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ABSTRACT

Research Project: ENERGY SAVING IN INDUSTRY

Key words: energy saving, energy consumption, electrical energy, power factor,
power factor correction, aluminum, plastics, industry, Lebanon.

Major Aims and Objectives:

The major aims and objectives of the project are to study and identify methods
for helping different Lebanese industrial sectors in saving electrical energy. This
type of energy is supposed to make one of the most important elements in the
production cost.

Scope of Work:

The scope of work and procedures are as follows:

1- Study the actual energy (electrical energy) consumption of selected aluminum
and plastic industries.

2- Measure or estimate as possible electrical energy consumption values.

3- Where possible give advice on electrical energy saving.

4- Set optimum electrical energy consumption values for local industries in
comparison with similar regional and international industries.

O- Compare measured and estimated and optimum -electrical consumption
values.

0- Summarize conclusion, findings and recommendations.

Summary:

The Lebanese Industry is one of the main customers of EDL. Although special
industrial rates have been negotiated, the Lebanese industry is still facing critical
times 1n integrating with the regional and international industrial market. This is
due to the high production cost and many other problems one of which is
energy. Improving the EDL power supply services and negotiating a better cost
or conditions of the energy consumed by the Lebanese industrial sector and
implement energy saving methods and measures may help to reduce production
cost and hence improve competitiveness.

This research work aims to provide the Lebanese industry with the updated
methods and measures taken by similar industries in Lebanon and abroad to
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improve energy saving and have a better environment. Aluminum and plastics
industries have been chosen for the study because of its known high energy
consumption. Selected aluminum and plastics industries were visited and
electrical consumption have been studied and monitored for a certain period of

ttme. Discussions with managers as well as with technicians have taken place to
achieve certain conclusions.

To suggest energy saving measures at aluminum and plastics industries, a brief
study of the production process and statistics is furnished. The power factor
ISSu¢ as a major power consumption indicator and its correction methods are
also tackled. Energy saving methods and case studies are presented to provide
the Lebanese industry with practical experience to help IMpProving energy
saving.

Monmitored and collected data from the selected aluminum and plastics industries
are also available to support the presented findings, observations and
conclusions.

Recommended long and short term approaches and policies are furnished to
support the Lebanese industry in energy saving and production cost reduction.
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Résumé
Projet de Recherche : Optimisation €énergétique dans 1’industrie

Mots Clés : Optimisation ¢énergétique, consommation d’énergie, énergie
¢électrique, facteur de puissance, aluminium, plastique, Liban

Objectifs et cibles principaux : Les cibles et les objectifs principaux de ce projet
sont 1’étude et 1’1identification des methodes permettant 1’assistance des industriels

libanais dans le domame de I’économie d’énergie. L’énergie consommée
représentant 1’élément le plus important influencgant le coit de production.

Domaine d’application :

Le domaine d’application peut étre résumé par les actions suivantes :

- Etudier la consommation d’énergie électrique dans les industries
d’aluminium et de plastique sélectionnées.

2- Mesurer quand c’est possible ou estimer la consommation de I'énergie
¢lectrique.

3- Donner éventuellement des conseils pour [’optimisation de I’économie de
I’énergie €lectrique.

4- Définir les valeurs optimales de la consommation de 1'énergie é€lectrique
pour les industries locales en comparaison avec des industries régionales et
internationales.

5- Comparer des valeurs de la consommation électrique mesurées, estimeées et
optimales.

6- Interprétation des résultats, conclusions et recommandations.

Résumeé :

L'industrie Iibanaise est I'un des clients principaux de I’EDL. Bien que les taux
industriels spéciaux aient été négociés, I'industrie libanaise fait encore face a des
difficultés concemant ['intégration dans le marché industriel régional et
international. Ceci peut €tre dii a la fois au cout élevé de la production amsi qu’a
divers autres problémes dont le colit de 1’énergie. Il serait donc intéressant
d’améliorer les services de I'EDL et de négocier le colit et les conditions de
I'‘énergie consommée par le secteur industriel libanais. Il en résulte par la suite une
amélioration de la compétitivité par I’introduction des méthodes économes et des
mesures qui peuvent aider pour réduire le cotit de production.
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Ces recherches sont menées afin de fournir les demiéres méthodes et mesures
prises par des industries similaires a l'étranger pour améliorer la consommation de
I’énergie au sein de l'industrie libanaise et pour avoir un meilleur environnement.
Les industries d'aluminium et de plastique ont été choisies pour cette étude, en
tenant compte de leur haute consommation en énergie. Les industries sélectionnées
ont ete visitées et la consommation électrique a été étudiée et suivie pendant une
certaine période de temps. Des discussions complémentaires avec le personnel
concerne ont €galement eu lieu pour aboutir & une conclusion.

Pour suggérer des mesures économes a 1’énergie dans les industries d’aluminium
et de plastique, une bréve étude du processus de la production et des statistiques a
¢té €tablie. Le probléme du facteur de puissance, considéré comme un indicateur
majeur de la consommation de 1’énergie et des méthodes de sa correction, a aussi
ete discuté. Des méthodes d’optimisation de 1’énergie et des études de cas sont
presentees pour fournir 'expérience pratique a I'industrie libanaise.

Les résultats des mesures et les données rassemblées des industries sélectionnées
sont aussi représentés pour approuver les conclusions mises en évidence.

Des approches et des politiques de court et long terme sont fournies pour supporter
I'ndustrie libanaise dans 1’optimisation de la consommation de 1’énergie et la
reduction du colit de production.
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Project Profile
Project Title: ENERGY SAVING IN INDUSTRY

Sector / Sub-Sector: Industry (Aluminum and Plastics Industries).
Component / Sub-Component: Electrical consumption of the running factories.

Objective / Justification:

The objective of this study is to identify how to help industry in saving
energy knowing that energy is one of the most important element cost in the
Lebanese Industry mainly in Aluminum and Plastics Industries.

Scope: The scope initials:

The Aluminum and Plastics industries are to be studied as to their actual

energy (electricity) consumption. This consumption is going to be compared to
optimum running similar industries. Finally estimation w.r.t. energy consumption
will be made. Ultimate goal being the advice as to energy saving.

Bearing in mind some equipment for energy consumption will be installed at
the plants of these industries.

Beneficiary: Aluminum and Plastics Industries.
Operating Agency: MOI / IRI
Implementing Agency: Industrial Research Institute.

Duration: 3-6 months
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1 INTRODUCTION
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Key words: energy saving, energy consumption, electrical energy, power factor,
power factor correction, aluminum, plastics, industry, Lebanon.

1 Introduction:

Energy saving has become one of the most important and critical issues
concerning the modern civil and industrial world since the last decades of the past
century. Many advanced technologies, preventive measures, regulations, and
recommendations have been implemented to save electrical and other types of
energies since the issue became of environmental importance as well.

In industry, energy consumption depends on the type of production as well
as the location of the factories and the cost of electrical energy produced. The cost
of the electrical energy produced and consumed is one of the major factors in
determining the final consumer cost of many products depending mainly on the
methods and the steps used in the production.

The production of electrical energy in Lebanon depends to a high extent on
fuel o1l factories. For this reason, the cost of fuel oil is the primary factor atfecting
the cost of electrical energy production. However, the newly built power plants are
designed to use natural gas which is definitely cheaper and environmentally
friendlier than fuel and diesel oils. Natural gas dragging projects are planned to

supply power plants in the near future with natural gas and then most of the
electrical energy produced in Lebanon will use natural gas. Other neighboring and

Arab countries are already using natural gas resources. For example, Egypt [1] 1s
planning to use its own recourses of natural gas to produce electricity and enjoy

one of the lowest prices ($.0254/kWh) for electricity in the world from an
environmentally clean source.

The energy sector in Lebanon is dominated by the state-owned Electricité du
Liban EDL. EDL is a vertically integrated utility with approximately 900,000
customers. Lebanon's energy production facilities include three thermal power
stations, two gas turbine stations in each of Baalbek and Tyre and seven
hydroelectric stations. In addition, two new combined cycle power plants have
been constructed. Besides these plants, EDL purchases power from four
independent hydroelectric power producers and sells wholesale to four private
distributors. EDL is also the majority shareholder in the previously private-owned
Kadisha company, a thermal and hydro power producer and distributor to about
100,000 customers in North Lebanon. The power sector sustained severe physical

damage to all its production transmission and distribution facilities during the
conflict at the end of the past century. EDL also incurred financial losses resulting

7.
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from previous low tariffs, high technical and non-technical losses, including
widespread illegal connections, and loss of control over its commercial operations

2].

The Lebanese Industry is one of the main customers of EDL. Although
special industrial rates have been negotiated, the Lebanese industry is still facing
critical times in integrating with the regional and international industrial market.
This is due to the high production cost and many other problems one of which is
energy. Improving the EDL power supply services and negotiating a better cost or
conditions of the energy consumed by the Lebanese industrial sector and
implement energy saving methods and measures may help to reduce production

cost and hence improve competitiveness.

This research work aims to provide the Lebanese industry with the updated
methods and measures taken by similar industries in Lebanon and abroad to
improve energy saving and have a better environment. Aluminum and plastics
industries have been chosen for the study because of its known high energy
consumption. Selected aluminum and plastics industries were visited and electrical
consumption have been studied and monitored for a certain period of time.
Discussions with managers as well as with technicians have taken place to achieve
certain conclusions.

l'o suggest energy saving measures at aluminum and plastics industries, a
brief study of the production process and statistics is furnished. The power factor

ISsue as a major power consumption indicator and its correction methods are also
tackled. Energy saving methods and case studies are presented to provide the

Lebanese industry with practical experience to help improving energy saving.

Monitored and collected data from the selected aluminum and plastics

industries are also available to support the presented findings, observations and
conclusions.

Recommended long and short term approaches and policies are furnished to
support the Lebanese industry in energy saving methods and measures and to
protect the logo “Made in Lebanon” as to further spread.



