42
4,21
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high tc[npc:'a,.ttlt‘cs‘ it may be practicable to provide a heat exchange chamber and let
heat exchange take place between product prior to and after firing.

) Standard for exhaust gas temperatures -

‘Set the standard temperature at 250°C consudcrmg anacid dew point concerning
the cxhaust temperature ofcombusuon exhaust gas from the tunnel kiln. However in
the ceramic manufacturing kiln some part of waste heat is of no use, it is nccessary to

consider the cconomy as a wholc

Glass Industries
Meiting kiln

(1)~ Appropriate aiy ratio and standard for the ratio

Glass is melt at a high temperature of approx. 1,500°C. At such a high
temperature, heat transfer through radiation plays a dominating role. The quantity of
heat Q radiated from an object at absolute temperature T K to an object at absolute

temperature T2K, is exprched by the following equation:

Q 488 ¢ {(“—-~) ) } kealfn’h -

IOO
dlue €is wnhm the range of 0. 510 0.8 in terms of flame from heavy oil. This

'equatson s suggeshve of a fact that the higher the flame temperature, the higher the

heat transfer value becomes. Since the flame temperature is decreased in ploporuon
with anincrease in the eXCess air volume itis requued to lower the air ratio to such an
extent that an incomplete burning should not occur. _
_ Next it 15 imporiant to reduce the exhaust gas amount because even a

combustion exhaust gas-after the recovery of waste heat is still at approx. 500°C.

Suppose that the actual wet exhaust gasamount is G, the theoretical wet exhau‘;f
gas amount Go, the theoretical air volume Ao and the air ratio m. Then the following
equation will be established. o
G= Go+ (m— I} Ao m*N/kg — fuel

Thus a reductios: of the air ratio is helpful for minimizing the exhaust gas

amount. The Go and Ao values should bé calculated based on a fuel composition. Ina

similar way, however, it is possible-to obtain the Go and Ao values by an equation of

Table: 11-1-28 (Rosin equation) based on the fuel calorific value Hlkcal/kg. The
calorific value of each different kind of fuel is as shown'in Table 1§1-1-29.

When the exhaust gas amount has been reduced from G, to G, as a result of an
improvement of ‘the air ratio, the exhaust gas amount is further decreased by a

decrease in the fuel gquantity caused by a reduction of the exhaust gas loss. In this case,

- the fuel conservation rate will be as shown by the following equation:

(2
!OOR (l ——
oL . H G )
‘Fuel conservation rate =— w——w——a———m
' 100 — R
G

(R means the exhaust gas loss percentage prior to modification)
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Rélationship between low calorific value HE and Go, Ao (by Rosin)

'1\0

Fuel Go
:l(;:;d -f:z:‘iikg. f‘;el) —O_i%?igg *165m ""M’ fuel | 110%)6%2 + 0.5 m'w/ kg fuct
(L}iI(:Eu:idkrcuai’kg. fuel) _1‘1{‘1‘;:5 m’..w‘ kg fuel . 0_1_%5% + 2.0 w's/kg fuel
e e
ot ol LA g | S s

Table II1—1-29

Calo_rific'v'alue of fuel {(Low calovific value :Hl) o

Solid fuel Bituminous coal 5,800 td 8,000 kealjkg
Lignite 2,500 to 5,500 keal/kg
Coke 6,500 to 7,000 kealfkg
Liquid fuel Keroséns 10,400 keal/kg
Light oil 10,300 "
Total range of heavy oils -9,850 "
“A” heavy oil 10,200 "
“B” heavy oil 9,900 "
“(" heavy oil 9,_750 - o
o ' 9000 10 :
Gaseous fuel Natural gas 11,000 kca]/ m’ v
Propane 22,350 keal/m’y
Butane 29,610 keal/m'y

A measurement of the tank kiln in Japan revealed that the fuel consumptton was
the least wnhmthe rangeof m=1,07to |.16. In the Kingdom of Thailand, 2factor1es '
of the total 4 were within this range According to the standard set by the notification

of the Japancsc govcmment the guide tine for air ratio control inthe continuous glass
' meltmg kiln is set at 1.3 :

T As for air for burnmg, in addmon to. the prlmary air conducted to the burner for
atomlzmg heavy oil, prehcalcd air for burmnﬂ and air ml: usion from the openmg are
pomied ouf. It 18 dlfﬁcult lo duectly mcasurc the volumc of air for burning. Therefore,

_ itis obtamed by measurmg an oxygen conccntranon ora carbon d10x1de concentra—

 tion in the exhaust gas ‘and lhcn ca]culatmg matcr:al balancc ln case the mtrogen
contem of fuel is sm'sl! and completcly burned and the nitrogen content of air for
bummg is equwalent to 79%, the follow:ng equation is established:



Where,

21

~(02)

(0 TR s

. (€02 max_
{COx)

© L 1L,867C
_ (CO;) max = -*—E_MX 100%

(G'o = Go — (I 1.2 h+ 1.244W)

W: represents kg of moisture in [ kg of fuel.
.C: represents kg of carbon in [ kg of fuel.

he i‘epresents 'kg of hy_drbgen in I kg of fuel.

Oxygen concentration in the exhaust gas %

CO; concentration in the exhaust gas %
maximum CO; concentration
in the theoretical dry exhaust gas %

The-following value may be used as a value of (CO;) max. Coal 18. 5%, heavy oil

[5.7%. natural gas [2% and LPG 14.5%.

- In order to maintain an appropriate air ratio, attention needs to be given to the

- following items:

‘Maintenance of appropnate fuel oil temperature.

~ Preheat the fuel so that it may fall within the viscosity range of 20 to 45 cst. It is

necessary to preheat heavy oil at 80 to 100°C as shown in Fig. 1i-1-22.

000 -
S ;-;.
oIt is p0551ble to trans er by pump z

;/..‘ /

Burning

Scope of suitable for For

.:.uf;:—- 4= =~

.-E\_-;

Kinematic
Visgosity{cSt)

7T'

(IRLS

! 05|_J‘r A

¢ 20

o Temperature co
Fig, HI-1-22

fnspection and tune-up of burners.

~ Inspect and tune-up the burner on the following so that burning equipment may

function normally.
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o

(.loggmg of oil strainer,

@

Clogging, wear and mounting condition of bmmr llp

Holding direction of the burner and distance from burner tile.

* Damage and carbon deposit on burner tile,

©

01l leaks from oil valves and pipe joints.

<) Mamtenancc of approprlate air pressure for atomization.

2)

Adjuql so that the air pressure may keep the specified ievel by bumel
d) _ PIE\’CHIIOH of air intrusion _

The air suction from the dog house, burner suuoun(hngs pecphole. ctc notonly

hclps increase the exhaust gas amount but also lowers the intrakiln temperature

because of the low temperature of the said air, o

In order to minimize the intruding air votume, the following procedures should

be taken: '

» Reduce the opening dimensions. For instance, make sure that the walljomts
are clogged perfectly, minimize a clearance around the burner, by water
cooling of burner seal the dog hiouse with batch,

¢ Maintain an appropriate kiln pressure by adjusting the ddmper

e} Control :

Control the sccondary air volume in pmportmn to the fuel volume. The

proportlonal control is also computerized for further precise control including

the adjustment of an oxygen concentration in the exhaust gas, compensation of

sec.o.nd.ary air__lé_mpcraturc fluctuations, etc. .

f)  Selection of burner - . _ . o _
Determine the appropriate number and capacity of burners according to the
shape and size of kiln. In addition, select the burner of such a type asto maintain
stable combustion, cven if the low-temperature primary air volume were small.
Récemly, natural'ga_'s hbegantobe us’é_:d for fuel atomization instead of air. In this
. case, it was reported. that the unit fuel c‘o'ns-qu_mption rate had been improved by
approx. 2%. ' _ . . _
Reinforcement of irjsu:lation and standard for édloplti()n‘ :

Refractories of the melt'mg tank are under extremely sev‘et‘e conditions in terms

oftemperature and eros:on bya chargcd materla] So far no sufflclent heat insulation

“was prov:ded and (he brmks of surface [evel of moltcn glass also was air-cooled.

- However, asis apparent from the heat balance chart the heat release from the kitn wall

accounts foralarge percentage of the totat loss T hereforc a hlgher insulation effect is
nowbemgsoughtbyusmg hlgh qualrty rcftactorses Thatls the supcrduty silica brick
contammg a low percentage of aIkall or alumma i used. for the ceiling, and the

electrocast brick of alumma znrcoma and sﬂtca 18 used as ]mlng for'the side walls and

Kiln ﬂoor t,xternally covered by rcfractory bnck insulating brick or cemtnlc flbm
Comparcd with thc kiln ofthc conventmnai hrick constructlon type, these kilns having

‘a hlgh_er msu_lat_i,on effect showed, in a_ccrtam ¢dse, a decrease in the external surface

- temperature of the side walls from 304 to 173°C and a decrease in a heat release
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amount from 6,152 keal/ m’h to 2,092 keal/ m?h. The case ‘0'1‘ measurement of a newly

built tank in Japan‘is shown in Table 111-1-30.

Table HI-1—-30  Ainouit of heat relcase of médem-type kiln

Spot whera hoat is released. " Amount of heat release
Coiling of melting furnace - . L0350 keal/m® h
Bottom of meitiﬂ’g furnace - . L9000
Sides of melting furnace ' 2,020

~ Ceiling of regenerator . o 920

The standard for'h'eat insulation on the newly built industrial kiln published by
the Japanesc gOYCI'llﬁlcnt shows a referential value for the external surface tempera-
ture of the kiln walls by intrakiln temperature. However, as to the kiln at higher than |

e l,300_°C ofintrakilﬁt'emperature, a uniform referential value is notindicated because
the problem “erosion of kiln-material™ is involved. 1n addition, for the same reason,
" the kiln whose walls are forcibly coaled is not subjected to the sm'n.dard,.

Accordingly, inthe Ki'ngdom of Thaila nd-, it seems to be some pfoblcms involved
insetting a uniform standard ) Only as far as newly established kilns are concerned and
also excluding some parts susceptible of erosion, the surface temperature of the kiln
walls shall be setat lower than 200° Casa standard when the atmospheric temperature
stands at 30°C. 7 o

The reg'enemtor is, in many cases, thermally insulated with rock wool sprayed on
the external surface, because'its insulation conditions are less severe than the kiln’s. It
is suggested that a standard for surface temperature be sel when it gets possible to

. insulate by glass wool economically in the Kingdom of Thailand. . ‘
n Récwery of waste h_eat and standard for the recovery

Since the melting tank requires high temiﬁcr_éturcs, the waste heat of combustion

exhau'_s't'gas i$ re_cycled for prehea_ting the secondary air for burning. As a waste heat
. recovery device, either the regenerator or the recuperator is employed. However,
éxccpt for the small size kiln, generally the régcn:crator is used.

The rate of heat recovery at the regenérator_. tan be impr'ove__d by reducing the
thickness of a chéckc’r brick, f:'_x_pediti'ng the velocity of gas running between checker
bricks and increasing a checker amount with a taller regéncrator'providcd (refer to
F’ig. 1I-1-23 and Fig. 111-1-24). Normally, the secondary air is preheated at approx,
1,250 to 1,300°C. If lhé_checker brick is'used for a long time, it would coliapse by a
reaction with dust in exhaust gas, resulting in the clogging 6f a 'clearance and the
subsequém diminishing of heat exchange area. For this reason, bricks of highly

corrosion proof gquality are used to match the {ife of the rhelting tank.
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Height of checker (m)
N

3 —— 7
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CAir preheatmg temperature ( C)

an 1--1-23 Rehnonshlp between height of (.hecker
and air preheating temperature

KL o

Sensible heat of exhaust gas
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Amoum of exhaust gas[chcckér volume m’yf h.m?

Fig. III 1—24  Relatianship between amount of Exhaust g'is/Checker vo!ume and
sensible heat of exhaust gas .

As to the recuperator the radiation type free from dust clogging is cxtenswely
used The mulu céramic tube type is ‘also empioyed A certain type can be proof an
exhaust gas tem_perature of dpprox. !,500" C, butrt_he preheated air temperature is

-800°C max. or a low'lieat recovery rate. Despite this fact; equipment cost is low and
g 'large spéc’e’ is not féquiredLTheréforc, _the?-récupt:rato'r.'is used for the sm_a'll capacity
_tank e . S

To makc sure that the usc of 4 preheated atr is ‘maximized, iti§ necessary 1o
minimize the pnmary air volurne at’ a low temperature or the intrusion air volume
‘ -'frum the opemng ‘as far as possﬁ)le In addmon sufficient insulation needs to be
-_apphed so that' the :empcrature of prcheatcd air may not drop

As the recovery rate for waste heat is almost deletmmed by equipmeit, only the
O new klln :s ehglble for the standard when lt is established. Besides the waste heat
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reCOvery cquip.m'ent for the glass melting tank requires large space which is a
bottleneck for increasing the wastc heat recovery rate. When setting the standard,

these points nced to be considered. - _

_ Under the sland‘ud in Japan f01 thc Kiln whose exhaust gds tcmpc!alurc at the

kiln outlct exceeds 1, 000°C the standatd waste heat recovery rate s sel as follows:
4095 for the rated capacity of more than 20 % 10° kcal}h, 30% forthat of 51020 X 108

kcal/ b and 259% for that of not more than 5 X 10° kcalfh.

In ad'diti'(')n under this standard, the kiln having a rated capacity of not more
th‘m 1% 108 kcal/h or not exceeding {,000 howrs of annual operating time is not
eligible.

In the cas.e of the ngdom of Thalldnd all the regencratms ‘excepting the
metallic recupe[amr have satisfied the above- mennoned values. Therefore, it is

suggested that the standard be establlshed based on these values.

. (4) C‘ompoundmg of Iaw materials

The high compoundmg rate of cultet orlime to such an extent that it does not
affect the quality of the finished product adversely can reduce a mcltmg energy. The
_relationship between the culiet addition rate and the required heat is shown in Table

[i-1-31 and Table 11-1-24. -~ . |
Table III—i-—31  Heat required for production of various kinds of glass at

1,400° C and pull temperatures
('Iheorencal value), ¢

Heat required for mélting giass q
e : Temperature . (kcal/kg glass) ]
Kind of glass °C ' Cullet addition rate %
: E ‘ 0 20 40 60 g0 | 100
R R ER AR R
Tabl . 1,400 | 576 543 510 477 444 | 411
ableware glass 1,250 530 | 497 | 464 | 431 | 398 | 365
o 1,400 | 666 | 615 | 563 | 512 | 460 | 409
eet glass 1,150 571 | 520 | 468 | 417 | 365 | 314
Liborat o 1,400 508 | 482 | 455 | 420 | 402 | 376
aboratoty apphances 1,300 | 477 | 451 | 424 | 398 | 371 | 345
Load o 1,400 496 | 472 | 448 | 424 | 400 | 376
eac glass 1,100 391 { 367 | 343 | 319 | 295 | 271

F‘of your reference, the use ratio of.cullct in the Japanese bottle manufacturing
industry was 42% in 1982. In the case of a diagnosed factory in the Kingdom of
Thailand, the cullct consumption ran as high as 40 to 80%. The cullet compounding

ratio has something to do with cullet availability and the quallty standard of finished
product. Therefore, a umform standard cannot be estabhshed Efforts to increase
should be made mdependemly by each factory

The clanfymg agent if used, will shorten the clarifying t1mc resuitmg inenergy
conservation. 1t is necessary to select the type and quantity of raw material according

to the conditioﬁ of the tank.
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—
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Fuel decrease rate (%)
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1

020 3 40 50 _
Consumption rate for cullet (against the weight of finished product}{%)
Based on the c.,onsumpuon percentage of L0% for cullet,

F;g. M—1-25 Consumptwn rate for cullet and fuel saving rate

(5) Electromelting

As glass becomes a conductor at 8¢0°C, this method is to insert an electrode into
the melting tank and directly heat glass through its electrification. This method used as
an aumharv means for the heavy oil heatmf, kiln to increase the puil or ad;ust the
intrakiln temperature, is called “booster”. Power consumption required forincreasing
the pull by more than | ton per day is Approx. 29 kw. Subhoéing that the efficiency of
conversion from heavy oil to electric power is 35%, then the booster used will help save
the energy, if the unit fuel consumption rate is mote than 175/ ton,

Table 111-1-32 shows an example of a heat oytput ratio of the electric melting .
kiln. Electric melting is sometimes economical even after considering ¢nergy cost and
incidental fac:lmcs when it comes to the small size tank. In addition ‘the electric
.mLIlm;_, tank is ch'lraclcmllc of causing less air poliutmn connol!mg temperature

~easily and producing high-quality products.

Table III--1-32  Heat output ratio of-_electric melting furnace

Heat qﬁtp_ut Ratio : Heat Quiput  Ratio
kealfy - . . ket P
Heat rélease from - : R - ‘
ceiling. _ 28 .{0.07) :Ceﬂmg 1,800 2
Heat release from Cspsn Side wall 10,700 15 30
furnace bottom ’ A Lo ' . :
e e £ S Bottom ] ] 9,300 13
eat release from . . :

throat side wall S 5'200 T T
Cther walls S 7 550 ' g(:c,:%%:d,t?r tor L 1400 2 2

Total . . 18961, 441 )‘Calnnt"c value rcquued ' 2 :200 ' 3
IR el ] : - ' “for vitrifiéation R : } 68
t{;‘;sgt‘e’g'tf;ﬂg:’ °°_°““.g '1'0,45'5 243 | Souing temp.ofglass 46,600 65
Forgiassheatmg S aasse < 3n6 o Tewi 72,000 100 300

(Capac:w'ISO kg pullquantuyfl()(} kg/dnv} A -(Pu.ll'qunnliiy'él') t/day}

G422 Forehearth _ _ C
This s a- tank for adjustmg the glass 1cmperature to fit. bOi‘t]L manufacturm;:
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operation. As is the same as the r'nc'itil'lg tan'k‘.air ratio control and installation of high-
efficiency insulation are items for energy saving COUNLEr-measures.

Of these items, air ratio control requires our attention regarding the numerous number
of burners and the use of air for cooling and other points. It is considered that cooling by

stirting and the adoption of electric heating will be effective for energy conservation.

4.2.3 Anneahng fumace
| In the casc of dlagnosed factories in the. Klngdom of Thaildand,. all were of the
cont_inuous typf, (Lch:) 50 explanauon is made of this type only.
(_lj lncreaee in heqt brought in |
The tcmpc:ature of the finished product that has been molded is at hlgher than
600° C. Thercfou., if this heat is brought into the annealmg furnace without any heat
release, heating is almost uh'neceswry. In order to realize this measure,
¢ the distance bctween the molding machine and the annealing furnace shall be
short_ened‘ ' ' ' .
e the finished pnodu'ct-pas.sing'thro_ugh the molding machinc shall promptly be ioaded.
into the annéaling furnace
{2) Prevention of héa'i_re’leﬁse and standard
Whileata hi'gh icmp’era_ture level, the finished product needs to be slowly cooled.
So give éttentioh to the fdl!owing points:
° 'lnsulatlon measune for the hot part and prevention of hot air leakage.
® Rnstrlctlon of cold air intrusion from the charging port.
e Kiln cross-section shape mat_chmg the size and output of finished product.
\J Charging finished products densely.
The external wall lempérature of the hot part shall be 100°C of standard
tehiperéture at 30°C of _amb:ient temperature, '
(3)  High efficiency-type kiln
s 'Adop.tion of the direct Heating method.
.o Forced cxrculatzon of- mtr“lklln ot air. _
L] Rcductlon of heat capamty of mesh belt (weight reduction per umt area)
e Preheating of return mesh belt by waste heat (intrakiln return of belt),
"l‘.h'e fOiJO\a’iilg is an example of an unexpectedly high hcat requirement for
heatling a mesh belt. | '
Finished product processmg quantzly 630 kg/ h
Average specific heat of fmlshed product: 0.252
Temperature at which finis.hed product is loaded into the annealing furnace:
400°C R
* Anncaling temperature: 550°C" . .
In this case,_tht: heat requirement for'préduct is: Q1 =0.252 X (550 — 400) X 630
= 23,814 (kcal/h) '
Suppose that the alorementioned finished product is carried into the furnace by
means of 1,500-mm belt. Then
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‘Belt weight: 20 kg/m® . . .

Belt h"c\velling spccd: 38(} mim/ min, |

Tcmperaturc'before running into the furnace: 15° C ambient temp.

