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PREFACE

In lcsponse to lhe lequcst of the Government of the ngdom of Thailand, the
Govemmcut of thp'm decided to conduct a buwey on Energy Conservation PleCCl 1
| 'Thalland and entrusted the survey: to the Japan International Coopcratlon Agency (JICA).
The HCA sent to Thailand a survey tear headed by Mr. M’isaka'iu Ue four umee startmg in
August 1982 . _ : _ :

The lmm cxchangcd views on thc Pro;ect wnth the ofﬁc;als concerned of the

Govcrnmcn( ofThall'md and conducted a field survey in and ‘lround the melropolnan area of
" Bangkok. After the téam returned to Japan, further studies were made and the present report
“has bten prepa:ed _ '
¥ hope that this report w;ll serve for the dcvelopment ofihe P1 oject and’ contribute o
the plomollon of friendly relations between our two countries.
I wish to express my deep appreciation to the officials concerned of the Government of*

~ the Kingdom of Thailand for their close cooperation extended to the team.

Tokyo, DC.C(.:I.Ilei‘ [984.

/f-‘ik’é |

- Keisuke Arita
President

Japan International Cooperation Agency
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2, Bfwkground of thc Study - Energy Sltuauon in Thailand -
I anary energy dertand - . : .
Thal economy has attained remarkabic developmcnt over the p".st 20° yedrs Although
_ Thailand suffercd lempora:y €CONOMIc \;tagnauon fol!owmg the 011 crisis, its gross domestic
product m Ieal telms 1cgnstcred about a fourfold increase “during the period, and both
expantmn of infrastructural-investment, dwermf&catxon of agncu!(ural production an{l
,mdustnahzatlon mamly i the flt.!d of import subst:tutwe mdusmcs progressed rapidly
n consequence of such economlc development and changes in the industrial structure
the dcmand for energy also reglstered a sharp rise. The demand for pnm'lry enexgy made a
- 10- fold mcreasctrom 1961 through 1982, rceultlngm total demand of 18,120 million Jitres of
crude oil equwalent in-1982, ' . o -
The annuil average glowth rate of domequc (,ncrgy demand was 11.6 percent durmg
the 1961 1982 pcrlod but phenomenal changes were noted in the trend of energy demand after
'the ml erisis broke out m 1973, More apccmcally, the annual average rat¢ of increase in the .
" demand for ene; 8Yy Wthh had stood a1 15.4 percent before the oil crisis{1961- 1973) dwindled
to 7.1 percent after thc o:l crisis (197? 1982) '
Hence, the energy consumptlon ela:,tlcny for GDP (redl terms), which had avc:iaged
nearly 2 before the oil crxs:s drOpped to 1.04 after the oil crisis. T
Likewise, cneigy consumption per unit GDP, which had doubied during the decade

precedmg the oil crisis, has remained almost at the same level since 1973.

1.2 Energy supply structurc

l'here has also been a majm change over the past decade in the energy supply

structure.
Table -1 Prnnary Energy Supply _ _
| | L L  (Unit : 10° 208, %)
) . Year - 1973 . 1982 Growth -
: S _ g ; ' - : Rate
 Bnergy T TS - I (1 Share | 3o
Petroleum - . - 84224 85.3 £10,872.1 600 29
Hydroeleetric | 6599 67 | 13003 72 | 18
'=cha1&mgmte S 1493 ) s 7663 42 199
Traditional Energy- - 5866 1 60 38813 214 . 234
Natural.Gas : - . - - 13006 0 . T2 -
Total 9,818.2 100 18,0205 - | 100 7.1
Share o.t_".Net ['mpc.)'rt 9 | %62 o , 610 : -

Note : Traditional Energy includes Fuel Wood, Charcoal, Paddy husk and Baggasse. . .



As shown in fablc R po[mlcum is the biu,c‘.t source of" ptimary Lnolgv lh"uiand
Simports almost all of the petroleum it consumes {rom abroad. :

' Asin lhc case of otho: countries, since 1973 Thaitand's dopendcme on pcuolcum lm |
dcmcased shar plv from 86 percent to 60 polcent bocause ofthc (I(‘\'Llopmonl and c,,\plontalmn
of natural gas, hgmto and traditional enc:gy inan cifmt to COpe with @ sharp upswing in oil -
prices and also because of rather shght increase in domcetic pot:olcum consumphon

Although this attests (o the tact that the energy suppi} stability in Tlml’md lm‘;

remarkably improved over lhe past. 10 years, both the counny t.enctgy depcndetm ot oil dnd '

| "kdopendu}ce on 1mported energy snihemams athigh level of 60 pcxccnt Therc:fonc thc encrgy : '
“supply:structure in Thailand is still apt to be affected by changcs in- the gnergy: snm{mn _
abroad. In fact,a ‘sharp increase in ol price, cansed by the ml crisis which struck twice in the

1970s, has imposed a heavy bmden on the cconomy of T hmland '

~The ratio of Thailand’ s‘energy 1mport valueto fotal lmpoit \'alue whzch had stood at

10.4 percent in 1973, nearly trebled to 29, 8 pcir‘ent in 1982, The country spends 37 percent of

~ the valuable foreign currency carned from exports on pulchasmg oil from abroad, and f.l'lla s

scemed to be main cause for Thaa}and’s clnomc tradc deficits.

13 Final energy demand

The fma! domestic demand for energy is 14 8 10 l‘ﬂl”l{)[l litres ( E982) in terms of crudc
oil. Tabie 2 shows tht. by -sector demand for energy.

The. transpoit scctoris the larg,est consuiner of ene:gy but the share ofth:s sectorin
final energyconsumptlon has been decreasing in recent years.. Instead, the sharcs oflndustrldl
sector, household commermal and dther sector have bcen mcreasmg, ‘and the demand for
energy in these major sectors 18 f'tst growmg to be cqual - . _

In ihe manufactunng mdustry food textile; non metal (coment and othcxs) and .
chemlcal industries are major energy consumcrs In fact, ihcso four ind ustr;es account for 70
to 80 percont ‘of the encrgy consunied by the wholc manufacturmg mdustry |

. "The supply structure of secondary energ) is shown in iablc 3 Herc petro!eum
pr oducts pccupyan overwhelmmgly 1arge sharei in cnugy supplles but its %harc is gomg down k
steadily, and 1nslead the shares of e!ecmc power l;gmte and trad:t:onal energy are on a

' gradual mcrease

' 14 Lnergy stralegles L ;

- Ihe pr:mary objectwe of the F;fth Nauonal [‘conomlc and Soc1a1 Development Pldn
:(1982—1986) in Tha:land Ties in lowermg the'external tradc deﬂcu and reslormg the. fmanual
'posmons ofthe conntry To attain thls objectwe curbs on morease in cnorgy consumptlon and

,_reduct:on of enelgy dependence on lmported encrgy (tmporled 01!) are takcn up as basm

,_-strategles in the energy ﬁeid

Und'ex these strategies the followmg encrgy targels are set forth in thc Flﬂh Pldn

'_ To e.duce the average annual growth rate of total encrgy consumptlon to 4. 8

percent by promohng effiucnt lme c}f enc1 gy and energy conser vatlon parllcuiarly n

the transport and mdustnal scctorc



SRR O Table =3 Final Enérgy Demand by Sector -
o . 7 _' ' o R - 7 {Unit :. Share %)
w\\'\__._h‘i’eaf B 1579 B 1936 e '19'81. 1982
Cladusteial . o 286 285 288 295
Tramsportation  © .. | 384 |- 358 346 36
Agriculture - 100 b o8s 72 9
' Cc_}.u'str_ucti-on_ o AT 0 _ 08 09 - A9
 Residential; commercial and others |~ 22.1 264 | 285 | 269
Total o w0 | o | 10 | 100

Tabie -3 Fi_nai Energy:_l)erhand by Energy Source |
. | {Unit : Share %)

CYear | o . S -

e 1979 0 1980 1981 1982

Bleotricity. 70 | e 89 9.5

-Coal & Lignite: - S R H R RN & BN R 2.1

Tdifional Brergy | 186 | 240 | 257 262

Petroleum Prodl_lbts' . _ 134 66.2 - 648 62.2

S Totd |10 00 w00 | 100
2y - To jcduce thc amoum of oil lmpon by 3 percent per yk_:ar duririg the Fifth Plan
penod ) E R . B ' '
3. To decrcase {he rat;o ofm! unpons to !Oidl energy COnsumption from 75 perccnt

in 1980 0 46 pe; ccnt in 1986
In order to attain thcse targels {he 1986 productlon goa[s ofdomemc substitutes
“of oil have becn la:d down as follows:
A) Natural gas -
AL least 525 mllllon CUbIC feet (15. 75 mllhon cubic meters) per day
.B)' '_H ydmdcctnc powu gencxaum\ mpacnty '
2,013 MW, 1.6 times morc than in 1980 -
) l*lCLtl“lC powar g,cncralzon capac:lv usmg lignite
_ 885 MW, 4.2 Iimeq morc than in 1980 -
l'}) Non- convcntlonal eneigy .
_ 220 1o 290 million litres of crude oil equivalent :
(4) . To increase, by 1986, the oil refining capacity to 280,000 bbl. a day;
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(5) - To increase the rate of e!cctnf;cnt:on of rural commnmlleq from 36 percent in

1980 10 92 perccnt in 1986

6y Toi increase the amount of orl reserve to 60 d'rys by 1986.

1.5 hxtu:e cnugy demand and suppiy § . _
' NEA ha's. worked ont as Table 4 shcws a long-term energv dcmand, snpply forcc'm
fm up to 1991 w;lh the aforementroned cnergy targets in mind. '
The forecast may be summarr?cd as follows _ . : :

(1)'_ T he annual avcrage gr owth ratc of tohl energy consumptnon (1982 199[) will '
~dropto 5 percent (4 6 percent durmg thc F:fth Plan penod) Conscqucntly.,. thc cnc;gv .
consumptlon clasticity. fOl GDP-will go ‘down to 0. 7 compared with the economic
glowth rate (6.6 percent in real Eelms) dunng the Flfth Plan period. : '

(2) " As for demand by sou:ce of pumary energy '

A) The demand f01 pctrolcum will remain at almost the same 1evcl as in 1982 As a
result the. energy depcndencc on ‘oil will decrease sharply from 60 pcrcem m 1982 to
48, 7 percent in 1986 and to 38.0. percent in 1991 . : o
B} The demand for both llgmte and natulat gas Wlll nse al ‘the rate of about 20. '
percent ayear. They wnil cover more than 80 percent ofthe energy demand cxpccted to
rise dunng thc next decadc Espccm}iy natural gas the producuon of thh was
'startcd inthe Gu]f of T hailand in 1981, is antlc:lpated to makc a substanual increase. of

30 percem per annum durmg the first half oflhe forecast period, In conqequence thc'

total share ofllgnlte and naturalgas willgo upto 36 percent in l99l to icach atmost the -

same level of the share of 011

‘Table =4 Forecast of Energy Demand

" Year USRS R e

e 1982 1986 _ 1991 |’ Growth Rate %
g : - x : Share _' . Share ‘Share 182~ |86~ | 182~
Brewy T~ Jwote || w0t | | 10°e % | 86| 91| o
Petroleum - |10,872]1] 600 | 10,69838| 48.7 | 10,7032] 380 | 0.04 | 0 | 002
Hydro-dlectric” +_*|-13003] 72| 14336] 65| 2,168 75| 25 | 81| 56 |
:Coal.&]'_.ignitef S 7663 42 17420) 79| 34125] 120 | 227 144 | 180
Traditionaj Energy | 38813] 214 | 40823) 186 | 44448 158 | 13| 1.7] 15
) _Natural Gas 1006 72 36686] 1677 6857.8] 243 296 133|203
:Non-conventrdn.:ﬂ}xénergj{" o - I 3502 16 6408 | 23 | T 128 L
U Tetal™ i |18,2005) 100 | 21975.5] 100 28,1756 1607 50 | 5.1 E 50

= '_No:te_:. Nonconvenuonalf.lnergy mcludesGarbage,Mmihydto, Alcch(__)l, Fﬂjst_.gror.v'pl:in-t, Solat etc.



C) . The demand for hyd roclectric power will make a steady increasc'ofS b perccnt a
year, whllethcdcnmnd for lmd:t}mmlcnug,y. which had registered a sharp upswing in
the past, will ﬂ'ldll\ only a slight increase of 1.5 pelccnt per annum in lhc hmuc
D) chdus the dcve[opment and exploitation of non- convcntlondl t,nugy sources
,mdndmg mini- hydmuhc power, alcohol and oil shalc, will be expedited, and'in’ 1991
* their Supphcs are estlm'ited to reach the ecquivalent of 641 million hlleb of cr ude oil,
though thcu hh’llcb tn total will. qtand at only 2. 3 pewt,nt ‘ '
_ ..Should such 8 forccaxt matcnahzc Fhalland depcndcmc onimported enclgy will go
down bclow 50 percentin {986 and to 40 perccnt or so in 1991, conmbutmg a great deal to

reduction of the country’s trade deﬁcns_dnd stabilization of its national gconomy.

6 B nexgy ¢onservation measures
(1) Measulcs faid’ down in thc K Efth Plan _ _
ln order to lmpmvc the ene:gy ut:iuation efﬁczcncy - tmnsport secto: and
' mdustnal sector, the followmg med::.ures are lald down in the Fifth Plan, and some of
: .‘ “those havc already becn put into practice: _
_ A) lmpl ove the efflcu.ncv of the trafilc and mass tranmt systcms inthe meiropolltan
* area of Bangkok _
By AdOpt the progresswe ta,\at:on system. for large passcnger cars and limit the
'zextenslon of car licenses 1or old and run down cars;
Q). Encourage the.use of tclephonesand telegraphs;
D) lmpmve the National Railways’ freight tlansportauon services;
B} fmprove the tiver-and coastal transportation systems;
F).. Put the manufacturing factones consuming ‘much energy under an obligation to
: keep rccords on energy use and to repm t them periodically to rclevanl gover nmenial
"agencies; I _ OO : .
G) Establlﬁh moblle enmgy conservation serv1ce umts ) adwce factories;
H) Prowdc soft loans for. enelgy—savmg investment;
1)~ Reduce taxes for energy- :.avmg equipment and matenals :
D Comtdcn energy conservationasa factor in grantmg BOI's investment promotion
prlvilcgcs _ _ _
K) - Deter mine qtandards for use of cne:gy by type of manufacturing mduslry,
L) Hold energy conscrvatmn conferences or seminars - between the government
agencies and the pr 1vate sector;
M) Campalgn 10 enlwhten the gcneral public on the importance of energy
'conservauon ' o '
N} Adjust cnexgy pnces to promolc cncrgy conservalion.
' (2) - Measures lmpiemented h;thcrto
A% inthe casc of other countrles Thailand, inan t,ffozt to cope w:th an instable
suppty of oil and a rise in oil prices in the i9703 o:ganwed a committee devoted to
encrgy consermtmn and implemented vauous energy—swmg measures including, in

the transport QCC(OI‘ road specd limits, creation of bus lanes, limiting service hours at _
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gasoline stations and limiting the 'c'nginc capacity-oi"g(')\fcrmncnt cars, and in the

clcctucpowct scctor reducing’ HC[\'iCC haurs cfentcntammcnt placa:. puttmg,a banon

TV broadcasting service tum and S0 pereent cut down ot 1llummauon on all main
. Streets. ‘ o ' _ -

Howwcr many of these were in thc nature ofcmctgcncy step to textmm cnctgy
consumptton bydmct g,ovcmmcnt control 1athct than for encomagmgmonc efficicnt
usc of cnclgy _ ' ' o

Bestdcs tcchmcal 'tsststam,c and soft 1oans were extcndcd to cnctg,y s,‘wm;:
mvestment in thc mdustua! sector thongh extent was limited, ln 1981 the Energy
Conscwm;on Center was cstabhshcd Wllhln NEA. This ccntcz is CI!gdgEd in the
l"cllowmg activities at ptescnt _ : _

A) 'Prowdmg tcchmcai scwlcc to industrial facto: ies regardmg anrgy audits;

B) Dtstubutmg information conce:mng energy conscwatton technologtcs

C) _Trammg in energy conscrvation (scmma:s and confelcnces),

D)y Enctgy conservalion dcmonstration programe {dcrtmnstratmn of ¢ cnetgy coft-

servation technologies by ‘\tcndm;, low-interest financial aid to selected mdustr:at
~ factories). ;

Furthermore, aside from the s'nd Encrgy Conser\eatton Centcr, a plan to
establish & new puvate oagamzatlon to promote cncrgy conservatton undei the
financial aid of the government is bemg pushed at prcscut and the generai outhnc of

the plan have already been fo:mu}atcd

As Statcd In thc foregomg, 1mprovcmcnt in thc cffncnency of cnergy utlhzatton ar
'cncrgy consecrvation is ranked as one of the most 1mp0rtant problcms inthe cnergy pohcy
system of the' ngdom of Thailand. In fact, the economic structure ofThat!and is expected o

shifitoa more encrgymtcnswc pattem patallel to the future pr cgress ofmdustnalzzation dnd =

tmprovcmcnt of peoples hvmg 9tandaads in the country chce, 1t is bchevcd that more

“efficient use of energy w;l! mcrcasc further in 1mpottancc in the country
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Content of the Study
: Objbcil\"c of the Study . _
T he objective of thc Study is to conmbute ta the promotion and sttcngthemng of -

encrgy conservation progmm in the field of manufactmmg industry in the Kingdom of
Thailand,

2.2

Process of 1he Study

In ordc: toattainthe abovc objectwc the Study was carr :ed out as mcnuomd below in

accordancc with the gcopc of Work

{n I mder to prcczscly grasp energyt util:zatton situation in the fte}d ofnmnufactm« :

ing mdusny n Thdiland the study tcams wele sent to Bangkok thlee ume% eachfora

- pclmd ‘of 35 days, August 1982, lanu'uy 1983 and June 1983. These study teams

visited 55 facloncs ol the followwg 6 types of mdustry located in and alound the
metropohtan area -of Bangkok, surveyed ‘encrgy uuhzatlon qltuatlon as well as
p_osmbihty of. e_nergy conservation, and made suggestmns on what to do for more

officient utilization of energy:

Type of industry | Nuni,bcr of factory
Cerétmics and glass ' [0
=Pape_r . .
Tcxtilé i
'Meta!
~ Chemical and plasuc
 Pood

DO NS WO

The names offactornes covered in the Study are as glven in the Attached data-6.
The leUllS of surveys condncted on these factorles were compiled each time by
type of mdustry and by mdmdual factory and rcporled to' NEA:
2y Durmg the factory survcys, the’ study teams extended to- Thai counteiparts
techmcal staffels who accompamed the teams, technical guidance in how to handle
mcasurmg mstruments and how to make- energy audit, and thus transferred
technoiogtes to: thcm ' % : _
(3_) ~Parallel to the fdctory surveys data dnd mformauon regardmg the energy-_
snuatlon m 1ndustual sector in Thailand were collected..
(4) }*oilowmg the factory surveys, JICA dispatchcd a review team to Ihalland in
' January 1984 to discuss how to proceed with future surveys. In March of the same year'
“afourth s.tudy team visited Thailand to mvestlgate energy conservation measures and
. systemv enforcr:d inthe mdubtnal sector of the country _ .
(5) . Based on the results of the aforementioned survcy,s the dlaﬂ of guideline for..
rationalization of energy use; classified by type of manufa_c_turmg mdustry, and the
‘recommendation of measures (e.g. taxation systern;-fillancing, diffusion of technolo-

gies) to promote energy conservation in the field of manufacturing industry were



‘formulated.

(6)
A
.
0)
)
E)

(M
_ A)_

The Stody’ was Conductcd thh the followmg_, pomte n mlmi
Ratignalization of fuel combumon ' '
Prevention of heat loss by radiation and conductlon
Recovery and {etmh?atton of waste hedt

Pnevcnnon of LlCCl!lCll\' loss by resistance, etc.

Rationatlization’ of convcmmn of Llcclncﬂy mto powcr heat, cic

2.3 Study methods

F'lctory Eru,l;_,y Audu :
Prchmmary bunev lhmugh que%tlommlrc _
Qucatmnnalres (Altached d'lm 9} were dlSEHbllth in "ld\"inCl, m f'lctnru,s

asking that the’ io!lowmg items be filted m

.

B)

'Outlmc of f'lctor\ (capltal annual sales, numbel of cmployeex numbel of

LLLhmcal_ stalie_ls, principal plodmts, pr odl_lctlon-capacny, cte)s

Yolume of energy consumption {fuel, electric power and water);-

Main facilities using cnergy (name, type, year of installation, capacit)'f,"fuc'l uscd
and operating hours); ' ' . ' '

Production process chart;

Energy flow chart;

One_—line diégram;

Factor)' Iayout

. Paints at 1ssue in furthermg encrgjv conscrvatmn

Imcrwews wnb enireprenuers and manage;s

IntcrweWs were conducted on the: folEowmg 1tcms usmg recovered questlon—

nasrcs and energy management check lists (Attached data 10) for reference

LA

b.

.
O

‘Present status of productlon and- Gales, L

Energy conservauon measu:es imp!emented to date;

i _Energy management <;ltuauon
Points at issue'in the productlon phase..

;'lnspectlon of factory as a whole -

lnspecnon was made of the fag,tory asa whole in accordancc with the production

- process 1o’ grasp the fo]lowmb items: -

d.
b,

“General factory m'magement snuatton, '

_ I*actory ]ayout K

'Spots reqmrmg survey and mcasu: mg ona pnorlty basns

Survey and measuung Py '

‘.In_ accordancc w1th nems m “the check hsts smvcys‘ and mcasurm;: were

:conductcd-*n prmrnt; facﬂmes regardmz, thc foilowmg items:

Measurmg of fac1hty dlmensmns

Collectlon of dala ‘usmg records kept by factoms and. mclcrs
Measunng by means of measurmg mstrumcnts
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~Slate of fucl combustion | _
'.._.:Stetc of heating, coo_iing'.a:nd eo_nduotion_
S:t'at'c of heat release plevcntlon

-~%tate of wastcmcat iccove:y '

e Statc of conversron of hcdt into motwe powct
--State of elcctncrty loss by tesr%tanec cle.