@
(IR

INDUSTRIAL RESEARCH INSTITUTE

BEIRUT - LEBANON

2 MAJOR AIMS AND OBJECTIVES
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2 Major Aims and Objectives:

The major aims and objectives of the project are to study and identify
methods for helping different Lebanese industrial sectors in saving electrical

energy. This type of energy is supposed to make one of the most important
elements in the production cost.

wield i, 7
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3 SCOPE OF WORK
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3 Scope of Work:

The scope of work and procedures are as follows:

1- Study the actual energy (electrical energy) consumption of selected aluminum
and plastic industries.

2- Measure or estimate as possible electrical energy consumption values.
3- Where possible give advice on electrical energy saving.

4. Set optimum electrical energy consumption values for local industries in
comparison with similar regional and international industries.

5- Compare measured and estimated and optimum electrical consumption values.

6- Summarize conclusion, findings and recommendations.

-12-
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4 PLANNING AND PROGRESS
OF THE WORK
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4 Planning and Progress of the Work:

The following actions were done (refer to attached project planning):

4.1 Planning and Control Process: Status ( omplete.

This process includes the following tasks:
4.1.1 Define project objectives and information needs: (refer to above paragraphs)

4.1.2 Develop preliminary conceptual schedule and staffing: (refer to attached
project planning)

4.1.3 Develop appropriation strategy: (refer to above paragraphs)
4.1.4 Develop management model and staff plan: A project manager and
coordinator as well as a professional staff of engineers and technicians were

assigned to perform the research project.

4.1.5 Evaluate project needs: A computerized system for monitoring and recording
data and peak values was assigned to help performing the job.

4.1.6 Prepare final working plan: (refer to attached project planning)
4.1.7 Preparation of data sheets: (refer to attached questioner and data sheet)
4.1.8 Preparation of staff.

4.1.9 Selection of Aluminum and Plastic industries: (refer to attached list of
selected running aluminum and plastic industries)

4.1.10 Approving selected industries.

4.1.11 Invitation letters and contact with industries. (refer to attached invitation
letter)

4.2 Visits and Monitoring of Selected Industries: Status Complete with slight
delay. (Mainly because of bad weather conditions)

4.2.1 Visits were done to all 8 Aluminum and Plastics industries.

_14-
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4.2.2 Monttoring performed and data collected from 3 Aluminum and 3 plastics

industries. One plastics and one Aluminum industry was not in the production
phase during the past period, but preliminary data collected.

4.3 Progress Reports: Delivered according to schedule.

4.4 Data Processing: Status Complete with slicht delay. (Delay in the

monitoring due to bad weather conditions)

Questionnaires, according to submitted sample, were filled for all visited

industries (refer to Appendix). EDL and generator electrical consumption data
collected as valid. Monitoring peaks data were performed and collected to present

as much as possible the electrical consumption of the plant.

4.5 Evaluation of Collected Data: Status Complete with slight delay. (Delay in
the monitoring due to bad weather conditions)

Data from questionnaires were evaluated, prepared, and documented in the

Appendix of the final report. Monitored peak data and consumption tables and
graphs were prepared, and documented in the final report.

4.6 Preparation of Final Report and Recommendations: Status Complete

A brief resecarch on aluminum and plastic production trends, processes,
electric power consumption and energy saving procedures and tips was performed
as to give an idea about these industries in Lebanon and in the rest of the world.
Statistics on production and consumption from different international sources were
also furnished and referenced in the final report.

-15-
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5 POWER FACTOR AND POWER
FACTOR CORRECTION
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5 Power Factor and Power Factor Correction:

The study of the power factor as well as the monitoring of peak loads has
proved to create the major concern for the electrical and electro-mechanical
engineers as well as managers in the industrial sector. This concern 1s due to the
decrease in power production in general and the sharp increase in the cost of the
consuming power bill. For this reason, the correction of the low power factor in
industries by implementing capacitors and by taking different other precautions as
well can lower the production cost up to 20 %.

5.1 Introduction to Power Factor: [3] [4] [5] [6] [7] [8] [9]

Power factor is a measure of how effectively electricity is being used. There
exist various types of power at work to provide electrical energy. Here 1s what each

one is doing.

Working (Active) power is the "true" or "real” power used in all electrical
appliances to perform the work of heating, lighting, motion, etc. Working (Active)
power is expressed as watts W or kilowatts kW. Common types of resistive loads
are electric heating and lighting. Active power in three phase voltage 1s calculated

using the following formula:

Active power [W] = Voltage [V] x Current [A] x Power Factor x 1.732 (¥3)

Every home and business has both resistive and inductive loads. The ratio
between these two types of loads becomes important as more inductive equipment
is being added. An inductive load, like a motor, compressor or ballast, also requires
reactive power to generate and sustain a magnetic field 1n order to operate.
Reactive energy is effectively the power used to energize the magnetic fields in
motors, inductive heaters and so on [9]. This type of power is also called non-
working power VAr or kVAr, or volt — amperes - reactive or kilovolt — amperes -
reactive.

Working power and reactive power make up apparent Power, which 1s called
kVA, kilovolt-amperes. Apparent power in three phase voltage is calculated using
the following formula:

Apparent power [VA] = Voltage [V] x Current [A] x 1.732 (V3)

Going one step further, Power Factor (PF) is the ratio of working (active,
real) power to apparent (available) power (figure 5.1), or the formula:

_17-



INDUSTRIAL RESEARCH INSTITUTE

BEIRUT - LEBANON

PF =kW/kVA

A high PF benetits both the customer and utility, while a low PF indicates
poor utilization of electrical power. Most electricity generating companies apply an
additional charge to large businesses with a PF less than 80-90% (0.8-0.9).
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Figure 5.1 Working power and apparent power relationship [3]

Here 1s an example. A steel stamping operation runs at 100 kW (working
power) and the apparent power meter records 125 kVA. To find the PF, divide 100

kKW by 125 kVA to yield a PF of 0.8. This means that only 80% of the incoming

current does useful work and 20% 1s wasted through heating up the conductors.
Because electricity generating companies must supply both the kW and kVA need

of all customers, the higher the PF is, the more efficient the distribution system
becomes.

Improving the PF can maximize current-carrying capacity, improve voltage
to equipment, reduce power losses, and lower electric bills. The power factor can
be calculated by using simple methods like easy to use software [6].

3.2 Power Factor Correction: [3} [8]

As mentioned above, the inductive components draw reactive power (VAr)
from the mains. It lags behind the active power (W) by 90°. A capacitor, if
connected across the mains, will also draw reactive power VAr(c), but it leads the
active power (W) by 90°. The direction of the capacitive reactive power VAr(c) is
opposite to the direction of the inductive reactive power (VAr) (figure 5.2).

-1R8-
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Figure 5.2 Principle of power factor correction [3]

If a capacitor is connected in parallel with an inductive load, it will draw
capacitive reactive power VAr(c). The effective reactive power drawn by the
circuit will reduce to the extent of the capacitive reactive power VAr(c), resulting
in reduction of apparent power from VA to VAl. The phase angle between the
active power and the new apparent power VAl will also reduce from @ to @1
(Figure 5.2). Thus the power factor will increase from cos ¢ to cos O1.

New Power Factor =cos 31 = W /VAI

By selecting a capacitor of an appropriate value, the power factor can be

corrected to 1. However, in practice, the power factor i1s improved to fall between
0.9 and 0.95.

3.3 Advantages of Power Factor Correction:

The main advantages of the Power Factor Correction are: [3] {7]

1- Lower loads:

The electrical load on the utility 1s reduced, thereby allowing the utility to
supply the surplus power to other consumers, without increasing its generation
capacity. For example [10], ABB Power Technology Products and Syncrolift, Inc.
have installed a power factor correction system that will allow considerable power
savings for Peterhead harbour’s shiplift system in north east Scotland. The
Syncrolift provides a lifting capacity of 2685 tones and has a maximum load of
256 kVA. With the new ABB equipment in the Syncrolift power system, the power
requirement needed to generate the Syncrolift has been reduced to 168 kVA.
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2- Avoiding Penalties:

Most of the utilities impose low power factor penalties. By correcting the
power factor, this penalty can be avoided.

3- Lower load currents:

High power factor reduces the load currents. Therefore, a considerable
saving i1s made in the hardware cost, such as cables, switchgear, substation

transformers, etc.

The simplest way to improve power factor is to add PF correction capacitors
to the electrical system. PF correction capacitors act as reactive current generators.
They help offset the non-working power used by inductive loads, thereby
improving the power factor. The interaction between PF capacitors and specialized
equipment, such as variable speed drives, requires a well designed system.

PF correction capacitors can switch on every day when the inductive
equipment starts. Switching a capacitor on can produce a very brief over-voltage
condition. If a facility has problems with variable speed drives turning themselves

off due to over-voltage at roughly the same time every day, investigate the
switching control sequence. If a facility complains about fuses blowing on some,

but not all, of their capacitors, check for harmonic currents.

5.4 Correction of Power Factor with Capacitors: [4]

Power factor is the relationship (phase) of current and voltage in AC
electrical distribution systems. Under ideal conditions current and voltage are in
phase and the power factor is 100%. If inductive loads (motors) are present, power
factors less than 100 % (typically 80 to 90 % can occur).

Low power factor, electrically speaking, can cause heavier current to flow in
power distribution lines in order to deliver a given number of kilowatts to an
electrical load.

There are several methods of correcting lower power factor. Commonly used
are:
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5.4.1 Capacitor Banks:

The most practical and economical power factor correction device is the
capacitor. It improves the power factor because the effects of capacitance are
exactly opposite those of inductance.

The VAr or kVAr rating of a capacitor shows how much reactive power the
capacitor will supply. Since this kind of reactive power cancels out the reactive
power caused by inductance, each kilovar of capacitance decreases the net reactive
power demand by the same amount. A 15 kVAr capacitor, for example, will cancel
out 15 kVA of inductive reactive power.

Capacitors can be installed at any point in the electrical system and will
improve the power factor between the point of application and the power source.
However, the power factor between the load and the capacitor will remain
unchanged. Capacitors are usually added at each piece of offending equipment,
ahead of groups of motors (ahead of motor control centers or distribution panels)
or at main services.

5.4.2 Switched Capacitors:

Plants equipped with very large, intermittent inductive loads, such as large
motors, compressors, etc., may require switched capacitors; that 1s, capacitors are
connected to individual motors or groups of motors. Therefore, they are only in
action when the motor load is turned on. Or, capacity may be switched on and off
at the substation, depending on measured power factor. The switching feature 1s
only required if the capacitors needed are so large that they cause an undesirable
leading power factor during times when large motors are turned off.