Max. lcnipei‘ﬂture inside the kiln: 550°C

Average specific heat: 0. 132,

In this case, the heat mql.nrcment Q fo: heatm;:, the belt will be:
Q:=0.132X (S‘:{) =I5 X200 X038 X 15X 60 = 48,_304_(1_(&1_5[11) . _

More than double the heat required for heating the finished product is consumed
for héating the belt. Tn order to'save this, the con_cci\'abl'c_ way will be to narrow the .
wire diameter of the belt or widen the pitch of the wire, thus re'(fuéing the weight per
unit area of this belt, _ o , '

The onit fuci _coﬁsumpt.ion rate of the annealing furnace changes significantly
depending on the charging témpcrature, shape, thickness of [inished product and
frequency of variation, operating time, processing amount; type of {urnace; etc. For
instance, to look at a few examples in Jépan‘ most of the furnace are within the range
of 380 to 830 keal/ kg withregard to the unit-fuelconsumption'ra(c. However, a certain
rype of the large-size kiln has an extremely low fuel consumption such as 50 keai/kg.

4.2.4 Reduction of weight of finished product
Decrease of the gldss quantity required for manufacturing a fixed number of finished
products is helpful for the reduction of manufacturing energy. For the maintenance of bottle
strength with a small amount of glass, it-is required to carry out the following:
Improvement of shape design, thickness distribution, thorough surface treatment,

severe management of manufacturing condition, etc..

42.5 Enhancement of productivity. R
Glass bottle manufacturing is a hot temperature. operation, so. that even during
production suspénsion, a large quantity of heat is consumed. Accordingly, it is necessary to
prevcnt'ihe interruption of operation by trouble, shorténing ofa mould replacement time for
the molding machmc and reduction of mould changlng ftequency _ o
Further, in the glass melting tank, the fixed heat loss ratio is hngh sothat the larger the
output, the lower the umt fuel consumptlon raté becomes. Therefore, efforts should be made

to increase the output whlle preventing qualuy degradation by promoting an lnt!_dkllﬂ stirr ing.

426 Prevention of defecuve product : _ : _

If the flmshed product is defectwc and -as such, is recycled 1nto faw material as an
' off~spec product ali the energy spent duung the’ productlon will be waslcfu] Thercfo:e the
pmd UCUOH ofdefechve products must be prevented by contro]lmg the quality ofraw matcual
"operatmg condmons of each manufacturmg process, and maintaining. equipmenl in sccure

condition.
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.- Character of Guide Line
F111<; Gu:dc, Ling is a summary of technical matters considered important for the
prdmouon of energy saving ai the factories of the | paper industriecs. The Guide Line is to be
used for the YOIIO\ving pur'po'sés '
1) '( b As technical refercnce for factmy 3 eng,mecrs when théy plan to rationalize
| use of energy in the factory '
{2y As a dlagnomc gmd'mce manual, _
(3) As :cfc:cmlal data for delermmmg ‘the pr ogless ot tat;onalwat:on
(4) As a text for semmars
2) ' - chcupt:vc level which should be understandable by engineers havingonly 4 to
yems ¢xperience ofaclual service after college graduation, but not actually wmkmg in’
the subjcct ind ustries. _ S ' S
3) In co_ns:dcratlo_n of the present ind ustrial status of the Kin:gdom'of Thailand, the
descriptive coverage is limited to the process-related matters of the factories which we
diagnosed. Also ‘the 'basi'c items and numerical values regafding this process —energy-
:savmg techmqucs and referential instances or actual records — are described. o
{ti is hopcd that the Guide Line prepared here will be further supplemented and
substantlated by the addition of mformatlon obtamed in fu{ure through NEA’s own
-factory diagnosis and other means. ' C _
For mform_atlon, the Guide Line contains standard values pub.lis'hed by the
Japénesé Gové_rnmelit (Ministry of International Trade and Industry) as a basis for
judge_méht in promaoting enefgy saving for factory managers through its notification.
(D The sta’n_dard vé_'l'ué:s are the most frequent values (refer to Fig. I111-2-1) of
statistical distributions of numerous examples As such they repfesent a realistic level

for factory managcr's to attain ‘without dlfficu}ty from the technical and economic

points of view.

Maost frequent value = standard value

Frequency

Level

Fig, M-2—1
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(2} The standard values do net necessarily rcprf_:sénl the . values \_Viii_(:h factory
managers sho_uld. be satisfied with after reaching them and also the minimum values
which it must reach by all means. These values are réllhcr those designcd to improve

‘the inferior \'alue toward an welag,e level, thus shlftmg, the whole dlsmbutlon of
valuesintoa better direction. Theretore, the most frcquent value will be rcsoughl and a
new standard value established after the elapse of a ceftain pcnod

The standard value establishment plan described. in the rcport was prepared
based on these standard values considering thc present industrial status of the
Kingdom of Thailand. _ ' | ' _

These standard values w1!l be a stmtmg pomt for the establ:shmenl of standcnd
values {or the rationalization of energy use in 1_r_1d_ust1y of the Kingdom of Thailand. It
15 recomme’ndéd that the Kingd om of Thailand itself accumulates data during factory
diagnosis to be put into praétiée, and evaluates it periodically and revises or newly

cstablishes standard values.
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_ 2., Characteristics of Energy Consumption
Manufactuting process and main equipment

The flow of the paper making process is as shown in Fig. Ill—u2 Fig.

Paper as circulation loss

Coarse mesh

Pulp/”' P'u.l? : b Sa_nd se’parato; - o || Concentrater ‘1
Reliner Mixi Cyclone Fi b A _
o g - separator ow box . - ire part —]
L1 Press part [~ Dryerpart — Calender ~ |— Cutter
Fig. 1I-2-2

- In order to make woodén fiber sheéts.'the fiber is carefully selecled and beaten in

preprocessing procedures and is gradually dchydrated in uniform dispersed condition. In the

final stage, moisture approx twice as. much is evaporated and dehydrated by steam. This

paper making industry is a large-scale equlpped industry. In addition to electric power for

driving the equipment, this industry uses 500 to 1,000-tons of water pef ton of paper. Also an

enormous amount of electric power 1s required for moving this water. ThlS is one of the

reasons why the paper makmg mdustry is an-industry consuming a large amount of encrgy.

2.11

Press part

(1) - Theory of water squeezing on the press

Water'squeezing'on the press is carried out by passing wet paper through the

L weigﬁted nip formed by two pieces of pressroll together with felt as a water squeezing

medium. The reason why felt is used is that has:a capillary structure, elasticity and

surfacial flexibility. The number and configllratiOn of presses used vary according to 7
the paper machine. However, the long net paper machine having 2 to 3 sets of presses is

‘generally most popular. However, recently the squeezing capacity of the press has

been increased and the number of pressing steps has shown a tendency to decrease,

following the development of new techno!ogies‘for the past few years.. :

As basic éypes of press, the following two types arc available: 1) the historically
‘oldest plane roll type provided with a combination of a top rollusing granite, etc. and
an elastic boftom roll having an approx. 25 mm-thick rubber wound around an iron
core; and 2), the suction press- type -pi‘ovided with Watcr‘squeez’ing' and suction
functions by perfo:atmg numerous suction holes of 6 to7- ~-mim diameter on the rubber
surface of the bottom roll and setting a fixed suct;on box in the roll. The debut of the
suction press has played an important role in 1mprovmg the sheet making rate.

Th_ere are a few water squéézin_g theories for the press. However, intheage of the
plane press, it was theorized that the wet paper and.b_la'hket are compressed by the
press and the blanket begins to expand when passing past the center of the nip and,
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simultancously, moisture contained 'in the paper is transferred to the blanket. Yet
during the suction press age, a theory as shown in Fig. 111-2-3 was advocated.

Céuter_ of nipy

Moisture
saturation' zone

o SO SO Moisture transferred

et
PN . - - b LUt SN
“ .

X

NN \ N \‘-\\ from wef paper to blanket,

Moisture ejected from
blanket to the cutside -

/g}ttom roll .

Fig. 1II-2—3 = Water mmovement in press nip

As the compression goes further, moisture in the paper gradually reaches a
saturation point. Following the increase of density in the sheet, a fluid pressure is
generated, causing a differential pressui‘e between the unsaturated blanket and the
paper. Thus the moisture moves from the paper td the blanket.

If the rotation is advanced and the compression increased, the blanket isalsoina
saturated state, and the squeezed surplus Water-- is flooded over and sucked into the
decompressed suction hole. | ' '

In the plane press age, the sheet maklng rate was l;m:ted because of wet sheet
‘crushing occurring in the press. However, this limit was eliminated by the develop-
ment of the suction press method,_ making the high-=speed shecl making process
possible. RevieWing this situation, it is considered that the excess overflowing water in
the press nip should have _be,en're'sponsiblc for wet sheet crushing. The suction press is
very.effective for increased pressure application as well as for Eﬁ'crea’sing the sheet
makmg SpCed Thus it may well ‘bc an equipment contnbuung toward energy
conscrvation, . :

Ad}ustmcnt of. monstu;e in wet shcet and moisture dlslrsbuuon
~If the moxsture content after prec;smg could be. decredscd that wouid be quite
useies*; unless an uneven mmsturc dlsmbut;on inthe wndth dtrcctmn is unproved The
factors for adjustmg the" mo;sture distribution in. the width. direction is graphically
descr:bed as shown in: Fig, 111-2-4.
W1t11 regald to these. fac!ors make sure that the- followmg are periodically’
checked o _
L Measurement of moisture contcnt in the width direction.
‘e Measurement of press nip pressure in the width direction,
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® Crown and hardness of roll.
The moisture content is normally measured in the w1dth of the paper machine. It

is reccommended, however, that the measurement be made at an interval ofapprox. 10

cm.
Molisture distribution "+ Resistance in water
in press inlet sequeezing Blankel
_ Suction | : . _Blanket line
Wire Table bg; on Clogging (guide line)
.- Shower 3 Vacuum Vacuun: :
Texture ' washer A Bend -
. ] . i Sucti
Flow box ~Doctor _ Closging P:]ecssmn
Couch rolt Fouling nf_A‘ﬁ.7
smoothing bianket . . e
- Shower Equalize water distribution
Biess rolt Cugve . of wet paper,

crown
: . Degres of
Thickness grown

Hardnoss of ~Unevenness and scar
press rofl rubber -

Temp.

vatiation Surlace of press roll

Weéar of
blanket .
Blasticity Contdet Equal left/right
point Press load
Distribution of

PIess pressure
Fig. IlI-2—4  Chart for characteristic factors

The nip pressﬁre means a pfessuri: generated per unit area, but not a linear
pressure. If the same linear pressure ioad 18 dpplled to a soft rubber roll and a hard
rubber roll; the width of the contdct part of the soft rubber roll becomes larger than
that of the hard rubber roll. On the other hand, the nip pressure per unit area (average)

_of the hard rubber roli becomes higher than that of the soft rubber roll.

Since it is the pressure per unit area that controls water'squ.cezing, the nip width
generated by the contact deformation of the roll is also as important as the linear
pressure. . _ '

1f_.pressﬁré: applied to the rollis ch'anged, tl_le.nip width will change in proportion
to the squafe root of the nip pressure as shown in Fig. I11-2-5. Accordingly, the change
of the linear pressure on the same f.:ond'itions signifies the change of the average nip
pfessure as follows:

- Py =
A kv/Pr eVEL

P - average nip pressure

P, : linear pressure

K.k’ : constant _ _ o _

Based on the above, if the tinear pressure is doubled, the pressure per unit area
with a water squeezing cffect will be only 1.4 times as much.

Under a constant linear pressure, the nip width is increased or decreased in



Nip width {(inch)
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proportion to the rubber hardness indicated by the P&J hardness (refer to Fig.
11-2-6).

P& =144

y P = Nip pressure (Ebfinch)
v P = 156
s V';gs s / P =195
76 b ]
. . _ /1/62 iy . ‘ p . / £ = a4
i o ] ) AL . )
1.8 / ' %//‘ 5 5 10 1'// // £ =100
; v ,//’ ] As & T
14— / Vé 2 1ehbed a - /39 iy P = 64
. e / b= ' P .
o~ A LRt
0.2 xﬁj/ | 04 ol
7 4 6 8 10 12 1406 5 20 T 20 40 60 80 10D 120 140 160 180
Nip pressure (£byin) : Hardness of rubber {P & §)
P&ET ( pllSBY & Jones Plastometer ) .
Fig. HI-2-5 Nip pressure and nip width Fig. {I-2—6  Nip width and rubber hardness

- The nip width has to do with the diameter of the roll. The smaller the diameter of
the roll, the smaller the nip width. In addition, the _nip.width varies‘éccordi‘ng to'the
sheet making specd. If the sheet making speed is increased under the same conditions,
the nip width is reduced. The nip width also changes dependmg on the thickness of
rubber and is p:oporllonal to the thxckness of coat.

The hardnessand thick ness of rubber must be selected considering sheet making
quality, sheet makingspeed, machine width, eqﬁipment‘strength, roll' material quality,
etc. When studying the selection, it is suggested that an experienced specialist
manufacturer be consulted for opinions, and sufficient discussions with him be carried
out. Necessary data such as moisture distribution, nip pressure condition, erown,
paper quality (thickness, density; tension, tear, air permeability) must always be
collected for use at any time. '

A Hardness of rubber roll .
" There are a variety of ways to measure the hardness of rubber roll. ln Japan the
.sprmg system hardness testers Model A-and Mode! C and the constant load system
Pusay Johins type hardness tester are. available under JIS(K6301): In addition, the
-Shore hardness tester Model .A is available. Regarding the referential value of rubber

 hardness of rolls used for the paper machine, data furmshed by the thh Co. are

shown in Table 111-2-1.

_ The hardness of rubber-roll- if left alone, Sh‘OWS an increa'se'of'apprex 2° on

. account of the oxidation.of xts surfac&al layer The press roll shows a change in the

' hardness of its surfacial layer aftera long tlme of use. The roll may sometimes become
softorhard dependmg onits materlals The change of ribber hardness by temperature
is eomparanvely significant; the higher the temperature ‘becomes, “the lower the

- __hardness Although the difference is sngmﬁcant accordlng to the kind of rubber, the
 difference of rubber hardness_generated is approx. 3 to 5° at a temperature difference
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of 50°C. Accordingly, it is necessary to designate a temperature during the

measurement when the hardness is designated.

Table 1I-2—1 Kind and hardness of rolls

B)

No Kind of roll | Hardness by Pusey & Jones
. oL : 1/8" sphere
1 Pressed roll ' 5~10
2 “Table roll | 0~5
3 Wire roll - ‘ : ' : 0~5
4 ' Lam-p roll for suction couch 180~200
5 Lower roli for the first press _ 65~70
6 Lower roll for the second press 60~65
7 Lower rolt for the third press | | | 50~55
8 Lower roll for the 4th press | 4045
9 Suction pressroll 28~32
10 Upper roll for ringer plane press ' 10~15
11 Lower roll for.rmger plane press 70~75
12 Uppér roll for ringer suction press 60~65
13 Suction roll for ringer suétion press 28~32
14 Wet felt roll : 0~5
15 Transfer roll and draw roll : 0~5
‘16 Paper roll 0~3
17 Top roll for offset press ' 30~40
18 Pressed rolls for cylinder dryer and yankee diyer 25~30
19 Gloss _press roll for yankee dryer 25~30
- 20 Suction touch roll for yankee dryer 28~30
21 Coating 6r_size press roli '
Roll 'o;” high hardness 5~40
R()ll of low hardness o 30~50
Quoted literature: Voith Tech Bellage 1966 5. 45
| Check-on the crown

It is not exaggerating to mehtidn that the stableness of operation of the paper
machine and product quality can almost be achieved by the scheduled grinding of
rolls, It is nccesaary to regrmdmg the rubber-coated suction roll every 3 to 6 months
considering the ha:dncss of rubber or the pressure of press nip. The rubber roll should
be used by repcatmg its grlndmg until. the thickness is 13 to 15 mm.

When carrying out the grinding, consider the crown. The roll is in the form of a
beam whose ¢nds are ‘supported, so it sags by its own weight. To think of a pair of

upper and lower press rolls, the lower roll is curved downward by its own weight. In
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the meantime, although the upper roll sags downward by its own '\ilcig}it, it is curved
upward asa whole, because the upward sag caused by a load applicd on the journals of
both ends is generally more significant (refer to Fig. 111-2-7),
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When a3} the crown is not When the crown is nommal, Whin a)-the crewn is:very
attached at all or b) the the nip has a rectangular farge and b) the crown & a
crown is small, the nip has a width. .. little Jarge, the nip is wide in
large widik on both erds, the middile,

Fig. lI-2—-7  Crown and nip width

Consequently, the ceuter-c‘reafes a clearance, if both ends of the roll tightly
adhere to the core. Padding for filling this clearance is called “crown”,

If the crown is inappropriate, it is impossible to obtain a uniform ﬁip pressure
acrosé the width. Asa simple visual determination way for the crown state, insert the
undermentioned objects bet".veen_the rolls and make use of their marks or traces.

a. . Carbon and fracing paper

b. ' Pressure- sensntwe paper products manufactured by Fuji Flim Inc. and

soid on the market.

c. Alummmm fonl with embossed surface _

o Phce any nf lhese on fhe lower roltand apply pressure s0 that both cnds of the
upper rol! mav touch the lower roll 51muilancousiy if the upper roll is raised,
' .exceptmg a 10ad the mp w1ll bc rccorded across the cmm: width.
o Ifa narrow mark appears al one s:dc m addtuon to the mark as shown in Flg
- III 2«/ lhdl means that a load on the front back is not umform or lhe roil is dcwaung
-out of its. ught posmon o

_ Thc. equanon for galculatmg a crown va!ue bd‘;ed on thc markcd mp wudth is as
_'fonows o |
(R ._22'-"'Nl:2'-) (.D:"?.Dz) B

2Dy D;
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C : Crown value to be corrected

Ny @ Nip width at the center of roll marked

N, i Nip width at both ends of roll marked

D, : Diameter of upper roll

D, : ‘Diameter of lower roll

1f thé'diéme’lé_rs of the upper and lower rolls are the same, the following equation
is cstablished:

C:N%%E-*N[?
. D .

f the (,alcu!ati'on showed a negative result, that signifies the necessity to reduce
the crown value by this: negatwe amount. Here attention should be gwen to the fact
that the difference of —Tﬁ—- of the nip width appears as a change of 1000 Qf the
crown. When measuring the nip width, be eéxtremely careful about the selection of
pressufe-sensitive malterials which print a cléar mark because it is necessary to read the

mark correctly.

2.1.2  Removal of foreign matter (aduﬁxtu‘re) _
The removal of foreign matter is indispens_able for securing satisfactory quality of
finished pr‘od iict and at the same time, is very.important for achieving energy conservation,
In case the quantity of fore'ign matter is increased, exira energy (power) for the raw
materials is required. to remove it. If the removal of foreign matter is insufficient, the
cdnsumption of steam energy will be increased, or production efficiency will be reduced by the
occurrence of trouble with the manufacturing process.

' \Jeverihe]ess it seems that generally, little concern is given to fo; eign matter from the
vicwpomt of energy conservation. The 1dea.per51stently prevails that in processing raw
materials for paper, foreign matter and admixture are removed by the machinery. Therefore,
little consideration is given to the mixing of stray foreign matter at the stock yard for raw
materials. Used paper should be placed on a pallet or arranged in good order on a well-
maintained concrete floor. Actually, however, such a seerie was sighted that used paper had
been left alone on the ground and no concern was shown abont the soiling of:used paper by tires
or dirty feet. Soiled used paper necessitates extra expense for removal of dirt and, subsequently,
requires increased energy consumption.

_ For the above reasons, a campaign for establishing the undermentioned systems
should be launched.
(Iy -~ - Establishment of the system for management of used paper inventory
~The . persons in charge of materials who purchase used paper materials and
manage the inventory should:
- 4. Try their best to purchase raw materials containing less foreign matter,

b. Arrange the storage vard so that purchased raw materials may be free from

- foreign matter and may not be scattered or degra(led. due to putrefaction.