. —Stateof convusron of eleetrrcrty into motive power and heat
:'E) ..DISLLISSIORS . ' ' ' o

The- re‘;ults of sruvcvs and measmmg were outl:ned te emreprenuers and

m'tnag,crs and dtscussrons were conductcd on what dppeared to pose problems.
(2) I r‘tnsfer of technologles to counter parts
A} Hancllzng of IT!C'!blltlllg rmtruments '

To begm wrth hctory energy d.lldlt was pECCCdCd by explandtrons on the
pesformdnce of the mstruments purposer; for then use and how to hdnd!e them; in
accordance w1th manuqlq Later on;. actual gnrdanee in how to handle theasuring
instr uments was offered elmultaneouely with the factory survey

k "B) thdance On enelgy audit mcthods o
' Explanatlons were given in advancc on the cheok list items and their meanmgs
and in the snbsequent factory survey, concrete gurdance was offered on how tofilin
the eheek lrsts Also expianatlons w:,re offered ——on a day devoted to classrfymg data .'
' 'colleeted followrng the factory surveyﬂregardmg aSpects of problems mvolvmg the
B _productron process of factorres surveyed and energy audrt At the same time, guidance
'on energv audlt methods was plowded through comments on information avarlab[e
from data coHected ' ' :
(3) Collectmg of retated mformatron 7

lnformallon was colleetcd through relevant government agenetes meludmg

NEA and prwate organrzatrons regardmg the country S encrgy policy, energy

srtuatlon produetlon situation of the manufactur;ng industry, etc.

24 Others. : : _ E
.'(_l). immplementmgthe Study NbA asthe Thatcounterpartag"ncy responsrble for

i' accepting the Japanese study teams offered cooperatron to them in.arranging their :
vmts to’ the factorles re!e\antauthontlea and prwatemstltute concerned and also in
pro\ridmg them wrth offtce and vehtc!es ete. . ‘
2y - Measuring 1nst1ument€ used for thc factory sutveys (Attaehed ddta II) wcre-

- carried from Japan. These mstruments were donated to NEA by JICA following the

comptetlon of the facto:y stuvey o : '
(3); ' ParaHel 0 the Study, JICA acoepted nme NEA techmca[ staffers on threc-

accasions for tramm;:, in energv conservatton tec}mologles in Japan.
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Mclo: ies ‘vacyed
(). . ltems manufactured and capml groups
» Almosta haifofthc factorics survcycd belong to the gloups of |0mt ventures with
fmug,n compdmes or of influential domcstlc enterprises. .

o The names of the factories are as shown in Attached data-G.

S— , N
i C;llis_r nm;m\x\wimy F{gg;c:o}%gf BCI&?E?IE to Others Total
e - - _-\7—“ - - T T
(?cra‘mic,fGlﬁss
Glass bottle, glass 1 0 3 4
Tile _ 0 0 2 2
Sanilary ware / Insulator 1 0 1 2
“Others ¢ a 2 2
~ Subtotal 2 0 8 10
Paper
Paper _ 0 3 5 8
Corrugated cardboard . 0 0 - L 1
Subtotal _ R N 3 & 9
- Textile .
Spummg j Cloth weaving 2 1 3 6
Nylon polymenzauon [Spinning i 1 0 2
Socks _ 1 0 0 1
" Subtotal 4 2 3 9
Metal .
Steel bar Eor concrete 1 2 0 3
PC Wire - i 0 0 1
Wire - ¥ 0 0 i
Foundry 0 0 2 2
_ Tractor parts ) 1 0 1
Nail, screw, boltfnut 0 1 0 1
" Subtotal 3 4 2 9
Chemical/ Plastic -
Organic chemicals 1 0 3 4
Inorganic chemicals 0 1 .2 3
Gas séparation 1 0 0 1
Plastic moulding ] 1 0 1
Subtotal 2 2 5 9
Food . . ;
Marine product canning 0 1 2 3
Qi and fat i ¢ i 2
Feed 0 3 ¢ 3
Alcoholic drinks 0 0 ! i
Subtotal ] 4 4 9
Total ) 12 15- 28 55




- No. of factory

.(2) Fuel oil consumption per fzic'mry ' _ _
- (Liignite converted in heavy oil equivalent. Excludes LPG and fuel (or power
gcimr:ilion) L ' ' .
1,000 k// year or less - 499

1,000 ~ 3,000 k// year S 36%
3.000 k// year or more - 15%

Ceramic / Glass

R VS

ot

<

Paper

n N =

Textile

]

Metal

e

 Chemical / Plastic

Food

0. f- 2.3 4 5.6 .7 8 9 1o U iz

-'-O'HMw-&‘-._m_Dewma_mcxo»—_mw&ma\ Q-_m'w‘.z:.mc;.__ww

X 10 ke o



(3)

N.'o. b_f factory -

Electric power consumpiion per fatory

10' %X 10° kWh/year or less 80%
1O ~ 20 X 10° kWh/year - 9% .
20X 10% kWh/ year or more _ 1%
4 | -
Ceramic / Glass
4 .
0 S—
g |
s I Paper
-4
N .2.. .
o 1 | l .
Textile

r
]

: Métal .

4
= !
. Chemical / Plastic - -
9 Food

8 .

6

4

2

0 -

"0 10 20 30 40 50 60 70 80
X 10° kWh/year

90
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State of E'nergy Management

(hH Generally, the managemént is high]_y.coneérn‘cd about cnetgy conscrvation,
However, only a few factories cstablish and notifjdefinitc policics of the e’nt'erprisc
and concrete target values. _ - . -

{2) The factories which have some energy COI]SCI\’HHOI‘! measures enforced havc
reached 2/3 of the total number. :

(3 The factories which prov:dc an 'oppoi"tunily' for discussion of energ_y pl"Ob[_é_ﬁlS
have reached approx. 40% of the total number. lhe majority of these factories make
use of general staff meetings for the disctrséi61_1._ Only three factories liai*e_a specialized
ad hoc committee for energy conservation. One factory once had éx_cm_h mittee-devoted
toward energy conservation, but abolished it because of its lack of know-how {of the

~ operation of the committee. L

(4 At 9 factories, the QC cnrcles are 1lready off the gmund centermg a;ound the
staff. These circles are also being prepared at one other facto:y.'Ne\iertheless, they
have not reached a stage that their QC c.ir'clefs activities are successful with favorable
1emits for energy conservatlon _' ' '

{5) The suggestion system is estabhshed at fdetones equwalent to appiox 1/4 of the
total number, but it is bas:eall} not operated

{6) Energy consumption is bemg recorded by factories equivalent to approx 60% of
the total number. _ ' _

However any apprdpriate measures taken whenever necessary through calcula-
tlon of the energy consumptxon rate, preparation of a control chart, and analysis of
causes of demand variation, that is, managerent through data, are not fully
implemented. The same 1s true about quahty and yield.

N . Staff are often sent to external seminars, However, internal “transfer education”
by the staff who have participated in the external seminars is basically not carried

through.
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Iteﬂ} C%’ﬁ‘;sici - Paper I Tcxti!im 'l—_l—\'l_ctal ' (’l]',‘l’;gtlfé'” j‘ood A:_T—O.fél!
Company policy 7
o fistablishment and notification - - 2 2 2. 4 10
of target values : ) i _
o Measures hitherto taken 5 6 9. 5 7 5 37
i’art.icipalion of all personnel _ _
s Setting up of committees . 3 2 -7 4 4 2 22
"» Project team - _ - 2 - - ~ 1 3
e QC circle . ! - 2 4 ! b 9
. Sugg_csﬁon System : 2 2 1 1 6 14
s Appeal to einployees -5 4 4 4 6 25
Mahageﬁmnt_ throvgh data _
@ Grasping of daily congumption 8 4 . 6 i 4 . 8. 33
s Grasping of consumption by 6 2 6 2 5 6 27
process ' :
e Calculation of energy - s 1 5 3 4 4 3 | 24
consumption rate :
# Preparation of cor}tmi chart o ] 1 1 1 2 o7
@ Analysis of causes of demand I | 2 - 2
variation :
Tecllnolog;éél leveling-up of -
employees .- : _
» Participation of staff in 6 5 6 7 6 9 39
external training courses : _
. Edu_cati'c?n of operators . 1 = 3 1 L - 6
« Information exchange within - 4 1 - — I 2
the same industry _
Total no. of factories | 10. | 9 9 9 | 9 9 | 55
(Note) N o _
' 1. Under “Sétting up of the Commiltees”, the committees include also those other
thaf the committee solely for energy conservation. -
2, Under “Calculation of Energy Consumption Rate”, the caiculation includes

' thros..e based on monthly data.
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3. Answers to Questionnaire “Problems Encountered in the Promotion of Enecrgy
Conservation.” '
Replies to Questionnaire “Problems Encountered in the I’mmbtion ot Energy Conservation™
Qucsuon _ First Survey Second Survey ] Third Survey
{1} Pmp‘ct of energy puce is not clear.
{3}  The proporton of entrgy cost in |ha
whole cost of eaterprise is smatl.
(3} Inciease of encigy cost ¢an be coverrd
. by raislng the prices of products.
{4)  lInstability of energy supply.
[power stoppage, et} :
(5)  Shoatage of enginters. . _ _1 :
{6)  Difficulty in obtairing good £nergy
congervation dquiprant,
(1) Information such as sctive cases Is not BN
easy [0 oblain. a
- n -
8]  System of festarch and developmest .
- is not sufficient..
(%) Shoitdge of [und for Fecility i:nprow- L )
meat. —  Paper - N\, Lo —- Textile Food
; T —--- Ceramies, Gla L - M ERY s
{10) The facitities are :uperann\nlcd, * L eat Cl_lcmw‘ﬂl/
. ; Plastie
(11} Employse consclousness is low.
(12) . No pecsonnet are available whis can
sducate the employees.
(13} Shortage of measuring rquipmeat.
'(14) No lime to apalyze energy consump-
tlon rate. .
|;( 1%y Shortage of informaticn on govern
ment's mlﬂ!-l".‘l
(16} Shortags ofgovmlménl‘s subsidiary
MeARiEs.
{17y Others

Questian

Summnarized Results of Three Surveys

(1) Prospect of soermy pﬂce {8 Aot clear.

(1)~ Theprepertion o[ene:gy cost in the
whole cost of edterpsise is small.

§3)  [Increase of enssgy cost can be covered
by tafsing the pricés of pioducts.

(4) . Instability of encigy supply
(powex sloppage, eic.}

|

sy "Short}ge-of'cngb)tqrx :

('6) Difficubty in gbtaining gmd enexgy
: conservation equipmenk.

1 (P 7 information :uch as .eme taees is mt, .

* easy to obiain.

-(8) Sy:(em of tesaareh and duelopmem
s pot suflicient,

(9}  Shoslage of fund for ra:ihly improve.

ment.

(103, The facilitles are siperannuated. -

hH E%np!oy«te eoﬁsciousness il Tow.

(n) Mo pcuonne! are av::!ab!a who can
educste the employees.

[{3)] Sho:hgg of mzzturin@z vquipmgm"'

(H) Ha tlmé ta malvm eTeiRy CoRsume- '
.- tion ate, .

{15} Shorlage of lnl‘onmtlun on gouc:n-
nitnl's mﬂmrei

_____.___,_...__‘__,_.-—..._._..u_.....‘_,‘...—-___#r_,_l
(t6) Shortage of government's yubisidiary

MERLSIES,

Il'.-f)_" :C!lhér;

"_/_r."’—‘

10 20 30
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Problems of Heat Control”

(t
A)

B)

Cy

D)

(@)
A)

C)
D)
E)
o

G
H)

D

Rationaiization of Fuel Combustion
lnconcct air ratio
imdcqualc adjustment of the air dampcr _
_Unsuitable burner capacity and insufficient cleariing
' Dclcriﬁralion 01'.:167?16 function
]napptoprlatc fuel oil tcmpuatmc
Unsatisfactory ddjl!Sil‘nf:Il[ of {‘urnace pressure
Air suction through the opening due.to fauity sealing
Incorrect flame direction because of the wrong installation of the burners
il 1c5kagc from the burners
Shortdge of control instruments
No concern about ithe quality of fuel oil
Rauonahzatmn of Healm&, Coolmg _a_nd Heat Transfer
Insufficient cleaning of the heat transfer surface.
La:ge heat capac1ty of objecl:: ‘other than those for heating
Exceedmgly hlgh stcam pressure.
lnappropnate furnace-design and capacity

Defcctive charging of objects to be heated

Tasufficient utilization of he'at'obtaine'd through the preceding process

I-aulty air purge during steam heating

Room for hig,her»effxcmncy equipment for thc evaporator, furnace and other
cqulpment

Necessuy ofreducmg dchyd ralmg heat energy through mechanical separation of

~ higher efficiency

_ .
K)

(3)
A)

B)

C)
D)

Fy

G)

High rejection rate of products
Defective boiler feed water treatment
Insufficient water blow-down for the boiler
Prevention of Heat Loss by Radiaﬁ’odaﬁd Conduction etc.
Considerable heat radiation from the furnacc wall
Uninsulated steani-using facﬂmes and piping and deteriorated insulation
The followmg are especmHy noteworthy of defects
Steam valves, headers, flanges, condensate recovery pipe, feed water pipe,
feed water tankage, dyeing device, 'c.oc')kcrs, hot water tanks '

No installation of cover on the hot w_éiter of tank

“Inadequate provision of enclosures, hoods and lids for drying equipment and

melting fur nacc

Neccesity of ;em[mccmcnt of msulauon of the upper surface of a tunncl kiln
truck _ : _

Unsuitable color of the heat radiation surface

Steam leakage from valves



H)

1}
4

A}

B)

¢

D)

E)

11-8

fnadequate maintenance of steam traps
Inappropriate blow-down qua ntity of boiler water
Recovery and Utilization of Wastc Heat
Room for the recovery of waste h_éat : _
Waste heat of exhaust gas of furnace, elc_élr_ic'l‘u{‘nacc,'tunncl kiln, paper
machine ' L
Potential heat of process flnid for the distilation tower and deodorizing
tower :
Room for the recovery of waste pressure
Steam and high-pressure water
Room for the recovery of condensate
Insufficient utilization of flash steam
Inadequate handling of recovered waste heat
Overflow of recovered condensate

Defective insulation of recovered wasté heat transport pipe
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5. Problems of Electric Power Control
{n Ratibnafizailon of Conversion of Heat to Power
Insufficiont use of heat of diescl gencrator for cmergency
(2) Prcvcmio.n'of Electric Power L 088 by Resistance cte.
A) Room for the i improvement of powm lactm
The condense:s are not yet installed or are not a:ranged qallshcloniy
- Excess motor capacity, Inadequate speed conuo} method
B} lnsfufftcxent cfforts to suppress peak demand
C) Room for the rcductlon of loss in the transformer
o l'nteg.,ra'tion. of load, Cut off of transformer during shutdown
D) .!nb‘llancc of 3- -phase cuncnt
| E) lnsufftuem mamtcnance and shortage of control instruments
(3 Ranondhmton of Conversion of Electricity to Power and Heat etc.
.A) N Room for the reduction of power for ilu:d transport
Leakage of compressed air,
Release of surplus, Exceedmgiy high pressure,
Incorrect position of intake port, Faulty valves,
Roomforthe inlcgra:tion of low-load equipment, Increase of the number of
pumps due to defective layout,
Clogging of filters for air- COHdl[lOﬂlng _
Increased load on the air condtt;onmg system attnbulcd to the inflow of
atmospheric air,
Throttling loss of the damper on account of excess blower capacity
B) Excess capacity of some of electric motors
. C)  Inadequate maintenance of power transmission belts
“Number of picces, Tension, Material
D) Room for the ra_tiona!iza'tio_n_ of lighting
Insufficient clea{xing of ‘apparatus
Improper posmon for installation
Room for the changmg oflamps fromthe emshng cRErgy consuming tvpe to
_ the high-efficiency energy conservation type
E) ‘Reinforcement of i_nsuiatbnbf electroheating equipment

F) Recovery of fluid pressure



No. of factory

No. of factory

Ne. of facfory

1-10

Distrtbution of air ratios of boilers

(=]

=]

Solid fuel

Adr ratio

Boiler exhaust gas temperature

i6

12

1

L Hum//n

4] -
1Lo1112 - 14 1.6 18 20 22 2.

Solid fuel

140 180 220 260 300 340

Exhaust gas temperature °C

Power factor distribution

%

% With condensers

Y S s Ll A Lre
" 5160 61~70 71~80 81~90 91~100

" . Power factor L
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Effects as extended 1o Thailand's respective entire industries

fogmame—
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| Fuel

Electric Power

‘Ceramic { Glass

o kﬁ/yéz‘lr .
6,500  (46%)

Mwh/year
1,080  (35%)

Paper 18,600 (33%) 510 (33%)
Textile 10,600 (13%) 55,400  (13%)
“Metal 7,500 (25%) 5,100 (25%)

Cheinical / Plastic

21,100 ( 4%)

36,500 ( 4%)

Food 32400  ( 6%) 52,500 ( 2%)
Total 96,700 . 151,090
) Coverage rate (%)
Calory of the above keal/year keal/year
(A) 0.94 x 1012 0.13 x 102

' Tot_a.l' consumption by
Thailand’s manufac-
- turing industry (B)

30,557 x 102

7,709 x 1042

"A/B

3.1%

1.7%

‘ Note : (B) Thailand Energy Situation 1981~82







l.
2.

11l Guideline for Rationalization of Energy Use

{. Ceramic and Glass
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1. Character of Guide Line
This Guide Linc is a summary of techinical matters considered important for the
promotion of energy savingal the factories of the ceramic and glass industries. The Guide Linc
is to be used fo; the following purposc:,
1y - (!) ‘As technical reference for factory’s engineers when they plan to rationalize
use of encrgy in the factory. '
¥3] | As a dlagnostlc guzdance manual
- (3). ‘As referential dala for determining the progress of rationalization,

(4) Asa text for semmats '

2) ‘Desceri lptwe level which should be understandable by cngineers having 0n]y4 to S
years' experience of actual service after collcge gl aduation, but not actually working in

~ the subject industries. :

3y  In consideration of the present industrial status of the Kingdom of Fhalland the
descriptive coverage is limited to the process-related matters of the factories which we
-diagnosed. Also, the basic it;ﬁm’s and numerical values regarding this process ~—Blnergy-
saving téchniques and referential instances or actual records — are described.

It is hoped that the Guide Linc prepared here will be further supplemented and
sub’slanﬁatedby the addition of information obtained in future through NEA’s own
factory diagﬁosis and other means. ' '

 For information, the Guide Line contains standard values published by the
Japanese Government (Ministry of International Trade and Industry) as a basis for
judgement in promoting energy saving for factory managers through its notification.
(1)~ The standard values are the most frequent values (refer to Fig. 111-1-1) of
statistical distributions of numerous cxamples. As such they represent a realistic level

for factory managers to attain without difficulty from the technicatl and economic

points of view,

Most frequent value = standard value

Frequency

Level]

Fig. Hi-1--1
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(2) The standard values do not' nceessarily represent the valuies which factory
managers should be satisfied with after reaching them and also the minimum values
which it must reach by all means. These values are rather those designcd'to improve
the inferior vajue toward an average levc'l, thus sh_i'fting the whole distribution of
values into a better direction. Therefore, the most frequent value will be resoughtand a
new standard value-established after the clapse of a certain period. -

The standard value establishment plan descfibed in the 1_‘cpo'l"t was prepared '
based on these standard values cotisidei‘illg the present industrial status of the
Kingdom of Thailand. S _

These standard values will be a starting point for the establishment of standard
values for the rationalization of energy use in industry of the Kingdom of Thailand. It
is recommended that the Kingdom of Thailand itself accumulates data during factory
diagnosis to be put into practice, and evaluates it periodically and reviscs or newly

-establishes standard vaiues.
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2. ChﬁldCtLI‘iS“C% of Energy Use
2.1 Manufactul mg Process and Principal Facilities
2.1.1. Ceramic Industries
The manuf'lcturlng process charts of tlle insulator and s'mltmy ware 1mnuﬁetu1mg

industrics arc shown in Fig. HI-1-2 as those eligible for diagnosis.

: Raw H)1 Crllsl\e:]—-b[ Mixer ]—— Mapgnelic __)[Agitator . Filter
materials sepazator | press ‘l
[_E(nender Dryer rushﬂ_—ﬁ;;ss“—[v
. ._\-W'et 1—~—l lmlshmg}—— Dryer Gl'mng Kiln Product

press

Slip
casier r—

Fig. III-1-2  Manufacturing process for ceramic products e.g. tite

(D Manufacturing Process | _

Quartz as aggregate and feldspa: and clay as flux arc crushed to an appropriate
size respectlvely and mixed at a proper ratio.

In wet mixing process, the sturry is dehydrated wrth a ﬁlter press after sufficient
stirringand mixing. Then the dehydrated slurry is motd asitisorafter dxymg, with the
help of an extruder or a press. _

In the case of wet-molding, moisture content of the slulry 18 reduced to less than

-3% by means of hot air drying or natural drymg For burning, in some cases, biscuit
firing and glost fmng are provided and in the’ other cases, only one- [mng is prowded
For biscuit firing, oxidizing flame at approx. 1,200° Cis used for hard ceramicsand at
approx. 800° C for others. In the process of glost firiug for white ceramics, oxidizing
flame is used to heat up to approx. 1,000°C, then reduction flame up to approx.
1,250°C and finally neutralizing flame to finish the firing process.

The burning temperature of othér ceramics ranges from approx. 900°C to
approx. [,700° Caccording to the grade of finished product Allof them are burned by
oxidizing flame. When painting, they arc burnt once agam at approx 800°C

{2y -Main equipments . _

Asto crushing equipments, thejaw crusher, impact breaker, etc. are avatlable for
coarse crushing, and the ball mill and edge runner for pulverizing.