5.5 Capacitors and Applications:

5.5.1 Capacitor Elements: {11] [12]

Capacitor elements are usually produced using metallised film technology.
Capacitor elements are normally manufactured in voltages between 230V and
690V in different styles. Self healing properties may enable capacitors to continue
operating after the occurrence of a short circuit between the plates. Any failure due
to dielectric defects is self cleared in milli-seconds without affecting normal
operation, hence longer working life. Units must be environmentally friendly (Non
toxic Dielectric Fluid). Usually capacitor elements incorporates patented safety
device which disconnects both connections to the element, in case of element
breakdown.

1-
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5.5.2 Low Voltage Metallised Film Capacitors: [11] [12] [13]

Usually with low loss, less than 0.5 watts per kVAr, including discharge
resistors. Must be environmentally safe, the dry type construction (figure 5.3)
eliminates flammable impregnates and does not cause leakage or pollution
problems. Standard voltage is usually 415-440 VAC. Self healing properties may
enable capacitors to continue operating after the occurrence of a short circuit

between the plates. Such capacitors must meet the requirement of standards, such
as IEC 831, BS 1650, and IEC 70/70A.

Figure 5.3 Dry type (Modular) power capacitors [12]

5.5.3 Low Voltage Slimline Capacitors: {11]

This type of capacitors is designed for the manual or automatic bulk power
factor correction of small industrial loads or load centers in one or two switching
stages (figure 5.4). Units may comprise a low loss dry-type metallised film
capacitor with integrally mounted control equipment. Such capacitors must meet
the requirement of standards, such as IEC 831, BS 5486. They are characterized by
manual or fully automatic control, low loss, self healing properties, individually
fused elements, non flammable construction, environmentally {riendly.

5.5.4 Low Voltage Automatic Range: [11] [14]

Automatic units are designed for fully automatic bulk power factor
correction of medium size industrial loads. Units can be supplied in single or
multi-stage switching steps, with or without a main integral fuse-switch. The

equipment is of a non flammable, environmentally friendly construction, with easy
access for maintenance. Such capacitors must meet the requirement of standards,

9-
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such as IEC 831, BS 1650, and IEC 70/70A. Self healing properties enable

capacitors to continue operating after the occurrence of a short circuit between the
plates.

Figure 5.4 Pre-assembled capacitor tray (left) and capacitor module (right) [14]

5.5.5 Low Voltage Cubicles: [11] [14]

These cubicles are designed for the automatic power factor correction of
industrial loads. Units can be supplied with a reactive sensing relay or arranged to
operate from existing control devices. Cubicles can house up to 300 or even
400k VAr of capacitors (figure 5.5) switched in stages of 25 to 100kVAr dependent
upon requirements (figure 5.4). Such capacitors must meet the requirements of IEC
831, BS 1650, and IEC 70/70A. Capacitors are fully automatic control, easily
extendible, with low loss, self healing, and individually fused elements. They must
have a non flammable construction, and environmentally friendly.

5.5.6 Active Harmonic Conditioner: [11] {14] [15]

Harmonic distortion caused by non-linear electrical loads, to be discussed
later, 1s becoming a growing problem for both electrical suppliers and users.
Harmonic conditioner counteracts the harmonics by injecting equal and opposite
signals 1nto the supply to cancel the offending waveforms. Such capacitors can
continuously guarantee efficient harmonic compensation even when changes are
made to the installation. Such conditioners can be auto configured to harmonic
loads whatever their magnitude, compatible with electrical generators, and can be
connected to any point in the network (figure 5.5 left).
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Figure 5.5 Automatic PFC up to 400K VAr per cubicle (left) and Automatic PFC
for harmonic applications (right) [14]

5.5.7 Medium and High Voltage Capacitors: [11] [16]

May be manufactured in a wide range of ratings and enclosures, medium
and high voltage capacitors must be electrically proven, single and three phase low
loss units, suitable for indoor and outdoor installation. Capacitors must comply
with international standards and use environmentally friendly PCB-free
impregnate. Usually comprises several layers of polypropylene film impregnated
with an insulating fluid. Such capacitors are designed to withstand high stresses
with highly efficient back-up protection, and with each individual element
safeguarded by a built-in, series connected fuse. This type of capacitors is suitable
for indoor or outdoor use in cubicles, tanks or open racks (figure 5.6).

5.6 Rating of Capacitors:

The rating of the capacitor is found by using power factor correction method
at maximum power with desired power factor of 93%. The rating of the capacitor
at each substation can be calculated. The capacitor ratings are not standard. It must
be approximated to nearest available rating [17].
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Figure 5.6 High voltage power capacitor [16]
1- PFC Selection for Individual Motors: |18]

It will be necessary to select a capacitor kVAr size from a table supported by
the manutacturer of capacitors to match motor Hp and speed (Suggested Capacitor
Ratings kVAr). Then select a capacitor catalog number to match the kVAr selection
and motor voltage. Capacitors selected from the table correct motor PF to
approximately 95%.

When capacitors are applied on the load side of the motor overloads, reduce
the overload or relay size by the percent (%AR) in the table. When the motor is
controlled by other than full voltage non-reversing across the line starters, locate
the capacitor upstream from the controller. Do not apply capacitors on the load side
of motor starters subject to reversing, inching, jogging or plugging, or that are
multi-speed, open transition or solid state, or when the load may drive the motor
such as with cranes and elevators.

Caution 1s advised 1n over sizing capacitors when connected on the load
side of the motor controller and left to discharge into the motor when turned off.
Damaging self excitation voltages may occur if kKVAr current is more than motor
no-load current.

2- PFC Selection for System or Group Loads: [18]

Use the kW Factor table supplied by the manufacturer of capacitors to
determine the capacitor kVAr size required to improve PF of a single load or entire
power system. Actual power factor, peak kilowatt demand and desired PF are
required. A calculation of each month's data for the year is recommended to
determine the maximum kVAr required.

25



INDUSTRIAL RESEARCH INSTITUTE

BEIRUT - LEBANON

Example: How much kVAr is required to correct an entire 480 V system to a 0.90

power factor when the peak kilowatt demand was 620 kW at a 0.65 PF?
Use the formula: kVAr = kW x kW FACTOR

From the kW Factor table, find the Factor that applies to a system with an original

PF of 0.65 and desired PF of 0.90. This Factor is read to be 0 .685. Therefore :
kVAr = 620 x 0.685 =425 kVAr

5.7 Connection of Capacitors in Luminaires (lishting):

All discharge lamps, such as fluorescent lamps, high pressure mercury vapor
lamps, sodium lamps, metal halide lamps, etc., require ballasts (chokes) or
transformers for their operation. These devices are inductive in nature. When a
discharge lamp is switched on, it draws apparent power from the mains. This
apparent power (VA) has two components; one is the active power (W) actually
being consumed by the lamp for illuminating it, and the other 1s the reactive power
(VAr) feeding the electromagnetic circuit of the control gear [3].

For a typical neon transformer, the power factor is between 0.3 and 0.5;
thus, the apparent power is more than double the real, or effective, power.
Consequently, the wiring the power company provides to the site, as well as the
wiring in the building, has to be sized according to the apparent power , which 1s
more than twice than what would be needed at the optimum power factor (1.e. cos

o=1) [18].

This is why power companies charge extra if a site's apparent power
consumption is higher than the effective power. However, it is incorrect to say the
apparent power is real consumption, which is a common misconception some
companies use. This claim suggests a higher consumption for neon than is
realistically true [19].

5.7.1 Parallel (Shunt) Connection: {3]

This is the most popular method of connection. The capacitor is connected
in parallel to the luminaire as shown in figures 5.7 and 5.8. The voltage rating of

the capacitor is usually the same as (or a little higher than) the system voltage.
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Figure 5.7 Scheme of parallel connection of capacitors in Luminaires [3]
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Figure 5.8 Scheme of parallel connection of capacitors in Luminaires [3]

5.7.2 Series Connection: |3]

In case of a double (twin) fluorescent luminaire, where two lamps are
controlled by two ballasts, it is usual to over-compensate one ballast by connecting
a capacitor in series with it, and to leave the other ballast uncompensated. The
leading power factor on the first ballast, in conjunction with the lagging power
factor of the second ballast, brings the total power factor to near unity. The scheme
is shown in figure 5.9. The voltage rating of series connected capacitors is much
higher than the supply voltage and must be correctly selected.
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Figure 5.9 Series connection of capacitors in Luminaires [3]

5.7.3 Operating Instructions: [3]

I~ The capacitors retain electrical charge, even when the power is switched off. It
may be dangerous to touch the terminals of the capacitors, unless the capacitors are
tully discharged. For safety requirements, most lighting capacitors are supplied
with internal discharge resistors, so that the capacitor voltage drops to below 50 V

within 1 minute of switch off. Even then, care should be exercised in handling the
lighting fixtures.

2- Some times by oversight or by ignorance, capacitors meant for parallel
operation are installed in series with the ballasts. Since the capacitors have
sufficient safety margin in their insulation ratings, this error may pass unnoticed at
the time of commissioning of the installation. However, with passage of time, the
capacitor 1s overburdened and overheated, and may cause catastrophic losses.
Theretore, care should be taken in selecting voltage rating of the capacitors, which
should strictly be according to the application requirements.

3- As ballasts generate heat, capacitors with thermoplastic cases should be placed
as much away from the ballasts as possible. Care should be taken that the capacitor
case temperature does not exceed the rated temperature printed on the capacitor. If
the heat dissipation within the luminaire is not proper, capacitors with aluminum
case should be used.

8-
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4- Some other usetul instructions should be kept in mind: [19]

- Don't use high-power-factor transformers or compensation capacitors in dimmed
neon installations. They will damage the dimmer.

- Don't place high-power-factor transformers or compensation capacitors behind a
flasher when neon flashes rapidly. Instead, install a separate capacitor before the
flasher.

- Don't 1nstall electronic neon power supplies with compensation capacitors. Both
will be damaged if you do so.

