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FOREWORD
 

This audit report is part of an Industrial Energy Conservation Program undertaken
 
by the Institute Nacional de Energia (INE), with the cooperation of La Escuela
 
Superior Politecnica del Litoral (ESPOL).
 

This multi-phase program was launched by INE in association with the U.S. Agency
 
for International Development in 
1984. The program includes, in these initial
 
stages, extensive training of young engineers in the basics of energy management
 
principles and practices, including on-site training in energy audit techniques.
 

The major objective of Phase I is to develop the energy auditing skills necessary
 
to be able to 
implement a nationwide program of industrial energy conservation.
 

This report details the findings of a preliminary energy audit conducted at La
 
Cemento Nacional C.A. during September 1984. The plant was selected to participate
 
in the training program based on its suitability for auditing, relevance to the
 
Ecuadorian industrial sector, and the willingness of the plant manacement to open
 
the plant to the training program.
 

The energy-consuming systems examined during the audit are common to many indus
trial plants. It is envisioned that similar audit evaluations can be conducted
 
in other industrial facilities in 
Ecuador, resulting in major conservation sav
ings.
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1.1 1. SUMMARY 


The Cerro Blanco plant of La Cemento Nacional C.A. is situated 18 km from Guayaquil

and has a design capacity of 1 million tonnes of clinker per year, using the dry

production process. 
The plant is relatively new (1978) and well-managed, and is
 
operating at a level of 900,000 tonnes per year with employment of 400. Limestone
 
is quarried and crushed on the premises. The plant produces mainly type I portland
 
cement, with some type II portland and oil well cements as well. Production of
 
a pozzolan-modified portland cement is currently being studied.
 

Maintenance is a key function in the plant, and 
is staffed by 120 persons. The
 
standard of housekeeping and maintenance is very high.
 

Capital expenditures policy takes a long-term view, and considers intangible bene
fits as well as financial criteria. 
 Process technology is continually updated,
 
and capacity was doubled in 1981 with the addition of 
a second production line.
 
The plant benefits from the technology of the Swiss Holderbank Group, who share
 
ownership of the company with the state.
 

Although Cerro Blanco has no formal energy management program, energy efficiency
 
has improved steadily as a result of an effective cost control program supported
 
by capital expenditures. Planned projects indicate that the practice of improving
 
process technology, plant services, and environmental protection will continue,
 
with concurrent benefits for energy efficiency.
 

The plant's total energy bill is S/56 million per month, which 
is 33.5 percent

of production cost. This relatively low 
cost share compared to international
 
values is due to the low local energy prices. (Residual oil costs S/13 per gallon,
 
and the marginal cost of electricity is S/1.26 per kWh.)
 

Energy consumption in 1982 was 94.1 thousand tonnes of residual oil, 1.6 thousand
 
tonnes of diesel oil and 115,380 MWh of electricity. Residual oil is used primarily
 
to fire the two kilns, while the major consumers of electricity are the four ball
 
mills. 
Diesel oil is used by mining equipment, and for firing the fuel oil pre
heaters.
 

Energy-related instrunentation includes an electrical demand recorder, extensive
 
submetering of electrical consumption in branch circuits, and metering of residual
 
oil consumption for each kiln. Specific consumption of fuel is calculated monthly,
 
and averaged 997 kcal/kg clinker (Line 1) and 822 kcal/kg clinker (Line 2) January-

August 1984. Both are below the international index of 1,010 kcal/kq. Soecific
 
consumption of electricity is in line with the international index of 113 kWh/tonne
 
cement.
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1.2 SUMMARY 

In view of the satisfactory level of specific energy consumption, the newness of
 
the facilities, the high standard of maintenance, and planned projects to improve
 
energy efficiency, a detailed energy audit 
is not recommended. Nevertheless,
 
there appear to be low-cost opportunities to reduce lighting and air conditioning
 
energy consumption and to reduce maximum electrical demand through load shedding
 
and rescheduling of operations.
 

Also, a formal energy management program is needed at the Cerro Blanco plant to
 
achieve maximum energy efficiency, particularly in view of expected fuel price
 
increases.
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2.1 2. COMPANY DESCRIPTIO.. 

Background
 

La Cemento Nacional is the largest of the four cement companies operating in Ecua
dor, with an installed capacity of .35 million tonnes of clinker per year (two
 
plants). Company ownership is shared between the state and the Holderbank Group
 
(Switzerland). The company operates two cement plants, "Cerro Blanco" and "San
 
Eduardo," located about 18 km from Guayaquil. Cerro Blanco, which began operation
 
in 1978, is the newer of the two.
 

