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Modulel: (12 Hours)

Electrical energy conservation: Energy economics- discount rate, payback period,
internal rate of return, net present value, and life cycle cost. Energy generation, energy
distribution, energy usage by processes, technical and economic evaluation,
under standing ener gy costs, classification of energy conservation measur es, plant energy
performance, benchmarking and energy performance, matching energy usage to
requirement, maximizing energy system efficiency, optimizing the input energy
requirements, fuel and energy substitution, and energy balancing.

EB billing- HT and LT supply, transformers, electric motorss motor efficiency
computation, energy efficient motors, pumps, fans, blowers, compressed air systems,
refrigeration and air conditioning systems, cooling towers, electric heaters (space and
liquid), DG-sets, illuminating devices, power factor improvement, and harmonics.

Electrical energy conservation

Electrical energy isthe most common and widely used type of energy in the world. The subject
of energy conservation is a concern for most energy users particularly industry. Energy
conservation (ECON) becomes even more important for the third world, developing countries,
where the rising energy costs and the use of efficient energy apparatus are of significant
concern to both the industry and the utility.

In this Module, the application of the ECON techniques by which electrical energy can be
saved and made cost efficient from theindustrial perspective are presented for a Thermal Power
Plant

Areas of application of Energy Conservation are Power Generating Station, Transmission &
Distribution system, Consumers premises. Steps are to be taken to enhance the performance
efficiency of generating stations.

Energy Conservation technology adopted in Transmission & Distribution system may reduce
energy losses, which were in tune of 35% of total losses in Power system. Acceptance of
Energy conservation technology will enhances the performance efficiency of electrica
apparatus used by end users.

Implementation of Energy conservation technology will lead to energy saving which means
increasing generation of energy with available source.



1.0 Need of energy conservation:

Fossil fuels like coal, oil that has taken years to form is on the verge of depleting soon. In last
200 years we have consumed 60% of all resources. For sustainable development we need to
adopt energy efficiency measures. Today 85% of primary energy sources come from non-
renewable and fossil sources. These reserves increasing consumption and will exist for future
generations.

Energy survey conducted by Ministry of Power in 1992 reveled that there is requirement of
improvement in energy generation efficiency, improvement in energy transportation
(transmission & distribution systems) and enhancing the performance efficiency of use end
apparatus. Study of ‘Energy strategies for Future’ evolved two things - efficient use of energy,
energy conservation and use of Renewable Energy. Energy conservation emerges out to be the
first and least cost option.

1.1 Important terms and definitions

Theformal definition of the basic termsare given below

The formal definitions of the basic terms are given below:
Energy Policy

Energy Policy definesthe overall guidelinesfor the effortsto achieve greater energy efficiency.
It is established and maintained by the top management of the company.

Energy Planning

Energy Planning involves setting of concrete energy targets complying with the overall energy
policy and elaborate action plans to achieve the targets in a given time frame. Planning of
several activities includes, forecast, budget, infrastructure, material, equipment, technology,
financial resource, human resource and R & D planning.

Energy management

Energy management can be defined in many ways. One way of defining it is: “The judicious
and effective use of energy to maximize profit and enhance competitive positions” another
comprehensive definition is: “The strategy of adjusting and optimizing energy, using systems
and procedures so as to reduce energy requirements per unit of output while holding constant
or reducing total cost of producing the output from these systems”

The objective of energy management is to achieve and maintain optimum energy procurement
and utilization throughout the organization and to: (i) minimize energy cost/energy waste
without affecting production and quality, (ii) minimize environmental effects.

Energy Audit

Energy audit is an inspection, survey and analysis of energy flows for energy conservation in
a building, process or system to reduce the amount of energy input into the system without
negatively affecting the output(s). It also includes submission of technical report containing
recommendations for improving energy efficiency with cost benefit analysis and an action plan



to reduce energy consumption. In commercial and industrial real estate, an energy audit is the
first step in identifying opportunities to reduce energy expense.

The primary objective of Energy Audit isto determine ways to reduce energy consumption per
unit of product output or to lower operating costs. Energy Audit provides a “benchmark”
(reference point) for managing energy in the organization and also provides the basis for
planning a more effective use of energy throughout the organization.