- Don't add capacitors to the neon transformers where supposed central
compensation 1s employed 1n a building. It's unnecessary.

- Do rate compensation capacitors. They should be rated for the same temperature
rate as the transformer.

- Do mstall compensation capacitors as closely as possible to the neon transformer
in the transformer box.

- Do use high-power-factor transformers with built-in capacitors (where possible).
They're listed as perfect matches for the transformer.

5.8 Power Factor versus Load and Voltage Imbalance: {20]

A discussion of the effect of load and voltage imbalance on the power factor

1S important since such questions are raised up by electrical and electro-mechanical
engineers. Before going further in this discussion, the following questions should
be raised:

- What does a balanced system mean to the utility?
- Does not voltage imbalance cause lower PEF?
- Does not load imbalance cause voltage imbalance?

Load 1mbalance causes voltage imbalance, but the voltage imbalance has no

direct impact on the power factor. Power factor is related to the phase angle
between the voltage and current phases. So power factor is not related to voltage

imbalance or load imbalance. Changes in the relative phase voltage magnitudes do
not impact the phase angle between voltage and current in a particular phase.

If load imbalance does cause voltage differences on three phase systems,
how 1s 1t then that this consequence of the loading imbalance, 'voltage difference’
does indirectly cause a lower PF. If one has a motor and the voltages are different
between the phases and the motor must work harder, less efficient, does not this
affect the power factor? Likewise, what if the voltage difference is caused by load

imbalance on the feeder? Would that poor loading equaled poor voltage which
increased the current causing lower PF.
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It 1s correct that voltage imbalance on a motor does cause it to work less

efficiently, but that results in additional losses (real power) in the motor. If
anything, this would likely increase (improve) the power factor of the motor, rather

than decrease it. The only real savings from the generation side of the equation are
the reduction of losses in the system when the power factor is improved.

Power factor 1s not efficiency. Substituting efficiency in the statements
above and they become valid.

Improved PF => increased efficiency => savings.
Improve load balance => increased efficiency => savings.

Improved balance does not yield improved PF, and improving PF does not
mean better balance. Improving either/both can be used to increase system

capacity, but should not be considered interchangeable.

As a result of the above discussion, the power factor will be changed
marginally by balancing the utility load. However, the utility load on the primary
distribution level is essentially balanced three phase load. The imbalance is very
small or negligible. The larger imbalances are caused by faults that cause trips.
When 1t comes to single phase loads, e.g. motors, there is some potential change in
the voltage unbalance by changing the power factor. If the single phase motor
current 1s reduced by a power factor capacitor compensation, the current from the
power source decreases and the voltage at the power source increases in that phase.
Also, the single phase VA power being drawn from the source is decreased.
Similar reasoning can be applied to the three phase motors, namely, the voltage
unbalance causes the motor individual line power factor to be different. The

balanced voltage source implies the power factor in each phase to be the same.

5.9 Precautions to be Considered when Using Capacitors:

All capacitors have a finite life and older devices fail without warning. Some
old equipment may contain PCB and could be both hazardous and illegal, if
unregistered. Don't be fooled by the fact that contactors may still switch on and off
and 1ndicator lights may still illuminate even though the capacitors have ceased to
operate. Modern, high quality, capacitors have fail safe protection systems, which
enable them to quietly disconnect themselves, again, failure goes undetected. [9]

5.9.1 Thermal Management of Electrolytic Capacitors: [21]

Capacitors act as an electrical accumulator, taking in excess power to help
maintain a constant voltage or power level. Analogous to a shock absorber in a car,
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the capacitor acts to slow any changes in the input power, while allowing a

metered amount of energy to exit. In the automobile, bumps in the road cause the
changes in input power, and the result of slowing these changes is a smooth ride. In

the electrical circuit, the capacitor takes variations in the input and creates a
regulated output. The difference between the input and output energy is converted
to heat within the capacitor.

In typical power electronics applications, the electrolytic capacitor takes
delivered AC power and converts it to a constant voltage output. Since mechanical
components are becoming increasingly sensitive to voltage transients, the demand
on electrolytic capacitors and the heat generated by this demand continue to
Increase.

Electrolytic capacitors use a semi-liquid electrolyte inside the case to make
electrical contact with the foil windings. This electrical interface is inherent in the
capacitor’s ability to carry current and function as an energy storage unit for the
electrical power input. When the interface between the electrolyte and the metallic
toil windings begins to degrade, the electrical connection begins to fail. Heat build
up 1s the primary cause of this degradation, which, depending on severity, can
cause either short-term catastrophic failure, or long term functional degradation.
Similar to the life expectancy of a silicon semiconductor die, the life expectancy of
an electrolytic capacttor relates directly to its internal temperature. Every 10° C
increase in internal temperature halves the component lifetime.

The structure and materials used in the capacitor make heat dissipation more
difticult. To operate properly, the case must be electrically isolated from the core
where heat is generated. The voltage breakdown of the insulation materials is often
in excess of 350 volts DC. However, materials that have a high enough dielectric
constant to have this high a breakdown voltage are, by nature, very poor thermal
conductors. The insulation adds a thermal resistance that limits the amount of heat
that can be rejected from the core. Any external cooling can only dissipate what
heat can escape through this limiting thermal resistance. This leads to inner
temperatures that are substantially higher than ambient. The result is shorter
capacitor lifetime.

Cooling a capacitor will extend its life. Alternatively, taking away more heat
from the capacitor gives it more power carrying ability. Whether the goal is longer
life or higher power, the solution is cooling.

The traditional method for cooling capacitors is to provide physical
isolation. With enough air space around the capacitor, it will stay sufficiently cool
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for most applications. In higher power cases, the larger heat load may necessitate
the addition of a fan, which can actively pass cooling air over the capacitor bank.

In many current applications, however, the internal temperature
requirements have been ignored: many times the capacitor banks are so densely
packed that the capacitor bodies are touching. Even though the capacitor
specifications usually require a 1" spacing, the demand for smaller packages
overrides the capacitor’s need for cooling. The result of this tight spacing is shorter

capacitor lifetime,

There are many other methods to remove capacitor heat. Some are as simple
as ensuring a good conduction path between the closed end of the part and a large
thermal conductor. Folded fin material wrapped around the capacitor and attached
with a clamp is another innovative way to increase cooling surface area. The
folded fin material is flexible, and is available in many fin thicknesses and
densities. This additional cooling surface area can make a big difference in
capacitor lifetime.

In conclusion, controlling the internal temperature of electrolytic capacitors
ensures system life and performance. The cooling of the capacitors can take many
forms, from the tradition of physical isolation to the addition of extended heat
transfer surfaces. Keeping the core temperatures of the capacitors regulated, and
within the manufacturers’ specifications, improves end-product rehability, saving
warranty and repair costs for both manufacturer and end-user.

5.9.2 Power Factor Correction and Harmonic Reduction Equipment: [22]

Installing power factor correction makes good sense as it reduces the total
kVA drawn from the supply and frees up capacity for additional load. Whether you
are correcting individual motors or installing a large automatic PFC board, the
reduction in peak kVA will mean a saving in KkVA charges. Often the payback
period is less than two years.

In practical terms power factor correction consists of connecting suitably
sized capacitors across the three phase supply. As the current in the capacttors
leads the phase voltage, and the current in a poor power factor load lags the phase
voltage, the net effect is to cause the supply current to be nearly in phase with its
voltage giving a high power factor. The figure 5.10 shows the addition of the load
current to the capacitor current to give the new supply current. Note the new
supply current is smaller than the old load current and in phase with the phase
voltage.
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These days load currents are rarely as sinusoidal as the one shown below.
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Figure 5.10 Sinusoidal character of load currents [22]

The prevalence of computers, ballasted lighting, AC and DC drives and
rectifying plant mean that peaky, lumpy currents are drawn. These currents are the
combination of the 50Hz fundamental plus the higher frequency harmonics drawn
by the load. The result of loads drawing harmonics is to distort the mains supply
voltage so that it is no longer sinusoidal either, but contains higher frequency
harmonic voltages. As capacitors offer less impedance to these higher frequency
harmonic voltages, there are resultant harmonic currents in power factor correction
capacitors.

[f the supply voltage is sufficiently distorted, a considerable amount of extra
current can flow in PFC capacitors, causing overheating and reduced life.

Resonance is another problem which is appearing more regularly with
increased use of harmonic drawing loads. It occurs when the inductance of the
local supply transformer reacts with the PFC capacitors to cause a resonant
increase or amplification of an existing harmonic current. Thus if a large multi-step
PFC unit is installed at a site with harmonics, it is likely that at least one
combination of capacitors will result in a resonant condition which will be
detrimental to capacitor life. Because modern controllers can switch in various
arrangements of steps to get a certain capacitance, the stress of resonance may be
distributed over many of the steps and lead to a gradual failure. This 1s in contrast
to the older type controllers, which used the same steps for the same capacitance.
Here it was easy to see if one group of capacitors only, were overheating, a likely

pointer to a resonant condition.
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To prevent harmonic overheating of capacitors, harmonic blocking chokes

are fitted to each capacitor step. These define the resonant frequency below the
lowest harmonic, to a frequency where resonance 1s extremely unhikely. Thus they

protect the capacitor from overload and protect the mains supply from unwanted
resonances with PFC capacitors.

Gone are the days where capacitors could be blindly slapped across the
mains to improve power factor. Without knowledge of the existing power quality at
a site, introducing capacitors can make things worse rather than better. Professional
companies perform harmonic site surveys for their installations to ascertain if
harmonics could be a problem. Only sites with reasonably clean mains will have
capacitors installed without blocking chokes. Where future loads of a harmonic
nature are a possibility chokes are always specified.
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6 Aluminum Industries and Energy Saving:

6.1 Background on Aluminum: [23]

Although aluminum is, after oxygen and silicon, the third most abundant
element in the Earth's crust, it is by far the youngest of the major industrial metals,
first produced on a commercially significant scale only just over a hundred years
ago. Like lead, tin, iron aluminum exists naturally only in the form of compounds.
Sir Humphrey Davy was the first, in 1807, to separate it from its oxide, alumina,
though only in the form of an aluminum- iron alloy, and it was he who gave the
metal its name.