¢. . Adopta way to prevent raw materials from being lost, contaminated or from

falling down during carrying operation for delivcry to an operating site.
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The manufacturing departmcnl should: _

a, Always instruct the pemons in charge of purchasing materials so that the
purchase of raw materials containing less foreign matter may be made, and data on the
actual status of foreign ‘matter, its samples, cte. be made available periodically for
refcrential purposes. _ ' _ . -

b. Inclose coope\‘at'\on. with cach department of the {actory, display the slogan such
as “don’t step on paper” or “handle pa'per carefully” so that cmp'loy_c,es'may be highly
conscious about the importance of reducing paper loss at the facfory.

c. Place the poster “don’t make brék_e paper” or “broke paper means the proof of
immature paper making technology” at every salient place _sb that employees may
improve their paper making technology. '

(2) ~ Means to remove forgign matfer

Thereare two diffecent types: the dry-type method and the wet- type method, The
dry-type method is an extremely effective method for the selection and removal of
foreign matter dilriﬁg the check on raw materials received.’Uﬁde.r the mechanical
dry-type method, raw materials are crushed by the Shredder,'dusted by the rotary
drum-type duster, and separated from foreign matter by cyclone blast. At present, this
method is not extensively employed, but the wet-type method is more popular. Under
the \Qet-l)'pe-methdd, raw materials are once defiberized by the pulpcr, and suspended
in liquid. Thus foreigﬁ matter is removed by the following means:

a. Pulpei‘ lugger: removes light and long packing string, tatters, etc. by winding

them on a suspension chain. _
Pulpe’rjack' box: removes heavy stone and iron picees. .
Pulper strainer: removes objects which will not easily be defiberized.
High concentration screen: removes heavy objects.

Primary screen: removes fiber which has not been defiberized.

-0 8 oo o

Centricleaner: removes fine and slightly heavy objects (microsand, scale) and
fibrous flocks - '
e. Secondary screen: .removes fibrous-flocks and light splinters; .
From the viewpoint of principle, every one of the above utilizes the differential of

specific gravity and dimension.

{3y Equipment for-'separation by differential in specific gravity

For separatxon by the diffcrcmiai in spccmc gravity, there are two dtffcrent
methods: the precxpltatlon mcthod an the. liguid cyclone rnethod ‘When particles in
water precipztate under the effect of specific gravnty and the upward effects of
buoyancy and ﬂu1d resmtance this phenomcnon is called “free prempitatlon" Ina
_ suspens:on of raw mater:als for paper itis not casy for mdepcndent paruclcs to frccly

_prempntate 50 cohcrant precnpltatlon" should- occur
The Lohes:on amang forelgn matter partlclcs is msxgmﬁcant but fibersareapt to
: be mutually entangled Consequentiy, the prcc:p:tauon separation has to be carried

out in'a iiqmd of low concentration.
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Riffler _ o

The riffler is available as the simplest cquipment. It is called “sand table”, “sand
cdatcher” or “sand trap” and is an effective device for separating metal, sand, etc. The
rifflercan be home-made and less expensive for installation. The most popular type is
of a trough shape haﬂ;i,ng a rectangil!ar crosg-section measuring appro_x..; | min width
and 0.5 m in depth with a baftle provided at the bottom which precipitates particles
moving in the f_low direction under the effect of impact.

-~ This baffle is easily attachable and detachable to allow feasible cleaning, The only
things requiring careful attention are to provide an angle to the baffle so that raw
materials for paper flowing facing do»vnxwards may be turned upward by the baffle,
and to also curve the inverter. _ o

. Suppose that the volume of liquid flowing through the riffler is Q em’/scc. Then

the following equation is established:

Q=V-b-h ,

V : horizontal current velocity (cm/sec)

b . width (cm}

h : water depth (cm)

If the precipitating velocity of particles to be separated is u cm/ sec, the following
conditions are required for the precipitation of particles up to the end of the riffler:

hiu=zd V

Q

“bh
/bh
therefore, hju= ———

uég—
/b

£ length of'trough (cm)

According to the above equz{tions, the surfacial area is to control the separation
threshold regardless of the water depth of the riffler. '

Accordingly; the riffier, although occupying a large area, will be an economical
foreign matter remover, if outdoor space is utilized.

Liquid:cyclone |

A pulp suspension is tangént_ially injccted' under pressure into the upper part of
the cyclone cylinder through the crude liquid inlet. The influent proceeds fotating 1o
the conical part along the cylindrical inner wall and particles of high specific gravity in
the fluid run downstream by centrifugill fo.rce, and mix in the slow stream of the
boundary layer along the circumferential wall. Then these particles are co_ntinuously
discharged from the ejection port. On the other hand, the {luid after separation of the
parﬁclcs is inversed after reaching the lower end and gyrated upward in the center to
flow out the upper center, The following conditions are for the effective sépai'alion of
particles; o ,
The differential in specific gravity between the particle and fluid (pulp
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v.uspensmn) is significant.
b, The centrifugal acceleration is lngh and the miut pressuce is also high (thue isa
" pressure drop in the cleaner). |
c. ~Time Subjéctcd to the centrifugal acceleration is tong (the rcsidiﬁg time in the
cleaner is tohg). | '
d.  The moving distance in thé radiél direction during the'separati'on is short {the
diameter of the cleaner barrel is small). o
e. The concentration of suspension is low. :
{. The inner wall of the cyctone is smooth. The material is less susceptible to wear
and is periodically checked and Teplaced. ; ' o

The separation capacity has to do with the ralio of reject (tall) [low and input
flow. Thisisanimportant pointat wluch attention should be given in the operation of
the liquid cyclone. The elements affecting the flow ratio are dimension and Shape of
the cyclone, its infet pressure, concentration and many others. However, the most
important element is the ratio (Du/ De) of the diameter of tail tube Du and that of
accepting tube De. '

The approximate value of the flow ratio (Rf) when the reject is flowing in an
embrella-shaped spray fashion by the production of an air core in the center of the
cyclone due to the release of tail into the éit_mosbhére as seen in the conventional
centricleancer, is sought by the following equation:

0.95
(Du/De)F1
Generally, Rf ranges from 10 to 30%.

I—Rf=

I the diameter of the tail discharge tube is too large, the leﬁCl volumc is
increased, diminishing the yield. On the contrary, if the diameter of the tail discharge
tube is small, the fluid'ity may sometimes be decrcased on account of the entanglément

of separated foreign matter with some guiantity of fiber, resulting in the clogging of the

pipe‘.-

2.1.3 Dryer part - _
(1) Mechanism fordrying wet paper contammg approx. 60% ofmo:stmc to approx

a 5% level .
' -a. " Bieam injeéted into the dryer cylinder heats the surface of the cylinder and

' becomes condensed, - . S

bl The wet paper iouches thf‘ smooth surface of the heated cylinder-and absorbe
heat effcctlvely dnd umformly over the entire width: Then the tcmpelature of the wet
-papef is mcrcased resultmg in the evaporatxon of moisture.- .

el The wet paper commg in touch with the cylmdcr covcr's approx 65% of the

- Centire externai mrcumference ofthe cylmdcr However, the porous canvas travels on

the extcno: of the wet paper ‘holding down the latter, so the evaporated steam is
condensed mmdc thc canvas. e . .

“d. " The temperature of the canvas conhmmg a condcnsata, soars and conscqucntly '



111-2-13

the parual pressure of the mterml steam also climbs. Then the canvas instantaneously
evapmates moisture absorbed by the former in the frec space from the ¢ylinder to the

- other, N ' .

c. ‘In order to make sure that the moisture cjection action of absorbing, condensing
and releasing steam is carried out éffectively, the canvas must be highly air-permeable,
at high tempelatures and well dried,

f. The wet paper retains a considerably high temperature when passmg from the
cylinder to the free .space. Consequently, its stcam pressure is so high that the
evapor.a“tion action on both surfaces of the paper is very effective with the
accompanying shérp temperature drop.

g The _evaporétion ratc at that time is in proportion to the differential between the
partial pressure of steam in the surface of the paper (almbst matches the saturated
stcam at the temperature of paper surface), and the partial press.urc of steam in the air.
Accordingly, itisa means for improvement of efficiency to reduce the humidity of air
in the surroundings of the paper. |

h. - If a drain condensed inside the cylinder is resident or formed into a water film
ring, the thermal efficiency dréps so that the drain should be disch'a'rged effectively.

Theabovéisa summary explanatlon on the drying mechanism of the dryer part.
It is necessary for effective drying operation to have sufficient knowledge about the

movement of moisture in the paper layer during the drying cycle.

ts : Temperature of steam in ts |

the drye .
edryer | N\ o

i : Temperature of the inter- _ \ o
id
e

:n_alisurface. of dryer shell

to:‘.Temperature of the exter-
nal surface of dryer shell

td :'Temperature of the mter—
- nal surface of paper.’

tp: Temperature of the exter-

na.l_s_urface of paper ta

tf : Temperature of .the inter-
nal surface of felt

.tz : Temperature of the exter-
nal surface of felt

ol

A
Steam Drain Dryer Pap_ex.' Felt
. sheli -
: Air
layer

Fig. III-—ZI—_-S © Resistance and temperature gr_ade in drying process
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(2) Movement of moisture in the papcr layer
1t-is essential Tor the understanding ot the diymg meehamsm to look into the
FL]'I(!OI]Shlp between the evaporation rate of moisture and the moistuie content of
paper during the process of moisture evaporation from the paper layer. The typical

paper drying curvc is shown in Fig. 111-2-9,
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Fig. IlI—-2-9  Drying curve of paper

A - B: The e»aporatlon rate is constant durmg the dlymg process under a high
moisture content state. This is due to the fact that under a condition where the paper
surface is eovered by water, the moisture, even if evaporated, is gradually replenished
through comparatively large capillarics or fibre_ixe clearances in the inner paper layer.
If this evaporatioﬁ status proceeds further, the paper reaches the stage where it is
impossible to retain sufficient moisture in the surface of the paper “B” point. This
phenomenon is considered attributable to the inc_reasixig How feeistancc resulting from
the gfadeat shift mainly to the meyement of we.ter'from tiﬁy' ca'p"ilkaries.

B C: Under this process, the resistance of moisture in the internal clearance,
when commg out onto the surface of the paper layer, becomes grad ually stronger and
'the evaporation rate becomes gradually lower follewmg the decrease of moisture.
Varmus factons of the resxstance are conceivable. However, the size distribution of
cap;l!anes affected by the beaten condmon of flber shoutd be estimated as a a most
importarit factor. ' .

C=D: The"*C” pomt represents a displacement pomﬁ indicating the mmdtlon of
evaporanon of mo:sture absorbed in microcapillaries or fibers. The evaporat:on rate is

lower i in the C — D Itis said that the quantity of moas{ure absorbed into the fiber
_ should have todo wnh the contént’ ef hemtceluiose and the degree of beatmg
D E At the“D”pomt moisture hydrated into the fiber begins to evaporate. In
: this process the re31stance 13 hlgher The hydrated monsture is restrained by cellulose
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or hemicellujose particles, or is absorbed in them as a particle layer.
3. - Condi'tiqns controlling the drying speed of paper _

It is considered Lhat the mechanism of moisture evaporation from wet paper and
the process of'evapOI'ation indryer should already be well understood. Yet, important
in t.he actual operation s uniform drying in the width direction, The ¢ssential poihts of
drying are that the sheet formation should be uniformin thickness and density and the
wet .paper be free from admixtures such as fibrous flocks and foreign matier.

General conditions controlling the drying Speed are described below.

The three controlling elements are as iollows

A)  Surfacial temperature of dxyel
B) Character and velocity of air contacting the surface of paper. _
C)  Thermal transmission resistance (contact resistance} on the contact surface

beiween the surface of dryetr and paper.

Withregard to Item A)if the discharge of drain is normal, it would not be a cause
for uneven drying. However, cases where a siphon is missing inside the cylinder,
causing uneven drying were often experienced.

*As regards 1tem B} the air between paper and the cylinder is often a problem.
Explanatlon is made of the rclatlonshlp between air condltmns and drying speed in
Fig. 1i1-2-10.

Wet air (atmosphere)
D Faz =Py BhC t'
] 1 B
t Air containing o8\
water drops_ ZEl A
o i gl )
MDARPRI Ha
s - Selvted et ol p 25
‘:—_.:—Wet—p—age-r—_—':‘“_: A
Sttty ty iy |
A ///// AT;;'
. . . -X”; 5 Tem emtu:e tlrup
DI}’E‘.I’ shell ’ :_',:h condition when M
; i 5.5 | the pa;
iy My [sure o
B ;ﬁ;ﬂg‘ﬁ‘;:,’ﬁi e 01
j g 8& is reduced.
Saturated steam Temperature  T°C
(temp. T°C)

- Fig. 1-2—10

Fig. 111-2-10 shows the state of air Cdﬁtacting the wet paper, the essential pdint 1s
how rapidly the evaporation heat (heat of vaporization) required for the évaporation
of moisture in the wet paper should be supplied to the wet paper. However there isa
principle that heat trans’;ﬁis_sion speed between two points is proportional to the
temperature differential between two points, Accordingly, in order to expedite the

‘transmission speed, the differential between the cylindet’s surfacial temperéturc and
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the wet paper’s temperature must be significant. Tn order to realize such a difference, a)

~ the surfacial temperature T 2C of the cylinder shall be inercased orb) the temperature t

a.-

°C of wet paper shall be decreased.

in order to maintain the cylinder at high sﬁrfaciat.tcm_peratur_es, the steam
adjusting valve has only to be opened. However, lhe_'pro:ble:m is the decrease in
temperature of wet paper of b)and its effect. The moisture of _tlic’ wet paper shown in
Fig. 111-2-10is vaporized, taking a heat of vaporization from the wet pa'p_el"ancl'then is
released into the atmosphere (wet air) frof the surface of wet paper through the
saturated wet air layer B-C (layer saturated with vapo‘f evaporated from wet paper at
high temp.) and the layer of saturated wet ai'r-cont'aining water drops C-D (layer of
water drops condensed from part of the vapor at lower te'rﬁ'pet‘aiil'l'es than the B-C
layer). However, the lower the partial pressure of vapor in the C-D layer,' the more
extensively the vapor of the B-C layer is diffused. Consequently, the cvaporation rate’

-of vapor from the wet paper increases and, as a result, the wet paper loses its heat of

vaporization and is at low temperature levels.

Consequently, the temperature differential between the wet paper and sicam
becomes significant, increasing the thermal transmission rate. The environmental
conditions around the wet paper influence the drying speed of the wet paper and, in
turn, the dryer gives its influence to the thermal transmission rite of the wet pdper.
Thus the drying speed is secondarily affected. Accordingly, the environmental

conditions around the wet paper (temperature, humidity, wind velocity) are an

_important causes for affectmg ihe drying specd and for the unevenness in drying in the

width direction. ,
_Next, as regards Item C) if each factor of thermal transmission resistance in the
contact surface between the dryer’s surface and paper is normal, the possibilities that

the drying speed might be uneven are slim.

a) Film resistance on the internal surface of the c'y.li.nder-.
b) Resistance of cylinder wall,

<) Air film resistance between the cylinder wall ahd_pa’pcr;
d)  Resistance of the paper tayer itself.

Wlth regard {o the above the item to Wthh aitcntion must be given is b), because
of the uncertam!y and seventy beyond cxpcctanon Also be careful about theair layer
contactmg the paper surface.

For the elimination’ of abnormal clemcnts the leading dryer is sbmctimes

installed. th III 211 shows its Operatmg procedurcs Thc leading dryer is slightly

smaller ifi diameter than the dryer cylmder and heated at approx. 50°C.
AS descnbed abovc ‘it 15 essential to chcck mamlaln service and improve

equapment 'tuxﬂlary machmes and tools in accordance with the drymg function of

'1he dryer part and’ operatc them satisfactonly to meet the circumstanees.

Regardmg thc Foutine operatlon attentlon needs to be given to Slmple operating

o procedures namely,a)mamtcnanccand check of the doctor, and removal of refuse to

o keep the cyhnde_rs surfacc always clcan, _b) rcmoyal of cloggmg in the canvas ancl
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humidity, and ¢) prevention of the flow of cold and wet air to the dryer.

4)

—

Leadiug.
dryer

Fig. T~2~11

~ Steam supply and exhaust system. - _

In the case of. paper drymg, it is necessary to consider the qualitative problem
accarding to (hc_kmd of papcr. However, it is generally required that the surfacial
températurc of the dryer be gradua!iy increased from the wet.end to'the dry end. This
requ;remem agrees with a condition that the drving resistance increases m accordance
with a dec1edse in- thc mmsture of paper-and, at the same time, the thermal
transm1551on rate of the cyhnder decreases. Acco;dmgly, the dryer part should be
dmded into 2 to 3 dryer groups to change the steam draft value. In other words, it
shouid be ar rangcd so that steam consumption may be mcreased for the dryer groups
of the dry end, and steam consumption may be decreased for the dryer groups of the

wel end - '

‘As a standard for the grouping of cylinders, the ratio. of the numbex of cylinders
should be 1:2:4 from the wet side, for instance, in the case of 3 groups.

Fig. 111-2-12 shows the typlCdl dlam'tge system of 3 groups calied “blow through
systems”™.

(Explanation of Fig. 111-2-12)

Steam flowing into the header (C) for the first dryer groups (A) from the control
valve (B), enters the drain header (D) as drain and then the receiver tank (E). In this
r;ceiver tank where the pressure is lower than A), the steam is revaporized, resultingin
the separation of steam from drain. This rcvapo'rized steam enters the steam header
(F)' of the following intermediate dryer scction (A”).

 Between the steam headers of (A) and {A"), the control valve (G} and the
controller (H)are provided for keeping constant differential pressure. This differential
pressure is set so that the drip trap for (A) may be in the most idcal staté. However, if
the differential pressure is Ihighcr than .t:he sei value,.the control valve (G) will be
opened, ca'using the steam to flow from the main st_e.am pipe (1) to the steam header {(F)
of (A%).until the differenliai_ pressure reaches the fixed pressure level.

~In-case the sum of the i'évaporizcd steam voltﬁ_nic and the siphon’s blow-through
steam volume is farger than the steam consumption of the following dryer group, the
steam should be partially released into the atn.losph'cre. Otherwise the differentjal

pressurc cannot be controlled, and subsequently, the system will be further com-
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plicated. For this reason, it is also necessary to make negative the pressure of thedrain
.he'tdu for the final stage s wet end dryer sactmn (A') o

At the same time, a vacuum pump (I) is plO\’ldCd for the purpose of B_lLCllllg
non-condensive gas forcibly. In normal cases, a condenser (K) is also installed along
with the vacuum punip for assisting the latter, The coolmg water volume for the
condenser is adjusted by means of a control valve (M} accordmgto the tcmperature of
the receiver tank (L).

Each receiver tank is equxppcd with a level contmllc; so that the liguid level may
always be kept at a constant level.

The drain is collected inta the collecnon tank and mmmed to the boiler plant.

Steam

e

Drain heél_de: D

Wet end ry end

o M
Cooling water

——n
e —

J

-

Vacuum
pump

Receiver Condeénset

A : First gioup dryer (A’: second group dryer, A”: third group dryer)
B : First group control valve - '
C : First group steam header
D : First gioup drain header
~E : First grdﬂp-dmin receiver _tan_
- F - Second group steam header
- G :. Second group control valve
H : First group: and second group, differential pressure controller
11 Main steam pipe n
ER Non-condenswe gas BJCCUOII vacuum pump
K Condcnser '
L Recewer tank
M

: 'Coolmg water Lontrol valve

Fxg HI 2 12 Typ;ca! third group drmnage system
‘ (Blow through system)
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(5) - Supply and exhaust of air in the dryer past

i the best dricd and high-temperature air is supplied into the surroundings of the
dryer eylinder, and the high-humidity exhaust'is raptdly e;ected into the atmosphere,
- the drying efficiency will be improved.

~ Theair dlschargcd_ from the dryer part is at high humidity and, at the same time,
is at high temperatures (60 to 80°C). Therefore, if the heat'is recovered in some way,
the heat balance will be improved.

In order to achieve-the above mentioned purposes, the hood covering the dryer
cylinder group is provided to play an important role. ' |

A) - Dryer hood _

In the ordinary paper machine, approx. 2 tons of moisture are cvapdratcd for
drying one ton of paper. For ejecting this vapor, 50 to 60 tons of air are required.
Thercfore, the dryei hood should have from the structural point of view, the following
design considerations:

4, The width of the-hdo’_d and the depth (height) of the side wall should be of
sufficient dimension for captﬂi‘ihg'wet air. In the casc of the open hood, it is necessary
that the héigh_t of the side wall be at least 2'm and the location be almost at 30 to 35°
against the internal surface of the sole plate as a distance from the machine frame (refer
to Fig. 111-2-13). Thisis from the'o'pf:rational péiht of view and sufficiently absorbs the

. blowout of vapor. from the.dryer pocket or the expansion of an ascending air current

-passmg on the internal surface of the sole plate.