The Cerro Blanco plant has a design production capacity of 1 million tonnes of
 
clinker per year, divided equally between two lines that began operation in 1978
 
and 1981, respectively. A plot plan of the installations is shown in Exhibit
 
2.a. The plant uses the dry process in which blending and grinding of raw materials
 
are carried out without addition of water.
 

Current employment is 400, of which 120 are maintenance personnel.
 

Limestone is quarried on the plant premises, while red clay and sand are 
trucked
 
in from sources within 150 km of the plant. Gypsum is imported from Mexico. The
 
moisture content of the raw material mix entering the pvroprocessing stage (at
 
the preheaters) is 0.9 percent.
 

Key data concerning production, fuels, electrical power, and energy consumption
 
are shown in Exhibit 2.b. Since 1983 was not a typical year, data are shown for
 
1982 as well. Unusually heavy rainfall during the first 7 months of 1.983 disrupted
 
production significantly by increasing raw material moisture content to abnormal
 
levels. (See environmental data in Chapter 3.)
 

Despite lower production in 1983, which would normally entail lower energy effi
ciency, Exhibit 2.b indicates that specific consumption of residual oil declined
 
2 percent in that year. This was due to continual actions to improve process
 
technology.
 

Organization
 

The Cerro Blanco plant organization is outlined in Exhibit 2.c. The fact that
 
the maintenance department is one of the three departments reporting to the plant
 
managel, with 30 percent of the total employment, indicates the great emphasis
 
placed on this function.
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Exhibit 2.b
 

Energy Profile: Cerro blanco Plant
 
La Cemento Nacional C.A.
 

Clinker production, tonnes/year 


Cement production, tonnes/year 


Energy consumption:
 

Residual oil, tonnes/year 


GJ/year 


Diesel oil, tonnes/year 


GJ/year 


Electricity, MWh/year 


Specific energy consumption (residual oil):
 

Line 1, kcal/kg clinker 


Line 2, kcal/kg clinker 


Electrical power system:
 

Grid voltage (Empresa Electrica del Ecuador) 


In-plant systems:
 

AC motors: 200-4,200 hp 


AC motors: large motors to 200 hp 


General service 


DC compound motors: 250-1,250 hp 


(DC power supply: thyristor banks)
 

Stand-by diesel-electric plant 


Power factor (July 1984) 


1982 1983
 

947,902 835,806
 

1,142,717 904,912
 

94,071 78,983
 

3,856,911 3,238,303
 

1,647 1,608
 

69,668 68,018
 

115,380 109,152
 

978 963
 

862 845
 

69,OOOV
 

4,160V
 

480V
 

IIOV/220V
 

500V/550V DC
 

1,037 kW
 

0.87
 



Exhibit 2.c
 

La Cemento Nacional C.A.:
 
Cerro Blanco Plant Organi-ation
 

Plant Manager
 

Superirtendent Superiln Superltendent 
Process Geology and Exploration Maintenance 

Plant Quality Electrical hiPreventive 

Operations Control Maintenance Maintenance Maintenance 

Areas 

PhyJical ChemIcal 

Tests Tests 

SOURCE: La Cemento Nacional, C.A. 



2.5 COMPANY DESCRIPTION 


There is no formal energy management organization in the plant.
 

Financial Data
 

Financial data for the company were not available.
 

Project Evaluation Criteria
 

The management of La Cemento Nacional takes a long-term view in evaluating proj
ects. Generally, a payback period within 3 to 5 years, and a 20 percent return
 
on investment are desired; however, intangible aspects that cannot be measured
 
are taken into account. Financial criteria are not applied to necessity projects
 
(safety, environmental, etc.).
 

Product Information
 

The product program consists of type I and type II portland cements, and type 6
oil well cement. 1983 production was 96 percent type I and 4 percent type I. No 
oI well cement was produced in that year. 

The company is considering the addition of a pozzolan-modified portland cement
 
to the product line. 
 The product would make use of a pozzolan overburden in the
 
plant's quarry, where this material is currently discarded The pozzolan would
 
replace some clinker content, thereby conserving energy.
 

Existing and Future Plans
 

Most planned projects are at the system component level, and will provide equipment
to (1) replace old or inefficient equipment, (2) improve reliability of operation,
(3) reduce air pollution, (4)improve process control, or (5) improve clay moisture 
content and homogenity. Further details of the projects are given in Chapter 3
 
under "Energy Management Organization."
 

Most of the projects envisioned will improve energy efficiency, including the use
 
of pozzolan to replace a portion of energy-intensive clinker.
 

