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Abstract:

Various economical aspects of electric energy consumption in
cement industry are investigated as part of the overall energy
economy, Different cement manufacturing processes are compared.

Bagic component of electric energy consumption in cement plant
are mentioned for emphasis on areas of main consumption,

Economy of electric power in relation to electryic power generation
in the plant or ewutside it with some reference to Arab countries ecirc-

8 is mentioned. Electric equipment used in cement industry and
some e} their economical aspests in selection procedure are discussed,
Electric motors recieved special attention among other equipment with
emphasis on modern control methods. Power factor improvement is d scu~
ssed as a part of proper utilisation of electric mra. Load factor
also recieved some attention so that cement industry would aid rather
than burden good and ecomomical performance of electric utilities,

Modern process automation can help in good eleciric energy mana
gement in cement plants, However, an overall plant ecomomy with these
equipment as integral part is to be considered,

Finally, aspects of management, maintenance, and operation in
relation to electric energy economy are discussed, Some reference to
examples at running cement plants is made,

1. Introductiont

Cement Industry is & process manufacturing industry which does
not use electric energy in its chemical reaction nor for heating,
but merely for driving machines,

Motors are used in all parts of the menufacturing process.
Nodern plants need electrical energy of 80 - 130 KWh per ton of
cement produced, Since cement plants are designed to work almost
all through the year, and for many years, it becomes necessary to
investigate all factors of effect on production economy ineluding
electric energy. The electric energy consumption should not be
studied alone, but rather among other energy forms consumed in
the plant; So that an overall economy of fuel and electricity
should be the target rather than electric energy alone.

Two periods are to be investigated for energy consumption
studys The first is the period of equipment selection in order
to select those of low energy consumption in the long run, Such
equipment need not be the cheepest., The other period is at the
operation, in order to manage, operate and maintain the plant in
the ways leading the best energy economy,



Fnergy consumption should be looked st further in a view of
the overall motionzl interest rather than the plant ownership
interest. The economy of the plent should then be an integral
raxt of the national economy, Improveawent or daily load curve
by proper menipulation of some sections of the plant is an
example on this =aspect,

2+ Types ement Manuffacturing

Cement manufacturing processess can be mainly one of three
typest Wet, Semi~dry or Dry. Wet process deals with raw materials
$ti11 the kiln feeding in a wet form (Slurry)e In dry process the
neterials are fed to the kiln in a dry form (raw mix), In semi-dry
process, water is added to the raw mix at 10 ~ 15%, Then the outcome
in fed to the kiln, These types of manufacturing process are further
vided into other types., Table (1) shows six types of kilns
(which are the pain sections in cement plants defining process types)
with figures of energy consumption ( in the kiln ). The figures
show the Keal//(y. consumption of fuel and KWh/Ton of average
electric energy.

Type of Kiln Fuel (Keal Kg ) wez Elect,Energy
1. Dopol Kiln with Recupol

Cooler T49 14
2¢ Gepol Kiln with Recupol

Cooler 886 13.5
3. lLepel Xiln Semidry with

Recupol Cooler 760 12
4 Tepol Xiln Semidry with

Recupol Cooler 925 19
Se t Kiln with Grate

Cooler 1362 14.5
6 Kiln with Grate

. - e 1213 16.5

By exparience, the dry process is the most econcinical one since
energy needed for water evaporation in wet procese is not necessary
here, However, when an overall economical consideration is made for
small capacity plants, wet process or semidry may show to be reas-
onably econoumical,

Electrical equipment for different types of process are slightly
different. Control system of dry process is much more complicated
than wet or sémidry processes, The modern trand is to go to dry
process in medium and large plants. Hence our discussions shall be
baised more towards dry process.

Figure (1) shows the development of the energy conswumption
per ton of Clinker in the last 20 years L12)e
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Good performance of mills i¢ attained at their full load as
mentioned sbove. This is elear from Figure (2) which shows (11)
practical results obtained frem 110 ton/hr. cement mill, Low daily
production figures here are not only results of low productivity but
could he due to stcpping and sterting of few fimes since KWh/Ton at star-
ting périod is also high,

In & modern ‘cement plants the number of motors is usually between
300 -« 400 for each production line, Bable (4) shows iypes of motors

and their power in a 1500 Ton/Day plant.