A Frenchman, Henri St. Claire Deville, developing earlier work by the
German scientist Friedrich Wohler, used a complex thermo-chemical method to
produce small quantities of metallic aluminum in 1855. The strange new metal
enjoyed a modest vogue in jewellery and cutlery, but, although the price dropped
considerably over the next thirty years, it remained far too expensive for
commercial use.

The breakthrough came in 1886 when, working quite independently, Paul-
Toussant Heroult in France and Charles Martin Hall in the USA published patents
for the molten electrolytic process of producing metallic aluminum from alumina.

Shortly afterwards, Dr Carl Josef Bayer in Austria patented his technique for
converting bauxite ore to alumina.

The basis was laid for the methods used in aluminum production all over the
world today, and still known as the Bayer Hall-Heroult process.

6.2 Properties of Aluminum: [24] [23]

Only a remarkable combination of useful properties could bring a new
material so quickly from nowhere to a top position with a wide range of
applications. The advantages of aluminum are so wide-ranging that they deserve to
be specially listed:

a) Lightness: On a volume basis, aluminum is only about one-third the weight of
steel. Significant weight savings can be made in almost every type of
mechanical application.

b) Durability and Corrosion Resistance: Because aluminum quickly forms an
impervious oxide skin on exposed surfaces, it is highly resistant to atmospheric
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corrosion, even in marine conditions. So 1t does not require painting for
protection.

¢) Excellent Electrical and Thermal Conductivity: The specific electrical
conductivity of aluminum makes it indispensable for electronics and electrics.
Aluminum cables carry twice as much current as copper of the same weight.
High thermal conductivity makes it very suitable for heating and cooling
applications.

d) Workability and Ductility: Aluminum can be formed by all the common
metal-working techniques, more easily than most. It is easy to cast, or die-cast to
precise and complex shapes. It can be forged, rolled to a superfine foil, and
extruded into intricate sections, or pressed. Super plastic alloys can be worked
almost like vacuum-formed plastics. Aluminum is also one of the easiest and
fastest materials to machine.

e) Versatility: Aluminum alloys can be stiff or supple, especially strong or
particularly corrosion-resistant. It is easy to tailor the metal, by alloying and heat
treatment, to meet a wide range of needs.

f) Attractiveness, Impermeability and Odorlessness: Aluminum 1s a "clean”
material. It looks good without further finishing, but takes kindly to a wide

range of applied coatings, from paints to colored anodizing. Aluminum {foil,
even when 1t is rolled to only 0.007 mm thickness, is still completely
impermeable. Light aroma nor taste substances cannot penetrate through.
Moreover, the metal 1itself 1s non-toxic and releases no aroma or taste
substances, which makes it ideal for packaging sensitive products such as food
or pharmaceuticals.

g) Totally Recyclable: Aluminum is 100 % recyclable with no downgrading of its
qualities. It is easily reprocessed using 5% of the energy needed tor primary
smelting. Almost one third of all the aluminum used today is produced from
scrap, either from production processes or from recycled products.

h) Good Reflective Properties: Aluminum is a good reflector of visible light as

well as heat, and that together with its light weight makes it an ideal material for
reflectors in, for example, light fittings or rescue blankets.
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6.3 Production Process of Aluminum:

Aluminum can be produced in two different ways. Primary production from
ore and recycled aluminum from process scrap and used aluminum products.
However, the production of primary aluminum consists of three steps: Bauxite
mining, alumina production and electrolysis.

6.3.1 Alumina Production: {24|

Bauxite has to be processed into pure aluminum oxide (alumina) before it
can be converted to aluminum by electrolysis. This is achieved through the use of
the Bayer chemical process in alumina refineries. The aluminum oxide 1s released
from the other substances in bauxite in a caustic soda solution, which 1s filtered to
remove all insoluble particles. The aluminum hydroxide is then precipitated from
the soda solution, washed and dried while the soda solution is recycled. After
calcination, the end-product, aluminum oxide (ALOs), is a fine grained white
powder.

Four tons of bauxite is required to produce two tons of alumina which 1n

turn produces one ton of aluminum at the primary smelter. In 1998, 45 million tons
of alumina was produced world-wide. The main production areas are (figure 6.1):
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South Ao ica

Norts Arrsenca

Figure 6.1 Major production areas of Alumina in the world [24]

6.3.2 Electrolysis: [24]

Primary aluminum is produced in reduction plants (or "smelters"), where

pure aluminum is extracted from alumina by the Hall-Héroult process as shown on
figure 6.2. The reduction of alumina into liquid aluminum is operated at around

950 degrees Celsius in a fluorinated bath under high intensity electrical current.
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This process takes place in electrolytic cells (or "pots"), where carbon cathodes
form the bottom of the pot and act as the negative electrode. Anodes (positive
electrodes) are held at the top of the pot and are consumed during the process when
they react with the oxygen coming from the alumina. There are two types of
anodes currently in use. All pot lines built since the early 1970s use the pre-baked
anode technology, where the anodes, manufactured from a mixture of petroleum
coke and coal tar pitch (acting as a binder), are ‘pre-baked’ in separate anode
plants. In the Soederberg technology, the carbonaceous mixture Is fed directly into
the top part of the pot, where ‘self-baking’ anodes are produced using the heat
released by the electrolytic process.
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Figure 6.2 Schematic presentation of the electrolysis process. [24]

At regular intervals, molten aluminum tapped from the pots 1s transported to
the cast house where it is alloyed in holding furnaces by the addition of other
metals (according to the user’s needs), cleaned of oxides and gases, and then cast
into ingots. These can take the form of extrusion billets, for extruded products, oOr
rolling ingots, for rolled products, depending on the way it is to be further
processed. Aluminum mould castings are produced by foundries which use this
technique to manufacture shaped components.

World-wide trends in production are shown on figure 6.3. Aluminum output
has increased by a factor of 13 since 1950; making aluminum the most widely used
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non-ferrous metal. In 1998, world-wide production of primary aluminum was
about 22.7 million tons per year for and installed capacity of 24.8 million tons.

The main production areas are North America (6 million tons), Europe (3.6
million tons) Africa, Australia, CIS, Central and South America, and the Middle
East. In Europe the main producing countries are France, Germany and Norway.
World-wide, production plants are mainly located where suitable electrical energy
resources are available.
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Figure 6.3 Production of primary aluminum (million tons/year) [24]

6.4 Aluminum Products: [23]

Aluminum products and semi-products are produced by shaping processes
such as Extrusion, Rolling, Casting and Drawing.

6.4.1 Extruded Products:

Extrusion is the process of shaping a metal, such as aluminum, by forcing it
to flow through a shaped opening in a die. The metal emerges as an elongated
piece with the cross-sectional profile of the die opening. The process also gtves 1ts’

name to the product obtained hence.

Aluminum extrusions can be made with almost any kind of cross-sectional
shape. They can be further fabricated with ease by cutting, drilling, punching,
machining, bending, finishing and other conventional methods.
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6.4.2 Rolled Products:

Hot and cold rolling processes are used to obtain flat products such as
sheets and foil.

6.4.3 Castings:

Casting methods, such as pressure, die, sand, and investment are used to
produce castings in different shapes and size. Those parts are employed generally
in vehicle manufacturing industries.

6.4.4 Aluminum Conductors:

The specific electrical conductivity of aluminum makes it indispensable for
electronics and electrics. Aluminum cables carry twice as much current as copper
of the same weight. Also, high thermal conductivity makes it very suitable for
heating and cooling applications. That is why aluminum conductors have replaced
copper for the transmission of electrical power from the generator plants to the
cities.

6.5 Extruded Aluminum Products: {23]

Extruded products constitute more than 50 % of the market for aluminum
products in Europe of which the building industry consumes the majority.
Aluminum extrusions are used in commercial and domestic buildings for window
and door frame systems, prefabricated houses / building structures, roofing and
exterior cladding, curtain walling, shop fronts, etc. Furthermore, extrusions are
also used in transport for airframes, road and rail vehicles and in marine
applications.

The term extrusion is usually applied to both the process, and the product
obtained, when a hot cylindrical billet of aluminum is pushed through a shaped die
(forward or direct extrusion, figure 6.4). The resulting section can be used in long
lengths or cut into short parts for use in structures, vehicles or components. Also,
extrusions are used for the starting stock for drawn rod, cold extruded and forged
products. While the majority of the many hundreds of extrusion presses used
throughout the world are covered by the simple description given above it should
be noted that some presses accommodate rectangular shaped billets for the purpose
of producing extrusions with wide section sizes. Other presses are designed to push
the die into the billet. This latter modification is usually termed "indirect”
extrusion.
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Figure 6.4 Schematic presentation of the direct extrusion process [24]

The versatility of the process in terms of both alloys available and shapes
possible makes it one of the most valued assets in helping the aluminum producer
supply users with solutions to their design requirements.

The fundamental features of the process are as follows: A heated billet cut
from DC cast log (or for small diameters from larger extruded bar) is located in a
heated container, usually around 450 °C - 500 °C. At these temperatures the flow
stress of the aluminum alloys is very low and by applying pressure by means of a
ram to one end of the billet the metal flows through the steel die, located at the
other end of the container to produce a section, the cross sectional shape of which

is defined by the shape of the die (figure 6.5).

All aluminum alloys can be extruded but some are less suitable than others,
requiring higher pressures, allowing only low extrusion speeds and/or having less
than acceptable surface finish and section complexity. The term ‘extrudability’ 1s
used to embrace all of these issues with pure aluminum at one end of the scale and
the strong aluminum/zinc/magnesium/copper alloys at the other end. The biggest
share of the extrusion market is taken by the 6000, AIMgSi series. This group ot
alloys has an attractive combination of properties, relevant to both use and
production and they have been subject to a great deal of R & D in many countries.
The result is a set of materials ranging in strength from 150 MPa to 350 MPa, all
with good toughness and formability. They can be extruded with ease and their
overall ‘extrudability’ is good but those containing the lower limits of magnesium
and silicon e.g. 6060 and 6063 extrude at very high speeds - up to 100 m/min with
good surface finish, anodizing capability and maximum complexity of section
shape combined with minimum section thickness.
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Figure 6.5 Major elements of the direct extrusion process [24]

Press load capacities range from a few hundred tons to as high as 20,000
tons although the majority ranges between 1,000 and 3,000 tons. Billet sizes cover
the range from 50 mm diameter to 500 mm with length usually about 2-4 times the

diameter and while most presses have cylindrical containers a few have rectangular
ones for the production of wide shallow sections.