As regards the dryers, the belt dryer and spray dryer are used for the drying of
malenals for dry molding. For the drymg of molded products the box-type and
tunnel-type driers are used, The heat for drying is suff:c:ently fed by waste heat from
the kitn..~ '

' ~ Concerning .burn_ing_ facilities, the tunne! kilns (direct heating type, indirect
heating :type as shown in Fig.)lbi%-(fhufﬂe type) for mass production with less
variely are used. As a batch kiln, the shuttle kiln using a car (refer to Fig. 111-1-4) is
used.
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Prcheating zone .. Firing zone

Cooling zone

' W?T‘Buming'éds' o

EA AT

Exhauster

Product rnogztlg )
direction inside kiln

Air bf'c':wer‘

Fig. 1—1-3  Tunnel kiln
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Fig. HII-1—-4 Shuttle kiln |

2.1.2 ° Glass indu'stries .

The manufacturmg process of the bottle and glass tableware manufacturmg industry
subjected to our d:agnosns is comparatwely simple as shown in Fig. 111-[-5.:

e

Main materials -

| Secondary materials

:.Blending - - :; 'Maiting ;

Refining -

L—»r Cooling

Forming” -

Product

E1f!m'n'£;:aliﬁg '

Fig. MI-1-5 Mz;nulf;i'c'tﬁ'rihg'pfo'cess for ghass products _
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Although the glass composition varies according to use, glass for bottic and tableware

is of the s_Ocle_:-}ime type as shown in Table H1-)-1.

(h

Table HL-1-1 Composition of glass for vessel

B .Comp:dnénts o Cc;nte__ants_
8i 0, 10~ 74 % B
o e
f;gg | !8 ~12 |
Ejzoo 13~16

Manufacturing process _
. Silica sand, soda ash, lime stone, dolomite etc. are mixed in accordance with the

glass composition of production grade. Then this mixture is blended with a small

~quaritity of secondary raw materials such as clarifier, coloring agent and decoloring

agent and an appropriatc quantity of cullet as a compound of feedstock.
The compound’ fécdstock is charged into the melting furnace maintained at

approx. 1,500° C (refer to Fig. {11-1-6), and then melts under the radiant heat of flame

“in the upper space. Further, the compound feedstock is clarified and subjected to foam

separation: At that time, the temperature is distributed in such-a way that the center of

the furnace may be at high temperature to prevent the unmolten or low-temperature

raw material inside the furnace from flowing into the refiner. -

N

Reversing valve

hearth

Fig. II1-1—6 Outline sketch for middie-size tank furnace
' {End Port type) )



2.2
2.2.1 _ _
“In the ceramlc factory ene:gy is used for the followmg purposcs

111-1-6

Clarified molien glass eniers the rcfia}érlhr_(mgl*n the throat and then is supplicd to
the molding machlne from the forehearth. In the rel‘lnér_ and fb_rcllear!h‘_ the
lcmperﬁturc of glass isadjusted toan appropriate 611'6 for mol_'cli ngin ac_l:brdaiwé with
the weight and shape of @ molded product. In this section, glass is heated by a plurality
of small-type burners which use LLPG or l\eloscne as fuel.

Molding is sometimes rmnualiy handled. However, in the case of mass
production, bcnemllv the 1.8, machine is used.

The molded product is cooted slowly to remove thcrmal strain. The annealmg
temperature and time varies according to glass compomlon thickness of finished
product, etc. But normally, the product is coulcd slowlv at 500 ~ ‘350°C to dpplOX '
400°Cata processing rate of l 10 5°C/ min. Asan annealing furnace. in ﬂ.ddmon to the
batch kiln. the continuous tunnel furnace called “Lebr™ provided with a' mesh belt is

used extensively. Annealed products are packed after examination.

(2) Main facilities

The melting furnace is classified as a tank suitable for co_ntinl:ous mass
production ‘and-a pot for multigrade small-lot "production. At all the. factories
diagnosed by us, the tank was used cxclusively, so the tank is described herc. Fig.
111-1-6 shows a typical middle- type tank furnace.

For glass melting, a high temperature ol approx. 1, 500°Cis requ;red Therefore,
il is necessary to preheat air for burning heavy oll.through a heat exchange with
combustion exhaust gas. As shown in the Fig. the regencrator or the recuperator is
usec: Another heating method is to duectly ‘electrify molten glass by inserting an
electode into it instead of using fuel or as an auxiliary heat source.

As refractories for the melting tank, the corrosion- resmnng electrocast brn:lr of

Zr ;- Alej 510, s used in the lower part touching molten glass and the smca brickin

the upper part. _ _ _

The burners are at:gned in the axial dtrcctnon of the tank (end- port type) except
for the large-s:ze—tank. In the tank with a regcnerator an even number of burners are
provided, each half of which be.ing switched a[terllately for use at the interval of a fixed
time (normally every 15 to 20 min.}

The regenerator is partltnoned into 2 chambers. The burner side under
combustmn is used for preheatmg alr for burmng On the other hand the Opposnc side

-regcneratcs heat mto the checker bnck by passing combustion cxhaust gas. Generally,
~the rugenarator has a hlgher heat recovery rate than the :ccupcrator

Status of Energy Unhzatlon

Ccramw mdustnes
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Purpose Bquipment Energy source -
Pulverization ball mill, etc. electric power
Mixing ‘agitator electric power
Molding press. electric power
Firing kiln, electric heavy oil,

kiin kerosene,
o electric power
Drying drier utilization of |
wasle heat, steam
[NMumination,
others. . . . - : _ . Electric power

The cnérgy cohs'ump'tion proportion averages approx. 92% for fucl and 8% forelectric
power. The thermal source for the drier is mostly provided by waste heat. In this sense, energy
conservation is 1mportant in the firing kiln.

The flrmg of ceramics hascharacter 1stlc of the following.

a) Water is used in the crushing and moldm;, process and is left in the malerial

" before fumg ‘As water has significant specific heat or evaporation latent heat, the

i lcmperature rising speed of material varies depending on the existence of moisture. In
addition, as the volume of water changes significantly when it evaporates, sudden

““drying and firing would cause damage on the flmshed product.

b) Toolssuch as shell board or saggers for protecting finished product are requucd
'Theqe have a hlgher weight ratio than the finished prod uct. Both finished product and
: too]s has less heat conductmty The requ:red amount of energy for heating them at

more than 1 000°C is very large (refer to Table 111-1-2)

Table III— 1-2

Heat conduciivity (Chamotte brick, ceramic)
1 to 1.5 kealfm h °C
Specific heat: Prepared clay 0.34 kcal/kg °C
Chamotte brick 1 0.27
c) It is rci;uired to adjust the atmospheric gas to such grades as oxidizing,

dcoxzdmn;:, or neutral during the. firing stage, according to finished product. In
addition, unlcss the finished productaﬁm fmng is avoided to contact combustion gas,
a quahtatwe problem may occur. _

d) When glazed, attention must be given to flrmg because the glazed part constitutes

a compound of material and glaze, which have different melting points and
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coellicients of cxpmslon
e) 1fexpased to sudden hcatmg‘ tht, moldcd product pencrates a thermal btteqq andl
casily breaks down duc to a temperature difference in the interior of material,
Accordingiy, he’atin_g'and cooling musi generally be carried out at"coﬁsiderabl).r slow
tempo, |
The unit fuel consumpnon rate varies widely due to the influence by factms su(,h as
shape and kind of finished product, firing temperature, application of glaze, type ofl\lin, el_c.'
Table 111-1-3 shows the examples of the Kingdom of Thaitand and some parts of Japan for
reference. In these exarﬁples, there are no recognizable differences attributable to scale and

fuel. Instead it scems that the effects of various factors suchas described above are significant,

Table HI-1—-3  Example of fuel consumption rate for tile

Produiction ‘Fuel consump-
Kiln Fuel tfday tion rate ) Remark
- y MM Kcal/t '
Tunnel Heavy oil . o 1 3.8 __Japau
u Gas 5 2.5 _ Japan
e - Heavy oit . 7 4.6 Thailand
I~ . )
" " .8 5.1 Japan
w ] . " . g 11 - 23 . Japan
" " , 12 14 " Japan
" — - ' 12 - 1 Japan
" o 12 : 2.5 Japan
| e
PP S 13 3.3 . - Japan
8
Cw q " : : 26 R e 2.2 - Japan
- ——
" " ' 41 o 4,1 Thailand
Average (excluding Thailand) - ) 2.4

Table 11}-1-4 shows an example of the actual status survey for 18 Japaﬁese factorics,

Thermal efficiency 'of this table is shown in the following formula.

T hermal efﬁclency (ﬁmshed product) _
Welgh! of finished product XK Specific hcat(() 3) X Hedtmg lemp

c$upphed calorific value
From thls table the foltowmg tendency ig notlced

_fa) “The contmuous ktln has a more’ famrablc umt fuel consumptlon rate than the
ba{ch kiln. ' h S s REEEE

) b) : Gasis ‘more advantageous than heavy 01! in terms of unit i'uel consumptmn rate.

c) | Thc smailer the ratio;’ aumhary {ool/ fm:shcd product the more favorable the

umt fuei COllSUmptIOﬂ rate becomes
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; Tablé !I.'I~i-_5 sh_()}vs the summary of the Japan Industrial Standard (JISR0301)“Heat

Balancing 'Qf'POfEéry and Refractory Firing Tunnel Kiln™ Table [1-1-6 and Table 111-1-7
'sl"m'w:a' 'typic'al' caleulation cxample under th_é formula for reference.. Various specific heat
vékiles a:c asshownin 'i'ablejII'I-ZI—S to Table I1I-1-11. In this célcu_laiion cxample, the thermal
_éfficiéncy'for sanitary ware s low because of!he heh‘}ry weight ofsﬁggér' and tools and the high
. ~heat 1e§,enerat|0n amount of a car. Further, in some calculations, the heat biought out by
._coolmg airis mcluded ina heat loss caused by radiation transfer, etc.

T'iblc 111- 1-12 shows the summary of the Jap‘m Industual Standard (JIS R 0302)
“Heat Balancmg, of . Pottely and Rcf:acto;y hnng Periodic Kiln™.

CAS facilitics usmg electuc power in the ‘ceramic industry, the crushe:, dgl[dt()l’
' kneade: moldmg 1mchme pump compressor, blower, elcctrlc kiln and 1liummat10n are
'wcnlabic .

The enclgy consumptlon of these facilities depends on the manufacturing mcthod
eqmpmcnt and type of flmshed product.
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“Table HI 1-5

111-1-11

Iiea( Balancing of Pottery and Refractory Firing Tunnel Kiln

[tem

Calculation Formula

1. - tleat lipur -
& Cheal{k)}]

(1yCombuston heat
cof fuel .
Qs Tkeailk]l 3

Qo= X Hi
where, mit Fuel consumpt]on per | ton of product (kg or m® N)
' © Ht: Low calorific value of fuet
{keal{ kg) or (keal/ m*N) | :
Remark: For instance, in case of gas fuel of certain compaosition, it
. is possible to cateulate the low calorific value of fuel
Hi (kealf m*N) by the following cquatian:
The parenthesized figure means a volume percentage of
‘the camposition of gas fuel.,
Hy = 30.5(CO) + 25: 1(H,) -+ 85, 5(CHD -+ 153. 1{CiHy)
+ 222. 8{Cyl1s) + 292(C\Hy)

a {2) Sensible heat of

fuel
Qs Ckeal (k]H3

Qb =gy KOy (1)
Cwhere, mf; Byel consumption per | ton of product (kg or m ANy

Cf: Specific heat of fuel
. {kealikgeClor [Lcal'm N l‘(‘)
t Temp. of fuel -
t: Ambicat temp °CY
Remdrk The specific heat of liguid- fuel shall be 0.45 kealfkg °C
and the spccxﬁc heat of gas fucl be calculated based on its

cotiposition.
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-5 (2} .

Hlem Caicu!ation Formula
1. Heat lupur (3) Heat input by {a) ~Heat input by uniired pmduu Q‘, {I-.u.at}
Qs Cheal ki) unfired product, Qu=Ma X Ca %X (e — 1) .
) saggar and tool where, Ma: Weight of unlired product per 1 ton of fired product (kg)
Qc[keal] “Cm: . Average specific heat of wnlired product [kealt/kg?C]
ent: Temp, of unfived product at the itet of kiln (°C)
Rk Ambient temp (¢ C) '
(b Heaf input by saggar and tool [keal]
Qe = mte X Coe X (s — 8
where, AMsit Weight of saggar and ool per 1 fon of iucd produu {kg}
Cst:  Specific heat'of saggar and tool [keal/kg °C)
tst:  Temp. of saggar and tool at the inlet of kiin °C)
Tt Ambient temp (°C)
{c) Heat input by unfired product, saggat and Iooi O. [keal]
Qz er {' Qr"
where, Op,: Heatinput by unﬁn.d pmducl {keal]
Qp, 1 Heatinput by saggar and tool [keal)
(4) Heat input by {2) ~ Heat input by car (poriion of refractior) | @y, {kCﬂl k1))
car T Qu =M X Gy X (e — )
@y {keal} where, AMch: Weu,hl of car {portien of refractorics) per ton o[ fired
product (kg)
Ceb:  Specific heat of car (portion of refractories)
 [kealfkg °C (ki/kg " O)
téb:  Temp. (°C) ol car (porticn of rcfraclorscs) at the
intet of kiln (°C) -~
1 Ambient temp. (°C)
{b) Heat input by car (iren part) Qg, [kcal (kJ)]
Qur = e X Ca K (e — 1)
where, Mes: Weight {kg) of car {iron part) per i ton of fired producl
Ces:  Specific heat of car [kealfkg °C (kijkg “ ()]
tes:  Temp. (CC) of car (iron part) at the inlet of Kiln
t: . Ambienttemp. (°C)
Remark: The specific heat of iron shall be
0.12 kealfkg °C (0.50 kI kg °C)
{c) Heal input by car Od [keal (k1)]
le + Qa )
\vhere, QOd,: Heat input by car (portion of refractoncs)
{keal (k)] .
Qd,: Heat input by car (iron pan) [kc.xl (k3]
(5) Conbustion heat Q@ =m. X Hu
of combustibie where, Mo Weight-of combustible componcm contained in unfired
companent con- product per -l ton of fired product (kg) - )
tained in uniired Hlp:  Effective calorific value of combustible component
product [keal/ke(k)/kg))
O fkeat(k H)] .
(6) Total heat =0+ +Q+a+ Q.
input” where, Qa: Combustion heat of fuel [keal (k1))
0, [kcal{kl)} : Ob:  Sensible heat of fuel [keal (k)]
: {c: Heat input by unfired producl, sagga! and tool
[keal (k5]
Qd:-. Heat input by unfired product. saggar and tool
(e:  Comibustion heat of combustible component con-
~ . tained in unfired product [keal {(kJ}
2. Heat output (1) Heat ou:pul by . () © Heat output by fired product Qs [keal (kJ)]
: fired product, Q' 1000 + €' X (¢'a 0D
@ (kcal{kj_l) 'saggal:and tool where, C'm: Average spcmf’c heat of fired product
Q [keal (k1}} {kcallkg C(k3jkg O]
' tm: Temp. (°C) of ficed product at thc outlet of kil (°C)
-~ #:7 . Ambicni temp. (°C). -
(b) Heat output by saggar and toel @r, [keal (k})l
Q= X Cla X (' ~ 1),
where, Mst: Weight of saggar and (ool per I tan of fired pmducl (kg)
C'st:  Specific heat of saggar and tool [keal/kg® Clkifkg® C)]
F'st: Temp, (CC) of saggar and tool at the outlet of kiln (°C)
£7 - Ambicnt temp. (°C} .
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“Pable 115 (3)

licin

Calculation Formuta

2, Heaioutput

@, Cheal k31

(1) - Heat output by
fired product,
- suggar aul tool

where, Qf, : Heat output by fired product Q;{kcal{u)}

(ey UHeat cutpue by fived product, saggar and tool Qy[keal (i\ 1}
Ry =Qnt+Qn

e ]

Qg {keal kN

{3). Heat putpm
by cooling air

OF Tkeal (kd)] Qﬁ Heat output. by saggar and tool [keal (k1}]
(2) Heat output 1Ay Heatuutptitby car {portion of refractories)
b Car - Qg! = ey K Cr:b x ("rl - f)

where, meb: Weight (kg) of car {portion of relractorics) per 1 ton

.wherc, MiggT Weight (kg} of car (iren part)

of {ired product -

C'eb: Specific heat {keal/kg ® C(k],fkg CY] of car {portion
of refractories) -

t'eh: Temp. CCYof car (pcmon of refractories) at the

: outlet of kiln

Ambient temp.

(b} Hem O, [keal (k3)) output by car (iron part)

Quz = Mey x CaX @a—0

C'cs Specific heat [kealfkg °C (kJ/kg °C)) of car {irpn part)
t'cs:  Ambicnt temp. (° O
Remark: The specific heat of iron shall he 0.12 kealfkg °C
(D50 XM kg °Cy
) Hcat output by car Q; [keal (k1]

())c ch + Qv? .
where, O : Heatl {keal (k1)) cuipui by car {portion of
refractories) ~

0 ¢ Heat [kcal (k1)] output by car (iton part)

Qa = Va X Ca Xt — o

where, Fa: Volume 0!‘ coolmg air per 1 ton of fired producl

exhaust gas
Qs Ckeal {klf ]

O [keal (kIN Cz:  Specific heat of air [kcal}'m’N "CkI/mP N °0)}
. ta = Temp. C) of cooling air at the outtake part of kiin
t: Ainbient temp.
Remark: The spccrf‘c heat of air shall be 0.31 kcal!m N°C
_ {1.30 kIfm’NeC).
(4} Heat output by (a) Secnsible keat of dry comburtion exhaust gas (2, [keal (k)))
.combustion RQu=m X G XG X —~1)

where, my 1 Fuel consumption per | ton of fired product
G':  Volume of dry combustion exhaust gas per kg
“orfm® N of fuel
Cg:  Specific heat of combustion exhaust gas
- [keal{m® N °C (k3/m3N°C))
tg:  Temp. of combustion exhaust gas ()
t: Ambient temp. (°C)

Remark: 1, Specific heat of dry combstion exhanst gas shall be 0.33
kealfm® N “C when carrying out an approximate caicula-
tign.

2. When there is 2’ combustible componcnt of unfired
product, calculate it separately.

3. When obtam:ng a volume of dry combustion exhaust gas
G’ (m*N) per 1 kg or | m’N of fucl based on a composi-
tion of combustion exhaust gas and a fuel composition
use the following equation:

- {i) In case of liguid fuel

G = —0.21) 4o -+ P .
(mn # 1.867 IDOH}DTXIOO-}

08»\—1—66

s L.B6T+ 075
S (3% (5753
m o= (N2)
(N:) = 3.76 {(0y) ~ 0.5(CO}}

Ao = T'[B BY ¢ + 26. T(k ——) +3.335)
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Table 115 (4)

Ttem -

‘Calculation Formula

2. Heart ourput

Qs (heat fkIE]

(4) Heat output by
combustion
exhaust gas
Q: {keal ikl

where, ¢: - Mass percentage {%) ol carbon.in fuel
- 81 Mass percentage (%) of combustlble ‘illlphcr in Tucl
n: Mass poteentage (%) of nitrogen in Tuel
~ o1 Mass percentage (%) of oxygen in fucl
B Mass percentage. {%) of hydrogen in lucl
e Aireatio
A+t Theorctical air vo]ume
(CO,): -Volume percentage (%) of carbon dioxide (including
- sulphur dioxide] in contbustion exhaust gas
(CO): Volume percentage (%) of cn‘rbon monoxide in com-
bustion exhaust gas
{0,):  Volume percentage (%) of o\ygen in combaslion
exhaust gas
(N,)" Volume percentage (%) of nitrogen in combustion
exhaust gis
For obtaining air ratio. theoretical air volume Ao (m x\ 1kp)
and volume of dry combustion exhaust gas G (m' Nikgiitis
possible to use the following simple equatious.
Here the volume percentage {§4) of a maximum volume of carbon
dioxide (CO;) max. in the combustion exhaust gas of liguid fuel
is put $5.30%.

= _CC.__O‘*)'“';‘_
ECEN)
Ao= 88 p 420
Vo g ety g o 224 fw L Ok
G Got (e I)..l.; 18 0 )
= L1
G. = o He .
where,  Hr: Low calorifice value of liquid fuel
[ kealfkg (kifkg)]

w?: Mass percentage (56) of moisture in fuel.
k. Mass percentage (%) of hydrogen in fucl.
Go: Volume of theoretical combustion exhaust gas
(€0, ) Volume percentage (%) of carbon dioxide in
combustion exhaust gas
(11) In case of gas fuel

G = G — (Hy + 2CH, + 3CH: + 4G Hs + ST Hu0)
G =1+ ma, — 0 5(H; + CO — CiHs — 2Cills — 3C:Hie)
CLoor

G=

CO + €Oy & CHy -+ 2CH + 3G + ICH o 300
(€0 + (TO)

: (Cy) = 8. 5(COY
(. st ) sco + 2CH + 3.5C:Hs + 5CiH: + 6.5CHie — O

o=

: 1 s
+ 1
o (CO) + (Co) .

