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RESULTS OF THE STUDY ON THE CEMENT INDUSTRY

Results of the Study at Sepahan Cement Company

Outline of the Plant

(1

2

)

)

O

* Plant name

Sépahan Cement Company
Plant address
Esfahan Cily

Number of employees

1,375 including about 30 enginecers
: Majo:r products -

* Portland cement and clinker

Production caﬁa:cily (mominal)

" Cemeit: 10,000 vd -
* Clinker; 7,000 vd

Production pro'c¢s's of cement

'-Th1s cement company d:gs oul mari for raw material at the adjacenl quarry. This raw
‘material is made into the blended ore in the. mdoor yard using the ore bedding system.
"The componenls are thcn adjusted by adding 2 to 3 % of limestone, silica, and iron, to
" be used.

The tandem method, which is'a combination of the secondary crusher and the air swept
mill, is adopted for dry crushing of the raw material. ‘The pre-heater exhaust gas is used

- ‘as a drying heat source after adjusting the mosslure The suspension pre- heau,r (SP)
~kitn with satellite cooler is used for the burnmg process. The closed circuit type batl

miH is used as the finish grmdmg systen, The final product is manufactured by mixing
416 5 % of gypsum and 7 (o 18 % of slag in the clinker on the des:gn basis.

Fig’ure' 3,1.1 shows the manufacluring process flow of the entire piam. 3
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Figure 3.3.1 Process Flow

Storage yard & " Clinker silo & Cement sito
collectives tank Blending tank additives tank
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ol .
|Sage—sBreesy
] ----- Shipping
© yard

Marl quarry . Raw mill - " SPiKiln‘Cooler * Cement mill
@ 'ilisl_ory of Illc._.plal.n. |
| 5973: This company was gglablgshcd.
l9_?é’: No. | line slér:ed_oper%tiorl.
1981: No. 2 line started operation.
. Now, as a single factory, 1l.has‘a producllon scale next to 'lehran Plant of Tchran
: Ccmcm Company and Abyek Plant of Fars and Khuzestan Cement Company, andis one
of modesn representative cemenl phnts in l R. Iran
(8) VPlant layout
.' Fjgprc 31 2 :shmv; ‘_h,é pianl.layouli.
9y ;On‘eilihe diagra.ﬁl

' 'l*_‘igu_ré 3.1.3 shows the eTeétéic power one linc diagram.
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Fi'g'u're 3.13 One Line‘Diagram

>

: 'C.cmcnt millNo. 2
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Slag fecd

Cement mill
Cement mill

Other

Transpott g

Other &

o

Y

=

Cementmill 8
Cement mill
Work shop

L (Dzit_)o XVA
____@ 2,400 kW
,_—--® 2,400 kKW
i _@_L};SO kVA

e P
@ 2,400 kW

»—@ 2,400 kKW

8 8

4 X30MVA
"Raw milI'No. 2

6363V

@1,2501“/;\_

QD

: ( ﬁ ) 1,600 kVA -

: —ﬁ—3®;450 KW
ﬁG’DL@ kVA

- DCS70 kW

l.ig,hling. Measure.

Transpott,
Prime-air

Kila drive

Compressor
Crane

SP fan
DC 1,350 KW

SPfan
DC 1,350 kW _

Raw rmill f2n

" Raw nill fan

Raw mill
Raw mill
Crusher
Crusher
Other

Lime crusher
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(10) Qutline of major facilitics

The facilities consist of 2 lines of kiln wilh the same specifications, which main
equipment are shown in Table 3.1.1.

Table 3.1.1 Major Equipment

. ) Dimhensions Number ~  Capacity Motor
Depariment Equipment . _ Note
A (m} set-] (Uh) (kW]
Raw matécial  Hamaner crusher Tip speed ~ Umill- 140 450  Moisture
drying & ' 40 nv/s (raw meal) 6p ‘5 to 8 %
grinding Balt mill 46 ¢ x 8.86 kil 140 2,500 1,350 twin
' 14.7 tpm (raw meal) 6 p '
Ml fan 6,200 mmin il 1,060 90°C.
-640 mmAq : 6p _
Clinker Suspension Twin 4 stage * Ykiln 230 L Supplied by
prehealing & preheater cyclone type (raw meal) . KHD
burning SP fan 6200105200 - Vkiln 1350 15010350 °C
AR ' ' mYmin ' : ) ' '
-830 mmAg _
EP fan - - 4,570 to 5,200 - kiln. K i ,350_ 150 o 9d °C
B m¥min - “6p
~70t0 77 mmAq
" Rotary kiln 58¢x88  plant 1375  DCST0
: . - {clinker)
Satellite cooler 24 X197 10kl B 150 °C
 Finish Ball mil 44¢x157 kil 0 130 4300 2,400 twin
grinding ‘ 2 compartments - (cenent) ~ waler-injection
Classifier = © Umill 120 dynamic-
' separator
(i1) " Energy prices

Natural gas

Heavy oil

Eléctric power Demand charge
Energy charge

"Total charge

Energy prices are as follows:

(September ] 995)

25 Rial/m?
15 Riali.
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39.5 Rial/kWh

(uly 1996) »

24,5 Rial/m? (10,000 keal/m’,)
" 35 Rial/L (9,100 kcal/L)

3,200 Rial/kW '

8.3 Rial/kWh -



Since the cost of energy fluctuates within short periods, it scems to make adjusiments

in arder to make up the gap with international market prices,

(12) Study period

i,

b.

Plenary study

Preliminary study: September 30, 1995

;" July 6to 10, 1996

- (13)  Members of the study group

HCA team
* Leader : Norto Fukushima
Process management technology : Hisashi Ikeda
Heat management technology : Katsuhiko Kaburagi
Heal managément technology : Masami Kato
- Heat manégemént technology - Jiro Konishi (Prefiminary sludy)

~ Electricity management technotogy: Toshio Sugimoto

' Blectricity manageiment lechnology: Kazuo Usui (Preliminary study)

Economic evaluanon

{14) Intervicwees

. Shirzadi
. Shane Sa?zadeh
. Nazemi

. Hashemi

. Pourghasemi
. Tavanger

. Khozestani |
. Mahbod

. Dayani

Safaie

: ' Shigeaki Kato (Preliminary study)

PBO leam -

Encrgy conservation © 1 M Ma?han

Energy conservation - . 1 Mr. Akhavan (Prehmmary sludy)
“Micro level energy managemenl M Mianji :
Instrumentation : Mr. Shayesteh {Pullmanary sludy) '
Macro level encrgy management - Mr. Azizi :

‘Macro level energy managemént : Mr. Moosavi _ :
'Mi_nis:ry of Industry - o . Mr. Parsi (Prehmmary slucly)

Advisory commitee : Mr. Alavizadeh (Preliminary. study)

: I"lctory Manager
: Head of Electric Departnum
: Head of Electronics

Mal_lager of Production 'Affaiis_

.+ Maintenance Engineer
' Maintenance Engineer of Production Line
: Maintenance Dcpartmehl (Preliminary study)
+ Electric Department _
't Head of Operation Line
: Eléctric Manager, Production Line
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Mr. Abedi : Material Preparation Section

Mr. Sadeghiyan  : Head of Technical Office

Mr. Hajsadeghia  : Technical Office (Preliminary study)

Mr. Ghondagi : ‘Operation Line 2

Mr. Shekarchi : Mechanical Depattment (Preliminary study)

3.1.2  State of Energy Consumption

(1) - Trend of preduction, energy consumption, and encegy intensity
"Table 3.1.2 and Figure 3.1.4 indicate the production and encrgy consuniption belwéeen
1989 and 1995. After some degree of imiprovenient, it seems that the production’ and
“engrgy intensily have reached a limil in the present conditions.
The clinker production is af a level of 75 to 90 % for the nominal capacity of 2,000,000
§ C Uy - : : :
On the other hand, cement producuon is over 2,000,000 t/y, but hourly producuon is
onty about 100 b’h whlch is 77 % of rated capacﬂy of 130 Uh
Table 3.1.2 _Produc_lion, Energy Consumplion and Eilergy lntensily
' Year 1089 k00 . 991 1992 1993 1994 1595
"Production _
Clinker - Cwy L0000 1567516 LYIS36S LGATSSH 1,553,188 1739378 1,785,733
hiy T O 1 E S X R £ L 14 12910 13,432
w1 e nes 9 . 1244 1372 1329
 Cement | vy 1,556,240 018 201624 138394 2039,740 - 2081203 1.905793
‘ Cwy 6528 18023 . 20738 18890 - 21658 20,344 19,655
Y S -TY B Teri o0 U100 942 © 1023 910
g ’ Energy consumplion ) . o L . ‘ _
Fuel ol Ly 13,269,576 1 102,776,284 19042915 75,645,330 BLGS46S0  BI240300 56,679,780
Natoral gas mVy 52463911 41,751,042 . 70415397, 61585130 SS001,615 69827646 65710427
Sub total _ Gealy 1195997 1IS2TI LA 1364224 R29334D LBLI6Y 1536500
" gquivalent to kL7y 131422 143,657 156,419 149,915 142,126 163,974 163,850

' . Elecuicity

Energy inlenéily

" Fuel

‘ E!éctiici!j

kwivy .205.‘15.8,365 314,602,730 209,553,853 235938667 214496714  1IFISRA8 224275235

~ kealkg-ct 89738 © 86301 B980 - sm9r 8370 83359 860.66

kealkgcem - 76348 - 71339 ¢ (63644 S §3407 0 71697 - 80643
KWhit-cl 15396 14967 11216 . . M502 138.10 13442 ¢ 12559
KWhit-cem .. 131SS 13402 . C 10106 . 12649 1656 1149} 117,68
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Figure 3.1.4 Production and Encrgy Intensity

1800 - ey
1600 -
1400 -{-
1200 -
1000-}-
800 1 + + ..{, ..................... + ...................... +
" Production
6001 T 11,000 tcly)
400 -}- + Fuelintensity
[kcalkg-cl
Electricity
200 -1 : . . :
L T TR PP ¢ S S G Groeee Intensity
: @ il calhb © R o L [kWhieel]
L I — — — —} e } .
. 1989 1990 1991 1992 1993 1994 1995
Year
(2) - Energy intensity in each process

“Table 3.1.3 indicates the recent state of operations for each month and for cach process.
- Figure 3.1.5 illustrates the production for ¢ach process. It seems that system downtime
* . due o maintenance has affected the quantity of raw material and clinker production. .

The required amount of raw'material is in_proportion to the clinker production and is
apprpximalcly 1.6 times of the clinker produ’clto_h. Theé reason why cement p;oddclion
changes without regard to the clinker production may be the differerice of the slag
mixing percentage. The average monthly clinker production is approximately 150,000
vmonth which is 90 % of the nominal capacity. ' '
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Table 3.1.3 Plant Operation Recovd

Year  Moath Raw Mill Department Kiln Department Cement Mill Department
Production Hlecticity consumption  Production Yoel Consumption  Electicity conumpiion  Production Bty consamplion
[Raw tons] {kwh) [tel} 0il [L} © Gas [mY [kWh] {t-cem] |k_\\r’h!

1995 4 250,363  7,000,85% 165,327 6,810,200 1,696,160 n.a. 128,336 | 6,609,477

5 197305 S606,369 0 114,471 5343000 4968375 na. 163,789 ! 6,889,158

6 267003 1,550,945 169,050 - 8,765,490 6,418,475 n.a. 162,823 T4154M

7 264583 7961766 167,957 7,056,310 8327500 © 4,305,900 154,008 . 6913,508

8 265306 7,477,303 166323 GOIZ800 778930 4291200 200726 9,271,129

9 245503 7,255383] 140856 © (7,716,300 5664510 3740700 230,460 10,367,404

10 200,277 5,865,121 :29,909" 5,563,500 " 6348675 3,834,300 168,460 1,897,977

il 287083 7795035 178,200 . 7,676,750 8317315 4533400 194,806 9,196,037

12 166019 4,638,087 103,388 5,985,400  3,427.000 ~ 2815300 151,697 7124444

. 1996 1 169,663 50917218 110177~ 9426450 © . 840300 2688600 130478 6,378,320
;.. 2 268261 . 5,088,800 162,389 14,914,300 0 3929800 92742 6,371,295
3 © 266572 1796810 172,685 15,473,350 0 3.989,600 122,015 ° . 4,799,592

4 250081 7498200 154,152 14,041,000 ‘ O 3752972 170,198 6,22443)

5 200471 7126527 124,302 11423600 D . 3.096,549 158,392 * 8,653,179

6 280226 - 5323251 - 180,647 16,632,100 0 - 4,512,000 170,051 - - 7,963,163

Cfoual UST-IMEG 2883320 TEAI7600 1799968 122857860 40713840 4SSE05H - 1949233 91492481 -

Monihly average 240217 6518134 . 149,999 10238155 3392820 1795013 162,436 - 7,597,707
Enetgy intensity b6 - 213 100 6325 2260 2530 | 1,08 46.77
*Fotal  Elecicity (kWhit-cl] : _ L . : 119.41
- L (kWRI-cem) S ' : B ' 110.26
(KWht-ref) . c IR L {LERECINC: 3 11553
Foel  fkealkgcl] . © UikeaUkgl  (keaVm' '856.12

o - [LHY) 110,180 10049

Colkgll) 0 0505

— 1581~



{vm]
300,000 -

250,000 4

200,000 1

150,000 -

100,000 -

50,000 -

¥-—-—-~ Raw meal

+ .......... Clinke(

&---ne Ceiment

Q- Clinker

_ ] - _ _ ' (A\'erage_)

— = —— — — o

.5 Monthly Production by Process

Figure 3.1

-:::_,.A-'-

1996 - -
May Jun, JulAug. Sep. Oct. Nov. Dee, Jan. Feb. Mar. Apr. May Jun,

: F:gun, 3.1 6 shows the monlhly energy mtensuy Although both natural gas and fuel 0il

are used concurrently as fuel, the intensity is indicated by’ calculahng the fuel amount
in terms of fuel oil for simplification in this figure. The fuel intensily is about 92 to 95
L/t-cl. The average amount is 856 kcalikg-cli in terms of heat value. It should be noted,
however, that the fuel consumpuon for drymg thc slag is not mcluded m lh:s amounl

The electric power intensily is indicated on the value per p‘roduction of cach depar!ment,
For example, to' show the electricily intensity of the raw material department per clinker
ton, il is necessary to multiply this valug by 1.6.- Sometimes the electricity intensity is
given per cement ton. Asin this factory, however, when large quantitics of mixtures are
added into cemient and moreover if the quantities of the mixtures are not constant, the

electricily intensity md:catton per cement ton may be in erior. Thcrcfore. such an

indication method shou!d be avoided due to management reasons.
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Figure 3.1.7 shows the clectricity consumption for edch depariment.. As shown in the
- figure, the electricity consumption of the raw mill départment is 36.4 %; that of the kiln

department is 21.2 %; and that for cement mil} department is 42.4 %, If the electricity
consumption of the raw mill and kifn departments is calculated per clinker ton, it will

© - be 44 KWh/t and 25.3 kWhit respecuvely It will be 46.8 kWh/it per cement ton for the

' cemenlnnlldepartment In Yapan, for cxample, the percentages ofeleclncuyconsumpuon

o are: 40 % for the cement mill dcparlmem 21.5 % cach for the raw mill and kiln
- departments; and 5 % % for other departments.” 1t s belter to avoid a simple comparison

of the electricity consumptmn with Japan by ignoring the chffcrcm,cs in raw miaterial

characteristics and difference of equipment used according to those raw imaterial
characteristics. However, the high percentage of electricily consumption of the raw
mill depanmenl is co‘nspicuous.

Tn the case of this plam lhue ate 2 raw malenal mill lines per | kiln line which impose
a load of approxlmatcly 3,000 kW each. The exhaust fan load at each mill is 930 kW.

* It is noteworthy that 31 % of the elcclnc:ly consumpuon in the raw mill depantment is

taken up by lhIS fan
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Figure 3.L.7 Departmental Electricity Consumption

Raw mill department
. {36.4 %)
Cement mill
department
(42.4%)

Kiln department
(21.2 %)

(3) Heat balance

. “Table 3.1.4 shoivs the heat balance calculated using actual measured values and indicated
values of the measuring instniment for operation on the date of the study. .