The ease with which aluminum alloys can be extruded to complex shapes
makes valid the claim that it allows the designer to "put metal exactly where 1t is
needed", a requirement of particular importance with a relatively expensive
material. Furthermore, this flexibility in design makes it easy, in most cases, to
overcome the fact that aluminum and its alloys have only 1/3 the modulus of
elasticity of steel. Since stiffness is dependent not only on modulus but also on
section geometry it is possible, by deepening an aluminum beam by around 1,5
times the steel component it is intended to replace, to match the stiffness of the
steel at half the weight. Also, at little added die cost, features can be introduced
into the section shape which increase torsion stiffness and provide grooves for say
fluid removal, service cables, anti-slip ridges etc. Such features in a steel beam
would require joining and machining, thus adding to the cost and narrowing the
gap between initial steel and aluminum costs.

Over the last 20 years demand for extruded products increased steadily with
an average annual growth rate of 3.3% (figure 6.6). In 1980 demand was 1.25
million tons for extrusions, and the market volume peaked in 2000 with 2.45
million tons.
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Figure 6.6 Growth in demand on extruded products [24]

In line with the general economic slowdown the year 2001 was a depressed
year for the extrusion market. Demand for aluminum extrusions fell by 3.1% 1n
2001. Because of de-stocking order intakes fell by 6.2%. The use of extruded
products in Western Europe reached an estimated 2.37 million tons in 2001. A
decrease of 1% in extruded product demand was noted for the first 2 quarters of
2001, this further worsened to a 5% drop in the last 2 quarters compared to the
same period the previous year. For 2002 a small recovery is forecast following
which the upturn should reach long-term average growth levels.

6.6 Useful Statistics on Aluminum: [23] [25]

Average annual aluminum consumption in the world is about 22 million
tons. Western World (Europe, North America, South America, Africa, Asia-Japan
and Australasia) uses 86% of the aluminum produced whereas Eastern World (CI5,
East Europe and China) consumes the rest 14% [23].

Primary aluminum production in 1997 increased by 4.1% compared to 1996.
The increase in production according to geographical locations is as follows: 4.4%

in Europe, 9.3% in Africa, 10.1% in Asia, 1.1% in North America, 13.2% in China,
1.3% in Russia [23].

Aluminum consumption per capita in 1990 was 18.3 Kg in Europe, 26.9 Kg
in the US and 30.9 Kg in Japan. Consumption per capita has increased by 85% n
Europe, 32% in the US and 153% in Japan since the year 1975 [23].
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In China, and according to Asia Aluminum Holdings Limited, having its
annual capacity increased to 120,000 Mt, reports in 2002 a dividend payout at 45%
a yleld of 4%. The turnover of the company by product is reported to be 86 % for
aluminum extrusion products, 7 % for stainless steel, 6 % for aluminum panels,
and 1 % for design and testing of aluminum products. The gross profit margin
being 20.2 %, 21.5 %, 21.1 %, 22.9 % in the years 1999, 2000, 2001, 2002
respectively [25].

6.6.1 The USA Aluminum Industry in Brief: [23]

In the USA, 12.2 million tons of primary aluminum was produced in 1995.
End-use figures according to various sectors are as follows: Packing: 2.31 million
tons; Machinery & Engineering: 569,000 tons; Electrical Engineering: 657,000
tons; Building & Construction: 1.21 million tons; other: 279,000 tons. 1.3 million
tons of primary aluminum was exported.

Total extrusion shipments in The USA rose sharply in 1997 to 1.36 Mton,
compared to the previous year's 1.2 Mton level. There are today 106 extruders in
operation compared to 148 in 1995, because of closing the inefficient and older
presses and merger of companies.

There are 45 rolling mills in the USA with a hot-rolling capacity of 6.5
Mton. Those mills produced 4.6 Mton rolled products in 1997. About 44% of
rolled products destined for the packing sector, especially for the can making.

6.6.2 The European Aluminum Industry in Brief: [24]

More than 20 million tons of primary aluminum is presently used in the
Western World per year. Western Europe accounts for approximately one third of
primary aluminum use. The manufacturing and converting industries in Western
Europe presently (table 6.1) use about 3.4 million tons of rolled products, 2.4
million tons of extruded products (figure 6.7), 0.5 million tons of other semi-
fabricated products and 0.7 million tons of aluminum foil per year. In addition
approximately 1.9 million tons of casting alloys were used from mainly the
secondary aluminum industry.
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Table 6.1 Production of Aluminum in Europe {24]
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Figure 6.7 Markets for Extruded Products in Europe {24}

The long-term consumer trend for aluminum is indicating continuous growth
(figure 6.8); this is reflected by the continuous increase in the per-capita use
figures. In 2001 this figure remained stable compared to 2000. The per-capita use
in the various European countries ranges from 3 to 30 kg per annum. The Western
European weighted average is 22kg (table 6.2).
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Figure 6.8 Per-Capita growth of use (in kg) [24]
Austria 28.1 30.7 (E)
Belgium 20.4 23.1 (E)
Denmark 22.3 24.0 (E)
Finland 15.9 15.2 (E)
France 22.3 22.2 (E)
Germany 24.7 24.2
Greece 15.3 15.3 (E)
Italy 30.2 29.1 (E)
Netherlands 39.2 N.A.
Norway 28.4 27.7
Portugal 8.3 (E) 7.7
Spain 12.4 11.9 (E)
Sweden 30.1 27.5 (E)
Switzerland 24.1 23.2
Turkey 3.0 3.3 (E)
UK 14.9 N.A.

E = estimation, N.A. = not available due to late trade statistics

Table 6.2 Per-Capita use of aluminum per country (in kg) [24]
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6.6.3 The Middle East Aluminum Industry in Brief:

There are two aluminum smelters in the Middle East, Aluminum Bahrain
Alba and its rival Dubai Aluminum (Dubal). Aluminum Bahrain [26], which
operates an aluminum smelter, one of the largest in the world with an annual
production of about 525,000 metric tons (mt), and related factories, such as the
Aluminum Extrusion Company and the Gulf Aluminum Rolling Mill. Aluminum
Bahrain's (Alba) will increase its annual capacity to 827,000 tons per annum after
it completes its expansion project in early 2005. Alba currently produces 520,000
tons per annum. The expansion would put Alba within striking distance of two of
the world's largest smelters in the former Soviet Union, which are producing
around 850,000 tons per annum.

The four types of products cast at Alba are:

-Standard ingot - used for remelting;

-T-ingot - a larger version of the standard ingot;

_Billet - for extrusion of aluminum profiles or sections;

-Rolling slab - used in rolling mills for plate sheet and foil.

To supply the energy needed for aluminum production, Alba has its own
power station facilities with a total generating capacity of 1,504MW. Use is made
of combined cycle technology which allows Alba to achieve optimum power
generation efficiency. In simple terms, waste heat generated by the gas turbines 1s
passed through heat recovery boilers to produce steam to power the steam turbines.
The power plant also provides up to 275MW of electricity to the Bahrain
Government during the summer peak season.

Dubal [27] has a primary aluminum production capacity of 536,000 tones
per annum (tpa), incorporating a power generating capability exceeding 1400
megawatts and seawater desalination plant capable of providing up to 25 million
gallons of potable water daily.

Currently Dubal [27] has customers 1n many countries around the world in
Asia (Japan, Taiwan, Korea, China, Malaysia, Thailand, Philippines, Singapore,
India, Pakistan, Sri Lanka, Indonesia, Vietnam), Middle East (UAE, Oman,
Bahrain, Lebanon, Syria, Jordan), Mediterranean and Africa (South Africa,
Nigeria, Turkey, Morocco, Cyprus, Malta, Tunisia, Algeria), Europe (Germany,
UK, ltaly, Belgium, Switzerland, Portugal, Spain, Ireland, Holland, France), and
North America (USA, Canada).

Dubal [27] is one of the largest suppliers of foundry alloy for the world's
automotive wheel manufacturing industry. It also produces extrusion billet for
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architectural purposes, such as window frames, and is a top producer ot high purity

aluminum used in the manufacture of compact disks and electronic components.
All of the aluminum produced at Dubal is of excellent quality with purity levels

reaching as high as 99.97 percent .
6.7 Aluminum Extrusion Production in Lebanon:

In Lebanon, the scope of working with aluminum is lmited to the
processing of aluminum billets into aluminum extruded products. This is done in
only five major running industries for the time being while one is concerned with
recycling only. Most of the production is limited to different long shaped
extrusions and profiles. The manufacturing process is the same as explained above.
The difference is in the production rate because of the limited capacity of some of
the facilities as well as the size of the local and the export markets, mainly oriented
towards the Arabian Gulf and other Arab, African, and foreign countries. To assure
quality, the Lebanese government has issued a mandatory Lebanese standard,
through the Lebanese Standard Organization LIBNOR, which controls the
production, export as well as the import of aluminum products. The official
executive authority of this standard as well as the quality of the local production is
the Industrial Research Institute IRI located in Beirut.

The production of the aluminum extrusion industry in Lebanon faced a lot of
challenges during and after the war. One of which was to supply the necessary
energy to power their facilities and the other was to find export markets since the
production capacity may be stretched out to much more than the local market can
absorb. Most of the aluminum extrusion industries in Lebanon have modern and
automated machines and equipment with quality finishing. While some are trying
with precautions to weigh their steps when attempting to expand and renovate the
old machines and equipment before ensuring stability in energy supplies,
production, and export markets.