Energy conservation

Energy conservation means reduction in growth of energy consumption and is measured in
physical terms.

Energy conservation is the practice of decreasing the quantity of energy used while achieving
a similar outcome of end use. (This practice may result in increase of financial capital,
environmental value, national security, persona security and human comfort.)

Energy conservation also means reduction or elimination of unnecessary energy used and
wasted.

Energy Efficiency

Energy Efficiency is define saving energy, but keeping the same level of service. For example,
replace an inefficient incandescent light bulb with a more efficient compact fluorescent lamp
for an LED lamp. On the other hand, if you turn off the lights when you leave aroom, you are
practicing energy conservation

Energy Conservation vs. Energy Efficiency: What isthe difference?

Energy conservation and efficiency may be related, but they have distinct definitions in the
energy world. Energy conservation involves using less energy by adjusting your behaviours
and habits. Energy efficiency, on the other hand, involves using technology that requires less
energy to perform the same function. Energy-saving light bulbs, large household
appliances, smart thermostats, and smart home hubs like Constellation Connect are all
examples of technology that can be energy efficient.

Energy intensity

Energy intensity is a measure of the energy efficiency of a nation’s economy. It is calculated
as the amount of energy consumed for generating one unit of Gross Domestic Product.

Energy elasticity

Energy eladticity is the percentage change in energy consumption to achieve one percent
changein national GDP in a specific country over time

Energy Conservation act 2001

Enacted on 1st October 2001

Becomes effective from 1st March 2002

Objective of providing necessary legal Framework for promoting energy conservation
measures in the country

Bureau of Energy Efficiency of operationalised from 1st March 2002



Purpose of the EC act 2001

The purpose of this act isto provide for efficient use of energy and its conservation
Provide a policy framework and direction to National energy conservation activities
Co-ordinate policies and programs on efficient use of energy with stakeholders
Established systems and procedure to verify measure and monitor improvement
Leverage multilateral bilateral and private sector support to implement the EC act
Demonstrate the delivery systems through public-private partnerships

To promote Energy Efficiency in this country

I mportant features of energy conservation act 2001

Energy conservation Building Code (ECBC

Standards and labelling (S&L)

Demand side management (DSM)

Bachat lamp Yojana (BLY)

Promoting Energy Efficiency in small and medium enterprises (SMES)
Designated consumers

Certification of energy managers and energy auditors

1.2 Important Aspects of Energy Conservation

Conserving usable energy, which is otherwise wasted, has a direct impact on economy,
environment and long-term availability of non-renewable energy sources. Energy conservation
implies reduction in energy consumption by reducing losses and wastage by employing energy
efficient means of generation and utilization of energy. There are three important aspects of
energy conservation:

1.2.1. Economic Aspect

(A) Reduction in cost of product Energy conservation ultimately leads to economic benefits
asthe cost of production isreduced. In some energy intensive industries like steel, aluminium,
cement, fertilizer, pulp and paper etc., cost of energy forms a significant part of the total cost
of the product. Energy cost (expressed as percent of total cost of the product) in the entire
industrial sector in Indiavariesfrom aslow as 0.36 per cent to as high as 65 per cent. We must
strive for good energy economy using energy efficient technologies. This will reduce the
manufacturing cost and lead to production of cheaper and better quality products. This is
essential to stay competent with our commercial rivals.

(B) New job opportunities Energy conservation usually requires new investments in more
efficient equipment to replace old inefficient ones, monitoring of energy consumption, training
of manpower, etc. Thus, energy conservation can result in new job opportunities.

1.2.2 Environment Aspect

Every type of energy generation / utilization process affects the environment to some extent
either directly or indirectly. The extent of degradation of environment depends mainly on the
type of primary energy source. Also during any energy conversion stage a part of energy
escapes to surroundings and appears in the form of heat. Thus energy is generated and utilized



at the expense of adverse environmental impacts. Adoption of energy conservation means can
minimize this damage.

1.2.3 Conservation of Non Renewable Energy Assets

The vast bulk of energy used in the world today comes from fossil fuels, which are non-
renewable. These resourceswere laid down many millions of years ago and are not being made
any longer. This finite, non-renewable asset is being used up very fast. The quantity of fossil
fuelsthe world community uses up in one minute what it took the earth a millennium to create.
Therefore, its prices are bound to go up relative to everything else. We must abandon wasteful
practices in energy utilization and conserve this resource by all means for future generations.