CO + CO; + CH, + 2CH, + 3Csts -F 4C9H1a

A= "6"12T(°‘ 5H; + 0.5CO + 2CH; + 3. 5CoH
4 SCiHs 4 6.5CH — 05

whére, H,: Volume {m® &) of hydrogen in 1m* N of gas fuel
CO: Volume (m* N} of carbon’ monomdc in 1 m’Nof |
gas fuel
CH,: Volume {m? N) of methane in Im®N of gas fucl
C,H, . Volume {m®N) of ethane in 1'm*N of gas fuel
C,H,: Volume (m?N) of propane in 1 m*N of gas fucl
C,H;,: Velume (m>N) of butane in 1 in® N of gas fuél
0O, 1 Volume {m® N} of oxygen in 1 m®N of gas fuel
. N, : Volume (m*N) of nitrogen in 1'm? N of gas fucl
CO, : Volume (m’N) of carban dioxide in') m* N of
.. pasfuel
(0,;): Volume per cemagc (%) of m.ygen in combustion
- gxhaustgas- - - - .
(CO.,) VYolume percentage (9) of' carbon dloxidc in
.+ conbustion exhaust gas
- {CO): Volume percentage (%) of ca:bon monoxide in
o combustion exhaust gas
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Table HI-1-5(5)

ltem ‘ N Calculation Formula
2. Heat output {4) Heat output by Wi ooair ralm
Q2 Theal k1D combustion A, 1 Theoretical air volume (o' NY
: exhaust gas When calculatmg theoaretical air volume A, (m®* N/m? N} and
Qi Ckeai k1) S volume of dry combustion exhaust gas G’ (n13 N/m*N) based

on a low catorific value of gas fuel By jkeatfm® N (kifm* M),
it is possible to use the following s:mp]c cquations:

A, = L0 g 9sfin case Hy = 4000]kealf m*y{kS) m’ o]

1000 or more] .
G = G, F (fr_a ~ 1A, — (H; + 2CH| + 3CiHs + 4Gl
+ 5CiHiod. :
"Gy = L1 gy 40, 25(in case H, = 4000[keal/ m stk m? )
1000 ar more)
where, . G, : Theoretical volume of combustmn exhaust gas
(m® N/m?*N)

AT, Volume (in® N) of hydrogen in | m"’N of gas fuel
CHi, : Volume (n*N) of methane in 1 m® N of gas fuel
C,Hy v Volume (m® N) of cthane in 1 m® N of gas fuel
Oy H, 2 Volume (n®*N) of propane in 1 m:‘N of pas fuel
ColH,,: Volume {m® N) of butane in 1-m*N of gas fuel
{b) Sensible heat On [keal(k))]of water vapor in combustlon exhaust gas
Qn«m,XS K G X g — &) : :
here, - mf: Fuel consumption (kg or m *N) per 1 ton of fired
progduct
Se: Weight of water \'mor {kg)in combustmn exh'lusl gas
per | kg or § m¥ N of fuel .
Cig’ Spec;f"c heat of vapor Tkealf kg® CikJi kg2 C)
tg: Temp. CC) of combustion exhaust gas
f:  Ambient temp. (°C)
Remarks 1. The specific heat of vapor shall be 0.45 kcal,’kg °C
' (1.88 kI/kg°C) |
2. 1t is possible to obtain a volumc of vapor Se {kg)in
combustion exhaust gas per 1 kg or 1 m*N of fuel by
the following equatjons:
(i} In case of liguid fuel

29 w 9
2.4 2% V156 Yoo
where, A: Air consumptlon (P N) per 1 kg of fuel
Z:  Absolule humidity
w: Mass percentage (%) of moisture in heavy oil
h:  Mass percentage (%) of hydrogen in heavy oil
(i) In case of gas fuel

S =

8, = -2391 AZ L Tz'““ (Ha -+ 2CH, + 3C:He + 4CaHs
+ 5CiH )

A =mA,

. _ 0.62pP

z= P—pPr

where, A: . Air consumption per 1 m® N of fuel
Z: Absclute humidity -
H,: Volume (n® M) of hydrogen in 1_m3 N of gas fuel
CH,: Valume (m®N) of methane in 1 m*N of gas fuel
C,H,: Volume (m?N) of cthane in:1 m®N of gas fuel
C,H;: Volume (m?N) of propane in 1 m® N of gas fuel
C,H,,: Volume (m*N) of butane in 1 m* N of gas fuel
m: . Air ratio .
Ay - Theoretical air volume [m’y/m’y]
" ¢t Relative humtdlty
P Atmosphetic pressme [mmHgU’-\}]
. Ps: Saturated vapor pressure {mmHg{Pa]}
{c)- Heat [keal (kJ}] output by combustion exhaust pas
where, @y, : Sencible heat [keal (kD] uf dry combustion exhaust
gas :
@i, © Sensible heat {kcal (k!)l of vapor in combustion ex-
haust gas
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Table 1[-1-5 (6)

Ttem Calcuiation Formuta
2. Heat output ) ?leat loss by Q, =my % G % S (CO) % 3050 .
0, (keal (kJ1D incomplete
costibustion thf(\ wy: iuel consumpnon (!\g, or m’N) perl lon of fired
Tecat (ki . prodiet -
Or [keat (k3] G': . Velumeof dry combtlshon exhaust gas (m® N) per-
1'kgor-l.m®N of fuel
(CO):  Volume percentage (%) of carbon monomde in com-
bustion exhaust gas
Remark: When measuring saot in eombustion cxh'u:s.l Bas qlmnllid-
tively, add its cclorific value of 8,100 kealfkg (33,910
kJfkg) to heat toss.
(6) leat =lme b m) XU - 1)

output by vapor
vaporing from
moistuie of
unfired product
O fheal (k]

Moisture {kg) adhering to unfired product per | ton
of fired product.
Myt - Waier of crystalization (kg) of unfired product per | ton
of fired product.
PR Lmhalp} of water vapor at lemp, of combustion gxhaust
gas. (°C) )
I': hmhalpy of water at ambient lemp.(° C)[keal/ kg {kJ/ k;._,}]

where, my:

(7) Heat oufput by
- " cooling water

Q1 [keal (k)]

Qe =t X 1 X ('L "3
where, mw :  Cooling water consumption {kg) per 1 ton of fired
produci.

' 7 Temp. C) of cooling water at outiet
[ Temp ¢ C)_ of cooling water at inlet

(8) Heat loss by
radiation,
conduction etc.,
O {keal (k)] -

Qu=C— QT Q@+ +0Q:+0Q,+Q:+ Q)
where, @, :. Total heat input [keal (kJ)}
Qf : Heat cutput by fired produet [keal (kJ)]
¢, : Heat output by car [keal (kI}]
(s @ Heat output by cooling air [keat (k1))
(i : Heat output by combustion gas {kcal (kJ}]
(¢ : Heat loss by incomplete combustion [keal (kID]
O Heat output by vapor vaporizing from moisture of
unfired product {keal (k)] ‘ .
Q: : Heat output by cooling water [kcal (KJ)]
Heat loss from kiln wall. Oy [keal {kJ)]
Qur = [* R

et

Q-‘l = L(hr " ]J )A! 1
he = 2.1 % Y4 (in case of horizonial rool wall)

b = 1.5 X ¥4, (in case of vertical wall)

—433{ ) ( b xon/s
where, Mm: chght I3} c.f fired:product per | hr.
Om,: Quantity of heat [keal (kJ)] release

from the entire kiln wall per | b,
Ao 1 Coavective heat transfer cocflicicnt
[kealfm?h °C (k3/m*h °C)]
hrt  Radiative heat transfer cocfficient
L |keal/m*h °C (kJ/m*h °C)}
Af 1 Difference beiween temp. of outer kiln wall md
.- Toom air iemyp. (°C) i :
A 17 Surfacial area of kiln wall (m?)
To: Tcmp of outer kllm wall indicated at absolute temp.
(Ky -
“To i~ Room temp;:indicated al ahsolutc temp. (K)

Rcmark - A calculation formula for heat Joss from kiln wall in shown

“Mor rcfcrencc

[kedl fkJ])

. (3) Total Heat Oulpul._

Q; +q, + Qa + &+ Qj+ [ X 'F_Qa_‘l’_q,'.
wherc, -Qf ©  Heat output by fired product [keal (kJ)]
Qg Heat output by car {keat (kJ)]"
Oh: - Heat autput by cooling air [keal (kJ)} :
Qf ;- Heat output by combustion exhaust gas [keal (kD]
QF 7 - Heat loss by incomplete combustion [keai (kJ))
" @ks - Heat output by vapor vaporizing from moijsture of
: unfired produet [keal (kJ)]
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Table HI-1-5 (N

0, {kea (k])]

‘Wwhen ‘only fired

. considered

fem Caleqlation Formula
2. Heat output (93 Total Heat Outpu Q1 1 Tleat output by cooling water [keal (k)]
Qs Cheal (k313 : Omi: Heat foss by radiation, conduction ete.
3. Circulating ( Ueat recovered - | @ = Veo X Coultps = 1)
heat . i by comhustmn where, ¥pa: Volumeof prehcated air for combustion pcr 1 ton of
@, keal (k1) “air : fired product {m'N}
O [keal (k.l)] Cpa: Specific heat of air [keal/m®*N ° C kIfm® Q)
¢ 1 Ambicat empo (°C) .
Remark: The spcciﬁc heat of air shall be 0.31 keal/m? N *° C
(.30 kIfmPNC)
{2} Heat held by Q. =V X Gy X (toe ~ 1)
circulating ‘where, ¥, : Volume of cucuhung 00111bust10n gas per 1 ton of
combustion gas . fired product (m N)
Qo [keal (kD) Cep 1 Specific heat of combustion gas
[keal/m? N °C (kJ/m>N °C))
t ¢ ¢ Temp. of circulating combustion gas (© C)
t : Ambical emp, (°C)
) . N - i N N i_.___‘
‘| 4. Effective heat [e))] Efféctive, hcat _ {a) Heat required for evaporaling maisture adhering to unfired

per’l ton of
‘lired product

pioduct is

h [keal (kIN

produet
Q= me X (I — I's)
where, m: @ Moistuce (kg) adhering to unfired producl per | ton of
{ired product
Ix : Enthalpy of vopor vaporising from adhering moisture
(keal/kg (k1 fke) ]
I'x: Enthalpy of moisture adhering to unfired product at the -
- indet of kiln {kealf kg (k)i k)]
Remark: Enthalpy of vapor vaporizing from adhering moisture
shall be the enthalpy of vapor of 648 keali kg (2713
kIfkg) at 125°C :
(b} Heat requued for evaporizing water of crystalization of unfired
product @ {kcal (k1}]
Qe=m, X {I; - 1'))
where, m, : Water of crystalization (kg) of unfired product per 1 ton
of lired product
Iy : 'Enthalpy of vapor vaporizing from water of crystalization
fkeal/kg (kI/ke)]
I’y 1 Enthalpy of water of cry slah?almn of unfired product at
the inlet of kiln. [kcal]kg (k]lkg)]
Remark: FEnthalpy of vapor vaporizing from water of crystalization
shall be the enthalpy of vapor of 859 kcalfkg (3,596
klfkg) at 550°C.
(c) Heat required for decomporing clay Or (keal (kJ))
Qr=maX g,
where, M Quanmy (kg} of clay in unflrcd product per | ton of fired
product. ) )
qp :- Heat required for decomposing 1 kg of clay
[kealfkg (k3/kg)]
Remark: Heat required for decomposing clay shall be 260
keal/kg (1,088 kI fkg).
{d) Heat required for firing product Qs {keal (kJ))
Q.= 1000 X G0 X (s — ta) -
wheie, (‘"m Specific heat of fired producl ikcal[kg °C(kJ}'ko°C)l
t"m: Firing temp, °C)
tar: Temp. CC) of unfired product at the intet of kiln
{e) Effective heat per I ton of fired product Q¢ [keal (kI)]
Q! Qp*Q?"—Qr'}'QJ
where, (Jp: Heat required for evaponzmg mo:sture adhering to
unfired product ~ fkeal (k1))
Og: Heat required for evaporizing waler of crystalization of
- unlired product  fkeal (k1))
© Qr: Heat required for decomposing clay {keal (k1)
(s5: Heat required for firing product fkcal (k)]
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Table 11I-1 -5 (8)

Hem

Calculation Formula

4. Effective heat
Q, (keal (k)]

(2} Lffective heat

per 1 ton of
fired product
when saggar and
ool are included
Oy [keal (k)]

(a) Heat required for heating saggar and tool Gt [keal (kJ_)]
Q= X O X (@0 — 1)

where, g Weight of saggar and tool pev 1 ton of* Inul plodnu
(kg) .
‘C"st: Average specitic heat of saggar and tool
" [kealfkg®C (KI/kg °C)]
t"st ¢ Firing temp. ol saggar and tool ga)
© o tetr Temp. CC) of sagpar and tool at the inlet of kiln
{b) Effective heat per | ton of ficed product whea saggar and tool
arc included O

Q= Q)

‘where, @, : Effective heat per 1 ton of l'ircd'product fkeat (k1))

¢ : Heat required for heating saggar and tool {keal (kI}]

5. Thermal
efficiency

7 (%)

(n

Tharmal

efficiency of M= -;IT%LE X 100
fired produict
n, (%) where,” @, : Effective hieat per 1 ton of fired product [keal (kJ)]
g Fuel consumption per | ton of fired product
(kg or m* )
Hi : Low calorific value of fuci
[kealfke (kIfkg) or kealfm® N (k3fm* Ny
Rematk: When fuel and combustion air are preheated by
other hezt source, add their quantity of heat to the
denominator of the above equation.
(2) Thermal __ Qu
efficiency =, 10
included saggar where, @, : Effective heat per ! ton of fired product when
z’llnd(;gol ‘saggar and tool are included [kg or m*N)
2

my : Fuel cansumption per 1 ton of baked product
Kgorm®Ny
Hi': Low calorific value of fuel
fkcal/kg (k¥ /fkg) or kealfm® N (kJ/m*N)]
Remark: When fuel and combustion air are preheated by other heat
source, add its quantity of heat to the denominator of
the above equation.

Remark: m®N means a unit of volume in a st_andafd_ condition of gas [0°C, 760 mmHg (101.3 kPa)}




Hi-

1-19

Table I—1-6" Example of Heat balance sheet of tunnel kiln

(%}
§ Table- Table- | Table- | Table-
Product Biscuit Tile ware ware ware ware
o (tray) {mixed) | (mixed)
B - N R A
Combustion heal of luel 1974 99.5 99.4 99.6 99.9 99.8
Sensible heat of fuel ol 0.2 0.2 0.1 0.1 0.1
Heat ‘|- Heat carricd in by product ’ _.
mput and tools. . 1.0 0,2 0.2 0.1 8.0
Heat cartied in by car 1.5 0.1 0.2 0.2 - 0.1
Total 100.0 100.0 100.0 100.0 100.0 £00.0
Heat carried out by :
produé( and tools 4.0 2.3 3.3 2.3 0.7 1.1
Heat carried out by car 4.3 1.l _3.8 ‘ 4.0 0.4 2.4
Heat carried oui by -
cooling air 52.6 . 432 47.3 40.9 19.6 24.0
Hea carried out by 187 | 156 198 | 195 | 224 | 270
Heat- exhaust gas }
output Heat loss by incomplete K _ _ _ _ (&
combustion : .
Heat loss by heat . . )
radiation and transfer - 159 36.17 24,7 32.6 55.7 42.3
Heat loss by evaporation 45 1.1 1.1 0.7 0.7 0.4
of moisture unfired product
Total 1000 | 1000 | 1000 | 1000 | 1000 | 100.0
Heal Product only at2 | 106 | &8 4.8 - 6.0
efficiency | (including tools) 692 | 394 | 280 | 198 [ - 18.6
r;:’ilg}.lt. :Produclz‘too‘ls 1:4 i:35 1 1:45 1:6 - 1: 6.5
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Table 11--1—7  Hent balance of tile ete.

(%)
ltem S . Glazed 1" Ceramic “Smnitary | Tile fwet' | ‘Tile
tile tube ware lorming) :
(n Combustion heal of fuel _ . 08. 86 99 7 99 44 _ 98. 93 . 99 39
_(2)  Sensitlo heat of fueh 0.16 0. oi 0.00 | - 0.02
(9 Heat brought in by unfircd product. om0 . 01| o064l 0.3
(a) frodaer e in by ualiced : 0.49 0.12 0.05 0.54 0.32
51 (b) ffeat brought in by saggac and tool ’ c.24 [ 0.01 0 10 6.10:|  6.03
o . :
g 4) Heat brought in b)’ car ) 0‘.25 0. 09 0. 41, 0.43 0. 24
n j - o
____g;) (*::?,';;;gy,&';,,;?}w ar 0.6 | - 0.08] " 0.34 0.39 .19
by e bioehinby cor ! Ceee| eer| oo7| oe4 !  0.05
(5) bonuppeiion heat brovsht ey Lo - il
1! .
unfired prou:lu[:::lI i e ) nd ’ nd nd . nd nd
n ;ie;;agrrrl:f::oas:a\ by fired product. 3.62 . -2.60 . 188 3.49° 3.46
- (a) Heagsarried avay by fired 23| 236 - 068 308 | - 3.23
(b) i‘;ﬁi‘ﬂﬁé‘:"”" away by saggar o132 0.35 [ - Lz20| o4 | 023
(2) Heat carcied away by car : A 2.01 C2 1l9. .5.“47 2.2H 1 54 -
(a) {}S?fa%‘ié‘,‘ﬁdpik‘:i‘y "‘,’ cat 1 onae] 1w 47 2.03 1.26
L L gy vy e 056 | o3| om| oz oz
3 - -
.“5‘ 1 @ ;liial carsied away by cooling . - : - T 14.79 -
o . | - ‘
1 ) SRRt pway by combustion 1285 | 1085 288 | 1073 ] 1215
) {a}) f:g:t‘?;tegi;iat of dn' combustion 12,19 10.39 | _ © 1866 11. 49
(b) gﬁ's’:s.'g.’ferlctfa‘u‘if pporofeom - 0.6 (i L0711 0.66
© Sloy eorte IR R
(6 Hpploanicdsuey by vapof evaperst- o4 | an| sl as] 8B
m t 3! loss by radralwn condiiclion o . 74.47 81. 25 41 4z | 551? 74 7{4
' Total : ' 100.00 | 100.00 | 100.00 | 10000 | 100.00
Effective heat per one ton ol’ lired i
(1) -product when only fired product ™
.15 considered - .
Heal requised for evaporation of
(a) mms!ure adheting to unfired
R _product -
Heat d for f
(b et of dyaieavion craporation
FYINN USRS proguet. B
_g Heat rcqu::ed for decomposillnl\:
o (c) 3"
'ﬁ H:al rcquu:d [al l’rmg of
: g ' -_(d) product
Eff i
{2) pw?j‘:.l‘é‘t’ewhe:ti E’at{ggpgtsgr;ggl ‘;rrted
- Hcat reriulred for heallng of sasgar hE 13.83 238 14,40 2.99 908
- E {1 'Ther}nal efﬁcicncy of ﬁr_cd produtt _‘ 2.60] 274 12, 04 - 2961 40,55
s : - - -
El @ };"J,'m:'i;ﬁ‘.féi"“ when ssggerand - 56. 43 2. 12 2%, 43 33, 00 42.83
- Unit fuel consu_mpl'ién rat;c 1T 92:.76 132,52 1~ 384.22 ] 134.83 | A&
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Average Constant Pressure Specific Heat of Various Gasses (sta_r_idard 0°C)

" Unit kealfm®N °C(kJ) i’ N° C)

. Co v Combustion gas
'ltfg'él:;- cO, H:0 Air co Ny, '
i . : “‘_ /ir Heavy oil Coal
0 0. 3087 0.356 . 0.311. 031 0,310 0.326 0.326,
{L 619} {1, 490 o1} {1.301} {1.29m {1. 3641 {1,364}
100 0.411 0350 0.312 0.312 - 6.311 0. 331 0.331
- 1. 720) {1, 5021 {1,305} {1.305} {1,301} {1. 385} {1. 285
200 0,432 0.363 0.313 0.313° 0,311 0.334 0.335
_ {1807 {1,519} {1,310 {1. 310} {1.301} {1. 397§ {1. 102}
100 0. 450 0,368 0.315 0.315 0.313 © . 0.338 0. 330
{1, 883 f1. 5401 {1,318} {t. 318l {t.a10] {1414} {1. 422]
400 0.467 0.373 . 0,318 0.318 0.315 " 0.343 0.345
{1. 954} {1. 561} {1331} {1.334 {13181 {1. 435} {1. 443}
500 0,482 0.379 0,321 " 0.321 0.318 0.348 0. 350
{z.0171 {1. 586} {1.343} {1.343} f1.331 {1,456} {1. 464
600 0.494 0.385 0.324 . 0.335 0.320 " 0.352 1,354
12,007} {1.611} {1. 256} i1. 360} {1. 339} {1.473} {1. 481}
w00 0, 506 0.391 0.328 "0.328 0.324 0.357 0. 360
: 2 {1. 636} - {1372 {1.372} {1. 356} {1.494} {1. 506}
600 0,516 0.397 '0.331 0.332 0.327 0,361 0.364
- {2.159) {1. 661} {1..385} 11, 389} {1. 368} {1. 510} {1. 523
950 0525 0.403 0.3 0.33% 0.329 0.365 0.367
{2.197 {1. 686} {1,397} {1, 402} {1377 {1.5274 11,536}
' 1050 0. 533 ‘D410 0.337 0338 0.332 0.369 0.372
{2. 230} {r.71s)- {1.410§ g {1.389) {1. 544} {1. 556}
12&'} 0,547 0. 422 0, 343 0344 0.339 0.378 0. 380
iy {2. 239 A1, 766} {i.435} {1439} {1. 418} {1.582| {1. 590}
1400 0,558 0.434 0.348 0349 0,344 0.381 0.387
: {2. 335 {1.816} 11. 456} {1. 460} {1.439) . {1. 607} {1.619}
1600 .56 0445 0.352 0,353 0.348 . | - 6.390 0.392
{2.3771 {1.862} {1473} .4 {1.456] . {1632} {L. 640}
1860 . 0.576 0455 . 0.356 0,357 0. 352 6.395 8. 397
. AU {2410} 904} - {1,490} {1, 304} {1.473} {1.653} {1.661}
000 0.583 0,465 0,359 0.360 0.354 0,399 0.401
{2. 4391 {1. 948} {1.502} {1,506} {1.481] {1. 6689} {1.678}
Remarks 1. THe source of the average constant pressure specific heat of CO,, H, 0, air, CO and N, in the above Table is
W. Heiligenstaedt: Witmetechnishe Rechnungen fir Industriedfen, 4 “‘Auflage, Stahleisen-Biicher Band 2, p.38
(1966).. ' S R T . o : ;
“The specific heat'of Np shown in the Table'is not a specific heal of pure N; but a specific heat of the remainder
{containing AT, eic.} afier remaving O, from air. . : :
The specific heat of combustion gas means a value calculated when C is equal to 86 % H 12%and m 1.0 for
heavy oil, and when w is equal to 2% a 14%c 70%h 5% o 2%n 2%and fuel ratio 1.25.
2. When above table is used, average specific heat €, is

oN =lJ:C;’d=

And when carrying out a heat balance based on ambient temperature ().

