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Explanatory notes 

The aonetarJ unit in Ecuador is the sucre {SI.). 

References to dollars <S> are to United Sta~es dollars. 

References to tonnes {t) are to aetric tonnes. 

References to gallons (gal) are to United States gallons {3.7@543 1). 

Besides tbe comaon abbreviations. sfllbols and teras. the following have 
been used in this report: 

CDDES 
IM 
INEii 
lgb 
LOI 
Lst 
llPa 
Sil 
WG 

Centro de Desarrollo Industrial del Ecuador 
iron aodule 
Instituto Nacional Ecuadoriano de Noraalizaci6n 
low-grade binder 
loss on ignition 
liae saturation standard 
aega Pascal = 11 .. 2 = 10 bar 
silica aodule 
water gauge 

Kention of the names of firas and coaaercial products does not imply 
endorsement bJ tbe United Nations Develop.11ent Progr&11ae (UNl>P) or the United 
Nations Industrial Developaent Organization (UNIDO). 
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ABSTRACT 

Within the context of tbe project "In-depth studJ of the cement industrJ 
in Ecuador" (SI/ECU/86/829) for which the United Nations Industrial 
Development Organization is acting as the executing agencJ for the United 
Nations Development Progr ... e, a teaa of three experts was fielded in order to 
carrJ out a diagnostic survef of all four cement plants existing in Ecuador 
and to rec~nd aeasures for their iaptoveaent or rehabilitation. Tbe team, 
consisting of two cement experts and one economist, took up its assignaent of 
two 110nths during the last week of februarJ 1987. 

Upon request of the counterpart agency, the Centro de Desarrollo 
Industrial del Ecuador (CENDES), and due to the liaited tiae and nUllber of 
experts available. the two cement experts concentrated their efforts on onlJ 
one cement plant eacb. Therefore the present report of tbe cement expert 
deals exclusivelJ with Ceaentos Selva Alegre. 

The factorJ, although producing the guaranteed tonnage of clinker, is 
facing financial probleas due to its high debts. The aain objective, 
therefore, was to find va1s of cutting down production costs. After a careful 
studJ of the cement plant and the liaestone quarrf, the expert .. de the 
following aain reco.mendations: (a) to reduce the excessive road 
transportation cost for liaestone bJ erecting a 2-bl belt conve1or, which 
could, in a second stage, b~ extended to 9-10 bl; (b) to increase the 
workabilitJ of the ceaent by adding to the clinker gypsua and pozzolana 
respectivelf; (c) to diversifJ the production progr....e by including burnt and 
hJdrated liae as well as • low-grade binder. The expert also elaborated 
detailed recommendations aiming at an improvement of the operation of the 
plant and submit~ed a progranae for an increase of the clinker production up 
to 2,250 t/a. 
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INTRODUCTION 

A. Official arrangements 

Within tbe context of tbe project "In-depth studJ of the cement industry 
in Ecuador" CSI/ECU/86/829) for which the United Nations Industrial 
Developaent Organization is acting as the executing agencJ for the United 
Nations Development Progruiae, a teaa of three experts was fielded in order to 
carrJ out a diagnostic surveJ of all four ceaent plants existing in Ecuador 
and to recomaend aeasures for their improvement or rehabilitation. The team. 
consisting of: 

Harald C. Boeck, ceaent expert and co-ordinator of the team 
Jacques van CUtsea, economist 
Barro J. Taubaann, ceaent expert 

arrived at Quito on 21 and 25 February 1987 respectivelJ. 

The teaa reported to the counteLpart agencf, the Centro de Desarrollo 
Industrial del Ecuador (CEIJDES) and met their counterpart, Juan Viera P., 
Industrial Consultant and Director for Technical Assistance, CEllDES. 

Due to tbe !imited tiae and num~er of experts available, CEllDES decided 
that the teaa should carrJ out a diagnostic survey of onlJ two cement plants, 
naaely Eapresa Industrias Gua?an S.A. which vas assigned to Harald c. Boeck 
and Cementos Selva Alegre which was zurveJed by the author of this report. 

On 4 K~rch 1987, the experts t~avelled to their respective plants and 
proceeded sccording to a tentatively agreed wort progr&llllle. 

B. Background 

The pre~ent cement production of Ecuador is as follows: 

La Cementa Nation•l 
Cementos Selva Alegre 
Cemento Chimborazo 
Empresa Industrias Guapan 

Total 

1,365,000 
340,000 
240,000 

85,000 
2,030,000 

With the extension of La Cemento National and Empresa Industrias Guapan. the 
cement production is expected to re&cb 2.500,000 t/a in 1988, which covers 
more or l~ss the needs of the country. 

BJ 1990, the total cement consumption is expected to rise to 2,750,000 
t/a, causing a shortage of 250,000 t/a, which could be compensated by 
increasing the production of Cementos Selva Alegre. 

c .. entos Selva Alegre is the second largest cement factory in Ecuador. 
Although it is producing the guaranteed tonnage of clinker, the factory is 
financially in • verf difficult situation due to its debts. Further probl. ls 
are: 

(a) Excessivft transport cost for limestone; 

(b) Too high investment costs in rel~tion to the production; 
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(c) The teaa of the responsible staff is not yet forged together, so as 
to be highly aotivated and develop teaa spirit, although each of them is 
highly qualified and c011petent. 

The aost important objective for the aanageaent is to cut down production 
costs. 

The purpose of the present report is therefore to provide solutions to 
the following probleas: 

(a) Outline the weak points of the factory and indicate remedies; 

(b) Suggest how to reduce tra~sport costs for liaestone; 

(c) Recoaaend strategies for an increase and diversification of the 
production in order to iaprove the pay-back situation for debts; 

(d) Suggest cost-reducing aeasures. 

The author of this report would lite to thank the aanageaent and the 
staff of Ceaentos Selva Alegre for the open-minded discussions, the vat"ll 
hospitality and the excellent co-operation extended to the expert, which 
enabled hia to get an excellent insight into the plant situ~tion and to obtain 
all necessary information and data for his work. 
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REeotamfDATIONS 

1. In order to prove the probable reserves. further exploration bJ seisaic 
inYestigation should be carried out. 

2. ASTll type P cement should be introduced to the :aerket. In order to 
increase the workability of the ceaent the addition of 5 per cent of liaestone 
is recomaended. The following two ceaent tJpes sho~ld be produced: 

DIEN type 1 95~ clinker. 5~ gypsua or 
9ot. clinker. ~~ gypsua. 5~ liaestone; 

AStK type lP : 75~ clinker. 2ot. pozzolana, 5~ gypsua. 

3. The production of burnt and hydrated liae for the sugar industrJ, the 
cbeaical industry. water treatment. construction and other applications should 
be taken up. furtberaore, the production of a low-grade binder with SOI. 
clinker. 25~ limestone, 2~ pozzolana and ~ gypsua should be considered. 

4. In order to save transport costs, the trucks should be loaded at the 
bottoa of the liaestone hill; before the new impact crusher is installed, the 
crushed limestone can be thrown down onto boppers froa which the trucks can be 
loaded. There are three options: 

(a) Ro belt conveyor (saving about 7 Ian of road transport>. 

(b) A 250-a belt conveyor (saving 8 Ian of road transport); 

(c) A-2 Ian belt conveyor (saving 12 Ian of road transport). 

The expert recoaaends option (c), because this would be the first step for a 
later 9-10 Ian belt conveyor. 