Table 3.1.4 leat Balance {(No. 2 SP Rotary Kiln) (3/2)

1. Precondition

tem * Unit Remarks
1.1 Raw mecal _
1) Charged raw material vh - 230 125+ 134
2) Temperature °C 100 o
3) Specific heat keabkg-°C 0.20
1.2 Clinker
1) Yield of material ‘ © {-cVt-raw material - 0.59
~2) Dusting loss % 5 :
*3} Clinker output vh © 134,30 ¢ 239 x 0.59/1.05
4y Termperature on the conveyor R T 164
5) Heat for clinkering " kcallkg-cl. 430
6) Specific heat kealkg°C 0192
1.3 Fuel in kiln
1) Kind I * Fuel oil
2) 'Low heat value - kealll 9,207.
3) Temperalure °C 100
4) Consumption in kifn " Lih 12,500
5} Specific gravity kgL 0.905
6) Specific heal kealikg-°C 045
1.4° Exhaust gas al preheater outlet : '
1) Temperature . o °C 320
2) O, content % - 2.8
" 3) Specific heat _  Keal/m*C 0338
. 4) Specific gas volume of fuel oil - mlykg-cl . 1.63
.0 5)  Specific gas volume by clinkering of miatcrials 'r_n’,;kg'-cl 0.27
1.5 Radiation loss from kiln surface - _
- 1) Average lemperatuge | °C 282
2) Surface area m? 1,604
3) Convection coefficient kcal/mth-°C 10.9
" 4) Radiation coefficient kealVm*h-°C 159
5) Emissivily ' - 0.95
1.6 Radiation loss froni cooler susface K
1) Average temperature eC. 455 .
2) Surface area _ ni? : 1,379
'3) Convection coefficient keal/m®h-C K
"4) Radialion cocfficient " keal/mth°C 297
5) Emissivity ~ 095
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Table 3.1.4 Heat Batance (No. 2 SP Rotary Kiln) (2/2)

2. Heat balance

Item: kealikg-cl % Remarks
Input heat Q1
1) Qa : Heat of combuslion of fuel 857.0 96.9
“2-13Qb,: Sensible heat of fue! - 2.7 03
2-2)Qb,: Sensiblc heat of raw malerial 24.9 2.8
Total 884.5 100.0
OQutput heat Q2
“3) Qc i Heatfor cli'nkering o - 430.0 43.6 HS
'4) Qd : Sensible heat of clinker at cooler outlet 257 2.9
5) Qe : Scnsible heat of preheater exhaust gas ' 135.8 _ 153
6) Qf : Radiationloss ' 226.2 25.6
~ 7y Qg : Other heat loss : 66.8 1.6
Total o - 884.5 16000
1) l2500x9207/2%9;‘059xl05!1000 857.0
2-1) 1250012%91059x105x0905x04€x(100 30)[1(}00 =2.7
4)  0.192x(164-30) =257
sy (1. ll5+0270)x0‘&’48x('§20 -30) = 1158

6

Cooler 177.5 + Kiln 76.8 = 226.2

3.1.3 State of Energy Management

g

Selting the energy conservation target

No speciﬁc'target seems to be setup. Itis ab'sdlutc]y necessary 1o scl a target which can
~ be achieved rationally in accordance with the aclual conditions at the plant. -Also, : -
_ energy conservation measures are cibscly'rclated to plant pfdduclivi(y and anlipb]lu'lio'n
measures and these factors must be in harmony. It is desirable to understand the present

situation completely, make a cerlain level of forecast on the improvement results,
analyze the causc and reason if the result is unsatisfactory, and continue to make step-
by-step efforts.

Al present, the target fuel intesisity should be 800 Keal/kg-cl as suggested by the plant
~supplier, In rt.ahly. the measures for improving produc(mly have priority over eneigy
" conservation,  If the plam can constantly achieve the rated capacity of 137.5 Uh, a
reduction of fuel intensily can be expected to follow. Therefore, the approach may not
. be exactly wrong. :
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)

There is no clear target for the electricity intensity either. 100 KkWh/t seems to be one
of the guidelines, but without specific reason. It is rccommended that the possibilities
of power saving should be pursued by cach department. The improvement of efficiency

‘of the raw milll department should have priority over all other departments. Aithough

the raw material mill is operating with low load at prescnt, the optimal operating
conditions imust be studied. '

Systematic activities

To our wnderstanding, around March 1995 the energy commiitee was established and
related aclivities started. The achievements of the committee’s activities'cannot be
détected yet from the operation data. The engineers, however, are highly interested in
the activities.’ A number of questions were positively put forward by them and we were
asked for our views when we visited the plant.  We expect the commiltee lo make
significant achievements in the future.

Management based on data

Judging by the qulck responses to our questions, the engmeers have a gnod understanding

- of eqmpmenl and facnhtles related to individual machmcs and the overall operatmg
" conditions. S -

It is, however, necessary to continuve to make various arrangements for a summing up .

- method and communication of information in order to make optimal sse of these data-
. .for process analysis and mprovement The measuring mslmmcms and recorders must

be upgraded in accord'mm, with lhe purposc

For example we h'w;, asked Ihe company this time o sum up the opetation resubts

~ according to department and for each month. It will be a reference example. To find
 keéys for unprovemcnl by’ graspmg of the actual ‘state of encrgy consumption, it is

a!ways necessary o sort the summcd up data accordmg to cach process and understand

* the trends of change.

Education of employees

"1t is commendable that the facilities for training of young workets are provided at the
‘same plant site. 1t is récommended that encrgy conservation measures be included in

their curricutum. Gradmg up of the engineer level niay be also needed in ordéi to assure
the results of productivity |mpro\'emenl and energy conservation.- Since the operaltons
of the kilns were started one after another until now, the engineers atthe plam must have
had well-established contacts with ‘overseas engineers ‘and received considerable

‘encouragement from them. From now on, it is necessary to offer suclt opponumlles to

a greater extent (o gain belter overall knowledgc
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(5)

Equipment maintenane

The factory is clean and has an almost ideal layout according to plan. The equipment
and facilities are very well maintained. The concept of preventive maintenance has
been partly introduced. For example, a spare assembly is prepared for the satellite
cooler (which gocs through severe wear and tear) during its operation.

The annual operation hours is limited to the 6,500 hours level according to Table 3.1.2.
This is equral to only 270 days when calculated in terms of days. It is advisable to
increase the annual operation to 7,200 hours or operation of 300 days.

According to Figure 3.1.5, there arc sharp changes in the monthly production, - It
appears that these changes are caused by system downtime due o troublés besides the
scheduled shutdowns. Since a sudden sysiem shutdown will cause big energy losses
and secondary troubles of equipment, such shutdowas should be avoided by all means.
It is necessary to reinforce upgrading of cquipment and facilities related with the raw
material mills and cemem mills.

'3.L.4 - Problems and Mcasures on Energy Use

(0%

Comparison with a Japanese excellent factory -

The-fue} intensity is within 830 to 860 kealikg-cl, except during the initial year of

~ operation. These are very excetlent figures in this country. However, it is still 410 8
- % higher than the international leve} of SP kilns of an equal scale which is annual fuel

intensity of 800 kcal!kg -¢l. The causes of duffercnce are shorlagc of gas flow volume,
operauon change by gas flow and clmker cooler lype : :

The electric pchr cOns'umption shifls between 125 and 145 kth;-cl.' Inthecase of SP
kilns, it is not unusual for the slectricity intensity to be about 20 to 30 kWhit-cl higher -

than that of other systems.’ Even considering this fact, however, 'i'néen'sity is still 30 %
higher than the international level of 100 kth( cls Thc reason of the difference may be
the troubles of cement mills,

Among all critical problems faced by this plant, both the productivity improvement of
the kiln-and the hourly production improvemeat of the cement mill have a close
ulauonshlp with encrgy conservation and must be resolved as quickly as posmble For.

¢ the kiln, it is necessary (o lmp!cmcm ong after another, the measures given in the

o fo]lowmgmprovemenl_of kiln draft. For thclmprovememofihecememmlll,1mp!cmenlatlon

- of ite (4) will be efféctive. : All of these measures can be executed by allotting the

- priority of daily maintenance costs as a management-oriented matter without drastically
" changing the process,
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Improvement of kiln draft

“The following 2 points are considered as the factors which prevent akiln from improving
" its hourly production.

a. Insufficient cooling performance of the satellite cooler
* Qutlet clinker temperature:
‘Design value: 150 °C
* Actual value : 200 to 250 °C

b.  Generation of unbumed gas at the kiln oullet

CO gas sensor (seuin'g'OI.S %) detects CO from time to time.

- The cause for both cases is insufficient draft capacily of the entire process.

As shown in Figure 3.1.8, the gas flow from cooler through kiln, pre-heater, and EP are

~ located on a single line connecled in series, and the raw material dry grinding system is -
~ installed parallel to the middle of this line. Both SP fans and mi!l fans exceed the draft

capacily of the EP fan. When a large volume of leakage air is brmught in through the raw
material mill with the kiln being almost in a state of full aperation, the kiln draft volume
is limited 1o the capacity of the EP fan. :

~ As afirst step, the followmg measures are available for i mcreasmg draft capacny

The EP fan currently in use is dnven by v belt Therefore, the dmft capacaly of the fan

" should be easily increased 5to 15 % o by increasing the rotation speed. At this time, even
if the motor is replaced, it should pay well This measure ‘'should sharply improve the
' operablhly of lhe kiln, :
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Figure 3.1.8 Gas Flow (Kila No. 4)
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- Basically, it is important to reduce a lot of I'cakag_ed air through a raw material mill.

- The oxygen content measvred at the EP cutlet was 10,7 %, This means that air volume |

equal 1 the theorétical exhaust gas volume of the pre-heater must have leaked into the
process. Since the oxygen content at the pre- -heater outlet is less than 3 %, most of the
oxygen must have bcen broight in from the periphery of the raw raterial mill. The
{ocations from which air leaks in the process are mainly in the periphery of oullel and
inlet of the raw niill and high negative pressure sections of the gas duct.

Many portions repaired by welding are found on the duct. Besides these parts, we also
detected a large number of small holes and cracks. From these opénings, a large overall
volume of air is leaking in. It is obvious that immediate repair of the abrasion portions
is necessary. However, it looks as if lhe abrasion is actually progrcssmg quite fast and
the repair work cannot ca!ch up. :

‘Asa draslic me'asurc. the size df a pipe can be enlarged to reduce the air flow velocity,

Howevet, obviously an air volume far exceeding the design value is flowing through the
pipes. Therefore, the air velume and air pressure must be reduced down to the limit at

-~ first by adjusting the damper opening (Figure 3.1.8 Damper B) located at the inlet of the

mill fan,
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When (he capacity of the fan is proven to be more than enough, finally the electric
power intensity can be reduced sharply together with capacity optimizalion of the fan by
providing cither one of the following modifications. ‘

1) Cut off the blade edge of the impeller of the fan to make the blade diameter
smaller.

2) Replace the impeller with a more suilable one.
'3} Change the 'motor control systcm to a fotation speed contro} system.

Us;ng the above methods, the gas volume at the EP inlet will be reduced. Though the

- gas temperature will rise, Teduction of the gas volume will have an excellent effect and
" the desirable results must be achieved on the dust collecting efficiency.

" When the proper draft is performed, the problem of shortage of cooling capacily in the

clinker cooler will be resolved.

If capacity allowance is produced for the EP fan as a result of nmprovemem measures

“above, the automatic control for stabilizing the SP fan outlet pressure will be possible
by operating the EP. fan inlet ~damper (l*:gure 3.1.8 Damper A) regardless of the
- operating status of the mill. The actual construction work reqmred wilt only involve lhe

lnstaliallon of a damper openmg sctung dewce

This improvemeht will remove one of the important factors of daily fluctuation, making

- the kitn and pre-heater operations stable and allowing the optimum status to be maintained. .
Screen pla!'e replaccment of eement mill

Al 4 cement mills of this plant use a closed circuit syélem of identical size, and a part

¢ of these is modified 1o the open circuit systeni. - The insidé of eachy mill is divided into

"2 chanibeérs. A screen plate is provided at the partitions of the chambers and the outlet

porlion of the material to be ground. Mills have the most popular structure and the
appropriate dimensions, Therefore, if the charge amount of a balt is appropnate the full
toad is imposed on this mill according o calculations and an oulpul close to the rated
capacity should be obtained. On the othér hand, the actual production is around 100 v/
h while the rated capacity is 130 vh. The motor load is 3 ,600 kW and is therefore in a

light load status agalnsi the rated oulpul of 4,800 kW,

‘The possible cause is thal the slits of lhe screen phtes are clogged. Due to this, the
- ‘material to be gmund is obstructed from passing through the screen plates and the pile

up inside the mill is steadily increasing. In this condition, the additional charge of a ball
(grmdmg media) cannot be carried out and the passing speed of the material becontes
slower. Thus, aptimal use of the superb features of a closed circuit system is not
possible here.
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After checking the inside of 1 mill among 4, the chips of a ball and clinker were found
to be clogging the slils of the screen plate between chambers | and 2 and the plate was
slightly deformed. Over 50 % of the opening of the chamber 2 outlet portion was
bocked by concrete along with ball chips. The concrete was produced by an insufficient
evaporation of water spraycd inside of the mill for cooling. Since the airflow will be
insufficicnt in this condition, evaporation of water witl become more and more difficult
and the situation will become worse.

The usual 2-chamber type mill is operated by a 100 to 200 % circulating load.” On the
other hand, the mill at this plant is operated by a 20 to 30 % or zero % circulating load.

“There is a possibility that the screen plate design niay not have been suitable fiom the
- initial stage. 1t is recommended that arcangements should be niade for replacement of

the screen plate by consulting the mill supplier.

~ The most appropriate valie of a circulating load varies depending on the process design

concept, sepacator (classifier) performance, mill dimensions, and characteristics of the

-malerial to be ground. At firsl, it is necessary to ask the original mitl supplier for an

opinion. Barring a few exceptions, measuring the actaal circulation amount is difficult

- in most cases. Therefore, instead of measuring the actual circulation amount, the

following method is used for normat operation, This method estiniates the ci_réulation
amount based on the mill sound, separator load, and bucket elevator load, and then

- confitms this estimation in accordance with a grain size analysis of the sample . colleclcd

at the sepantor ontlel and inlet.
Effects of improycments -
a. Improvement of cl:ink_er production

The lmprovemenl of hourly produchon corrcspondmg (o lhe increase of lhc air

volume can be expected by i mcreasmg the rotation speed of EP fan. This i improvement -
- level should be considered as 3 % at présent. This is equivatent to the ratio of the

“average hously producuon between fiscal 1994 and fiscal 1995, and it is the level
- already autained within a short period. Due to this, a production inciease of 60,000
t/y has been'achieved, Supposing (hat the marginal return is 2,000 yen/t, an annual
profit of 120,000,000 yen/t will be possible. : '

By the reduction of leakage air in the raw matetial mill, the kiln operalion can be
mainfained at a steady high level. The average hourly production will be increased
further and the flucivation of the heat load will also be suppre;ssed. As aresult, the
wear and damage of the equipment and refractory will be reduced and the annual
operating hours will be increased. The present operating hours of this plant is
limited to a 6,500 h/y level. It should be easy to increase the operation houss by 3
% in the same way as above. This is also within the range of difference between
fiscal 1995 and fiscal 1994, and the increase of annual profil same as above can be
expected.
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Resources for encrgy conservation, can be produced in this way, which will further
improve the profit ratc of the company.

Reduction of fuel consumption

After the fuel intensity was recorded in 1992 as 828 kealbkg-cl, it has increased to
860 kcal/kg-cl, which is going against the increase of production. This increase can
be analyzed as one o' the symptoms of the cquipment operating at the limits of their
capacity by exceeding the optimal point. This problem, however, can be solved by
the improvement measure of kit draft. The recent monthly fuel consumption was
detected to have a fluctuation width of approximately 7 % for the average value. If

- stable operation is carried out by the improvement measure of draft conlrot, it

should become closer to a level better than the average value,

It is pertinent to expect a reduciion of at least 7 % by the synergistic effect of the
above 2 malters.

At this time, the fuel intensity shall reach the plant supplier's guarameed vaiue of
800 kcal/kg-cl. :

The fuel saving amount is appromma!ely 13,200 klly calculated in terms of fuel oil.

The profit to be gained will be yen 224 miltion annually if the price of fuel oil is
assumed to be 17 ,000 yen/Kl or equal to the price in Japan For ccnvemcncc of
calculation, ¢ach effect is divided into 2 % and 3 % in Table 3.1.6.

860,000 kealft — ¢l % 7 % 2,000,000 Vy

: : = 13,200 klty
9,100,000 keaVkl ,.

. - Reduction of clecteic power cost

Three different methods for the reduction of electricily intensity of EP fan are
pmwded initem (2). The effect varies depending on the method to be adopted. The
actual volume of gas that can be reduced is unknown at present, Supposing the gas
volume of raw mill can be reduced by 15 %, the resull of improvement can be
estimated as follows. ' '

. (Method) o _ (Effeéi) (Sawngpower)

1)  Only damper control 10 % 186 kW
2) Cutting of theblade =~ 15% ~ 279kW
of the impeller . Do o
3) Impeller replacemient 20%  372KW
4) Speed control’ S 25%  465kW
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Supposing that the impeller replacement (item 3)) is catcied out, the saving clectricity
of 372 kW is cquivalent to 2.7 kWhit-cl {= 372 kW/137.5 t/h) and the annual saving
of electricity will be 5,400 MWh (= 2.7 kWhit % 2,000,000 t/y). Supposing that the
electricity rate is 10 yen/kWh, it will result in annual profits of 54,000,000 yen.

A simple calculation of the improvement effect of the cement miil as a result of
item (3) will yield 6. 77 kWh/t-cem, which is the difference between the current
electricity intensity 46.77 kWh/t-cem and the actual record of 40 kWh/t-cem of the
normal closed circuit method. This figure, however,-should be eslimated as 5.0
kWHht-cem level in view of the fact that the customer may demand higher product
quality in the foture. The annual electricily saving amount will be 10,000 MWh/y
(5.0 kWh/t x 2,000,000 t/y) and the profit will be 100,000,000 yen/y (10 yen/kWh

‘% 10,000 MWI/y) when the production is 2,000,000 ty.
. Increase of profits due 10 increase of cement production

" M the screen trauble is solved for the cement mills currently operating at 100 vh,
~ operating these mills at the rated capacrly of 130 t/h will be easy. In this case, an

annual increase of 600,000 tons or more will be possible with 4 mills. If the sales

. expansion amount at present is éstimated at 300,000 Vy and a pmfn of 500 yen/tis
‘anucspated by considering the avallablhly of slag mixing, it can lead to an annuat
“surplus profit of yen 150,000,000. Fhis is equal to ‘the profit resulting from the

= above encrgy conservation and thus itcan encouragc the target of encrgy conservation,

“{5) Powcr-rcceivingfdislribu’ling facilities

a.