The upper inclination is designed to allow the {low-down of condensed water

drop in the ititerior. The upper space capacity should also be large enough.

K
A
2 ..
7 -
Sole plate
FTTITFTTITTIIFFITITTITT

3

/7777777}77777?77/
Fig. 1-2-13 Design of open hood



111-2-20

b. - Thelocation, size and Shabe of the exhaust port should be S'atisi'acu.n'y'cn()t:tgh to
ejeet wet air without fail, At the same’ time, the exhaust port also shouid.be less
susceptible of deflected air current which could be a cause for uneven d.rying in the

paper width direction. Iy c'aeé'thé exhaust port is connected dit‘cctly' to the hood
ceiling, it should be provided at an air cqmvalcnt to 3/4 of the wel end of the dryel

part. This is becausé most of the steam is generated inthe drying zone ata mtc of max.
approx. 15%, i.c. the drying zone at a constant rate.

C. The dryer hood shall be of such a structure as not to stand in the way of paper feed
operation. ' . |
d. The hood also should be of sucha desxgn as to allow easy access 1o the operator

for the maintenance, repair and cleaning of the dryer. ,
e, Material for the hood shall bc-water_-pr_o()f, fire-resistant, and anti-corrosive.
f. The hood ceilihg shall be strong éllough for the passage of the operator.

1n the classic paper machine, a roof-shaped hood should be provided on the.
group-of dryer cylinders and the said hood should be cquipped with 3 to 4 pieces of
large exhanst ducts for exhaunsi b) natural ventilation. '

When developing the high-speed paper machine of high productwny the d:ylng
performance was reevaluated. Then the said maching was improved by the following
procedures. The adoption of forced exhaust, inlr‘oducti.o_n' of hot blast supply
equipment, complete sealing of the hood and building-in of the waste heat recycling
device.In case of the totally sealed hood, it is possi‘ble to make a theoretical deSign and
to calculate the heat balance easily. However,.in case of the open-type hood, it is
possible to sequentially modify and imbr’ove it to meet the suitable production pattern
through actual operation.

The refationship between the dryer ssleam cvaporanon amount and the exhaust

amount is expressed by the following equa_tlon.

W, W
B P X ()
100—W,
.
€ S O @)
Xz'*‘xl

E : Evaporation amount kg/h
P Pzi’pcr'-fr;:ed amourit kg/h
W. : Moisture at inlet
‘W) : Moisture at outlet
G Airexhaust amoum kg/h .
X, : Absolute humldzty against dew pom! at the hood output kg/k;s
: Xg : Absolute humtd:ty of fresh air to be suppl:cd to the hood kglkg .
X1 ch'mges accordmg to season and location and X, can be Chdnng by
operataon The hz;:,her the va}ue of Xz, the less the value of G, thatisthe maintenance of
the dew pomt ‘of exhaust at hlgh lcve! comnbutes toward the dcc:easmg, of the unit
'steam consumpnon rate ‘Therefore, it ls:mportauttosludyvar;om factors involved in

'such a contnbuuon and work out piam calcfuliy to deal walh these factors.
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Itis logical and effective to hanga transparent film curtain from the side wall end
of the open-type hood. The measure also will improve the operating environment.
The air volume normally required per | ton of paper is as follows:

o Hoodless paper machine 75-80 tons
& Paper machine with open-type hood 50-60 tons
s Paper machine with closed-type hood 25-30 tons ..

Tach time the hood device is improved, less air consumption is required, and
subscquently, the u.nit steam consumption rate is reduced. Fig. 111-2-14 shows the
difference between the open-type hood and the closed-type hood. _

When the dryer is at 4 marginal capacity, an approx. 209% increasg of the capacity

is expected, il the closed-type hood is adopted.

TR =
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Diyer inlel moisture %

Steam consurnption tf paper production t

Fig. l-2—-14 - Unit s'team consumption rate for open hood and closed _hc_)od

2.2 Status of energy consumption

©.2.2.1 - Places where energy consumption is required, _
* The places at the paper mill where energy is consumed are as shown in Table 11i-2-2.
Almost all the majority of thermal eﬁcr'gy’ is consumed in the dz‘yer part excepting the pulp
'.man'ufécturing section. As only an exceptidn, some paper mills were using steam for the
pulper for the purposes of drying after coating in the continuous sheet-making and coating
unit, and beating and {ibrellation acceleration 'by promoting the defiberize and swell'ing of the

fiber. | |

Electric energy is used as rotary powert for the rotor or the impeller which directiy acts
on the fiber in defiberizing, b_e_atihg, circulation, stirring, dusting of raw materials. it is also
used as rotary po_\vér for the cylinder for washing filter, dryer, etc, and transportatioh power
for water, and raw materials. The process is divided into the refining of raw mate_rials and the
~ paper machine. However, it is difficult to classify the electric power consumption by system or
- part. Aside from the mill._equipped with only one unit of paper machine; itis common that the
pre-treatment process is not arranged with the paper machine in series as a systematized line.
For instance, suppose that 2 units of papér machines and 4 units of refiners for the

formerare provided. The paper machine A) uses 3 units of refiners, and the paper machine B)
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uses ‘the lelmmlng one unit of refiner dc,pendm;:. on manufactunnb quahly lhus the
combination of equipment varies accoxdmgtothc quality ofordcred product. In addition, the
pulp disintegration and coarse-mesh screen and -the refining equipment arc sometimes
separated from each other for layout convenience. The latter is ordinarily- located near the
paper machine, so they often share the same cleursc powey dtstnbmos However, itis for the
establishment of the optimuni unit of the m'magcmem of cnergy for'the paper mill to divide
the electric power systems into two sections such as raw material pl‘occssmg and papcr
making. Arrangements should be made so that the division of the electric power system may -
be achieved without fail whenever equipment is newly installed or a large-scale modification of

the mill is carried out.

Table [II-2—2 Equipment and energy of paper mill

Name of equipment - " Purpose T Energy source
Pulper ~ Pulp disintegralion Electricity and steam
Yanson screen . o g .

H.D. separator Remov.al of undissolved and foreign matter Electricity
Filter T ' N
Thickner Pulp washing and concentrate _ | Electricity
Beater . N o -
Refiner hber.beatmg and defiberizing Electricity
Chest Circutation of stored pulp Electricity
Cyclone separator Separation of united fiber and microparticles Electricity
Paper machine . Driving of wire part, press part and dryer part - Electricity .
Suction box Dehydration of wire. art Electricity

~ Suction couch - . P _ D
Suction press . : . . o :
Suction box De}lydrauon_ of press part K - Efectricity
Dryer Drying of wet paper and canvas ' Steam
Coater. . - Painting and drying : Electricity and steam
Calender ~ Smoothing and glossing . . . Electricity
Cutter |- Cuting . - - _ | Electricity

In the raw matenal section at the paper mill, without a pulp manufactunng sectmn
chrect {hermal energy consumptlon is ata low Eevel Steam is only used for heating the pulper
o for uscd paper dismtegranon dye dissolution and the geiatmualmn of starch at the printing
paper mill: Fius steain consumptlon IS yery httle compared wnh steam LOﬂSUmpt]Ol"l by the
) dryer : , e R : :
ic cnergy consumed m the sheet makmg process isalmost entlrely electric power and
it is uscd for raw materlal lransportauon raw material circulation in the chest, defiberization

: and bcatmg Most of thlS energy is turned to Fﬂchon heat whichrin turn increases the system
' temperature oris released into the atmosphere Although itis not easy {o cotitrol the release of
) th:s heat into the atmosphere white water should at least be recycled and the aforementioned
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friction heat be recovered to the maximum possible extent. Also the temperature drop by the
use of ficsh water should be 'prc%riii:d and the drying effect of the sheet making process be
maximized. The direct measure for the saving of electric energy is to maintain the highést
concentration of raw materials suitable to the given cquipmient. _

An increasing of the ___concentratnon economizes the power for transportation, In
addition, the storage capacity of the chest is inéfeascd so it is possible to reduce the number of
chests for the same stock amount, Conscquently, the electric power Lonsumptlon can be cut,
The case redllzmg the abovc was actually noticed.

Almost all of the mills checked, take precautions agalnst possible operatmg trouble
such as raw material c[ogg:ng, were operating at lower than the proper concentiation. Forraw
material trdnspmtanon deﬂbenzmg and beating, the quantity’ of water 20 to 30 times the
_qudnmy of raw material is used-and the quantity of water 100 to 200 times as much is used for
s_cr_eening',.dusti'ng and paper layer formation. It seems that researches on the process at high
- concentration are underway. Yet it is strongly suggested that total concerted efforts of the

whole iudust'ry be made regarding the improvement of the concentration.

2. 2 2 Ratio of energy by hicat and electric power
To look at the total energy consumptlon for paper mills in the ngdom of Thaﬁand
'by heat and eiectncny, the former accounts for approx 82% and the latter for approx. 18%.
The energy ratio of stcam and electri IClty for fiscal 1980 in Japan is as shown in Table
111-2-3.

Table HI-2~3  Ratio of energy by kind of paper
: {Actual records in 1930) :

Steam : Electricity

,Printing-paber ._ T1% _ 29% |
Kraft paper . : 69 S 31
- Liner - 74 26
Painted white cardboard 80 : 20
White board paper o 71 ' 29

‘The consumption ratio of steam in Japan is lower than that of the Kingdom of
Thailand. Despite the atmospheric temperature differential of approx. 10°C, the consump-
tion rafia of steam in the Kingdom of Thailand is higher’ than that of Japan. Thisis theTeverse
situationand is éuggestive of lhe_fe_, being sufficient room for improvement. The energy ratio of
the SKPC (Siam Kraft Paper.Co.) in 1978 was 25% f'or steamn and 15% for electricity.
However, five years after the enforcement of measures for energy improvement, the said

company showed the improved energy consumption ratio of 78% and 22%.

2.2.3  Heat balance _
Almost all of the energy inpixt at the mill is lost into waste water of the mill in the form

of thermal energy or is reléased into the atmosphere.
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For instance, in case of “K” mill capabic of 40 tons per day in Bangkok.
Temperature of {resh water for mill's use - 27 10 28°C

Temperature of mill's waste water 37 to 38°C

C.‘()_nsump{ioﬁof fresh water for mill’'s use . 150 m’ ton of papm ('lssumpuon)
tHeat input of fuel N 204 X108 keal/d . _

Electric power- conSumpﬁon : ; | 50,000 lelf’day X 106 kcai/d
'C'aloufnc value lost mto wasle water - 10°C X 150 m’ X 40 = 60 X kcal/d

ltis esumatedthat 1/4 ofthetotaleneigymput is lost i mnto wasic water. In addltlon thc
thermal energy is as Ia:gc as 75 to 80% of the total energy input, and the majouty of it is
consu_mcd in the drying process. The drying process is an unpqrtdm part from the cnelgy
conservation point of view and also for determining the un.ality of finished product and -

governing production, production efficiency, and eventually the mill’s profitability.

2.2.4  Unit energy consumption raie. .

In Japan, the standard unit energy consumption rate of the sheet making section,
including the mixing process, in 1976, and 1979 to 1980 is as shown in. Fig. 111-2-4. The
grouped and rounded values based on the figures of Fig. 111-2-4 are as shown in Fig. 111-2-5.

~InJune, 1983, the symposium “Encrgy Savingin the Papér'P'ulp‘lndustry“ was heldin.
Tokyo under the sponsorship of the Asian Productivity Organization. Then the actual results
of the energy saving drive performed at the Ban Pong mill of the Siam Kraft Papcr Co. in the
Kingdom of Thailand, were introduced. The progress of improvement in - unit energy
consumption rate is shown in Table 11- 2-6

The mgmﬁcant improvement of energy consumpt;on is highly eva[uatcd However
compared wath the unit enelgyconsumptmn rate for kraft paper shown in Fig. 111-2-5 the unit
consumption rate for steam of SKPCisslightly higher than that when steam of SKPCis lower.

Since the atmospheric temperature differential between Japan and the Kingdom of
Thailand is approx. 10°C. Fhe latter should be mare advantageous than the former by 0.2 in .
tcrms‘ofunit steam 'consumption rate, Comcquently there is room for fur’therimprbvemenl
With regard to unit electnc power consumptton rate the Japanese paper manufac;urcrs also
should follow this set example _ ‘

In 1982, thc compdnson of the total energy consumptaon rate of 8 paper manufac—
- turmg m;lls with that of SKPC (refer to Table I-2- -6) and the aveuage energy consumption
rate ofjapan (rcferto Table 1H1-2-5) is shown in Table IH1- 2-7. For reference, information on
these totai cnergy consumpt:on rates was coilec,ted when Ehe initial survcy was concluded

undex the cnergy pro;eci for the ngdom of T haﬂand in 1982,
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Table YI1-2—4

Steam (t{t) Electricity ( kWhit) -
1979 Oct. 1976 May 1979 Oct. 1976 My |
=~ 1980 Scp. ~ 1977 March ~ 1980 Sep. ~ 1977 March
Range  Typlcalvalie | Range  Typicalvalwe | Range  Typlcalualue | Ramge  Typicalvalue
Printing paper A (high quality) 1 16~50 (3.2) 19~45 (337 | 320~1,280(775) 510~970 (780)
Pﬁmiﬂg%ﬂﬁiﬁed{m quaff:y) | 19736 @75} | 18~37  (295) | 480~940 (710) '5'40&890' (710)
Printiﬁg pape_r C . L 1.9~3.1 (2.45) L7~3.2 ° (2,53} 440‘”9.50 (665) 510~810 (870}
{high groundwood paper) - o :
Other printing and writing pa'p.er 19~36 (2.8). — 370~790 (565) ——
Kraft paper (multip'lc.sack use}) 18~38 | (2.60) 22~35 (237 490~1,080 (770} S40~1,‘220 (810)
kmft paper 2.1~42 {3.00) 2.4~46 (3.46) 4201 450 (853) 6ﬁO~1,320 {920)
Other ;vrspping paper 1.3~38 {(29%) | 1.9“'5.5 (3.29) 200~1,250 {750) 370~-1,270 (860)
Kraft linet quexter'na! fitting 1d4~4.1 (2.60) . 2,1~38  (2.78) 350’{150 {540) 450~90¢  (650)
Fute liner for external fitting 1629 @15) | 1736 (253) | 300~700 (4'90). 400~900  (630)
Pulp core 1.7"'2..9. (220) 1.7~30 (2.36) | éO’”GQG (295) 200~500 (34b) :
-Coatc;d Mani]z; cardboard _ 19~39 (2.96) 25~51 (371 | 250~1,150 {700) 450~'1,506 (750)'
 Coated white cardboard 18~34  (255) | 21~46 (3.42) | 220650 (895) | 300~800 (566)
Non-coated \-}hige cardboard 2427 (255) | 20~39  (295) | 390~440 (420) | 450~600 (490)
- Core paper or T'ub; voard 19~257 (220) 24~30 (270} 180‘*.'700 {430) 350~750 (550)
Color paper board :.e.'.cm.z (2.0) — §20~530 ° (525) —
By courtesy of Japan Teehaical Association of Pulp and Paper Indusiry
magazine No.37-1 dated January, 1983
Table H{—2-5
Steam Electricity Improvement rate
o (kewh/t) ' %)
AR E RIS
- Printing/writing 3.0 2.8 170 690 10
Kraft 3.2 2.3 860 810 12 - 6
3 Wrapping 33 3.0 - 860 750 10 10
Liner 21 2.4 . 640 520 11 18
Width core 24 2.2 340 300 8 12
Coated cardboard 34 2.8 650 550 18 15 ]
B ﬁoard 2.8 24 520 440 14 15 |
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Table 1I-2-6  Energy consumption rate of S.K.P.C.

_ ) ‘ Inyprovement taté () Ener%?);)mtio
1978 1979 1980 1981 1982 -
) '§2-'78/'82 x 100 1978 [ 1982
Steam .
) 87 5.1 4.2 3s 3.0 47 .35 7.8
Electricity : : :
(KWh/t) 880 855 860 800 770 12 . 15 {22
Table [11-2-7 = Comparison of total energy (X10° keal/t)
Surveyed Mills under Enerpy SKPC JAPAN
/| Saving Project in the : :
Kingdom of Thailand - 1978 - 1982 1976~1977 1979~1980
Printing and ; ~ —_ — 2
writing paper 7,500 ~ 20000 - 2,600 2,400
Keaft 2,800 | 2,500
Gosd boaxd 2,000 ~ 4,200 Kraft 4400 |Kraft 2,600 [Liner 23001 2,000
Card 49
board 2,250 1,920.
Steam: Standard steam 639 kealfkg

Electric power:

860 kealfkWh
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_ 3. How to Manage Energy

n order to improve th.c_efficicncy of energy consumption, productivity and product
-quality as well as raise their overall level, it is cssential first to use facilities well'adjusted and
maintained to the purpdse and to operate them correctly. 1t-is most effective for cnergy
conservation to reduce the incidence of equipment _failure and increase product yield,
Secondly, it is required that those engaged in ¢ncrgy management study the possibilities of
*further improving the existing facilities and operating method and pursue betier means

through repeated surveys and factory experiments.

- Accordingly, it is not exaggerating'to mention that the consciousness and willingncss
of the total factory employees would influence the actuval performance of the factory. And it is
imporiant to raise the level of factory management \\;hich encourages the employees to have
such consciousness and willingness. 1tis defined that energy management isa systematic effort

to achieve energy conservafion.

3.1 Clarification of Management Policy ~ |

Fcllowiﬁg the soaring of energy prices, the factory owner and manager have grown
motre concerned about energy conservation. In order to px'omote thistendency on a company
tevel instead of letting it merely stay withinthe frame of the owner’s mind as a-desire, it needs to
be clarified toward all the employees that the top management has the intention to tackle the
energy conservation problem seriously as a ‘c_ozmpany'policy. In positive terms:, the target
shou'ld be clarified quahtitative]y; such as what percentage of energy consumption pe'r ton of
finished product should be-reduced. Simu]taneously the restrictions such as the ceiling of
annual investment and d.eadfine for pay back time should be clarified.

_ As explaine’d above, the top management should cl'ea'rly show the way to proceed onto
the ernployees. Then in turn, the latier betome confident about their jobs meeting the direction
set by the former. Further, both can develop a smooth collaborative relationship because
everybody involved i spiritually aligned in a unified direction. .

- Since the target of the top mana_gement is shown as a comprchensive one for the whole
factory, each section and department should set concrete subtargets which do not require too
_ mu'ch' time and try their best effort to achieve these subtargets. These subtargets should be set
-concernihg items for which any counter-measures can be taken by section and department
personnel within their own responsib'ility ra‘ﬁge to attain the targetset by the top management.
As the said target is shown in a familiar and understandable form, it is easy to cxpect even
e:hpioyees'ofth'e lowest rank to fully understand the subtargets and extend their cooperation
in attaining them. ' '
When setting subtargets for each scction and department, it is suggested that the
: comiﬁittec-dcstribed later or others study if such subtargets would be appropriate for

achieving the overall target.

3.2 Arrangement of System for Promotion
In a campaign, for energy conservation wherc various classes of people take part,

persons who play a part to promote the activities of all asa nucleus. If the factory is small, an
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individual pemml may be a promotel but if the fdctory is lalge a section for promotlon is
sometines estabhshed . ' :

This position should be occupied by a top-notch person and he should alwajts be -
carefulabout a progress in cnergyconscrvauon status and look into a cause, if there is a delay,'
then try to treat problem. ‘ _ _ :

In concrete terms, the assxgnmcnts of the pmmon are as follows: the g,raspmg of actual
energy consumption, comparison of actual ‘_:nergy _consumptlon with plans,= invitation and
checking of ideas about improvement, budgetary clistributioh, lno:.lage_ment.ofw'ork progress
and evaluation of actual works, mapping-out of ed'u_cation p'l‘o'grams, preparations for -
committee meetings, cte. _ - : : . '

The committee is effective for adjustment so that inter-disciplinary understan'ding.
may be realized among sections and departmentssuch as manufacturihg, sales, raw material
purchasing, equipment maintenance and servicing, and accounting, and countermeasures
may be put into praciice smoothly. At the committee meeting, any possible influence ofenel'gy'
conservation measures to be perfor'med on each section and deparimentishould be studied to

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

ftisimportant that a general manager of the factory or.a person. next1o the former in
rank who has 1esponsnbllnt_y_ and authority-in produ_cllon assume the chaxrmanshlp_of the
committcc.. Othcrwise, no 'decis'ior_n would he xﬁade,— neither would such a dec_ision be
implemented.