Zype of Motoxr ' EXW_

Squirrel-cage induction 258 TL.87% 588 44T

motor under 10 kw,

Squirrel induction

motor over 10 kw. 7 21.,45% 2944 23.62%

Slip ring induction motor 10 2.7 8537 68,

D.C, motor, 14 30 395 301

TOTAL 359 100% 12464 100%
=mrmTunIss bt —oTEImmEms

This table shows that 10 slip ring motors (2,78%) of total number
of motors are rated upto 8537 kw which makes 68.,5¢ of total rating of
motors in the plant. The small squirrel cage motors are numerous in
the plant making 71.87% but do not have rating more than 4.7%. Hence
attention should be paid to slip ring motors (mainly mills drives) for
obtaining high efficiency rather than small size squirrel cage motors.
Most of these slip ring motors operate at medium voltages (6600 V in the
above case)s A total of 8080 ¥W, motors are operated at such voltages
iees 64.82% of plant rating. The rest 4384 kw, is consumed at 380/220 V.



Figure (2)
Typical Cement Grinding Electric

Power Consumption for 110 Ton/hr
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The selection of generating power station should take into
consideration long term plans and fuell evailability, Diesel
power stations are suitable for small plants while steam power
stations ere economical for big eoujlexvs of future expansion
expectation, Gas turbines are economical only if cheap fuel is
aveilable on the Jong run,

4:1.4 F -

When eleetr:lc power in gmmtea in theeplant, the use of
variety of fuel becomes limited. When acurate cost analysis is
to be made, distination has to be made between wetusl fuel cost
paid and costs based on true prices since governments supports
mey mislead in some cases,

Central generation of electrieity by electrie utilities,
decreases electricity coste. However, & detailed resesrch should

;ff’bo made for the fuel economy in various Arad countries, Below
‘are only ganaml remarks to highlight the balence between the
economy of higher emphapris on fuel or elewtricity ineeement
plarnte,

Arab cougtries may begrougped into four categories from
electric powsr generetion cost point of view (10 in comparisi=
don to fvel comtoi--

a) 0il producing countrice with no water falls ‘ 'ke Kuwait,
Saudia Arabia, Libye, Arab Emarates, Bahrain, Qatar and Oman,

Electric power is gemerated using natural gas got as a
Syproduct of oil production, Some times fuel oil is used or
diesel od@ll in rare cases, Here it is clear that cost of eleetri-
city is higher than its equivalent thermal power of fuel &f the
same kind of fuel is used in the kiln,

b) 0il producing cowntries with some water falls like Iraq
and Algeria, Elsctric power is produced from hydroeleetrie plants
28 well as fuel mentioned in (2) above. Hence cost of eleetricity
bscomes cheaper than (a),

8) Countries with woter f21ls but with no oil export, like
Syria, Muuisia, Morroecco, Egypt, Lebunon and Sudanuy here electricis
Ty generated from hydrcelectric eiotions is generally much chegper
than that using eny kind of fuel,

8) Comntries with no water falls =nd aore non oil producing
contries e.ge No&S, Yemen, Jorden, Scmelie, lewritenia and
Diibuti, here electricity produeed by inported fuel is mere
expeneive than itsthemmal equivalence of fuel,

When conmparing the sbove situation with industrialised
countriee where electric power is generated using nuclear fuel
in good proportion, the balence betwsen fuel and eleciric rower
is of different scope.