¢ tg -
- _Lc,dt_w—l Cpel
G T T

Shall be used. However, for simplicity. hcrcf-(OPC standard) is used.
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Table 111-1-9  Specific Heat of Raw Materials for Ceramiés and Refractory

L ] , Average Secific Heat  keatSalui i i
~Temp 6| W s e o ! { ! e o | s | i: lc-an{umI s 0 | xe
Kind T ¢ I R e R l wio | 10 4 K i :
T AN & %R @24e . Pt LR R-ET : 1
Zelonﬂknulm OB W R 0 s e l!ul LRI sall ; i |

D »_-,._v ERL I N B BTV
FveTEn Bl 0 TAN 3

\ \v« ons

B 35\"! 1\)')}34
D"N) Lol ] Y

(! 15§ it BN

Na:m Czralun my R A
C.usmba.hr: .‘,‘ e ::.:s..

Al gan
-)su pv}bi :
0 \M [] 1
WMy oAl

0qm . s
BarE e

o ‘)I
o e

China ¢lay ||: oS

Remarks © 1. Yhe specific heat shown in this table indicates an average specific heat ranging feom 20°C of roain temperatitie bo °C.
2. The vahues oI this 1eble acc based on values pravided by W.H. Cokn {1928), A.E. MacGe: £1926), G.R. \Vﬂ‘tcc (1934), (19263, A.T. Green (1923). e1e.

Table 111-1-10  Specific Heat of Caramics

l\stmgc Specific Heat - ks ikl

7'—_".-7—*_”“6" - - ._‘ . e T N z i i A—_- —— - B
rai_ Temp 1°C . ; 'mi«mim!m'“-'mllw’i"“’ |m]1mrlmllm_r:cm{nw

Pl _ L i i !

. Cetamics . B30 0.5 02611 BITY G0 o) [ ; ! f

{high-temp. lring) - s e el n W #ilg ST S I :

Ceramicy
(low-1ep. ﬁtzmgl_i

oo
Lt lml it 1) It m)

2l oond gusi gzM |
Bl .80 10 3} 18543

(3! b
Vlh i, ‘ES! 10,8334

Ceramic bady . | Y 9'57-"0}._1 ™o m_‘_}_ o it o e Py -
. tunfized) el o 1o sl fason] EUIE S T LV {1t 1 11.30) u ml, 117460 . %
Ceramie Y o.vz'eemie?u-om‘omiom%‘ ian 1 o5 i .
hody {[ired} (R E R PR T TR L S T w1, 1518 ll 19'1 |; ..r?i I ml} [l m} !

Remask:  The specific heat shown in this table indicates an average specific heat ranging from 10° C of rooer temperaturéd to 14C

Table ill-1-11 Specific Heat of Refractory Brick -

m'!rage Spcmﬁc Hear  dodlz i
L B
) d‘*—«-_T_‘E'&_‘ Sl o ' J o ) xo | owo | w0 | e f om0 foao | e §me ] amss f onen |haeo b axo oaie Tovico ] e ] oome d awe | s | a0
P : [ 3 Q.12 -]
Silica beick L o) 3o } [T B Eh
- | " Fetd b A S St (T A S E—
. : 01 0110 & 3 o 24 O 250 o264 [ ¥ir]
Silica brick 2 0.1m] 359 fE=r] Moot @ i ot AL 01y
Sticabrick3 1 ! I v B A B
i brick 415 106 Wl {owsl  lam o o onmil |
Shicabrickd - | iR g wemy). | @ Wi 15 & i) (R .
bri funfired) f ) 938101 “'Oi.ll 9. 11 : #.311 :7—;‘-3— B [ 534 0 434
Clay brick (unfirs - | 9. w05] wan el - Lhoasy . wai | lds) 1808 1133
N . - g IR LAY - , 2 a 3 0 137 T a
Clay brick {fired} o ) j‘; 213 R I et (1.1 i
" China ¢y brick ] I bkcA R s 1 “"'ﬁ%
Osdi oy brick 5 193 o BT " 0. FETH ] Tons
mnary clay bOCL 1 745 0. 8500 X0 oy 1.0 (L. eoi 11,181 .
S 1 214k] 0.161 o 151 ol | eust | o Toms T
Sillisnanite brick 1 Seny e 9.6 DT -4+ B I % 1) (X
P : - e n s o 5 g 155 0 1 i !l ormf -
Siitimanite brick 2 . : o L 11,551 1t acd) .60 | &1 AR :
‘Sintered siliimanite ] RS T e Py A T 1
’ beick [ R R R R U { i ! a
e, b waer  Genmsl  fem: 0T T A
Pu_u:d_ magnesia brick gk, A LR i !
N B N N - - "_—, i
Magnesia brick 1+ H
Magnesia hm:k 2 J
. Magnesit bnck I |
— _— .
Chreme briqk 1 RE
Chruirie brick 2

Silicon mbzdc b:tck l

Silisen cnts:ée br.ck 2

Remarky 1. The specific heat shown 1n this table indicates an average specific heat fanging from 20°C t6 £ *C of room temperature 1o 1°C,
TR The vltuer of ki table gt based g values provided by WH. Cohn {1928y, AE, MacGee (1926), G.R. Wilkex
(1934). Bmioha'-v and E‘.nergy [1920] F. Ncumann (1925), Tadokoro (1326}, A.T. Gaeen (1923, ate. .
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Table 111-1-12 Heat Balancing of Pottery and Refractory Firing Periodic Kiln

ftem

Catculation Formula

1. Heat Input
& Lheat k)]

{1} Combustion heat
of fuel
Qo Ckeal {1l

Qn =y X H, . -
Here  mf . Fuel conswmption per 1 ton of fiyed produet, (kg ot m*N) .
Ht:  Low calorific value of fued (kealfkg) (kT fkg) or keal/m* N{kI/m*N)
Remark For ingtance, in case of gas fuel of certain composition, it is possible
to caleulate a low calorific value of fusl HP [keal/ m'N {kJ/m'N}
by the following formula. Here the parenthesized value shows valume -
percentage (%) of the composition of gas fuel.
F = 30.5(C0) + 25. 7(Ha) + 85. 5(CH)
+ 153. 7(CoHa) + L 210(C,H + 292(CiHi

fuel’
& Ckeal ki3

(2) Sensible heat of

h=my XC Ky~ 83
Here mfi - Fuel consumption per } ton of fired product (kg or m N)
Cf:  Specific heat of fuct [kealfkg °C (kI kg° C) or kealf a® N {k}) m’N}}
tfr Fuel terap. (°C) '
1 Ambient'temp. (°C)
Rematk:  The specific heat of kquid fuel is considesed at 0.45 kealfkg
*C(1.88 k)f kp_:"C). while that of gas fuel is caleulated on its compo-
sition.

(3) Heat input by
combustion air
Q. Ckeal kN

Q.= Q.

Fio

Qs = 2V X G X (e ~ O]
Hese O Hun inpul by combusimn air [keal (kJ)]
it - Weight of fired product (¢}
V2 -Each combustion air volume during the period from lhc stary
to the completion of firing {m* N}
Ce: Specific heat of each corbustion air [kealf m*N° C{kJ/ m*N}}
oC)] . .
#: Temp. of each combustion air (*C}
t Ambient temp. (°C)
Remark:  -Heat input by combustion air represents the integration of each heat
content of combustion air at an interval of fixed time during the
pericd from the start to the completion of firing. '

(4)Heat input by
unfired product,
saggar, tool and
car, and combus-
tion heat of com-

. bustible com-
ponents -

Qs Cheal (K1)

(2) Heat input by unfired product O [{kcal {k.l)}
G = MaX Ca X e — 1)

"Hear m._: Massof unfired product pcr ! ton of fired product.
Cm:  Average speeific heat of unfired product [keal/ kg"C
(kJkee C)]
f 1 - Temp. of unfired product when charged into kiln {* C)

¢ Ambient tep )
(b) Heat input by saggar and tool Qd2 [kca! (k)]
Q.f:l = e X o X (hr hd -f)
Hear my:  Mass of sapgar and tool per I ton of baked product
Ca:  Specific heat of saggar and tool [kealfkg °C (kifkg"C)}
4. Temp. of sagear and too] when charged into kiln C)
f: Ambicnt temp. (°C)
{c) Heat input-by car Qd3 jkeal (kj})
Qo = ey K Oy X Cben — £ . : )
Here mcb. . Mass of car per | ton of fired product {kg)
Ca:  Specific gravity of car [keal/kg® (kjkg°C))
fw:  Temy. of car when charged into kiln (°C)
h Ambient lcmp (°C)
) Combustion heat of combustible component commncd in unfired
product Qd4 {keal (kj)]
Quy = mr X Hu
Here 1 . Mass of combustible component contained in unfired product
per | ton of fired product {kg)
Heb:  : Effective calorific value of combust;ble component [kcalfke
kI kg)]
(e) Heai input by unfired product. saggar, tool and car, and combusiion heat
of combust:ble_ component

Q. Thead [KJ})
Qo=+ Qn + G ¥ QUn
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Table t1{-1-12 (&

1. Heat Input
@ Ckeal k)l

S

Item

Calculation Formula .

{53 Heal accumulated
“in kiln body

Q. Cheal (k311

'(6) ‘Total heat input -
o Ckeat k)]

Qg = SQ!.L )
FLPY
Qa = B, X O X G~ l)]
Here [225 Grogs calorific value m‘cmtmi':m.d it klln body{kca! {s J)}
I Gross miass of fired produci{t} -
my Mass of retractories of each part (ceiling, side W'lll and botlom)
in kiln body (kg).
Cr:. Average specific heat of iefractorics of Kkiln body [kealfkg
. (k) ke C))
£ Average temp. of jnner and outcr surfaces of knlu body (°C)
2 Ambient temp. (°C}
Remarks 1. The heat accumulated in-kiln body, skall be caleidated dmdmg,
into the ceiling, side wall and bottom
2. The average temp.’s of inner and outer surfaces of kitn body
shall-be those medsured when fuel begins to be bumned.

Q=@ F Qi+ Qe+ Qut Qi

Heré ~ Qa:- Combustion heat of fuel [keal (k1)

Qb: - Sensible heat of fue! {keal (ki)]

Qc: Heat'Input by combuition air {keal {kJ)

Qd:  Heat input by unfired praduct. saggar and car, and combus-
tion hiat of combustible component [kead (kJ)Y]

(e: + Heat accumulated in kiln body [keal (k)]

2. lieat output
Qs Cheal (k313

(1) Heat output by
vapor evaporat-
ing [rom moisture
adhering to un-
fired product
Q@ Ckeal (K3}

‘Here

! S
() Heat output by Q, = my X Ty —1')

Q= me X (I~ ')
wmx: . Amount of molsture adhering to wnfired product per ) lon of
baked product.

Ix: Enthalpy of vapor evaporating from moisture adhering 1o’
unfiged product {kealy kg (kJ7ke))
Enthaipy of moisiure adhering to unfired product
- [keal{ kg (kJikg)]
Enthalpy of vapor ‘evaporating from moisture adhering to nnF red
pmduc! shall be enthalpy 648 keal/kg (2713 kJIkg} of vapor at
125°C, ‘ .

I'x:

Remark:

clay
Qy Ckest (k]3]

vapor evaporating | Here - 2 Water of erystalization of unﬁrcd pmducl per | ton of fived
from water of . product {kg) :
crystalization of 1.,:.. -Enthalpy of vapor evaporatmg, t'rom water ol’crysmhnuon of
o unfired product “unfired product {kealfkg (kifkgd]
© Qe Dkeal k)] Py: . Enthalpy of water of crystalization of unfired product
: C [kealikg {kﬂkg)] )
Remark:  Enthalpy of vapor evaporating from water of crystalization ol unfired
produc! shali be cmha]py 859 kealf kg (3596 kl/kg) of vapor at
550 C
- e | ]
{3) Heat required for ] Qs = mu X Q, :
decompos:tnon of Here - . Amount of c!ay(kg) in wnfired product pes | ton of fired rmduc:

-1 Remark:

Qp: Heat requited for dacomposatlcn of 1 kg of ¢aly [kealfkg (k}/
kgl -

Heat required for decompos:tlon of clay shail be 260 kcal/kg

(1933 kJ}kg} '

(4) Heat requi:ed for
. firing -

O Chaal (63} -

Y
Average specrfgc heat of fired produc!
kealfxg*C (lekb"(-)]
rmz- . Firing temp., (°C) of fired product,
o l‘cmp of unfired pmdl:ct when charged into kl]n { C)

04 = mo %G X (s
Here | Cm

- (5) Heat :equircd
for heating saggar
“and tool -

Qs Tkeal iks}i :

Q, i X c',, % (s 1)

‘Mass of saggmr and 100l pcr I ton of fired product
Average specmc heat of sapgar and tool
{;(Lalfkg Ci(kijkg °C)

l_u, . Fifing.-temp. of saggar and tool (°C)

Here o -
e T G

b rcmp af saggar and oot when charged mw kiln. (°C)
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Table 111-1-12 &)

2. Heat output
Qr (keatlkJ4)

Item

Caleulation Formala

(6) Heat nc&t_nmlnicd
in kiln body -
Qs Tkeal (k)

(7) Heat output by
combustion
exhaust gas )
Q: Cheat{kJ1D

I -

Q= Qll

Qn = Z‘Emr X X (t’ -3} :
. Heat content accumuiated in klln body [kcal (k0)}

HLI‘G Qk]:

et Gross mass of fired product (kg)

me 1. Mass of tefraclories of each part of kiln body (kg)

¢ Specific heat of refractories of kiln body

. [kealfkg °C (kI kp O]
t'rt  Average temp. of inner and outer surf'\cu. of kiln body (°C)
: s Ambient tomp. (°0) . ‘
Remarks: | Heat accumulated in kiln body shall e calcutated dmdmg
into the ceiling, side wall and bottom.

2. Ve average temp, of inner and outer surlaces of kiln body shall
be obtained {rom the temperature when fucl combustion is
completed.

3. When relractories of different spcciﬁc heatare used in combina-
tion in kil body, it is better to calculate heat accumulated layer
by layer and tosum up them. Thusa more accurate value can be
obtained.

{a} Sensible heat of dry combustion exhaust gas

Qn = Qu . ’
™Mo

Qul = T‘EG X Fx C‘, ® C!, 0]
QO - Gross sensible heat of dry combustion exhaust gas [keal {kJ}]
ma: - Gross mass of fircd product (t)
Gt Yolume of dry combustion exhaust gas per 1 kg of fuel or per
1 m?N.
F: Consumption (kg or m*N) of fuel {vaporized gas in case of gas
fuel) :
¢e: . Specific heat of contbustion exhaust gas
te: Temp. of combustion exhaust gas
) t: - Ambient temp.
Remarks 1. When calculating approxunately the specific heat of combus-
' tion exhaust gas, use the value of 0. 33 kcalfm®N °C (1.38kJ/
m>N °C). In other case, obtain required number from
attachment 1.

2. Obtain the sensible heal of combustion exhaust gas through
scpara“!e calcvlation of a value obrained at an interval of fixed
time and summing sp them. '

3, 1o case the combustible component is included in an unfired
product, calculaie it separately and obtain the sum of such
-catculations. ' .

4. When velume of dry combustion cxhaust gas (m*NIG’ per | kg
or | m*N of fucl is obtained from the composition of combustion
exhaust gas and the composition of fuel use the following
equation:

G =(n—0.21)4 + 1.867 % —l‘ﬁf-kq.?x-ﬁ + 0.8 %

.Hexe_

100

A

06
' oI _

_ L867TC +0.7s

G'= (CO:) + CO)

o (Ny)
(N — 3. 760(02) — 0. 5(COJ})J

A= 8.80 ¢ +267(h—-—-)+3355}

sl

Here e: Mass perccntage of carbon ip fuel (%)
51 Mass percentage of combusublc sulphur in (uel (%)
n:  Mass percentage of nitrogen in fuel (%)
m:  Airratio )
bt Mass percentage of hydrogen in fucl (%)
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Table 111-1-12 @

2. Heat cutput
@ Ckeal il

Lem

{7) Heat output by
combustion
exhaust pas

Q1 Tkeal I1)

Caleulation Formula

0: . Mass perseniage of oxygen in fuel (%)
Aa:  Theoretical air volwme (m®*N/ke) _
{CO,): . Volume percentage of carbon dioxide in combustion exhaust gas
- ().
(COY - Volume percentage of carbon monowdc in Lombusuon exhaust
. pas (%) _
{O)): © Volume percentage of oxygen in combustion exhaust gas(Gh).
(N, Volume percentage of nitrogen in combustion exhaust gas (%)
For the air ratio m theoretical air volume Ao (m'N/ky) and volume of dry
combustion exhaust gas G’ (m'N/kg) per | ton of fired product, it is possible to
calculate these by using the fo]]m\ing simple equation. Iy this case, the volume
percemtage (S af a maximum volume of carbon dioxide in the combustion exhaust
gas of iguid fuel shall be 15.3¢

(O,
i TCon
A= —?b%{%ffi.. +2.0

Gl =Gt On = DA, - ZI (W2

Here - HMi  Low calorific value of liquid fuel [keal/ kg (kJ/kg)]
W:  Mass percentage of water in fuel (%)
f: Mass percentage of hydrogen (5z)
G,: Theoretical volume of combustion exhaust gas (w’Njkg)
{CO,)  Volume percentage (%) of carbon dioxide in combustion
’ exhaust gas '
{ii) In case of gas fuel :
G'=G-=(Hs+ 2 CH. F 3 Cote + 4 CaHs + 5 CiHio)
(tu/nds)
G =1+ mde—0.5(H; + CO~CeHe — 22 CaHa 3 - CiHuw)
(atulwx)
of
G=0m—=0.21}A. + COL+ CO+ Hy +3-CHe + 5-CeHy
A+ T-CiHa + 9+ Cible + nz (/0P

G’ cant also be obtéinéd fxom'thc resulis o'f analysis of combustion exhaust
gas by the followmg equation: .
CO 'x"' CO; + CHq 1 2C|Hn + 3C!H1 + 4C|H|\) % 100
(CO) + (CO)
(0 —0.5(CO) - e
{0. SH F6.5COF 2CH 3. 5CiHs
-k SCiHs + 6.5CHye - O
(COy) +{CO)
CO -+ COy + CH + 2(}2“5 +3CH, 4 4 CyHs

A= 6’53(0 $Hy 4 0. §CO+ 2 CHy +3.5CH: + 5CiHy

A4 6.5CHR — 0:) (mPe/m*n) .

n~1+

‘Here = 7 - Volume of hydrogenin 1 m*N of gas fuel

:Co: = Volume of carbon monoxide in 1 m*N of gas fuel
CH,: Volume of methane in I m*N of gas fuel.
C,H,.: Volume of ethane in I m*N of gas fuel
CuH, 1 Volume of propane in 1 m*N of gas fuel
CsHi: - Volume of butane in 1 m? N of gas fuel
O Volume of oxygenin | m*N of gas fuel
N, Volume of nitrogen in}) m’N of gas fuel
€0,: Yolume of carben dioxide in 1 m® N of gas fucl
(48 5 Volurte percentage of axygen in combustion exhaust gas
(CO4): - Volume percentage of carbon diexide in contbustion exhaust gas-
(CO): " Yolume percantage of carbon monox:de in combusuon exhaust
Cooogass -
T Adrratio,
A Theoretical alr volume (m*N/m'N)
foen caletilating a thearetical air vo!ume Ao (m’N/m N)and 2 quaniity of
dry combustion exivaust gas G/ (m N/ m’NJ from a low calorifici value Hi{kealikg
(k.l[Lg)} of gas fuel, it is posssh!e 10 use the followsm, sigple cyuations:
ln the case of Hi= 4000 Lcni/m N {18,740 k3/m* N} or more :
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Table 111-1-12 %)

Jtem

2. .Heat output
@ Ckeal ik} ]}

M

Heat output by
combustion

-exhaudt gas
- Q¢ Ckealdklld

Caleulation Formula

A= »-‘«99“11*. .25

1600

Ga= i -M-n. +0.25

G'= Go b G 1) Ao~ (Hz + 2CH - 3G -+ 4 GiHa
© 3 5CH) '

‘Here Go: Theoretical volume (m*Njm*N) of combustion exhaust gas
Myt Volume (m*N) of hydrogen in 1'm®N of fucl gas
CH,?  Volume (in®N) of methane in 1 m®N of Riel gas
C,H;: Volume (m®*N) of ethane in 1 m®N of luel gas
C,HE: - Velume (m*N) propans in 1 m®N of fuel gas
CoH ot Volume of {(m? N} of butane in 1 m* N of fucl gas
(b} Sensible heat of water vapor in comb_uszinn exhaust gas
Gy == L

’la

Gy = TE X S_a K oy X (e — 2]

m.:  Gross mass of fired product (1)
/7 Fuel consumption at an interval of fixed time (kg or m*N)

-of fuel :
Cy: . Specific heat of vapor [keal/kg® CikIj ke’
tg7  Temp. of combustion extiaust gas (DC]
t: - Ambient temp. (°C)

2. The specific heat of vapor shalt be 0.45 kealfkg (1.88 kJ/kg).
3. For the sensible heat of vapor in combustion exhaust gas,

calculations.
4. ‘It is possible to obtain a vapor volume Sg (kg) in combustion

(i) In case of]lquui fuel

,:29 w 84
37_224’*z+1oo+

whete A: - Air consuniption per 1 kg of fuel {m'N)
Z:  Absolute humidity
w:  Mass percentage of moisture of fluid fuel (%)
Jir  Mass percentage of hydrogen of liguid fusl (%)

(i) In case bfgm fuel

S, T rm—— + 2 CH( + 3C!Ha "" 4CJH&
22 4 :
- +5 CiHio)
A =mA.
0628
R

where- - 4:  Air consumption per 1 m*N of Euel (m N)
. Zu Absolute humidity
H,:" Volume of hydrogen in I ' m* N of gas fuel (')
CHf,:  Volume of methane in 1 m*N of gas fuel (m'N})
C,H,: Volume of ethane in 1 m*N of gas fuel  (m'N)
CyHs: Volume of propane in 1 m?N of gas fuel  (n*N)
C,H,,: Volume of butane in { m*N of gas fuel  (m*N)
m: - Air ratio
Ao: Theoretical air volume (m*N/n*N)
¢:  Retative humidity
Pt Atmospheric pressure (nimHg{Palj
P.:  Saturated vapor pressure [mmtg{Pa)]

S;: . Volume of vapor in.combustion exahust gas per 1'kg or m*N

Remarks: 1. When the combustible portion of unbaked product is included,
' calculate it separately and obtain the sum of such caloulations.

calcilate it at an interval of fixed time and obtain the sum of sutt

exhaust gas per | kg or 1 m*N of fuel by the following equation:

Here, Om Gross sensible heat of vapor in combustion exhaiist gas [keal {kJ})

3
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om

Caleulation Formuta

. Heat output
Qy (keal {kJt3

{7} Heat output by
combustion
exhaunst gas

Qi (heal k1

{c) Heat omput by combusiion C\Inus: gas Qt

= Qut Qr

where Qn :

O

Sensible heat of diy comlmsnon exhaust gas [keal lk H
Sensible heat of vapor in combustion exhaust gas [keal {kJ}]

(8) Heat loss by
incomplete
combustion

Qn Ckeal {1 ]

{9) Heat 1oss by
radiation and
others

Q. (keat k1)

Qu = S[m!

where  mf:

X G'X (CO) X 3050]

Fuel consumpnon per t tcn ol‘ fired product m an intervat

~of fixed time (kg or m*N) -

G-

(CO):
Remarks 1.