Salient features of energy conservation act 2001
The Act provides along-range consequence, which is appended below:

The establishment of Bureau of Energy Efficiency (BEE) in place of existing Energy
Management Centre (EMC) to implement the provisions of the act

Declaration of a user or class of users of energy as a designated consumer

To lay down minimum energy consumption standards and labeling for identified
appliances/equipment and normsfor industria processesfor energy intensive industries
Formation of energy consumption codes

Dissemination of information and best practices

Establishment of Energy Conservation Fund both at the central and state levels
Provision of penalties and adjudication

The BEE would act as a facilitator for the evolution of a self-regulatory system and
organizations would regul ate on their own with aview to save energy and thereby bring
the commercial concept in the organization

The Central Government has established the BEE with effect from March 1, 2002. Further, the
provision of sections 1-29 and sections 4662 of the Energy Conservation Act 2001 relating
to this have come into force from the same date.

Schemes to promote ener gy conservation and ener gy efficiency [22]

Ministry of Power, through Bureau of Energy Efficiency (BEE), has initiated a number of
energy efficiency initiativesin the areas of household lighting, commercial buildings, standards
and labeling of appliances, demand side management in agriculture/municipalities, SMEs
(Small and Medium Enterprises) and large industries including the initiation of the process for
development of energy consumption norms for industrial sub sectors, capacity building of
SDAs (State Designated Agencies), etc. The target of energy savings against these schemes
during the XIth Plan period was kept as 10,000 MW of avoided generation capacity. These
initiatives have resulted in an avoided capacity generation of 10836 MW during the XIth plan
period. The schemesinitiated by BEE are discussed below:



1. Standards and L abeling

The Bureau initiated the Standards and Labeling (S and L) programme for equipment and
appliances in 2006 to provide the consumer an informed choice about the energy saving and
thereby the cost-saving potential of the relevant marketed product. The schemeisinvoked for
19 equipment/appliances, i.e. Room Air-Conditioners, Fluorescent Tube Lights, Frost Free
Refrigerators, Distribution Transformers, Induction Motors, Direct Cool Refrigerator, electric
storage type geyser, Ceiling fans, Color TVs, Agricultural pump sets, LPG stoves, Washing
machine, Laptops, ballast, floor standing ACs, office automation products, Diesel Generating
sets & Diesel operating pump sets of which the first 4 products have been notified under
mandatory |abeling from 7" January, 2010. The other appliances are presently under voluntary
labeling phase. The energy efficiency labeling programmes under BEE are intended to reduce
the energy consumption of appliance without diminishing the servicesit providesto consumers.
Further, the standards and label for refrigerators and air-conditioners have been periodically
made more stringent. As aresult, the least-efficient products are removed from the market and
more efficient products are introduced. The Corporate Average Fuel Consumption Standards
(CAFC) for passenger cars has been notified on 30th January, 2014. The most recent additions
to thelist of labeled products are Diesel Pump Sets & Diesel Generating Set.

During the X11'"" plan, Standards and Labelling programme will target at least 3 more new
equipment/appliances including upgradation of energy performance standards for
equipment/appliances covered during X1 Plan.

2. Energy Conservation Building Codes (ECBC)

The Energy Conservation Building Code (ECBC) was developed by Govt. of India for new
commercia buildings on 27th May 2007. ECBC sets minimum energy standards for new
commercial buildings having a connected load of 100 kW or contract demand of 120 KVA and
above. While the Centra Government has powers under the EC Act 2001, the state
governments have the flexibility to modify the code to suit local or regiona needs and notify
them. Currently eight States and Union Territories (Ragasthan, Odisha, UT of Puducherry,
Uttrakhand, Punjab, Karnataka, Andhra Pradesh & Telangana) notified and adopted the code
for their states. In order to promote a market pull for energy efficient buildings, Bureau of
Energy Efficiency developed a voluntary Star Rating Programme for buildings which is based
on the actual performance of a building, in terms of energy usage in the building over its area
expressed in kWh/sg. m/year. Currently, Voluntary Star Labelling programme for 4 categories
of buildings (day use office buildings/ BPOs/ Shopping malls/ Hospitals) has been devel oped
and put in public domain.