balance with electric power in the plant should be studied
according to the local circumstances of the coumtry and not on
data available from industrialised countries which may not hold
true for many cases in developing countries.
One ton of cement in dry process requires (12) on the average
%5- ton of oil equivelent electric, Which has a conversion rate in
Prance of 2,577 i.e. 0,057 ton of 0il thermal, Same process
requires on the average yi— ton of oil i.e. & total of 0,1406
ton of oil per ton of cement, calculations similar to that need
to be compiled for different Arab countries cement plants to be
constructed,
4.2 Distribution o COWeIr 1n Lementy I ilan
lost cement plants are supplied with dectric power from
_,F;'mhl:le grid systems, Frequency of such supply is fixed and
/ sapply voltage is mostly governed by the power utilities
standards.
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Proper selection of tages is based on economical factors
and standard voltages of surroundings. Power to modern cement
plants is usually supplied st 10 ~ 33 kv voltage'2), This
voltage is stepped down or partially supplied directly to
medium voltage motors which usually operate at 3 - 10 kv, Low
voltage motors and lighting is usually supplied at voltages
between 110 - 600 V,

4+2.2 Switchgearss

The design of distribution system and selection of the pwveper
switchgears is done for the purpose of high reliability safety,
easy maintenance and econogy.

Switchgears in moderm layout designs are installed in the
so called motor - control - centres distributed in various
sections of the plant. Such design provides protection for
control eguipment from dust which is common in cement plants,
Such centres are provided with pressuized systems., Modern
installations show full seperation of power and control features.

4+2.3 Iransformers: .

As transformers provide power at the/vo s they are kept
on~line for all the time (except in case of standby wmits),
Hence high efficiency well protected transformers is always
required.

4.2.4 Cables:

Plastic insulated eables are common for low and medium
voltages while pblyethylene cables are used for voltages above
10 kve Cross sections of cables should be selected to ensure
economical and safety requirements,



4.3 Motors:
nmtdmnu.mtmﬂkminmm-aml

squirrel - cage induction motors of less then 10 kw rating.,
Most of them are 3-phase and of normal outdoor types, Among
motors of special types are,

43,1 Mills DRives:
THose are usually slipring induction motors operating on

6 = 10 kv voltage, Speed of such motors cen be controlled by
starting resistors in the rotor eircuit, These resistors are
taken off gradually after the starting period is over, A large
energy is lost in these resistors in this overation. Hence the
modern techmique is 4o feed this emergy back into the supply
through thyristor eon!erfer which replaces these rosistors.

gure (3) shows a d‘ygram for such e drive (4)* mnie arrange—
mnt of feeding back could not have been achieved without the
‘use of thyristor circuits since the frequency of the rotor
current differs from the mains frequency after the rotors starts
to votate,



(1)

e -
i 1 f '
i

|"i ;;'. |

i
| 2\
oA e
| l I O "'J She
) i

Figure

__Firir__mg section

Belt feeder

Mill fan
Raw mill

(3)
Thyristor Starting of Slipring Motor

Cooling fan

: Figure (4)
Thyristor Drives in Cement Plant

=

. A A !
Glinker cooler — Fiish Supmmun}

Finished product treatment

mill



/1" The second type of mills drive which finds limited appli-
. eationin some ecoment factories is the GBarless DR%ve or the
80 called ring motor which ie merely a synchrom 'oux motor
fed from wvariable frequency cyecloconverter (1 « The motor in
most cases is construcied circumferentially eround the mill
4ube, The latter with its attached rotor poles thus function
as the rotor,
i The cycloconverter counverts the supply freguenc§ into
i variable frequency from O - 5H2Z, The motor has 30 - 40 poles
with maximom speed of 15 RFM, This type of drive is extremely
eontly although it is of considerable advantage for the process
o able to vary speed of the mill with 91 - 937 efficiency
§ thus always be sble to optimise the grinding process. Tt
is expected thet more of such drives are going to be seen in
: future cement plantfis
2 lowt of %he vexiable epeed drives used in cement plants
are of DoC. type. Thyristor technology have enabled best possible
solutions for speed controlled drives, Drives of the rotary kiln,
 ¥lin gas exbaurt fam, grate cooler, grate cooling fan apron
foedars, impaet orushers, air seperating distridbuting plates,
mill fan snd proportioning conveyors are only part of the list
of places where suvh drives are used in modern cement plants,
Migure (4) shows places of such drives in typical dry process
Plamt,

Thoee Avives hevs %o cover wide power range from 100 ¥w up

to peverz) megawatie, Typicel yower consumed in sueh drives iy
. 19~ 215 % of totel power in the plant, Hence sconomicnl acpects
¢ of such drives should be studied well.