Volumeé of dry combuslmn exhaust’ gqs per 1 Lg or l m*N of fucl
m'Ny - . . :
Volume percentage of carbon monoxide in combustion exhaust gas )
In case soot in combustion exhanst gas is measured quantitatively,:

" add its calorific value of 8,100 kul[kg (33,100 kj/kp) to heat loss.’

2. For heat loss by incomplete combustion, calculate it atan interval’
of fixed time and obtain a total of such calcmiiz{tian_s.
3. When a combustible portion is contained in wafired product.
calculate it separately and obtain a total of such caleulations.
Qa:—@l'—' (QI + Qe"i' Qu + Q§+01+ Qi""Ql‘i‘Qn}
where @y :  Heat output by vapot vaporizing from moisture adhering to un-
_ fired product. [km![k]}]
Q.. -Heal output by vapor vaporizing from water of erystalization of
- - unfired product.
"Ou: . Heat tequired for decomposing clay.
;¢ Heat required for firing product.
¢+ Heat required for heating saggar and tool.
O, ' " Heat accumulated in-kiln body.
©+ " Sensible heat of cembustion exhaust gas.
Q. - Heat loss by incomplete combustion.

Heat loss by rxdiation etc, from kxln wall
93+ 1Y

£ ==

.Qn = ke + B A
h. =21 /At (in case of hor_izontal roof wall}
h, = 1.5%fAt (in case ¢f vertical roof)

ke = 4,88,

where #%:

on2:

“he:
hr:

[N ¥

Ar:
Ta:
fin}

(X

_Remak:‘s_ 1,

3&)‘— &)]xos/d,

Mass of fired produc! 1)

- Quantity of heal release from kiln wall at an interval of fixed time. -
Y

[kcal {k.i;]

Coefficient of convection heat transfer [keal/m h“ ClkJ/m h C]]
Coefficient of radiative transfer of heat [keali m’heClkiim e ] .
D:lfexenc_e_bemeen temp. of outer kiln wall and temp, of indoor .
air (°Cy

Surfacial area of kiln wall (m” %)

_Ambient temp around the Xiln indicated a1 absolute 1emp. (k)
Timie interval of measurement (h)

_Temp. of outer kiln wall indicated at absolute temp. (k)

" A calentation formula for heat foss by the :aémuve \tansfer of

" heat from kiln wall is shown for Telerence.

2,
. obtained at a position 1 meter apart from the side wall of kiln.

-3

The ambisat temip. around the Kiln shall be & value of measurcrenl

Caleulate heat loss by the radiative transfer of heat from kiln wall

©atan mten’al of ﬂxed time and obtam a total of such calculations.

(10) Heat output
L@ Ehéat (kI

Q* Q!+Qr+Q4+QI+Q}'*Ql+Ql+Qu+Q.

where - Qf

g
of:

Heat otitput by vapor vaporizing from moisture adhering to

L S unfired pmduct
Q.

v unfired product. ;

Heat ouiput by. \apor vapormng from water of crystalization of

i Heat required for decomposing c,lay
“Heat requued for firing produet.
Heat required for heaung saggar and took.
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Table 111-1-12 (0

ftem

Calewlation Formula

2. Hear out;iut
Qa 0(&‘\1 {H}]

(10) Hent'output
Q1 Ckeal k3 -

Qk:  Heat accumulated in kite body
@I: Sensible heat of combustion exhaust gas.

3. Thérmal
sfficiency
p{%)

‘(1) Thermat efficiency
of fired
product

p (9)

Om:  Heak loss by incomplete combustion.
on: lfeat loss by madiative transfer of heat and others
- Q)
8 s X Fly <190

where (4 - Effective heat per I ton of fired pn oduct [kcni[ui]
my: Fuel consumptlon per 1 ton of fired preduct (kg or m>N)
H;:  Low calorific valua of fuel [kealikg (kIfkg)}
{keal/m* N (k) m'N)] -

1. In case fuel and combustion air are prehcated by other heat
source, add its quanhty of heat to the denommator of the above
equation.

2. QObtain an effective heat Q, [kC‘lI(kJ)] per 1 fon of f:rcd
product by the following equation:

) -Ql_:(\)l'l"(t)a+(\)k+@1 )
where Qf:  Heat output by vapor vaporizing from
" moisture adhering to unfired produst. [keal {kJ}]
¢, - Heat output by vapor vaporizing from watcr of
' crystalivation of unfired praduct.
"Qh:  Heat requned for (Iecomposmg clay.
Oy - Heal required for firing product.

3. In case heat accumulated in another kiln under cooling process
is wtilized. and waste heat of other kiln under firing process
is utilized. it is desirable 10 obtain the under-mentioned
m in addition to ;. '

Remarks

Q1
mo= - X
my X He -+ heat recovered from other kiln

100 .

{2) Thermat efficiency
of fired product
including saggar
and tool

7 (6]

T2 = Q”
o my X h’; .
where @ Effective heat per 1 ton of fired product including saggar
and tool . '
mf:  Fuel consumpnon per 1 ton of fired product (kg or m*N)
Hz  Low calorific value of fuel [kealfkg (kJfkg)] or [keal/m*N
(kdim’N)]
In case fuel and combustion air are preheated by other heat
source, add its quantity of heat to the denominator of the
above equation.
2. Obtain Effective heat per 1 ton of fired produet when including
saggar and tool.
Q, [kcal {ki)] by the following equation:
On=+ Qt+ Ot 0+ O :
where Qf:  Heat ouiput by vapor vapon?mg from moisture
adhering to unfired product.
Qg Heat output by vapor varporizing from water of
" ciystalization of unfired product,
Oh:  Heat required for decomposing clay.
@ Heat fequired for firing unfired product.
O Héat required for heating saggar and tool.
3. In case heat accumulated in other kiln undes cooling process
is utilized and waste heat of other kiln under firing process
is utilized, it is desirable to obtain the under-mentioned »4 in
- addition to na.

X 100

Rematks 1.

t Ou ’
4 = - - x 100
mfx HI + heat recovered from other kiln

Remark m?*N indicates a unit of volume in standard condition of gas [0 °C, 760 mmHg (101.3 kPa)] -
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Table MME-1--12 @ Heat Lalance table

Heatinput © - Heat output
ftem "
10°keal (10°kJ) % - 10%keal (10°KJ) %
(1) Combustion heat of fuel (058
(2) Sensible heat of fuel Q,
Heat (3} Heat caried ia by air for burniag Qe
tnput ) Heat cargicd in by unlied preduct, sagaar. tool and
car. and combustion heat of combustible component™?
{5} Heat accuncilaied in the main hady of kiln T2
{8} Total heat input ] Qs
(3 Heal carried ont by vopor evaporated from molsture 'Q.
sticking to unfired product 4
@ Heal careied out by vapor evaposated {rom moisture Q
of crystallization of unfired product ¢
{3} Heat required for decomposing clay 4N
{4) Heat required for firing product (&N
Heat {5} Heat required Tor heating saggar and tools Q,
ocutpui -
(6) Heal accumatated in the main body of kiln Qs
(%3] Sel.'liiblﬁ; heat ofé_xhausl gas (4R
{8) Heat loss by incomplete burning Qa
(9) Heat loss by heat radiation, ttansfer and other Factors Qn
(10} Total heat output Q,
Total L
Heat efficiency of fired p.roduci n %
Heat eEficiency of fired product including sapgar and '
Heat tools ) T
efef?_[ Heat efficiency of fired product including recovered 1
ciency heat - ’
Heat efficiency including recovered heat {of fired P
preduct including saggar and loels) M i
2.2.2  Glass industries (bottle and glass tableware manufacturing)

In the glass factory, energy consﬁrhption is broken down as follows:

Purposc

Facilities

Energy source

Glass melting

Refining

Cooling -
Armeal'ir'ig_

Air. _ééhlpfessibn
itumination,

olh_e;rs :

"Reﬁner

- Fegdér

Annealing furnace

Mel_tiﬁg tank

Compressor

Heévy oil, Electric
power
Di_escl_oii, LPG,

: Heavy oil
LPG

Heavy oil

- Electric power

! Electric power

‘The enefgy consumption ratio by purpose is as shown in Fig. 111-1-7 as an c;&amplc.
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‘From this Fig., it is understood that energy saving procedures for the melting taunk and other

furtaces are important.

Motive power

Annealing and lighting

Electric

/ power

Fig T=1-7 .Ra'ﬁ(;'l of energy consumption of glass
factory per use purpose

(Note:) I XWH = 860 Kcal

For réfefcnée, the heat balance chart based on the sm‘vey ona middie-capacity tank in
“Japan is shown in Fig. 111-1-8. The thermal éfficiency of this tank is approx. 40%; approx. 20%

of heat is lost into the combustion exhaust gas and the rest through kiln walls, etc.

Loss(rom . .
© Refiner wall Loss fram Othecfrom melting tank

2100129y Port wall {inctuding the vnknown)
1.73(10.6} 15.87(97.3)

Loss from
Melter wall
10.62(65.2)

Loss lr;)m
Throatwall .
0.13(0.3)

. > i
100(613.2) Heat input

— aLsT500.09
S4.0M33E.D ) ) r G Y s

Ve

Olhe.r from regenerator
(including the unknown)
63(3.9)

b
a2
8
5
B
g
3 2
T3.3) charger E
0.57(3.49) 2
[} Hear capried out by plass Batch Caooling water -
— 8.35 L rca:[ion for Throat 2
S4.0K33L.) . (173.9) heat Loss from Dridge a
| 1132 Cover wall bt
(694} 0.21{1.3) £
Hc.;nhc:u:icd Batch rezc- S :;:Ls from Regenzrator
Hear elficiency (%) = — N DY Blass "vonheal .0 444 = (7.24(44.4) )
Heat input from fuet [
; 73.7(451.89)

1 . : Loss of exhaust gas
; Tlue and txchanger 19.69(120.7) .
i 1890484 27.58(169.1))

Fig. HI-1-8 Heat balance chart for glass melting tank
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With regard to factories diagnosed by us in The Kingdom of Thailand, the unit fucl
consumption rate for melting and thermal efficiency of the tank being operated continuously

are as shown in Fig. 111-1-9.

6 e
%

s 0 L 50 s,
= )
E 2

L]
5 3
== .4 o
[ o
g =

=
26 3 &
o= 2
o
o E (-
X
kil
3 2
34
1

0 1 24 30 40 50 . 60 70 . 80 90 100 110 120

Amount of production

Fig. 1I-1-9 Melting energy consumption rate and efﬁciency .

Concerning the unit total enexgy consumpuon rate for glass bottle manufacturing
mclud:ng electric power ener gv it is 1mposmble fo make a siinple companson because such
factors as kKind of glass, availability ofmoldmg machine, exrstence of printing plocess gtc.are
involved. In the above- memmncd factory examples the hgures such as 230, 000 288 ,000 and
347,000 kcalfton are given respectwcly (convers:on_rate. 1 kWh ofelecti ic power = 2,450 kcal)

To cite an example of the total energy consumption iﬁ_Japan' for reference, the unit
consumption rate had been improved approx.' 259 through 1982 based on 1975 as shown in

Fig. 111-1-10.
' o 106 ¢

‘w|

:

Energy consumption rate
{Traasition of index) -

Cunverslou S

Hedvy oil £ = 9900 ).cal i
Kerosene £ = 8900 keal

LPG 't = [2000 kcal i
Elecmc powers kW-h =2450 koal

13

.'75 76 77 7879 80 81 82

~ Fig. III 1 10 Manufactunng energy consumptmn fafe for glass bottlc
(data by:the members of the Bottle Manufacturers
Assocnt:on of Japau)
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Althdugh the figures by production scale had not been published, the average total

encngy consumption in 1982 was 2,580,000 kcal/ton in the industry, and the newly established

highest- cfﬁcwncy kitn (200 tons/day) was 1,820,000 kcal/ton (unit melting cnergy consump-

Lion rate: 950,000 kcal/tqn - encrgy source breakdown; 1,140,000 kcal/ton of heavy oil,
170,000 kcal/ton of LPG and 510,000 kecal/ton of electric power).
Tolook at data of the Kingdom ofThailand based on these figures it, is recognized that

the pcnfornnncc of the 120 t/d kiln in Fig. 11[ 1-9 is at high levet,

The breakdown of electric power consumption is as shown by a certain Japanese firm

below.

Fécilities_ .Purpose _ Ratio
Large-size Cooling of kiln 28%,
fan wall, feed:ing
of air for burning _
Compressor Drive and cooling 27%
of bottle manufac-
B turing machine
Electric booster - Melting 219
Other motors 21%
3%

lilumination

~In the factories of the Kingdom of Thailand, the electric power consumption for

compressor accounts for 30 to 78% or a large proportion of the total electric power

consumption. -
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3. How (o Manage Energy

In order to unp;ovc the efficiency of cncxgy consumption, ploductwuy and product
quality as well a_s raise their overall level, it is essential first to use facmtl_es_wcll adjusted and
maintained to the purposc and to operate them correetly. 1t is most. effective for énergy
conservation to reduce the incidence of- cqmpmenl failure and increase pmduct y:cid
Secondly, it is tequucd that thosc engaged in enclgy managenmnt amdy the possibilities of
further 1mpmv1m_., the ex!slmg facilities and operating method and pumuu bettcl means
through repeated surveys and factory ﬂpeumems '

A(:C(__)ldmgly, it is not exaggerating to mention that the conscionsness and willingness
of the total factory employees would influence the actual performance of the factory. And itis
important 1o raise the !e\ie_l of factory management which 'enc_ourages the em__ployees to have
such consciousness and willingness. 1t is defined that energy managementisa systematic effort

to achieve energy conscrvation.

3.1 Clarification. of Management Policy

Following the soaring ofeﬂergy' prices, the factory owner and manager have grown
more concerned about energy conservation. In order to promote this tendency onacompany
fevel instead of letting it merely stay within the frame of the owner’s m_ind as a desire, 1t neédé o
be clarified toward all the employees that the top management has the intention to tackle the
energy conservation problem seriously as a company policy. In positive terms, the target
sillould be clarified quantitatively; such as what percentage of energy consumption per ton of
finished product should be réduced. Simultancously the restrictions such as the ceiling of
annual investment and deadline for pay back time should. be clarified.

-Asexplained above, the top management should cleariy show the way to proceed onto
the‘employ_ees. Then in turn, the latter become confident about their jobs meeting the direction
set by the former. Further, both can develop a smooth collaborative relationship because
evervbody involved is splrltually allgned in a unified direction.

Smce the target of the top management is shown as a comprehensive one for the whole
factory, each sectionand department should set concrete subtargets which do not require too
much time and try their best effort to achieve _these_s;ibtargets; These subtargets should be set
concerning items for which any coa:allterém_easures'cail be taken by scction and department
personnel within their own réspons_ibiliiy3r3ngc lo'at_Lain the target set by the top management.
As the said target is shown in a familiar and understandable form, it is easy to expect even
" émployees ofrt'he lowest_ rank to fully understand the subtargets and cxtend their codperétion
in attammg them. . : |

When settmg subtargcts for each sectmn and department it is suggested that the
comm:tlee descrlbed later or others study if such subtargcls would be appropriate for

achlevmg the ovcrall target

3.2 , Arrangement of System for Promotlon
“Ina campaign, for encrgy conservatmn where various clasqcs of people take part '
persons who play a part t_o pr_omote the'activities of all as a nucleus. If the factory is small, an
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individual person may be a 'prdmotcr, but if the factory is large, a scction for promotion is
somelimes established. '

This position should be occupied by a top-notch person and he should always be
‘carcful about a progress in energy conservation status and look into a cause, if thereis a delay,
" then try to treat problem.

In concrete terms, the assignments of the position are as follows: the graépihg of actual
chergy cohsump!ion, co:ﬁparisan of actual-cnergy consumption with p!ahs, invitation and
checking of ideas about improvement, budgetary distribution, management of work progress
and evaluation of actual works, mapping-out of cducation programs, preparations for
committee meetings, etc. :

The committee is effective for adjustment so that inter-disciplinary undcrstanding
may be realized among sections and departments such as manufacturing, sales, raw material
purchasing, equipment mainienance’ and servicing, and z{ccounting, and countermeasures
may be put'into practice smoothly At the committee meeting, any possible influence of energy
~ conservation measures to be performed on each section and departmem should be studied to

make sure that no profit is reduced-on an entire factory basis.

It isimportant that a gcnerai manager of the factory or a person next to the formerin
rank who has responsibility and authority in production assume the chairmanship of the
committee. Otherwise, no decision would be made, neither would such a decision be
implemented. '

Even if certain encrgy measures were based on an excellent idea, any fruitful results
would not be expected unless the operator fully understands what the measures mean and
applnes them to the actual work. There are ‘many cascs ‘where the QC (quality control) circle
which is effective for quahty control is UllllZBd successfully for energy conscrvatmn with
noteworthy results. The QC circle is an actwlty of improving human reiationshipin the job,
stimulating people to:-become more conscious about i.ndependence endowed intrinsically to
humans and providing them with the plcasure of working activcly.' However, it is necessary to
prepare conditions which ‘make the operator find it easier to conduct activities such as
cducation and incentive granting before he can recognize the advantages and necessity of the
circle activities. It is the operator on the front line that is always in touch withcriergy

: cbnsﬁming equipment and sensitive enough to grasp any phenomenon appearing according to
achange in the operating conditions. Itisextremely effective forenergy conservation to make
the best of information obtained by the operator and to squeeze out a good idea for

imiprovement.

3.3 Scientific and Systematic Activities

' Itisanindispensable cOndition to obtain an exact status of energy é_onsumption when
energy conservation is carried out. If'dat'a such as change of the unit consumption rate per
production, difference in the unit; varidtion of product grade and diffcrence in raw materials
are not available, it would be impossible to formulate plans which gu;de you toward anarea
reg umng the implementation of immediate procedures. In other words, it is factory data that

provide numerous ideas for improvement. If studies are made of these data with a-
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consciousness about problems, it would be able to find something l_cading to such ideas.

Therefore, itis suggested that a measuring instrument be installed at necessary spols,-'rccm‘d‘it_s

readings and obtain information through their pbriodibai arrangement. 1o this ¢case, such data

should be processed from the viewpoint of mathematical statistics to determine if the
difference is significant. ' ' '

© Next, it should be made sure that the results are i‘o!lowcd up, 1[ !IllplOVCIll(.l‘lt plans

were implemented. Efforts should be made to enhance the quaiuy ol operations according (o

~the PDCA circle advocated by Dr. Deming. The function of the PDDCA circle-is such as

- explained betow as shown in Fig. [i1-1-11

i

& :
o echeck L
& Athe results Determind, ¥

“of  lpurposes

ctioni-
Take N . .
corrective \ | 7 Determine
action. - a method.

and
training,

Provide "~ S
cducation
Check.

i’\xt into -
ice.
practic @0_

Fig. I-1=11 Deming circle

First, plans should be formulated; that'is, a purpose will be set for a certain theme and
means decided. This represents “P” for PDCA. People will bé traihed_ concerning how {o
perforni these means and given an opportunity to actually do them. This répresents “b—”.-.ThG
results of the performance will be checked. This represents *C.” Results of the check will be
evaluated to determing if they are satisfactory. Action will be to standardize the results, ifthey
arc satisfactory and to take corrective measures if there isstilla problem yet to be resolved. If
one step was completcd the function of “PDCA" will be set to work towardsa t'arget of higher
" level. In this way; people proceed with their asmgnments This method will be helpful for not
only energy conservauon Jbut also heightening the quahty of jobs in every: field.:
~With regard to the part concerncd w:lh “Plan,” it i$ 1ecommcnded that ;mpi ovement
. plans’ invitation system” be actlvefy umued because :tems to propose can be found rather
_easily duri.ng an early stage. It should be so arranged. that proposals may be m_ddc by
whosoever he may be, aﬁ_in_'di_vidual or a member of_:a_WOrkin_g place, the QC circle or staff.
Propcséls'.'presented should. n't)'.t be. left a!bne, but'shduld' be examined promptly by the
“committee and others The proposals prescntcd should be adoptcd as far as circumstances
I_iallow after: belng mod;fled on adv1ce dependmg on the -occasion: It.isalso suggestcd that a
prize be presented to people fortheir. proposals and. furiher a commendauon be given to those
“whosepr oposals brought about fruitful reqults Thcse measures will be an-incentive for people
- o_d,ee_pe_,_n t_hell__' consciousness about participation. ‘For proponents whosé proposals were not
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il(lopte‘d,.it is suggested that they be explained about the reasons why the proposals were not
taken up aii_d at-the same time, be ;ﬁt‘opcrly guided over better ideas.

