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Energy Efficiency

1. ENERGY EFFICIENCY IN INDUSTRIAL PRODUCTION

1.1 THERMAL SYSTEMS

The thermal systems consist of equipments which function in generating
heat by means of combustion of a fuel mixed with oxygen from the air.
They are used to meet the thermal needs of lighting, hot water and
product processes such as th ermal treatment of metals, heating and drying
of substances in different industrial sectors such as the chemical, metal
mechanic, and construction, etc. The most representative thermal
equipments are boilers, ovens and driers.

The boiler is the principal e quipment used to satisfy thermal needs. These
systems utilize the heat generated by the combustion of fuels which will be

used later on to heat a fluid to cover thermal needs where needed. On the
other hand, ovens instead of heating fluids raise temperatu res directly to
the load within its chamber. These types of equipmentOs are usually using in

the metal, chemical, food industries amongst others for heat treatment
applications.

Finally, the driers whose function is to reduce the humidity content of the
substances that are employed in the food, agro industrial and energy
industries.

In the aforementioned industries, these thermal systems are generally the
most important equipmentOs on which the production process are based,
and generally speaking are the | argest energy consumers in the industrial
complex usually exceeding 50% of the overall total energy demanding.
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Energy Efficiency

1.1.1 BOILERS

Boilers operate by injecting a mixture of fuel and air inside the boiler
through a burner, which is fired up, with the aid of a flame. The reaction
that occurs between the fuel and the oxygen and the air is highly
exothermic, generating by products such as solid residues (ash and scoria),
smoke and gases at high temperatures (from 200 to 1000 jC). The energy

value of these gases is used to heat a fluid or gas (air, oil, or water) by
means of an interface surface. The fluid with its temperature raised will
ultimately be used to heat an area, power a turbine, etc. Finally the
combustion gases that have lost most of its temperature are expelled
through a chimney.

Combustible _> _> Gases de Combustion

Camara de
combustion

Aire _’ q Residuos solidos |

lllustration 1 Operation of a Boiler

1.1.1.1 Types of Boilers

Boilers can be classified according to different criteria. Depending upon the
combustion type, boilers can either be open cham ber combustion
(atmospheric or natural draft) or closed combustion (pressurized or forced
draft). The closed combustion boilers have numerous advantages than the
atmospheric or open boilers with a better performance, stable combustion

and a minimum use of excess air.

According to the method of heat exchange, you can find two types of
boilers: Fire Tube or Water Tube boilers. In the water tube boilers fluid that
needs to be heated circulates through a series of tubes where hot gases on
the exterior transfer  heat through the exterior surface of the tubes. In the
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Energy Efficiency

fire tube boilers, the heat transfer occurs by the hot gases or vent smoke
that flow through the tubes which are surrounded by the fluid to be
heated.

According to the performance, they can be standard , low temperature or
condensation type boilers. The standard boiler is a boiler use in for the
production of hot water using simple surface tubes with a constant
standard water temperature output between 70 and 90 % C. The design of
this type of boiler do es not allow that the water steam content in the
exhaust gases to condensate in the interior, limiting the  water return
temperature to the boiler approximately at 70 % C. A low temperature boiler
allows to use the heat present in the exhaust fumes throug h a special heat
retriever meanwhile a condensation boiler is designed to allow the water
steam of the combustion gases to condensate on the surface of the smoke

tubes, permitting to recuperate the latent heat of the combustion gases.

The high efficiency boilers (low temperature or condensation boilers) can
result in fuel savings between 10 -20% specially if you are operating with
small workloads.

1.1.1.2 Boiler Performance

One of the most important parameters in evaluating the boiler operation is
through its performance, that can described as the relation between the
useful heat generated (considering losses incurred through the combustion
gases, boiler walls and blow down ) and the energy provided by the fuel.

In order to evaluate the boiler performance i t is necessary have combustion
gas analyzer capable to register 02, CO2, CO and gas temperature
readings, additionally a surface thermometer is necessary to measure the
boiler wall temperature.

The suitable values of O2, CO and gas temperature depend upon the type
of fuel, type of burners being used, and boiler size.
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A low value of O2 and a high value CO indicate that the quantity of
combustion air is insufficient. This situation can be observed by the black
smoke that are been expelled through the chimney . In order to correct
these values you only have to open the airflow gate of the burner.

Yet white smoke and a high concentration of O2 do not assure by itself a
good operation. It could be that you are using an excessive quantity of air,
which implies an unnecessary energy cost since the air would OdragO certain
amount of heat through the chimney preventing the use of this caloric
value for heating purposes. In this case you should reduce the opening of
airflow gate to the burner.

Dark smoke could also in dicate that the air and fuel mixture is incorrect due

to an insufficient pulverization of the fuel. If you employ liquid fuels, itOs
necessary to adjust and clean the burners in order to obtain a better
pulverization. The savings in fuel from a better comb ustion can mean
between 5 -7% of the total fuel consumption of the equipment.

If the boiler surface temperature is too high, it means that the equipment is
not properly insulated. In order to reduce energy loss through boiler the
walls one must inspect the  refractory material and the insulation of the hot
surfaces and correcting the situation by either by increasing the insulation
material and if indicated replacing it by other insulation material with better
insulation properties.

Heat losses through the bo iler can be reduced between 70 -80 %, which
results 1 -2 % fuel savings.

If the chimney gas temperature exceeds 230 C, this could be to a bad heat
interchange inside the boiler. In order to resolve the situation you would
have to clean the boiler. A period ic cleaning of the boiler helps the thermal
transfer within the boiler by increasing the useful heat obtained and
decreasing the gas temperature output. For every 20 jC of gas
temperature that you can reduce it will result in an approximate 1% fuel
savings.
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The next table shows, a representative guideline f or the readjustment of
analysis values.

Table 1 Operational optimization of a boiler

Analysis Value Cause Solution

Insufficient quantity
High CO and low O , | of air introduce to
the boiler

Increase the aperture of the air
gateway of the burner

Low CO; either/ or Reduce the aperture of the air

Excessive air

high O, gateway to the burner

. . Inadequate fuel air Remove injector, clean or
High CO alto and high q . . )
o mixture replace if n ecessary and make
2 a new analysis
Wall temperature > Old boiler or poor . . .
. . Replace the insulation material

Room temperature insulation
Gas temperature > Inadequate heat Clean boiler interior or install a

230 iC exchange boiler stack economizer

Source: Dimin ution of energy cost, IRCE

1.1.1.3 Boiler Replacement

Usually a periodic maintenance schedule permits the boiler performance to

run within its normal operational range. The boiler performance through

the years begins to diminish its operational capacity until it reaches a point
where it becomes barely functional and it becomes necessary to replace it
with another unit; generally speaking boiler life expectancy its about 15
years.

If the boiler lifecycle has reached its end or you have identified serious
operational faults, it is then recommended replacing it with a high
performance boiler. The installation of a high performance boiler requires a
higher initial investment cost in comparison to a standard boiler. Comparing
a standard boiler the cost to a lo  w temperature boiler it would be about
25-30 % higher but a condensation boiler could be twice the initial cost.
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Nevertheless in many occasions the midterm higher, allows you to recover
your investment.

1.1.1.4 Utilization of economizers and pre -heaters

The boiler combustion gases flow out at high temperatures (plus 230 jC)

and still having remnant energy that can be used to preheat water or
combustion air diminishing fuel demand. The heat recovered from the
gases can also be used in other equipment. For example, you can use the
low temperature exhaust gases for drying processes.

The equipment use to preheat the water inflow are known as economizers
which are heat interchangers that allow the hot exhaust gases transfer heat
to the feed water.

If you seek to preheat the combustion air, these are named pre -heaters
that are a special air and fuel heat interchanger.

In either case one must take into account that a limit exist in which itOs not
possible to cool gases below (150 -175 jC), since it would result i n
corrosion in the conduits do to the condensation of sulfuric acid. This
temperature is known as steam temperature. This restriction does not

apply in low content sulfur fuels such as natural gas or liquid petroleum
(LPG).

1.1.1.5 General saving measures

In continuance a series of additional measures are described that can help
to increase boiler performance.

a. Bleed the circuits to eliminate any air pockets trapped inside the
system, in order to reduce heat transfer. /Purge the circuit system in
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order to bleed any air pockets in the system that hinders heat
transference.

b. Check the state of the system components such as pumps, fans, etc.
for their condition and if necessary proceed to give maintenance.

c. Purge losses can be diminished by rationalizing the fre qguency of the
purges, improving the quality of feed water, and recovering residual
heat.