-0 Static convertercascade are also used, efpecinl’r for the
ériving of large fanm, Tecimigue uned is simila> to thut of
figure (1) deserided for mille drive.

4.4 Jotox Comtro:

The problemes associsated with motors i.e.seaquanca and
interloclks can be solved in either of three methods:-

a) Uentrol based on con tractor and / or relar +achnologzy.
b) Comtrol based om hard-wired solid state technology.
¢) Control besed on freely programmedle technology.

The choiee betwsen these three types in developing cowmtries
is 2 matter of teckmalogy selsection rether than merely an
economienl) ene, This subject will be furtherly dismcussed in
section (7) later, ™ gemeral the more sophisticated the control

o - T, S s e £ = i - - - - Ve e r g =




4he rmvagenent of Btate Enterprise of Cement in Nineveh. Figure
i mee for 1003« It 48 clearly semn that fuel consumption decreases
i . while Kwh/tom increaces with higher technology accompenying
ehnpge of Process %o more modern one.

Teble (5) ol end Flectricity at

Fegkoriss o Shate m se of

: LTINS . S e e

Pantory Capacity Procers Control Kwh/Ton Fuel(L/T) Cost of

Ton/ Toar) electrici |
and fuel ||

= per ton

014 Badoosh 230 000 Vet Relay 90 232 1860
® Namsen 250 000 Tet Relay 90 196 1727 |
Now * .30 00¢ Tot Semi - 84 188 1640 I
{ conductor o
b - Relay 1]

New Jadoosh 980 000 ' Ory Semi = 106 124 1436

Conductor |

Padoosh Eri,100C 000 ory Programmable 128 88 1389 !

" contrillers :

RB.2 1) Pimoes are obtained after mome calculations since Clinker
il and cement vroduction figures were dil’ferent.

2} 214 Baicosh factory does not produce cement but only clinker
oL Ewh/Ton was obtained as 50 Xwh/Ton of Clinker and 40%wh/tox
Por ginding snd packing in New Badoosh.

2) Cost of fuel was ealonlated a8 5.6 file per liter and of i
electricity 7 £ile per Xwh, '

5. Fower, I7guor laprovement
Powey factor is the ratio of the actual power consumption to the

voltnge-curren” product. It approaches unity for resistive loads i
and weua’ly bebtween 0,7 and 0.9 for Ioad containing lot of induction i
wotors, "hm moloXrs are partially loaded, the powex faector drops as i
pevioupely made clear 4p Table (3)e A motor of Q.71 powex factor
‘gihem over ating at its normal load will operate 3% 0.5 power facsor
when ite lemd Lrops to half. This is usua) for motors driving pumps
or comvayorn. "he lower the power factor, the higher the current
needled for tho same load impedance, When current inecreases, losses i
4m the lines increase by its Square. Hence for most economicel b
operetion vower factor should be kept as near as possible to unity A
ue mIly 0«8 to 0.95.
A%t 0.6 power factor, the amgle between current and voltage is ¥
510, At vowsr factor of 0.9, this angle decreases %o 26°, Improving i
: the phase angle from 53° %o 26° will reduce the amount of current
. e be transwitted by 3%, Since the transmission losses are Propox-
i storal to the sgua: of the curwent, the losses decreases by 56% I
asarawul‘bcrfmmrfa.cf“:orwta. -




: amis lomses are not importent uamny for the cement
i W‘&y itaalf einee usuzlly ra:nmvission lossss sre %ot rore
. gham 27 of tote) power comsumpiion, However, themc losses sre

Mor!:ant for electric utilities and hence for national ccornomy,
g Tow power fnetor has slao other bed effects vu eleciric power

' aystens 25 they Tinit generntion capacities and reduces stubility.
| Power factor ymprovemerd can be achieved either by using
synchronovs motor %o replace some induction motors as the Tormer i
given carncitise reactive vower or o o0se bank capecitore 1o be
irmertad in the zysden either near the motors or o4 the main i
substation of the pleant (or in both places).