There are no major expansion plans at this time. 
 Cerro Blanco will continue to
 
operate as near 
to full capacity as possible, and production wil. be supplemented

by the nearby San Eduardo plant, which will adjust production to meet variations
 
in market demand.
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3.1 3. ENERGY SITUATION 


Energy Management Organization
 

There is
no formal energy management program at La Cemento Nacional; nevertheless,
 
energy efficiency has improved steadily over the years as a result of the plant's
 
overall cost control program:
 

Specific Energy Consumption
 

1979 1982 1903 8 months 1984
 
Residual oil kcal/ kg clinker:
 

Line 1 
 981 978 963 997
 
Line 2 
 -- 862 845 822 

Electricity kWh/tonne cement: 125 118 131* 113 (est)
 

*Due to extraordinary rainfall.
 

SOURCE: J. Jasiewicz and La Cemento Nacional, C.A.
 

Energy efficiency will be improved further by several planned projects:
 

" Improvement of red clay drying and homogenization
 

" Replacement of pneumatic conveyor system to feed silo, with a
raw 

bucket conveyor system
 

" Centralization of compressed air production and improved distribu
tion system
 

" Replacement of old air conditioning water chiller
 

" More precise measurement of kiln temperature through NOx analysis
 

* 	Centralized electronic information and automatic control system for
 
overall process control of Line 1
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3.2 EN2RGY SITUATION 

" Electrostatic filters on clinker cooler stacks for dust recovery
 

" Capacitors to improve power factor to 1.0
 

* Production of pozzolan-modified portland cement.
 

ENERGY CONSUMPTION AND COSTS 

The plant's primary source of energy is residual oil, followed by electricity and
 
diesel oil, as follows (1983 data):
 

Annual consLmption
 

Energy source 
 GJ % Major consumer
 

Residual oil 3,234,613 87.5 Kilns
 
Diesel oil 68,018 1.9 Mining vehicles 
Electricity 392,947 10.6 Raw and cement mills
 

Total 3,695,578 100.0
 

Residual oil consumption declined from 94,071 tonnes in 1982 (a record production

year) to 78,983 tonnes in 1983. Consumption of electricity decreased from 115,380
 
MWh to 109,152 MWh over the same period. These changes in consumption reflect
 
an 11.8 percent reduction in clinker production from 1982 to 1983. Details of
 
energy consumption and costs are presented in Exhibits 3.a (1982) and 3.b (1983).
 

Energy costs are currently approximately S/56 million per month, or 33.5 percent
 
of productio costs.
 

Fuels and Energy Rate Analysis
 

In July 1984, the price of residual oil was S/13 per gallon, and the price of die
sel oil was S/17 per gallon.
 

The average cost of electricity (July 1984) was S/2.7989 per kWh, and the marginal 
cost was S/1.2614 per kWh. The bill calculation takes into account:
 

" kwh consumed
 

" Power factor
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3xhibit 3.a 

energy Consumption and Costs 
:erro Blanco Plant 

(Year 1982) 

onsumption, tonnes 

7onsumption, gallons 

7onsumption, MWh 

,onsumption, GJ 

Residual oil 

94,071 

26,130,878 

3,856,911 

Diesel oil 

1,647 

494,179 

69,668 

Electricity 

115,380 

415,368 

Total 

4,341,947 

:ost, sucres 

Jnit cost, sucres/gallon 

iverage unit cost, 
sucres/kWh 

farginal unit cost, 
;ucres/kWh 

Lverage unit cost, 
;ucres/GJ 

larginal unit cost, 
;ucres/GJ 

[aximum demand, kW 

'ower factor 

OURCE: La Cemento Nacional, C.A. 



-nergy Consumption and Costs (Year 1983) 
lerro Blanco Plant 

'onsumption, tonnes 

:onsumption, gallons 

:onsumption, MWh 

,onsumption, GJ 

Residual oil 

78,983 

21,939,738 

3,238,303 

Diesel oil 

1,608 

482,543 

68,018 

Electricity 

109,152 

392,947 

Total 

3,695,578 

'ost, sucres 

Jnit cost, sucres/gallon 

Wverage unit cost, 
3ucres/kWh 

larginal unit cost, 
;ucres/kWh 

Lverage unit cost, 
;ucres/GJ 

[arginal unit cost, 
;ucres/GJ 

faximum demand, kW 

'ower factor 

;OURCE: La Cemento Nacional, C.A. 



ENERGY SITUATION 
 3.5
 

" 
Maximum demand in peak period (6:00 p.m.-9:00 p.m.)
 

* 	 Maximum demand relative to maximum demand over the prior 12-month
 
period.
 