The performance of a boiler with small workload is worse than a boiler
working at full workload capacity. It is for this reason that in many cases its
more suitable to install a number of small boilers that can enter into service
or be shut down according to the heat demand, thus each boiler works at
its maximum performance.

If such is the case that they are several boilers available, it is very

important to work those boilers with better performance in a constant
manner and use the less efficient boilers to supply any additional heat

demand when required.

1.1.2 THERMAL OVENS

Thermal ovens have similar basic operation principle as the boilers: the heat
that is generat ed by burning a fuel is utilized to physically transform a
certain product. The fundamental difference with the boilers is that instead

of heating an intermediate fluid that will ultimately is going to be used for

the transformation where the product incre ases its temperature inside the
oven.

Due to the operational similarity with the boilers, the saving measures
mentioned in the previous section, such as good insulation, heat recovery,
etc., they can also be applied in these systems.
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ItOs worth mentioning that lately the latest generation electric ovens are
replacing thermal ovens since they are cleaner, easier to operate and
maintain, and in some cases more efficient.

1.1.2.1 Saving measures

Before optimizing the equipment, it is necessary to investigat e if you can
improve the process. Hereinafter a number of measures are described:

 1tOs important that the thermal equipment to be exclusively used for
the processes and products for which they were designed for.

e Usually continuous processes use less energy than lot processes. If
the products need to be manufactured in lots, it is better to employ
low thermal inertia equipment in order to reach operational
temperature much faster.

* The complete automation of control panels for thermal equipment,
load and disc harge operations will accelerate the process, and will
allow for a better functioning of the equipment.

* Avoid operating the equipment with partial loads. Operating with full
loads signify fuel savings use per unit and cost reductions.

* Similar to the boiler s you can achieve important fuel savings using
the heat from the exhaust gases to preheat the combustion air.

* Hot gas can also be used to preheat the product before entering the
heating unit. This way the energy demand within the thermal unit will
diminish and in return less fuel will be needed.

* Even after having optimized the process there still is a significant
residual heat leftover; one might reconsider its use for hot water
production for cleaning purposes (floor area and equipment, etc.).

« Due to the high temperatures reached within the system, itOs
important to check the insulation for its worthiness. 1tOs necessary to
identify and control energy loses through the surface walls and
apertures.
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1.1.3 VAPOR DISTRIBUTION

The steam distribution system d  elivers the amount and quality of steam

required by the process. In this type of system itOs very important:

® oo o

To have a good operational procedures

To adequately manage steam traps

To insulate pipes, equipment and other mechanisms
To prevent any steam leaks

To keep and adequate steam pressure

Below a description of each requirements:

a.

General operation procedures

Use process analyzers and advance control technologies.

Adequately use of the vacuum systems.

Consider the viability of substituting the steam inj ection in order to
produce a vacuum for the mechanical vacuum pumps.

Try to operate with the least number of steam injectors.

Repair all leaks present.

Classify steam generators according to their performance and
efficiency characteristics.

o Nevertheless d uring OpeakO steam demand periods, the most
efficient generators are the ones that will work at full or
minimum load capacity, and will keep the energy consumption
at a minimum.

Periodically check the steam systems to detect steam lines which are
not frequ ently used and that can be eliminated or put out of service.
Keep the system layout with the minimal flow required, since it may
lead to steam waste.

Be sure to include steam flow monitoring equipment in the design of
this system.
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b. Operate the steam traps e fficiently.

The function of the steam traps is to allow the automatic drainage of
the condensate that forms in the system without letting the steam to
seep out, and furthermore it eliminates air and other uncondensed
gases.

To assure an adequate functionin g without losing energy, the following
IS recommended:

* Elaborate for each work area, a routine checklist program in order to
verify that the steam traps are in good working order.

o The frequencies of good working status verification will largely
depend on t he particulars of each working area; nevertheless
they should be checked at least once a month.

* Keep an up to date census of the steam traps.

o Number all the traps and register their location in a layout to
facilitate inspections and registration.

* Train the operating and maintenance personnel in techniques how to
carryout operational tests on traps.

o Designate specialized personnel where ultrasonic equipment
needs to be used.

* Assign maximum priority to the repair and maintenance of the steam
traps.

o By impleme nting a periodic maintenance procedure it can help
to reduce steam traps failures between 3 and 5%. A trap that
will not close can represent stream loss between 22 and 45
kg/hr., (50 -100 |Ib steam/hr.). Therefore, establish a
maintenance program and take i nto account the number of
defective steam traps should be less than 5% of the total
number of traps.

* Select the steam traps according to their application and expected
condensate discharge.
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c. Pipes, machines and other devices should always be insulated.

Keeping the pipes, equipment and the accessories of the steam
distribution system and condensate return will prevent the loss of heat

to the environment. 1tOs very important to install, in every tubing
section, the correct thickness of insulation. In table No. 2 the effects

caused by poor insulation.

Periodically inspect the insulation in order to replace, repair the damaged
or deteriorated sections.

o This is a very important task after you have removed sections
of insulation to repair steam leakage. General ly speaking, one

has to carry out an inspection of the steam pipes at least once

a year. During a routine inspection, one must look for physical

damage, cracks, band or ribbon breakage; broken or damaged

sleeves and or damage covers.

Table 2 Energy loses for every 10m of steam pipe insulation

Nominal Heat loss in M Btu / year
dl?rrnnn(it)er Vapor pressure (kg cm  ?)
1.05 10.56 12.12 42.25

25.4 45.93 93.50 123.03 162.40
50.8 77.09 157.48 206.69 275.59
101.6 136.15 278.87 367.45 492.12
203.2 232.78 505.25 666.01 894.02
304.8 346.13 721.78 954.72 1286.08

Reference note: Steel pipe in horizontal, room temperature 24;C, without air velocity and operating

8,760 hours/year.
Source: DOE - Energy Tips

* A very useful instrument to v erify the state of insulation is a
thermograph.
o This instrument measures the surface heat through different

color images and its ideal for large areas that are being
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verified. The pyrometer and contact thermometers must be
placed directly to the surface o f the object, in order to
measure its temperature.

* Verify the insulation after any maintenance procedure.

o In other areas where maintenance has been carried out, itOs
recommended to check for possible insulation repairs. As a
rule, the last maintenance work to be done will be: repair,
replace or reinstalling the insulation material.

* Block steam lines that are not in use.

o Steam leaks are a form of visible loss of energy and at the
same time it also demonstrates the indifference to run an
efficient system. Th ere are two way to be able to estimate
steam loss: One is in function with the size of the hole (Table
3) and the other one in function of the operating pressure vs.
the length of the steam leak in reference from its point of
origin.

d. Avoiding heat loss.

In order to avoid energy loss from steam leaks, the following is
recommended:

* All steam leaks must be repaired as soon as possible.

* In the maintenance procedures specifically the joint packing sealing
material for the valves.

* If the system cannot be taken out of operation, look for a specialist
in steam leaks.

* One should avoid in the steam system design thread connections.

e. Keep an adequate steam pressure.

* For heating services use the minimum steam possible.

PAGE| 12



o This will reduce the energy consumption. Chan

Energy Efficiency

ges in the

processes or in the equipment, often allow the use of less

steam pressure.

Table 3 Loss of steam (pinhole size method)

Steam pressure Hole size Steam loss
Kg/cm? Psi mm inch Kg/hr Lb/hr
8.1 115 1.58 1/16 6.82 15
8.1 115 3.17 1/8 27.3 60
8.1 115 6.35 1/4 109.1 240
8.1 115 12.7 1/2 459.1 1010
8.1 115 25.4 1 1772.7 3900
29.2 415 1.58 1/16 659.1 1450
29.2 415 3.17 1/8 2636.4 5800
29.2 415 6.35 1/4 10545.4 23200
29.2 415 12.7 1/2 42181.8 92800
29.2 415 254 1 1690 90 372000

Source: Steam guide, CONAE

* Take advantage of all levels of steam pressure possible.

There is great savings when you elim

o High steam pressure should not be used in reduction pressure

valves, and itOs inconvenient to vent the low steam pressure.

inate venting and pressure reductions.

The instrumentation has to consider from its design the constant pressure

monitoring and steam venting.
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1.2 ELECTRIC SYSTEMS

Energy, specially the electric, itOs a significant resource in the productive
process es and daily chores and intimately associated with comfort, quality
of life and economic development.

In order to analyze the possibilities of energy savings in industrial electric
equipment, itOs convenient to analyze the sequence that the electric energy
travels from its generation until it reaches the end user:

* First of all the electric generators produce electric energy in power
facilities (thermal, hydroelectric, geothermal, and wind) producing
very high potencies and thus high currents.