Fony publie utilities oblige the consumers te improve tunsir
power fastor above certain level. Some osthers chorye ticcrnyuncrs
- for jr reactive power comsumpiione The cuastion of how nuch

yowar Bcter improyemers ie Yo be mede is either goverwed Yy the
regalations of the utilities or by Yest econcordcs? valuss ruaded
sccording e the tewiff in forcm, Profit geined over 1.0 yerts
operntior wsuelly iz welicshed ageinst cost of cs.p-wit-:r Tany? and
thefr accessorios, Modeyr cement plants conpeczsta for reactive
pver paxilally near the medivm wvoltage motars. ¥ha I2coin? AOMpeN
eation iz made at the facteory lavels The Switchirg of capacitor
bamiks neer the motors iz aulomutically made with the switching of -.
themoetors, Veuval module sizes of ocapacitorms is 50 ¥VA o be inserted i
mamaelly or automatically at the sudstaticn lavel For the overall N
plemt vower factor ‘mmrovemant,
6o Jood Fector Improvement: _

Ioad foetor s Jefinad ne the ratio of aversge energy consump-
tiom divided Ly peals vaiune dgring the period along whicn the aver—
age han beom talen, It muy be over a day, @ month or a year Hizher 'f
the load factor, the deter is the utilisation of the generation |
af._se'?acé:ﬁ“_c power, Vany alectric power utilities charges extira b
S dF when load factor i@ lowe Table (6) shows the relathenship i
between load factor emd XWwh price in Irag as an example,

Ihghting Joad is wsually of low load factor conswguences, Sut
gement Industry is one with high load factorusually if the plant
oomtinrwe production without sxtermal restyictisua, However most
eomant Plants axe desigoed 0 have extra grinding and erushing
Dmeilities, 1,0, capueiiies of crushers and cement mills are
higher then that of “he iciin, so that ome or two shifts only
are pospible in the former sectiens, Sueh arrziagement reduces
‘the 1“‘ factor,
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Table Yo, (7) ashows “he change of load factor in two cemen t

Nemthly Awerege =
Toorty Noes Tootor =

Torions stages of operetion effects the losd factor also, However

Hommem Al—Alil Flant

0655
0e.62
0.42
0.40
0,28
0. 35
0636
0035
0.30
0.35
0e33
033

0.40
0.31

mapue. (omd ewen sutometic) operation cen be planned so as to reduce
the peslt power at any moment by proper shiedulling of operation of

soms mentions. Tueh arrmnoenents can be dome but with some incon vene

fovcon or overationnl &ifMionities, Coment mills (ond some times raw

2%s) e vy the meet Tlexit le swetion .




Nos "mﬁ._immymcmmtotake
: mm 2% of T pes’ mn' idmcowrage extra loasds a2t peak hours, .
N As dome editlenr £y volwrtiary help of bulk coneumere or by a
rmwerrtess foiPT, Tew Drices are offered at o7 wnenls consumpt—
fems T hecomen ccomorios] then 40 operate bir machines at aff-
ot HOurs.

Tn emces where Yoth cement plantes and the utilities are
yelalloally owned, 1% boeomen feasidble Yo improve the d2ily load
woome [fame dmvroving load factor) by proper rlamning of some
sectiens in he TlAamt e.gZ. crushing and eement grinding,

Thle (R} shows vesrly loed factors for 107 for Arad
cormiian. Pigure (5] shows o hyvothatical daily load Curve
w00 we poasihilitient ore without proper bulk losd ( of cement
“orff 2e2e] mrvagemert am” “he meeond with proper arrenzement,