Even if ceriain energy measures were based on an excellent 1dea any fruntful results
would not be expected unless the operator ful_ly understands what the measures mean and
applies them to the actual work. There are mﬁny c'ases where the :QC (_qual'ity control} circle
which is effective for quality control. is utillzed;_s_ucces_sfully_ for energy con:servation with
noteworthy results. The QC circleis an activity of improving human relationship in tlle'job,
stimulating people to become more conscious about independence endowed intrinsically to
humans and providing themn with the pllea_sure of 'wofking actively. However, it is necessary to .
prepare conditions which make the operator find it easier to conduct. activities such as
education and incentive grantmg before he can recognize the advantages and necessity. of the
circle activities.. It is the operator on the front- line that 15 always in touch with- encrgy_
consuming equipment and sensitive enough to graspany phenomenon appearing dccordmgto
achange in the operating condmons It is extremely effective for encrgy conser vation to make
the best of information obtamed-by the operator and to squeeze out a good idea for

improvement.

3.3 Sctenuflc and ‘Systematlc Act1v1ttes
It isan md1spensablc condmon to oblam an exact status ofenergy consumpilon when
enetgy conservatmn is carned out If data mch as change of lhe unit consumption rate per
producuon difference i m the umt varlanon of producl grade and difference i inraw mdtcndls
: are not avculable it would be 1mposs1ble to formulate plans which guide you loward anarca
' requlrmg thelmplemcmatlon of:mmedlate procedures In other words, it is factory data that
‘provide numerous 1cteas_ for -1mprovemem,. If studies -are made of these data with a
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consciousness about. ptoblems it would be able to find something leading to such ideas.
| Thmcforc itis ‘;ugge‘;tcd that a measuring instrument be installed at necessary spots, record its
readings and obtain information through their periodical arrangement; In this case, such data
should be processed from the viewpoint of mathematical statistics to determine if the
difference is sxgmﬁcant
Next, it should be made sure that the rcsu]ts are followed up, if improvement plans
were implemenied. Efforts should be made to enhance the quality of operations according.to
the PDCA circle advocated 'by Dr. Deming. The function of thé PDCA circle is such as

explained below as shown in Fig. 111-2-15:

O@
o acheck
\?_o the resultsgDetermmc

of purposes

ction
Take S
corrective . Determine
. action, a method.

education
and
training.

Provide }
Check

Put into N
practice. @o

Fig. Ii-2-15 Deming circle

First, plans should be f_onﬁulz{ted; that is, a purpose will be set fora certain theme and
means decided. This represents “P” for PDCA. People will be trained concerning how to
perform these means and given an opportunity to actually do them. This represents “ID™. The
results of the performance will be checked. This repr_esehts-“C.“ Results of the check will be
evaluated to determine if they are_sati"sfactory. Action will be to standardize the resﬁlts, if they
arc é_atisfactory and to take carrective measures i{ there s stilla problem yet (o be resolved. I
ane step was completed, the function of “PRCA” will be set to work lowardsa target of highér
level, In this way, people proceed with their assignments. This methad will b:_:-helpfu[ for not
only energy conservation but also heightening the guality of jobs in every field..

With regard 10 the part concerned with *“Plan,” it is recommended that “improvement
planis invitation system” be actively utilized because items to propose can be found rather
easily during an-early stage.. It ,should_ be 50 arranged that proposals may be made by
whosoever he may be; an individual or a member of a working piécc, the QC circle or staff.
Proposals presented should not be left alone, but sh_ou!d,bc examined promptly by the
committec and others. The proposals presented should be adopted as far as circumstances
allow after being modified on advice de_beziding on the occasio;i. It is also suggested that a
prize be prescnied to people for their proposals and further, a commendation be given to those

whose proposals brought about fruitful results. These measures will be an incentive for people
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to 'deepen their consciousness about participation Forproponents whose proposals were not
adoptuj it is suggested that they be explained about the reasons why the pr opom]s were not
taken up and at the same time, be pxopexly gulded over better ideas.

[n the stage of “D", it is suggested that satlsfactorv eﬂcplanahon be provided to
cmployees of the lowest rank 1eg'1rdmg an mtenuon for lmprovcmcnt and their coopelatzon
in an effort toward the unplovement be solicited. They arc also encouraged to lepo:t even on
muner abnormalities during ope;atmn 50 that they may be able to make: scr upulous'
adjustments. This consideration is necessary to eliminate any posmbie causc for error.

“Check” should be conducted periedically and at the same time, the lesults be repoxted
to the committee and the senior official. Along with this procedure, the results also should be
made known to the operator so that he maij deepen his concern. In this case, it isimportant to
clarify an evaluation criterion from the beginuing; it is not desirable to change it casily
halfway, _ - . _
1f satisfactory results can be expectedr following the implementation of an improve-
ment plan, they should be incorporated 1inio the operation standard. Simulianeously
NECessary measures for the improvement of cqu1pment should be taken sothat any extra load
may not be brought to bear on the operator. Thisisa eondltlon for continued favorab}e results
of energy conservatiorn. _ '

In case considerable results have been accornphshed contmuously asa ICMlit of the
above, their summar:zed processes should be published as referenees. At thesame time, those

concerned should be officially commended so that they may be motivated for next activities.

34 Furnishing of Education and Information _

Evenif employees are willing to cooperate, any improvement can hardly be expected,
unless they have knowledge as (o how they should do it. They would become more positive to
p'trtu:lpate in the encrgy conservalion campaign, lfthey are capablie of presenting their own
improvement proposal without being limited to merely pointing out problems. In order to
realize this target, an internal education program sponsored by the company 1tse1[ is
impor'tani;,' that is, programs such as seminars and distribution of gui_de books should be
‘provided. Inthe Kingdom of ;Thaila_nd, a considerable number of companies are enthusiastic
about educatibn'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 externai
seminar tend to keep their aequnred knowIedge oniy to themsclves instead-of passing it on to
other staffers or general operators. Ifitis arranged so that those who received external seminar

_ trammg become iecturers for internal educaiion and prov;de training to other pcople baséd on
their acqulred knowledge itis expected that the entire level of employces’ professmnal quality -
willbe raised and staffers partlclpatmg in the external seminars wili be able to make sure that
g the:r obtamcd know]edge is practzcally usefui ' : '

' Next, n is' desired that mformatlon exchange w1th other companies of the same

mdustry or raw matenaf supphers or finished product buyers be activated, Although it is
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nat.urally important that competition should take place among different companies of the
same industry, it is reccommended that technical information be exchanged to some cxtentona
give'ahd take basis, This is because the technical levet of the entire company can be heightened
resulting in stronger international competing power and subscﬁluent mutual benefit, For
instance, the publishing of actual unit consumption rates will be instrumental for the

motivation of commercial competition,
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4, Rduonahzatlon of the Utihzatlon of Thermal Energy
4.1 Steps of measures {or enetgy conservation

1t is recommended that measures for energy conservation at the paper mill be taken
step-wise as shown in Table [11-2:8, - | o

First step — Improve the operating proceduzes w;thout large mvestment

Second step — Improve themi with a little investment.

Third step — Remodel manufacturing equipment and’ process. Tlus means latge
investment in equipment. '

As the first step for the promotion of step-wise energy consewanon the effeetwe
utilization of the existing equipment and its more effective management a pomted out,
However, it may well be the first step for the promo'tion' of energy conservation to determine
by data whether the energy is belng utilized effectively.. .

if the load rate is close to 100% in the continuous operation w;thout snterruptlon the
large-scale equipped industry would consume less energy and have lmploved proﬁtablhty.
The same is true about the paper manufacturing industry. The best contributing factot toward
energy conservation among other factors would be to eliminate the shutdown by the'pa'per
break and operate at full load. | ‘

It is necessary to be conscigus about the fact that not only heat balance but also almost
all data in the miil covering production control, quality controi, process management, raw

" materials, management of auxiliary raw materials, etc.

4.2 ltems of measures for encrgy conscrvation .

The contributing factors for energy conservation, expected results and points of |
equipment requiring care at the paper manufacturing mill are as shown in Table 111-2-9.

In order to grasp the status of the mentioned factors, the items requiring checking and

the recording of checked results are as shown in Table 11}-2-10.

4.3 More effective dehydration by press

Generally, it is estimated that cost for drymg the wet paper inthe drymg process would
be more than 5 times the cost for mechanical dehydrauon in the press part. Therefore, if the
moxsture m the press part is dehydrated an extra 19, it wiil be poss;ble to save the steam
quantity in the dryer part 3 to 5%. '
| - The key pomt ofdrymg the wet paper is whether itis possible to dehydrate moisture
e&*en]y in the total w:dth dlrer.,tlon and as much as possnblc in the press part. If the change in the
dehydrated mmsture amount ofthe paper machine is examphﬁed rcfcmng to printing, paper
' it wdl be as shown in Table 11i- 2~II L '

ThlS Table 111-2-11 shows the compamon of the dehydration values between the case
' of“K“ company in'the ngdom of'I hailand and the case of “E” mill in Japan when paper of
the same use is made Yet, the mo1sture content of wet paper m the case of “K» company is the
value aileged by the section manager at s;te Actual[y it seems that the dehydration value
~“should be higher. Besndes it was esumated that the concentrauon of liquid at the slice output
" should be hlgher and it may standat applox 0. 8% Furthcr it was estimated that the moisture
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content of paper manufactured by “K™ company should be less than 29, considering the static

condition of the reel take up. .

Table 111-2-8 Example of step-wide promotion plans

Step _ _Equipmént _ Others

First step Main_t_cn;an_ce of various equipment Keeping a daily report in

S e ' - order . . . data colection,
“Effective utilization Yanson screen and rotary screen : ‘ S

- of and sulficient
management of
existing equipment.

. ' - o Setting qualitative standard.
Cyclone scparator and pressurc gauge : -

. _ Setting operating standard.
Refiner and pressure gauge .

Carrying oul quality and
process tests (introduction
of testers).

Concentrator

. Wire, slice, table roll, suction box,

" Nash pumnp, pressure-reducing gauge,
blanket. washing machine (shower,
squeeze and whipper) '

S : _ ' ' Checking the quality of
- Installation of "insulation, repair of blanket gnd cam?as .y )

steam leakage and instatlation of steam

Setting standard for equip-
ment and management.

: _ flow meter.
"“_—'—‘*' - - T -
Second step” Repair of press Data analysis
‘Recovery-of waste | Maintenance of dryer Re-evaluation of standard.

heat and re-cvalua-

. tion of electric  Drain recovery system.

molors. : | White water circulating system

"Imp'rovgment of ventilation for dryer
~ part.

:Aﬁopﬁon of appropriate electric
motor.

Updating of faulty equipment. .

~ Third step Completion * of  equipment rainte-
nange seryices.

Introduction of new T : :
equipment, Remodeling of screen press for high
concentration so that it miay have
higher operating efficiency.

‘Recovery of heat from dryer,
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Table 11I--2-9

Energy saving and factors

Bt fects

Hquipment

Pulpdissolution
disintegration

Pulp

1..Use of white water, .
{try to avold use of fresh water as far as
cnrcumslances dllow} .

2, Appropriaie high conccntmtibn.
(standardize the congentration}

1. Maintenance of
tentperature,

2. Bffecllve use of

electric power,

Rentoval of

Coarse screen

1. Maintenance of appropriate concentration,

1. Quality control in
foltawing refining

Adjustment of mesh,
slit and plate for

Use of white
water by
circulation,

Relaining of proper freeness (sel the -
standard value by paper quality).

ha

Circulation of white water in the wire part of
concentrator ({ilter} for saving [resh water.

Clean watef or
hot water

o

Clean water .

Only clean water for wire part and clean
water or hot water for washlng bianket are .
l‘resh watar .

it is suggesied iha[ blankel waslnng water

J for high-qualily paper such as printing papcf

be transmitted to the white waler chest for

material reconditioning process,

2. Retaining of paper
“steedgth by refining
sheet formation
(prevention of paper
break) and uniforni
drying {prevention
of ovcrd:ying).

Mamtemmce of temper~

ature,

(preventmn of tempera-
ture drop)

Saving of fresh water
consumption,

Saving of pollution con-
trol.cost following the
saving of factory waste
water.

airt Inthe case of | 2. Determination and retaining OF3PPIGP"‘ process, normalization,
Yanson and © ate liquid quanuty Reduction of electnc
olary streens, .
i 3. Use of appropiiate quantity of white . power load.
* water for shower, 2. Maintenance 0[
{emperature,
3. Prevention of paper
break by
improvement
of dust removing
) ) efficiency.
In the case of | 1. Determination and retaining of approp- the same as above, Internat smoothness.
cyclone sereén, | - riate liquid quantity. . :
: o Ca Adjustment of
2. Maintenance of appropriate pressure at pressure gauge
inlet and outlet. :
Bealing Refiner 1. Beating at high conventration (i{ the con- | 1. Beatihg in viscous Refiney
centration is at low level, the fiber cut condition for retain- Adjustment of
Beater will be frequent, ing paper strength,

PTESSUEC gaupe,
rubber
stone and blade.

Beater

Adjustment of
drim and blade.

o Thorough clean-
ing of each
equigment dut:
ing shutdown,

Slime stickings

increase in every

part following

the use of white
 water.

Be careful-about
qualitative
degradation and
pager cut by the
drop of stickings,
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Eilergy saving and factors

Effepls

" Equipment

Dehydration

Wire part

(Fourdrinier)

(Cylinder}

1. Refining of sheet formation.

2. Effective utilization of suction box.

3. Effective utilization of ta_ble roll.

4, Washing of blanket.

Stabilization of paper
strength.”

Fixed quantity of mois-
ture.

© Keeping the wire
i operating
candition
o Keeping the
* suction box In
good.-operating
condition,

o Keeping the
table roll in
good operating
condition.

© Keeping the -
blanket washing
" shower, and
squieeze Toll In
good operating
condition,

Press

Thorough washing of blanket.

Clean the blanket and retain elasticity,

Perfect funclion of press
" Pressure increase
Surface of press roll
Crown of press roli

Improvement of dehy-

dration rate for wet
paper. .- -

if the dehydration rate
is improved one per-
cent, steam consunip-
tion will be saved
approx. 4 percent. -

o Blanket quality.

to Kéebing the

press in good
operaling
condition.

¢ Keeping the
press'in good’
operating
condition.

o Careful washing
with detergent
and rinsing of
blanket during
shutdown.

@ Adjustment of
press roll surface
and crown.

© Keeping the press
mechanism in
good operaling
condition.

0 Checking and
cleaning of mesh
and the interior
in the ¢ase of
suction press.

Drying

Steam

Dryer clinder
(including
canvas dryer)

Insulation of steam pipe, drain pipe and
valve.

Effective utilization of steaim.

Ventilation system adjustable to the
degree of dryness.

Recovery of drain and uiilization of
flush steam.

st group || 2nd group
diyer dryer
Steam Flagh]
; Drain

nstaltation of steam {low meter.

tmprovement of thermal transfer by smooth-
ing and cleaning the surface of dryer.

Improvement of thermal transfer with
effective cjection of drain inner the dryer,

Prevention of radian!
heat loss.,

Effective utilization
and saving of steam.

Improvement of boiler
efficiency by drain -
recovery.

Elfective utilization
and saving of steam,

Insulation and
repair.

1 Repair of steam

leakage.

Determination of
drain pump
characteristics.

Keeping the
doctor in good
condition.
Adjustment and
checking of
siphon
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Energy saving and factors Effects Equipment
Veatilactlon Appropriate ventilation and control of fresh Election of wet vapor.
air. : s _
) Consideration over heat- Considerattun over. .
Yo - - Irig iith the radlant the installation of
heat of fresh air. half-closed haod.
Elisination of delay in drying by vapor Even dryingof entire Measures for pocket
pocket in the center of diyer. paper width (prevent ventilation,
’ overdrying of both
ends) .
Retaining of clean canvas Containment and release | Shall be gas.
) ' : of moisture. permeable and not
) i be fouled, -
L

Table 11I-2—10  Check list for operation

. Process - ltem Record Frequency Remark
Operation | Sereening Pulping " | For each pulper disintegeation time  § Pulper log
at site provess far {nrin} '
faw miterials _ disintegration
’ frequency
(pee day)
Each raw material charge (1/day)
Screen. For each coarse Temperature - ] Sereening log Twicelshilk
refated mash screen and . . .
. each lime-mesh Concentrztion . {6 timesfday}
scicert FH ’ )
Determinationof  For hand sheet Preserve Once/shift Determirie
dirt made, refer to samples. {3 times/day) visually the
slandard_l'm“ NN refining per-
sheet making. formanee of
sc_'reen.
. 1 - ™
Relining Refine For each .. | Refining 1o 2 103 times,
process ' system Inlet | Qutlet | Each unit 8102 Hin f
Temp. < o Pressure
Concen- -
tation o. X ) Electete
. power
PH e X
Freeness o Q
| -
Cyclone Inlet pressure Refining log Twicefshifi
separator ’
Qutlet pressurs
Congcentration . } J
- p - " 3 v
Mixing box .| Temperature Refining log - | Twice/shift
Rl
Frepness
Paper making | Stuff box 1 Stock gate - . . fPaper making | Every change
gracess e : Opening for white water : log
Headbox . | Head Paper making | Every change
S o . log .
Wise past Degreé of suction vacuam o Paper making - | Every 2 hus
. P T ey oo
. Life of wire ® -| Cuinulative hrs
Press part - Pressute - . ;’aper making | Every change
. . P . [+]
Frequiency of breaking wet paper - g Frequencyahify
Life of blanket ’ ‘ Cur:nufallve hrs
Dryer pari | ‘Speed R N - Paper making | Every change
’ L P . 1o -
- Steam, pressure, flow and eéxhaust % { Every 2hrs
- pressure : - )
Freguesicy of breaking prper v Each time
‘Werl'gm and t_hiékness - : : ) Per reel
.;'Paé'gr moisture o ' * - | Oncefshift
Papel sitengih _ S TodeefNilt  }poced on
_Size. e - . RE Per reel running tesis.
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!Respunsible party

Remarks ——I

Steam injection
Hood
Al heater

Check and repair.
Check and repair,

- Check and rcpﬁir.

Check and repair.

Process lient Fraquency
Perlodical - | Clieck taw Raw material Purchased puip ‘Make sheets accord- | Testér Oncefmonth Monthly Rest
test materlads and | test ing to “standacd report.
equipment test™ and carry out _
functlon . qualily test. ‘The standard
: : o test methad
Raw materials | By sampling Measure concentra. conforins with
afler screening tion, temperature, TAPPL and JIS
- PH and lreeness. methods,
Then make sheets However, it s
and caery out modified by
quality test, the branch.
‘| Raw riwatarlals | By sampling the same as above.
alter reflning
| process.
Dust removiog | By sampling . According to Tester '| Oncefmonth the same 28
rate : ’ “standard test ahove,
~method.”
Inspection | Preparatory | Screen-related | Screen mesh Check clogging Site Oncefmonth
'} of equip- progedures for . "and breakage, .
ment perfect opera- Conceatrator wire and clean
Lion and main- . .
tenance to Dustcatcher | Cyclone separator  Pressure gage Site During shut-
equipment welated . : down,
operating . Check the smooth-
emclf.ncy. : ness of the interlor,
‘| Keeping high repair and replace.
operaling . :
efficlency. Check and clean Site
. the reject tail.
- Wite parg Wire Clieck clogging in Site During shut-
holes, and repair. down,
Table roll Check deformation Site "
. and level, and.
adjust.
Bat Check clean and Site d
polish the interior.
Suction box Check the smaoth- | Past reqitiring "
ness of L;flper sorface,| mainienance
and polish. services.
Clean Lhe interior, Site
Adjust seals.
Breast roll Clean and check. Site "
Couch roll '
Press part Press roll Check, adjust and Pact requiring | During shut-
- eeplace the crown mainienance down,
services.
Check and adiust " "
" the press.
Manket washer ':CIEHIIZI and check. Site ”
Shower - Clean and cheek. Site "
Diyer Intesior of deyer " Check fepair and Part requicing . During shut-
adjust the siphon, * | muaintenance down,
- services.
Dryet doctor Check, repair and " "
sadjust.