5. Based on a diagnostic analysis of the plant, the following impr~vements 
are recoaaended: 

(a) the Hazemag impact crushP.r should be installed at a level of 1,620 m 
as soon as possible and combined with the 2-laa belt conveyor. Trucks should 
be charged from a bopper, in ordEr to avoid charging bf shovel loader; 

(b) When the Hazemag impact crusher is installed, the Cedar-Rapids 
h.._.r crusher should be used as secondary li11est0De crusher, in ord~r to 
increase the raw •ill capacity; 

Cc) The operation of the sonicool gas cooling tower should be iaproved 
in order to increase the retention time of the water droP.lets; 

(d) The conical shaft of the preheater should be replaced by two cyclons 
in order to iaprove the efficientf of the preheater; 

Ce) The gas-outlet tubes of tbe existing prebeater cyclones need to be 
repaired as they are defol"llea in a way that considerably r-Juces efficiency; 

Cf> The clinker prod1.ction should be increued up to 1,500 t/d; 

(g) rhe measuring and control equipment has to be check~d and the 
indication• and recordings to be ~djusted; 
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(b) The production of pozzolana cement and low-grade binders should be 
started. A 1,,.,-grade binder could be produced in the existing raw mill; in 
this case a new raw aill for the production of 2 0 500 t/d of clinker should be 
purchased and ins~alled; 

(i) To iaprove the efficiency of the aain fans (No. 1 0 2 and 3). the 
existing rotors with straight pallets should be replaced by highly efficient 
rotors with backward curved pallets; 

(j) The co-operation of the teaa of operators should be enhanced through 
training and aotivation; 

(k) In order to avoid forseeable plant stops. the practical maintenance 
should be improved; 

(1) As plant stops are most baraful for the overall plant efficiency, 
incentives (bounties> should be introduced for keeping the plant in continuous 
operation; 

(a) To avcid the frequent granuloaetric segregation in the 
preboaogenization bed, a double-roller clay crusher should be installed; 

(n) The existing aulti-screw conveyor feeding the clay out of the clay 
bopper should be replaced by an apron conveyor. 

5. In a second step the following aodifications should be introduced: 

(a) Equip the iaproved preheater with a precalciner, and implement a new 
gas-cooling tower; 

(b) Increase the kiln production up to 2,250 t/d, which implies the 
Ufgrading of the oil-burner systea; f~rther110re aodify the cooler, either by 
installing a new cooler, or by adding to the existing cooler a g-type cooler; 

(c) Erect a 9-10-laD belt conveyor, in order to sav~ further 25 laD of 
road transport, including the climb; 

(d) Install a further cement mill with new weigh-belt feeders of the 
saae type as the old ones. Provide four feeders for clinker, gypsum, 
limestone and pozzolana; 

(e) Erect a new raw-meal silo and substitute the existing homogenization 
systea by the IBAU-type discharge system; 

(f) Bring the raw mill capacity up to 200 t/h of dry raw meal, either by 
iapleaenting a new aill of the same size &ff the existing .one or by installing 
a 200 t/h mill and using the existing raw aill to produce the low-grade binder; 

(g) Install a new electrofilter for the capacity of 2,500 t/d of 
clinker, i.e. 180,000 1m31h, maxiaum temperature 180 •c, residual dust in 
the pure gas 50·mg/a3; 

(b) Install new, high-efficiency fans, corresponding to the higher gas 
volume which results from tbe 2,500 t/d kiln; 

(i) Implement lime-burning facilities for 100 t/d, with a modern 
hydrating unit. For bagging, one of the existing four-spout bagging machines 
can be used; 
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(j) Implement a 11e>dern roto-pact aacbine for cement; use the existing 
four-spout aacbines for low-grade binder; 

(k) In connection with the production increase of the kiln, renew the 
coaplete refractory lining. At tbe saae tiae. provide better insulation. 

In table 1 a s1noptical review of t~e rec01111ended iaproveaents is 
presented, indicating investaent costs and suggested tiaing. The co~ts are 
given in United Sates dollars on the basis of Karch 1987 exchange rates. 



Tabla 1. Raco-.ended plant l•prova .. nt• 

InvHt••nt 
COit 

<•Ullon) Tl•lng 
Step t1ea1ure1 Cltnker CeMnl Raw aeal P\lel oll lqulpa1ent dollar1 <1•ar1) lt•••rk• 

1 Pt'oductlon of 1 250 lid •u ooo tla• or 2 125 lid 115 301 lid 2 1ddltlonal hopper• and o. 70 1 Low-grade binder 
po&&olanlc ce11enl, •oo ooo tla 551 250 tlau or raw 1dll " 80• llh 2 welgh-balt faadar1 for 501. cllnlt•r 
low-grade binder :no 150 t11• and 91 tlh (1 269 gallh) ceiaent alU. Sapara ta 24!. ll1M1tone 
(lgb), repair 200 000 ti• lgb 1toraga and pacltlng U!. pouolan1 
pre heater facllltl•• for dlffarent 2!. &JPllH 

c .. ant qualitla1; repair 
Cfclon• &•• outlet tub•• 

2 Produetlon 1 500 tld 529 200 tla• or 2 550 tld 138 361 lid Sub1tltute conical lower of 0.8 2 CyclonH to be 
lncrea1e up to 48C\ 000 tla 661 500 tlaU or raw •lll 5 765 l/h prahaatar bJ 2 c1clona1; produced tn own 
1 500 tld of •u ooo tla• and 116 tlh (1 523 gallb) lncr•••• volu•e of &••- work1hop; change 
clinker 160 000 tla lgb cooling tower; lncraa1e raw ho110genlutlon 

•lll capacltJ bf 1econdar1 
cru1hlng of ll .. 1tone ... ... 

l Installation of 1 500 tld SH 1tep 2 See 1tep 2 See 1tep 2 2-lal belt conv•1or, clvll 2.5 2 
Ka& ... g-cruaher; 480 000 tla •n1lneerlng, ch1rglng 
iaprove Ji .. atone hopper for truck• 
tran1port 

" Product.ton 2 250 lid 793 000 tla• or ' 825 lid 207 5•2 lid rrecalclner, new cooler, new 15 wit.bout " Uu a1tht.ln1 
increase up to 720 000 tla 992 250 t.1au or raw alll 8 648 llh fan1, new ga1-coolln1 tower, belt 1-flltlr for 
2 250 tld •nJ per.:::entage 180 tlh (2 28" gal/h) new I-fl 1ter • Add further conveyor; coo1lng alr frOll 

of lgb 10-lal b•lt converor for 23 with cltnker cool•r 
llaHtone. Add 1tc;rare belt conveyor 
11101 for raw .. al and tunnel 

s 111(11 ... nt 1\M- 2 250 lid See 1tep " See 1tep " 207 5•2 lid 1 or 2 ll .. k\ln1, hydrat- 3 3 Inf ra1tructure of 
burning and 100 t/d an" 175 t/d + 1!2 ~0! ll!I lng unlt, clvll englnearlng, ceaent factorJ 
facllitlea quick llM llM1tone 217 851 lid 1tora1• and pacltlng urvH alao for 

•0-100 - 9 077 l/h factlltlH ll•e plant 
(2 398 gallh) 

•Clinker + Sf. gfp1ua + 5!. ll .. 1tone, Pnrtland ceaent tfpe No. 1. 

••Clinker + 5!. &Jp1ua + 5!. liM1tone : 25!. po&&ol1na, po&&ol,nlc cement type No. lP. 
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I. THE RAW MATERIAL BASIS 

A. General 

One of tbe big probleas of the Selva Alegre cement factorJ is the ~av 
aaterial basis. All the rav aaterial~ have to be brought froa far avaJ. vi th 
the excertion of clay. the clay aine being on the territorJ of the factory 
itself. The distances froa tbe aine to the factorJ are for: 

Liaestone 
Sand (froa Cotundo) 
Iron ore (froa penicsula Sta. Helena) 
GJPSua 
Fuel oil 

65 lea 
280 ta 
100 lea 
850 lea 
500 bl 

Therefore. the high transport costs are a big handicap for an economical 
production. 

The proportion of the different raw aaterials in tbe raw aix is 
ap)roxi .. telJ the following: 

Liaestone 
Clay 
Sand 
Iron ore 

Percentage 

78.9 (2) 
lCJ.4 (22-25) 
1.4 (12) 
1.3 (3) 

The raw aaterial percentage refers to drJ material; the values in parentheses 
are the average huaiditJ content of the different products. 

The aaost important raw material is limestone. The limestone mine is 
located near a village named Selva Alegre, which gave the naae to the 
corporation. 

The transport to the factory is difficult and costly. not only because of 
the long distance, but also due to bad roads and the difference in elevation. 
In order to reduce the transport cost, a feasibility study bas been elaborated 
bJ Blue Circle Industries PLC Consultancy Services, in which it is recommended 
to replace the truck transport by a ropP. way. But ·Lbe t'esults of this study 
are not convincing. 