* This potency is transformed into higher tension levels and less
current in the transformer substations in order to minimize losses
during to its transport.

* Electric energy is transported through high -tension power lines, which
are then channeled to distributions grids

* Finally from this point on the electric tension is the again lowered to
the corresponding values needed by the customers connected to the
grid (medium and low tension clients).

Energy losses take place in all electric system installations; as in,
generat ion, transport, distribution and consumption. In order for the
enterprises to achieve electric energy savings, they must place their efforts

in the production processes.

The energy system efficiency is defined as the quotient between the power
output ( which is equal to the power input minus the losses) and the power
input to the system.
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1.2.1 ELECTRIC ENERGY MANAGEMENT

1.2.1.1 Electric energy consumption control

Studies have demonstrated that by reducing unnecessary equipment
operations represent a p otential amount in electric energy savings; itOs
common to find unnecessary light fixtures turn on, equipment running
without any products being process, cold storage rooms with open doors,
etc.

Currently, automatic devices significantly offer more advant ages than their
human counterparts; more reliable, no fatigue, lack of attention, bad
attitudes, lack of capacity and other human traits that do not enter in play.

The development of new applications have made the devices more reliable

and cost efficient.

The compilation of electric energy information in an enterprise helps us to:
* Interprit and control energy variables

Effective product costing

Development of benchmark indicators and evaluating:
¢ Process efficiency
¢ Anomaly detection
¢ New technologies

Peak demand reduction

Alternate energy project generation evaluation

1.2.1.2 Start and Shutdown Control Devices

There are a variety of simple and low cost devices that usually administer
one load that can be classified under this category.
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* Timers, both mechanic al and more recently electronic controls that
manage the startup and shutdown of equipment at preset times
schedules during the day or work week.

* Interlocks, can be connected to the wiring to the auxiliary equipment
of the primary in such a way, for exampl e, when you shutdown
process equipment, fan, illumination or water flow are automatically
suspended.

* Photocell sensors, used in illumination systems to turn on or turn off
light fixtures according intensity or lack of illumination.

* Thermostatic equipment t hat measure temperatures through its
sensors monitoring certain time slots throughout the day and
administering the use of heating or refrigeration equipment.

* Infrared sensors that detect the presence or absence of persons and
can switch on or turn off the illumination in certain areas or
equipment.

1.2.1.3 Programmable Control Devices

The programmable low and medium price controllers are devices that use
microprocessors. They are principally used in equipmentOs that have cyclical
loads and they come to s ubstitute electromechanical -switches.

They are also frequently used to control individual equipmentOs to start or
shut down or at a specific time during the day. The typical control
equipment available today can perform numerous tasks.

Starts up or shut d owns for each task can be individually monitor or
controlled.

1.2.1.4 Maximum demand control
The demand control is the administration of the principal electric loads to

reduce and establish a maximum limit to the (kW) demand during certain
periods of tim e.
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The top charges in the electric bill represent a most important component,
depending on the load factor demand of the plant; typically the direct
demand charges represent between 15% and 20% of the billing.

Measure of maximum demand

This is the insta ntaneous integrated demand of the electric companyOs
electric meter over any given interval of 15 minutes in which the electric
energy demand is higher than any other 15 minute period of the billing
period. These demand measure values are registered on a monthly basis
during different block tariff slots.

A. Demand control methodology

i. Information compilation: The first step of this methodology its
basically consists in gathering the basic information of the electric
invoice and the production data to be anal yzed, as the census of the
principal loads (see annex) and timework schedules.

ii.  Information analysis: this requires to carry out a historical analysis of
the energy index used by the company (kWh/production) through
the year reflected in electric bills an  d its behavior in different energy
tariff slots; charting the demand behavior, annual energy
consumption, review the demand profile of one month and verifying
the demand behavior in slots when there is no production.

ii. Measuring. In this stage itOs necessar y to have the right measuring
equipment, since you will be reading transformers and in each
principal load, at the same time analyzing the electrical measures and
the operating loads. Furthermore it might be necessary to interview
the personnel to discuss the new work Schedule and the handling of
the equipment modifications.
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A demand control proposal is formulated upon the on hand
information, where basically the new work time schedule are given
and the operational profiles will be elaborated for a given d ay or for a
weekend schedule, and with these new profiles you will have the
monthly demand with the maximum demand reduction and the
billable demand. If you have the electrical energy demand and
consumption for the different tariff slots, you will be able to
determine the amount you will have to pay according to the
corresponding electric tariff. An example of a demand control
proposal is given in annex A.

Project economic evaluation. There are two considerations that are
required, the first one being, th e determination of the economic and
energy benefits, which consists on the achieved savingOs through the
suggested changes in work schedules, load adjustments, modifying
the existing contract for energy demands with the utility company,
and without includi ng other possibilities; the second aspect of the
consideration is the investment in equipment control and/ or training
courses for the personnel that the company requires.

Demand control equipment.

The demand control device basically consists of mechanis m that actuates

over a signal that temporarily turns off predetermined electric loads in

order to maintain the maximum loads under control. The control device

shuts off or establishes workload cycles when load demand reaches a

predetermined value or increa ses at a certain rate. The establish value must

be carefully chosen as to not affect production or other operational

requirements.

There is a great number of demand control devices available today. The

devices main basic components are:

Electric transfor mers provide a signal at the point of entry of the
electric meter to the demand controller.
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* Transducers, change the entry signal of Watts to a millivolts signal
for the logic panel device

* The demand device controller monitors the power at the input level.

* A photocell relay sends control impulse commands to the connected
devices; and the logic control device send a commands to these
electric photocell relayOs that are controlling the equipment at that
time.

The automatic controllers have the possibility to handle different tasks
such as: hourly, seasonal or calendar schedules, etc.

Some equipment have the ability to implement reconnecting schemes and

or anticipated connections in cases of low demand and programmed high

load demands; and in this manner the plant capacity to store energy itOs
more economically optimized.

There are some systems controls that can monitor, register and acquire
electrical parameters. This system can cover any requirements of electrical
measurement and demand control, amongst o ther things:

* Demand control

e Status of loads in control

* Real time measurements

* Record measure and operation control events

* Trend management

* Invoicing

* Report making

1.2.1.5 Power factor control

Power is described as the quotient between active power or us eful, and the
apparent power. Working with a low power factor is costly and inefficient.

The electric power companies add a surcharge when the companies operate

with a low power less than 0,90. A low power factor also decreases the
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electrical systemOs dist ribution since the electric current raises causing an
increase in tension drops.

A low power factor is caused by induction loads, such as: transformers,
electric motors and fluorescent lamps. These types of elements are
responsible for most of the indust  rial energy consumption.

The principal benefits that are consequent to a better power factor are:

* Reducing the power bill from the electric utility do to the
modifications carried out in the equipment and the elimination of
penalties deriving from a low p  ower factor situation.

* An increase in the capacity to conduct useful energy in the electrical
system. An improper power factor will cause power losses in the
distribution system and it will bring about tension loss that may lead
to overheating and prematu re failure in motors and other equipment
with inductive characteristics.

Some of the most commonly used strategies to correct power factor are:

* Diminish motor operation running with low loads or without loads.

* Avoid that equipment to operate above their n ominal tension.

* Substitute conventional motors for high efficiency motors.
Nevertheless even the high efficiency motors must operate at their
optimal capacity.

e Put in place a capacitor bank in the alternate current circuit in order
to diminish the magnitud e of the reactive power.

Here forth, an example is given in calculating the capacity of a capacitor
bank in order to improve the power factor.
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You need to find out the capacity of a condenser necessary
power of 410 kW wi
final power factor of 0,

Original
Power
Factor

th an init ial power factor of O,
95.