In the stage of “D" it is s'uggcs'lcd that satisfactory explanation be provided to
employces of the lowest rank regardingan intention for improvement, and-their cooperation
in ah_’cfforl toward ihc impm\f"cmcm be solicited .. 'They are also cnco_ﬁragcd to report cven on
minor ab:_mi"maliﬁes during Opcrhtioh so that they ‘may be able to make scrupulous
-adjﬁstments; This consideration is n;céssary {o eliminatc any possible cause {or e;';or.

“Check” should be conducted periodically and at the same time, the results be reported

| to the committee and the senior official. Along with this procedure, the results also should be
made known to the operator so that he may deepen his concern. In this case, it is important to
clarity an cvaluation criterion from ihc_'beginning; it is not desirablc to change it casily
hallway, .

If satisfactory results ¢an be expected following the implementation of an improve-
ment plan, - they .shoulld -be i'ncorporat'cd ‘into the operation standard. Simultancously
ﬁecéssary mea'sures'fof the improvement of.e"qu_ip'mcnt should be taken so that any extra load

" may not'be brotight to bear on the operator. Thizsis a condition for continued favorable results
of energy conscrvation: '

In case conisiderable results have been accomplished continuously as a result of the

~above, their summarized processcs should be published as references. At the same time, those

concerned should be officially commended so that they mziy be motivated for next activitics,

3.4 Farnishing of Education and Information

Even if employees are willing to cooperate, any improvement ean hardly be expected,
unless they have’khc}wledge asto how they should-do it. They would become more positive to
participate in the energy conservation campaign, if they are capable of presénting their own
_ improvcment:p'roposa!'without being limited to merely pointing out problems. In order to
realize this target, an internal education program sponsored by the company uself is
important; that is; programs such as seminars and distribution of guide books should be
~ provided. In the Kingdom of Thailand, a considerable number of companies are enthusiastic
about cducﬁ{_ipn and also numerous cases where their staffers are sent for participation into
external seminars are noticed. To our regret, however, such staffers sent for the external
seminar tend Lo keep their acquired knowledge only to themselves instcad of passing it on (o
other staffers or génerai operators. If itis arranged so that those who received external seminar
training become lectuirers for internal education and provide training to other people based on
their acquired knowledge, it is ckpeéted thal the entire level of employees’ professional quality
will be raised and staffers palll(.‘.lpdtlng in the external seminars w;ll be able to'make surc that
their obtaincd knowledge i s practlcally uscful. _

Next, it is desired thai information exchange with other compames of the same
industry or raw material suppliers or finished product buyers be activated. Although it is
naturally important that competition should-take place among different companies of the
same industry, itis 1ccommcnded that technical information be exchanged tosomeextentona

z,we and take basis. T }m is because the technical level of the entire company can be heightened
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resulting in Qtsong,m taternational competing powu and subsequent mutual benefit. For
instance. the publishing of actual unit consumption rates will bt instrumental for the.

motivation of commercial competition.
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4, Rationalization of the Utilization of Thermal Energy

4.1 Ceramic tndustries

4.1.1 Ratlondllzatlon of Fucl Combustmn

In order to incr ease flame temperature, reduce e:\haust gas loss and lessen loss by

incomplete combustion it is desired that the air ratio be as close to 1 as possible.

For obtaining an appropriate aiv ratio, it is necessary to be careful about the following

points:
(H
(2)

Maintenance of fuel oil tcmperaturc at an appropriate level, (see P, 111-1-61)

Inspection and mainienance of the burner,

To make sure that fuel equipment functions nmma!ly, inspect and maintain the

under- mentsoncd items periodically.

a.

b
c.
d
e

3

(4)

(5)

Clogging of oil strainer

Clogging, wear and assembling of burnér tip

Holding direction of burner and distance from burner tile
Damage on burner tile and carbon deposit

Qil leakage from oil valves and pipe joints

Maintenance of air pressure for alomizing at proper level

© Adjust the air prt{:ssure to a rating.per burner.

Blocking of air intrusion.

In the case of tunnel kiln, pay your attention to the following points:

Adjust kiln pressure so that aitinvasion from the cooling zone to firing zone may
not be in excess.

Adjust the fuel volume and the combustion air volume according to burner
location. | _ _

The opening of the entrance and exit door for a car fluctuates pressure in the kiln.
Therefore, operate the door in as short a period as possible or provide a dual

door.

. Maintain seal in good condition so that air suction from under a car may be

blocked. In addition, provide more effectlve lhmma! msulat:on to the car thus
reducing the cooling air volume under the car.

Reduce the number of openings and arrange so that the _kiln'pressu re may not be
negative. In this way, the air suction will be minimized. The same is truc about the
shuttle kiln. That is, it 1s necessaiy to block air invasion from under the car and
openings.

Adjustment of the Air Rdth for Batch Klln :

Early after 1gn1tton the combust:on tends to be mcomplete because of low kiln

temperature Therefore it is necessary to keep the air ratio-at a rather higherlevel. For

this reason, 1_t 15 reqmr_ed to;make minute adjus_tme_nts__such as reducing the air ratio

pfopo_rlional to a rising of kiln temperaturc. There is a case where fucl was saved

approx. 15% by a method of burning heavy oil exclusively after the ceiling

temperature reached higher than 600 to 700°C through the joint use of gas fuel of high

combustibility (I.PG, etc.) only during a low kiln tetnperature,
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th order to nmkc sure that the qualat) ol‘hmshul p:ocluct is stable and energy is

saved, 1tis essential to take appropr fate measures by grasping intra-kiln condition all

the time. lnso ‘doing, the following items need ta be m(dsuud and the mcasmcmmts

b:, tccmdcd

ltem Subject

|
H
!

Temperature - Intra-kiln

Measurement Spot

Tunnel Kiln

;_.{7).?.

remperatuie
| Ceiling’ Both sides
“(upper/ middle
lower)
Preheat- _
ing zone 3 points 3 points
| Firing
zone 5 3
l Cooling
zone 5 3
Exhaust gas '
Coﬁlbustion air
Under the car
Kiln-loaded
product
Kiln-discharged
prbduct
Fuel oit -
Pressure Intra-kiln . 1o 3 spots N
- pressure in each zone
(upper/ middié/ tower)
Combustion air o
Fuel
"~ Composition | Combustion B
e exhaust gas
Weight Kiln-discharged ) o
ERTUE : jjrdd_u'ct""t R
Standard for Ai[‘ Rauo

In the fmng of cerarmc products “the oxidizing property and 1cduct1b1hty of

ﬂamc are somenmes requ:red dcpendmg on ‘the kind and manufaclurmg method of
fmlshed product In addmon thé air Fatio nccds to be’ changed in accordancc witha
progress in the firmg in the batch kl[[‘l The Japancse standard does ot provide value
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for the air ratio of the ceramic kiln.

Here :t is suggested that theair ratio of the boundary between the firihg zonc and

the preheating zone be set at 1.3 only where the tunnel kiln operated steadily in the

oxidizing atmosphere is concerned.

Rationalization of Hea_ting, Cooling and Heat Transfer

(h

1Inérease in Firing Rate

- In the tunnel kiln, the fixed released heat loss accounts for a large percentage of

the total loss, so that more production per unit time is increased, more encrgy saving.

Fig. [11-1-12 shows one example of the relationship between firing rate and thermal

efficiency. In order to increase the car séndin_g speed, it is required to raise the

technological level as a whole in_c]ﬁding the following procedures:

a.

Measure a thermal analytical curve of materials and set an appropriate heating-

“up curve baséd on the former.

Minimize the tempelaturc difference in the upper and lower parts of the kiln.
Reduce the wcnght of casmg other than fired product to the allowable minimum
extent. .

Cons:der the Lompoundmg ofmaternls at the best ratio so that the product may

be fired even at low temperaturus

- Tryto mcrcaee car sending speed according to plans over the examination of

product quallty
Use the rapld fmng kiln of low height with an even temperature dlsmbutlou ofa

heated product.

60

Heat efficiency including trays (%)

1.0 20 3.0
Firing rate including trays {t/h)

Fig. III 1-12 Reiatlonshap of firing rate including trays and
' heat efﬁmeney mcludmg trays

- Table 1it- l 13 shows the resulis of heat conservahon rcalued ata tile factory

manned by 38 employees. The pnncmal performance items are as foilow s
(}'xmt step)
e The space between the car and product was expanded to a!iow a smoother flow of



gas.

e The ceiling was insulated with 50- mm c'\lcmm silicate and 100 mm glass wool to
reduce the external surface tempcmturc at less than. IOO"C‘

111-1-42

A dlymg chamber utilizing exhaust gas ﬁom the coohng zone was estabhshud,

¢ The oxygen content of preheating zone gas was mamtamcd at 7%.

Table HI-1-13

Example of improved consumption rate at tile factory

A B . c D B P G H 1
_ Car send- { No. of No. of Produc- | Fuel con- c o G
Step Date ing time cars loaded tion sumption onsumption rate
. - riin., sent/day | cases/car | ft*/day | Kk%/day me it Contrast
Start | 1977 1[  s% 26 882 | 8,026 | 3912 | 487 1000
1 51 40 36 756 8,164 | 2,957 | 392 74.3
2 1978 8] =« b ‘9797 | 2705 | 276 56,6
311979 3! 38 38 714 9167 | 2723 279 57.2
4 | it] 3s 41 732 | 10,804 | 3,046 | 282 57.8
5 1980 5 P 750 11,070 ] 2,838 256 526
e
6 7 o n 768 11,335 2,671 - 236 48.5

{Second step)

» A door was provided at the outlet side of tunnel Kiln.
* LPG was jointly used in the low temperature section. '
(Third step)

® The sp'ace over the car was expanded to 17 cm.

{Fourth step)

s Asbestos was sprayed a 50-mm thickness on the side watls, Thus the insulation

effect was increased. :

¢ A dualinlet doorwas provided at the tuanel ki.in and consequently the kiln pressure
fluctuation was well controlled. As a result, the oxygen content of exhaust gas was
reduced to 4.5%. - |

e The priﬁlary air temperature was raised_ from 60°C to 80°C. '

(Fifth step)
¢ Thecar mp was msulated with 30- mm ceramic flber Thus the insulation effect has
been mcreased _
LA was arranged so that heat from the coolmg zone mighi bc recovered more
| effectwely 50 as to raise the 1smpcraturc of the drymg tunnel.
As a result of the absve~mentxoned various steps, not only encrgy conSumpuon is
now reduced but also the: flr:ng is unifofm with a yield lmproved Although the cost

.mvolv_ed was¥ !5_.5_ mlihon, the annual _spendmg curtailment has now reached ¥35

" “million. Thus, the finds invested have been recovered in a brief period. *
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) lmpaovemént of Heat Transfer
The interior of the kiln is filled with pmducts to be heated, and the internal space

s dell so that convectlon heat transfer plays an important role in the kiln. For this
reason, it should be arranged so that an intra-kiln gas may contact a product to be
heated as uniformly as possible.

a.  To restrict a gas flow in the longilud:inal'di_re_ction of the kiln, and to promote
- circulation vertically make the internal wall surface of kiln uneven or make the

upper and lo’Wcr widlhs different from ¢ach other. (vefer to Fig. 111-1-13)

/i ////::’/ ////'Z' LIS L LS, Z// /;// //{[/;
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(2) Part showing an (‘-xpa.ndcd

{1} Part sh’owiﬁg expunded
wall on one side only

walis on both sides

(b) Cros&sectmn of Harlop -type tunnel klln

———— W////%%%/

{c) Expandable[Comnctable passage of tunnel : (d)Zlgzag passage of tunnel .

Fig. M--1-13
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Load products into the kiln so that the clearance from the ceiling may noi be
wide, Provide a gate of the same fo'r_hr as the internal cross section of kiln in front
of theent ranee of tunnelkiln and check a clearance be_twcen the éeilingand a car
when the latter passes. ' ‘ ' : _
Improve a gas flow inside the kiln by using a top fire from the eealmg or a
high-speed burner (in-case the fuel is gas or kerosenc). _ .

In case there is no qualitative problcm changc from the mduect kiln such as
muffle or radiant tube to the drrect hcatmg krln

Reduction of Heat Capacity’ of Other Than Fmrshcd Product _ .
The batch kiln. ICpCdIQ the eycle of heat lcgcneratron and relcase in the kiln wall
per each time of firing. chce the SO- called accumulated hcat toss is significant.
Therefore, energy can be saved s1gn1frcantiy by lmmg Irght—welght insulation
materials such as ceramic fibel In addition, this hmng has characteristic of
allowing a wide range ofascendmg and deqcendmg temperature rates and also a
high firing rate. _ ' ' _
For ceramic fiber, use it ata temperatuae lower by approx. 100°C than that

specified per grade asa permzsmble maximum temperature. I*urther install the

fiber in such a way that its cross section may touch an atmospherc thus rctardmg
its degradation and pulveu?atlon

The example of energy conservation on the perrodrc krln usmg alumina flber is
introduced below : f

This kiln i isa shuttle krln with an internal volume of 6 m On account of a high
intra-kiln temperature of 1,350 to | 450°C crystallrzmg alumina fiber which is
less suscepubie of degradation was used. As means to install'it, there are two
methods avarlable one of using metal frrtmgs and the other of lining with mortar.
Asa result ofa few months’ tests, the mortar method was adopted One hundred
erghty pleces of305 X 305X 51-mm alumina fiber block were lined over the entire
arca of 17 m? msrde the kiln. When installing the flber attention should be given

'to the followmg points:

Frrst cIean the wall surface to be irned wrth the fiber:

. Scrape off any pI‘O]BCthI’l on the wall surface

~ Rub mortar into the fiber surface scruptilously.

Apply a thrck layer of: mortar over the fiber surface:
Adhere the flber tlghtly agamst the krin wall by means of a flat plate

h Ifthe temperaturers slowlymcreased up | to dpprox 800°C durmg mrtlal firmg

after complcte drying fo!lowmg the-installation, unloaded burnmg riced not be

. perf ormed

Unless the operatmg procedures are changed after the mstallatron a drastrc' '

. mcrease in the mtrakrln temperature w0uld someumes oceur, resultmg ina
soaring exhaust gas temperature and subscquent fuel comumpt:on not being
' reduced as orrgmally expected. In order to cope with thrs srtuatron itis required
“that the firing time be shortened over the checking. of finished product quality
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and the exhaust gas temperature be lowered by decrcasing a draft pressure and

adjusting a fugl vol_umc‘(rcfér: to Fig. 1H-1-14).

1,600 — - : ——

1,400k

600

Temperature (*C)
g
=1

400

Pefore Alumina fiber fining

200 v ” : == Aller Alumina fiber lining
o bt ._ P TN R ST S W J__.I_,L.‘.._I_,,_I__.l_,_l._l._.__l—-i—.....l——
0 2 4 6 8 1012 1416 18 20 22 24 26 28 30 32 34 36 38 40 4244

Time {h)

Fig. H-1-14 Temperature ascending curve for each intrakiin part

. MeaSurerr_x'ent after adjustment of these o'perati_ng.condit_ions rcvealed that the
external wall tempera'tm_re dropped at approx. 50°C at the arch part, the door
surface at 52_°_C and the wall surface at 41°C. In addition, the application of
!ininé help.éd:‘r'e'duk:'e_ pas leakage t"hrough kiln wall.

The heat balance prior to and after installation is as shown in Table [1I-1-[4 and

‘Table 111-1-15. These tables apparently indicate a decrcase in the heat loss
a_tt'ribu"ted to a regenerated heat and heat relcase. The fuel conservation value is

as shown in Table 111-1-16. The fuel conservation rate now st'ands at 19%.

Table III-1-14 ~ Heat balance of shuttle kiln prior to the use of alumina fiber

I Heat input Heat gutput
tem R
10° keal % 19° keal %
} Combustion heat of fuel 37153 |- 984
| Sensible heat of fuel B ¥ 00
Héat
inpui Heat cartled in by air for burning 14.9 0.4
Heat regencrated in the main body of kiln 45.6 1.2
Total heat input : 316 100.0
Heat required for firing ) ] 370.5 9.8
Heal regenerated in the main body of kil ' ’ 1,000.1 26.5
-Heat . . :
oulput- | Sensiblc heat of exhaust gas - - 1,529.6 40.5.
-] Heat loss by heat radiation and transfer and other factors 8774 23.2
- Total heat output o ) Do . 31718 100.0
Heat clficiency of fired product . 10.0%
3 i
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Heat balance of shuttle kiln after the use of alamina fiber

Heat eat input Heat output
item -
a 10? keal % 10? keal %
Combus-tion heat of fuel 2,838.9 96.9
Sensible heat of fuel 1.4 0.0
Heat o ‘
input Heat carried in by air for burning 115 04
Heat regenerated in the main body of kiln 80.1 2.7
Total heat input - 2,929.8 100.0°
Heat requiced for fising 370.5 12.7
Heat regenerated in the main body ef kil 949} 32.4
Heat .
cutput { Sensible heat of exhaust gas 1,161.6 396
Heat loss by heat radiation'and transfer and other factors 448,6 153
Total heat output 29298 | 100.0
13.1%

Heal efficiency of fired product

Table TI-1-16

Compérison of-fuel prior to and alter use of Alumina fiber

. N . Firing Fuel . Fuel'per 1 Xg of H
Alumina fiber weight used product Ratio
Prior to use 1,333 kg 398 kg 0.299 kg/kg 100
© After use 1,220 kg 294 kg 0.241 kg/kg 81

Table 11I—-1-17

Encrgy saﬁng by more effective insulation éy_stem for car

Finished product

Insulation material
Car weighi-
Regenerative heat

Rediiced fuel consumption

Refractories
11,900
169

308 k¥y

Sanitary ware

- Insulative refractories

- 1,400 kg/car

- 70 X 10%kcalfcar

“The aﬁriua} fuel ébnservatibn a‘r'hoﬁms 1o app'ro"x 6. 7 tons or approx. ¥470,000
. in value‘ [n the meantime, the installation cost invested was approx. ¥{ million.
Th;s means that ihc mveatmcnt could, be pald back i in approx a couple of years

o ispeed

'Insuiatlon of the car top with. light WClght msulatzon matcnal would be effecuvc
for dlmlmshmg energy fo: hcatmg the car and also preventmg heat release into
under the car. The msulatlon would also be hclpful for expﬁ:dmng the car sf:ndmg
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Table 111-1-17 is an'example of energy conservation by the insulation of the car
tbp.'T‘his factory used-to adopt ceramic fib.(:!‘,:b'll.t suspended its use because of
deformation and pulverization and switched to an insulation with refraétories.

_Thc same is true about casings and shelf boards; that is, the reduction of a heat

~capacity would be effective for energy conservation.

Table IIf%lwlS Details of reducﬂoﬁ of car weight

item Prior to Aftér  Factor of
©oweight _ : weight ¢ teduction
Weight of car top 1,404 kg 943 kg  328%
Weight of shelf board , . 730 kg 520 ke . 28.8%
Total 2,134 kg 1,463 kg - 31.4%

~ Table I11-I-18isan é.')'(a_!_npfc of'weight 1;§:d1lc['io'n forthe carand shelf boards. The

car before modification weighed 140 kg; on account of refractories used.

However, it was modified to a car with refractories arranged in the periphery

only and covered with thin refractories on the surface using pearlite buried inner

‘part. Further, a support of honeycomb structure was provided in the part where
the weight 'ofshei_ves rests. Thanks to this modification, the weight of the cartop
was reduced approx. 33%. For the she!f board, the 60-mm thick co;ﬁelite was
replaced with th_e 35-mm thick mulite. At the same time, for the shelf support,
refractories were replaced with the light-weight support of honeycomb structure,
Thus the weighl”of the s'u;.)p.or-t_was reduced 29%, |

As a result, when the car sendiig speed was the same as before and the weight
reduction was applied to. 750 of the total number of cars, a 22% reduction of fuel
consumption was realized as shéWn in Table I11-1-19. In the meantime, the cost
breakdown .for weight redu(_:_tion'was ¥95,000 for car top and 315125;000 for
shelf board per car respectively totaling ¥220,000. This investment can be

comﬁlétely paid back in oné-odd year, according to calculation.