A hJbrid solution might be more economical, i.e. bP.lt conveyors and truck 
transport. Two belt conve1ors, one 2 •...: and tbe second 10 lcm long, would 
substitute the road transport of about 40 bl and overcome the difference in 
altitude between 1,650 m and 3,200 m. At the end of the .second belt conveyor 
a charging station with silos would be built, in order to facilitate the truck 
loading. But even with onlJ the first belt conveyor installed, considerable 
advantages can be ~xpected. 

Furthermore, the existing two h&1111er crushers, type Cedar Rapids with a 
capacitJ of 130 t/h each, shall be replaced bJ one Hazemag iapact-crusber, 
type APP 1615, with a capacity of 400 t/h. 

The existing Cedar Rapids crushers are too flimsy for the heavy-duty 
operating conditions in a quarrJ f,r a cement factory. Taking a working 
period of 40 b/week, tbe capacity of 260 t/h is just enoug~ for a production 
of 1,100 t/d of clinker, without reserves. ~ostly the apr'n feeders are 
giving a higb r~pair volume and furthermore the maximum grain size of feed 
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rocks is onlJ 400 ... whereas the Hazemag impact crusher is equipped with a 
heavy-duty feeding conveyor and can digest rock pieces of up to 1.000 ... grain 
si%e. 

The Bazeaag crusher (for details see annex I) will be installed at an 
altitude of 1 0 620 a. Froa there the crushed stone is trans?Orted by a belt 
conveyor to tbe truck-loadint station. There are two options: (a) a shorter 
belt conveyor of approxiaately 250 a; or (b) a 2 iaD belt conveyor. BJ 
iapleaenting option (a) tbe road transport will be reduced by about 8 ta. by 
iapleaenting option (b) it will be reduced by about 12 ta. 

B. Reserves of limestone 

The liaestone deposit is a hill in the shape of ao elliptic cone (see 
annex I). The average liaestone coaposition is tbe following: 

Si02 
Al203 
re2o3 
cao 
JI :;0 
.... 01 

Percent&&!_ 

2.10 
0.41 
0.19 

54.00 
0.78 

42.40 

99.88 

The analysis shows a very pure liaestone, which can also be used for lime 
production. As it is coarse cristalline. it can be used as well for 
decorative purposes. 

The proved reserves are approxiaately 28 aillion t. The most probable 
reserves are 61.2 million t. but of course, these reserves need further 
exploration. The expert suggests to use seismic exploration, and for 
confirmation one or two bore boles. 

Up to nov approximately 1.4 million t of tbe proved reserves have been 
used. Therefore. supposed the probable reserves can be transformed by 
~xploration into proved reserves, a volume of approximately 88 million t is 
still available; i.e. with a daily clinker production of 2,500 t/d, a lifetime 
of the reserves of 75 years can be envisaged. 

Whether tbe lover strata can be proved as limestone is very unc~rtain. 
This lover portion would represent another 86 million t; but the expert's 
suggestion ls to consider only the two portions, proved and probable and to 
proceed as soon as possible with further explorations. 

The above-mentioned longevity con1iderations do not take into 
consideration a possible li .. production, which would add about 60,000 t/a to 
the consumption figures. 

C. load transport of limestone 

One of the big problem• of Cemento1 Selva Aleg~e ls the long distance 
between quarry and factorJ. The road is 64.5 Ian long, of wbl~h only 
approximately 20 km are tarred. The rest is a rela

1

tively wide aggregate road 
with a great number of curves. An additional handi'cap is the difference in 
altitude: the trucks start in the quarry at ~n al~itude of 1,900 m, then have 
to go down to 1,650 m (9 km), climb up to 3,400 m (35 Ian) in order to go down 
again to the factory at 2,700 m (20 Jcm). ' 
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The straight line between quarry and factorJ is only 24 laa. This is the 
reason why Yarious attempts have been aade to substitute the truck transport 
bJ other aeans such as rope vay or belt conveyors. But for the total distance 
both systeas are too expensive and tbeJ can not be ..ortized within a 
reasonable period. A feasible solution seeas to be a combination of belt 
conveyors and truck transport. 

However. the trucks should be loaded down t~e bill at a level of 1.700 a 
acd preferablJ out of a silo. This is independent of the installation of the 
Haze1aag iapact crusher. tJpe APP 15/16; (rotor diaaeter 1.600 .... rotor vidtb 
1 1 500 ... aotor 400 kW (525 hp)). EYen vitb the two Cedar Rapids crushers the 
crushed aaterial could be thrown down the bill and stored in silos. 

Later. when the lh~eaag is installed. the coarse liaestone. as ained 
(r011) will be thrown ~own f rOll tbe top of tbe aine to an interaediate storage 
fra11 where the liaestone is taken bJ a shoYel loader and transported to the 
crusher, tbe i11Ple11entation of which is shown in annex I. 

the substantial advantage of loading the trucks down the hill i~ a saving 
of about 9 lal of road transport, which aeans a reduction of the transport cost 
by approxiaately 14~. tbe expert's suggestion to install a belt conveyor 
would aean a further reducti~n of road transport by 3.5 lea. In total 12.5 lcm 
of road and a transport cost of approxiaately 207. could be saved. At the end 
of the seccnd belt conveyor a silo should be erected. froa which the trucks 
would be loaded directly. without shovel loader, which aeans another saving of 
S/.40/t. 

At present 96 ~rucks are required to transport the limestone for a 
production of 1,250 t/d of clinker. BJ implementing both belt conveyors, the 
number of trucks cculd be reduced to 30 for a production of 1,500 t/d and to 
43 for 2,250 t/d of clinker. For a feasibility study it has to be considered 
that the transport cost vi 11 soon increa.;e from at present S/. 715/t to about 
S/.840/t. 

For the following calculation a transport cost of S/.800 + 40 = S/.840/t 
bas been adopted: 

Million t 

lnvestlllents: Belt conveyor 
Civil work 

1.0 
0.6 

Savings: 

Pay-back time: 

Total 1.6 

207. of 840 • S/.t 168/l • $1.12/t 

With 500,000 t being transported per rear, the 
1avings are $560,000/year - 5~ interest $80,000/year 
i.e. for pay back available $480 1 000/Jear 

1,600.00 • 3.33 rears 
480,000 

This pay-back time is 10 attractive that implementation of the first step 
should start now and have priority No. 1. It could be completed within eight 
months. A• the installation of the Hazemag crusher will take at lea1t two 
1ears, it is an advantage to t.~tlhe the intermediate step with the crushed 
material; the belt conveyor' can be adapted later to the Hazemag crusher. 

I I 
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In a second step, possibly together with the production increase of the 
plant to 2,250 t/d of clinker, a second 10-ta belt conveyor should be 
installed, reducing the road transport to 28 Ian and lovering the production 
cost to 431. of the present cost per tonne. As tbe quantity for the transport 
will double, again a very interesting pay-~ack tiae can be expected: 

Total investaent cost 
Savings 

- 5~ interest 

$8.5 aillion 
0.56 x (840-168) = S/.376/t = $2.51/t = 
$2,510,000/fear 
s 425,000 
$2,085,000 

PaJ-back time: 8,500,000 = 4 •1 years. 
2,085,000 

This hJbrid solution seems to be so attractive, that a detailed feasibilitJ 
studJ for the long belt conveyor should be initiated. 

The expert recoanends to install the belt conveyor in a tube of 2.8 a 
diaaeter that is protection and structure all in one. 



------------------------ --~ - - -
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II. PRESENT PLANT SITUATION 

A. General 

One cf the aost important factors in achieving a low production cost is 
continuous operation, i.e. the avoidance of all foreseeable plant stops 
resulting in kiln stops. Tbis is a question of: 

(a) AvailabilitJ of spare parts; 

(b) Preventive aaintenance. 

Those two ite11S are interrelated. RarelJ parts of equipment 
In most cases a breakdOVD can be foreseen, either because of 
the part concerned, or because of progressive wear and tear. 
are definite i11proveaents to be noted, haphazard plant stops 

fail suddenlJ. 
the lifetiae of 
Although there 

are too frequent. 