Ao et Jori Tactor in ¢he secendcase s cleer,

Conmrs e Peak Toad () Energy Conercted Yearly Load
(G Facter
Xrony 2972 938% D.792
“Hrewelt 1650 B3R L Je20C4
Draeia 206 1248 CedEf
S tn 268 359 06594
Mo . ro0 B 3625 0.516
Semlia Aredis 2005 124230 Ce519

(£~= 1300 n T year)

To Procems faxbome s om

Cmaeess autooatior bagen in cement industry when the sett
off *hs Toeed sente l eonires where the locsl comirol desks or renels
fmmie’ Tad neas the machines to be eontrolled were instesnd accomodated
e Teer plfuated et o eentoml position within ‘he plant. Associated
with this develorment was the modifioation and extension of the
maemewr o emd condom’ souivment and the signalling of faults and
o Tememed, sontione, 6 e 4o give the operating personal the
matmee E Anfermat v fox semtralized mon’soring “mi alsc necessary
meem. e rgorventiane 0 the process,

Beroe modore yweane automotion can heve the following
nl T4 emndas aker manti %y eomtrol in the plam-,

L% i S -1 me cemtmalized comtrol ean various operations in the plamt,
T avp el T o meore neaded,
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m ‘mylementation of beter econemical procedures and
B beceuse of the mrovision of lot of data at a central

o g

ﬂ Mamml operatione are left to equipment degree of
- msieeetlon wpdes Mrom one system to another. Fence operators
ore ledt with decieions of dmportant congeguences only,

ém&mmmmame Hence reducing time
mtumw. Bowever higher skill is needed for meintenance of
eophietionted electyonic equipment,

1'} Tnduetion of fusl cmptim ie achievod vith iavrovenent of
J anaredlon Yrooedarer mactices (6)-

Tipre (6) shows comparision of performence of a 3200 ton/day
¥ w4 and withowt computer eomtrel 1)* Steady operetion which
A oef mony adwmiages is very elear with computer control over

meruel. oyerstiofing

e W Lsions sometimes, Heute the important r,_uastion
mm A m&u is: ¥hat level of automation should be selected?
ok mmw arp generel remaxics which mey be helptul in vhis

'.!. ype of process (wet, semidry or &ry) is 1o he nelected on
neonenienl beses such decision 4s largely related to the nlent
eaxmelhy amd Pael awvallability,

2e ""hem wet Trocese ie selected there will La nc reccoogiy for
morhinticated comtre) symtems and the use of computere= (except

mey be for merny analysis) would mnet be necessary,

e 3. Them dry twocess 1 selectad, comhlicated control system becomes
nacersaYy, susally based on hard-wiredsolid state technology or
rrogrammelle controllers and computexr technologye.

4 Doisior om %eckmolozy of slactromnic sgulipment should be assoclated
with Level of commtxry industrisdization since the availability
0L Mely gualified pexsonel for operation and maintenance of
swen eqguipnent is vitnl. Stricet implementation oi mocein mamagement
ayetens L8 very important in process automation based on computer
Tachnolopye Toually such systems are move difficult to be implemw
muked, An develoying eountries than i indusirieiised countries.
felisee on foriegn experts should not be execluded in such cases.

Zomee for develepirg cowmtries, less sorhisticated equipment
emid resw’t into 2 higher overall plamt economy than fully
r ubariaed systemn. Yomever whem pilot plants are considered
with 'thl ‘“reneler of technology is one of the main targets, the
vieture becomes ALfTerent, It should be mentioned that modern
elactronic souiment need extya eleetryic power for their proper