TABLE 1: MULTIPLIERS TO DETERMINE CAPACITOR KVAR REQUIRED FOR POWER FACTOR CORRECTION

Desired Power Factor

in kVA for a
73. YouOre looking for a

0.80

0.81

0.82

0.83

0.84

0.85

0.86

0.87

0.88

0.89

0.90

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.99 1.00

0.50

0.51
0.52
0.53
0.54
0.55

0.56
0.57
0.58
0.59
0.60

0.61
0.62
0.63
0.64
0.65

0.66
0.67
0.68
0.69
0.70

0.71
0.72
0.73
0.74
0.75

0.76
0.77
0.78
0.79
0.80

0.81
0.82
0.83
0.84
0.85

0.86
0.87
0.88
0.89
0.90

0.91
0.92
0.93
0.94
0.95

0.96
0.97
0.98
0.99

0.982

0.937
0.893
0.850
0.809
0.769

0.730
0.692
0.655
0.619
0.583

0.549
0.516
0.483
0.451
0.419

0.388
0.358
0.328
0.299
0.270

0.242
0.214
0.186
0.159
0.132

0.105
0.079
0.052
0.026
0.000

1.008

0.962
0.919
0.876
0.835
0.795

0.756
0.718
0.681
0.645
0.609

0.575
0.542
0.509
0.474
0.445

0.414
0.384
0.354
0.325
0.296

0.268
0.240
0.212
0.185
0.158

0.131
0.105
0.078
0.052
0.026

0.000

1.034

0.989
0.945
0.902
0.861
0.821

0.782
0.744
0.707
0.671
0.635

0.601
0.568
0.535
0.503
0.471

0.440
0.410
0.380
0.351
0.322

0.294
0.266
0.238
0.211
0.184

0.157
0.131
0.104
0.078
0.052

0.026
0.000

1.060

1.015
0.971
0.928
0.887
0.847

0.808
0.770
0.733
0.697
0.661

0.627
0.594
0.561
0.529
0.497

0.466
0.436
0.406
0.377
0.348

0.320
0.292
0.264
0.237
0.210

0.183
0.157
0.130
0.104
0.078

0.052
0.026
0.000

1.086

1.041
0.997
0.954
0.913
0.873

0.834
0.796
0.759
0.723
0.687

0.653
0.620
0.587
0.555
0.523

0.492
0.462
0.432
0.403
0.374

0.346
0.318
0.290
0.263
0.236

0.209
0.183
0.156
0.130
0.104

0.078
0.052
0.026
0.000

1.112

1.067
1.023
0.980
0.939
0.899

0.860
0.822
0.785
0.749
0.713

0.679
0.646
0.613
0.581
0.549

0.518
0.488
0.458
0.429
0.400

0.372
0.344
0.316
0.289
0.262

0.235
0.209
0.182
0.156
0.130

0.104
0.078
0.052
0.026
0.000

1.139

1.094
1.050
1.007
0.966
0.926

0.887
0.849
0.812
0.776
0.740

0.706
0.673
0.640
0.608
0.576

0.545
0.515
0.485
0.456
0.427

0.399
0.371
0.343
0.316
0.289

0.262
0.236
0.209
0.183
0.157

0.131
0.105
0.079
0.053
0.027

0.000

1.165

1.120
1.076
1.033
0.992
0.952

0.913
0.875
0.838
0.802
0.766

0.732
0.699
0.666
0.634
0.602

0.571
0.541
0.511
0.482
0.453

0.425
0.397
0.369
0.342
0.315

0.288
0.262
0.235
0.209
0.183

0.157
0.131
0.105
0.079
0.053

0.026
0.000

1.192

1.147
1.108
1.060
1.019
0.979

0.940
0.902
0.865
0.829
0.793

0.759
0.726
0.693
0.661
0.629

0.598
0.568
0.538
0.509
0.480

0.452
0.424
0.396
0.369
0.342

0.315
0.289
0.262
0.236
0.210

0.184
0.158
0.132
0.106
0.080

0.053
0.027
0.000

1.220

1.175
1.131
1.088
1.047
1.007

0.968
0.930
0.893
0.857
0.821

0.787
0.754
0.721
0.689
0.657

0.626
0.596
0.566
0.537
0.508

0.480
0.452
0.424
0.397
0.370

0.343
0.317
0.290
0.264
0.238

0.212
0.186
0.160
0.134
0.108

0.081
0.055
0.028
0.000

1.248

1.203
1.159
1.116
1.075
1.035

0.996
0.958
0.921
0.885
0.849

0.815
0.782
0.749
0.717
0.685

0.654
0.624
0.594
0.565
0.536

0.508
0.480
0.452
0.425
0.398

0.371
0.345
0.318
0.292
0.266

0.240
0.214
0.188
0.162
0.136

0.109
0.083
0.056
0.028
0.000

1.276

1.231
1.187
1.144
1.103
1.063

1.024
0.986
0.949
0.913
0.877

0.843
0.810
0.777
0.745
0.713

0.682
0.652
0.622
0.593
0.564

0.536
0.508
0.480
0.453
0.426

0.399
0.373
0.346
0.320
0.294

0.268
0.242
0.216
0.190
0.164

0.137
0.111
0.084
0.056
0.028

0.000

1.306

1.261
1.217
1.174
1.133
1.093

1.054
1.016
0.979
0.943
0.907

0.873
0.840
0.807
0.775
0.743

0.712
0.682
0.652
0.623

1.337

1.292
1.248
1.205
1.164
1.124

1.085
1.047
1.010
0.974
0.938

0.904
0.871
0.838
0.806
0.774

0.743
0.713
0.68:

0.355

0.329
0.303
0.277
0.251
0.225

0.198
0.172
0.145
0.117
0.089

0.061
0.031
0.000

0.381

1.369

1.324
1.280
1.237
1.196
1.156

1.117
1.079
1.042
1.006
0.970

0.936
0.903
0.870
0.838
0.806

0.361
0.335
0.309
0.283
0.257

0.230
0.204
0.177
0.149
0.121

0.093
0.063
0.032
0.000

1.403

1.358
1.314
1.271
1.230
1.190

1.151
1.113
1.076
1.040
1.004

0.970
0.937
0.904
0.872
0.840

0.809

0.421
0.395
0.369
0.343
0.317
0.291

0.264
0.238
0.211
0.183
0.155

0.127
0.097
0.066
0.034
0.000

1.440

1.395
1.351
1.308
1.267
1.227

1.188
1.150
1.113
1.077
1.041

1.007
0.974
0.941
0.909
0.877

0.846

0.458

0.432
0.406
0.380
0.354
0.328

0.301
0.275
0.248
0.220
0.192

0.164
0.134
0.103
0.071
0.037

0.000

1.481

1.436
1.392
1.349
1.308
1.268

1.229
1.191
1.154
1.118
1.082

1.048
1.015
0.982
0.950
0.918

0.887

0.499

0.473
0.447
0.421
0.395
0.369

0.342
0.316
0.289
0.261
0.233

0.205
0.175
0.144
0.112
0.079

0.041
0.000

0.547

0.521
0.495
0.469
0.443
0.417

0.390
0.364
0.337
0.309
0.281

0.253
0.223
0.192
0.160
0.126

0.089
0.048
0.000

1.589 1.732

1.544 1.687
1.500 1.643
1.457 1.600
1.416 1.559
1.376 1.519

1.337 1.480
1.299 1.442
1.262 1.405
1.226 1.369
1.190 1.333

1.156 1.299
1.123 1.266
1.090 1.233
1.068 1.201
1.026 1.169

0.995 1.138
0.965 1.108
0.935 1.078
0.906 1.049
0.877 1.020

0.849 0.992
0.821 0.964
0.793 0.936
0.766 0.909
0.739

0.581 0.724
0.555 0.698
0.529 0.672
0.503 0.646
0.477 0.620

0.450 0.593
0.424 0.567
0.397 0.540
0.369 0.512
0.341 0.484

0.313 0.456
0.283 0.426
0.252 0.395
0.220 0.363
0.186 0.329

0.149 0.292
0.108 0.251
0.060 0.203
0.000 0.143

0.000

lllustration 2 Factors to determine the capacity of the bank capacitor (kVA)

One can observe in the graphic above the inter

0, 73 and the column

of the final power factor of O,

section of the initial

factor

95, therefore you obtain

the nec essary multiplying factor: 0.607, by multiplying 410 times 0.607
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resulting in 248.87  kVA. Therefore a standard condenser of 250 kVA will
be used to correct the power factor.

1.2.2 REFRIGERATION

Refrigeration equipments are cooling generation systems that in general are
used in areas of food conservation and ice making. Its operational principle
is similar to air conditioning equipments but instead of cooling an open
space they absorbed heat of the storage unit where the items to be cooled
are stored.

The commercial refrigeration systems used by industry and service
enterprises are:

* Cold storage rooms

* Freezers

* Ice making equipment

* Softdrink and quick food dispensers (vending equipment)

These equipments can suppose for more than 30% of the energy used in
many establishments, since they usually oper  ate 24 hours a day through
the year and have a life cycle of more than ten years. [tOsfor this reason
that any small ener gy savings can be capitalized in the short term.

1.2.2.1 Improvement of operational conditions

The improvements of operational conditions consist of implementing low
cost or no cost measures that extend the life cycle of the equipment
without necessarily  signifying substantial savings.

One can reach up to a 25% reduction in operating costs if you have

implemented a good maintenance program. This maintenance program
should included:
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* Defrosting the evaporator coils and condenser cleaning.

* Periodically inspecting each of the system components, such as
compressor and motor units, etc.