A critical investigation has to be aade as to which parts can cause a 
atandstill of the kilo. Those parts should under all circuastances be on 
stock, even if theJ are second-hand, in order to reduce cost. (For exuaple, 
the failure of the 1,500 hp fan motor.) In that context the following rule 
should be observed: a sOllewbat lover but continuous production is better tban 
forced hazardous operation. 

A fact sheet of the ceaent plant is contained in annex II, and a detailed 
description of the plant and its operation is given in annex III. 

It should be aentioned that Ce.entos Selva Alegre bas an alaost perfect 
s1stea of recording production figures, based on a set of forms, including 
dailJ, weeklJ, montblJ, yearlJ and special reports. 

B. Liaestone crushing 

The •ined limestone with a .. xia1111 grain size of 400-500 .. is 
transported by rubber-t1red ¥ehicles (capacitJ 30 t) to two double-wheel 
bat111er crushers, tJpe Cedar-Rap1J·· (capacitJ 130 t/h each). Bigger rocks are 
rejected and thrown down the hii , because the apron feeders of the crushers 
du not adait pieces bigger than 400-500 ma. The crushed limestone having a 
grain size of 0-100 ... with occasional pieces up to 200 aD, is stockpiled 
near the crushers. The crushers are located at an altitude of 1,900 • above 
sea-level. 

A new Ha~emag iapacl crusher is available at the warehouse; it should be 
installed as soon as possible at aa altitude of about 1,650 a above sea-level. 

c. Limestone transport to the elant 

The limestone transport over 65 lea is carried out bJ 96 trucks having a 
capacitJ of 15.5 t; 12 are owned by Selva Alegre, 84 are owned by 
contractors. The 12 Selva Alegre trucks are travelling twice per daJ, five 
dars a week; the contractors' trucks are doing onlJ one and a balf trips per 
daJ. The total transport volume is 11,625 t/week; this is verf close to the 
11,900 t/weet theoretical consuaption, when the plant is contiauouslJ running 
at a capacitf of 1,250 t/d of clinker. At present the transport cost i1 
S/.715/t with a tendencr to increase. 

o. Li!ll!•tone preblending apd transportation to the raw •ill 

The limestone at Selva Alegre plant is of a verJ unifona quality. It is 
high in Caco3 , namely 96.5~ with minor variations; therefore the limestone 
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deposit at the plant site of approxiaatelJ 90 1 000 t is aore a storage than a 
preblendiog bed. although the existing stater and four discharge Yibrating 
feeders could equilibrate ~ariatioos in the cbeaical coepositioo. Froa the 
deposit the liaestooe is transported to the bopper before the raw aill bJ a 
belt conYeJor 1 equipped vith a weighing scale. which is out of operation. But 
there is a weigh-bridge for the 'rriYing trucks. so that the total li.aestooe 
quantitJ delivered is known and recorded. 

E. Clay preblending and transportation to the raw aill 

The claf is taken froa a deposit which is onlf a few hundred aetres avaf 
froa the plant site. The 20 t trucks delivering the claf are weighed on 
another weigh-bridge and then take the claf to the coYered claJ deposit. which 
bas a storage capacitJ of 10 1 000 a3. Froa that deposit the claf is 
transported bf duapers and belt-conveyors to the booa stacker of the blending 
bed. The blending bed is operating bJ the Windrow stacking method. 

As the origioallJ installed bUlllftr crusher for claJ bas been ret10ved 
because it never operated satisfactorilJ, there is no claf crusher in 
operationi therefore. granuloaetric segregation takes place in the blending 
bed. The reclaiaer is a bridge-tJpe scraping reclaiaer vitb barrow 
4ttaclmlent. The blending bed. also under cover. bas a storage capacitJ of 
20.000 a3 • The total claf storage capacitJ is therefore approxiaatelf 
45,000 t. 

The transport from the blending bed to the corresponding raw aill hopper 
is bJ belt conve1orsi here too the weighing scale on the belt is out of 
operation. 

It is recomaended to install a double-roller claf crusher in order to 
avoid segregations. 

F. Storage of correctives and g12sua. and their transport 

At the raw material storage not only limestone and clay are stored, but 
also the correctives, i.e. sand (5,000 t), iron ore (6,000 t), and ~Jpsum 
(4,500 t). 

The transport to the corresponding raw aill bopper is bJ belt conveyors 
which are fed bJ a shovel loader. The gfpsua, before reaching the ceaent mill 
bopper, is crushed bJ a h...aer crusher, tJPe Williams, which is fed bJ a 
vibrating feeder froa a bopper, charged bJ the shovel loader. The crushed 
gJPsua is transported bJ a bucket elevator and a belt conve1or into the 
feeding bopper of the ceaent mill. 

G. Rav aeal preparation 

The raw aeal, naaelJ: 

Humidity 
t/h (f.) 

Limestone 80.5 2 
ClaJ 27.7 23.5 
Sand 1.57 12 
Iron ore 1.34 _3_ 

Total 106.10 6.1 
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is fed to the rav aill bJ weigh-belt feeders froa the rav aaterial boppers. 
TE:e claJ feeder is charged bJ a aulti-screw conYeyor, haYing a YerJ high rate 
of wear and tear. The aboYe-aentioned feeding rate refers to dry rav aeal. 

The rav aill is a vertical roller aill, type BPS, licensed froa 
Pfeiffer. The aaxiaua perfot9ance indicated by the supplier, Allis Cbal.aers, 
D&llelJ 120 t/h, cannot be reached under present conditions vitb ~be coarse 
limestone. The aaxiawt capacitJ reached is 100 t/b, and that liaits the kiln 
production to 1,250 t/d of clinker. 

The raw aill is heated vitb the flue gases froa the preheater of the 
kiln. Before entering, the gases are conditioned in a Sonicool cooling tower, 
the performance of which is poor because the resident tiae of the droplets in 
tbe tower is not enough for their evaporation. 

Tbe produced raw meal is stored in concrete silos with a capacitJ of 
4,140 t and 1,180 t respectiYely. Above these silos a 962 t bomogeniEation 
silo is located. Dae to the arrangement of tbe air inlets, granulOlletric 
segregation takes place. 

The discharge froa the silos is carried out by airslide conveyors, which 
feed a Fuller pa11p for tbe rav--meal transport to the kiln preheater. Between 
tbe airslide conYeJor and the Fuller pUllp a proportioning weigh-belt feeder is 
located. 

Tbe average of raw meal analyses carried out in February 1987 is the 
following: 

LOI 
Si02 
Al203 
Fe203 
Cao 
llgO 

•a20 
~20 
Tio2 
CaC03 
Huaidity 

Percentage 

33.5 
13.7 
3.7 
2.0 

43.2 
1.5 
0.74 
0.23 
0.28 

75.7 
0.4 

lloduli 

Lst 
SK 
Ill 

Fineness 

98.4 
2.44 
1.87 

Residue on 200-aesb 
screen C 74 J'•> 161'. 

The grindabililJ is 18 twb/t. 

ff. P1roprocessing 

The clinker is produced in a rotary kiln, having an inside diaaeter of 
the shell of 4.42 a and a length of 62.3 • equipped with a KIAG-tJpe preheater 
with one conical shaft and three cycl?ne stales. The active volume of the 
kiln, inside the refractorf lining, ls 779 • • Therefore tbe theoretical 
production vitb.preheater could be 1,SOO t/d of clinker and with precalciner 
2,250-2,SOO t/d of clinker. 

As the prebeater is not working well, tbe degree of calcination of the 
raw aeal entering the kiln is below 2~. and most of the decarbonatization 
takes place in the rotary kiln. Therefore loo auch dust tbat is not bound in 
nodules enters the burning zone, causing an ezcessive amount of dust entering 
the cooler from which it is blown back into the kiln and b .. pers the radiation 
of the flaae. 
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The rav aill perforaance and the poor p~eheate~ efficiency are the 
reasons why the actual production of the kiln is liaited to 1,250 t/d of 
clinker. which is still 147. aore than guaranteed. rhe specific production 
figures of the existing kiln are: 

t/d t/h t/d/a3 

1.250 52 1.6 
1,500 62.5 1.93 
1,750 73 2.25 
2,000 83.3 2.57 
2,250 93.8 2.89 
2,500 104.2 3.21 

It is evident that the tiln can produce auch aore than defined in the 
specifications. One of the critical points of the overall engin~ering is that 
the individual pieces of equipment are not optiaized as a systea. As a 
consequence, the plant is at least JOI. too expensive fo~ the guaranteed 
performance. 