‘Measurement and is resulis

We measured the electricity of the process cqmpment at’ lhe power-uccwmg

_ substanon and plant as follows

1) Measurement of réCeiving; power at the pa\i'é!;'récéiving substation
2}  Measurement of consumed power of each equipment at distribution panels
Raw mill of both process : Cruéhef, raw mill and mill fan
Kiln of both process - SPfan .
' Ccmcm m:ll of both process Cement mill and lranSportanon eqmpmem
3) Invcsligalion of load ﬂuélilation b'y conlinuous' mea_suremeni
Total electric power used by process No. I at the power-receiving substation

Raw mill, SP fan and cement mill of process No. |
Raw mill and cement mill of process No. 2
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4) Investigation of demand record
" Table 3.1.5 and Figure 3.1.9 indicate these measurement results. Since the measutement
values change long and frequently and the measurement time is different, the total

value of the eleciricity consumption of load and power supply value are different.

Table 3.1.5 Electricity Consumption

- Process © No.l - " No. 2
Rating . Electricity ' Cosd Rating - Electricity "Cosd
kW KW % - KW kW %

' Crusher 450 234 94 450 176 98

Crusher © 450 153 94 o :

Raw-mill  2x 1,250 2335 98 2x 1,250 - 2,459 96

Raw-mill 2% 1,250 2473 100 2x1,250 2410 97
© Mill fan 10600 938 - 96 - 1,060 - 887 94
Mill fan 1060 870 98 1,060 1,015 100
. Milldrive(DC) © s70 - 338 - 39 570 S 493 48
- Kibn others : 977 61 1,000 94

(conipi¢ssor elc) . U ' _ S C

'SP fan 1,350 . . 843 61 1,350 716, 68
" SP fan - 1,350 688 . 58 - 1,350 7 60
Rawmill Total 10327 390 N F K I 80.6
. Cementmill  2x2,4d00 3,559 98 2x 2400 3,777 95

~ Cement mill 12 2,400 3512 100 2% 2400 3,725 97

Transpot 0108 . 8 j 1,065 .90
" Cement mill Total T Bgas 93 ; 11,100 97
“Process Total 19269 - 91 S 230050 89

Factory Total : o 42274 Cosé:90
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Figure 31,9 Opera'!lon Record of Electricity Consumption
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'b. Reduction of conlraci demand -

The demand specified in the power receiving contract is 50 000 kW (actually
45 000 kW) and the clecmc charge in June 1996 is 383 Rials/kWh.

_rhere are lhe charges such as cnergy charge, demand charge, and loss charge for the
- peak time and for the of f-peak time. Among these expenditures, the charge for peak
time is 37 % and the demand charge occupies approximately 19 %. The expendituies
can be cut down by rcducmg the peak power and towering the demand charge by
slabihzmg the production opetation, :

According to the demand record of this factory (Rigure 3.1.10), the value exceeds
43 MW once or twice a month. If this is a normal condition, it is recommended to
- lower lhe cantract demand to 48 MW from the cusient 50 MW, and investigate and
o prowde measures so that the demand can be made lower than the current value
. (43 MW) : '

In lhxs case, the demand charge can be reduced by 768 x 10" Riats annually
: (2 000 kW x 3,200 Ria¥kW x 12 month/y).
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Incréase in the prqduéli_on of clinker ;.
- ‘Increase in the production of ceément
- Reduction of fuel consumption
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Summary of 'propqsals_' '

‘Table 3.1.6 summarizcs the above-mentibhed proposals.

-!mprovcment concermng the above 4 ttems is expected to brmg aboul the followmg

ef fecls.

120,000 Uy (6 %)

300,000 vy (15 %)

: 13 231 KLy (1 %)

. 15,400 MWhly (7 %) (=1 7 kWhit'] 15 KW/t
: 76.8 Million Rial/y

Reduiction of power consumplion
Réduction of demand charge

The investment amount for this purpose, 107 million yen, can be recovered within a

* short period by the increase in the annual profit of 769 million yen.
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(Japanese Yen basc)_

Table 3

.1.6 Summary of Proposals

Expected Saving

. . Total Investment Payback
Fucl Electricity
hiem Mitlion Mitlien  Period
Million . Mitlion ey oy '
yen'y yen Year
kLfy yen'y % MWwhiy yealy %
Capacity vp of EP IDF 37808 643 2% - 643 96 01
_ _ 120,00 1200
Raw mill fan opcration . ‘ 5.4004* 54.0 24%% 540 43 0.8
Toial process drafi control 94514 160.7 5.6 - 160.7 6 0.02
. : " 2000 1200
Cement mill screen plate 10,0004 100.0 4,54 1000 43.5 0.5
- _ 150,0¢ 150.0
Total F 13,231 465.0 T7.8¢T 15400 304.0 T69¥ 7690 107.1 01
(Iran Rial base)
_E:pccled Saving
Fuel Eleetricity Total Investment l"ayb‘-ack
Item -- - — : Mitlion  Million Period
F.oil Million . Milkon Rial’'y  Riazal Year
kKiJy  Rialty % MWHY iy % Yo .
Capacity up of EP IDF 37804 284 236 L 284 168 . 0.6
‘ 2,100+ o 2,100 : -
Raw mill fan operation : : . 5,400%*: 540 2.4%% 540 3 1.4
© Total process draft control - 945147 09 5.6%¢ - 709 [{C- N 8
o 2,100% : S 2100 :
Cement mill screén plate : 10,0004 1,000 454 1,000 849 08 .
: . 26257 2,625 :
Toial BA23E 5,093 0 7.8 15,400 4,183 6.9 9358 1,707 . 0.2
vl BEO kealkg-ct X 0022000000 Vy
- ~ 3,780 kLiy
. 9,100 keal/l. . :
*2' BEO keal'kg-cl X 0.05 X 2000000y .
: -9, 45! kUy

9, IOO kcal/lL*
*3  Production increase merit resulting from mpm\ ement of hourly producuon 60, ,000 vy x 2 000 yen/t = 120 Mﬂhon yenit
*4 Production increase merit resulting from the extension of the operation time: 60,000 vy x 2 000 3fnll - 120 Mzihon yen/t
*5 3,780/ 168,890 x 100 = 2.2 % .
*6 . 9,450/ 168890 x 100~ 5.6 %
¥ 13,2317 168890 % 100~ T7.8 %

'8 2.7 KWh't x 2,000,000 ty = 5,400 MWNy .
9 5.0 KWh't x 2,000,000 vy =

Y10 54001224275 x 100 = 2.4 %
S11 10,000/ 224275 % 100 =45 %

12 15,400/ 224275 x 100~ 69 %
Encigy price in Japan;

Fuel price:

Electricity price:

17,000 yeadkl
10 yervkWh

Encrgy price on Iran Rial base:

Fuel oil:
Elécinicity:

75 RialL. y
100 Riat/kWh

10,000 MWhiy

. Exchange rate: 1,750 Rial = | US Doliar = 100 Japanese Yen
Calorific value of fuel: Qil: 9,000 kealbkL

Anvestanent cost is based on that in Japan,
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Results of the Study at Techran Cement Contpany

Qutline of the Plant

(D

2

(3)

(4

; ':(6)

Plant name

Tehran Cement Company

Plant address

Serah AfSariéh - Jadeh :Khavaran - Serah Avarezi - POB IB!?4§ - 4148, Tehiaﬁi.
Number of e'mpleyecs |

About 2,000

Major pm‘ducls'

Pbrll_and cement and clinker
ASTM Type 2 and Type 5

" Production capacity

9,600 vd (including _N.o. 7 kiln)

Production process of cement

This cement conipauly'digs oul the limestoné as raw miaterial in an adjoining quarsy.
The timestone is transported by trucks over a 7 km route. After the secondary crushing,

the limestone is placed in the ore bedding yard. Clay is also dug out from an arca of the

same guarry and delivered o the plant. The normal blending ratio’is 70 % limestone (o
30 % clay. Sometimes, however, a small amount of iron ore is added as compensation
for iron content.

The produétion line consists of 7 kiln groups. Four lines including kilns No. 1 to No.

-3 and No.'S are wet process kilns, and 3 lines including kilns Nos. 4, 6, and 7 are dry

process kilns. Kilns No. 1 to No. 4 share the raw materials and clinker storage.  Kilns

" No. 5 to No. 7 are separated and have individual stockyards. Particutarly among these,
" kiln No. 7 is located at another site near the mine and is an independent plant, This plant
~was excluded from the study made at this time since it was difficult for us (o adjust the

schedute.
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Al) dry processes use the suspension pre-heater (SP). Three types of clinker coolers are
used. Kiln No. 3 uses a totary cooler, kiln No. 6 uses a grate cooler, and the other 5 kilns
use satellite coolers. Natural gas and fuel oit is used concurrently for fuel.

History of the plant

 Kiins No. 1 and No. 2 have been operating since 1956 and 1958 respectively. Therefore

these kilns have been operating for almost 40 years. Kilns No. 5 and No. 3 were buill
in 1962 and 1968. Kiln No. S is older than kiln No. 3 and was originally built by a

- different company. Later, this kiln was incorporated in the Tehran Cement Company
_after the operation of kiln No. 4 was started. Bécause of this reason, the designation
number and the order of operation do not match and the layout also appears unnatural,
- These 4 kilns are wet process kilns,

‘The operation of kiln No. 4, which is the first dry process kiln, was started in 1972,

followed by kilns No. 6 and No. 7, which were completed in 1979 and 1984 respectively.

“Kiln No. 7 was built by another company like kiln No. 5 and was merged with the

Tehran Cement Company later.

" The production capacity including kiln No. 7 is 9,600 vd.” The clinker production
- capacily as a single plant is the largest in LR, Iran. The clinker production capacity by

wet process is 1,500 Vd and that by dry process without kitn No. 7 is 6,100 vd. If the
production of kiln No. 7 is included, the capacnly is 8,100 vd. The ratio of the dry
process is overwhelntingly large.

Plant lay'ciul

Figure 3.2.1 shows the plaqt léyoul_,' where Nd. 7,is_exciudcd;

- One line diagram

‘Figure 3.2.2 shows the electric power one ling diagram. .
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No.3 kil

Figure 3.2.1 Plant Layout
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Figure 3.2.2 One Line Diagram
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{1%) Outline of nwin production‘lincs'

Table 3.2.1 shows the main specifications of cach kiln.

Table 3.2.1 Production Lines

Line No." Type of Capacily | Kiln Size : Clinker : Supplicr | Year.in

-~ Process {t-clidy - {(LxDm) Cooler ' - Service

1 Wet 300 - 100x3 Satellite B.L.$midth 1956

2 Wet 300 100%x3 Satellite “E.L.Smidih 11958

3 Wet 600 C150x 3775 Satellite "E.L.Smidih 1968
4 Cyclone SP 2,100 80x5  Saellitc  FLSmidih 1972
5 Wet 300 L 100 %3 Rotary G, 1962

6 Cyclone sp 4,000 95 %3538 © Grate Polysius F1979

] Tower SP 2,000 n.a. Satellite Perage Inv. 1984

- {11) Energy price

As of September 1995, we have obtained the following information.

' Natural gas

Heévy oil

1 10 Rial/m? (9,600 keal/m?)

"+ 20 Rial/L (10,500 kcal/L)

Total electric power: 53 Rial/kWh (63 kV)

(12) Study period

o a, Pr_ciiminary sl'_udy:: September 24, 199_5:

b. Plenary study

(B Members of the study

. a. JICA team

" Team leader

Leader of factory diagnosis

‘Process management technology
-Heat management technology
Heal imanagement techiology

Energy policy ' :
Energy policy

Database and energy utilization plam:
Economic evaluation
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: July 1410 17, 1996

-~ + ‘Mitsuo Iguchi (Preliminary study)
: Norio Fukushima ©
: Hisashi Ikeda
: Katsuhiko Kaburagi _
: Jiro Konishi (Preliminary study)
. Teru Kimura (Preliminary study)
: Shin-ya Udo (Preliminary study)

Kaoru Yamaguchi (Preliminary study)

: Shigeaki Kato (Preliminary study)



b. PBO team
Iinergy conservation : Mr. Mazhari
Factory management : Mr. Sajadifar
Micro level energy management: Mr. Toofangchi (Preliminary study)
Electrical energy management : Mr. Maboodi (Preliminary study)

(14) Interviewees

a. Preliminary study

Mr. A. Farahi Jahromi : Electric Engineer

Mr. Nasser Bahadori : Head of Electronic & Electrofilters
* Mr. Mohammad-Reza Artan Nejad: Electric Engineer

Mr. Abolghasem Rastegar : Production Manager

b.. Plenary study

- Mr. Amini Yekta: Vice President of Factory

 Mr. Shahverdi @ Deputy Manager of No. 1 Plant, Hcad of Energy Comnmtee

© Mr. Arian Nejad : Senior Bleciric Manager, Head of Eleciric and Electronics
Mr. Jahromi  * : Deputy Manages of Electric hngmeer of Kiln No. 4
Mr, Salimi = - : Deputy Manager of Produclion

'3.2.2 Situation of Encrgy .Consul_nption_ :
(i) Transition of preduction, é'ne'rgy consumplic’m, and cnergy' ihiensily :

Data of the producuon and energy consumptmn for evcry fiseal year and for eacb k:ln
was not obtained.

The fuel intensity has cﬁanged \Qithin the follo;ving range.
Wet process: 1,680 to l,’ldﬂ kcal.’k_é-pl
Dry process: 850 to 550 k;allkg-él.: |
We h:_a\.fe;niot ():blairied =det‘i.nil(‘::infc_)'rn'le'uim_\ on electric power intenéflg}!

: Table 3.2.2 and Table 323 ﬁhow the investigation results of monthly opcraiion records
~of kilns No. 4 and No. 6 for each process during the last 16 months.
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Table 3.2.2 Operation Record of Kiln No. 4

Year  Month Raw Ml Department  Kita Department : Ccme.nl Mill Departawnt
Productoln Eletricity Consemplion  Production Fuoel Consumption  Ekaidcity Cossumpbon Production Electiviy Comumption
[Raw tons] [kWh) [-cl] Qi1 L] Gas{m') - [kWh} [t-cem]) {kWwh)

1995 1 $9,813 2,711,920 54790 2655000 2614300  1,434.816 52,800 . 2,798,885
2 90478 . 2,519,081 $2,277 - 1043000 4243304 1,376,507 53032 2.34i,357

1 72640 2313164 : 41,719 T 800000 4,3!4,‘?!6__: - 1282350 47,121 2557626

4 1923 2337032 45,278 549,000 4,187,591 11,259,061 48,938 2,597,912

5 69873 2,254,201 46,093 CTIS000 4540125 - 1313941 | 49,198 2,174,361

6 84,650 2676910 © 51659 ¢ 684000 5000965 - 1,428,407 49022 2446999

7 4,280 355,280 C90 0 69,805 157,153 48313 2028000
8 39,784 118,114 29034 C418.000 2550331 . 844,169 42954 2143533 -

9 96,233 2,757,656 - 59,573 897,000 57263290 ' 1,578.437 58,384 2,947,780

10 © 72819 2,125,585 40,833 550,000 3,566,130 © 1,077,945 5395 1,610,343

1] C127M . 2,221.452 45,985 723,000 4106572 1,241,532 © 89912 2,666,088

i2 Y R3] 1,272,400 . 21,720 998,000 - 1,276031 . 640248 37886 - 1,708,502

1996 I 97,415 2,671,416 60096 . 2,205,000 - 3540697 1,475,684 8857 2724253
2 87425 2,614,040 52261 3,989,000 1,021,506 © 1,376,133 - 40,338 1,908,744

3 81,219 - 2492914 - . 4831 152,000 3375320 1,277,383 . 44,104 1 1,922,760

4 83201 - 2,377,889 49,685 ¢ 1065000 4,136,423 1,306,139 - . 34951 . 1,575,696

Total 0995.!-':95&5.;) 1,159,144 . 35,119,064 70__5.4'10; 18,812,000 53,807,106 19,070,045 760,212 - 36,133,330
Monthly average . 72,447, 2194942 44,088 - 1,175,750 3362914 1,191,934 47513 2,259,583
Encrgy intensity . 164 ¢ 3030 1.00 2667 1628 2104 108 - 47.56
Total + Elecicity (kWhLcH] : . ' tIYY
{kWh7t-cem) - S © O 118.84

(kWhit-ref) i T (SRICHIC: _ 124.38

Fuet  [kealkgeel] _ S fkealkg) (k') 950,80

' (LHV} - 9843 9,350
(kg/L} - - . 0905
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Fable 3.2.3 Operation Record of Kiln No., 6

Year  Month Raw Mill Departenent Kila Department Cement Mill Deparimeni
Productoin  Bleviiy Comumption Production Fuel Consumption  Elecidcity Consumption  Production Electicity Consumpbos
[Rawtons} = [kKWh} [{E1]} Qif{L] Gas [mY] [kWh) [t-cém]) [kWh)
1995 1 157,260 3.585,600 10253t 5144000 3687055  3.825640 104948 5,318.500
2 136,192 3,359,200 77,870 1934000 4966776 3,114,270 © 49393 2,375,650
"3 71,850 1,758,000 43,975 1,777,000 2380911 2,072,150 4628 2,262,300
4 152,925 4,221,800 107,300 0 9804205 © 1866750 52609 2,687,100
L] 128,616 3,439,100 73,232 © 0 7,258928 2972180 01116 4,445,400
& . 46,716 _1,312.900 41,171 R0 415398 ¢ 1,650,980 73,337 - 3,581,900
7 138,656 3568000 95,954 2284000 8,790,248 3,486,040 74,751 3,790,300
8 3463 3360900 - 76979 2118000 4952012 ¢ 3,122,670 84635 - 4,408,100
9 120556 © 2,919,500 81,838 SP 0 1,629,721 3,178,400 99779 - 4,938,500
10 - 112,555 2,538,000 £2,824 L0 5817910 2450080 76513 3,704.600
1 16370 1,779,000 52,132 S0 5077504 2,033,150 63,178 2,892,100
12 CURITG49 APALO00 O 90,88 2,747,000 5,309,643 3,517,330 80,991 3,743,100
1956 1 152,705 0 3,687,700 96,154 © 3956000 - 4592089 . 3,750,000 82656 | 3674300
2. L3 2,919,500 7 92,156 5000000 3461092 3,594,150 74,883 3,718,200
k1 87,5040 1,997,300 65,444 3800000 1,868,541 . 2,552,316 68,924 - -. 3,225,700
4 133290 ¢ - 3,317,200 76,772 5235000 ;. 1,629319. 2,994,108 65,846 - 3,118,700 -
D Tetal 0 1,990,410 46815600 - 1,236,570 31,985,000  B1051353° 48,180,814 1,189,187 = 57,905,150
Monthly m_nge 21218 2925975 ©OT1286  1,999.063 5,065,710 . 3,011,301 74324 s,msmﬁ_z
Encrgy iniensity - 157 2413 100 2587 éss5s 3896 096 . - 4869
Total ~ Ediricity [KWh't-cl) ' R ' L2365
[XWht-cem) : IR ' R b2 X1
IRWHEref] : L (LSRG s
Food  Ikealkg-cl] , [kealkgl  (kealm}] o 3l
COLHV] 9848 T 9,350
iligf_i.] : 0305 : :

Note: Some amount of clinker are exported.