There are no clear and traced official figures of the aluminum production in
Lebanon. The estimated production varies dramatically from year to year
depending on the demand. Non official production quantities (table 6.3) are limited
to 27,200 tons of extruded aluminum. The average per-capita production 1In
Lebanon is about 7 kg per annum. The per-capita use figure will vary according to

imported and exported quantities. The Western European use average is 22kg
(table 6.2).
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Company *Yearly Production [t] | Remarks
SIDEM 18000 Aluminum Extrusion
ALUXAL 3000 Aluminum Extrusion
ALUTEX 3000 Aluminum Extrusion
ALJANOUB 1000 Aluminum Extrusion
ALAKSO 1000 Aluminum Extrusion
UGITAL 1200 Recycling
TOTAL 27200

* Non official figures
Table 6.3 Aluminum extrusion production in Lebanon

6.8 Energy Consumption in the Aluminum Industry:

The overview on the production methods and technologies used for the
production of aluminum ingots and aluminum extrusions shows clearly that the
electric power energy creates a major factor in the cost of the final product. Hence,
by reducing the power consumption in the major steps for the production may and
will affect the cost. The reduction of the electrical power consumption maybe done
in different manners as will be discussed later.

Energy accounts for at least one-third of the cost of primary aluminum
construction. It's no surprise then, that the aluminum industry has been one of the
hardest hit by high energy prices and shortages as in the Pacific Northwest.
California's demand for power and the Pacific Northwest's low water levels in
hydroelectric project reservoirs have severely stressed the region's power supply,
escalating prices to record levels. Robin King, vice president of public affairs at the
Aluminum Association, says that of the 10 aluminum plants in the Northwest only
two are still operating {28].

Kaiser Aluminum Corp. will fight a decision taken by authorities 1n West
African nation Ghana that will force it to close 60,000 tones of production (half of
its production) due to a power cut at its 90-percent-owned Volta Aluminum Co.
Ltd. (Valco) smelter, American Metal Market reported January 2, 2003. Ghana
said it wants Valco to pay more than the 1.1 cents per kilowatt hour (kWh) it
currently pays, saying it cost 6.5 cents to produce one kWh of electricity. The
ordinary Ghanaian pays 7.8 cents per kWh. Valco has resisted efforts to make 1t
pay a more realistic price reflecting current costs of producing power in Ghana

[29].
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There is no data on the power consumption of aluminum extrusions

separated from the whole process of producing aluminum ingots to final product.
In general the electrical energy consumption per ton of aluminum produced has

decreased from 42,000 kWh to an average value of 16,500 kWh today. The state-
of-the-art plants consume 13,000 kWh per ton of aluminum smelted [23]. Other
sources [30] report that an average Indian smelter consumes 15,000 kWh to 16,500
kWh per ton of aluminum as against 14,000 to 14,500 kWh per ton consumed by
global smelters

In India for example [31], raw materials account for 35% of the cost of
production as compared to the global average of 49%. This i1s due to cheaper
availability of abundant reserves of bauxite. The Indian aluminum industry is
however plagued with higher cost of power. This along with the higher interest
rates has put the industry in a disadvantageous position with other producers in the
world. The power consumption for production of one ton of Aluminum is as high
as 17500 KW per ton of metal in India, which is high by international standards

(table 6.3).

Major aluminum Electricity consumption
producers in India (kWh/ton aluminum)
Year 1996 Year 1997 Year 1998
Hindalco 16,503 16,203 16,197
Nalco 15,804 15,639 15.514
Indal 17,125 16,978 17,461
Balco 17,761 17,711 17,836

Table 6.3 Electrical consumption by major aluminum producers in India [30]

Industrial power tariffs in India [30] are on an average 20 % higher than the
tariff in other aluminum producing countries. Power tariff in India is to the tune of
9.7 cents per KkWh as against 5 cents per kWh in Canada and 8 cents per kWh in
France and 6.05 cents per kWh in the US. Because of the high tariff for power and
unreliable power distribution system of the state electricity boards (SEB), which
also enjoys a monopoly, all major aluminum manufacturers have captive power
generation facilities. There are two advantages of captive power plants. Company
is assured of uninterrupted power supply, which is necessary for the production of
aluminum. Captive power cost is cheaper (Rs0.8-0.85 per unit) as compared to
commercial power which costs around Rs 2.00-2.25 per unit.

The cost of aluminum production in India is one of the lowest [30]. The cost
of production for Nalco and Hindalco is $900/ton and $1060/ton respectively.
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Hindalco's production cost is slightly higher than Alusaf's production cost of
$1026/ton. Alcan and Alcoa the two largest aluminum producers have a production
cost of $1113/ton and $1251/ton respectively. Low production cost is attributable
to the availability of cheap and good quality bauxite. India has the fifth largest
reserves of bauxite in the world and this has been a major boost for the industry.
The cost of aluminum production could have been lower if the productivity of
manpower had been higher Table 6.4.

Company / Country Cost of production($/ton)
Kaiser (US) 1,315
Hydro Aluminum (Norway) 1,305
VAW (Germany) 1,298
Alcoa (US) 1,251
Pechiney (France) 1,200
Comalco (Australia) 1,200
Reynolds (US) 1,188
Alumax (US) 1,176
Alcan (Canada) 1,113
Alusaf (S.Africa) 1,026
World Average 1,249
Nalco (India) 900
Hindalco (India) 1,060

Table 6.4 Cost of aluminum production in different countries [30]

6.9 Energy Saving in the Aluminum Industry:

Aluminum is a very rewarding material since it can be recycled as much as

needed with a less energy consumption than other materials without loosing its
starting properties.

6.9.1 Aluminum as an Energy Saving Material: {23] [28] [32]

From 1950 to 1986 technical innovation has significantly reduced energy
consumption required for the production of aluminum by some 30%. In the
Western World, 61% of the electricity required comes from inexhaustible and
ecologically friendly hydro power. Aluminum is similar to an energy bankj; unique

in storing the energy used for its production as its products can be recycled
indefinitely {23].
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Countries producing aluminum have the unique opportunity to export one of
their natural resources energy in form of aluminum ingots. Today, some 35% of the
total aluminum consumption in Europe is reclaimed from scrap with an energy
saving of 95% compared to primary production. To evaluate the energy balances,
the total energy requirement within a given product application system and the
total energy saving during a product's lifetime must be considered rather than just
the product or comparing a kg of one material with another [23].

To take an actual example, using aluminum instead of steel in a dump truck
involves an energy penalty of 70,000 kWh. But the energy saved due to weight
reduction over a five-year life is no less than 250,000 kWh, nearly four times the
initial extra cost, and of course the dump truck inevitably uses irreplaceable fossil
fuel, whereas the smelter's power may just as well come from hydro-electric, tidal,
nuclear or other sources {23].

Similar but even more dramatic, comparisons can be drawn from the use of
light aluminum alloys in rail and other forms of transport. And even assuming that
aircraft could get off the ground without aluminum, the fuel penalty there would be
quite unacceptable.

The Office of Industrial Technologies OIT, Energy Efficiency and
Renewable Energy, U.S. Department of Energy is one of the authorities concerned
in helping industries for saving valuable energy. For example, OIT has worked 1n
partnership with Alcoa on a demonstration project at an aluminum extrusion plant
in Lafayette, Indiana. Alcoa had already implemented a strategy that included
improvements to the compressed air system, furnace tuning and repair, pump
optimization, and improved heat recovery (see 6.10). Encouraged by OIT, Alcoa
performed a plant-wide energy efficiency assessment that identified eight areas for
further analysis. These included energy- and cost-saving opportunities associated
with high-pressure extrusion press pumps, an extrusion unit's billet heaters, an
ingot plant water re-circulation system, a compressed air system, plant lighting,
plant steam boilers, melting furnaces, and energy monitoring. By addressing these
issues, Alcoa is expecting to see annual savings of $1.9 million from an initial
capital investment of $2.3 million, with a payback period of 1.2 years [28].

6.9.2 Aluminum and Recycling: [23] [29] [32]

The role of recycling in the aluminum industry cannot be overstated.
Recycling is a critical component of the industry, both from its contributions to the
environment and because of the favorable economic impact on production. This

dual benefit is probably the reason aluminum beverage cans now account for the
total beverage can market [29].
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Yet again, the contribution of recycling has had a positive impact on the

industry with energy savings brought about with the increased proportion of
recycled metal as a resource. For instance, the energy used to produce aluminum is

saved for future re-use through recycling. Recycling saves almost 95 percent of the
energy needed to produce aluminum from its original source, bauxite ore [29].

Aluminum's high scrap value encourages recycling, with the result that it is
not a significant contributor to waste disposal problems because it can be collected
before waste. Scrap from manufacturing processes is invariably reprocessed. One
third of all aluminum comes from scrap, and as much as 70% of the metal used in
electrical engineering, building and transport is re-used, often again and again. An
aluminum can may become another within a few weeks. A window frame may
enjoy its reincarnation only after fifty years [23].

ACRE (European Can Recycling Association) reports that 37% of UBC

(used beverage can) is recycled every year. It is expected the recycling rate will

increase to 50% in near future. On the other hand, recycling rate of UBCs in the
USA reached 66.5% in 1997. (Aluminum can production increased by 6.5%

totaling 100.5 biilion units [23].

6.10 Energy Saving Case Studies at Aluminum Extrusion Plants:

In what follows are two case studies performed by two different authorities
on energy saving at aluminum extrusion plants.

6.10.1 Energy Saving Case Study at an Aluminum Extrusion Plant: [33]

The Office of Industrial Technologies OIT, Energy Efficiency and

Renewable Energy, U.S. Department of Energy, August 2001, reported a case
power factor study performed on an aluminum extrusion plant and found out that
the following benefits have been achieved:

a) Estimated annual savings of $ 60,000.

b) Lowered electric bills.

¢) Increased system capacity without expansion.
d) More effective motor performance.

e) Decreased electrical losses.

In what follows is the report of the US authority:
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Summary:

In 1999, Alcoa North American Extrusions (NAE) conducted a power factor
study at their facility in Spanish Fork, Utah. The facility was paying approximately
$5,000/month in a power factor penalty and Alcoa wanted to reduce this penalty.
Alcoa also wanted to improve the efficiency and capacity of the plant’s electrical
distribution system and the productivity of the equipment it serves. As a result of
the power factor study, supplemental capacitance was added to the distribution
system and the power factor increased from 70 to 90 percent. The $5,000/month
power factor penalty was virtually eliminated. Since the project’s total cost was
about $55,000, the project paid for itself in less than one year.