In table 2 producticn data for different tiln perforaances are given. It 
shows clearly where investaents are necessary to increase the production of 
the plant. For the computation of fuel-oil consuaption and gas volume, 850 
teal/kg clinker bas been assumed; for the calculation of the ce11ent quantity 
it bas been assuaed that clinker + 57. gypsua + 57. liaestone or pozzolana are 
ground; aed for the aill capacities, actually obtained tonnages are used. 

The average clinker characteristics (analysis of February 1987) are as 
follows: 

Percentage Moduli 
LOI 0.3 LSt 92.6 
SiC2 21.3 SM 2.35 
Al203 5.8 IM l. 78 
Fe203 3.3 
cao 64.8 Liquid 2hase 
llgO 2.1 27.77. 
so3 0.61 
•a20 0.99 Mineralon 
~20 0.37 C3S 52.5 
Ti02 0.53 C7S 20.9 

C3A 9.8 
Free lime: 1.47. C4AF 9.9 

I. Ceaent grinding 

The cement ail~ is a two-chamber ball aill, vith ao air separator. Its 
effective capacity is 72 t/b of Portland ceaenl No. 1. This cement 
corresponds to Illllf 152, siailar to ASTll 152. The ~eaent bas 3,300 to 3,400 
Blaine. 

A typical compression-strenttb distribution is the following: 



CliD~![ PI2!iY2~i2D 
t/d tlh tlJ 1/ 

1 000 u.1 no ooo 
1 100 o.a 352 000 
l 250 52.0 400 000 
l 500 62.5 "80 000 
i no 73.0 560 000 
2 000 13.3 640 000 
2 250 93.I 720 000 
2 500 104.2 100 000 

table 2. Production data tor dltferent kllD pertoraance1 

II~ Bill 21212i~I ~l 
Nece11ar1 Installed 

( tlb) (tlh) 

71.l 100 
15 100 
96.4 100 

116 100 
135 100 
154 100 
174 100 
193 100 

Theoret.lcal 
"H1ent 

product.lon ~I 
(t/J) 

352 000 
381 010 
Ul 000 
529 200 
,,17 oliOO 
705 600 
793 aoo 
882 000 

~fl!l!Dt Blll cap1clt1 
Nece11ar1 ln1t•lled 

(t/h) (t/h) 

58.5 
64.3 
73.0 
87. 7 

102.4 
117.0 
132.0 
U6.0 

72 
72 
72 
72 
72 
12 
72 
12 

~I 320 daJ• per 1ear; 1.1 raw aeal proportion: 1 clinker. 

~I 154 b/veek. 

s./ 132 blveek. 

~I Hu • 9,500 kcal/kg. 

rlvt u1. _ 
-.rltb 
(110 •c) al Nlh 

112 09S 
123 116 
139 713 
161 001 
196 233 
223 921 
2!12 14:· 
280 163 

67 55• 
74 196 
•• 240 

101 250 
111 260 
134 446 
151 9~6 
161 e•o 

(11!1 oil di 
ltg/b ll•h 

3 731 
4 098 
• 653 
5 592 
6 532 
7 453 
• 393 
~ 323 

U.l 
10.• 
ao.o 
96.0 

112.0 
121.0 
lU,!) 

160.0 

"' 0 

I 
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pays KP a 

1 10 
3 19 
; 24 

28 32 

An analysis of the bagged ceaent (average of February 1987) gave the 
following results: 

Percentage 

LOI 1.5 
Si02 20.6 
Al203 5.9 
Fe203 3.2 
C•O 62.3 
ilgO 2.1 
so3 2.6 
R 1.8 
Free lilllC 1.2 

The cement is transported froa the aill to the storage silos by a Fuller 
puap. It is stored in two silos of 5.450 t each. froa where it is discharged 
bf airslide conveyors and transported by a bucket elevator to the bagging 
station and the bulk loading bay respectively. Most of the ceaent (85~) is 
dispatched in 50-kg bags. the rest (15~) is sold in bulk. 

It is higblJ rec011111ended to add 5~ of liaestone to the aixture of clinker 
and gypsua. Furtheraore. the production of pozzolanic cement with up to 25~ 
of pozzolana should be envisaged, particularly as several pozzolana deposits 
of good quality are available in the vicinity of the factory. In order to 
increase the incoae. it is also recoamended to produce a low-grade binder, 
composed as follows: 

50'- clinker 
24~ limestone 
24~ pozzolana 

21. gfpSUll 

It could be sold under the trade mark 

Morterello Selva Alegre 

or any other attractive n.me. 

J. Laboratory and gualitx control 

The laboratory is equipped with all necessary apparatuses, devices and 
appliances to carr1 out routine analyses for operation and quality control. A 
certain volume of research work for new binders and other construction 
aaterials on the basis of cement and lime is also possible. 

The routine tests include chemical and physical analyses of raw 
materials, partia!ly processed materials and final products. The following 
sampling frequency is in use: 



Liaestone 
ClaJ 
Sand 
Iron ore 
Gypsua 
Rav aill 
Raw aeal (tiln feed) 
Clinker (screened 3-10 91!l) 

Cement froa aill 
Ceaent for bagging 
GJPsua for ceaent aills 
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1 tiae/day 
2 tiaes/daJ 
each truck 
each truck 
each truck 
everr hour (autoaatic sampler) 
every 2 hours 
every hour 
everJ 2 hours 
1 tiae/daJ 
1 tiae/daJ 

For cheaical tests the following aetbods are applied: graviaetric, 
volumetric, coaplezoaetric, I-raJ fluorescence, flaae fotoeetric and 
conductriaetric anal1sis. 

The pbJsical tests include: densitJ, apparent voluae, noraal 
consistency, fineness, grain size analJsis, Blaine test, c011pression and 
shrinkage tests. 

The laboratory equipaent consists of: Orsat gas analyzer, precision 
scales, heaters, aufflers and driers, crushers, aills, presses, coloriaeter, 
spectrophotometer, I-ra) analyzer, c011puter, viscosiaeter, densiaeter, 
glassware, Vicat needle and cbeaicals. 
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III. STRATEGIES to IMPROVE THE PERFORllARCE OF THE PLAKT 

One of the llOSt. iaportant :>bjectives is to instill in the leading teaa 
cost-ai~dedness and aotivation to achieve i91>roveaents. In that connection 
inforaation and training 6re essential. 

Before d~veloping i91>rove11ent strategies, the weak points of the plant 
vill be s11111U.rized. 

A. S1111111ar1 of deficiencies 

Limestone 

Kiniog is still chaotic; 

Crushing on aining level; road transport to be shortened bf 9 ba; 

Grain size of crushed limestone too big; 

Limestone crushers too weak; aaxia1111 feeding size of rocks vith 
400-500 - too saall; 

Liaestone transport to the factorf verf tedious and costlJ; 

Belt-weighing 'cale inside the plant out of order. 

ClaJ 

Ro claf crusher operating; 

Belt-weighing sc&le inside the plant out of order. 

Rav ailling 

Multi screv-conve1or feeder for claJ weigh-belt feeder shoving beaVJ 
wear •nd -'.ear; 

Feeding valve of roller aill tends t1> ja:a <now replaced by triple 
flap valve); 

Rav-aill ca~acitJ due to coarse liaestone too saall; 

HOllOgenizatiGn syste.s does not prevent granuloaetric segregation, 
vbicb aeans f~oa ti11t1 to time too coarse raw aeal. 