* Verifying the gas quantity in the refrigeration circuit.

Good insulation is required in refrigeration equipments since cooling is
usually more expensive than producing heat. tOs necessary to inspect the
following :

e Check if the systemOs coolant in the conduit pipe is properly
insulated.

* Check if the cold storage doors are shut. Some detector devices are
available th at warn you if the doors are  open, and in case one cannot
affor d this type investment , place some warning posters to the fact
as reminders.

* Special packing (sealing) material is available to assure airtight doors.
This sealing material should be inspected periodically verify its
integrity .

* The cold storage rooms shoul d be as far away as possible from hot
areas. It serves no purpose to have a high effi ~ ciency storage room if
the surrounding area is extremely hot. If this is not possible, extra
insulation should be added to avoid excessive losses in the storage
room.

* In the case that there is more than one refrigeration unit, one should
place them side-by-side in order to minimize the surface contact with
the environment and reduce energy consumption.

1.2.2.2 Improving equipment efficiency
Replacing some existing compone nts in the refrigeration system can

generally improve the total performance of the installation . Savings could
be between 1 and as high as 20 % depending in the technology used. In
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continuance, descriptions of several equipments that can be used t o bring
about equipment efficiency improvement.

* There are high efficiency fans and condensers that require less
energy to operate and generate less heat, that reduce the load in
refrigeration. The potential energy savings are estimated betw een 3
and 15 %.

e There are also high efficiency compressor systemOs that allow savings
between 6 and 16% depending upon the refrigeration equipment
employed.

* The pressure modifiers adjust the compressor pressure according to
the exterior environmental conditions. The estimated savi ngs are in
the order between 3 and 10%.

* The pressure amplifiers of liquid lines consist of small refrigeration
pumps situated after the condenser that raise the pressure of the
liquid refrigerant before entering into the expansion valve. This added
pressure provides additional cooling to the refrigerant therefore
improving the system efficiency. Savings can be up to 20%.

* An efficient illumination with T -8 fluorescent lamps or electronic
ballasts can reduce the electric consumption and the refrige ration
load in the compressor. Savings can be up to 10%. Additional savings
can be achieved by the installation luminary control that turn off the
lights when they are not being used.

* The frost formed in the refrigeration units, freezers, coolers, etc.,
diminishes h eat transference and dramatically increases energy
consumption. Frost-free efficient systems improve the defrosting
cycle process, detecting temperature drops or the evaporator
pressure or measuring the frost accumulation and detecting the
humidity. These systems are more efficient than the ones that begin
the defrosting cycle process with schedule programming . Savings can
vary between 1 and 6%.

The next table is a summary of the energy savings realized by using the
above discussed devices.
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Energy Efficiency

! equipment

Energy savings of the

Equipment
equipment %
High efficiency fans for the evaporator and 3-15
condensers
High efficiency compressors 6-16
Pressure modifiers 3-10
Vapor condensers 3-9
Humidity controls 14 -20
Pressure amplifiers of liquid lines 20
Efficient illumination 10
Efficient frost devices 1-6
Mechanical sub cooling 25
1-9

Environment sub cooling

1.2.3 AIR CONDITIONERS

The thermo dynamic systems to

produce cold (see illustrati

on) are

necessary for the conservation of food, medicaments, environment cooling,

and for temperature control in exothermic processes

1 Source: US Department of Energy
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SUMIDERO CUERPO
DE CALOR REFRIGERADO

SISTEMA DE
REFRIGERACION

CALOR

ENERGIA TERMICA
0 ENERGIA ELECTRICA

lllustration 3 Refrigeration system

Air conditioning is the process that is undertaken to keep ambient
temperature conditions , relative humidity , movement , and clean air of in a
given space purification according to the desired comfort and hygienic
values.

Ambiente
Externo

Recinto
Refrigerado

Aire
Caliente
Aire
Acondicionado

Fresco o Aire
Caliente

lllustration 4 Air conditioning equipment

Types of air conditioning systems
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Before acquiring a new air conditioning system one must be sure that itOs
really needed. Air conditioners are very expensive when compared to fans

and the most important factor is that the air conditionersO consume large
amounts of electricity.

The best systems that are available today in the marketplace have a higher
initial cost compared with the standard units, yet they can be 50% more
efficient; and your return of you investment can be amortized many times
over the life cycle of the equipment.

A detail of the principal characteristics of commercial refrigeration systems
IS given:

* Individual air conditioner systems:  are used to cool a specific space or
specific areas; and they are more economical than central air
conditioning un its but are less efficient.

* Central air conditioning equipment: are centralized systems that use
conduits for distribution and return purposes throughout an office
building or installation. @ The vast majority of these types of
equipmentOs are OsplitO syste ms where the coil is in the interior of the
premises and the condenser is in the exterior of the building or
installation.

* Heat pump: a heat pump can be used as a heater or as an air
conditioner. These systems can generate significant energy savings
in he ating or cooling.

* Evaporation coolers: a vapor cooler is a totally different system from
the air conditioners. They are used in hot and dry climates. These
systems cool air through an evaporation process and they blow cool
air into the inside of building.  The installation of evaporation cooler is
about half the cost of a central air conditioner unit and uses about
25% less energy than other systems. Nevertheless, they usually
require more maintenance.
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1.2.3.1 Correct use of air conditioners

The correct ha ndling of an air conditioner is key factor in extending the
useful life a nd reducing energy consumption. When turning on an air
conditioner system make sure that all doors, windows are closed thus
preventing cold air loss.

Set a temperature comfort level a  nd install thermostats to regulate the air
conditioning system according to the temperature requirements. For each
degree below the comfort temperature level , you are wasting more than
8% of energy.

The thermostats are key devices to diminish systemOs star t upOs. The
equipment start up implies that a compressor is put into operation and at

the same an important electric consumption occurs. In addition, the useful

life of the equipment can be  shortening .

1.2.3.2 Improvement Opportunities in air condition equipments
A. Replacing Air Conditioner Equipment

One of the principal opportunities of saving energy that are commonly used
is to replace the standard air-conditioning units for high efficiency air
conditioner units.

Air conditioners that have been in op  eration for quite some time or have
reached their useful life cycle have a high rate of energy consumption due

to its low efficiency  and/or inadequate maintenance. In order to undertake
an evaluation you should take into account the number hours of daily
operation, and also the number of years in operation of each unit, the type

of refrigerant and the energy cost
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Within the system the compressor is the equipmentOs largest energy
consumer, therefore a reduction in work time will bring about considerable
energy savings to the whole system. In order to achieve this you can
change them for flexible compressors that allow load variations; diminishing

the discharge load by lowering the condensation temperature; increase the
suction by raising the evaporation te mperature; improve the inter  -cooling
of the compressors or changing the refrigerant.

B. Replace the present refrigerant to a hydrocarbon base refrigerant

The fluid that is used for the energy interchange in the refrigeration
systems or the heat pumps is known as the refrigerant.

Generally speaking the refrigerant absorbs heat while it changes its nature
(liquid to gas) in the evaporator where itOs compressed and raising its
temperature and pressure; followed through the condenser where it
transfers its energy directly to the atm osphere or a device (equipment)
that needs to be heated.

A refrigerant is appropriate for certain determine applications. If it has
some thermodynamic, physical or chemical properties and it satisfies
certain security requirements.

One of saving measures, which is more cost effective, is to replace the
present refrigerant of the air conditioner units for a new hydrocarbon base
refrigerant.

The hydrocarbon refrigerants are manufactures using natural substances
that are not harmful to the ozone layer; a s an example is the HC22a that
was designed to substitute the R -22 refrigerant.

ThereOs no need to change equipment components in order to change the

old refrigerant for the new hydrocarbon base refrigerants. Aside of the
economic benefits you require les s refrigerant for the load charge.
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C. Control Equipment for Air Conditioners

In order to support energy efficiency and the systemOs good functioning,
one must try to automate where possible all the installations; and
frequently verify the calibration of the systemOs devices that regulate the
system verify, and keep out reach of the non -authorized personnel from
the control devices that manage the defrosting of the evaporators, and
verify the program clocks that turn off the fans, amongst other devices.

The heating, ventilation and air conditioning systems (VACS) are design for
heavy workloads, even though that most of time they operate at a fraction

of their maximum capacity. Therefore, a control system must keep the
interior environment conditions at the lo west cost possible during its
lifetime cycle.

In todayOs market you can find flexible control systems that adjust the
adequate functioning of the VACS.