Facility Overview:

The power factor at Alcoa’s North American Extrusions facility in Spanish
Fork, Utah, varied from 68 to 70 percent. No capacitors were originally installed in
the system to correct the low power factor. A study was performed to determine
how much added capacitance was needed to attain a power factor greater than 90
percent. The NAE Spanish Fork facility has a cast house, two extrusion press lines,
and additional fabrication equipment. The facility operates off a single utility
feeder operating at 12,470 volts (V). Approximately 2,500 horsepower (hp) of
connected load runs at the facility during normal operation. The motors vary from
I to 250 hp, with the largest motors operating the hydraulic system for the two
extrusion presses. The large induction motors can operate either loaded or
unloaded during the press cycle; the unloaded condition contributed to the power
factor deterioration in the system.

Project Overview:

Low power factors waste money directly because of higher electricity bills,
and indirectly by reducing the efficiency and capacity of the plant distribution
system and the productivity of the equipment it serves. Correcting the system
power factor provides four major benefits:

1. Lower electricity bills because of reduced premium and penalty charges.

2. Increased system capacity without expansion of the power distribution system.

3. Higher, constant voltage levels which result in more effective motor
pertormance.

4. Lower line currents, which decrease the electrical losses mn the lines and

equipment between the power source and the capacitors.
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Project Implementation:

The Spanish Fork power factor study encompassed the distribution system
from the 12,470-V primary feeder for the three main distribution transformers to
the main breakers of the 480-V motor control centers (MCCs). A computer load
flow program was used to analyze the loading conditions, power factor, and
voltage profile of the system. During the on-site load monitoring, the voltage levels

were found to be very low in some areas of the plant. During the monitoring phase,
the equipment measured and recorded significant harmonic content in some of the

substations. The results of the power factor study indicated that approximately
2,000 kV Ar should be added to the system to improve and maintain the required
power factor of greater than 90 percent. The following table lists the recommended
capacitance for the equipment on each of the three transformers.

Results:

The power factor study cost approximately $10,000. The capacitors cost
approximately $20,000, with an additional $25,000 for installation. The average
facility power factor is now consistently above 90 % and the $5,000/month power
factor penalty has been nearly eliminated. Without considering improved motor
operation, 1improved lighting effectiveness, and increased system capacity, the
project paid for itself in less than one year.

Recommendations:
The power factor study revealed several ways to increase the power factor:

a) Minimize operation of idling or lightly loaded motors.

b) Avoid operating equipment above its rated voltage

c) Replace standard motors as they fail with energy-efficient motors. Even with
energy-efficient motors, however, the power factor is significantly affected by
variations in the load. A motor must be operated near its rated capacity to
realize the benefits of a high power factor.

d) Install capacitors in the AC circuit to decrease the magnitude of reactive power.
The closer that the capacitors are installed to the source of the low power factor,
the greater the benefits.

e) Install capacitors on high-intensity discharge lighting, and select high power
factor ballasts.
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Transformer | Equipment Recommended Capacitor
No. (kVAr)

Ingot Plant main switchboard 400
Log saw MCC ' 37.5
Cast unit pumps MCC 22.5

1 Exhaust blower 17.5
Combustion blower 20
Homogenizer recirculation blowers 17.5 each
Homogenizer cooling blowers 40 each
Ingot recirculation water system MCC 67.3

2 S,OOO-amE disconnect Eanel 400
Scalper hydraulic umt 35
Age oven MCC 35
250-hp press hydraulic pumps 60 each
Exit Handling hydraulic unit 22.5

3 Stretcher hydraulic unit 22.5
Quench water pump 20
Hot saw 17.5
Air quench MCC 80
Finish saw 17.5
Water quench return pump 17.5

6.10.2 Compressor Energy Saving at an Aluminum Extrusion Plant: [34]

Aluminum Extrusion Plant

$15,200 Annual Power Cost Reduction
$3,500 Capital Investment

One of the three compressors 1s deactivated

The company asked us to evaluate whether they should purchase an
additional 75 hp or 100 hp class rotary screw compressor to get their system
pressure up. They said their two 75 hp and one 60 hp class rotary screws (990 ctm)
were running fully loaded all the time (6,640 hours/year) and could hold only 85
psig during full production.

Another compressed air consultant had calculated that the company needed
an additional 250 cfm to get the system up to 110 psig.

Investigation by Air Power USA personnel indicated that 1) all compressors
were modulation controlled, 2) none of the compressors was running over 40%

loaded, and 3) the pressure loss was caused by several significant piping chokes
and back feeds.
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The company performed the piping corrections we recommended at a cost of
$3,500 with these results:

- Full operational pressure to all parts of the plant was held, and the supply

pressure control was reduced 5 psig (2-1/2% saving).
- One of the 75 hp class rotary screw compressors was shut off permanently. The
plant now runs on one 75 hp at full load and one 60 hp at 50-80% load.

- Minimum estimated power savings with modulation control shut oft:
(58 bhp) (.045) (.746) (6,640) / .85 = $15,200 Annual Power Savings

6.11 Summary:

Some methods of energy saving need money investment and many do not .

- Power factor correction is highly recommended by using capacitor banks or
individual capacitors.

- Lighting wiring can be modified so that excess light is not switched on. Could be
the lunch break or after shift hours.

- More ceiling glass panels can be fixed that may provide more sun light and less
of electrical generated light.

- Manufacturing processes may be modified and specific machines can be used to
save energy. For example, small heat treatment furnaces for small volume parts

as most of the energy required is to heat the chamber. Pre-heating in batches and
to cycle more parts as it suits the process. If opening and closing furnaces cause
quality problem flame curtains can be added.

- Air compressors in on/off can be used than continuous modulation mode. 30% of
the energy can be saved. Switch off unnecessary compressors automatically. Do

not operate compressors at air pressures that are not need [35].

- Air regulators may be installed for cleaning air guns. 40 psi should be more than
enough for general use.
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AND ENERGY SAVING
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Plastics processing industry generally regards the energy as an overhead and
as a fixed cost. This is untrue and energy is both a variable and a controllable cost.
Most processors could easily reduce energy costs (without large investments) and
increase profits through simple good energy management practice.

7.1 Introduction: [36]

Energy efficiency measures can improve profits significantly for minimum
effort and costs. For a plastics company with a turnover of say $10 million per year
and a net profit of 10% then the profit will be $1 million. The average electricity
bill will be approximately $200,000 (between 1 and 3% ot turnover). Simple no-
cost or low-cost energy reduction practices can reduce this by a minimum of 10%
(and up to 20%) and increase profits by at least 2%. This is the equivalent of
adding sales of $200,000 to turnover and is a worthwhile investment by any
standards.

The main electrical energy users in plastics processing are motors and
drives, heaters, cooling systems and lighting systems. A simple site energy
distribution map will show where energy is being used. If a single meter 1s being
used it may be cost effective to use sub-meters to get further information on the
areas of high energy use. Sub metering allows managers to start to calculate the
cost of energy for each operation and to identify areas of high energy usage, a key
factor in reducing energy costs. Power meters are available in different models
(37]. A first step is to produce an energy map of the site to locate areas for
monitoring and improvement.

The time at which you are using energy is important and demand plotted
versus time will give invaluable information on how to reduce the energy costs
(figure 7.1). Data for such plots may be easily plotted. Look for unusual peak
variations from day to day and energy use when there is no production. A demand
graph also helps managers to find the ‘base load’. This is the load used for heating,
lighting, compressors and pumps when there is no production at all.

Another way to find the base load is to record the meter readings (in kWh)
and production volumes (in kg) at the end of each shift. Plot the amount of
polymer processed against the energy consumption. From the graph, the energy
use at zero production gives an idea of the ‘base Joad". Reducing the base load 1s a

sure way to make savings.



INDUSTRIAL RESEARCH INSTITUTE

BEIRUT - LEBANON

Ideally energy should be used only to produce good product and the most

important energy benchmark is the energy used to process good product (in
kWh/kg). This is called the specific energy consumption (SEC) and can be found

from the slope of the graph produced to find the base load. It can be compared to
the industry averages to provide targets for energy reduction.

Unproductive Period of production operalion Linprocductive

A P *va—mk
: j -r

l —C— Actual Ioad

430

200

260

Load (kW)

; Ll ot tverd oo
0.00 J 00 6.00 9.00 Noon 15.00 18 (1) 21.00 00 GO

Figure 7.1 Typical site energy consumption by time [36]

Electricity charges are based on a combination of factors and an initial
survey will reveal areas for potential savings. Peak demand lopping can be very
effective to reduce short peaks in the maximum demand

Key measures for reducing the cost of electricity:

1- Maximum Power Requirement (MPR) is the maximum current a site can draw
at the supply voltage. Reduce the cost by:
» Staggering start-ups .
« Matching the MPR to the requirements .
» Getting the MPR right for new premises to avoid costly charges .

2- Maximum Demand (MD) is the current drawn at the supply voltage averaged

over half an hour. Reduce the cost by:
» Staggering start-ups .
« Giving machinery time to stabilize before starting up new processes .

3- Power Factor (PF) is a measure of the phase shift created by machinery. Lightly
loaded machinery tends to have a high phase shift, and a low power factor.
Improve the power factor by running electric motors efficiently to get power

factors close to 1.
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4- Load Factor is a measure of the hours per day that the user draws from the

supply. Reduce the cost by:
« Running for greater than a single shift .

» Carrying out some operations outside the main shift pattern e.g. regrinding,
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5- Use less energy.

79 Enerev Consumption in the Plastics Processing Industry:

Energy is a major factor consumed in the plastics processing. The objective
of an initial energy survey is to gain an overview of the general site energy use.
This will identify some rapid no-cost or low-cost improvements that can be made
to save money. The survey should be carried out as soon as possible. If energy 1s
being wasted now, it is costing money now. The diagram on figure 7.2 shows the
main areas of energy use in plastics processing.

Services and buildings energy needs

Product Transport 1« Post-Process s Cool I¢
A A A
Energy Energy Energy

Figure 7.2 Energy uses in plastics processing [36]

7.3 Processing of Plastics and Energy Saving:

Due to the different types of processes used in the production of plastics
products the major types and energy consumption locations will be discussed

separately.
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