Puopracessing 

Installed KIAG-tJpe pr"hP.at'."r not very efficient; raw meal entering 
the rotarf kiln is too cold; gas outlet teaperature up to 4b0 •c; 

Gas outlet tubes ?f the cyclones partly bent, i.e. no uniform heat 
distribution in t~e cyclones; 

Gas cooling tower too sl1l&ll; 

First clinker cooler fan too 1aall; should have 1,500 ml/min 
instead of 340 m3/mi.i; 
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Distribution cbute on tbe top of the clinker storage baJ does not wort. 
therefore clinker is not distributed uniforal7; 

- OnlJ three discharge wibratorJ conwe1ors are provided in the clinker 
storage baJ, therefore too auch dead storage; 

Indications on the control panel are not correct. 

Cement ailling 

- Weigh-belt feeders do not indicate performance correctlJ; 

- Weighing scale for bulk-loaded ceaent is not operating; 

- Packing capacitJ far too saall; when froa tbe total of 9,625 t/veet to 
be dispatched, ISY., i.e. 8,181 t h£ve to be bagged, then 102 h/veek or 
17 h/daJ are required to do the job. 

B. Suggested iaerovements 

Fra11 the above, strategies as to 4ow to improve the plant can be 
deduced. Of course, the first and 110st important decision to be taken is the 
following: which is the desired aaxiaua capacitJ of the plant and in what 
tiae should it be realized? 

•otwithstandiug the answer to the above question, the following mieasures 
are decisive to achieve • cost reduction and are therefore strongly 
rec~ndecl. 

Oaarr·· 

The distance of road transport of the limestone should be reduced as mt.1ch 
as possible. Therefore, truck loading at the base of the hill, i.e. at about 
1,650 a above sea-level, should be realized under task force conditions. The 
expert rec01111ends to install a 2-ba belt conveyor in order to save 12 lea of 
road tran1port. The trucks should be loaded bJ a charging bopper. 

Furtheraore it is aost important to install the Razeaag iapact crusher. 
The belt conve1or and tbe charging bopper have to be used as well. 

It should De stressed that, in case the clinker production is increased 
up to 2,250 t/d, a further belt conve7or of about 10 ka length is c011pulsory, 
because the transport of some 1.7 aillion t/a of liaestone by truck over 52 km 
on the existing road would be nearlJ impossible. 

Production increase to 1.500 t/d of clinker 

The onl1 vaJ to reduce the pay-back period of the debts is bJ increasing 
tbe production. It is, therefore, recOllaended to push the kiln output up to 
1,500 lid, which vill yield tbe following quantities of cement: 

Under present condition• 
With 5~ liaestone 
As pozzolanic cement 

1,575 t/d 
1,654 t/d 
2,067 t/d 

This can be achieved bJ proceeding as follows: 

Ca) Reduce the grain size of the crushed li•estone, i.e. implement the 
Haz .. ag impact cru•her and use one of the Cedar-Rapids crushers for •econdary 
crusbing. That will brhi.,_; the raw mill capacity up to 120 t/h; 
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(b) Enlarge the gas cooling tover by increasing the cylindrical portion 
as planned and install new atoei%ing no%%les; 

(c) Substitute the conical shaft of the preheater by two cyclones having 
the saae dimensions as the cyclones of stage one. i.e. directly after the 
conical shaft. Repair the gas outlet tubes of the existing cyclones and 
reinforce the inlet in order to avoid deforaation; 

(d) Substitute the clinker cooler fan Ro. 1 bf a 1,500 a3/ain fan. 
The cooling air distribution for a 1,500 t/d kiln production should be as 
follows: 

Air voluae 
Fan Ro. a"l Nib a"l/ain 

1 (OA) 66,500 1,487 
2 (08) 44,563 743 
3 (OC) 29,094 520 
4 (OD) 37,406 669 
s (OE) 24,938 446 

(e) Increase the oil pressure of the burner; 

(f) For cement ailling there are several options; the decision is, of 
course. dependent on the desired final capacity. However, it is necessary to 
provide four boppers and the corresponding weigh-belt feeders for clinker, 
gJPsua. liaestone and po%zolana. 

Option I: Kaxiaua performance of the plant based on a production of 
1,500 t/d of clinker: use the existing raw aill for pregrinding the 
cement, then the ball mill capacity will g~ up to 130 t/h or a 
maximum of 20,000 t/week of cement. This option implies a new raw 
aill. 

Option II: The finally envisaged performance of the factory is 
based on a daily clinker production of 2,250 t or 2,500 t, 
respectively. In this case, even for the first step. it is 
recomnended to install a second cement mill. identical to the 
existing one. but with four feeding hoppers and four feeders. 

In any event. the existing cement-storage facilities have to be doubled by 
putting the existing silos into operation. Furthermore, even for the 1,500 
t/d step, it is necessary to install a new high-performance Rotopack bagging 
aachine. 

Production increase to 2,250 t/d of clinlt·~r 

Io that case the corresponding cement ~uantities would be: 

Cement No. 1 
With 5~ limestone 
As poizoianic c~'lllent 

2,363 t/d 
Z,481 t/d 
3,100 t/d 

As this option involves a rather long-range prograaae, only the major 
modifications of the plant have bet~ indicated, without presenting details. 
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(a) Rav-meal production: 

- Nev raw aill of the same performance as the existing roller aill. 
or a new 200-210 t/b roller aill; 

- One new rav-aeal silo; 

Eliainate the act•1al homogenizing systea and equip all three silos 
with !BAU-discharge; 

- Increase transport capacity; 

Cb) Pfroprocessing: 

- Nev gas conditioning tower; 

- Provide precalcin~r vitb tertiarJ air duct; 

- Nev clinker cooler, or add to the existing cooler, which aust be 
equipped vitb new fans and a g-type cooler; in this case 
substitute th~ clinker crusher; 

New high-efficiency fans for flue gas conveying; 

- Mew electro-filter; use the existing filter for cooler; 

- Increase capacity of oil burner; 

- Overhaul the whole plant; 

(c} Cement milling: 

Same as under Cf) above. 
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IV. OPTIMIZATION OF PERFORMANCE 

On top of the noainal output of the production equipment, additional 
output ~an be achieved bJ optiaizing the plant performance. Optiaizing the 
plant perfor9&nce, in this context, is understood to include the following: 

(a) Optiaua aaintenance of equipment <including an efficient preventive 
aaintenance s1stea, as far as practicable under existing conditions) to ensure 
highest plant availabilitJ over the fear. Coaputer prograas are not enough; 
it is iaportant that the respective aaintenance work is carried out in the 
foreseen tiae; 

(b) Optiaua operation of the equipaent to ensure that the plant is 
peraanentlJ operated at highest efficiencJ. This is particularlJ valid for 
the kiln operation; 

(c) A production-ainded and motivated team of operators that aakes an 
effort to Jield extra tonnes and to save production costs. 

The achieveaent of the above points calls for the iaplementation of a 
c011prehensive and ongoing training prograaae. Such a programae has been 
initiated. 



,..--------------- -- -

- 29 -

Annex I 

QUARRY SITUATION 

A. Layout 

The quarrJ is exploited between 1,900 and 2,000 a above sea-level. The 
two pri .. rJ crushers are also located at that level. The ained limestone is 
thrown down on three chutes to the corresponding stockpile. frOll where it is 
taken bT loaders and transported to the Hazet1ag crusher. A belt conve1or for 
the crushed liaestone and auxiliarf buildings are also provided. Figure I 
shows the reserves of liaestone. 

8. Quarry eguipaent 

The quarrJ is equipped with ~be following: 

2 truck drills, ATLAS COPCO; 
one tJpe 301; the second type 601; 
those drills are operated bJ diesel-t10tor 
driven c011pressors, type XA. 750; 

3 pneuaatic hand-haJDers, ATLAS COPCO, tJpe RB 561 
without coapressors. 

For transport in the quarrJ two heaVJ trucks, CATERPILLAR tn>e 769, with 
a capacitJ of 30 t are used. 

Furtheraore there are available: 

1 crawler loader, CATERPILLAR type D 9 L 
1 wheel loader, CATERPILLAR tJpe 9888, shovel 5 a3 
2 wheel loaders, CATERPILLAR tJpe 9668, shovel 3 a3 

A camp has been put up for the 40 operators working in the quarry and 
there is a aedical service, a cafeteria, an autOllOtive workshop and a 
photographic office. 