D. Area conditioning

The modifications most frequently carried out in the air conditioning
systems to improve the systemOs energy consumption are focused in the
physical structure or the refrigerated room; and it refers to modifications
being done to the doors, Windows and Wall so as to eliminate the direct
sun incidence or excessive illumination with exc  essive heat contribution by
eliminating open doors or swing doors, proper insulation and changing the
color schemes of the structure and walls. Nevertheless, you can also other
modifications such as changing to evaporation cooling, operation control
when c ooling is necessary, operational time controls, occupancy sensors
and cut off or exterior air supply, amongst others.

When you install an air curtain at the entrance of the principal refrigeration
room the loss of energy can be reduced by as much as 7% a nd therefore
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the system Os thermal load reduces the flow of refrigerants and energy
required by the compressor.

1.2.4 COMPRESSED AIR

You can identify electric energy savings opportunities up to 25% in this
type of equipments.

The principal component of a compress air system is the compressor where
the air is dried and cooled and sent to a storage tank that administers and
regulates the excess compressed air and its delivery according to peak
demand cycles, since the stored compressed air quickly meets th e demand
faster than the compressors production capacity.

1.2.4.1 Types of compressors

Positive displacement compressors

Are units where successive airs volumes are en closed in a sealed enclosure
are brought up to a higher pressure. The airflow travels in the same
direction of the component that compresses it.

Reciprocating Compressors

The reciprocating compressors also known as piston compressors are
machines of positive displacement in which the compression device is a
piston that have an alternate mo vement within the cylinder; and they
produce smaller flows than (centrifugal or axial), but they can generate
higher pressures.

ne st mpr r

The initial cost of these type of compressors are lower and operate at low
pressuresO (< 10 kg/cm2), these equipmentOs are specially used for
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recurrent services even though their performance is not very efficient. The
operational cost is quite expensive.

Multistage Reciprocating Compressors

This equipment has a more robust construction in order to provide more
efficiency during a continuous service while working at high pressureOs (>
10 kg/cm2). 1tOs energy consumption is minimal when conditions of
operation . Energy consumption is low during operation conditions in
vacuum.

Screw Compressors

Screw compressors are equipment in that the compression and
displacement is carried out by rotating elements, which consist of two
helicoidally intermesh rotors that compress and displace air.

Multistage Compressors

These reduce energy consumption in a manner that compressi on in two
stages of 7kg/ cm2 represents an energy savings between 10 and 15% in
respect to one stage. The energy savings result from the cooling of air
between the two stages, thus the air volume is reduced and consequently

the work required in completing t he compression to the desired work
pressure in the second compression stage.

1.2.4.2 Compressed air systems performance

The performance of a compressed air system depends upon some factors
such as:

* Good functioning of the equipment.
* Volume of air loss due to leaks or ruptures.
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* Excessive compressed air loss that affects power in tools and
equipment.

* Selecting and optimal functio  ning compressed air equipment.

* Minimal loss in energy transmission.

Pneumatic systems have the following problems:

e System desi gn problems.
* Tools and equipment running problems.
* Maintenance problems.

Recommendations for a good systemOs operation:

* Eliminate all air leaks present in the distribution grid. Leaks can
cause up to 50% of losses of the installed capacity in inadequ ate
installations. With a moderate investment you can limit air losses to
less than 5%.

* Eliminate unnecessary distribution lines.

* Periodic cleaning of the air filters.

* Do not use compressed air for ventilation or cleaning purposes.

* Keep records of consumpt ion in order to correct anomalies in the
system.

* Determine the lowest required pressure for a satisfactory operation
of all equipment and control management.

* Correctly assess the size of the distribution grid

* Shut off the compressors when compress air is not needed.

* Intake air temperature should not exceed the manufactures
recommendation.

* Install condensate and drain separators at the end of the grid
systemOs lines with the purpose of eliminating the need to blow the
grid lines to extract water.
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1.2.4.3 Sa ving opportunities

R in mpr ir leak

* Compressed air leaks are the most important source of energy waste
in the majority of these systems. The amount of volume loss
increases as the pressure raises and it also depends on systemOs
operational wo rking hours. The loss of air is increases directly
proportional to the size of hole  square diameter.

* One method to find out the cost caused by air leaks is to time
measure the service cycle of the compressor needed to maintain the
systemOs necessary pressu re to all the equipment, which has been
previously disconnected in its totality.

* Appropriate lubrication and maintenance of the transmissions,
cleaning and replacement of the air intake filters are an important
maintenance factor that may generate savings

tem pr rer tion

Pressure adjustment should be a little bit higher than the corresponding
demands required by the equipment in order to compensate pressure loss
that might exist in the distribution grid, and by eliminating any existing

leaks.

* Friction losses in the system can be reduced by placing the
compressors near the points of consumption and increasing the
diameters of the pipes in the distribution layout and also by
eliminating any existing leaks.

 1tOs convenient to study the possibility o f installing several systems
at different pressure requirements because, an in general, that all of
the equipmentOs will demand high quantities of compressed air.

1.2.5 ELECTRIC MOTORS
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A motor is a machine that transform one type of energy ay its point of
entry into an o utput mechanical of energy.  The output element is normally

a shaft . Amongst the different types of motors one can find the electric
motors that transform electric energy as an input and deliver mechanical
energy as an output.

Numerous st atistics are available that demonstrate the importance of
electric energy used by motors. The electric motors with potency higher
than 700 W approximately transform 75% of the electric energy used in
commerce and industry to operate pumps, fans, elevators, hoists and other
type of equipments.

The most common classification for electric motors is as follows:
* Direct current motors
* Alternate current motors.
e Synchronous motors .
* Induction motors

More than 60% of the electric energy consumed by industry is in tended for
transformation to mechanical energy in electric motors utilized to power
pumps, compressors, fans and other type of general equipment. 1tOsfor this

reason; achieving a high efficiency in these types of equipments can signify
important economic  and energy savings.

The rational energy use in electric motors implies that they be only used for

the necessary time in accordance  to the production conditions. In order to
reduce electric energy consumption you can utilize the motor controls to
power the m off when they are  not needed . When you adequately use the
motor controls, you can considerably reduce energy consumption. As an
example you can view the following table with maximum values of per hour
startups and least possible time for shut down of a 1 0800 RPM motor.
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Table 5 Number of startups allowed and minimum time between startups

. Maximum number of Minimum time between
Motor size (HP)
startups/hour startups (seconds)
5 16 42
10 12 46
25 8 58
50 6 72
100 5 110
Source: NEMA standard publications N¥aMG10
An electric motor performance consists in the relation between the useful

mechanical output power of the shaft and the input electrical potency in

the connecting terminal that feed the motor.

Usually, the electric moto

r performance measure is carried out by the

motor manufacturer or official test laboratories. Two methods are used for

this purpose: direct or indirect method or

separate loss.

The principal consequences of electric motors reduced performance are:

* High economic cost of operation

* All type of losses transform to heat that must be evacuated from the

motor.

1.2.5.1 Adjusting the operational velocity of a motor

This is one of the most important opportunities for energy savings that can

be carried out by pla nt personnel by realizing small modifications to the

pulley diameters, of the fans, extractors, blowers, agitators or to the

impellers of centrifugal pumps.

consumption.

In centrifugal loads a slight change in the
motor speed at full load turns into a significant chang

e in energy

The laws of affinity of fans demonstrate that the power demanded by the

motor varies to the cube exponent of the rotation velocity in contrast

linear airflow velocity.
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As an example, an increment of 20 RPM in the motor speed from 1,740 to
1,760 revolutions results in an increment of 3.5% delivery potency of the

motor. An increase of 40 RPM will augment the airflow by 2.3 % but the
energy consumption will  rise by 7 %.

1.2.5.2 Operating a motor ay normal capacity

Few motors run at i ts normal capacity, thus the efficiency, power factor

and plate current are not optimal.

The manufactures have information that is available for the end users in
which the curve characteristics of the motors are listed, such as the
efficiency, power factor  variations according to motor. In some catalogues
the efficiency values are shown in workload ratings of 25 , 50, 75 or 100% .

The nominal load efficiency varies very little between  50% and 100% , and
begins to diminish starting ata 40 % load.

1.2.5.3 Changing to high efficiency motors

The new motors that are being sold today are more efficient than the old

ones, demanding less reactive energy, resulting in economic savings« on

your electric bill.  In order to achieve this efficiency, different electric mot or
manufactures have place their efforts in improving design and
manufacturing and instituting measures that can be summed up as:

* Using steel with better magnetic properties in the rotor

* Reduce case thickness.

* Reduce the lamination thickness

* Increasingt he conductor gauge.