According 10 these tables, the average values of the fuel intensity of kilns No. 4 and No. -

6 are 950 kcal/kg-cl and 843 keal/kg-cl respectively.: Since the above values of fuel
intensity of the wet process kiln ate at a normal level, it seems that the information

obtained indicatés areasonable value. By calculating the weighted average in accordance

wilh the kiln capacily, it is estimated that the average fuel intensity of the entire plant
is 1,038 kealkg-el. - ' -

“The clectricity intensily of kiln No. 4 is 128 kWh/t-ct and that of kiln No. 6 is 124 kWh/

~t-¢l. Supposing that the electricity intensity of the wet process kiln is 110 kWHh/t-cl and

the electricity intensity of kiln No. 7 is at the same level as that of kiln No. 4, the
‘clectricity intensity of the entire plant can be presumed to be 123.5 kWhit-cl.
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Bnergy intensity for each process

Table 3.2.2 and Table 3.2.3 given earlier show the production and energy consumption
of kilas No, 4 and No. 6 for ¢very month and for each process. Figure 3.2,3, Figure
3.2.4, Figure 3.2.5, and Figure 3.2.6 illusirate lhd above data.

We have omitted the investigation on the wet process kilns and kiln No. 7 kiln due to the
lack of time. We could perform the actual measurement of the opcralmg conditions of
kiln No. 4 only due to various reasons.

" Figure 3.2.3 Monthly Production of Kiln No. 4
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" Figure 3.2.4 Monthly Energy Fntensity of Kiin No, 4
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: Figure 3.2._5_ Monthly Pr_odu‘ction of Kiln No. 6
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Figure 3.2.6 Monthly Energy Intensity of Kiln No. 6
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The electricity intensity of the raw mill department of kiln No. 4 is approximately 6
- KW/t higher than that of kiln No. 6 in spite of the fact that the same raw materials are
~ used. The difference in the system alone should not account for this much disparity. On
the other hand the eleclrlclty intensity of the kiln deparlmcnt of kiln No. 6 is approxmnteiy
12 kWhit higher than that of kiln No. 4. Kiln No. 6 uses the grale cooler and |heref0rp
it s underslandable lhat ‘the c!cctncxty intensity of this kiln is shghlly hlgher This

= dlfferencc however, is too large. Itis very doubtful that there may be some errors in the

- sorting of the elecmcuy consumpuon records of each kiln or each depanmem and thus
the actual situation is not mdtcated corsectly.’

A part of the clinker of kiln No. 6 is exported, and thercfore the cement production is

less than the clinker productien. If the electricity intcasily of the entire plant is indicated

per cement ton under these circumstances, the result does not carry any profouad
_ vahduy Therefore, it is necessary lo always know the actual consumplmn by each
~ department and by each product.

Heal balance

Table 3.2.4 indicates the heat balance calculated using the actval measured values and
indicated values of the operation measuring instrument on the datc of the investigation.
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Table 3.2.4 Heat Balance (No. 4 SP Rotary Kiln) (1/2)

1. Precondition

Item Unit Remarks
I.1  Raw meal
- 1) Charged raw material th 1535
"~ 2) Temperature °C 100
3) - Specific heat kcal/kg-°C 020 .
1.2 Clinker
1) Yicld of material © t-clit-raw material 0.59
-2) Dusting loss % ~ 3 L
'3) Clinker output vh $7.10 155 X 0.59/1.05
-4} Temperature S °c 150
5) Heat for clinkering " kealkg-cl 430
6) Specific heal kcalikg-°C 0.192
“1.3 Fuelinkiln-
1) Kind _ - Natural gas
2) Low heat value kcal/m?,. 9,500
3) Temperature - oC 300
4) Consumplion it kiln . m/h 7,500
-i_.4 “Fuel in preheater ' '
1) Kind ' - ‘Fue) oi} -
2) Low heatvalue kel 9,207
3) Temperature (o w0
4) Consumplion in preheater Lm 1,500
5) Specific gravity ‘ kg ‘ 0.905
6) Specificheat kealikg-°C 045
1.5 Exhaust gas al preheater outlet - o
' iy Tcm'pcréture - °C o 360
2) O, content % 325
~ 3) Specific heat - kealtm?y-°C 0.338
4} Specific gas volume by natyral gas m*/kg-cl o L24 _
5) Specific gas volume by fuel oil miJkg-cl 024
6) Specific gas volume by clinkering of material - mYy/kg-cl ©0.27
1.6 Radiation loss from kiln surface o _
1) Average temperature oC 284
2) Surfaccarca m? : 11,257
3) Conveetion coefficient keal/mhC 114
4) Radiation cocfficient kcal/m hoC 16
- 5) Emissivity - - 0.95
1.7 Radiation loss from cooler s@r(ace .
1) Avéerage temperature °C <244
2) Surface area m? 625
3)  Convection cocflicient keal/m*h-°C 1.9
*4) " Radiation coefficicnt keal/m*-h-°C 13.7
'5) Lmissivity - 0.95
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“Table 3.2.4 Heat Balance (No. 4 SP Rotary Kiln) (2/2)

2. Heat balance

Ttem kecalikg-cl % Rentarks
Input heat QI
1} Qa: Hecat of combustion of fuel 976.6 _ 97.5
2-1)Qb,: Sensible heat of fuel : 05 ' 0.0
2-2) Qb,: Scasible heat of‘raw‘ material ' 24.9 2.5
Total 10020 100.00
- Qutpul heat Q2
“3) Qc : Heat for clinkering _ © 4300 - 42,9 JIS
4) Qd : Secasible heat of clinker at cooler oullet —  23.0 33
5) Qe : Sensible heat of preheater exhaist gas 195.2 19.5.
6) Qf : Radiation loss : 'I39..I 139
. 73 Qg : Otherheatloss . 214.7 S 214
Total : S 10020 10000

1) (7,500 x 9,500) + (1,500 x 9,207)) / 155/ 0.59 X 1.05 / | 000 = 976.6
21 l500/1551059x0905x045x(100 10)11000 0.5
4)  ©0.192 x (150 - 30) = 23.0
5) - (l24+024+02?)x0338x(360 10)=19sz
' 6)  Cooler 39.1 + Kiln 1000 = 139.1

3.23  Situation ol‘energy management
(1) Setting the energy conservation target

‘Reflecting the hiélory'of this plant, 7 kilns of different prddﬂclion styles are connected
‘in a complicated manner and old and new equipment are opcrajihg in parallel here. The
task of only maintaining the rate of operation at a constant level at this plant requires
considerable effort. In such a situation, partial change is buried under the entire flow
and the actual condition is difficult to grasp. Therefore, to foltow up the result, it is
advisable that the dala for each system and each process should be summed up, and by
using the data as the clues for an approach, the auamable target should be set for cach
item. The followmg items have been mvesugaled a this plam as problem at present.
a.  Achicving a kiln operation rate of 92 %
b. - Increasing the capacity of kiln No. 6 from 4,000 Ud t0 6,000 t/d
c. Additional installation of raw material transportation belt conveyors and crushers

d. Application for IS0-9000 approval

Alt of the above matters are closely related to energy consumption.
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(2)

4

()

Systematic activities

The energy management comimittee has been set up by appointing the representatives in
charge of machines, electricity, and production of the 7 kiln production lines. The
activitics have just been started. At present, data collection is performed mainly by
clectrical engineers on a daily basis. They are working on cnergy management with
fuel, cost and environnicntal issues besides eleétricity.

Bata-based management

Right now, the company is in the stage of data collection through the above committee.

Since the types and numbers of equipment operating at the plant are very numerous, it

must be difficult to sort the information related to the specifications and features of the
equipment, transmit this information to each personnel in the workshops, and make the
most use of this information. As mentioned earlier, since there is the equipment in the
raw mill depariment of kiln No. 4 which is shared with kilns No. 1 to No. 3, the
electricily consumption cannot be grasped clearly for each kiln. We expect that these

- problems will be clarified and improvement measures provided as the activities of the

commiltee progress.

Education of employees

" We do not have specific information regarding this mattet.

For production condilioﬁs and also for a stable product quality and imprdvc'menl of the
-aperallon rate, the operators must lhoroughly fearn lhe correct opcrauon standards
“This will lead to the lmprovemcnt of energy mtensny - :

thipment maintenance

At the old plants, a large amount of dust is cmitted from everywhere, Whenever there

is a sudden gust of wind or a truck passes, the dust piled in the passages scatlers again.

It cannot be denied that the scattered dustis a possnble reason for equipment damage and
for shorter equipment life. The cleanup of a plant is not only favorable in terms of
appearance and lhcivcifare of the employees but:al‘so'fo_r assuring profit in operal'io_n.

© Ol and new equ:pmem are installed comphcalcdly in the plant and lhe pn.scm hyout

of the plant is far from bemg ideal as far as eqmpmem maintenance is concerned. The
reasons descnbed in the section “lhstory of the plant” are involved in this maiter, The
engineers at the worl\shop nmust be pullmg in tremendous efforts to maintain the

o specnfled rate of operation. ' There will be continued investment for various equipment

to reinforce the production capacity of the plant, It is recommended that efforts should
be made 10 improve facilities for equipment maintenance. Looking back at the history
of this plant, it can be said thal now is the time for integration of equipment.
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324

Problems and measures on enrergy use

)

Comparison with a Japancse excellent factory
As mentioned in Section 3.2.2 (1), the fuel intensity of the entirc plant is estimated at
1,038 kcal/kg-cl, which is approximately 30 % higher than 800 keal/kg-cl of the recent

interpational level.

This difference of approximately 30 % in fuel intenisty tesults from the difference of

approximately 21 % in the process, the differcace of 4 % in the coolér lype and the

difference of 5 % in the operating conditions.

© As mentioned earlier, there are 4 lines of wet process kilns namely kilns No. | to No. 3
-and No. 5 among the 7 production lines of this planl. Theoretically, a wel process kiln

requires approximately twice the fuel intensity of a modern dry process kiln (NSP

method). The production capacity of each wet process kiln is small. To moderize the

entire plant, now is the time to transform production siyles and to concentrate production

_ simultaneously.

‘The main reason why the fuel mtensnly of kilns No. 4 and No. 6 dlfl'ers sharp]y among
all dry process SP kllns is probably the difference in the clinker cooter types.- The

~ satellite cooler provided in kiln No. 4 has the advantage of a simple structure and easy

operation. It is disadvantageous, however, from the energy conscrvation point of view.
The difference of fuel intensity between the kilns will be reduced by replacing the-

* ¢linker cooler of kiln No. 4 w:lh the grate cooler.

*The fucl intensity of kiln No 6 is good as compared with the other kilns. " It still has

room for mtprovemenl if the rate of operation improves.

‘Blectricity intensity, lzs.sfkwwm, is also ‘approximalely 23 % higher than the
“equivalent international level 100 kWh/t-cl for the cement particle size in LR. Iran.
- Considering that there are niot so many pullution control facililics, the difference will be

still about 3 (o § % larger. This difference arises mainly from light load operation and
the dlfferences of the mill aperation control.
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(2} Kiln No. 4 clinker cooler modification

Kiln No. 4 is a dry process kiln with a suspension pre-heater, same as kiln No. 6. The
fuel intensity of kiln No. 4 is 100 kcal/kg-cl higher than that of kitn No. 6. The main
cause for this secems to be the difference in the cooler type.  About 3.5 % of oxygen
content was detected in the exhaust gas at the kiln outlet of kiln No. 4. When using the
grate cooler, this is normally less than 1 %. The difference is caused by bringing the
total volume of air used for cooling the clinker into the kiln regardless of the air volume
“tequired for fuet combustion. 1t is one of the characleristics of the satellite cooler, 3.5
% of oxygen content in the exhaust gas is equivalent to about 15 % of surplus air volume
- which is a ratio of excess air volume to the thorclical combustion air volume (See Figure
©.3.2.7). If we risk increasing the supply of fuel, the heat load of the kiln sintering zone
and the temperature of éxhaust gas will increase, and various troubles will occur in the
operations. If the heat efficiency of the burning system improves, the theoretical air
volume required for combustion will be decreased. Therefore, this excess air ratio will
become bigger. The combination of a suspension pre-heater and satellite cooler is @
obviously disadvantageous except for the simplicity of equlpmen! Al present, satellite
coolers are not operating in Japan.

Figure 3.2.7 Cas Flow (Kitn No. 4)
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The number of operating days of kiln No. 4 is 21 ¢/month. The health condition of the
kiln itself scems to be a problem. The wear and damage of the satellite coolers and kiln

‘shell near them is highly noticeable. It appears Ihat the problem has been eased by

reducing the heat load of the sintering zone and then preventing the pre-heater coaling
trouble caused by the temperature rise at Kiln outlet, after shifting approximately 15 %
of the fuel amount supplied to the kiln buraer to the auxiliary buener al the pre-heater
intet section. The probiem, however, Has not been eliminated at the source.

This kila can be modified into the same type as kiln No. 6 which has‘excellent heat
efficiency. First, the kiln shell on the downstream side of the current third support pbint :
should be dismantled together with the satellite cooler.” This part of shell must be
replaced with a new shell which has the same diameter buta slightly longer body. Then, |
the new grate cooler musl be installed at the clinker outlet poction of the new shell, A
niimber of similar modifications have been carried out in Japan. Normally installation
work of the new cooler is carried while operation is continucd,

" By the above modifications, the exlreme wear and damage of the kiln sintering zone and

the health condition of the cooler can be recovered all at once. At the same time, the

-excessive secondary air which is more than air volume required for fuel combusllon is
- no longer brought into the kiln, This will allow the kiln exhaust gas volume 10 decrease,

and the heat cfﬁclency will be improved. Also, the clinker is sapidly cooled down al the

- cooler inlet seclion after it is sintered at a higher. temperature which will mlprove the
"~ clinker qualny :

- Fortunately, both kiln shell and cyclone of pre- -healer are Iarge enough Therefore,
. significant increase of produclion ¢apacily can be cxpected depending on the draft

)

capacity of the pre-heater exhaust fan, Since the plant has performed a record of 2,100
- ¢/d sometimes, it is very possible to increase the dally producllon to lhe 3,000 t/d level.

Itis neccssary to mcrcase the capacny of lhe raw mill and cement null departments by
approximately 50 % cach. For the raw mill deparlmem this gml can be achieved
simply by adding I vertical roller mill to this depariment. By adopting the above
method, the electricity intensity of the raw mill department will be equal to at least the

~ level of kiln No. 6. In the same manner, adopting the vertical roller mitl for the cement

mill departnient as the pre-gsinding system will allow t_he capacity-oriented balance to
be maintained and at the same time the electric power intensity can be improved.

