'led bed. This variability is often 

bewilderingly increaced by mining, preparation and handling. 

The challenge is sampling coal, therefore is to collect a rela-

tively small portion of a shipment or consignment that accurate­

ly enough represents the qualiey. Every sampling operation con-
. . 
siats essential~ of either extracting one sample trom a given 

quantity of material or of extracti.Dg from different parts of 
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the lot series of small portions that are combined into one 

"gross sample" without prior ana~sis. The general purpose 

samplillg procedure is intended for a precision such that if 

gross samples are taken repeated~ from a ·1ot or consignment 

and one ash determination is made on the analysis sample from 

each gross sample, 95 ou.t of 100 of these determinations will 

fall within plus or Jlinu.s one tenth (1/10) of the average of 

all the determiJlationsa • 

.181'11 has been consolidating sampling spec~ications for 

maiq 1ears, am most of the ,ASmll sampling procedures are now 

incorporatect-J.n the Standard Methods for Collection of a Gross 

Sample of Coal, Designation D 22}4. The only other stand-alone 

sampling standard is the Stan~d .llet~d of Sampling and 111ne­

ness Test of Pulverized Coal, Designation D 197. 

• 

• 
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II. JiECOWICNJ1BD APPJ.IUNS ARD EQlJIPllENT TO BE USBD IN A 

Par'BR PLABT CBEUICAL I,AJ3(lRATORY 

1. List of ana~ses ot coal, coal ash, fireside deposits, slag,~ 
I 

fi3 ash and stack gas which shoal.d be made accordingl.3 

with ASTJI Standardsz 

. A. Proximate anal:Ysis of coal - as received <&> 
, Ash 

lloisture (total) 

Volatile 

Pixed Carbon 

Sal.phur 

Heating value BTU/lbs 

Grindability Hardgrove 

B. ·ultimate enel.Ysis of coal - as received (~ 

Ash 

Moisture 

Carbon 

lf1drogen 

1litrogen 

Or:Jgen 

Chlorine 

Salphur 

Sodium oxidex 

Potassium oxidex 

Phosphoruax 

• 

%calculated values t:rom 

coal ash ana~sis 
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c. Coal-ash anal:rsis (The sw determinations in fireside deposits 1 

slag and ~ ash) • 

8102 ••20 • 

A1203 ~o :.. 

Fe2o3 T102 
Cao so3 
)(gO P205 ,,,,. 

D. ~easibilit:y of coal ash - in reducing and oxidizing atmosphere 

Initial deformation 

Hemispherical softening 

Pluid softening 

2. List of recommended apparatus: 

2.1. Atomic absorption spectrophotometer and complete equipment 

2·.2. Flame photometer and complete equipment 

2.3. Portable.electronic analjzer for measuring stack gas 

components and complete equipment 

2.4. Electric maffle fUrnace 

2.5. Drying oven 

2.6. Analytical balances with equipment 

2.7. The equipment for sampling and fineness test of pulverized 

coal 

2.s. The equipment tor sieve analyses ot coal (the complete 

sieves round-hole screens and wire-cloth sieves) 

2.9. Hardgrove machine with equipment 

2.10. A laboratory plate mill with equipment 

.. 

2.11. 1!he complete of roWld-hole screens and wire-cloth sieves 

with shatter test machine 

.2.12. Mechanics~ vacuum pump with equipment 
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2.13. A laboratory crusher or grinder: jaw, cone, rotary, 

hammer mill 

2.14. The Gieseler Plastometer with equipment 

2.15. Brass Cone mold with eqlli.pment 

2.16. Mechanical sample divider alld sample dividers (riffles) 

with equipment 

2.17. The Adiabatic bomb calorimet&r with complete eqaipment 
• 

and reagents plus additive equipment and reagents for 

the determination of chlorine 

2.18. The moisture oven with eql.d.pment 

2.19. The vertical elecvric tube turnace with equipment for 

determining volatile matter 

2 .20. High temperature combustion tube furnace for the determina· 

tion f)f total sulphur in coal with equipment 

2.21. Laboratory pulvelizer for finol reductions of laborato17 

sample to passthe No.60 (250 m) sieve • 