* Using better ventilators and more efficient cooling systems.
* Using better insulating materials.
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The end result has been motors with losses less than 45% than with
standard motors. For example, the reduction of 30% loss in a 10 HP motor
with 82% efficiency resulting in increase value to 87.4%. In another
consideration high efficiency motors versus standard motors maintain a

high level of efficiency throughout a wide spectrum load range, this can be
observed in the next illustration where there is a difference in the load
efficiency between standard and high efficiency motors.
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lllustration 5 (10 HP) Motor efficiency comparison

High efficiency motors are usually 20 % more expensive than sta ndard
motors but can be up to 5 % more efficient (low potency motors). These
motors have a useful life beyond 10 years.

There is a motor clssification according to its energetic performance, which
are:
* EFF1: High efficiency motors . That can reduce the energy loss up to
40 %. These motors are suitable for full load work for long periods of
work hours during the year.
 EFF2: Improved efficiency motors that can reduce energy losses up
to 20 %.
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e EFF3: Standard motors

1.2.5.4 Installing a starter device in motors

The electric current demanded by a motor to start operating can be up to

7 times greater than the electric current needed for its nominal operation.
Furthermore, when the motor is cold started at full load it creates a
situation where mechanical problems are generated do to the additional
torsion it is submitted too. The strain in the gearbox, couplings, belts and
other components can cause a premature deterio ration or damage to the
motor.

In order to resolve the associated mechanical problems caused by cold
starts som e soft start up devices have been developed which permit
adjusting the torsion and electric current demands in small intervals.
Additionally, the startup devices can modify the time it takes for the motor

to reach its nominal velocity.

The startup device s are comptrollerOs applicable alternate current induction
motors. In this way, the magnetic losses are reduced, the motor works at a
lower temperature and more efficiently, and the power factor keeps and
adequate value, therefore the overall motor effici ency augments.

These devices are used in the following cases:
* Frequent startups and shutdowns of fans, mixers, centrifuges, pump
and vacuum centrifuges, compressors, etc.
* Continues work cycles with alternating nominal loads periods with
others with low lo ad or in vacuum loads.
* Prolonged startup times.

1.2.5.5 Inverters
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Presently there are precise industrial operational control configurations that
permit to get technical specifics (accurate, quick response time, etc.) and
as well energy performance neart o the unit for a wide power margins.

In many of the industrial operations there is a great waste of energy, being
that the control systems are inadequate or simply no control equipment is
used, therefore the energy performance is quite low.

Inverters ar e devices that permit to change the shaft velocity accordingly
to the motor load, while reducing energy consumption. Furthermore it has
the advantage of the device for a smooth motor startup.

Even though you can install inverters for any power and load requirements,
itOs necessary to take into account several aspects:

* The profitability of the inverter increases according to the load
variation and the number of hours of operation.

* For motors with ratings less than 15 HP, the cost of the investment
might not be suitable.

* Though you could use the inverter only to resolve the startup
problems with motors (current overload), thought this is not done
because the cost of an inverter is higher than a slow startup device.

1.2.6 ELECTRIC OVENS
Electric ovens are generally cleaner, easier to control, simpler maintenance,

and can be used for many applications: and are more efficient than the
conventional fuel ovens

In many cases the electric ovens are not operated in an efficient manner,
and they can potential ly represent great savings opportunities.
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Nevertheless, one must take into account that the KWh cost is higher than
the thermal energy .

These types of ovens become necessary when you need a high process
control or when the temperature demand is quite hig h. For example,
electric ovens are desirable for the foundries where special steels are being
processed.

A description of the most common commercial ovens available in the
market today.

* Electric current induction directly to the matter to be heated.

* Coil heat generation surrounding the matter to be heated (coil
resistance ovens).

* Through electromagnetic induction current within the load (induction
ovens).

* Heat generated by an electric arc (arc ovens).

* Dielectric losses within the insulation materials.

* Application of high intensity and frequency electromagnetic fields
such as plasma generation (completely ionized gases).

The costs of different saving measure largely depend upon the type of
measures being considered.

Measures that do not require any inv.  estment (good practices):

* Always keep the oven doors tightly closed.

* Reduce the load times and without operation.

* Operate at full load.

* Quickly load the raw materials to the oven in order to reduce heat
loss during the loading process.

* Trytoextendthet ime utilization of the ovens as much as possible to
avoid preheating the oven each time it must be used.
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e Use any process byproduct, such as exhaust gases. 1tOs possible to
utilize the residual gas heat for other processes, like preheating
another oven ort o dry other products, etc.

Measures that require an initial small investment:

* Insulate sectors in the required areas. Assure good door sealing. Up
to 80 % of heat loss can take place when you open the oven doors.

* Automation equipment. The difference in e nergy use between an
automatic oven and a manual oven is about 25%; and life cycle of
the heat coils can be doubled.

* Installation of preheating equipment.

* Change to high resistance coils or longer useful life coils.

* If possible heat the load by using the residual heat values from the
exhaust gases derived from other processes.

The outcome from the implementation of the previously describe measures
will have the following results:

* Reduction of heat loss resulting in lower electric consumption (lower
electric invoicing).

* Lower operational and maintenance costs.

* Shorter operation times results in production increases.

1.2.7 ILLUMINATION

Having a good illumination is essential for health and comfort . Enterprises
must have as a fundamental objective to have the best illumination possible
to guarantee a good working environment for the workers in order to carry

out their tasks efficiently and at the same time maximizing energy
efficiency.
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The illumination can be as much as 10 % of the electric bill in many f  actories
and between 40 to 50% in commerce and office buildings. With the energy
prices on the increase the rational use of energy can be an area of
important savings.

In continuation to the above , a description of t he most important types of
light fixtur es and luminaries and their respective applications.

1.2.7.1 Lamps

Lamps are the devices in charge of transforming electric energy to a light
energy. There are numerous light fixtures that can be used for different
purposes , such as in: lighting, photogr aphy, sign posting, film making, etc.
A more general classification:

* Incandescent lamps:
o Non-halogen
o Halogen
* Discharge lamps:
o Mercury gas lamps
o Sodium gas lamps
* LED (Light Emitting Diode)

A. Incandescent lamps

Are devices that consist of a glass enclosure containing an inert gas, argon
or krypton, and a tungsten filament.
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lllustration 6 Light bulb components

Its functioning principal is simple: an electric current is sent through a
filament until it reaches a certain tem perature (around 2,000 jC) that emits
a visib le radiation to the human eye. In order to keep the filament from
burning by contacting air, the filament is surrounded in a vacuum glass
enclosure or has been filled with gas.

Generally speaking the performan ce in these types of lamps is low, since
most of the energy used is converted into heat. Only 10% of the energy
used is converted into visible light.

Energia consumida

Pérdidas

por calor
!

lllustration 7 Incandescent lamp performance
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Between the non-halogen lamps there are the ones filled with an inert gas
and those that work in a vacuum interior atmosphere.

At the present moment gas filled lamps are more utilized compared to

vacuum lamps, except in some occasional situations for general lighting
purposes wi th ratings up to 40W.

Table 6 Comparison of gas filled lamps versus vacuum lamps

Lamps filled with gas | Vacuum lamps
Filament temperature (¥4C) 2,500 2,100
Lamp lumen per formance * (Im/W) 10- 20 7.5 b1l
Duration (hours) 1,000 1,000

Source: Decrease in energy costs, IRCE

The color of light emitted by a normal incandescent lamp is slightly
yellowish; this is do ing a larger proportion of photons emitted in the zone

of less energy of the visible spectrum. In order to obtain a more intense
and white light, halogen incandescent lamps are used, since they allow that

the tungsten filament to reach a high temperature without melting.

The life expectancy of incandescent lamps has been established as: 1000
hours for normal lamps, 2,000 hours halogen lamps used in general
applications, and 4,000 hours for halogen lamps used in special
applications.

B. Discharge lamps
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The discharge lamps constitute an alternative form in producing light in a

more cost efficient tan the incandescent lamps.

use has become more generalized today.

[tOs for this reason their

The light produced is obtained by the agitation of a gas submitted to

electric discharges between two electrodes placed in a gas filled tube or

ionized vapor.

Electrodo
|

— Cortiente

—
—_—

-
Electrodo

Tubo de descarga

lllustration 8 Scheme of a discharge lamp

The light emitted is not white (for example as in the low pressure sodium

lamps that the light emitted is of a yellowish color), and its capacity to

reproduce colors from this source of light is worse than in

incandescent lamps.

the case of
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lllustration 9 Components of a discharge lamp

According to the gas content and the pressure to which itOs submitted too,
will result in different types of lamps, each one with its light ¢ haracteristics.