- Trap
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Table IH—2—11 Dehydration rate for paper machine
{In the casé of printing paper)

Wire part l;r:‘sts _ Dry part
n’ OO
E:I‘ }}? tan) . . (Paper
K" con- Concentration 0.7% - 20% 40% | ) ~ 98% | moistarg
pany _ S 2%)
Quantity of . . .
dehydrated o ' _
moisture] - 137.86kg [ 2.50 kg _ 148kg | 141.84 kg
1 kg of paper : .
Dyhydration . . 972% | 1.8% 1.02% 100%
Dehydiation .
rate for the . . .
{ interior of . _ 97.2% | 62.5% : _98.7% -
part : .
SJRPM) . ' . (Paper
‘B factory | Concentration 0.6% 20% 44% : 93% mo;sture
e i : ’I%)
Quﬁntity of _
dehydrated i
' moi?s't'ute[' . 16_1'67_ kg | 2.73kg 1.19kg | 165.60kg
1 kg of paper :
rage) o o 918% | L% _ 0.7% | 100%
"Dehydration : : .
-rate for the e . _
interior of : 97.6% | 63.2% 93.7%
par{ : .

The _téstfrf':sults of “E* mill’s l'dbo.raio:ry in Japf{n_for the finished product of “K”
company and'those for the similaf fiﬁ'ished product of“E’-’ millare shown in Table 111-2-12.
Based on this data, it is apprent that prmtmg and wrmng paper of “E” mull has the
followmg advantages i over the fmlshed pr oduct of “K” company, '
e} nghcr densny and air. permeablllty {it 1s presumed that the pressure applicd by
' ‘the press is hlgh)
(2), o H;gher smoothnesq
(3)  Less dust _ _
L@ 'Higher moisture content
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Table I-2-12  Quality of p;‘inting and writing paper

Actual tesults of qualnly test ancl staudard value (at 20°C “Actual operating
65% RH) conditions and targets
. : Lo . e b Alr jrer- . .
. Dcnslty ‘| Smooth- - meabil]ty Reel - -[Paper break
: WCIS;“ Ti\(glf::)ess | gty 7| ness el (mﬁ?ﬁn*) moisture |frequency/
CL mm % (00)|  (sec) | eelt sl (o’ % | day
WK o, _ . o - o o
of Thailand 49.1 0.074 0.66 32/24 6 29.7 1~2 9~10
_ white paper ) ’ ’ ) B
D f'lctory :
-of Japan - . 508 0.062 0.82 15{60 25 1. 63 1
printing paper :
“K* co.
of Thailand - - 624 0.113 0.55 af4 i3 17.3 - 1~2 9 ~10 -
white paper ‘ .
“E" factory : o
of Japan 62.3 0.114 0.55 6/4 13 2 6.2 1 max.
drawing paper
‘Basis welghf- 0.065 .
SU gfm? 10'004 — 1520 . 2015 2 max. 6.0 2 max.
' pnntmg paper . ) .
ME™ factory Basis weight- 0 {.}79 : : .
Standasd 64 g/mt 40004 —= 15+30 2023 2 max. 60 | 2max.
quality "'al'*_"’ printing paper.{ : :
Basis _we_ighp | 20 b !
|65/ m? 18.{1)02 0.54 15 max. 1045 2 max. 6.0 2 max.
ptinting paper T :

The high moisture coﬁtent of péper means the lbxver jevel of steam consumption for
the dryer This sugmfles that the texture composltlon of paper in the wire part is satlsfactmy
and sufficient water squcczmg on the press is carried out umformly across the entlre width of
wet paper. _
_ If the density of wet paper hawng satisfactory texture and umfoxm quallty across the
entire width is increased through pressing, the strength of wet paper will be 1mproved In
‘addition, the tension for paper feed is also even.on account of the umform quahty across the
entire width. If the frequency of paper break is xeduced and the dust content is 1essened the
concern about paper break will be further climinated. '

Further, the h;gh content of moisture in paper helpsimprove the deglee ofsmoothnpss
on the calender, and maintain the hlgh quality easﬂy _ S
The high contcnt of moxsture of paper means an advantage not oniy in the area of
enecrgy but also in the domam of production eff1c1ency, yield and quahty
_In the dryer of “E” mlll it is arranged so that the drymg spccds of the d:yct gloups in
the front middle and-back rows may be aulomat;cally controlled by papcer shrmkmg tcnsnon
. The feed rate of “K” company 's paper machme is 130 to 140 m/min and that of “EP
company s paper machine 500 to 600 m/ min. The requency of paper break is approx 2t0 12
: tlmes/day for “K™ companyand approx. I time/day for “E” mill.
Table 111-2-11 shows the difference ofapprox 20% in the water vap0117atl0n rate of
the dryer part and the significant difference in the steam consumption (the water vaporization

rate is 1595, even when compared tq the moisture content of paper at both mills estimated at
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2%). This means that the-dehydration capacities of these mills in the press part must be
dlfferent However, in order to make sure lhat the pressmg m the press part is carried out, it is
necessary to take sufftctent pre- ~treatment ]JlOCCdLerS such as dustmg and beatmg (wfmmg)
prior to the paper machine and sheet formatlon in the wire part If there are large amounts of
fibrous flocks dlld foreign matter, it is 1mpossrble to expeet the formauon of lugh quality
sheets in the wire port. Also thie moisture dlS_[I‘lbUtiOIl will be _une_ven, so that if pressed by the
press roll, paper will- often be cut. This situation (loes oot allos‘;*_ SUf-ﬁcient‘pre’ssihg'operation.
In addition, because of their moisture content, fib'rous"ﬂoe_ks and foreign matter cla'rken the
paper, i.e. causing fish eyes. In order to prevent this phenomenon, ov_erdryihg tehds to be
carried out. Butcontraction often follows the former and papér break is apt to oceur, if foreign
matter cxists at the end. ‘ . L
High frequency of paper break means an overload on the: shoulder of operatols and
their subsequent negllgenoe to concentrate in as51gned work. Further waste paper 1s also
circulated, resulting inan unstable quality of paper and an mefﬁczent consumptlon ofenergy
The improvement of produetrvrty isalso 1mposs1ble [tis sald that paper is made by the beater
(refining machine}, and also that paper is made by the roller doctor and shower.
The former sngmﬁes the satisfactory pre-treatment of raw materials for paper and the
tatter, the perfect maintenance of sheet-making equipment, If paper—makmg technology,
equtpment maintenance and service pl ocedures from the raw material mlxmg process to the
drying process are soundly established, it is possrb]e to promote energy conservation ai the
paper mill to a considerable extent. When puiting an emphasis on refmmg process, the
removal of foreign matter elimina%ioh of shicves and fibrillation can be realized  [f the sheet is
formed, its texture should be made of smooth and tightly binding fibers. :
As to the equipment such as roller doctor and shower, make sure that those well
maintained to the design for their pu_rpOSes are always used. To cite a few examples, when the
center of the table roll in the wire part'is deviated, raw materials would spatter, causing an
uneven texture. And also the wet paper after pressing w'eluld"sl_lour a quan:tltat_ive unevehness
‘on account of. -un'everl ﬁloisture'dis’tributiOn and steam consumption at the dryer would
increase. On top of that, paper break would occur due to 1rregular shrinkage caused by
non- umform drymg ' B _ .
" In'the press part, if the doctor touches mcorrectly, water around the doctor moistens
the blanket 1esultmg in the uneven drstnbutron of morsture in the wet paper. On the other
: hand in the dryer part refuse would be m1xed mto the paper, causing its qualtuatrve
degrddatlon or paper break or mereased steam eonsumptlon
Rt the spray 1s irr egular because of clogging in the shower holes or scales accumulated
_ inside the plpe spout that would cause the following: o . ' '
' i In the wire part parnal wire ‘mesh is clogged and the texture maiching that
portlon becomes thm : . : _
e - ln the press part the blanket is heawly soiled and that portlon dehydrates.
morsture unsatlsfactouly Th:s sntuat:on blmgs about uncven drymg and papel break.
In conclusron the wet paper shall have the least poss:ble percentage ‘of fibrous flocks

' and forelgn ma[ter anda requlred fxbrous strength with a umform sheet formation. This wet
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_paper shail be uniformly dehydrated across its entire width as far as circumstances allow. In
the dryer part, the effective thermal iransm_is'sion and the uniform vaponzation of moisture
shall'be-rcatized.. The _abo_vé_ represents energy conset'}'ation teéhnology at the pépe_r mill.

Tolook at the test results for paper i'n_the Kin'g:dom of Thailand, the vatues of density,
smoothness and air permeability are low, and this fact means the press pressure is apparently
low. The presumable reasons for this insufficient pressure are the mixing of foreign matter,
low- quallty sheet iormatron unsatisfactory blanket conditions, and madequate maintenance
of equipment. ' '

In thc dirt of white paper shown in the paper quality tést chart of Table 111-2-12, ink-like

' substance ongmatmg from old paper is scen scattered. This does not have to do with paper
break. However, parncles shaped like'scales or metal plcces, sand or shieves (such as knois and
saw dust) and slime"or_'l_l,imp of starch powder would cause paper break. It is possible to
scparate scales, metal pieces and sand by means of the éyclone separator. Fibrous flocks also

can be unravelled by a refiner and removed by a screen.

4.4 Improvemen't of dryer \"ér:lt.iiati'on

In the casc of the closed hoo'd,'it is suggested that the ventilation system be built into
the paper’ machine with the dryer. Otherwisé, the drying effect would be reduced. The
well-balanced air 'supp!.y and cxhaust, and appropriate temperature will be contributing
factorstoward the effective consumption ofthermal and electric energies and the stabilization
of paper quallty

Water vaporized from the dryer part is Ieleased asan exhaust of hlgh dew point, Tt is
suggested that air or water at high temperature be obtained by heat exchange in the process of
the said release and that hotairbeused asanair supply to the dryer and hot water for blanket
wash and pulp wash process '

The dryer ventilation system isa system where high-efficiency vaporization and waste
heat recyclmg are carrzcd out by means of ventilation control. One cxample of this system is
shown in Fig. 111- 2 -16. The waste heat recycling flow and the ventilation control systém are -
shown in Fig. 11-2-17. _ _

The pocket ventii_at'i'o‘n' system is effective for equallizing moisture distribution across

the -entire w'i.di:h of wet paper and thus economizing steam consumption. In addition, this
ystem prevents overdrying at both ends of the paper and also prevents paper break.
Therefo;e its effects are remarkable. In case of the open hood, the stagnation of vapor isa
. problem yet to be resolved. The devices such as PV rolland Grewin nozzle incorporated in the
carivas roll are also available. It méy be required that a device to inject air into a part where
vapor is stagnant be fabricated bf anindividual compﬁny according to its equipment at work.
_ It is further conceivable for energy conscrvation in the dryer part of the paper machine
to suspend polyethylene film from the side wall of the hood to form a semi-closed hood for

controlling excess air. This is considered a duty on the part of a vapor machine tender.
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4.5 Others o ,
4.6 Improvement target for unit energy congumption rate
4,6.!. - Target unit cnérgy’ consumption rate for prinﬁng and writing paper

- With regard to the'pap'er mills subjected to the at-site survey for fiscal 1982 in the
Kingdom of Thailand, printing and writing paper mills showed an abnormally low unit energy
consumption} ate. Notonly the energy séwi'n.g measures but also steps for the improvement of
the entire sheet making technology shall be performed preferennally |

it is suggested’ lhat techmqueq for quality and equipment-control be actwe}y adoptcd ..

iogcthel with sheet.makmg technology to promote energy consewathn step-wise. The target

unit steam and electric power consumptioi rates in each step are shown in Table 111-2-13.

‘Table I11--2-13

Unit c_onsmﬁption Unit consumption -] Unit consumption
rate of fotal rate of 1ate of electric
Cenergy steam . power
K10 kealft Ctft kWh/t |
First step target value : 6,000 o S75 2,100 .
Second step target value. 4500 55 1,500
Third step target value 3,000 ' 35 _ 1,000

Steam: -clectric power = 709:30%
Steam; (standard steam) 639__ keal/ kg
Electric power: 860 keal/kWh'

The rauo of energy consumption is based on the present ratio of 70% for steam and
30% for eiecmc power, _

‘The third step target is not necessarily at a high level but is at the lowest level of the
' cxiéting paper making industry.

4.6.2 Targct unit energy consumptlon rate for kraft paper
| Regardmg kraft paper for the multi- -ply bag of approx. 70 to 80 g/m* and packs, the
remarkable performance of settmg_ and attaining the target unit energy consump_hon rate by
the Siam Kraft Paper Co. is pointed oul. Table ¥1J-2-14 shows the target unit energy
consumption rate based ori the above-mentioned performance and available data of the
Japanese paper makmg industry. '
Kraft paper requires quahtatwe st;ength so the consumption ratio of virgin pu]p for
this paper is high. Accordingly, the consumption ratio of electric power at the refiner is slightly
high. ' '
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463  Targel unit energy consumption rate for core and board

The consumption ratio of usecd papcn is high. Accordmb!y the L!ectnc power
consumption for beating is lower than for kraft paper. The consumption ratio of electric
power for the core and board is low as whole. The target unit energy ¢onsumption rate is
shown in Table 111-2-15, | |

Table II{—-2-14

Unit consumption

Unit consumption

Unit consumption

rate of total rate of - rate of electric-
. -energ steam power
x10° kca}/t t/t ‘kWh/t
2,800 32 850

Steam: 'standard steam 639 kealfkg
860 kealfkWh
Steam: ¢lectric power = 74% : 26%

Electric power:

{energy consumption ratio)

Table III-2-15

Unit consumption .

Unit consumption

Unit consumption

rate of total rate of ~tate of electric
energy " steam power

x103 kcai/ft t/t kWh/t
2,000 2.6 - 400

~ Steam: standard steam 639 kcalfkg
Electric power: 860 keal/kWh
Steam: slectric power = 83%: 17%
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1, Character of Guide Line
This Gtude Line is a summary of technical matters consldeled unpmtant for the
promouon of energy saving at thc factories of the tcxhle industries. The Guide Llnc is to be
used for the l'ollowmg puaposes

1) (1) As technical reference for factory’s engincers when they plan to ratmnah?c

use-of enetgy in the factory. :

(2) As a dlagnostic guldance manual,

- {3) As referentlal data for determining the progress of rationah?anon
(4) As.a text for seminars. o .
-2) Descriptive level which should be understandable by engineers having only 4to 5
years’ experience of actual sérvice after college graduation, but not actually v_.rorking in
the subject industries. ' - '

3) - Inconsideration oflhe presenl mdustrlal status ofthe ngdom ofThalland the
descriptive coverage is limited to the process- related matters of the factones which we
diagnosed. Also, the basic itemsand nu merical values regarding this process —energy-
saving techniques and referential instances or actual records — are described.

It is hoped that the Guide Line prepai'ed here will be further supplémented and
substantiated by the addition of information obtained. in future through NEA’s own
factory diagnosis and other means.

For mformatton the Guide Line contains standard values publlshcd 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.

(n The s:tanda'rd 'values are the most frequent values (refer to Fig. 111-3-1) of
‘statistical distributions of numerous examples. As such they represent a realistic level
for factory managers to attain w;thout d:fflculty from the technical and economic

points of view.

Maose frequent value = standard value

Frequency

Level

Fig. 1—3-1
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(2) The standard va'iue-s do not necessafily represent. the iiialuc%. which .f'u:tory
managels should be satisfied thh after wachmg them and also the m!mmum values
which it must reachi by all means. Thcsc vaiues are ‘rather those designed to 1mp10vc
the inferior value toward an a\_rc_nage-leve!, thus shifting the whole distribution of
valuesintoa better direction, Therefore; thie most { r::cih':_aaﬁ valie will be resought and a
new standard value estébli_shed after tlle-élapsc of a certain period. |

The standard value éstablis'hmen.t plﬁh' described in the. report was prepared
based on these standard values LOnSldermg the present mdustrlal stalus of the -
ngdom of Thailand. '

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 reccommended that the Kingdom of Thailand itself accumulates data during factory
diagnoms to be put into practice, and evaluates it perlodlcali}' and revises or newly

establishes standard values,
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2. Characteristics of Energy Consumption
2.1 Manufacturing process and main facilities

There are a wide variety of textile products and the prbéess f_rom material to product is

divided: the -'prot:ess from chemical materials to Syntlmctiq fiber; spinning 'prorcess to
: man.u.l‘actlzu'e yarn from natural fiber and synthetic fibér; weaving process to manufacture
woven textile from yarn; and dycing proées’s to dye yarn and woven textile. The products are
divided inio natural fibers such as-bot_ton, silk, _we'oi, etc., and man-made fibers into such as
rayon and synthetic fibers. Many kinds of yarhs are manufactured according to class and
length of fiber, lwmtmg method and fineness.

- There are-many weaving methods and finishing methods to give variety to the feel of
woven textile, and different processes such as dipping dyeing and printing methods, etc. are
selected for dyeing also. ' _

Here, we will not refer to expertise, but describe only the product and process which are
obse_fved-in the factories diagnosed by us in the Kingdom of Thaila.nd and general matters,
(1) Synthetic fibers

In synthetic fibers, there ‘arc rayon, acetate, etc, manufactured by chemical

treating of natural cellulose, and synthetlc fibers manufactured by synthet;c reaction
'_ from chemlcal materials. Synthetic fibers have many classes such as nylon, polyester,
polyacrylmtrlle polyvmyl alcohol, etc. '

Taking the case of nylon which was diagnosed by us, we ex_plain. Manufacturing
process of nylon fiber is shown in Fig. 111-3-2.- Although nylon has many classes, it is
nylbn 6 from caprolactam that is being' manufactured in the Kingdom of Thailand.
Adding water and catalyst to caprolactam and heating, it is polymerized inte nylon 6.
Since this contains water-soluble unreacted materials, extrude in the form of s.tring
into water, Soli(.l.ify; cut into chips and clean with hot water.> After drying the chips,
feed them into spinning equipment for melting, extrude through pores in the spinning
nozzle, and solidify them into fibers by cooling in air for reeling. After spinning,
stretch three to four times and put their molecular arrangement in order to increasc the
strength, _

On the other hé'nd, concentrate the unreacted materials extracted into hot water
in evaporation and distillation towers and remove impuritie.s for re-use as raw

‘materials,

Polymerization Extrusion Extraction

3

~ Caprolactam

. : . . . : . . - | - . . _‘. )
Drying > Melting ~ Drawing ' Monomer
' ~ spinning : twisting recovery !

Fig. UI--3-2 Manufactoring process chart for nylon filament
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The abovementioned processes toentry of the spmnmg equnpment aresimilar to
the chemical industry and contam bath cqmpmcnts handling fluid consisting oftowe:
tank, pipe and pump, “and eqmpment hfmdlmg solids such as dryer, centrifugal
scparator, etc. : . S

Since these eqmpments handle ongamc compounds and are casily ddm'lged by
local superheatmg, aJacket type stecam heating is mainly used '\nd thermal fluid and
electric-heater are pa1t1ally used. A boiler and chiller for air condltlonmg in spinning
process are used for utilities facilities.

. (2 Spinning | _ _
Spmmng isa process to manufacture cotton yarns fr om raw éotton and synthenc

fiber, and is further dmded into’ processes as shown in Fig. 111-3-3,

Cotton . — - = - .
Polyester p —={ Blowing Carding p Combing }— Drawing -I Roving 1—
Rayon e : : S

g ) : Double . . .
- Spinning || Winding' }—>Yam ——{ \inding [—2 Twisting |- iﬁ?}ng

L= Thread

Fig. JI-3-3 Ma_nuttacturirig process for cotton spinning and weaving

Since faw cotton is sent in a firmly compressed state to facilitate transport,
remove foreign matters and short fibers contained therein while beating with a roller

having pins and beater to untie (See Fig. 111-3-4).
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Fig. II-3—4  Blowing machine _and beater
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. Since the cotton fed out from the beater still contains small lumps and fiber
tangles and.'individl__tal fibers are not stretched out, feed to the carding machine (See
Fig. 11 1»3—_'5) to further untic weli, stretch out, and remove short fibers, Collect only the
long fibers strclch_cd out thus, arrange them in paralleland turn into string-like stivers

2 to 3 cm in diameter. .