Modification of kiln No. 3

" The dlmensxons of kiln No. 3 are largcr lhan the othcr 3 wel process kilns, The inner

diameter of the shell is 3.75 m. If the len_glh is shortened to 65 m and it is modified to
use the NSP method, this kiln wili be transforined into a modern piece of equipment

with a daily production capacily of approximately 2,000 ¢/d. Once the modification of . |
- this kiln is completed, the operations can be consolidated in this kiln and the operations

of the remaining 3 wel process kilns which require high fuel intensity can be stopped.
Howevet, since the operation of kiln No. 3 is stopped while the kiln is modified, this
modification should be started after completion of the kiln No. 4 modification,
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The kiln No. 3 will be relocated near kiln No. 4 or No. 6 after it is temporarily
disassembled. A series of equipment including the electric precipitator, raw material
mill, blending silo, suspension pre-heater with calciner, and grate cooler must be
installed newly. Therefore, a large amouint of investment capital is required. The
existing support unit and driving unit of the kiln can be re-utifized after slight modifications.
If al existing grinding mill used for the wet process kilns are utilized for cement mills
and if all wel process raw malerial mills are charged into cement mills, the balance
should be retained.

The constriiction costs can be significantly reduced by making such arrangements,
compared with the cost of a full new construction. From another slandpoint, the

electeicity intensity can be positively reduced by adopting the pre-grinding system

usmg the rolter mill, or the equipment can be revived by newly installing a large-size
mill. This report, however, is based on the assumption that the existing mill can
wilhstand continuous use at the present time.

Improven: ent of kiln No. 6

KilnNo. 6 siill has room for improvement with regard to its production capacity. The

average monlhly ‘production of 77,286 t/month corresponds to only 19. % ‘d/month

_ calculaled in terms of operating days per month at 4,000 v/d.

: Theré we_rc occasions, however, when the monlhiy production exceeded 100,000 1/
- month, such as in January and April 1995. 1f the monihly production is improved and
“always exceeds 100,000 Umonth, the amount of increased production will be equal to

~ - the total pmducuon of the 3 wel process kilns. Since the kiln was stopped when we
- visited the plant; we could not make measurements, A trouble with the raw inaterial
“mill seems (o be one of the reasons of law operation rate. We would like to assumie that
-there are no severe technologlca! defects and this goal can b¢ achieved by a completc
g mamtenance _

The elcc’tricity intensity of the raw material mill of kiln No. 6 is better than that of kiln
No. 4. The fuel intensity of kiln No. 6 is also low. Therefore, if the rate of operation

- of this kiln is improved, it can contnbute furthcrlo!he improvement of the entire plant’s
- profit rafe.

The electricity inlénsiiy of the kiln department 'aﬁd cement milk department is high. For
+ the Kiln depar!ment it'is supposed lhal the operation of the clinker coolmg fan of the
- clinker cooler may not be adequate.

- The eIeCIricily cons‘umplion of 1he cenient rhi_ll department of both kilns No. 4 and No.
© 6 musl be reduced by about 20 %. Troubles often occur in the mill motors of both the
- raw nill and cement mill departments at this plant. Some of the mill motot is operated

by partial load. Since the efficiency of a bal} mill has a characteristic of decreasing in
the operation with a lighter load than the design value, it is not favorable to continue or
repeat such a situation,
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The plant is carrying out studies on a plan for increasing the produciion capécily by 50
% to achicve 6,000 Vd through modification of the preseat SPkiln into an NSP kiln, We
don’t agree with this idea.

A calciner with its excellent performance has the natural capacity to absorb a process
fluctuation in itself if properly used. This feature is a major contributing factor in
achieving stable operation of a large-sized kiln, The modification under consideration
by the company is something like adding a pre-heater with a calciner which has

“different characteristics with the existing pre-heater,  Irom such a modification; one

cannot expect the above effect. On the contrary, such a modification may make the
operation difficult due to problems stich as coating trouble at the existing preheater. If

by chance 1he kiln condition worsens after the modification, and if the kiln is rcpmlediy

shut down even temporarily, the production loss incurred during this pcnocl_ can be
made up. Thus, because the production capacity of kiln No. 6 is significantly larger than
the other kilns, the company will be obliged to take the larger sisk in terms of
management. These are the reasons why we cannot agree with the modification plan
being considéred by the company at present. '

'Co'nsolida:!ion of equipment -

If the above-mentioned measures are applied, the p’roduclioﬁ capacity of 3 kilns of this

plant, excludmg No.'7 kiln, can amount to 9,000 Ud in terms of daily productmn Kilns

" No. | and Ne. 2 can be used for other purposes We also suggest dlsmamlmg kiln No.
5 and building a common cement sito and shlpmem facilities in this arca,” The clinker

storage should be transformed into a sito system from the present open yard system to
prevent dust from scallering. A suitable space for clinker silo systcm can be created
near the existing yard used for kiin No 6. The limestone yard for kiln No. 6 can be used
as lhe common yard if i it is necessary to expand the existing yard. When the new crusher
and belt ‘conveyar under consideration are used in this manner, the investiient made for

" these devices will be more worthwhile.” The limestone yard for kiln No. 4 can be
‘ratisformed to the common’ clay yard. ‘The old small-sized cemem mills will be
© replaced with a large-sized, high- efficiency cement mill. When this takes place, it is

secommended that for better management all cement mills should be installed togethier;
for example, near the cement mill of kiln No. 6.

In this way, equipment and facilities ‘can  be consolidated and the material flow will
becomc simpler, Asa resull varions nierits shoold be gamed for managerial tasks. The
number of operating equipment and systenis will be reduced by half. The managcmcnl
resources including man-power and funds ¢an be put to use in a more cenlralized
manner. The operation rate and product quality will improve and the encrgy consmnpnon
will be reduced. These improveiments, howevcr. should be strategically catried out with
the right timing not only simply for the purpose of energy consefvation, but also as a
part of a long-term future vision for the plant. Therefore, the merits (o be gained from
these improvements and the investmenis made are not included in the economical
review to be provided later. '
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Modification of kiln No. 7

It is difficult to improve the heat efficiency by modifying' the existing pre-heater.
However, it can be replaced with the cyclone type suspension pre-heater with a calciner.
Also, the satellite cooler can be replaced with the grate cooler.

By carrying out the above modifications, it is expected that the present 2,000 t/d
production capacity of kiln No. 7 will incredse to 3,000 /d, and the fuel intensity will

be reduced to 800 kcal/kg-cl,

According to the improvement measures suggested for' No. 1 1o No. 6 carlier, a

production increase of 1,400 t/d has already been séen as a possmlhly The futther

production increase in No. 7 kiln does not always result in immediate increase of profit.

Therefore, we have decided to exclude this: modification from the proposal to be

submitted this time. Whether or not this modification can be applicable is subject to
regional market demand and a study for another time.

‘Liffects of improvements

- The production form of the plant is drastically changcd. As indicated in Table 3.2.5, the
operations of the 3 wet process Kilns No.1, No. 2, and No 5 are stopped. Production is’
' consolldated in kilns No.'3, No. 4, I\o 6, and No 7. The followmg cffccts mll be

gamed by adoplmg these improvement measures.

‘For the following in'vcstigalicms, 300 days is assumed, for convenience’ sake, as the

annual standard operating days,
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Table 3.2.8 Rationalization of Production

Heat consumption

Existing After Modification
Kiln No.  production Intensity Consumplion  Production Intensity Consumption |
[l_ld] [kcal/kg-cl] {Mcal/300ds] [ﬂd] [kcalkg-cl) {Mcal/300ds)
1 © 300 1,700 133,000,000 0 : 0
2 - 300 1,700 153,000,000 0 _ S0
3 600 1,600 288,000,000 2,000 - 800 480,000,000
4 S 2,100 950 "+ 598,500,000 3,000 - 800 - ' 720,000,000
5 300 1,700 153,000,000 0 : . 0
6 4,000 - - 850 1,020,000000 4000 - 800 960,000,000
Average - _ Avcrage _
Is ' ~ Total 7,600 1,038 2,365,500,000 9,000 800 2,160,000,000
e o o . ' [kl (Mcaby]
- Saving based on the original capacity: _ 59,505 541,500,000
Electricity consumption
' ' Existing ' R After Modification -
- Kiln No.. Production Intensity Consumption . Production Intensity Consumption .
B U P [kWhit-cl] [kWiv300ds) - - {Vd] [kWhit-cl] =~ [kWR/300ds] -
B 300 110 . 19900000 - 0 . 0
2 S300 0 10 ~ 9,900,000 S0 o 0
3 600 = - 110 19,800,000 - 2,000 110 66,000,00C
4 2,100 128 80,640,000 3,000 s © 103,500,000
s 300 SN0 9900000 0 0
6 4000 - . ‘124 148,800,000 4000 112 134,400,000
g‘ _ . _ ‘ Aife‘:rage o = - S Avcfégc
" Total 7,600 122 278,940,000 9,000 13 303,900,000
'. | | . - - [kWhiy]
- Saving based on the original capacity: . 22,313,333

a. ' lmprovement of clinker production - -

After the medifications aré carried out, the tolal production capacity of 3 kilns; No.
3, No. 4, and No. 6, will be 9,000 v/d. - This figure i§:i,400 t/d higher than the
‘existing capacity of 7,600 vd. When the 2,000 vd production capacity of kiln No.
7 is added to this figure, the total production capacity will amount to 11,000 vd. We
believe that this figure can fully meet the present demands.
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Supposing the marginal profitis 2,000 yen/t, an annual profit increase of 840,000,000
yen/t (2,000 yen/t X 1,400 t/d x 300 Iy = 840,000,000 yenft) will be possible
according to calculations as a result of the above production increase. Equipment
reliability will improve due to the modifications. At the same time, the production
plan and preventive maintenance will become easier to carry oul due to the consolidation
of the preduction. The rate of operation in general including kiln No. 6 will
improve. Therefore, the actual profit increase will be much Jarger than the above
value.

Reduction of fuel consumption

" The fuel intensity of the wet process kiln No, 3 itself will be reduced by haifsimply
- by modifying it into an NSP kiln, 1t is not difficult to achieve 800 keal/kg-cl on this

scale by adopting the S-stage type pre-heater. Furtherniore, the effect, which will
allow stopping the operations of the other wet process kilns that use high heat
intensity, will be large. The annual fuel consumption can be cut down to approximately

© 42,527 kL/y* calculated in terms of fuel oil.

If the existing satellite cooler of kitn No. 4 is replaced with the grate cooler, it will

become possible (o freely control the volume and temperature of the secondary air '
for combustion.: The heat efficiency of kiln No. 4 will improve and the auxiliary
combustion in the pre-heater being carried out at present will no longer be ecessary.

- The production ¢apacily of kiln No. 4 will be improved also so that the percentage

of the radiation heal will be somewhat reduced. As a result, the fuel intensity shall

. reach the international level of 800 kcal/kg-cl, and the annual fuel consumplion can
. be cut down by appmxlmately 10,385 kLiy* calcutated in terms of fuel oil.

The present fuel intensity of kiln No 6 is 840 to 8§50 kcalr‘kg ‘el and thls vatue is
quitc a good record in LR. Tran, The fuel inlensity of a simifar sized kiln equipped

_\wlh the grate cooler is normally less than 800 kealtkg-cl.: If the tow rate of

operauon is the obstacle, maintenance will be improved at the point when a margin

of producuon is gained due to the series of modifications given above from the

entire productien capz;cﬂy, and the fuel intensity will automatically improve. Asa
sesult, the annaal fuel consumption can be reduced by approximately 6,593 kL/y*
calculated in terms of fuel oil.

- Summarizing the above; the annual fuel cut-down amount eq’uivalenl to the rated
- production capacity will be approximaltely 60, 000 klly. The profit gamcd will be

approxlmalcly 1,000,000,000 yen** per annum if the pnce of fuel is assumed to be
17,000 yen/kL. The fuel intensily afler modifications will be 800 keal/kg-cl while
the present average fuel intensily is 1,038 keal/kg-cl. Kiln No. 7 was excluded from

" this calculation.

% : Sce Table 3.2.6.

*¥: Addition in Table 3.2.6.
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Reduction of electricily consumption

Not much can be expected from the reduction of electsicily intensity duc to the kiln
No. 3 modifications. Since the pre-heater and grate cooter are used in the kiln
department, the electricity consumption increases on the conteary. If the cxisting
balt mill is used in the new cement grinding sectton to save construction costs, il
will be difficult to reduce electricity consumplion here. The increased electricity
consumption indicated above can be canceled only if the vertical roler mill is

- adopted as a new raw materiat mill,

Although the electricity intensity of the kiln department will increase slighily by
applying grate cooler, if the vertical roller mill is used wisely for reinforcement of -
the production capacity of the raw material mill and cement mill, considerable
improvement can be expected from these departments. Judging from the equipment
and facilities, the reasonable electricily intensitly level is 115 XWh/t-cl. It will be
possible to reduce the electricity intensity by approximately 10 % from the present
value. This value is equivalent to 8,190 MWh/y calculated in terms of annual
consumption, o '

| :On lhe whote, lhe eleclncxly consumpuon of kiln No. 6 can bc reduccd 5 % by .

continuing the long-period operation: In addition, 3 kWh/t-c} each can be reduced

'by improving the operating conditions of the clinker and cement miil. A total of 12
- kWh/t-cl reduction can be achieved. This value is eqmvalem to 14, 400 MWh!y
‘calculated in terms of annuai consumption.

e :Summanzmg lhe above the present average mtensny 122 kWh/t-cl is reduced to
113 kWh't-cl. Approximately 22,000 MWy of clecmcny is cut down annually

The profit increase will be 220, 000, 000 yen annually if the electricity unit price is
assumed to be iO yenkah ' :

Rcduc’tion of envitonmemal load

As mentioned earlier, mlegratlon of producuon facililies allows increasing the

- producuon capacily by approximately 18 % over the present capacity even if 3 wet-

type kilns stop operation. - As clearly shown in Table 3.2.6, the annual fuel

~consumption on the other hand is reduced by about 10 %, Asaresultof the measure

for encrgy conservalnon this should be natural, and at the same time it is vitally

E tmporlam in lerms of reducmg thc exhaust of air pollulants

Una\ioidably, the conxbusliOn of the oil- and 'coal-lype l_‘uels causes the occursence:
of harmful ‘substances such as SO, NO,, ete. Hence, the development of a
technology for inhibiting the occurrence of these substances is currently a subject
of international concem. This is alse a problem that the cement indusiry, a
representative example of fuel-intensive indusiries, must not avoid. Fortunalely,
however, the current wide use of SP and NSP systems provides a satisfactory -
solution to this problem.

— 191



@®

More specifically, in the suspension preheater, most of SO, content in the exhaust
gas is absorbed by the material particle in the course of direct contact of the raw
material and the combustion exhaust gas, since the rate of the SO, gas discharged
in the air is extremely low as corﬁpared with the long kiln, Besides, an NSP system
of excellent performance can reduce NO, to 50 % or less as compared with the
converntional kitn, Moreover, the reduction of the passing gas amount contributes
to the improvement of the efficiency of the electrical dust collector. In addition to
this, further improvement of the maintenance due to the integration of production
facilities can inhibit the occurrence of dust. Thus, the implementation of this
meausure will remarkably reduce the environmental load.

Such a measure as this has been, in many cases, implemented in the course of
promoting energy conservation in the cement industry of industrially advanced
counlries, including Japan, for the purposes of improvement of both productivily

and environment. This has been highly evaluated as one of typical measures for the
modernization of plants. This plant, which is also located in the urban area, kas the §
advantage economically, while at the same time it should take a greal responsibility

for the environmental load. In this respect, it is placed under similar conditiens to
industrialized covntries. Hence, relevant governmental organs should positively

offer their organizational; financial or technicat support as required.

Summary of proposals '

- Table 3.2.6 summarizes the above proposals.