The quarry has its own water supply of 12 a3/h; 8~ is used for the 
caap; purific•tion equipment is available; the other 2~ are used for the 
equipment. 

The wortin~ hours are 5 daJs at 8 h, i.e. 40 b/weet. 

The explosive consumption is ~ather high with 360 git of limestone; no 
secondary blasting is used. The reason for the high explosive consumption is 
that the actual exploitation is rather chaotic; the development of 
exploitation floors is under preparation. 

C. Hazemag impact crusher 

The new Haiemag impact crusher will be implemented at a level of 
1,620-1,650 • ab~ve sea-level. Figure II shows the implementation details. 
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28'039. 000 Tn. 

61' Z.17. 000 Tn. 

86' 045. 000 Tn. 

1154 301.000 Tn. 

Figure I. Yacimiento de calizas 

PERFO~CIONES 

Diagram& de las perforaciones J calculo de reservas 
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Annex II 

FACT SHEET OF CEKEllT Pl..Uff 

Plant location 

The plant is located 1 Im west of Otavalo. on tbe road to SelYa Alegre. 
ProYince of Iababura. Ecuador. 

tleYation 

2.100 • aboye sea-level. 

Climate 

Tropical, average temperatures: day 21 •c, night 8 •c. 
Rainfall: Yerr little in the drJ season. Occasional rainfalls, partlJ verr 
beaYJ, in tbe wet season (January-Bay). 

load conditions 

Good paved road between the factorr and Otavalo < 7 Im). Froa the 65 Im 
between tbe liaestone quarry and the factorr onlr 20 ta are paved. The road 
to Quito (140 Im> is a good tarred road <Pana.ericana). 

Railway conneetions 

There is no railvar connection. 

lfarket areas 

ProYinces of Iababura, Quito and Esaeralda. 

Distribution terainals 

One at Quito, bag storage only. 

Method of ceaent transport 

lOOT. bJ trucks, of vhicb 85~ in bags and 15~ in bulk. 

Production capacity 

Rated capacitr: 
Actual capacity: 

Ttpe of process 

1,100 t/d clinker 
1,100-1,250 t/d clinker 

DrJ process; kiln with prebeater. 

Size of aain equip!D!nt 

Rotar1 kiln with MIAG-t1pe preheater; 
Dia• 4.42 a; L • 63 a; Fuller-tJpe cooler 38 a2; capacitJ 1,100-1,250 
t/d clinker; 

Rav aill: roller aill, PFEIFFER tJpe, operating •• dryer aill. 
capacitJ 90-100 t/h; 
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Cement aill: 2 cbaaber ball ail! vitb air separator. 
Dia = 3.96 a; L = 11.89 a; capacity 56 (70) t/b. 

Plant: 300; office: 100; total: 400 <including 40 quarry operators) 

Quito office: 20 

Quito distributing station: 10 

Rav .. terial reserwes 

(a) Li .. stone: proYed reserYes 
probable reserYes 
possible reserYes 

Dist&Dce between qaarr7 and factory 

28 aillion t 
61 aillion t 
16 aillion t 
65 m by road; 

(b) Clay: unliaited. supplied froa sites a~ar tbe plant; 

(c) Sand: unliaited. distance 280 m; 

(d) Iron ore: anliaited, distance 700 ta; 

(e) Pozzolana: unliaited. in tbe surroundings of tbe plant; 

(f) Gyps1111: 20 rears, distance 150 ta. 

Rav .. terial aixture 

CaCOJ 78.~ 

Clay 18.47. 
Sand 1.4,. 
Iron ore 1.3'. 

Plant bis tori 

1972 

1973 
1974 
1976-1980 
1980 

First ideas for a cement factory on the basis of liaestone 
deposits near Selva Al~gre 
Order to SIC for planning 
Order for supplJ to ALLIS-cHALllERS, Canada 
Erection bJ SADE. Colombia; Civil engineering: SEKAICA, Ecuador 
August start up of tbe factorf. 
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Annex III 

PLANT DESCRIPTION AND OPERATION 

A. General i11pressions 

The factory can produce 350,000 t/a of clinker, i.e. 400,000 t/a of 
ce11ent by •dding 47. gypsua, 57. limestone and 57. pozzolana. In order to reach 
this result it is necessary tbat continuous operation is aaintained and that 
stops are reduced to a aaxi .... of 1,000 hours per year. 

The production figures of the different production units are not 
Sf'Dcbronized; tbe kiln production, for instance, can be increased to 1,500 
t/d, ia which case tbe quarry crushers, the rav aill and the fans of the 
clinker cooler are not sufficient. 

The plant is operat~ froa the control rooa and tbe control panel. Each 
of tbe engineers and operators in production, laboratory, aaintenance and 
engineering is highly qualified; but the expert got the iapression that there 
is a lack of motiYation, co-ordination and te .. spirit, although technical 
aeetings at different leYels are held regularly. 

The indicators and recorders on the control panel do not show the real 
Yalues, therefore a systea of correction coefficients bas been developed. 

Bany of the installed pieces of equip11ent do not correspond to the actual 
technical level and were already obsolete when the plant was planned (e.g. the 
proportioning scales). 

The consulting ensineer, Surveyor, Wenninger & Chenevert Inc. (SNC>, 
Montreal, Canada, were not very experienced with ceaent factories. 

B. Plant layout 

Although the plant layout is not optiaal, there is nothing which would 
hamper a smooth operation. 

The liaestone deposit bas a capacity of about 30,000 t, i.e. with the 
actual production rate there is a stock for 18 days. 

The total clay storage capacity in the covered 
preb0110genization aixing bed, type BUEHLER-MIAG, is 
which aeans a stock for 100 days of kiln operation. 
the operation tiae for the other coaponents are: 

Sand 
Iron ore 
Gypsum 

5,000 t 
6,000 t 
4,500 t 

stockyard and in the 
approximately 32,000 t, 
The storage capacity and 

200 days 
250 days 

75 days 

Those capacities should be sufficient, even if the long distances for 
transport are taken into consideration. 

One weak point ls the belt conveyor for clinker, connecting the clinker 
storage baJ to the c ... nt-aill bopper. 

Tbe plant is erected on three different levels. The layout of the plant 
itself and that of other buildings, such as administration, laboratory, 
workshop and warehouse, is reasonable. Sufficient space for open-air storage 
is provided. All storage points in the plant are easily accessible. 
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The road to Otavalo on the Panaaericana is an excellent tarred road. The 
110s; iaportant distances are: 

To Otavalo 
To Ibarra 
To Quito 

7 ta 
30 ta 

140 ta 

For the transport of personnel buses are available; the leading crew is 
equipped vi th trooper cars. 

C. llaintenance 

The CCJllPanJ bas good .. intenance facilities consisting of tbe followicg 
departaents: 

llecbanical vortsbop 
Aut0110tive repair shop (in tbe plant) 
Aut0110tive and 11ecbanical repair shop (in the quarrJ) 
Sbeet-aetal shop 
Electrical shop 
Carpenter shop 
Lubricant storage and office 
Separated tool storage and distribution 
llaintenance office 

Mechanical workshop 

That workshop is well equipped. Kost of the routine repairs in the plant 
can be perforaed effectively. provided that the required spare parts are 
available. Although the situation bas iaproved during the last year, there is 
still a good number of spares which should be purchased soon. It is cheaper 
to invest in spare parts than to stop the plant and purchase the aissing parts 
in a rusb. 

Fabricated or machined parts can be made in-house when needed for 
aaintenance, 

0

ll0dification or improvement of existing equipment. 

The mechanical workshop is equipped with tbe following machine tools: 

1 boring machine, horizontal type 
3 lathes 
2 grinding machines 
1 radial drilling aachine 
1 universal ailling machine 
1 shaping machine 
2 hydraulic presses 
1 thread cutter 
2 cutting machines 
1 rolling aachine 
1 pipe bender 
4 drilling-aachiaes 
1 saw for metals 
1 oxrgen cutter 
various welding places, electric and by gas 

Fu=tbermore, a 10 t travelling crane and a 2 t one-rail crane are available. 
the mechanical workshop also has a tyre balancing machine. 

The shop is clean and well maintained. It is spacious and can handle 
large pieces of equipment. 
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For annealing and rectifying wort, a beating furnace would be helpful. 