; e f.g. for aireenditioming where lees sophisticated equirme nt

do mot meed such facilities, However energy consumption optimi-

* ention 48 necemsary in evesy came,

|
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o Arnocts

: Flax: operation group have a direct role on production
moomomiogs It has dean shown that low values of load factors
s heymfl end costly., Hence to follow the best economical
=il ling of the main squipment opexation is highly recormen~
“nd whanaver voseidle. Pollowing the sequence of proper opera~
“em mmetloe AT this is not ineluded in the hardwired equipment
or computer vrogrenms, is an epsrators task which he hos to fulle |
£200. rroperiy. He has to carry eut other operation mrocedures
_ end miles leading Yo econcmy, sefety, end lomg-lasting of equip-
i menh, speve verte and eonsumeble materisls., Such follow up of
: : wgiations has divect effect om electrical energy consumption
' Do Som, el cemsumption end em the overall economy of the plant,
. Notows opbretion, staxting and stopping is one of the usual
tanke of the operators. It has already been explained how
afficiency and power factor are effected by partial loading of
metorn, Preguent starting and stopping of motors do have bad
af“acte on motore, contactors, sterting gears, etc. Hence proper
frentments of motors is wmn important task of the operator,
Pulsating torques have bad effects on motors us.xlly. Some
times mechanieal faults subject the motors to such circumstance.
I% 4e the operetore duty Yo decide when to shut down or restrict
or &lwert certain process oxr sectiom in the plant,
Hence the operator can play & main role in the energy consump=
%hom in the nlant through his experience and proper operation,
8e2 M n¥enense
& Flectrical and electronic equipment are in general delieate
- sonpdtive and need rood and precise meintenance programs
pehedind meintenenece 2a well as vemedes) maintenance are both
fmmarion®, Deffieienciss in maintenance are reflected on dafety,
fge of eouirment, resulte of defects om other equivment and hence
o reevlt of nee” of longer and more complicated mmintenance,
The coste smoo. vSened by the need for a good experienced
b onong’s mmber of maintenance persenall group, are move than paid-
bme’r by the good performence and short down time due to repair,
Ofemwree this should be also supported by aveilability of spare
rortee %eols end good standerd of messurement systems as well
of other meintenance groupe like mechanical =ince the mechanical
md eloctrical equirment are of direct effect each on the other.




mm of good menageme nt on ecomomy is obvious, When
Aoventory control is parformed properly, training is done
emiirvousely, eics then work will gomooth with no difficul-
Ses Tor Yechnical peremall, In concluwion sucecessfull techni-
enl. mensgement of ecsment plant is en intergral part of any plant
Toresment rroduction on scomomical bases.

Fazeveapione snd, Conclysionss

It e been showm that economical asvects of electric power
e inter-related with meny stages of plantactualization starting
Drom vlent speeificetion, design, mamufacture, erection, commiss—
foning, operation, maintaining, end memnging of the plan t.

A% stage there io 2 posaidbility for electric power economy,
%ﬂ’ﬂm energy consunpiion should be treated as an integral
wr.**" mathex than the electric part alone,

T™he Tuel snd electricity prices are %o be taken into account
with their sctual cost and yprices for most economical enefgy
eherbegy oo Shat o balance thely costs with other factors in fhe
manlynise A forecest of thedr fature pwices and availsbility
e Yo be made, The balance bhetween rumiing cost and fixed cost
st the eexly otages #f plant design should Le rvalistic with a
baglground of the eunergy prices forecast.

Page of couniry development should be taken intvo uccount at

s  etage %oo, aypecislly for delining the lovel of process
avomation needed, WVaen electiie power alone is to be considered
afier the wain desisn features of the ylant axre fixed, the motors
with best economicnl performance are to be selected. Thyristor
gontrol, of moters i one of the main features in modern cement
mante, Power factor correcting capacitors should be included

i deeign layowt, Mamegement of load curve is sometimes necemsary
vizen 4here s shortaze of power in electric utility grid espicia~
Ty =t veak load fxtervele,.fement grinding section can help in
this asrect uweuelly,

20, pcmovieSpementes

e suthor im grateful to the headquarte of the Arad Indust-
riel Davelopmext Organisatiom of the Arad Leage at Baghdad for
swgporting “his yeseareh and to State Enterprise of Cement at
Hinamh Lor pro widing the infoxmation required and to State
Orprpdsetion of Construction Industries for aliowing the research
o “ale rlace.

The enthor is in dept in specific to Dr. Abdul Husain Shlagh,
Fre Abdnl Belik Keiadheld snd Shayekh Ali of the Amb Industrial
Develoment Orpganizesion,
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