Billing is on the basis of industrial tariff 1-4, which applies to users with a
 
connected load greater than 5,000 kW.
 

The consumption tariff comprises three blocks follows:
as 


a. 	kW demand x 200 hours x S/2.3825
 
b. 	kW demand x 200 hours x S/2.1873
 
c. 	(kWh consumption - (maximum demand x 400 hours)) x S/1.1467.
 

In 	addition, a rural electrification surcharge of 10 percent is levied, as well as
 

a S/30 surcharge for fire protection.
 

The rates are programmed to increase automatically 2 percent per month.
 

Prior to 1984, there was no power factor penalty. Effective January 1, 1984, the
 
utility (Empresa De Electricidad del Ecuador) established a power factor target
 
of 0.9, above which a penalty is 
imposed in the proportion (0.9/power factor) x
 
total bill. In 1985, the target will increase to 0.95. In response to this de
velopment, La Cemento Nacional will 
install capacitors to increase the plant's
 
power factor to a level of 1.0 within 2 years.
 

Exhibit 3.c illustrates the calculation of the plant's electricity bill.
 

Production Data
 

In 1982, production of clinker and cement reached record levels of 947,902 tons
 
and 1,142,717 tons, respectively. Following a significant decline in 1983, owing
 
to production problems caused by heavy rains, production has now 
recovered to
 
1982 levels (near capacity). Historical data on production and hours worked are
 
presented in Exhibit 3.d.
 

While the plant as a whole operates 24 hours per day, 7 days per week, the crushing
 
and packaging/shipping departments operate on a different schedule. 
The following
 
table summarizes the plant's operating schedule:
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Exhibit 3.c
 

Electricity Bill Calculation
 
Cerro 	Blanco Plant
 

Basic Data and Factors
 

DM = 	maximum demand = 19,440 kW.
 

DM6 _9 	= maximum demand 6 p.m.-9 p.m. = 19, 440 kW.
 

Consumption = 9,072,000 kWh.
 

Fc = time of day factor = (DM6 _9/DM) = 1.0.
 

D 	 0.7 DM1 2 months = no adjustment of demand.
 

Fp = 	power factor = 0.87.
 

Power 	factor penalty = ((0.9/Fp)-l) = ((0.9/0.87) - 1) = 0.03448 
(applied to total bill).
 

Calculation
 

(a) 	 DM x S/157.4437 x Fc
 
(b) + 	DM x 200 hrs x S/2.3825
 
(c) + 	DM x 200 hrs x S/2.1873
 
(d) 	+ (consumption - DM x 400 hrs) x S/1.1467
 

Subtotal
 
(e) 	+ 10 percent rural electrification surcharge
 

Subtotal
 
(f) + 	fire protection fee S/30
 
(g) 	+ power factor penalty
 

Total
 

(a) 	19,440 kW x S/157.4437 x 1.0 = S/3,060,706 
(b) 	19,440 kW x 200 hours x S/2.3825 = 9,263,160
 
(c) 	19,440 kW x 200 hours x S/2.1873 = 8,504,222
 
(d) 	(9,072,000 kWh - 19,440 x 400) x S/1.1467 = 1,486,123
 

Subtotal 
 S/22,314,211
 
(e) 0.10 x S/22,314,205 = 2,231,421
 

Subtotal 
 S/24,545,632
 
(f) 
 30
 
(g) 	0.034482758 x S/24,545,655 = 846,402 

Total S/25,392,064
 

SOURCE: La Cemento Nacional, C.A. and Empresa de Electricidad del Ecuador.
 

N,
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Exhibit 3.d
 

Production and Hours Worked
 
Cerro Blanco Plant
 

Hours worked
 
Clinker Cement
 

Period (tons) (tons) Kiln 1 Kiln 2
 

1979 429,368 447,258 6,939
 

1980
 

1981
 

1982 947,902 1,142,717 7,272 6,312
 

1983 835,806 904,912 7,416 6,672
 
January 81,538 69,101 
 560 714
 
February 74,482 47,298 
 571 635
 
March 60,039 84,432 352 574
 
April 65,169 65,359 605 437
 
May 70,208 77,678 448 643
 
June 77,311 84,619 520 681
 
July 29,987 36,425 285 210
 
August 74,604 95,274 630 569
 
September 67,117 80,493 513 543
 
October 74,238 90,581 569 510
 
November 77,033 78,357 525 570
 
December 85,080 97,238 738 595
 

1984* 598,948 687,705 4,503 4,798
 
January 52,295 75,727 493 374
 
February 70,983 81,405 518 478
 
March 87,197 82,489 723 730
 
April 78,203 79,742 635 641
 
May 85,542 101,427 619 683
 
June 55,829 80,449 480 589
 
July 70,884 90,566 504 569
 
August 87,015 95,900 
 531 734
 

*For period January-August.
 