Table IlI-1—19  Energy saving effect by reduction of car weight

- Fuel 'N_o. of pes. of Factor of
Item NCERTE e M ’ .
consumplion tile for firing energy saving
Prior to weight reduction | 3,378 1/day 3.41 pes.fi R
When the weighi of 758 of cars has been reduced | 2,628 1/day 4.38 pes.fl 22.2%

For rapid firing thin products, a bas¢ plate push-out kiln not using a car, a belt .
conveyor kiln, a walking beam kiln, a roller hearth kiln, etc. are partly employed

in practical work.
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4.1.3 Prevention of Heat Release through Radiation, Transfer ete.
(1) Adoption of More Effective Insulation of Kiln Walls
a.  As meutioned in the preceding paragraph, 101 the peuodlc kiln, !ight wmght
insulation material is lined on the internal Sllll_E\Ct, for an additional purpose of
preventing a regenerated heat loss. Howc_vcr,_wh'crn it goes to thecontinuous kiln,
in which the regenerated heat loss is not important role, insulation is, in the most
case, applied with ro_ék wool sprayed on the external surface. The coating s 50 to
100 mm thick except for the metal 'p'art”:: The iﬁéuhti'\cin effect is that the surface
temperature comes dOWn below 100°C and as low as 40°C depcndlng on part
Thus the encrgy conservation reaches the level of 5 to 15%.
Tolook at a certain tile tactmy, a 50-miin- Ithk rock wool was Sprayed onthe sxdc
wall for both preheatmg zone and firing zone of the tunnel kiln, and the cartop
was also 'in'su_lated. Asa result, the unit fucl'conSumptioh rate was improvéd from
173 hiters/ton to 143 lite’ré/ton. The investmeni was recovered wilhin_gne year.
When applying a surface insulation, first of all, it is required to df\eck if the
_internal brick _tempera_tu'rg exceeds the to]cr_ablc_temp_e;_'étu;‘e lil.ﬂil. of brick.
b. Let's consider heat t.ransfer in the kiln wall as shown in Fig. 11-1-15; Here /
represents the thickness of each brick, A the heat éoﬁd"\.zct'i\':ity of each brick, ha
hb. the coefﬁc:enl of heat transfel of inner- and outer -surface of kiln and A the

average heat transiex area.

Inside furnace i . Atrﬁdsphcre E
Ta’C ' I TbvC
A LS
. ha _ 7\.1. Ay ‘ A3 hb
‘Aa o Ay Ay As Ab
TIOC 7 TgQC ‘ T3°C ’ T.,;O-C -

“Fig". II§—1~15 '  Heat transfér in the kiln walll.

The hcat ﬂux Q ﬂowmg lhrough thxs kl!n wall is expressed by the followmg

equatlon at' R of heat transfer resmance

Q:_._ Ta= Ty -
g R _
R 1s the sum of heat transfer res:stance valucs ofvanous parts asisthesa mc asthe
case wheze resnstances are arranged in series in the electric'current,
R= + +—" + '

__.ha_Aa“- MAL MAr MAs heAs
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1o the ceramic Kiln at high temperature, normally the first termi shall be ignored
-and Ta be regarded as e'qvual to T, incaleulation. In the flat wall, the equation Aa = Ay
=A== Ab%ﬁ Ais eétszlisheci. Since the heat flux Q' passing through cach surface
is the'same, the tcmpcra'ture of cach surface can be oblained by the following equation:
=T T—-T T, T _ i T
= hia B [2/)\2 B/ - 1/hy
Eslabllsh an cquallon dpphcablc to the case where more effcctive insulation has

'bu:n mstalled'\nd make sure that obtained Ty, T,, etc. are not lughcnhanthc working

safely lcmpcr"lturc of each brick.

Fig. 111-1- l()ShOWSIthC'ltCOlldl‘lCh\’l'ly of metal maicua! Fable Hi-1- 20 shows
the Japan Induslual Standard for refractories. In this table, a temperature not
exceeding - 2% of the reheated Shrmkage percentage is a uiteuon for working
temperatire. When using the brick as an internal wall directly, it is clesnrable to allow
for approx. 200°C as a safety factor. Class A represents the brick of low ‘heat
conductwny and Class C the brick of high compicssmnstleugth Table 1H-1-21 shows
an example of the quality of ceramic fiber felt. The X value of the above-mentioned

equation is obtained based on these tabies.
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H1-1-50

Japan industrial standard for refractories (JIS R 2611)

Temp. shrinkage not . : - sat conductivi
Classification Code C\:‘%f;‘:ﬁ,ﬁ% ?_f; o 1it1lk density Qo;ag;zsallon. it‘gé'g%li:gg%;vﬁ

) (_kg/cm‘) kealf m.h. °C)
Type 1 | AL 900 0.50 max, 5 min, 0.13 max.
Type 2| A 2 1,000 0.50 max. 5 min, 0.14 max.

- Type 3 1. A 3 i.100 0.50 lﬁux._ 5 min. 0.15 max.’
Class A | Type 4 A4 1,200 0.55 max. 8 min. 0.16 max:
| Type 5§ A 5 1,300 0.60 max. 8 min. 0.17 max.
Type 6 | A6 1,400 0.70 max. 10 min, 0;2_() max.
Type 7 | A 7 1,500 0.75 max. 10 min. - 0.22 max.

Type 1 | B 1 900 0.70 max. 25 min. 0.17 max.
Type 2| B2 1,000 0.70 max. 25 min. 0.18 miax.
Type 3 | B3 1,100 0.75 max, 25 rmin. 0.20 max.
Class B | Type 4 B4 1,200 0.80 max. © 25 min, 0.22 max.
Type 5| B S 1,300 0.30 max. 25 miin. 0.23 max.
Type 6 | B 6 1,400 0.90 max. 30 min. 0.27 max,
Type 7| B 7 1,500 0.90 max. 30 min. (.31 max,
] Type 1| C'1 1,300 1.10 max. 50 min. (.30 max.
Class C | Type 2 1,400 1.20 max. 70 min. 0.38 max.
Type 3| € 3 1,500 1.25 max. 100 min. 0.45 max.

Table II-1-21  Example of quality of Ceramic fiber felt

Name of article - A B c

Item :

Usual max. working temp. °C 1,.10.0 1,200 ' 1400

Buik density gfem? ' 0.16 016 0.13

Factor of ignition loss % _ 6 6 7
at 800°C 0.0 - —

f at 900°C | 04 0.0 -
| _ o fat1000°C. 11 0.5 -

Mpdulus of ha/r;ear‘shrmkagc at 1,100 '_’C 12 09 0.0
at 1,200 °C-- - 1.4 04
2t 1,300°C - - 0.7
at 1400°C{+ - - L5

| at "700°C 0.4 - _

at . 800°C | 047 047 -

T cat 900°C: 0.20 0.20 -

* Thermal conductivity S ' s

keallmh°C at _1_,0000(:_ 023 | 0.23 0.26

_ - : at 1,100 °C - 0.28 0.28 030
“at 1200°C ~ 032 036
at 1,300°C ~ - 0.42
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The hy, value is the total of radiation heat transfer value and convection heat
gransfor value. The experimental value of Langmure is shown in Table i-§-22. In
addition, it is accepted thal when it is windy, the said value will be increased at a

mutiplying factor of Table 111-1-23,

Table Ii1--1-22 Surfacial heat transfer coefficient

Ta~To Ta —To by - Ta ~To By
40 0. 150 16.6 275 | 250
60 _ 11.5 175 17.5 300 27.0
80 123 200 193 325 29.0
100 13.3 225 21.1 350 31.3
125 14.6 250 23.1 - 375 33.5

Table 1I—1--23 Mutiplying factor

Wind velocity .mfsec —s°C . ’I‘;s—;'(l;b STirE
Ll 146 143 1.40
2.2 174 1.69 1.64
4.5 ' 2.16 2.10 I 2.02
6.7 _ 250 2.42 2.33
8.9 - 276 - 2.69 _ 2.58

In order to obtain a heat release valuc of the surface without using the h, value,
use the following calculation. _ '
In case a small quéct exists in a large room, the radiation heat transfer value of
the surface of the small objéct is expressed by the following equation:
. . 2134+ Tay, 2734 To,
Qr_4.8§e As L€ 00 Y ( 100 )
Where ¢ means “emissivity” which chanpes according to the kind of material,

surface temperature and physica'l property of surface.

Table 111-1-24 shows the emlsswuy of various Kinds of surfaces.

As reg,ards convectlon heat transfer under natural convection conditions such as
steam piping and kiln wall arranged in the room, simplc cquations are available.
Qe = h Ay (T4 — Te) -

'In the case of horizontal upward surface,
= 22Ty — T}

In the case of houzontal downward surfacc
he = L1(Ts — To)*

In the case of a vertical surface,
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= 1. 5(T4 Ik
The 1elauomhlp ‘mmnb Ql Qc and by obtained in thm way will be as shown bv

the following equation:

QT Q.
hb e

As(Ts — Ta)

When the surficial teimperature Ty has not yet bcen measured, it is possnbk to
calculate a heat release amount by obtaining Ty at which a heat fiux pdsqmg throngh
refractories is equal to heat loss of the surface on the foHowmg, equauon

T.— T 27'%-1-'{4 ' 2?3+h
e =488 e (& -
h Lo 100 ]00
+H
(\a Ar A3
itis to be noted, however, that, in order to resolve this cquation, the use of a computer

} + h (T.; Tf,)

and by methods such as Newton is required.

Table I11-1--24 Emissivity of various surfaces

Surface _ - Emissivity
Woaod - | o : 0.98
 Water | 095 ~ 096
| Fiber ' : 0.93 ]
'. Giasleor_lcrete. - . 094
Stone/Paper/Oil paint . ' 691 ~093
Plastic/O paint - 090 ~ 0.96
Refractories -~ - | . 080 ~090
Steel {Oxidized surface) 0.65 ~ 0.75 -
 (Polished siicface) ' 014 ~ 0238
 Moltenion o 030 ~ 045
- Aluminjum 004~ 006
(2) |  Heat insu!atibn of 'surfé(:e on the car-

As mentioned in the precedmg paragraph, decrease the heat capacity of the car
and at the same ume mmnmze heat rciease under the car.
3y Reducnon of surface area of the kiln-body" ' : B
Reduce the surface area by making smaller thc combustlon chamber of tunnel
~ kiln or lcttmg a combustlon take place between: thc cars hke a downward combustion.
' {4} ' Prevenhon of heat rciease frem the cmrancc of shutlle kitn
_ Prevent heat reieasc through the. entrance by speedmg up the switchover of ca rs,
shortemng a unloaded tlme of k;ln through 1mpmvcmcnt of operating arrangement
| and shutnng the door durmg an unloaded time.
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(5) Prevention of heat release { rom the drying chamber
The same is truc about the drying cﬁambcr; provide more effective surface
insulation and scal opeﬁings. In addition, insulate a hot air pipe of heat source
sufficiently.
(3] Standard for heat insulation
Thc'f(_)llowihg standard for heat insulation is applied in Japan. With regard to
newly established kilns‘ the st'andar'd témpcrature of external surface of kiin wall is as
shown by Table 111-1-25.

Table II1-1-235 Standard of external surface temperature of kiln

Kilo Temp. (°C) Standard of external surface tiem;.)erature of kiin (°C).
g Ceiling - Side wall
1,300 o | 120
1,100 _' 125 i 110
900 ‘ 110 o5
700 | o0 | 80

‘' However, the value shown in the said table represents the case where the kiln is
: constanl]y operated at an ambient temperature of 20°C Further, as a rule, this
standard is not to be apphed to the kiln at a rated capacity of not more than 200 000
kecal/h. In the case of the Kingdom of Thailand, it is recommended that the
atmospheric temperature condition be 30°C which is close to an actual status and that
therefore, the standard temperature be the above-mentioned value plus 7 to 8°C
Regarding some kilns at more.than 500°C of kiln temperature of newly built
batch kiins, under the standard for insuiation in Japan the insulation conditions
should be SEltISfled cither by meeting the value of Table I11-1-25 or constituting more
than 50%:of the internal surficial area of kiln walls _excludmg the kiln bottom with
insulation material having:a bulk specific gravity-of less than 1.3,
~ In the case of the Kingdom of Thailand, the above standard shall be applied as it
" is only by correcting a difference of the atmesp_herii: temperature,

4.1.4 Recovery and Utilization of Waste Heat
' {1 lehaust of hot air from coolmg zone
' The quanmy of heat of Kot air exhausted from the cooling zone o[ tunnel kiln
JedChCS even 20 1o 50% ofthe heat mput In addition, the content of impurities is small.
Therefore, lt is 1mportam to make efficient use of the hot air. The conceivable
| apphcatlons are for drying and preheatmg of material or molded products, or for
combustion air. In the ngdom ‘of Thailand, the hot air is now being uscd for drying
and preheating, but it is pot yet being fully utilized. A
. Anapplication to combustion air is almost not noticed, bul energy conservation
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effeet of it is estimated as follotws:
Q:  Quantity of heat brought out by combustion exhaust gas
~ keal/ kg — fuel

P Quantity of heat brought in by preheated air
keal/kg — fuel

F:  Coritbustion heat of fuel
kealf kg — fuel | _

H: Available heat and required {ixed qua'ntil_v of heat
kcal/ kg — fuel '

thn not preheating air,
H, A= =F—Q

When' preheating air,

He=F—Q+ P=H,+P

'Suppose that the required quantity of heat for the kiln is X kcal/h, the fuel
consuinption will be '
likg — fuel/h,
H,
when the air is not preheated.

However, the fuel consumption will be
X X .

=———kg - fuel/h

Hy Hy4+P .

when the air is preheated.

Accordingly, the fucl conservation rate will be as follows.

X X

"Hs Hat+P- P
X CHu 4P
H,

The fuel conservation rate at an air ratio of 1:2 is shown in Fig. 111-1-17. If the air is
prehéaled, the fo'l!owin‘g merits are expected in addition to the energy conservation effect due
to an increase ifithe heét bi‘ought in: The reduction of air rat.io asa result of the improvement
of | tgmnon and flame stabilizing propernes and the i increasing of a burnmg rate, and a rise of

flame temperature.. . _
In the meanttme when preheatmg {hc air, atlention must be given to the increase of

nitrogen oxide generation duc to a soaring flame temperaiurc and the heat resistance of
burners. Further acontroldev:ce is required to haveafuncllon co-rectmgthc cffect of an air
" volume ﬂuctuatmns because the air volume supphed to the burner chan;,es in accordance w1th
'preheated air, temperature fluctuations..
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[at an air r'atio of 1.-2. ?
i 20 m l. A0
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Fig. II[ 1-17  Fuel saving rate after air preheatmg

(2) Combustion exhaust gas _

Combustion cxhaust gas flom thc tunnel Kiln is utilized for preheatmg the materlals to be
fired. Accordingly, it is not utilized for any more on account of acid dew point, '

1{ fuel contam_mg sulphul_ is burned, sulphur dioxide is generated and part Oflt ischanged
to sulphur trioxide. Conseciuehiiy, ifa combusﬁori exhaust gas contacted the low-temperature
wall of devicés such as heat exchanger, r.eaching lower than the dew point, sulphur trioxide
and water react, 'rés'uliing in the 'p'roduction'bf sulph_uric'acid (I-'bSO.;.) of high concentration.
Thus the heat cxchangei or the duct is corroded.

Fig. 111-1-18 shows the relationship between the sulphur content of fuel and the SO;
percentage ofexha_ust_ gas. Fig, ill. 1-19 shows the conversion rate of SO, to SOs. Fig: 111-1-20

shows the relationship between the SOs; concentration and the acid dew point.

0.3 7
-~ 0.2
&
o
&

0.1

ol |

2 ' 3
0 Sulfur content (wt%) >

Fig. II1--1-18 Relation between sulfur content in fuel and
SO, content in fuel ga
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Fig. HI-1-19 Relation between sulfur contentin fuel and
' conversion ratio from SO, to SO,
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Fig. [I1—1-20 Relation between SO, concentration in exhaust gas
and dew point temperature

1n the nelghborhood ofthe low- temperature fluid mlet of the heat exuhangel some part
comes at low temperatures so-that it is necessary to mamtam the gas at a shghtly higher
tempemture than the ac;d dew point temperaturc as shown in the Fig.

1fglass ar lead coated plpe Is used as matcnal for the heat cxchangc: it is possible to
recover hcat to lower temperatures In ihf: case of ceramic mduslncs the apphgatmn of
: recovc;ed cxhaust heat is limited, and thcrefore it'is not necessary to apply such expensive

equrpmem _ : ' . S
: ln the casc of the batch klln it is possmle to use an exhausi gas for prehcatmg thc air,

heatmg fuel or for drymg the molded product dlrectly, because the cxhaust gas is gcncraliy at
_high temperdture in thls case howevcr donot forgcl about cleanlng the heat exchanger and
duct penodlcally . i .
: _ An example of the mstallatlon ofa recuperator for heaimg lhe secondary air on the
'round kiln for manufacturmg Slhca refraclorles is shown. '

The kiln isa round down draft type II-min dlamclcr and capablc o!" receiving cach
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combined charge 0f330 tons ofp; oducts and tool% As encrz,y saving measures, the followmg,

steps were taken: - _
e Provision of more cifective heat insulation on the ceiling.

Installation of mieasuring instruments for {uel oil and air by burner.

[

e Increasc in the numbe: of charge lonmgc in the kiln.

Installation of recuperator for recovering the heat of cumbustlon exhaust gas.
hg. I11-1-2 | shows the installation layout of a recuperator. Table 111-1-26 shows

the sp.egifications'(')fa recuperator. Table H1-1-27 shows the heat balance prior to and

-after energy conservation measures and the chart of heat balance.

Bypass flue

Smoke stack ;;']/i\.: '
L) - l

HSecondary air hot
blast tube

| Fig', 1ol Layout of recuperator in flue of round kilns

_ Table IIIéi—_26 Specifications of recuperator

[tem . ' Unit ' (max)
Exhaust gas amount Nm? fHr 10,000
Exhaust gas side Temp. of recuperator inlet ' °C 8005 00)
Terp. of recuperator outlet o %C ' 650
Air amount _ o Nm?® [He 4,500
Preheated alr - - - Temp. of recuperator inlet N B 20
“Temp. of recuperator outlet - %c 400(450)
_ : Pressure loss on exhaust gas side mmH,0 8
Pressure loss . : R )
S Pressure loss on preheated air side mmH, 0 150




Table [M~1--27

111-1-58

An example on heat balance of down draft Kiln before and

“after adoption of energy saving measures (ﬁxample)

(Example of “liefore eneigy saving measures*)

Preconditions

(1) Kilnloading ¢ Finished product 260151
© Sogger W07

{5 Qil contumption: © 6848 ke

(3) . Temperatuie .

Heat Balance,

2 Meavy 0il 73°C, air _S“C.}mishgd product
1o

{Example of “Afler engigy saving measwres™)

“Preconditions

1) ‘Kilntoading @ Tinished produgst 290.00 1
. Sagger . 813
(2)  Oll consumption: ‘ . 60.70 k2

3)

Tempsrature @ ?;gvy oil 73°C, air 15°C, finished product

X10*keal  Xi0'kcalft %

:Heat Balance

X10'keal  X10%kecalft %

Heavy oil combustion heat Q, 54,3530 1836 938

Heavy oil combustion heatQ, 67,089.0 2579 994 _
sensible heat 203.6 0.8 0.3 sensible heat 119.0 0.6 03
Air for sensible heat 1428 0.5 0.2 Alfr for sensible heai 354.0 1.2 0.6
. burming H burning
eat el pecovered heal of 2,956.4 100 51
input ) nput oohaust pas
Finjshed sensible heat T4.2 0.3 iR} Finished  sensible heat - 126.5 0.4 0.2
product - product: st
and tools - and tools )
Tolal 515096 2595 100 Toual . 57,9689 1958 100
Finbhed  sensibleheat @, 111948 © 430 166 Finlghed  sensible heat * Q, 12,7337 $58 0 220
product : - product
Evaporalion heat of Q, 6185 14 0.9 Evaporation heat of O, 7038 14 1.2
moistuse in product maoisture in pmdu(_:l_ - -
Sapger sensible heat  Q, 3,315.5 iz2.? 4.9 - Sagger sensibls heat  Qy  3,7574 127 6.5
‘l)‘::;m ;,,;ﬂ carried out by exhaust 14,3829 O 937 151 ?ﬁ;ut gae;uible'heal of exhaust ‘ 1717040 580 9.6
Heat redease from k;}n body 8,085.4 3.t 12,0 Heat release from Xiin body . 4,851.0 164 84
Regenerated heat of kiln 11,9158 766 195 Regenerated heat of kiln 18,753.0 634 323
tody and others : body and othérs . .
Totat 67,5094 25025 100 Total . $7,968.9 1958 100
Hest  Finished product(e,) {Q, + Q,JQ) 17.6%  Heat  Finished product(n’,)” (Q, +0Q,/Q, x 100) 24.7%
eftic - effi. ; :
ciency  Finjched preduct + toolsn, } {Q, +Q, +Q,/Q,} 22.5% Ciency  Finished product +tools{n3)(Q, + Q, +1Q,/Q; x 100) 31.6%
Heal tatiace chart Mest alaice chart
Enperstion heat Evapotation heat of ) Heat required for -
of moittaze ‘s Sensible heat moisture in product buming finlshed g
- 1 oo ]
i
fzo8m kit Lody 17 .
i . (oA Heat release
] Regenerated heat from hln body
Regenccated heat 3 Eabyust gas .d‘oahu: B
3rd athers i b 6 - ,5] Exhgust g1y,
S::mblt Pt of " (_“'"_L""—" Sentible heat of

(3)

o 1
uck Combusimn heat
and others . of fues .
i~ N -

Yeavy o, adr,
product
and ofhery

5t R hert

Combustion heat of fuel
4918

Itis esumated that the unit fuel consumption rate will be 1educed 18 1o 229 and
that the invéstment in eqmpmem of ¥23 mllhon will be completcly paid back in

Sllghtl}' less thana couple of years

Heat release from the kr!n body

Itisa basw prowdure to minimize heat refease by p:ovxdmg more cffectwe heat

msulahon to the kiln body. When it is difficult to carry out 1nsuldtson it may be

i con51dered to make use of the re!easad heat for other purposes instead.

As means for sucha ut:h/aimn the heat can, be used-tg pichcm fuel oil in a tank

'prm 1ded atop lhe k:in esther dlrcctiy or thlough thc mtc: mcdlauy of water. to d|y the

e ,product in the, di ymg chdmber atop thekilnasin thc rooling tile mdubtry orto preheat

' fthc air by Iaymg an atr duct for burmng along the kitn:

Apart f_rom the subject oflhe heat of the kiln bady, when the fired praduct is at
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