. “The following cffecls can be expected by the modnflcatlon of kilns No. 3 and No 4and

by the improvement of No 6

Integration of prod'u'clioh lines = RSE kilns amon’g.?'slop operating.
Clinker prod_ucli(;n increase L 420,000 vy R _ o o l@
Reduction of fuel consumption : 59,505 klfy

- Redu'clion"of elcctric po'wer éonsu;hpiion: 22,590 Mthy

1

“Therefore, lhe investment amounl of 6,903,000, 000 yen can be recovcred within 4 yéars
~ by the annual proﬁt mcrcase of 2,077, 500 000 yen.
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Table 3.2.6 Summary of Proposals

(Japanese Yen base)

Expected Saving

T P Flectricity ~ Total Investment Payback
ltem - - - Million  Miltien Pertod
KLy M|Il'|on @ Mwhy M]I!uoh % yenly yea Year’
yenly yen'y _
No. 3 Kilumodification to NSP 42,527%" 7230 1648 - - : 7230 4550 29
£40.0%! - o 8400 ) :
No. 4 Kiln:reptacement of cooler 10,3854 1765 - 408 21904 819 29+ 2584 - 2280 29
$4.0%% . N 5400 '
No. 6 Kiln:improvemeni of operation 6,593+ 112, 2547 14,400%'7 1440 - S22 7 3881 ‘13 x|
No. |, 2, § Kiln:shut down © 540040 . -5400 :
Total S0.505 18516 - 22.9%0° 22500 . 2259 8% 20775 6903 . 33
(Iran Rial base)
Expected Saving
. Rl : Electricity Total favestment Payback
fem - — : S Million . Million  Period
) :’S‘; ;?alll;;n % T Mwhfy ::'1‘;:::“ % Rially : Rial :Year
No. 3 Kila-modification to NSP. © 42,527+% © 3,190 16.4%7 ~ - 3,490 79625 A4S
: - o 14,700+ : 14,700 o
No. 4 Kilnireplacemeni of cooler 10,3850 779 - 40+ 8190+t . 8IS to2.847 1,598 39,900 16
' L ' 9,450+ ) ) ) 9,450 :
No. 6 Kilnimprovement of opcr_aﬁon | 6,593 434 2.5%5 14,4002 I,-HO_ 5.2 1934 1,278 .07
" No. 1, 2,5 Kiln:shut down Q450+ . - S . -9,450 .
Total 59,505 {9,063 - 229°" 22,590 2259 B 21422 120,503 5.6

LR | {(300 + 300 + 100) U x {1,700 - 800) kealkg <l 4 600 1 x (I, 600 800) kcaVkg-cl} x 3{)0 dry

= 42,527 KLYy

9, FOO kealil
€2 2 100 de(OSO 800) kcal!kg -l x300dy
. < 10,385 KLy
‘ -9, 100 keallL :
*3 4,000 Ud X (850 £00) kealkg-cl % 300 d:y
: —Z < 6,593 kLiy
9.100 kealL :

¥4 Merit by production increase ': (2,000 - 600) 1'd x 300 dy % 2,000 yen't ~ 840 Million yen/y
: *5: Merit by production increase  © (3,000 - 2,100} vd x 300 dfy x 2,000 yen't = 540 Million yenfy
- *6  Demerit by production decrcase -300 vy % 3 sets X 300 d/y x 2,000 yen't = 540 Million yea'y
7 Annual fuel consumption: 2,365,500 Geally / 9.1 McalkL = 259,945 kL/y
42,5271259,945x 100 = 16,4
'3 10,385/259,945 x 100 = 4.0
9 6,3937259,945% 100 = 2.5
+10 $9,5057 259945 X 100 =229 . )
£11 2,100 vd x (128 — 115) KWivkg-cl x 300 d/y / 1,000 ~ &, 190 MWh/y
Y12 4,000 Ud x (124 - 112) kWhikg-cl x300cifyf b 000 14,400 MWy
t13 890/ 27850 % 100=29
" H14 14,400/ 278,940 x 100 = 5.2
¥15 22,5501 278940 % 100 ~ 8.1
Encrgy price in Japan: o
Fuct oil price: = 17,000 yenskL
Electricity price: 10 yea'kWh
Encrgy price on Iran Rial base:
Fuelotl: - 75 RialllL
Electricity; 100 RiallkWh
Exchange rate: 1,750 Rial = | US Dollar = 100 Japanese Yen
" Calorifie value of fuel: Oil: 9,000 kealkL
fnvesiment cost is based en thal in Japan.
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3.3

331

Results of the Study at Soufian Cement Company

Qutline of the Plant

()

(@)

@)

@

._.(5)..

©

Plant name

Soufian Cement Company

‘Plant address

33 km. Tabriz-Marand Rd. Tabriz

Number'of.cmployces '

1,075

Major products
Portland cement ASTM Type 1 and 2

Production capacity

4,600 vd

Production process of cement

This cement company dngs out the hmeslonc in a nearby mine for raw material. The
limestone i is lranspor!ed o the plant by touck. ‘For the clay component, raw materials of
- 2 different properties are used in propnmons of approximately 20 %. These raw
- malerials can be obtained from a néarby site about 5 km from the planl ‘Besides these

substances, a small quantity of silica sand and iron ore are mixed as requured The
moisture content in the clay is hlgh all year. around and reaches up 1o 30 % in some
seasons This high moisture content is one of the difficulties in mixing the raw material

propcrly

 The prod'uclion' line consists of 4 kilns.
‘Kilns No. 1 to No. 3 are long-type dry process kilns, and the heat of the kiln exhaust gas
: (lemperature 420 to 450 °C) is not utilized. - A raw material milt and cement mill each

of ‘corresponding capacity aie used for thesé¢ 3 kilns. l‘hc cquspment and facililies are
panily shared. “Ail elinker coolers are satellite coolers.
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* On the other hand, the No. 4 production line has a suspension pre-heater (SP) kitn with

a satellile cacler. This kiln is built completely separate from the above 3 kilns, The
plant site Yayout has a large enough space for the installation of another set of the same
kiln type. Unfortunalely the expected capacity of the clay grinding and drying system
cannot be uttlized and it remains idle. The plant is standing on the problem of
anomalous raw material composition.

Sirice natural gas is not available, only fuel oil is used for fucl.

‘Figure 3.3.1 shows the process flow of kilns No. 1 to No. 3. Figure 3.3.2 shows the

process flow of kiln No. 4.

Figure 3.3.1 Process Flow of Units 1 te 3

Lime crusher Clay dryer

o1 | ey

' I}] [l:l Commoﬁ storage yard
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O

History of the plant

' The Soufian Cement Company was founded in 1967, Kiln No. 1 was completed in 1969

and has been operating from 1970, Subsequently, kilns No. 2 to No. 4 were built in
1971, 1978, and 1987 respectively. The present production capacity of this plant is
4,600 t/d and as a single plant it is the 4ih largest in LR, Iran.” This plant is unique in

"L.R. Tran because il was planned for dry process right from the beginning and has

continued to maintain a high rale of operation,

“Plant layout

‘As sh()'\;'n in Figure 3.3.3, the 3 long kilns and | SP Kiln are completely separated. The
‘independent old plant and a new plant have been censtructed in the plant site. There

may be sonte management-oriented inconveniences in such a layout. However, one can
interpret this plant layout as an intention of the company to break away from the old and
move on to a modern plant.

Electric power one line diagram

- Figure 3.3.4 shows the electric power one line diagranl.
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Figure 3.3.4 One Line D:agram |
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(10) _Ou'llinc of main cquipment

Table 3.3.1 gives the main equipment and facilities of each production line. The special
characteristics of the equipment are as follows:

« All 4 kilns are dry process kilns.

o« All clinker coolers are satellite coolers.

+ The open circuit system is used throughout except in onc cement mill, .

" Fable 3.3.1 Major Equipment

Cement mifl

oo : Dimension  Capacity - Motor . p ..
}:qu:pmcqt No. Type ‘ (] by kw) Supplier - Year in Service
Raw mill }  Tube,Closed,2¢  7.0x32 60 370 FL.S 1970
T - Raw mill 2 Tube, Closed,2¢ 7.0 x 3.8 100 1400 FLS 1975
b Raw mill 3 Tube, Closed, 2¢¢ 7.0%x3.8 100 1400 EL.S 1977
Raw initl. 4  Tubc,Closed, Ie  83x50 200 1850 . FLS 1984
Rotary kiln 1 * Dry long 120 3.95 600 (Ud) 170 F.L.S 1970
Rotary kita' 2 * Dry loog 162x 475 1000 (Ud)  2x184  ELS 1975
Rotary kiln- 3 Drylong - 162 % 4.75 - 1000 {tfd): 2 x 184 "FLS 197
Rotary kiln =~ 4 DrySP4stage 80500 2000(Vd) 2x220 - FLS, 1984
- (All are equipped with satellite cooler.) . - S o :
Cementmill 1 Tube, Closed, 3¢ 10.2x32. 32 1250 F.LS 1970
Cemertmill 2 Tube, Open, 3¢’ 11x366 60 2060 LS 1975
Cement mill - 3 Tube, Open, 3¢ 11 X366 60 . 2060 FLS. 1977
4 13%4.40 116 - 2930 FL.S 1984

i

g L Noie;

- "Tube, Open, 3¢

2¢: 2-chamber lype

3¢: 3-chambes type

(11} Energy prices

As of Septeniber 1995, we have obtained 'lhe'following information.
Fuel Oit : 20 Rial/L T -

Electricity: Demand charge 3200 Rial/kW

_ Energy charge * 50 Rial/kWh

(12) " Stdy period

-a. Preliminary study: September 26, 1995
: July 20 to 24, 1996

b. Plenary study
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(13) Membe'rs of the study group

a.

JICA team

Team leader

: Mitsuo Iguchi (Preliminary study)

Leader : Norio Fukushima

Process management technology @ Hisashi Ikeda

Heal management technology : Katushiko Kaburagi

Heat management technology @ Masami Kato

Heat managenient technology - ¢ Jiro Konishi (Preliminary study)

Energy policy
Energy policy

" Blectricity management technology : Toshio Sugimoto

: Toru Kimura (Preliminary study)
. Shin-ya Udo (Preliminary study)

Database and energy uullzatlon plan: Kaore Yamaguchi (Preliminary study)

Economic evaluation : Shigeaki Kato (Preliminary study)

PBO team b
Energy conservation I Mr Mazhari

Micro level energy management Mr. Mianji

Factory management d Mr. Sajadifar

‘Micro level energy managcmem Mr. Toofangchl {Prehmmaty study)

Elcetrical encrgy management @ Mr. Maboodi (Preliminary study) _
Ministry of Industry .~ : Mr. ‘Ali Mohamadzadeh (Preliminary study) - -

(14) Interviewees

. Khosroshahi
. Khatibi

. Geitanchi

. Hamadanian
i. Mousavi

. Ganbatian

. Asgarnejad
. Dolatabadi -
. Jahangiri -
. Elliun

. Pourebrahimian :
. Farntam
. Behzadi
. Saidnia

: . Managing Director
Deputy of Factory Manager

¢ Production Manager of New Units . o T

.- Production Manager of Old Units L ' o %
: Manager cf'}ramlng (Preliminary slud)) ' b

: Head of Raw Material (Old Units)

: Head of Kiln (Old Units)

. Deputy of Production Manager (Old Umls)

¢ Process Engineer (Old Unils)
_ . Process Engincer, Depuiy of Ope:aung Manager (New Umis)

Elecirical Manager of New Units

: ht__ect,nca_l Manager of Old Units
¢ Electrical Engircer
. (Preliminaty study)
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3.2.2  Situation of energy consumption
(1)  Trend of production, energy consumplion, and encrgy intensity
Table 3.3.2 and Figure 3.3.5 show the annual production, energy consumption, and
energy intensity of the entire plant, : '
Table 3.3.2 Production, Encrgy Consuniption and Energy Intensity
Year i989 T 1950 LT C 1992 1993 1994
Production L :

Clinker vy ‘na. " 1,250,568 1,409,202 1,293,946 1,388,760 ° 1,261,205
' hy B YS 8,602.0 6,561.0 67629 1.295.0 6.554.5
“th na 1894 1840 191.4 190.4 192.4
Cement vy . na 1,313,839 1,255,116 C1,329.858 - 1,400,147 1,337,944
Wy na. ©$.599.5 55040 5,163.0 5,593.5 52435
© vh " na. ' 2346 © 280 1573 2509 255.2

Enerpy consumption _ } : o
Fuel oil Sy 139,600769 149491358 14997R150 IS3SINTIS T 15228825 14D37BSH
Nan}naf gas - mYy : 0 ) 0 : 0 0 0 0
Sub tolal Geally 127048 1,36037) 1,364,792 1,396,975 1,383,371 1271445
, - equivaléntloklsy 139,810 149,890 149,917 153514 152,239 140,379
¢ 'Electsicity Wiy 119.402,400 136384282 ° 130956202 ¢ 135037079 143966312 119922014

- Engrgy intensily . .

Fuel kealikg-cl '1,087.80 ii2.67 107962 - ¥91.56 1,012.88
. - kealkg cem 1035.42 1,086,835 £,050.71 937.33 954.78
Electricity kWht-cl 10890 10330 - 104,36 103.67 10301
KWhit-cem 10429 101,57 102.60 9711

S 10365

\ Dowud

9,100 {kcal/L]

~ " HI value: Fuel oil
9,845 [keal/kg)
Natural gas 10,000 [kealim?)
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Figure 3.3.5 Production and Encrgy Intensily

Production
e t-cl/y)

Fuel intensity
& {kealtkg-cl)
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- SR O ieimriniea D ennnarnnnn Brverannnaan N +----- intensity
‘ ° - [kWhitcl]

@)

i’l‘hf:.'pl.ant has maintained a 'stach' and h'igh clihker production for years. The n‘omina_]
- production capacity is 4,600 t/d and is 191.7 t/h caleulated ini terms of hourly production,

The actuat recorded value is around 190 Vh. In fiscal 1994, it was recorded as 192.4¢ -
h. The highest annuval production was recorded in fiscal 1993 and was 1,388,760 vy.
The hours of operalion this year were 7,295 Wy and 304 d/y calcutaled in terms of days :

- This is also an excellent record comparcd with other p!ams in LR, lran

These ach:evemenls are regarded asa result of the cfforls made at lhe plant. Howcver.-
we cannot afford to overlook the fact that thére is also a very competent design base. .
For example, the shell inner volume of kiln No. 3 is 2,870 m?. ' If the production per

~inner volume is calculated in accordance wulh this data, it is 0.35 vd.m. _This value is

lower than the 0.45 Vd.m’ of a normal wet process kiln design base.” Moreover, the
exhaust gas of the kitn is dlscharged ito the atmosphere without utilizing its heat as the
raw material drying heat source. This desngn is such that the troubles of mill operation
do not affe{:t the kiln operation. Allhough these mallers are favorable in improving the

rate of kiln opcration, they are disadvantagds in the aspect of energy consumption.

Energy intensily for each process

Table 3.3.3 and Table 3.3.4 summarizes the recent operation record for each process for
kilns No. 2 and No. 4 as typical examples.

Figure 3.3.6 to Figure 3.3.9 show the monthly energy intensity and monthty production
for kilns No. 2 and No. 4.
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Table 3.3.3 Operation Recerd of Kiln No. 2

Year  Month Raw Mil} Department Kila Department Cement Mill Department

Production Power Consumption Production * Fuel Consumption  Power Consumption  Production Power consumplion
[Raw tons} {kWh] ft-ci] Oil{L] Gas [m'] (kWh} fi-cem) [kWh}

1995 | 37,396 826,940 22,321 3.547,5%0 0 444360 22820 1012000
2 30,519 750,820 T13.346 1,886,933 0 230,115 2817 972,900

3 47,623 899,600 20,391 4,049,158 0 485,760 27,643 - 1,133,900

4 39,427 736,980 27,651 3,435,352 0 434010 - 25807 . 1,104000

5 4} 866 946310 - 28,343 3.500,536 o 461,265 22,315 1,014,300
6 49,093 920,360 127442 3,585.879 "0 458,160 33,052 1,273,800 °

? 38,829 759470 21,864 2977522 0 368035 23,040 963,700

8 41865 878840 30084 3,745,606 0 478,515 24,704 906,200

9 T 42,149 866,730 20670 3,192,097 0 367,170 15621 ¢ 1,329,400

o {0 24,248 525,920 24248 3,041,700 ¢ - 350,885 27,9017 KI120,100
E i 29,483 641830 3,145 3,634,066 0 460,515 22096 864,800
12 40,765 918,630 29219 © 3950041 O 14325 - 1a474 1,382,300

1996 ! 140905 825210 20552 2,740,056 o - 35120 © 22,806 966,000
368700 - 775,040 8,142 3,530,797 0 438,150 28053 . 975200

37450 - BOZ910 20571 2455534 0 363285 28394 1122400

Tota} - 578,284 12,080,590 380,416  49,272.857 :_ 0 6,160,320 :402,243' 16,146,060
Monthly average 38,552 805373 25361 1284851 00 410688 26816 - 1,076,400
Energy intensity 152 002089 0 100 12952 0.00 . 1619 Taos o 404

CTotal Power  [kwiecl) . : ' o 90.39
(kWhit-cem) . o 85.49

(kWhit-ref) (LERICIHC: S B3.09

: Filﬂ . {kealicl-kg) - T S kealrkg) [kcalim'}
' "~ {LHY) 9,845 - 1,154.02

(kgrL] 0.905at94°C .
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Table 3.3.4 Operation Record of Kiln No. 4

Year Month Raw Al Deparlment Kiln Depariment Cement Mitl Department
Productoin Power Consumption Preduction Fuel Consumption  Power Consumption  Production Powes Consumption
[Raw tons} [kWh] [t-ct} 0l L) Gas {m') (kWh] {t-cem) {kWh)
1995 1 87,512 1188537 46071 4741679 0 1,380,303 16,573 1,6358.429
2 71,558 1,012832 45075 5.047,747 0 1,323,600 53,079 1,950,723
3 75451 1,040430 45910 4822156 0 1305397 49,181 1,972,067
4 79013 11,0768 47001 4880,749 0 1384065 47710 1,748,052
5 50,058 1,263,289 55,515 5423011 O 1635958 62,043 1,215,622
& 75518 1291015 48,426 5,358,190 0 1,450,661 51,341 2028512
7 87,386 ¢ 1.509,600 - 52,177 5,792,695 0 1,549,050 46,706 . 1.861,400
8 51,330 892,800 29,350 - 336683 v £94,700 33,359 1,529,300
9 74331 1310400 45,869 - 5333224 0 1,359,300 52,397 - 2,197,100
10 86,143 © 1533600 - 48,114 ° 5,923,405 0 1,438,650 48936 2,070,500
1l 37,252 6719200 . 21,940 - 2493573 o 646,300 11,446 1,697,400
12 69,650 1,238,400 46,402 4,630,670 0 1,346.650 T41,756 2,054,100
1696 [ 86,790 . 1,408,800 47420 4221100 0 . 1,361,600 45301 1,972,100
2 66,648 1,252,600 T39376 4,184,000 0 1,140800. - 31,543 1,266,900
63702 1,149,600 41,822 5312156 0 1,225900 39611 1,709,700
Total . . - 1,102,612 : 17854630 660,569 71,553,19} 0 - 19,442,934 697,032 ° 26.911,305
Menthly average - 73507 190309 44038 © 4770213 1,296,196 46,469 1,794,087
Encrgy inteasity COhEY .o 1619 100 10832 0.00 943 . 106 ©ag6l
Tota!  Power ikWh'[-d] - . o ) 91.10
{kWhit-cem] _ R ' - e
(kWhit-ref) (6RICIHC: T I 95,07
Fuel {kcal'kg-cl] " {kealrkg) [kealVm') : o
(LHY] ‘9845 - N CUe6s. 1)
kgL 0.905 ' '
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" The fluctuation of the production amount is high, depending on the month. ‘The months

in which the production dropped sharply show that there were periods in those months
when operation was stopped for maintcnance. If this maintenance is repeated periodically
every 3 to 4 months and if the production achievement of other months reach the peak
value, productivity will be improved further and the energy intensity will be lowered.