SOURCE: Jasiewicz and La Cemento Nacional, C.A.
 



3.8 ENERGY SITUATION 


Shifts/day Days/week
 

Primary crushing 2* 5
 
Secondary crushing 3* 5
 
Raw reed production 3 7
 
Clinker production 3 7
 
Cement production 3 7
 
Packaging & shipping 1 
 5*
 

*Variable.
 

Environmental Data
 

Rainfall affects production in that :.t increases the moisture content of raw ma
terials. The moisture content of clay has reached 35 percent at times, which
 
prevented its use in Line 1 owing to material handling problems. Environmental.
 
data for the years 1980-1983 are shown in pages 3.9-3.12. The heavy rainfall in
 
1983 (4.1 meters) disrupted production seriously.
 

Process Description
 

The Cerro Blanco plant uses a dry manufacturing process, comprising the following
 
steps:
 

* Crushing of limestone and clay
 
& Drying, homogenization, mixing, and grinding of raw materials
 
* Clinker production
 
* Mixing and grinding of cement
 
e Packaging and shipping.
 

Following is a description of the process that is outlined in the flow chart (Ex
hibit 3.e).
 

Crushing. Limestone is transported from the quarry in 35-ton trucks and dumped

into a gyratory primary crusher, where it is reduced to 6-inch rocks. 
The material
 
is transported on belt conveyors through screens to secondary and tertiary crushing

stages, which reduce it to a mill feed size of 
 inch. It is then conveyed to a
 
covered stockpile fitted with homogenization equipment. Subsequently, the materi
al is homogenized and drawn from stock as required. 
Clay is dried at the nearby
 
San Eduardo plant and trucked to Cerro Blanco, where it follows a process similar
 
to that of limestone, but with only one crushing/screening stage.
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Exhibit 3.e
 

Process Flow Chart: Cerro filanco Plant
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3.14 ENERGY SITUATION 


Raw material preparation. Limestone, clay, and sand are 
mixed in the desired
 
proportions, homogenized, and fed into either of two rotating drum hal.l mills,
 
where the mixture is simultaneously dried and pulverized. Hot kiln gases at
 
350°C-4500 C provide heat for the drying process. Dust generated in the ball mills
 
is collected in filters and returned to the process. The powdered feed is then
 
fed to silos for blending and storage. Raw feed from the silos with a moisture
 
content of 0.9 percent next enters the two clinker production lines. The process
 
up to this point consumes mainly electrical energy for mechanical drives.
 

Clinker production. In this stage, raw feed is burned and calcined to produce
 
clinker. Most of the thermal energy consumption in the plant takes place in clink
er production, specifically in firing the kilns.
 

Raw feed first enters a four-stage cyclone preheater (three-stage on line 1),
 
where in the top stage it comes in contact with kiln gases at 317 0C moving in the
 
opposite direction. The feed moves through the cyclones until it enters the ro
tary kiln. At that point, feed is mixing with kiln exit gases entering the pre
heater at 978 0 C. It then enters the upper or feed end of a rotary kiln, where it
 
is conveyed by the slope and rotation (1.0-1.7 RPM) through a 1,2660C sintering
 
zone to the firing or discharge end of the kiln. The clinker discharged from the
 
kiln at 1,000°C is air-quenched to 200 0C in a travelling grate cooler. A portion
 
of the air leaving the cooler at 800 0-i,000OC is mixed with air used for combustion
 
of the kiln fuel. After cooling, the clinker is transported to silos. The subse
quent sitages of the process consume mainly electrical energy.
 

Mixing and grinding. In this stage, the lumps of clinker are mixed with gypsum
 
and other additives, and are ground to a fine powder in a ball mill. As with raw
 
material milling, the system comprises a closed circuit that employs an air sep
arator to classify the ground material. Pine finished material is sent to storage,
 
while course fractions are returned to the ball mill for 
further grinding.
 

Packaging and shipping. Cement from the silos is transported to hoppers for feed
ing to bagging machines that fill and seal the bags. Their capacity is 5,000 50
kg bags per hour. Alternatively, the cement moves thrcugh two bulk loaders with
 
total capacity of 300 tons/hour. The bags or bulk cement are then gravity-fed
 
to trucks waiting below at ground level.
 