* Mercury vapor lamps:
o Low pressure:
¢ Fluorescent lamps

o High pressure:
¢ Metallic halogen lamps
¢ High pressure mercury lamps
¢ A mixed light lamp (a combination of a high mercury
lamp an a incandescent lamp).

e Sodium vapor lamps:
o Low pressure so dium lamps

o High pressure sodium lamps

In these types of lamps the losses are concentrated in two areas: one being
attributed to heat loss and the other one being invisible radiation loss
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(ultraviolet and infrared). The percentage of each type will depend with
the type of its being used.

Pérdidas

por calor

Ultravioleta
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Energia consumida

Luz wsible |

lllustration 10 Energy loss in discharge lamps

On the other hand, in speaking about the discharge lamps performance, you
have to differentiate between the light source performance and t hat of the
auxiliary elements necessary for its functioning, for example the ballast.

The basic aspects that affect the life expectancy of these lamps are:

The flow deterioration that is produced by the blackening of the
surface tube where the electron e  mitting material that cover the
electrodes are deposited which are situated at the end of the tube.

The component deterioration of the lamp is due to the degradation

of the electrodes caused by the exhaustion of the emitting material
covering them.

It is important to attend to the following external factors that
influence the lamps functioning, ambient temperature and the
number of times they have switch on.

In general the discharge lamps are sensitive to exterior temperatures.
The high temperatures, fo r example, are sensitive to low
temperatures having startup problems.
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* The number of times the lights are turn on is very important in order
to establish the life expectancy of the discharge lamps since the
degradation of the emitting substance depends lar gely on this factor.

C. LED

The LED high lumen technology brings together diverse advantages and its
applications are growing every day. ItOs a modern system, safe, and
profitable that brings about energy savings, less maintenance, replacement
costs and CO 2 low emissions.

A LED is a semiconductor that emits a light through the influx of a low
intensity electric current without using a filament or gas and that has the
same key property in producing the same amount of light of traditional
incandescent light bulbs but using 90% less energy.

lllustration 11 Components of a LED device

The principal advantages of LEDS are the following:
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 1tOs practically impossible for a LED to burn out. In normal operating
conditions the LE D devices deteriorate its luminosity at annual rate
of 5%.

* It allows for ample margin of tension , which confers a greater light
reliability with variations of the energy supply.

* Great energy efficiency: 24 Im/W en red LED, against a 10 Im/W with
incandes cence.

* The possib ility to form white light by a combination of blue, green
and red colors, and it can also do it more efficient by using ultraviolet
instead of just a mere color combination.

* Do to its luminary characteristics, LED illumination is indicated , for
security reasons, in areas where fog is present or poor Vvisibility
conditions.

* Furthermore, being able to work at a low tension, it permits to
incorporate a battery within the assembly to address situations of
electric interruptions.

Example.

Traff ic lights (regulating vehicle control and  for industrial machinery).

Table 7 Comparison of type of lamps in traffic lights

TRADITIONAL SYSTEM (Light bulb) NEW SYSTEM (LED Diode)
Approximate 6 months duration Useful life, 10 years (24 h/day ).
Important luminosity loss after 5000 5% loss in illumination capacity after one
hours. year.
Not uniform light  stability. Constant light stability.
Low contrast in daylight conditions, High contras in daylight conditions, and
visualization problems at a distance. better visibility at great distances.

When the light bulb burns out the
traffic light stops functioning. The
breakage of the filament can cause a
short circuit.

Each unit utilizes several LED diodes. A
burnt out diode only represe  nts a loss of
0.5% in luminosity.

Annual internal and external cleaning. DoesnOt require internal cleaning and a
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yearly external cleaning (optical).
Light bulb replacement every six Replacement of unit every 10 years . Low
months. Very sensitive to vibrations. sensitivity to vibrations and impacts.
Semi annual preventive maintenance. No preventive maintenance required.

1.2.7.2 lllumination levels

The recommended levels of illumination for different areas are given by the
luminance *. The illumination un it is denominated as lux (Ix).

The following tables show the quantity of luxes recommended for factories,

commerce and office premises.

Table 8 Recommended lighting levels

Tasks Lux

Control rooms 500
Laboratories 500
Graphic design offices 750
Precision assembly 1.500
Precision work 1.000
Inspection and repairing 500
Stores 150
Hallways 100
Cleaning, polishing, etc. 300

Source: www.energytraining4europe.org

1.2.7.1 lllumination saving measures

SIL3@93/E!/20/1812870/9.!/FB10/8@1!2958J93E!39798 19 BEHMES; <91 Kt
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A synthesis of a few saving measures, classified according in relation to the
required investment

a. No or low cost measures
* Clean the luminaries and paint the walls and ceilings in light
colors.
* Reduce the level of illumination to the recommended minimum
for the activities a t hand.
* Take maximum advantage of natural lighting, especially in new
buildings.

b. Measures that require an initial small investment but can be
amortized in a few months.
e Substitute, when at all possible , incandescent light bulbs for
energy saving light bul bs and a better life cycle.
* Use light dimmers, motion detectors or light sensors.

c. Medium and high investment measures with a payback of a few
years:

* Installation of a new light system with a small operating cost.

* Increase window sizes or redistribute the working areas in order
to take advantage of natural light illumination.

* Install an illumination control system, new  starters in discharge
lamps and incorporate capacitor banks to compensate the
reactive energy public area systems.
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3. ANNEX

ANNEX A.
Records and Demand control demand example

Census of principal loads

In this chart the principal electric load demand s of the Enterprise will be
registered, indicating its application, actual work schedule and proposed
schedule. It is important that the electric loads to be registered and that

they at least cover an 80% of the average maximum demand of the
enterprise.
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To define the priority level of the demands, several meetings must be done
with the operation personnel of the company and that they are in accord
with the priority level and the maximum time for disconnecting.

Table Al. Census of the principal load deman  ds

N¥% | Equipment applicationo Equipment Present work | Proposed work
power (kW) schedule schedule

1

2

3

4

5

6

7

Example

Proposal of maximum demand regulation of an enterprise

The demand profile of a company refers t o the average demand behavior of

a companyOs equipment evaluated every 15 minutes; this profile was
generated in a normal production day in the enterprise in a 24 -hour period.
The following figure shows this profile.
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Figure Al. Demand profile in a norma | production day
The company has three work shifts and most of the lo ad is concentrated
between 7:30 am and 5:30pm. During the entire month the demand value
was 1,000 kW with the exception of this day, which was 1,215 kW, and

this value was registered in m onthly invoice. Furthermore, by means of a
graphic that shows monthly average energy demand behavior during the
evening hours was near 700 kW.

Later the electric loads are selected that will be integrated to the demand
control proposal of the company. The proposal consists in shifting 300kwW
demand that is used between 2:00pm and 6:00pm to the operating night
shift that runs between midnight and 4:00am. The following graphic
demonstrates the results of shifting the loads.
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Figure A2.Demand control profile

One can observe in the above figure the actual demand during the day
represent in blue and in red the demand control proposal in shifting the 300
kW to the night shift. Additionally, you can notice that the demand remains

at 1000 kw.

ANNEX B.
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Inventory records for electrical billing, lighting, motors. Record will help to
employer know the energy consumption per area  and equipment , and later
define the activities to carry out for optimize its use . Also, identify the

equipments that are major consum  ers of energy.

Facturacién de Energia Eléctrica

Tarifa | CAESS Consumo de energia Costo por energia Cargo uso | Factor de Importe
DELSUR (kWh) de red potencia pagado
CLESA
Mes Cargo En En En Total | $kWh | SkWh | S’kWh kW % S
atencion | Resto | Valle | punta Resto | Valle | punta

alcliente | kWh | kWh | kWh kWh

Total

Table A3. Register for inventory of luminary
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Luminary
Workspace
Data /area
Type of Lamp
Type of
diffuser
Type of
reflector
# of lamps
Hours/day
Table A4. Motors Inventory
Datos de Placa
Tipo | Marca | Armazén | Potencia |Velocidad,|Voltaje| Corriente, | Eficiencia, | Factor de
Identificacién | de (frame) [ hp rpm A% A % Servicio
motor
Table A5. Steam Gererator Inspection
Data

Steam Inspection

Type of generator

Capacity

Brand

Year

Fuel

Vapor pressure

Hours/day

Feed water temperature

Feed water treatment

Boiler Analysis(CO2, CO,
02, NOx, SOx, Air,
Boiler efficiency)

Steam distribution

Vapor pressure in
equipment

Pipe insulation

Diameter and length of
uninsulated pipe

Steam leaks

Leaks ldentification

Operation of steam traps

Condensate return
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temperature

Table A6. Inventory of Air Conditioner Systems

Area

Type

Brand

Year

BTU

Hours/day

Comment
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