Autoaotive workshop 

The autoaotive workshop bas four bays under roof and two in the open air 
and is provided with service pits and aecbanics' tools. It bas its own 
drilling aacbine, welding equipaent and a grinding aachine for brake druas. 
There is also a tyre balancing aachine available. 

As no travelling crane is available, heavy lifting is done by a aobile 
crane. The large, heavy equipment is generally repaired or serviced 
outdoors. A battery-charging station is located in a separate rooa. In 
another separate rooa there is also a stock of lubricants for the aut090biles. 

In the workshop at the quarry, ainor routine aaintenance is being 
performed. 

Sheet-aetal shop 

The sheet-aetal shop deals a.~oly with thin sheet-aetal wort. Heavy 
equipment is handl~d in the large a!chanical workshop where the heavy aacbine 
tools are located. 

Electrical shop 

The electrical shop is equipped with the usual tools such as aultiaeter, 
tachom.~ter, voltmeter, claap-on aapereaeter, llEGGER, oscilloscope, insulation 
tester, ~V/~egC-meter, stroboscope and balancing equipment, Butronit 
calibrator and various band tools. 

The electrical wort includes the inspection and maintenance of electrical 
equipment, such as power generators, power transmission, aotors, transforaers, 
breakers and switches; and the maintenance and calibration of the control 
system, including weighing scales, instrumentation and coaaunication system. 

Because the instrumentation does not show the correct figures, correction 
coefficients are used to homologize the indicated figures with the reality. A 
complete check-up of the control panel is therefore necessary, and this wort 
bas already started. 

Carpenter shop 

This shop has facilities to fabricate or repair any carpentry wort 
normally occurring in a cement factory. It is equipped with a band saw, a 
table sa~. a planer and a lathe, as well as with working tables and band tools. 

Lubricant storage area 

It is located in front of tbe administration building. Kost of the oil 
drums are kept in tbe open air, but there is also a but for tbe storage of 
special product1. 

Maintenance off ice 

That office is located in tbe administration building. The different 
maintenance progra111es, which are prepared with the help of a computer, 
include tbe following: 

(a) An annual progr&111e, which is co-ordinateo with the planned 
production programme and which covers the purchase of the necessary spare 
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parts. Due to financial probleas the spare-parts progra1111e had been neglected 
until 1985 and this is the reason. vhf essential parts are aissingi 

(b) llonthlJ progr..aes; 

(c) Task-force progruiaes, which are executed when a standstill occurs. 
In that case the dailJ wort is co-ordinated and adapted to the standstill 
envisaged; 

(d) Progr.-.es for the workshop; all operational instructions are given 
in printed fora; 

(e) Inspection progra1111es for the different depart.eats of the plant. 
During such inspections, wear and tear is controlled. temperatures, vibrations 
and noise are 11eaaured. 

tbeoreticallJ the organization is ezcellent, but there are practical 
problems such as the lact of spare parts and the under- or overestillation of 
the real working hours required. 

Part of the •aintenance office, where a draftsman prepares workshop 
drawings, is also a documentation centre, which is adainistered in an 
excellent .. oner. All drawings and descriptive notes are available and can be 
quietly retrieved by means of a card index. There is also a special library 
and a collection of catalogues of suppliers. In addition to the available 
docm1entation, it is rec01111ended to subscribe to Pit and Quarr1 and ~ 
Products, as well as to Ze.ent-~alt-Gips which contains ... , articles in 
English. 

D. Warehouse 

The warehouse bas a good selection of all consuaables; but there is still 
a lack of spare parts for the production equipment, although codsiderable 
efforts have beeo aade within the last two rears to complete the spare-parts 
store. 

Here too, the aanage:ment is perfect. There is a catalogue in which all 
pertinent data are recorded. 

The warehouse is clean and in good order and the parts are clearlJ 
arranged in racks. 

!. Consumables 

Electric power 

There are two sources of power supplJ: 

(a) l!:llpresa Electric• del Norte (EMELllORTE) providing 60'1. of the 
required energy; supplJ 34,000 Y; inside 4,160 V; 

Cb) Diesel generators at tbe plant, providing 40'1.; voltage 4,160 Y; used 
for ainor 110tors below soo bp (480 V> and lights and ac:tainistration (115 V>. 

Three diesel-generat~r sets, type Fuji-Electric, are installed, for 4.0 
ltW eacb, operating with Bunker-C fuel oil, the same as used for tbe kiln. the 
specific fuel consuaption is approdaatelJ 200 g/kWh, giving • dally 
consumption of 5,400 gallons, 'equivalent to 19,826 kg. 
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In 1986 the diesel-generator sets produced 15.748.460 kWh. ainus their 
own consuaption of 732 0 000 kWh; tbeJ supplied to the factorJ 15.016.460 kWh. 

EKELllORTE supplie«: 32,430 kWb in 1986 
Total consuaption 47 0 446 0 460 twb 
Ceeent production 346.126 t/a 
Specific power consuaption 137 kWb/t of cement 

Fuel oil 

Two t~s of fuel oil are used in the factor1: 

(a) Buoker-C for tiln and power station. Consuaption 1986· 885,518 gal 
- 3,251,504 tg; 

(b) Diesel for the aut0110tiwe park. Consuaption 1986: 293,737 gal = 
1.111.921 1. 

Gasoline is used for cars. 

The fuel-oil storage capacitJ is: 

2 tanks of 1.900 a3 each for Bunter-C and 
76 -3 for dailJ consuaption. 

Furthermore. the following can be stored: 

50,000 1 diesel and 
20,000 1 gasoline in the factorf; and 
20,000 1 diesel and 
20,000 1 gasoline in the quarrf. 

Bunker-C fuel oil bas the following specifications: 

~ = 0.97 kg/l 
B = 9,500 kcal/kg 
Working teaperature 130 •c 

Both, factorf and quarrJ have their ovo water supplJ and in both places 
filters are installed. For the consuaption of the personnel, drinking water 
ls aade available bJ the companf. 

CollpresHd air 

The plant is served bJ individual coapressors, located in the areas where 
air is required. 

There is also a central compressor rooa, located inside the raw-.eal 
silos with four·Gader-Deaber screw-tJpe coapre11ors, for a total air volume of 
37.4 a31ain at 8 bar. 

As this air quantitJ is obviouslJ insufficient, two new ccmpres1or1, 
producing at least 16 a3/ain, should be installed. 

r. Packing plant 

The packing plant is located nut to the two cement silos, .uch having a 
capacitJ of 6,449 t. The silos are fed by a pneumatic conveyor, type Fuller, 
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with a capacitJ of 105 (120) t/b. Silo celection is aaaual. Vithdravel froa 
tbe silos is aade bJ air-slide conveyors feeding a bucket elevator, tJpe 
Rexnord, having a capacitJ of 110 (125) t/h. To keep the flo~ going, the two 
cement silos are Yented froa the bottoa bJ aeans of teztile hoses. 

rra. the bucket elevator the ceaent is distributed either onto the feed 
hopper of the packing aacbines or to tbe bulk dispatch silo. Froa the feed 
bopper the two packing aachines are fed bJ rotar1 valves. 

Each of the two four-spout Raver & Boecker packing aacbines has a 
guaranteed capacitJ of 1,000 (1,200) bags/h, but in practice only 900 bags can 
be achieved. However, as onlf 800 bags can be loaded on one truck, tbe real 
output is only 800 bags/b and .. chine. 

There are three channels provided, two for bagged cement (851.) and one 
for loose cement (151.). All ceaent is transported bJ truck. The bags are 
loaded bf belt conveyors wbich can be adapteca to the trucks to be loaded. 

Dae to the slow-down systea of the bags on the chute sOEe bags break, 
accounting for a total loss of approxiaatelf 11.. Kost of it is recuperated. 

The bagging and loading systeta is effectively dedusted. 

The paper bags are supplied by Papelera Nacional de Gua1aquil. 

G. Cafeteria 

The cafeteria, situated in the administration building, is serving lunch 
to all plant personnel on two shifts, seven daJS a week. There is also a 
cafeteria at the quarr1 site. 