Major Energy-Consuming Systems
 

Electrical equipment includes four ball mills (6,896 kVA), 
two DC kiln fans powered
 
by thyristor banks (2,500 hp), six AC kiln and mill fans (1,722 kVA), 
and five 
crushers with their main conveyor (1,177 kA). Specifications of the major motors, 
accounting for about 80 percent of electricity consumption, are shown in Exhibit 
3.f. The plant's power factor is .87 and maximum demand is 1,440 kW (July 1984).
 

Thermal equipment consists mainly of the two kilns, which are 
fired by residual 
oil, and their fuel oil preheaters (thermal. fluid type) , which dieselconsume 

oil. Diesel oil consumption is 
largely divided between the fuel oil prehitzters
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Exhibit 3.f 

Major Electric Motors 

4,000 volt motors  3-phase, 60-cycle AC 

Quantity Synchronous motors HP RPM 

2 Raw mills Allis-Chalmers 3,500 200 
2 Cement mills Allis-Chalmers 4,200 200 

Induction motors (Line 1) 

1 Blower no. 2 (mill) 350 720 
1 Blower no. 3 (kiln/mill) 600 720 
1 Blower no. 4 (kiln) 400 600 
1 A/C separator 400 514 
1 Air separator 400 514 
1 Pump compressor 50 514 
1 Pump compressor 250 600 
1 Compressor (blending) 250 600 

Crushing 

1 Primary crush 500 505 
1 
1 

Conveyor 
Secondary crush 

400 
350 

1,780 
710 

Line 2 

1 Raw mill. 
1 Separator 500 505 
1 Blower no. 2 (mill) 700 885 
1 Blower no. 3 (kiln/mill) 550 890 
1 Blower no. 4 (kiln) 375 885 

Clinker separator 400 595 



Exhibit 3.f (continued) 

Major Electric Motors 

480 volt motors -- 3-phase, 60-cycle AC 

Quantity 

3 

Induction motors 

Tertiary crushers 

__p 

200 

RPM 

500 

Compound motors DC 

1 
1 

Line 1 

Preheater blower, 550 voit 
Main kiln, 500 volt 

1,250 
250 

1,200 
1,150 

1 
1 

Line 2 

Preheater blower, 500 volt 
Main kiln, 550 volt 

1,250 
400 

1,150 
1,200 



3.17 ENERGY SITJATION 


(33 percent) and mining equipment (67 percent). Waste heat is used for preheating
 
of combustion air, preheating of raw feed, and drying of raw materials.
 

A list of major equipment is presented in Exhibit 3.g.
 

Instrumentation
 

Both production lines are controlled from a central control room situated between
 
the kilns. The older control station (Line 1) has several display panels with
 
electromechanical gauges and recorders, while the newer station (Line 2) uses an
 
electronic information and control system with CRT displays and computer graphics.
 
Line 2 has an automatic control capability, guided by set points (process parame
ters) established by the operator. In practice, the operator adjusts fuel oil
 
flow on the basis of pressure, temperature, amperage, and material flow rate data
 
received, and the system adjusts other process controls automatically to optimum
 
conditions. A similar system will be retrofitted to Line 1.
 

Pyrometers monitor temperatures inside the kiln as well as the kiln surface tem
perature. Other fixed instruments include gas analyzers (02 and CO), fuel flow
meters, RPM indicators (fans and kilns), weight indicators (bins), vibration in
dicators (fans), voltmeters, and bearing thermometers.
 

There is extensive metering of the in-plant electric power distribution system,
 
beginning with metering of overall reactive and active power consumption, as well
 
as recording of energy demand in 15-minute blocks. Meters are installed on the
 
secondary side of all transformers and in all branch circuits. Of the 54 meters
 
installed, only half are being read at any time. There are plans to install me
ters that will provide input directly into a computer-controlled monitoring sys
tem.
 

Maintenance Procedures
 

The maintenance organization, which is staffed by approximately 120 persons, is
 
divided into three sections:
 

* Mechanical maintenance
 
* Electrical maintenance (including instruments)
 
* Preventive maintenance.
 