Taker-in
roller

Fig. MI-3-5 i Carding machine

TO',manufag:tttre better quality yarns or stronger yarns, apply to a comberto
_arrange_th_e_,fibers:wiih unifo_rnlrleug.t.h and remove sh.ort fibers and the remaining
foreign matters. Next, to correct any unevenness in_.sliv:er fineness, bundle several -
pieces of them and apply a drawing frame to stre.tc.h them to the originél thickness.
Since about 8 pieces are usually bundled and stretched out to 8 times, the unevenness
in fineness bécom'es- almost 1/8. Repeat this further 2 to 3 times to lessen the
~ unevenness. - _ . o ,

Slivers with uniform fineness enter the roving process. These slivers are further
stretehed out, lightly twisted and are formed into yarns. After repeating this I to 2
times, they are fed to the next s'pinning.- ' _

; Oh_'e example of a ring spinning machine is asshown in Fig. [11-3-6 and the yarn is
fed out from E, passes through F_,. passes through B (traveller) travellingalong ring A,
and is rolled around D (bo_b_.brin). Since the boﬁbin rotates at a‘high sbeed-of about
IQ,OQO _rpm and the traveller rotates in the same direction at a slightly slower speed, the

yarn is twisted.

Fig. 11I-3-6 Ring spinning machine
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A smgle yarn thus manufactured is vsed as-is or ‘with 2 plCCCS or more twisted,
Then, it cuters the winding pmcess and is wound in the form of hank cheese, or
cone according to the use dpphcmon (Sec Fig, 111-3-7yand apphtd toa heat setfer to

prevent the untwist.

Class of hank ..

Figured
hank

Fig. I-3-7 .

(3) Waven textile
Woven textile is cloth manufactured by crossing warp and weft perpendicular to
each other, and various products are manufactured by respective yarn classes and

different crossing methods (See Fig. 111-3-8).

Spinning Warping ]—-—-s{ Sizing H Drawing-in I

f P winding el Wi |- —f Tospection

Fig. 138 Weaving process

Mecha'nis_rn of aloomis based on repetition of passing a weft through warp group
divided into two; up and down and fastening with a reed.

A mechanism of striking a shuttle' mounted with a wéft'.a[ternat:ely in both
dirgétions to pass a weft through is generally used. Since this shuttle must be rapidiy
striked, rapidly stopped at the opposite end, and immediately striked in the reverse

+ direction to increase the production sPeed the energy consumptron is great and the
nmse is severe.’ . '
‘Srze the warp beforehand to prevent hairiness due to frrctlon among yarns and to
improve the weaving performance The sizing machine consists of four parts as shown
_im Fig. [11-3-9,
) Dyemg o .
' Dycmg is perfor med durmg a stage of yarn in some cases: and dnrmg a stage of
woven textile in somecases. Also, the dvemg method is mam!y dmded into dip dyeing
and prmtmg, and only the dip dycmg method was used in all the dragnosed factortes.
For dyemg, the workmg process varies with class of the fiber and class of the dye,
but it is basrcally performed by repetition and combmatron of the foilowmg five

functions:



Hi-3-7

Exhaust duct

Bcdming part

Creelstaind .  Sizingpart Drying part
1. Creel stand

2, Sizing part ... Steam used
3. Drying part e, Steam used
4. Beaming part

Fig. -39  Construction of sizing machine

A) A_ddin_g:

By dip dyeing, printing, etc. give dye, assistant to the fabric.
B} Washing: -

 Wash with water or hot water ahd remove the impuritics, surplus dye and
assistant. |
O Dehydration:_

Remove moisture cdntained in the fabric by mechanical measures such as

pressing, vacullming, and centrifugalizing, etc.
D) ° Drying:

Remove moisture contained in the fabric by cvaporation through conduction
heat (Cylinder dryer), convection heat {Hot air dryer), radiation heat (Infrared dryer),
ete. : o

E)  Fixing: S -

Applying heat, firmiy fix dye, pigmeni, étc.'_on the fiber.

In addition, in the case of woven textile dyeing, preparatory process such as
singeing, desizing, scouring, bleaching, heat setting, etc. and special work finishing
such as non-shrink, w:_-in'kle resistant, waterproofing treatment, etc. are performed.
The cheese dyeing machine for yérri dyeing is ofa vertical and cylindrical type and is
equipped with a steam coil for heating at the bottom, and the workpiece set in a
dye-carrier is able to be putinand took ou't_ from the top. Dye li_(onr iscirculated bya

~ pump and jet_ted_altérn'ately from the outside é_md inside of the workpiece {or dyeing.

. 'Hank dyeing machine is of a horiZontai typé with an opén door in front and a

hank hung on a hanger 'is'jened with dye liquor for dyeing while being rotated at a
specified time. ' _

Cheese after dyeing is dried with carrier in-a vertical and cyiindrical drycr as
shown in Fig. 111-3-10 and Fig. 111-3-11. The hank is dried in a hanger type hot air
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dryer. o . -
For woven textile dyeing, various types such as a Wins dyeing machine shownin

Fig. 111-3-12 are used.

Alr Receivec Tank
i -

Warst Cooter

Sienm Healkd m

1

.

(S

Fig. 111-3~10 _ Fig. 11311

N GOEEEED it

® e
1. Eliips&simbed or diréuf_af Wins frame
2 :-Slg:am'pipé- . -
3. Guide roller
4 f-;c;fafé.téd-sl;ééfr\j pipe
: 5 Pefféﬁiéd‘]‘)a.rtil'io":_l plate
6. Level of dyeiig figuid -
_- 1. Stainless stee! tank
B.. Steam pipe
9

Drain valve -

 Fig. ”III.n—3._—i12 Internal construction of wins
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2.2 State of use of energy

(H

Synthétic fibers
Energy in nﬁlon factories is used asshownin Table 111-3-1. Steam is'cdnsidcrably

- consumed (40 o 50%) for heating and pressure reduction in a monomer FECOVEry

process and ¢lectric power is mainly used for air-conditioning blowers and

refrigerators.
Table 11 -3—1
Pufpbse SRR B Equipment " Energy source
Caprolactam melting | Molten bath . Steam™
Polyimerization Polyme'riz:;tion fower Heating medium oil (elec_tri_c heating)
Extraction - | Extractiontank ‘Steamn '
'Drying - Dryer, ejector - - - o Steam
‘Monomer recovery Distiliation tower, gjector | . Steam
.Sp.in.ning Molten spinﬁing equipineht Heating medium oil (electric heating) -
_ . _ _Electric power ’
Stretching - "I Stretching machine Electric power
Air conditioning Air conditioning plaﬁt | Blectsic power
~ Liquid transfer Pump Electric power
Dehydration | Centrifugal separéfer Electric power

In the diagnosed factories in the Kingdom of Thailand, onec is manufacturing

nylon and 'polyestér fibers and the other only nylon fibers, and it is meaningless to

compare directly the consumption rate between the two. However, the consumption
rate is about 500 1/t in fuel and about 4000 kWh/t in electric power for both.

Although the consumption rate for each product is not published in Japan, the

trend of all the chemical fibers is shown in Table 111-3-2. Also, the composition of

chemical fibers on the said Table changed as follows:

~Year Viscose Nylon _ Abz'y_l ~ Polyester Others

1972 260% - 18.4% 170% . 239%  147%
1981 186 - . 16.7 19:4 3.1 102

The changes in consumption rate contain this difference in product distribution,

" though the entire energy consumption rate fowers to about 60%. -

(2)

Spinning _ _ _ -
Energy in the spinning process is consumed as shown in Table 111-3-3 and electric

power accouts for the greater part. Temperature and humidity of air are important
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Fable 11-3--2 Transmon of ener gy cnnsumptmn and consumption
rate in chenuml textile mdustry in Japan

Produc- | Cans l:j‘;el ml. i : Purchaserd pm:e.:,‘m p— .wm@omm .
Year| *tion |sumption n_smnp mn._é::::m e suxf;?ﬁ&n P‘gﬁiﬁf ¢ e r

thousand {thousand |- 1} jon e | MURY rate thoy-|  ratio “‘“"“‘.“" T e

ton ki 145 sand kWhyt g | - ¥Whe "””“ )

1972) 1628.5 | 23725 | 146 | 153 '-113&2 294 [ 335 | 0.98 025 | 178"
1973] 1847.8 | 25760 139 | 146 | s1027| 276 | 370 | L02°{ 27| 173
1974) 16481 | 23726 | 144 | 151 | 47802 290 | 374 | 108 | 028 | 179
1975{ 14523 | 21685 | 149 | 156 | 46102 317 | 317 | 120 03l | 187
1976 1637.8 | 2278.0 | 139 | 146 | 48590] 297 | 382 | 113 | o029 | L7s
1977 11349 | 21210 | 122 | 128 | 4690%8| 270 | 380.| 103 | 027 1S5
1978 1843.1 | 19470] 106 | 111 | 45357 246 359 | 088 | 023 L34
1979 1850.6 | 1845.0| 100 | 105 | 45085! 244 | 389 | 095 | 025 230
1980] 18322 | 1630.9| 089 | 0983 | 4337.2] 237 | 447 | 106 | 028 | L21
1981 1797.8 | 1417.4| 079 | 083 | 3043s| 219 | 444 | o097 0.25 |. 108

Note: Excluding kerosene, coal, etc.,

Table M1-3-3

Purpose

Equipment

Energy source

I

Cotiton opening spinning

Spinning macﬁine

Electric pdwer

- Twist fixing Heat setter Steam
Air conditidnihg Blower
Pump Electric power
Refrigerator

factorsin spinning mills to improvs.yarn slip, hold down cotton dust, and ensure good
quality of yarns. Therefore, a value of optimum'air condition according to class and
fineness of yarns IS determmed as know—how tn zespectlve factories. The pcreentage of
~air condltlomng to the clectric power consumption depends upon the climatic
conditions, and it is said to'be 15 t020% in the temperate regions, but it reaches 30 to
40% in the ngdom of Thaildnd. ' '
- The eléctric power consumpnon ratein lhc spmnmg process is mdicatcd per unit
' “weight. Since the length per-unit we1ght varies with fineness of the yarn and the value
of 't_h'e"i:onsumptioﬁ rate will vary naturaily. Therefore, to control the consumption
: ra_te_"ili't'héz mill; it is _néces‘s'ar.y'td caléulate the consumption rate for each fineness of
~yarn and alsb to determine the 1f1i1tii'al conversion factor based on the actual results
_and comrol values convex ted to certam conditions, |
For reference energy consumption of all the spinning mills in Japan isshown in
Table - 3—4
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Table HI--3—4  Energy consumption of the whole spinning industry in_Japan

Year Production conzsrﬁgiion cggsgi;t?ozwgte
. thousand t million kWH_ kWH/t
1979 1319 4,509 3,418
1980 1298 4337 3341
1981 1,183 3944 13334
1982 1220 3,890 3,188
1983 1,173 3846 3279

Energy consumption 6f all the spinning mills in the Kingdo_fn o_f Thailand is
nearly 3,300 to 5,200 kWh/t and this is a high figure even if the difference in the

climatic conditions is taken into consideration.

(3 Woven textile

. Energy in thé weaving process is used as shown in :Tablc 111-3-5 and clectric

power still accounts for the greater part. The weaving process is very similar'to

Table f~3-5

Purpose Equipment’ 'Energy source
Weaving Looms Electric power
Sizing Sizing machine Steam
Air conditioning Blower

' Pump Eleciiic power
Refrigerator

spinning in use of energy, and also in this case, the consumption rate depends upon the

weaving method and width, ete.

For reference, electric power consumption of all the weaving industriesin Japan

is shown in Table 111-3-6.

Fig. [Ii~3-6 Power consumption of the whole woven textile industry in Japan
Year Production Power Electric power
consumption consumption rate
million m* million kWH k¥WH/m*
1979 6,757 2,325 0344
1980 6,737 2,285 0339
1981 6.;431 2573 0.353
1982 6,270 2,181 0.348
1983 6470 2,236 0346
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In cxamples in the Kingdom of Thailand, the f)ro_duction is indicated in length
and the consumption rate is 0. 4 to 0. 5 kWh/ yd. .

(4) Dyemg . _ .
Energy in the dyemg pr ocess is used as shown in Table 111-3-7 and the gw'ltm palt

of thermal energy is consumed in this process.

Table I[—3-7 °

Purpose : Eq\iipment ' : Energy source
Waghing, Dipping Dyeing maéhi.ne, Rinser etc. . Steam
Dehydration Centrifugal separator Electric power
Drying ' Dryer Steam - Electric powet

Although' there are a wide varietyof dycing methods used, water near'l_y 100 times
the weight of the fiber itself is used in all cases and heating, cooling and drying is
repeated. Therefore, a lot of ehergy is cbnsuméd' e'riergy accounts:for more than 10%
of the cost and requires most of the energy conservation.

We, in Japan have strived to save energy as can be seen from the actual results of
the woven textile dyeing in Table 111-3-8 and saved fuel oil by 13%. However, the
electric power consumption rather increased because 0fa'utomaﬂzation and increased

antipollution devices,

Table III—-3—8 Woven textile; etc. dyeing and finiéhing industry

Year ) ' ) .
1 1973 | 1974 | 1975 | 1976 | 1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983
tem
Fuel oil | 1495 | 1301 {1380 | 1371 | 1353 | 1323 | 1263 | 1220 | 1273 | 1265 | 1281
(thousand k&) ) :
Electric powef . 107 | 98 | 108 | 113 | 120 | 123 | 126 | 122 | 127 | 127 | 128

(hunidred million- KWH)

Procassing amount o : N : :
(hundred million- m?) .72.9 61..3 . 694 1 71.0 | 707 | 714 .71.4_ I.l.? 73.4 710 | 73.1

Consumption rate

F;ﬁ:loil _ 0.205 | 0.212 | 0.199 {0193 | 0.189 | 0185 | 0.177 | 0.071 | 0.173 | 0.178 | 0.175
(1973-100) & (100) [(103) [(9n [ (99 | (92 | (90) | ( 86) | ( 83) |( 84) (87 | (85)
Eg,jg‘,;","w?‘ 0447 0160 | 0.155-| 059 [ 0167 [ 0172 [ 0.076 | 0.071 | 0.173 | 0.079 | 0175
(1973 =.100) - (100) | (109 | (205) | (108) { (114) | (117 | (120) |(116) | (118) |(122) |(19)

' S'i‘n'é'e yarn dyeing iS' mostly used i the dia'g.:nosed factorics in the Kingdom of
Thalland dlrect comparlson with thesc flgurcs cannot be made

Energy consumptlon for dyemg depends upon various factors. For examp;e

bath ratlo tempcrature and processing time vary ‘with the class of ﬁbcrs w1dth of
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cloth, fight and shade, bleaching or no bleaching, class of dye, dyeing mcth_od;

processing speed, cte. Therefore, they determine a specified conversion factor

according to dyeing conditions ahd control is made by converting thic consumption

rate in some factoriés, Fig. T11-3-13 to Fig, 111-3-19 show the relationship between

-treating capacity and energy consumption for various dyeing machines investigated in

Japan. Also, for reference, cxamples of the energy consumption rate for each process

are shown in Table 111-3-9.-Since the dycing conditions are different each case, the

_Table. IH-—B—-9 : E.xampies of energy consumption rate each process

Short fiber Long fiber
Energy consumption Energy consumption
. Main Mean rate - Main Mean | = 7 yape-
Process " material fabric “Elaotie material fabric : Eloottic
ight ‘ ight
weig; Fuel powec "Vmgh Fuel power
- gfm? ofm* | KWH/m? glm? gfm® | kKWH/m*
Preparation | Cotton and 116~ 0.085~ | 0016~ [ Ester finished [ 80~ 0.054~ {0027~
process cottonfsynthe- 180 0.128 0.018 | yarn, etc, 220 0.275 0.31
tic fiber
Dyeing Cotton and 130 ] 0.066~ 0.071~ Ester finished | 80~ 0.066~ 0.084~
process cotton/synthe- 0.083 0.107 | yarn, etc. 220 0.133 0.716
{Dipping) tic liber -
Dyeing Cotton 110~ 0.049~ | 0073~ |Polyester 100~ - 0.127
process 130 0.2 0.167 120
(Printing)
Finishing Cotton and 110~ 6.06~ 0.073~ Ester finished | 80~ 0.071~ 0.083~
PIOCESS cottenfsynthe- | . - 130 0.11 0.082 | yarn, etc. 220 0.306 0.108
lic fiber

dispersion of values is.greal. There are too many classes of dyed products and,

therefore, it is impossible to establish a standard consumption rate uniformly for the

dyeing pro{:ess.
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" Fig. Ill-3-14  Short loop dryer
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Processing energy . ;
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keal/h | Maximum | 980,550 kealfh 1,234 Kg/h
1,100,000 | Meari | 492,728 kealfh 692 Kgjh
_ | Minimum 124,799 Keal/h 113 Kgfh
1,000:000 § —
17 »
900000 )
£00,000
700,000
60,000
500,000 ¢
400,000
300,000
200,000
100,000
I L T U —
o 500 1600 1500 kg/h
Processing Quantity
Fig. 1I-3--15 Cylinder dryer
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Fig. 111-3-106

Suction drum dryer
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3. How to Manage Encrgy

In order to improve the efficiency of ch_crgy_consumpti'on, productivity and product
quality as well as raise their overall level, it is essential first to use facilitics well adjusted and
maintained to the purpose and to Opcratc ‘ih"cm correctly. Tt is most effective for cnergy
conservation to reduce the incidence of equipment failure and increase product yield.
Secondly, it is required that thosc cngaged in energy management study the possibilities of
further impl'oving the existing facilitics and opcra[iﬁg method and puréue_ better means
through repeated surveys and factory experiments.

Accordmgly it is not exaggerating to mention that the consciousness and willingness
of the total factory employees would influence the actual performance of the factory. Anditis
rmportanl to raise the level of factory management which encourages the employees to have
such consciousness and willingness. Itis defined that energy managemcnr is a systematic effort

to achieve energy conservation.

3.1 Clarification of Management Policy

Following the soaring of energy prices, the factory owner and manager have grown
more concerned about encrgy conservation, inorder 1o promote this tendency on a company
;e\}er instead of letting rt'rnerely stay within the frame of the owner’s mind as a desire, it needs to
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 tcrms, the target
should be clarified quantitatively; such as what percentage of energy consumption per ton of
finished product should be reduced Simultancously the restrictions such as the ceiling of
annuval investment and deadline for pay back time should be clarified. _

As explained above, the top management should clearly show the way to proceed on to
the employees. 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
everybody involved is spiritually aligned in a unified direction. _

Since the target of the top management is shownasa ccmprehcnéivc one forthe whole
factory, each section and department should set concrete subtargets which do not require too
much timeand try their best effort to achieve these subtargcts. These sﬁbtargets should be set
ccncemin'g items for which any counter-measures can be taken by section and department
personnel within their own responsibility rangeto attain 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
employees of the Iowpst rank to fully understand the subtargets and extend their cooperation
in attammg them

When setting s‘ubtargcts for each’ section and depart'm'eni it is suggested that the
commrttee descnbcd later or others study if such subtargets would be appmprrdte for

achrevmg the cvcrall larget

3.2 Arrangement of System for Promotion
Ima campargn “for ene:gy conservation where various classcs of pcople take part,

' persons who play a part to promcic the actlvmcs of all'as a nucleus. If the factory is small, an
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individual person may be a promoter, but if the factory is large, a section for promotion is
sometimes established. _ _

_This position should be occupiced by a top-notch person and he should always be
carefulabouta progresé in energy conservation status and look into a cause, if there isa delay, '
then try to treat problem '

In concrete terms, the ass1gnmen£s of the positionare as fol!ows the graspmg of actual
energy consumption, comparison of actual energy consumption with plans, invitation and
checking of ideasabout improvement_, budgetary distribution, management ofwork'progrcss
ahd evaluation of actual works, mapping-out of education programs,"preparati_ons' for
committee meetings, etc. |

The committee is effective for adjustment so that inter-disciplinary understanding
may be realized among sections and departmcms such as manufacturing, sales, raw material
purchasing, equipment mamtenance and servncmg, and accounting, and countermeasures
may be put into practtce smoothly. At the commitiee meeting, any- poss:blc influence of energy
conservatmn measures to be perfoxmed on ‘each scction and department should be studied to
make sure that no profit is reduced on an entire factory basis.

- Itis important that a general manager of the faclory or a person next to the former in
rank who has responsibility and aUlhorityi in production assume the chairmanship of the
committee, Otherwise, no decision would be made; neither would such a decision be
implemented. ' o

Even if certain energy fn(':asu_'res were based on an excellent idea, any fruitful resulis
would not be expected unless the operator fully understands what the measures mean and
applics them to the actual work. There are many cases where the QC (quality control) circle
which is effective for quality control 1s utilized successfully for energy conservation with
- noteworthy results. The QC circle is an activity of improving human relationship in the job,
stimulating people to become more conscious aboul independence endowed intrinsically to
‘humans and providing them with the pleasure of working activéiy. However, itis necessary to
prepare conditions which make the operator find it easier to conduct activities such as
‘education 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 tonch with'e_nergy
éonsuming equipment and sensitive enough to grasp any phenomenon appearing accordihg to
achangein the operating conditions. It is extremely effective forencrgy conservation to make
the ‘best of information obtained by the operator and to squeezé out a goéd idea for

improvement.