Heat balance

Table 3.3.5 gives the heat balance calculated using the actual measured values and the

indicated values of the operatlion measuring instruinent on the date of the invéstigation.
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1. Precondition

‘Fable 3.3.5 Heat Balance (No. 4 SP Rotary Kiln) {(3/2)

Item Unit Remarks
L1 Raw meal
1) Charged raw material “vh 145
2) Temperalure °C 100
3) Specific heat kcalikg-°C 10.20
1.2 Clinker
1} Yield of material t-clit-r 0.59
© 2y Dusting loss % , 5 _
" 3} Clinker output th 81.48 145 x0.59/1.05
4) Temperalore R - 253
©'5) Heat for clinkering “Feal/kg-ct < 430
6) Specific heal kcalikg-°C 0.192
1.3 Fuelin kiln .
1) Kind " Fuel ol
- 2)  Low heat value kcal/l. 9,207
- 3) Temperalure _ °C. 100
4} Consumiption in kiln L/h 7,500
5) Specific gravity. . ke/L 0.905
6) Specific heat kecalkg-*C 0.45
1.4 Fucl in prehcater :
" 1) Kind : Fuctoil
2) Low heat value " keal/l. 9,207
3) - Temperature S eC 100 -
4) - Consumption in prehéater L/ 1,020 -
§) " Specific gravity kgl 6.905
6) Specific heat kealkg.°C © 045
1.5 Exhaust gas at preheater outlet : - :
1) ‘Température T 320 -
©2) O, content % : 2.1
3) Specific heal keal/m?-°C 0338
4) Specific gas velume by fuel ol m’/ke-cl " 1.44
5) Specific gas volume by clinkering of materials - m?ykg-cl - 0.27
1.6 Radiation loss from kila susface :
1) Average temperalure °c 272
2) Surface arca oomt 1,257
3) Cenvection coelficient kcal/mtheC - 1.3
4) Radiation cocfﬁcicnl . keal/m*h-°C - 153
5). Emissivity o : ' 0.95 -
1.7 Radialidn 10ss from cooler surfacc
1) Average temperature ¢ - 330
2) Surface area m? 1,150
1) Convection coefficient keal/m*-h-°C 1.9
4) Radiation cocfficient keal/m?-h-°C 19.1
3) Emissivity - 0.95
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Table 3.3.5 Heat Balauce (No. 4 SP Rotary Kiln) (2/2)

2. Heat balance

Item keal’kg-cl % ~ Remarks
Input heat QI
1) Qa : Heat of combustion of fuel 962.8 : 91.2
2-1) Qb,: Sensible heat of fuel 3.0 : 0.3
2-2) Qb,: Sensible heat of raw material - 24.9 . 2.5
© Total : = - 990.7 1000
* Qutpul heat Q2 . _
' 3) Qc : Heat for clinkering 430.0 434 IS
4) Qd : Sensible heat of clinker at cooler outlet ~ 42.8 - 4.3
5)° Qe : Sensible heat of preheater exhaust ga_s. 167.6 169
"6} Of : Radiation loss 219.6 i 222
. Ty Qg : Other heat loss : C 1306 , 13.2
Total . . : o 990.7 _ 100.00

1) (7500+1020)x9207u451059x105n000 926.8
2:1) (7,500 + 1,020) / 145/ 0.59 % 1.05 x 0.905 x 0.45 x (100 - 30)/1000_10
4) 0.192x{253-30)=428
5y (1.44 4 0.27) x 0.338 x (320 - 30) = 167.6
- 6} Cooler 125.1 +Kiln 94.5 = 219.6

3.3 Situation of cnergy maiiagemeht L

() Seil‘ing'ih'c cnerky COﬂsq'rvati_On target

_Thc cnergy management commlltce has set up the’ fo]lowmg items as the largus of
cnergy conservation: !

. Opé;ation of lh'e equipme:m and facilities according to the designed capacity.
+ Reduction of the downtime of equipnient and facilities.
+ Prevention of compressed air leakage.

“The ‘commiltée has not sel up the inle_nsi_ly target values.

The pianl docs not havc any pians for new cqulpmenl installation. They are planning
the stecamlining of nianagement and erergy conscwauon by fully utitizing and reinforcing
" the cxssimg equ:pmenl and facmncs

The Idn”g kilns and SP_kiIns are running in parallel operations; therefore, efforts are
required 1o maintain the constant rate of operation. It is advisable to collect data on each
production line and on each process, determine the important points, set up targets for
individual items, and follow up the results so that energy conservation can be pushed
forward with.
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Systemalic activities

An cnergy management commitice has been sct up and it meets twice a month. The
chairman of the committce is Fictory Manager of lhe'plam, and committee members
include Department Managers and personnel in charge of energy management. The
committee has demonstrated its usefulness by introducing a data login system and
selting up encrgy conservation targets.

Daia-bascd management

Computers are used to‘collect data for the puipose of operation and plant maintenance.

- In particular, adequate data managemem of power-receiving/disiributing station is
‘being carried out with data.

Education of employces

‘A training center is set up in the plant. It is evident that the management has a high

interest in educalion and training. Factory Manager of the plant gives a speech to the
employces about energy conservation. The company encourages the engineers to
participate in seminars held outside the company to improve the techinology and uplift
morale. ' :

The company has introduced an achievement award system to improve productivity
- which also includes encrgy conservation.

The operalors must thoroughly learn correct operation standards to achlcvc better

produchon conditions and also. for a slable product quatily and lmprovemem of the
operauon rale, Thns will lead to the mlprovemenl of ¢ energy consetvallon

Equipment maintenance
The cquipment maihtenahéc is not adequate enough.
A 'largc amount of dust is scattered and piled on the passages.r Construclion for paving

the passages in the plant site is being carried out at present. Such construction is
effective for the improvement of lhe operation environment. '

' ;Sincc the momtormg of the molor temperature mcasuremenls drd dust preveritive

measures of surmundmgs are unsallsfaclory, _lhere are many burnouts of motors.

" The old and new equib_me_.m are used together in the plant and the current layout of the

plant is not ideal. - The conditions are making equipment maintenance difficult.
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Problems and measures o exergy use

(1)

Comparison with an excellent factory

‘This plant aims at the nodernization of equipment and facilities including the purposc
" of energy conservation. Among the 4 kilns, kilns No, 1 to No. 3use the long dry process

which requires high fuel consumption, and these are older models. Therefore, the
decision for modemizalion is well-timed. o

In the process, it will be prerequlsnc to solve several problems :mmly in the raw
material mixing for a new kiln No. 4 employing an SP system, master the smooth

' operauon of modern cqmpmem and achieve the expected result,

The fuel inlensity hias been fluctuating around 1,100 kcallkg -cl and is an uncxpecledly
good record. The reason for the gaod results, i.e. less than 1,000 kéal/kg-cl, obtained
in 1992 is probably the high production. There is a slight doubt however, about the
reliability of this data. -

As shown in Table 3.3.3; the recent average fuel intensity of kiln No. 2 is 1,154 kealtkg-
¢, The fuel consumption for raw material drying and boiler are not included in this
value. A value of 30 to 50 kcal/kg-cl must be added to the above value. Thereforc '
actual value is presumcd (o be about 1,200 kcalikg cl

_ " As shown in Table 3.3.4, lhe average fuel in;ensity ofkiln No. 4 is 965 keal/kg-cl. This
- value is fiot good enough for a SP kiln of this scale. The mdnlhly average production

is ‘44,038 Umonth. - The number of momhly operation days, which is catculated by
dividing the above producuon by the rated capacny of 2,000 t/d, is 22 d/nionth, and lhc
number of annual operallon days is 264 d/y. The average number of operation days of

- the entite planl is 304 d/y in 1993. Therefore, that of kiln No. 4 is cons&derab]y poor.
- If therate ofOperauon is unprovcd the fuel intensity should decrease also. In that case,

it is very possible that the raw malenai blending system is_not at peak performance,
along with the slruclural prob!em of the !-.iln

The cleclricily intensity has been fluctuating between 103 and 109 kWh/t-ct and a stable
good result has been recorded. This result may be explained by the fact that the raw

‘materials have excellent gnndab:hly and the slruclurc of lhc long kiln is simple and its

draft resistance is tess.

“The electricity mlensny of No. 2 luln is 90 kWhll cl, whlch isan excellent achievement,

" The electric power mtensrly of the kiln’ ‘depariment has contributed to this cxcellent

record, The electric power intensity of the kiln depanmem is approximately 10 kth
t-¢l fess than the normal tevel This phenomenon may be also a feature of a long krln
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The clectricity intensity of No. 4 kiln is 97 kWh/t-¢l, which is excellent for this type of
akiln, The low electricity consumption of the raw miill departnient is noticeable. The
clay grinding and drying system of 1,090 kW was in a bad condition and was not
operating. This misfortune might have actually contributed to the good result. If the
raw malerials can be crushed without trouble under this condition, there is no nced to
use the clay grinding drying systém.

The electricity intensity of the cement mili department of No. 4 kiln is 38.6 kWh/t-cem.
If the current Blaine value of 2,700 em¥g is increased to the normal quality standard
which is 3,050 cm?¥g, the clectricity consumption will increase by 4 to 5 kWh/t-cem. If

“the clinker quality improves, however, mixing components such as pozzolan can be

used in the future, and the prof‘n'can be increased by expansion of sales.” Therefore,

" there will be ro loss.

Compared with an excellent factory, the fuel intensity, 1,098 kcal/kg-cl is higher by
approximalely 37 %, of which 28 % is caused by the use of a dry long system, 5 % is
caused by the type of clinker cooler and the remaining 4 % is caused by operation

factors such as cwnbustion control, air leakage, ete.

Allhough elecmcuy intensity is nearly close to the level of the excellent factory, there '

is some difference in the grindability of raw material and the Blaine valie of the product

. cement, which may possibly cause the electricity intensity to increase in the future.
' 3_Thé following 4 items are suggested for im'p_rovc'menl of energy intensity.

- Items (2) and (3) among the 4 suggestions giv'eh below are'prdblenis‘related to the - -
© improvement of supplementary equipment. Item (4} is related to the change of process.
Item (5) can be carried out as a part of the daily managcnicm tasks. These suggestions
can be carried out on an individual basis. However, it is desirable 10 implement them

‘as a series of projects in‘order to get maximum effect out of the investment. Item (5) -
offers improvermnent measures which can be carried oul any time, and a couple of actuai :

: emmples of thesé measures are given. : ' :

Kiln No. 4 cooler smodification

In kiln Nb.'4, damages were detected at several locations on the body from the sinter:ing o
. zone lo the connection portion with the satellite cooler. The body of the cooler is

cons:dcnbly dcformcd Thcsc damages must have been made because of the temporary
excesswe heat load.
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The heat load was probably reduced and the problem moderated by adopting Pyroclone
system which is a combustion system in addtion to kiln burner. However, this measure
has caused a large difference between the volume of air introduced into the cooler for
cooling the clinker and the volume of air used by fuel combustion, which is having an- '
adverse affect on both heat efficiency and product. Regarding the damaged poitions,
major repairs including replacement may be requmd in order (o continue the high
efficiency operation for a long period. It is recommended, for the purpose of gas
balance, that the cooler should be replaced with a grate cooler suitable for the SP kiln
instead of replacing kiln shell if the above repairs are carried out. Also, it is sensible to
carry out this replacement as early as poSSible for economical reasons.

The main unit of the kiln is of the same size as kiln No. 4 (present capacity 2,100 vd)
aof the Tehran Cement Company. The difference between the kilns of the two companies
is that the cyclone of the pre-heater of this company is a 1 line system. The production
capacity, however, is the same.” Therefore, if the satellite coolér is replaced with the
grale cooler to improve the heat efficiency, it is highly possible that the production
capacily in this case can increase up to 3,000 vd. The heat intensity will be reduced
from 965 kcal’kg-clto 800 kcal/kg-cl. The grate cooler can be installed while contining
operation by temporarily relocating the clinker transportation facility.

Fortunately, the grindability of the raw material is excellent; Also, the existing mill has
already been capable of producing 200 vh. - Therefore, it is not necessary to install
another new raw material mill, The cement mill should adopt the pre-grinding system
by a roller mill (d:fferenl from a roll press) so that il can reinforce the capac:ly and
improve efﬁc:ency at the same time.

It secms that he plam has been com:denng the mod:f:cauon and at the same time that
this modification will involve replacemem of the coolers and conversion of the system

" to NSP. However, adding the pre-heater with calciner to the existing pre-heater which

has different characteristics will make the operation more difficult because of problems
such as coaung troubles, Since the risk i is oo big, we cannot recommend this plan For
the time being it is advisable to stick 1o the cooler replacemént alone, and to design

* another method for improving the production capacity. The improvement of the raw

material blending system is the premise for increase of kila production.

Improvement of raw malesial blending system

- The selection of a clay‘dry}cr and the désigﬁ of the clay storage faéilily to be used after

the drying process were not appropriate in view of the physical propertics of the clay.
These are the reasons why the raw material blending system of kiln No. 4 was unsuccessful.
The “clay” (as’it is commonly known) which was originally plannéd for use is a
cohesion of fine particles, and the physical properlies of the clay will be radically

* changed depending on the amount of moisture content.” The existing facility i$ not

suitable for such raw materials, It will be ralher easier to dry the clay with a rolary .
dryer, store it in the epen yard, and reclaim it from the surface.
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Although a new rotary dryer may be purchased, kiln No. | can be lemporarily used or -

the temaining portion of the kiln shell acquircd when kiln No. 3 is medified (to be
discussed in the next item) can be used. ‘The plant can obtain a good storage facility for
dricd materials by diverting the common storage yard of the old production line or
clinker yard of kiln No. 4. It is advisable to construct a new silo to prevent the dust
scattering in the clinker yard. Moreover, a smooth raw material blending operation will
be possible by mo'dil‘yinglhp clay tank, now in an idle state, into a dedicated blending

“hopper that does not produce flushing at ininimum storage levet. If improvements such

as these are carried out in advance, the pre-blending system using thic ore bedding yard,
currently being planned by the plant, will be able (o produce good results,

The imprm'emenl of the raw material blending system is a requisite for stablé operalmn
of the kiln and improvement of product qualny However, the energy conservation

effect cannot be assessed by this improvement itself. Itis assumed that the expenditure

and effect are included in item (2) or (4):
Modification of kiln No. 3

The dgiameter of kiln No. 3 is 4.7 m, and the lengthis 162 m. Kiln No.3 can be converted
into an NSP kiln by reducing the length to 80 m and installing a suspension pre-heater
with a catciner and a grate cooler. The remaining kiin shell can be used as the rotary
dr’yer'o'f the clay.’ The dust colléctor, raw material mill, and blending silo must be newly
installed. An existing mill and raw material mill can be diverted to the cement mill, and

& new rollcr mlll can be mstal!ed as the pre-grinding system.

If the above modifications are carricd o, kiln No will become a powerful Kiln and
will be able to achieve a produclion capacity of 3,000 d or more, s fuel intensity will

be 800 kcal/kg-cl and the electric power intensity will be 100 kWHh/t-cl. This kiln alone
* can exceed the total produc{mn capacity of 2,600 t/d of the ¢xisting 3 long kilns. Itis .

recommendcd that the space adjacent to kiln No. 4 should be sclected as the msm“atlon
site to fully utilize the investment made until now and to make the futire management
tasks easier. :

Present improvement items

a. Prevention of air {eakage

The plant premises are ex(remcly dusty. This condition is connected to the frequent

trouble occurrences of the large-size motors. The first step of preventive m‘untenance

isthe prevcnuon of dust gcnerauon if there is an imperfect sealed Iocalmn in a part

of the process, dust is blown out each time when the system starls ‘and stops, and

leakage air is taken in during normal opération. This can lower the effi iciency of the

dust collector or cause power loss. Since the leakage air locations and volume can

be detected by measuring the exhaust gas temperature and oXygen content at

various points during operalion, measures should be provided each time leakage air
- is detected. -
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As a result of actual measurement of kiln No. 4, the oxygen content in the exhaust

- gas was found to be 2.1 % at the pre-heater outlel. This oxygen content increased

to 10.0 % at the EP outlet, [t is obvious that the large amount of leakage air is-
coming in from the raw material mill section. In that case, the leakage air
preventive measures can direcily influence the operation of the kiln.

- Figure 3.3.10 shows the gas flow.