The preventive maintenance staff of six persons primarily administers the function
 
through planning, work orders, and record keeping. The condition of the plant
 
indicated a high level of maintenance: thermal insulation was intact and complete,
 
valves were tight, equipment controls were in good condition, and overall house
keeping was very good.
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Exhibit 3.g
 

Major Equipment
 

Description 


Kining
 

2 drills 

2 drills 

2 compressors 

I compressor 

2 compressors 

2 tractors 

1 tractor 

2 tractors 

2 front loaders 

2 front loaders 

2 front loaders 

2 front loaders 

4 trucks 

4 trucks 


Crushing
 

I primary crusher 

1 secondary crusher 

1 tertiary crusher 

3 screens 

4 screens 

1 limestone prehomogenizer 

1 clay crusher 

I clay prehomogenizer 


Raw milling
 

Mill no. 1 


Silo no. 1 batch
 
homogenizer 


Silo no. 2 storage 


Silo no. 3 batch
 
homogenizer 


Mill no. 2 


Homogenization silo 


Make 


Atlas Copco 

Worthington 

Atlas Copco 

Atlas Copco 

Worthington 


IHC 

Caterpillar 

Caterpillar 

Caterpillar 


IHC 

Michigan 


IHC 

Wabco 

IHC 


Nordberg 

Symons 

Symons 

Tyler 

Tyler 

MVT 


Williams 

Buehler-Miag 


Allis-Chalmers 


F. L. Smidth 


Claudius Peters 


Type 


Hammer 

Hammer 

Screw 

Screw 

Screw 


Rotating 

Standard head 

Short head 


Circular storage 

Hammer 


Transversal 


Ball 


Model 


ROC-301-04 

Wrangler II 

PRH425 Dd 

PTH5900 Dd 

250 SOT 

TD-25C 

D8K 

D9L 

988B 

560 

275B 

530 

35C 

330 


GY-543 


990 

990 


Capacity 


14 m/hr
 
20 m/hr
 

12 m3 min 

24.8 m /min 

24 m3/min 


3
7 yd3/5.35 m
 
3
6.5 yd3/5.0 m
 
3
6.5 yd3/5.0 m
 

3
3 yd3/2.3 m
 
14.6 m3 /35 t 

14.6 m3/35 t 


1600 t/h 

540 t/h 

200 t/h 

750 t/h 

345 t/h 

76,000 t 

200 t/h 

60,000 t
 

120 t/h 


3500 t
 

3500 t
 

4100 t
 

136.5 t/h 


5000 t
 

Dimensions 


16'10' diam. 

7' diam. 

5'6" diam. 

8' x 16'
 
6' x 16'
 

106 m diam.
 

4.7 diam. x 6.4 m 


Motor Remarks
 

Diesel, 170 hp 7 bar
 
Diesel, 150 hp 10.5 bar
 
Diesel, 250 hp 7 bar
 

310 hp, 2100 rpm
 
330 hp, 1330 rpm
 
450 hp, 1900 rpm
 
378 hp, 2200 rpm
 
380 hp, 2200 rpm
 
342 hp, 2300 rpm
 
158 hp, 2500 rpm
 
420 hp, 2300 rpm
 
420 hp, 2200 rpm
 

500 hp, 4160 v, 502 rpm
 
350 hp, 4000 v, 710 rpm
 

200 hp
 

200 hp, 450 v
 

3500 hp, 4000 v, 200 rpm
 

3500 hp, 4000 v, 514 rpm
Ball 
 TSFP 1700 B 
 4.5 m diam. x 8.26 m 
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Exhibit 3.g (continued)
 

Major Equipment
 

Description 

Clinker production 

Preheater no. 1 

Kiln no. 1 


Clinker cooler no. I 


Preheater no. 2 


Kiln no. 2 


Clinker cooler no. 2 


Cement milling
 

Mill no. I 

Mill no. 2 

Silo no. 1 

Silo no. 2 

Silo no. 3 

Silo no. 4 


Packaging
 

2 baggers 

1 bagger 

2 bulk loader 


Make 


Buehler-Miag 


Allis-Chalmers 


Allis-Chalmers 


F. L. Smidth 


F. L. Smidth 


F. L. Smidth 


Allis-Chalmers 

Allis-Chalmers 


Bayer & Boecker 

Bayer & Boecker 

Bayer & Boecker 


Type 


3-stage 


Rotating 


Fuller 


4-stage 


Rotating 


Fuller 


Ball 

Ball 


Rotating auto. 

Rotating auto. 

Movable loader 


Model 


B-41805 


1700863 


6060-8RV 

6074-8RVK 


4655A 


Capacity 


1500 t/day 


1550 t/day 


80 t/h 

95 t/h 

8170 t
 
9900 t
 
8170 t
 
8170 t
 

1500 bags/h
 
2000 bags/h
 

300 t/h
 

Dimensions 


4.42 diam. x 62 m 


24.38 m x 4 m 


435 m x 65 m 


18.3 m x 3.6 m 


3.9 m diam. x 12.8 m 

3.9 m diam. x 13.7 m 


Motor Remarks 

5 precal

cinators 

259 hp, 500 v, 1150 rpm 

40 hp, 25 hp 

4 precal

cinatora 

400 hp, 1200 rpm 

2 x 25 hp 

4200 hp, 4000 v, 200 rpm 
4200 hp, 4000 v, 200 rpm 



3.20 ENERGY SITUATION 


Specific Energy Consumption
 

The specific energy consumption data in Exhibit 3.h provide an approximate index
 
of energy efficiency and trends. Specific consumpticn of residual oil in Line 1
 
(997 kcal/kg) is in line with the international average of 1,010 kcal/kg of clink
er. The specific consumption of the newer Line 2 (822 kcal/kg) is well below the
 