3.3 Scientific and Systemauc Activities -

Itisan mdispensable condition to obtaln anexact status of energy consumptlon when
energy conservation is carried out. If data such as change of the unit consumption rate per
production, difference in the unit, variation of product grade and difference in raw materials
are not available; it would be impossible to formulate plans which guide you toward an area
requiring the implementation of immediate procedures. In other words, it is factdry data that

provide numerous ideas for improvement. If studies are made of these data with a
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consciousness about pt;oblcms, it would be able to find something leading to such ideas.
Therefore, it is suggested that a measuring instrument be installed at necessary spots, _rccord its
readings and obtain information through their periodical arrangement. 1n this case, such data
should be processed from the viewpoint of mathematical statistics to determine if. the
d1ffe1mce is significant. '

Next, it should be made’ surc that the results are [ollowed up it improvement plans
were implem_eni_ed. Efforts should_be madle to enhance the quallty_ of operations accordingto
the PDCA cirele advocated by Dr. Deming. The function of the PDCA circle is such as
explained below as shown in Fig. 111-3-20: '

q-
& echeck
Ny the resultque‘termme
of purposes

ction
Take : R :
corrective \ Determine
acfion. . a method.

Provide
education
and
N training,
Pul into ™\ q\
8.
practl.c @o

Check

Fig. I-3-20 Deming circle

First, plansshould be formulatéd; thatis, a purpose will be set for a'_oertain themeand
means decided. This rep'rés:ents “p* for PDCA. People will be trained concerning how to
“perform these means and gi\'fe.n an opportunity to actually do them. This represents “D”_ The
results of the per[ormance will be checked This Iepresents “C." Results of the check will be
evaluated to detcrmmeiftheyarcsattsfactory Action will be to standardize the results, if they
are satlsfactory and to take corrective measures 1f there is stilla problem yet to'be resolved. If
one step was completed the functlon of“PDCA” wnll be set to work towardsa target of higher
level. In tlus way, people proceed with’ theu aSSIgnments Thxs method will be helpfut for not

| only encrgy conservation but also heightcnmg the quahty of]obs in every field.
With regard tothe part concer néd with “Plan,”i itis rccommended that* 1mprovemcnt
p_lé.rl_s invitation system” be actively utilized bocause items to proposec can be found rather
easily during an.carly stage. It should be so rér'r'éiog'f_:d that proposals may be made by
) whosoever he: "m'a'y: be an lﬁdiifi’duél of a member of&'Wofkﬁhg blaé'c the QC circle or staff.
Proposals prescmed shoufd not “be left alone, but. should be examined promptiy by the
.commxttec and others The proposals presented should be aclopted as. f'1r as circuistances
dllow aitcr bemg modlﬁed on. adwce dependmg on the Occasmn Teis al‘so suggested that a
- pr1ze be presented to people for thelr proposals and fur ther acommendation be given to lhose

whose proposals brought about fr u;tful results. These mcasmes willbean mcentwe forpeople
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{o decpen their c’on_sci('_)uéncss about bartlicipati_on. For prop(_)ucnt-s whosc proposals were not
“adopted, it is suggested thét they be cxplained about the reasons why the proposals were not
taken up ‘and at the t;amc tlmc be p:operly guided over better 1dcas '

In the stage of “D” it is sugpested that satisfactory eapl'matlon be plowded to
cmployccs_of the lowest rank regarding an intention for 1mp1o_ve_ment, and theu’ coopurauon
in an-effort toward the irrlpi'dvcmcn't be solicited. They are 'also“e-ﬁcoufagéd to rebort even on
nyinor abnormalltics during opmatlon so that thcy m“ly be able to make scrupulous
_adjustments. This conmdenduon is necessary to ellmmate any po<31blc causc for eITOr.

#Check” should be conducted penodlcally and at the same time, the results be iepm ted
to the committee and the senior 0ff_1c1al. Along w_lth this ploccdme, the results also should be
made known to the operator so that he may deepen his concern. In this case, it is important to
clarify an evaluation criterion from the beginning; it is not desirable to change it eastly
halfway '

I sat;sfactony results can be expected following the unplementatlon of ani 1mp|0ve~
ment plan, they should be incorporated into the operation standard. Simultaneously
necessary measures for the improvement of equipment should be taken so that any extra load
lhay not be brought lo bear on the operator, This is a condition for continued favorable results
of energy conservation. ' . '

In case conmdcrable results have been accomplished continuously as a result of the
above their summarlzed proccsses should be published as references. At the same t1mc those

concerned should be ofhcmlly commended so that they may be motivated for next activities.

3.4 l"llrhishi'ng of Education and Information

Even if employees are wmllmg to cooperate, any improvement can h'\tdly be expected
unless they have knowledge as to how they should do it. They would become more posxtlve to
participate in the cnergy conservation campaign, if they are capable of presenting their own
improvement proposal without being hrmted to merely pomtmg out problems. In order 1o
rcalizc this talgct an internal educatlon program sponsored by the company jtself is
important; that is, programs such as seminars and distribution of guide books should be
prowded In'the ngdom ofThalland a conslderable number of companies are enthusiastic
" about education and also numerous cases where their staffers are sent for parnc;patlon into
external seminars are notlced,_ To our regret, however, such staffers sent for the external
seminar tend to keep their acquired knowledge only to themsclves instead of p_;as_sing itento
other staffers or geheral opcrzi_lors-.'lfit 1s arranged so that those who received external semin’af :
training become lecturers for'intcrnél education and provide training to other peopic based on
theiracq uircd_.l{nowlédgé_, it is cxpected that the entire level of employees’ ﬁro_fessional quality
will be raised and staffers partic.ipaling in the cxtcrnal seminars will be able to make sure that
their ‘obtained knowledge is practically useful.

Next, it is desired that information cxchange with other companies of the same
industry or raw material SuppllCIS or finished product buyers be activated. Allhough it is
naturally important that competition should take place among different companies of the

same industry, it is rccommended that technicalinformation be exchanged to some extentona -
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give and take basis. This is bécause the technical level of the entire company canbe heightened
resulting in stfonger international 'c'ompe'ling-pow'er and subsequent mutual benefit. For
mstance. the pubhshmg of actual unit’ consumptton rates will be instrumental for. the
motivation of commercial competition, _ __

The referential value establishment plan described in the report was prepared based on
these refexennal values consldermg, thc present industrial smtus of the Kingdom of Thmland

These referential values will be a starting point for the cstabhshment of referential
values m_decu:lmg industrial rationalizaiton in the ngd_om ofThailand. ftis _rf:commended
that the Kingdom of Thailand itsell accumll'l.at'es 'data for factory diagnosis to be put into

practice, and evaluate it periodically and revise or newly establish referential values,
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4, Rationalization in the use of encrgy
Synthetic fibers
(H ‘Combustion control for boilers, cte.
_ See 111-7 Scc_tion for Boiler and Steam.
2) Prevention of heat telease

The manllfa(':t_uri_hg process up to melting-spinning is similar to those of chemical
factories and a ‘number of towe.rs a.ﬁd tanks are connected with piping and their '
contents are heated to 100 to 300° through a heatmg medium., Therefore, it is
important to prevent heat release from the surface of these equipments. The main
equipment is generally heat in_sulated well, but for the flange portion and smail
diameter piping at the ends, etc. the insulation tend to be incomplete.

3) Utihzanon of flash steam _

Sce 1117 Scction for Boiler and Steam.

Since high-pressure steam is partially used in relation to heating temperature, it is
necessary to effectively utilize low-pressuré flash steam generated by feeding the
condensate into the flash tank.

(4) Recovery of condensate
- See I11-7.Section for_Bdiler and Steam.
(5 Utilization of back pressure of steam _

thﬁ steam at different pressures is used, this steam is generally obtained either
by using two ormore boilers to generate steam at respective pressure, or by reducing
the pressure of a portion of steam from a high-pressure boiler with a reducing valve. In
this case, élec_tric‘ power can be effectively obtained when all the boilers are changed
into.high-pressure hoilers, a steam turBine is used instead of the reducing valve, and
the steam lurb'ine_-is used to drive the generator. Recently, small-sized, high-efficient
turbines are manufactured and such cases are often seen.
< Example> Power generation by the éxisting boiler and economic efficiency

Let us consider one example when a steam turbine generator is'installed ihstead
of the reducing.valve in a factory with a boiler = 10 kg/cm’g X saturated 45 t/h and
required process steam = 3.5 kg/cm?g X 140°C X 40 t/h,

a. Since the use of a reducing valve causes steam to make an 1soenthalp:c change,
the enthalpy retained by steam remains unchanged before and behind the reducing
valve (A — B in Fig, 111-3-21 Steam i-s Diagram). Fuel consumption at this point is,
assuming that combustion heat of fuel (fuel oil C) = 10,000 kcal/ kg, boiler efficiency =
80% and temperature of feed water = 80°C,

662.4 — 80 X 40,600

Fy = = 2912 kg/h
10,000 X 0.80
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Fig. Wi-3-21

b. When poweris gencrated with the steam turbine, the erithalpy of steam decreases
(A — C’in the Steam i-s Diagram); Genérated energy, heat balance ar.ld'econom'i'c
efficiency at this point are as follows:-

- * ‘Gencrated energy: 967 kW from the following calculation:

® 00060

Steam pressitre at turbine inlet : <. . . . BS5kp/cm’g
Steam en’tha.lp’y at turbine inlet: S .- 662.4 kcalfkg -
Exhaust pressure at turbine outlet R - 35kg/em’g
" Theoretical adiabatic heat drop (A — C?) (662.4 — 629.4) 33 keal/ kg
Select an optimum turbine from steam conditions and . - '
dimensions of the tufbine.
" Ratoh’'double reduction turbine
e [aternal efficiency - SR - : : : 67.15%
o Effective heat drop (33 X 0.6715) .. - - : 222 keal{kg
» Exhaust énthalpy (662.4 — 22.2) | | © 640.2 keal/ kg
(@ Amount of required pfb'ccss steam '
40,000 X 222 41,387 kg/h

. Gener’ated.cnergy _ o
& Overall efficiency of turbine including generator (5) . 60.929%
) o 860 BT

BT X7, 42.8 kg/kw-h
Theoretical adiabatic heat drop '

® Steam consumption

. ® G_en_eratéd energy (Process Steam amount .consu'mptio'n) = (Sieam’
. ' conosumption) o _ 97 kW
* Heat balance: ' Process steam must be fed 1,387 kg/h (Sce item {7)} morc than

when the reducing valve is used.
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[Q = 41,387
o P =85
at turbine inlet - T 177
L= 662.4
(@ = 41,387
at turbine outlet; P=35
(Procéss inlety |T =147
L1 =640.2

* Fuel consumption: m the same manner as the. reducing valve,

: (662:4 — 80) X 41 :
|y 0624 ) X 4 387m301'&kih
10,000 X 0.8

* Economic efﬁclency 95,600,000 when detcrmmcd from the cost difference

between purchased power and house generated power and annual working hours in

the following way

e 0

lncre'lseinfuel FV"—301'}—2912—‘ 101 kg/h
Unit price of fuel (dlffers from country to country, but the unit pnce in Japan is
adopted) : _ _ : ¥60/kg
Generated electric energy 967 kW
Unit price of house generated power |

Increased fucl cost S . - ¥6.27/kW-h
Generated electric energy _

(3 - Purchased _power unit price _ ¥20/kW h
(differs according to the country and enterpl ise, but one example in Japan is
adopted) . : _

® Annual saved electric energy charge _ o o ¥95,600,000

{(Operating time assumed as 7,200 h)
- {20 —6.27) X 967 X 7,200 = 95,593,752
The foregoing is one example of electric energy charge saving by mstallmg a
“power gcncratlon_ turbine utilizing _sieam,pressure;dllfferenlce instead of the existing

plant redizcing valve. lts merit is so enormous that investment for equipment such as
turbine generator, piping,'foundation cte. will be refundable \Vifhiﬁ alyear
<Exa mple 2> Power generation and economical efficicncy by a ncwly~mstalled boiler

If the boiler renewal time is only a little while away, dec151vely install a new
high-pressure and high-temperature boiler to increase the generated energy, thus
increasidg the economic efficic.ncy by leaps and bounds. For 'trial let us determine
economical efficiency when a super-heatingboiler with 33 kg/cm g X 350°C X 45 t/h
in the same process as Example 1 when newly installed.

- * “Generated energy: Calculating in the same manner as Example 1, = 3 300 kw
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* Heat balance:

(Q = 40,000
' o P=30
at turbine inlet - T =940
L1 =738.7
(Q = 40,000
at turbine outlet! P ==3.5
(Process inlet) | T = 160
LI=662

* Fuel consumption: in the same manner as when the reduciing valve is used,
738.7 — 80) X 40,000
pp 087 = 80) X 40008 5 099 kg/h
10,000 X 0.85 :
(Newly-installed boiler efficiency is assumed as 85%) -
* Fconomical efficiency: ¥394,000,000 from the following calculation:

Assuming annual'working time as 7,200 h, and in the same manner as Example [,

@ Increase in fuel - 187 kg/h
(Fn — Fv = 3,099 — 2,912) '

® Unit price of fuel | 60/ kg

® Generated electric energy _ 3,300 kW

(® Unit price of house generated power : ¥3 4/kW-h

(® Purchased power unit price ¥20/kW-h

& Annual saved_ clectric energy charge : ¥394,000,000

(20 — 3.4) X 3,300 X 7,200
(6) Dlstnllatlon equipment
| | A lot of steamis consumed for heatmg and evacuation in a process Lo concentrate
the unreacted monomer extracted into hot water from polymeric nylon.
To save the emount of steam for the €jector, it is necessary to give attention to the

followmg points:

A)  Periodically replace the packings and weid the flanges closed as faras p0531ble S0
that air does not enter the vacuum system. _ .
B)  Endeavour to save the amount of feed water to the condenser while keeping the
' neceésary temperfitu_r’e to maintain the vacuum._"
o Re;examirle:the'vaeuhm'condition and test to check whether the steam pressure
- canbe teduced, or in the case of multi-stage, whether the final stage can be.eliminated.
Dy - "itﬁ’dy‘the merits and démierits of combined use with a vacuum pump or the

' replacement If thereis no problem ofcorrosu)n and dust, it is advantageous toreplace
-and there are some examples that the eqmpment cost is refunded within a year.

" E): Turn_eny evaporator into a doub]e_or triple effect evaporator (Sec 111-5 Section

- for Chemical lndu'ster) - .

‘(’?) : Change of process : :

When estabhshmga new plant itis necessary tostudy adoption ofthe following

' energy conservation type processes
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A) Continuous polymerization spinning equipment _ _
“In a conventional process, molten polymer formed by a polymerizer is solidified
by cooling and after removing the unreacted monomer by cleaning with hot water, itis

dried and re-melted foi' spinning (See Fig 111-3-22).

Continuous polymerization " Conventional equipment
spinning equipment ' _ ' '
Ca’prolactam ) Caprolactam
TeIooe ‘l'f“ e Polymernizatic
Polymerization tower
cauipment

Molten polymer

l Conweyor }
Spinning machine

bt e e e e

Twisting [ Drawing machine ]

.

g . g . machine T
g “é ' = ‘g l Crimping machine l
-y b4 -
S & 82 [ .Cutter ]
< g 8% Nylon { Nylon v
‘g = g5 filament staple
v
8- SE
Fig. 11-3-22

In a new process, since molteh polymer formed by a polymerizer is carried as-is
for spinning, a greater part of the process is omitted.

B) High-speed multi-thread yarn-making _ ,

In the past, yarn used to be manufactured by extruding molten p'olymer froma
spinning head and once thread was obtained by cooling, then stretching by a drawing
machine separately installed. . ' |

In a new process, spinning and drawing are pér_fOr_med at the same time by
high-speed spinning and also multi-thread take—'up.is pc_rfor_m_ed together, Therefore,
power and heat loss can be saved because of the omitted drawing machine.
Spinning speed chaﬁges from 1,000 to 1,500 m/ min, to 3,000 m/min or more and the
number of threads will be 4 picces or more when under 630 de_hi‘_er and 2 pieces or more
at 630 denier or above. Although energy for spinning and drawing is. consumed at the
rate of nearly 3:2, this impro'vement saves the energy greatly, but it may not be applied

ta some yarn according to applications.
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8) Change of heating source for heating medinm

Although eicctnclty is used for the heatmg source fora hcatmg medmm boiler,

" the thermal efflmency at the power genexatxon stage is only slightly over ’%5%
Therefore, in a certain factmy havmg several electric type heating mcdmm boilers,
they changed these boilers into one fuel oil burning with the results that they could
save annual expenscs by ¥3, 100,000 against the mvestment of ¥8,000,000.

(C)] Air conditioning (See 11-8 Section for Electnmty)
A) Re-examination ofa:r conditioning loads . .

Air conditlonmg conditions for the epmmng piocoss have an impact on the
quality of yarn and respeotwe conditions are set for cach factory. However, it 'is
necessary 16 re-examine them as occasion calls with technical development.

In a oe;‘iain--fo_cioryl. in Japan, they changed the temperature and homidity -
step-wise and determined lih_iits beyond whic_h-probleros will cccur, by checking the
quality of threads and operafing circumstances in cach step. Asa fcsult they saved the
refrigerating load by 14% and humldlfled heatmg steam by 16% by changing the
pcc1fled condltlons set throughout the year mto new condmons each season.

It is necessary for energy conservatlon to reduce the load by intensifying heat
insulation for the bunldmg and heat- generatmg apparatus

B) Change of spray nozzle

When air is directly cooled by chilled water spraymg, the delivery pressure of
water pump-can be reduced by makmg the spray nozzle larger and reducing its

© quantity. This reduces the pump power and may reduce the number of pumps in some
cases. o | o :

For example, in a certain fai:_tory in _Japan, replacing 15,400 nozzles 4 mm in
diamcter in use with 212 nozzles 44 wim in diameter red uced tﬁe Spray pressure from3
kg/em’ to 2 kg/om’, thus resultmg in swmg “of electric power of about 470,000 kWh
annualiy _

C) Tntroduction of h\gh -efficient refrigerators

' Deteriorated r_ofrlgerators do not reach their designed porfo rimnances.,

. For example, in a certain factory in Japan, a refrigerator with the design
consumption rate 'of 1.28 kW/JRT'(Notf:' } JRT =179 ,680 kcai/d)" was deteriorated
“intoa Lonsumptlon rate of 1,41 kW/JRT and they saved 750 kW-by réplacing it witha
*high- efﬁmenoy lcfragerator wath a consumpnon ratc of 0.91 kW/JRT

D)  Control of rcfngeratOr rotating speed o .

- ' In factoucs W1th turbo cornpressors inuse, it is effectlve to control the number of
turbo compressors or the rotatmg speed when the load varies.greatly. Examples of
u,duction in electrsc powcr dre shown in Fxg 1J-3- 23

E)  Control of b!ower rotatmg ‘speed *

' See HI-8 Secnon for Elccmc Power.
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{8 1 ~-—Damper control _
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Fig. III—_3—2_3 Characteristic comparison of capacity adj'ustnié.n.t

Spinning and weaving
(N Heat setter . :
See 1117 Section for Boiler and Steam. _ N
Pay attention to strict enforcement of door closing while waiting, maintenance
and control of trap, heat msulatlon maintenance of packings for doors, etc, and
: recover_y of condensate.
(2) Sizing
A) Intensification of heat insulation
Thoroughly heat insulate-tanks, headers and piping.
By Attachment of hood
This serves to keep temperature amund the cylinder and aiso serves to expel
vapor qu1ckly
) High-pressure t.queezmg .
For example, increasing the squeezing pressure after sizing from 350 kg to 1,500
kg reduced the amount of water to vaporize by 33%,
D) Change of glue _
- Glue can be made at low temperature and sizing also can bf:_ _ma_de at low
¢ temperature by changing the class of the glue. For example, lowering the compound-
ing temperature from 130°C 1o 86°C saved steam by 13%,. '
E) Increase in number of sizing pieces
Increasing the number of sizing pleces saves energy as a whole, though the speed
is slower. ' '
) Improvement of heat transfer of cylinder
Adjust the siphon and locate traps so that condensate wnhm the cylinder is

Smoothly removed.
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