Figure 3.3.10 Gas Flow

Gas 2.28 miykg-cl : 02‘_ 1%

Gas 1.44 m'\/kg-cl

g { oil
: 7,500 Lth
! : S‘P 0.088 1./kgcl
1 EPfan : '
' Cooti J P - '
: ooling Tower SP fan ——3
LC)(D~ o L I
_ cor T TTE D
. o
1,020 L/h
0012 Lrkg-cl
Leakair = ... .
0.84 miy/kg-cl
o ~7 _ S} eeessseieon Poduct
_Efﬁf“d o Cl Return ——; ‘] '
[}-—4 T O

Improvement of kiln burner combustibility

Wien we checked, the main burner of kitn No. 4 lacked flame brightness and the
burning speed of fuel was stow. It appeared that 2 long flame was being formed. In
a casc:such as (his, the temperature of the smtenng zone may be too low. It is
recommended thal the blowing out speed of air ai the tip of the burner nozzle should
be compared with othes kilns after conﬁrmlng the specnﬁcahons of the primary ais
fan and burner. i€ it is determined that the air flow is sufficicnt, the combustion
condition should 1mprove by adjusting the speed of the swirling flow. When the
temperature of the flame rises, the heat transmission efficiency will improve.
Furthermore, the produclion will increase, the exhaust gas temperature at the kiln
outlet will become lower, and the product quality will improve, If the plant has
intentionally set the temperature to low as a preventive measure for the sintering
zone and clinker cooler, it amounts to a reversal of the logical order of priority..
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¢. Increasing the EP fan capacily

The drafl capacity of the entire process of No. 4 kiln ¢an be reinforced on a
propartional basis by increasing the EP fan rotation speed § to 10 % and providing
“the above air leakage prevenlive measures. As the EP fan rotation speed incteases,
the air flow from the satellite cooler will increase and the damages in the periphery
of the cooler inlet will be reduced. In addition, it will become possible to control
the siatic pressure of the pre-heater outlet constant. Therefore, the kiln can
“maintain a high level operating condition with less load fluctuation. Itis recommended
that this measure should be executed together with the improvement measure
suggested in Items a and b above. '

~ . Wtilizing the kiln ¢xhaust gas

If a header for receiving the exhaust gas of each kiln is constructed ina suitable site
near the raw material mill chamber of the old system, the operation of the hot air
generator used for drying the raw material will no longer be required, and the dust
collector efficiency will improve along with energy conservation. For kiln No. 3,

thereisa pOSSIblIlly of the investment being doubled. Therefore, the implementation
~of this suggestion should be decided by taking fulurc plans for the plant into
cons1derauon

Effects of imprbvémcnts_ _

The operation method of the plaril will be sighiﬁcantly changed by the improvements
' suggcsled it (2}, (3), and (4) above. Production that was achieved by the 4 kilns can be
consolidated into 2 kilns i.e. No.3 and No. 4 as far as the normal operauon is concerned, -

and the follomng effecls w:ll bé gained.
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Table 3.3.6 Rationalization of Production

Existing After Modification
Kila No.  production Intensily Consumption . Production Intensity Consumiplion
[vd] [kcal/kg-cl] [Mcal/300ds] ft/d] [kcallkg-cl] [Mcal/300ds)
1 600 1,200 216,000,000 600 1,200 . 216,000,000
2 1,000 1,200 360,000,000 : _ '
3 1,000 1,200 360,000,000 3,000 &0¢ 720,000,000
4 2,000 ‘ 965 579,000,000 3,000 800 ?20;000,0{}0
. : Ag}erage _ “Average _ :
Total 4,600 1,008 ©1,515,000,000 6,600 - 836 © 1,656,000,000
- : (kisy}  [Mcally]
Saving based on the original capacity:- _ _ 39,650 - 360,818,182
A
_ {alternative)
s Existing . : _ After Modification
Kf.‘_" No. - Production -, latensity . Consumption _Producli.on . l.me_nsily Consuﬁmplion
: {vd] . {kc}\llkg-cl} - [Mceal/300ds) Cvdl jkcalikg-cl] [Mcalf300ds)
1 600 - 1,200 216,000,000 0 1,200 0
2 RODG . 0,200 360,000,000 o :
3 1,000 1,200 ©360,000,000 2,300 800 - 552,000,000
4 2000 965 - | 1579000000 2300 800 552,000,000
o . Average R o " Average
~Tofal  TT4,600 . 1,098 7 1,515000000 4600 . 800 1,104,000,000
R R S [ksy] - [Mealy)
E: _ Saving based on the original capacily: : R ' o0 45,165 411,000,000

a. Increase of clinker production

" After the' modifications of kilns No. 3 and No. 4, the production capacity will
‘increase 1o 2,000 vd even though kiln No. 2 is shut down, Supposing the marginal
“income is 2,000 yen/1, an anni;a! profit increase of 1,200,000,000 yenfy (2,000 vd

X 300 dfy x 2,000 yen/t) will be possible. Since the use of a pozzolan will become
possible and the salés route will be expanded by resolving the raw material mixing
-problem (a big obstacle at present) and by improving the product quality, the actual
profit increase will be even higher than the above figurc. '

The scope of manufaciuring a higher value-added product will be gained by kiln
No. 1. This profit can be added to the above figure. : '

—219—



Reduction of fuel intensity

The fuel intensity of kiln No. 3 will be reduced from 1,200 kcaltkg-cl to 800 keal/
kg-cl or less by modifying the current long kiln into an NSP kiln. The annual fuel
cotisumption will be cut down by 312 Tealfy {(1,200 - 800) kcal/kg-ct % 2,600 t/d
X 300} based on the production capacity of the previous kilns No. 1, No.2. and No.3
(2,600 v/d). This figure is 34,300 klVy (312 x Tcally / 9,100 kcal/L} calculated in
terms of fuel oil.

If the existing satellite coofer of kiln No. 4 is replaced with a grate cooler, the
reduction of fuel intensity will be 165 kealfkg-cl (965 -800 keal’kg-cl). Therefore,
it will be a reduction of 10,880 kL/y (165 keal/kg-¢l x 2,000 vd x 300 /
9,100 kcal/L) calculated in terms of fuel oil and based on the previous production

" capacily (2,000 vd).

Total reduction of the fuel intensity of these kilns will be 45,180 kL/y.

" The profit gained will be approximately ¥ 768,400,000 per annum (17,000 yen/kL
% 45,180 k1./y) if the unit price of fuel oil is assumed to be 17,000 yen/kL.

Reduction of ele¢tric power consumption

" A long kiln is a type which consumes less electric power amang various kiln lypes.

“ The existing kiln in particular discharges the kiln exhaust gas into the almosphere
without makmg use of it, and thus it can achieve low electricity intensity as
‘mentioned éartier. Therefore, it is extremely dlfﬁcult to reduce the elecmclly
intensily any further. - If kiln No. 3 is modified into an NSP kiln, the eléctricity
consumpuon of kiln dupartmcnl will mcrease

If the raw mill departmenl ol‘ kiln No. 4 starts usmg clayasa subslllute for red soil
which is harder to grind, lhe clectricity intensity will be reduced. On the other
hand, the cleclnc:lymlenslly of the kiln department will i increase by the replacement -
of a cooler.” The cement mill department can avoid the increase of electricity
_intensity even if the degrcc of product fineness improves by adoplmg the pre-
blending system usmg the rolter mill.

~ Itis difficult to offer up a detailed evaluation for each matles at ihis point. In this .
' report, we assumie that the increased amount of electricity intensity will be offset by

- the improvement effect and thereforc the intensity will be neither increase nor
‘decrease

. :Im'pr"oi.'et_ncm effect by employing measures for the time being

It is assumed that the improvement measure described in Item (5) will be carried out
" separately before the improvement measures of the other 3 ilems are performed.

- The effect of lem (5) cannot be assessed together with the other effects. However,

- the effort made to achieve these improvements is necessary to a better understanding
- of the characteristics of the SP kiln or NSP kiln in order to prepare for the future,
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If kiln No. 4 can achieve stable operation and if the number of annual average
operation days of the plant impraves to 304 d/y, one can expect an annual production
increase of at least 80,000 ¢/y bascd on the daily production of 2,000 vd, due to the
increase of 40 operation days. The fuel intensity will be also improved to 900 keal/
kg-cl leve} from the current record of 965 keal/kg-cl. Itis quite possible that 4,340
k1./y of fuc) 0il (65 kcal/kg-cl x 2,000 t/d x 304 d/y / 9,100 keal/LL} can be reduced
annually. ~ An annual profit increase expected from these improvements will be
234,000,000 yenfy (2,000 yen/t X 80,000 ty + 17,000 yen/kl. X 4,340 kL/y), and
supposing the marginal income is 2,000 yen/t, the unit price of fuel oil is assumed
to be 17,000 yen/kL. The investment amount is presumed o be less than ¥ -
100,000,000, Therefore, the above improvement can be carried out regardless of

~ the schedule of the radical measures suggested in the other 3 items.
Electric equipment .

. Measurement resulis

Table 3.3.7 and Figure 3.3.11 show the results of measurerment of the transformer
input and load of large-size equipment. Since the measured values were fluctuating

. 'and the nwasuremem time was chfferenl the values are often different from lhat of -

the power supply.
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Table 3.3.7 Electricity Consumption of Each Equipment

Process No. 1 No.2,No. 3
Load Rating - Electric Power Cosé Rating Electric Power Cosd
’ KW kW % kW kW %
Crusher 520 124 71
Raw mill : 810 888 99 1,400 1,284 92
Raw mill " 1,400(fotr No. 3) 1,074 79
Transformer CLT00 kVA 513 67 2,600 393 83
“Transformer _ : 2,000(for No. 3) . 306 © 95
Raw mtill Total - 1,401 ' ' 3181
Ceinent mill 1,250 : 1,153 9% 2,060 2,007 | 94
Cementmill _ 2,060(forNo.3) 2,038 S92
" Transformer 1,700 kVA 599 69 2,000kVA 728 89
-~ Transformer : , 7 2,600(for No. 3) 309 69
Cement mill Total ' 1,752 ‘ L 5,082
Process Total ' ‘ ;'.3,:153 o _ | | B,263
- Process No. 4 o o Total
" Load Rating E!ecfn_c Power - Cos.q’
kW kW %
- Crusher ' '
Raw mill 2,060 1,930 . 96
Blower 2 x 250 i74 94
Fan 830 327 86
Separater Ix 250 288 . 82 -
Separater 250 1200 68
Transformer - 2x L60OKVA - 396 89 .
Raw mill Tota! 3,115 1697
Fan 250 209 - 30
Exhaust 1,700 1,120 L
Transformer 1,000 S234 48
Transformer . 1,250 167 - 70
Kiln drive - . 2x220 289 . 64
Cemeat mill . 2,930 2,990 . .
© Fransformer -~ ¢ 1,600 kKVA 243 91
Transformer packing 630 _
Censent mill Total , 5,282 ' 12,086

Process Total - - 8,367 19,783
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Figure 3.3.11 Operation Record of Electric Power Consuniption

forNod  Measuring Day Time (Start-Stop)
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@ Cementmill 7/21-22,23 12:50- 7.50
@ Rawmill  7/22-23 P5:15-11:45
©

Kiln Moter - 7/21-22 }7:30-11:00

[FE I
Lo
8 =
e

@ Electric power consumption

200

Hour

b. Study of the measurement résults

'-l):'

2}

3-phase unbalance

As a result of continuous recording measurement, the electricity co"nsumplibn

‘of the No. 4 cenient mill motor {2,930 kW) during operation fluctuated betveen

2,820 and 2 ,060 kKW. The current of cach phase was contmuously off balance,
such as 370 A, 294 A, and 367 A.

_ This condil‘:on will lead to bve'rhentin‘g'o'f the motor and reduction of torque,

. and it is assumed that the loss is increasing. Although the actual cause is
' uncertam factors such as an unbalanced motor secondary side impedance and
. bias of radiation heat because of dust can be taken into account since there is

only a slight voltage fluctuation. Itis recommended that the related {ocations

‘should be checked and thc matter should be (aken up wuh the cquipment

manufacturer

Reduction of elecmcny mlcnsﬂy and eiecmcny charges

" The electsicily consumption between Aprn! 1995 and March 1996 for kl!n No.

2 was 27,629 MWh. The ratio of the usage amouni for raw mill, kiln, and
cement mill were 35 %:18 %:45 %, respectively. :
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On the other hand, the consumption for kiln No. 4 was 51,1 26 MWh. The satio
of usage amount for the raw mill, kiln, and cement mill were 28 %:30 %:42 %,
respectively.

The electricity intensity of kila No. 2 and No. 4 was 87 kWh/t and 96 kWh/t,
respectively.

The deniand charge is about 18.9 % of the entire charge where the electric
charges in July to Seplember 1995 was 38.3 Rial/kWh. As this company is
- conducting a study, il is necessary to provide improvement measures as follows
“to prepare for future price révisions.
. lmprovemenl of load facior
+ Reduction of demand charges
+Reduction of load during peak time
+ Increase of load at night
Summary of proposals
Table 3.3.8 summarizes the above prdposals.-

The following effects can be expcct.'ed by the improvement measures of kiln No, 4.

Clinkeriymddclion _ihcrease : 80,000 vy

: Reducl'_io:n o'f fuel: cohs_uhtpﬁoni 4,300 kL/y .

The investment amount of94 500 000 yen can be recovered wulnn } year by an annuval
p[l)fll incresase of233 000 000 yen.

Bes:dcs the above the followmg effects ¢an bc expecled by the mod:ﬁcauon of kitns

No. 3 and No. 4 and associated improvements.

_COnsOlidalion of production lines: Establishing a production Syslem‘using 2 kilns (or

3 kilns).

- Clinker production increase  : Max.'2,000 vd

Reduction of fucl consumption: 45,200 kl/y -

The investnient amount of ¥ 7,0'50,000,000 ¢an be recovered within 4 years by an
‘annual profit increase of ¥ 1,967,800,000. -
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Table 3.3.8 Summary of Proposals

(Japanese Yen base)

Expecied Saving

~ Total - Investment Payback

Fuel ’ Electricity
lrem Million Million  Period
Million Million — .
. enfy . yen Year
kLiy yenly % MWh/y yen'y % ¥
Tentative:improvement of operation 41430 738 264 - 738 95 0.4
_ 160.0% . 160.0 : :
No. 3 Kilmmodification to NSP 34.286%7 5839  204+° - 5839 © 5,720 .- 3.2
) 1,200,043 - 1,2000 : :
No. 4 Kiln:replacement of cooler 6,593 - 112 4.0 - e BRI PA 1,323 L9
600.0v° 600.0
No. 2 Kiln:shut down S -600.077 6000
" “Total 45222 2,1298 27.241 - o 2,208 7,138 3.4
(Iran Rial base)
Expected Saving : :
‘ . Fuel - Efectriciiy o7 Total Investmert Payback
hem _ Miflion = Million - Peried
Foil  Millien CMiltion . L Riay Rl Year
o wy mary, o MY gy L e
Temati\'e:improvemém of operation 4,343¢! 326 G L - B P{-IE 1,663 : 0.5
‘ e - 2,800 S 2800 _
" Ne. 3 Kiln:modification to NSP 34,286+ -~ 2,571 20.6 - _ 2571 100,100 42
: : g ' 200004 ' ' 21,000
No. 4 Ki'in:rcpfa_ccniem of cooler ~ 6593% . 494 4010 = 494 23,153 2.1
. . . ’ 10,5005 : L . 10,500 .
No. 2 Kilp:shuit down 10,500+ : ©=10,500
) Total B 45,222 27,191 Sonaen o . : . . 2191 124916 4.6
(965 -900) kealikgix 2 o00vdx308dy
- 4343 KUy
: 9,100 keal/L :
(1, ’200 800) kealikg-ch x {1,000 + 1,000 + §00) tid % 30011’)«
= - 34,286 XL/y
o - 9,100 keak/L
A (900 300) kealfkg-cl x 2,000 vd x 300 dfy
o _ 6593 kLy
9,100 keal'L :

£4° Merit by production increase @ 2,000 Ud x 40 &'y % 2,000 yen'y - 160 Miltion yen/y
+5 Mesit by production increase (3,000 - 1,000) vd x 300 dfy x 2,000 yen/y = 1,200 Million yen'y
*6  Merit by production increase (3,600 - 2,000) v/d x 300 &fy x 2.000 yensy = 600 Million yensy
*7  Demerit by production decrease: -3 000 £ % 300 d/y x 2,000 yen'y = —600 Millicn yen'y
*3 Annual fuel consusiption: 1,515,000 Gealty # 9.3 MealkL = I66 484 kLiy
) 4343“66484x 100=26
4" 34286/ 166,484 x 100 - 206
+{0 65937 166,484 % 100 = 4.0 :
+11 452227 166,484 % 100 - 27.2
Encrgy pricé in Japan:
Fuel ol price: 17,000 yenkL
Elcciricily price:” 10 )en.fkwh
Energy price on {ran Rial base:
" Fuel oil: 75 Rialil.
Electricity: 100 Rial/kWh - .
Exchange rate: 1,750 Rial = | US Doltar - 100 fapanese Yen
Calorific value of fuek: Oil: 9,000 keal/kL
favestment cost is based on that in Japan.

—225-—



PRI KA
b



	3. RESULTS OF THE STUDY ON THE CEMENT INDUSTRY
	3.1 Results of the Study at Sepahan Cement Company
	3.2 Results of the Study at Tehran Cement Company
	3.3 Results of the Study at Soufian Cement Company