average and is approaching the best international performance level (705 kcal/kg
 
clinker). Specific consumption of electricity at 113 kWh/tonne cement is at the
 
international average level of 114 kWh/tonne cement.
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xhibit 3.h 

pecific Energy Consumption 

Clinker manufacture Cement manufacture 

Residual oil 
(kca,/ 

Diesel oil 
(kcal/k, ) 

Electricity 
(kb/t) 

Residual oil 
(kcal/k ) 

Diesel oil 
(kcal/kg) 

Electricity 
(kWh/t) 

Line 1 Line 2 Line I Line 2 

1979 981 - 20 125.0 

1980 

L981 

S982 
anuary 
-ebruary 
!arch 
pril
;av 

YTune 
Tuly 
.ugust 
3eptember 
ctober 

Sovember 
ecember 

978 862 118.0 

L983 
Tanuary 
February 
4arch 
kpril 
qay 
Tune 
Tuly 
tugust 
;eptember 
)ctober 
lovember 
)ecember 

963 
1,059 
1,022 

967 
923 
983 
960 
942 
956 
981 
928 
919 
932 

845 
867 
891 
800 
853 
827 
793 
849 
853 
849 
822 
805 
958 

131.0 
142.0 
184.0 
107.0 
136.0 
126.0 
117.0 
118.0 
111.0 
115.0 
111.0 
118.0 
108.0 

.984 
ranuary 
lebruary 
larch 
Lpril 

lay 
rune 
ruly 
Lugust 

990 
906 
980 

1,000 

980 
1,054 
1,020 
1,042 

895 
786 
776 
835 

801 
874 
775 
836 

128 

104.5 
107.9 
127.Q 
126.2 

Lugust 
984 997 822 113.3 



4.1 4. AREAS OF POTErIAL SAVINGS 

Based on this preliminary audit, and considering projects already planned (Pages
 
3.1-3.2), it appears that the energy cost savings potential at the Cerro Blan-o
 
plant is relatively small. The plant is relatively new, well-maintained and
 
clean, and uses the energy-efficient dry production process. In view of the
 
above, a detailed energy audit is not warranted in this case! nevertheless, some
 
improvements in electricity consumption and maximum demand appear to he possible.
 

Short-Term Measures
 

The following measures can be implemented in the short term at low cost:
 

a 	Survey lighting requirements plant-wide and adjust lighting levels
 
to accepted standards
 

o 	Evaluate centralized automatic control.of lighting and air condition
ing systems plant-wide
 

o 	 Insofar as possible, disconnect the primary side of transformers 
when the secondary side is not loaded 

o 	Analyze the causes of the maximum demand (between 6:00 p.m. and 9:00
 
p.m.) and reschedule operations or shed loads to reduce it.
 

All of the above measures would reduce demand, which is a key factor in the tariff
 
structure. For example, a 5-percent reduction in maximum demand would reduce
 
electricity cost 2.7 percent, even assuming no reduction in consumption.
 

Longer-Term Measures
 

Longer-term measures involving significant capital expenditures should also be
 
evaluated:
 

" 	 Recuperation of the waste shellsheat from kiln and coolei should
 
be studied.
 

" 	Also, precrushing of clinker before it enters the cement mill should
 
be considered, as crushing is less energy-intensive than grinding.
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5.1 5. ACTION PLAN 


Although energy appeared to be well under control by plant staff, it is recommended
 
that a series of additional steps be taken to ensure continuous and further
 
achievements in energy efficiency, namely:
 

* 	Appoint an energy coordinator and establish a formal energy manage
ment program to raise awareness, set objectives, and develop and im
plement projects.
 

" 	Carry out the short-term measures listed in Chapter 4 to reduce elec
trical demand and consumption.
 

" 	Analyze the longer-term measures listed in Chapter 4 to determine
 
technical and financial feasibility.
 

With fie likelihood of increasing oil prices over the next few years, it will
 
probably be wise to conduct a detailed instrumented audit of the plant as soon
 
as some of the long-term measures exhibit some financial merits (probablyby 1987).
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