3. Demand Side Management (DSM) Schemes

(a) Agriculture DSM In order to tap the energy saving potential, Agriculture Demand Side
Management (AgDSM) programme was initiated in XIth plan by Bureau of Energy Efficiency
with an objective to induce energy efficiency in agriculture sector by creating market based
framework for implementation of few pilot projects and create awareness among end users and
other stakeholders for adoption of energy efficient pump sets (EEPS).

During the X1Ith plan, realizing the vast energy saving potential in the sector, BEE intends to
continue the programme with an objective to build up the process of acceleration of sustainable
energy efficiency in the plan through following interventions:



Regulatory mechanism to mandate the use of BEE star labeled pump sets for new
connections

Facilitate implementation of DPRs and setting up monitoring & verification protocol
Technical assistance and capacity development of all stakeholders

(b) Municipal DSM Identifying theimmense energy-saving potential in municipal sector, BEE
initiated Municipal Demand Side Management (MuDSM) during X1 plan. The basic objective
of the project was to improve the overall energy efficiency of the Urban Local Bodies (ULBS),
which could lead to substantial savingsin the electricity consumption, thereby resulting in cost
reduction / savings for the ULBs. Implementation of the project at the ground level is highly
necessary which will create a market transformation among technology provider,
implementing partners, financial institutions etc. In view of these facts, it is proposed that
implementation of demo projectsin 15 ULBswill be undertaken on pilot basisduring XI11 plan.
In addition, technical support will be provided to the ULBs by appointing technical expertsto
selected ULBs.

(€) Capacity Building of DISCOMS The objective of the programme is capacity building of

DISCOMs (distribution companies) for carrying out load management programme, energy
conservation programme, development of DSM action plan and implementation of DSM
activities in their respective areas. This programme would help the DISCOMs for reducing
peak electricity demand so that they can delay building further capacity.

(d) Energy Efficiency in Small and Medium Enterprises (SMESs) Sector To encourage the
energy efficient technologies and operational practices in SME sectors in India, BEE has
initiated the energy efficiency interventionsin selected 25 SMEs clusters during the X1 plan.
A study was conducted to assess energy use and technology gap at unit level, development of
the cluster specific energy efficiency manuals, preparation of Detailed Project Reports (DPRS)
on energy efficient technologies and capacity building and knowledge enhancement of man-
force involved in SMEs. During the XII™ plan, implementations of 100 technology
demonstration projects in five SME sectors are envisaged to facilitate large-scal e replication.

4. Strengthening I nstitutional Capacity of States

() Strengthening of State Designated Agency (SDAs) As has been mentioned earlier, the
implementation and enforcement of the provisions of the Energy Conservation Act in the states
isto be carried out by SDAs. Ason date, the SDAS have been set up in 32 states by designating
one of the existing organizations as required under Section 15 (d) of the Energy Conservation
Act 2001. In order to kick start the energy conservation activities at the state level with an
emphasis on building institutional capacities of the SDAs, Ministry of Power had approved the
scheme of Providing financial assistance to the State Designated Agencies for strengthening
their institutional capacities and capabilities during the X1 plan. During the XI1 plan, thrust is
given on establishment of the enforcement machinery at the State level.

(b) Contribution to State Energy Conservation Fund (SECF) Scheme The State Energy
Conservation Fund (SECF) isan instrument to overcome the major barriers for implementation
of energy efficiency projects. The contribution under State Energy Conservation Fund (SECF)
was made to those State Govt. / UT Administration who have created their SECF and finalized
the rules and regul ations to operationalize the same.



5. School Education Programme

Considering the need to make the next generation more aware regarding efficient use of energy
resources, it is necessary to introduce children during their school education. In this regard,
promotion of energy efficiency in schools is being promoted through the establishment of
Energy Clubs. Bureau of Energy Efficiency is implementing the Students Capacity Building
Programme under Energy Conservation awareness scheme for Xl1 five year plan and intends
to prepare the text / material on Energy Efficiency and Conservation for its proposed
incorporation in the existing science syllabi and science textbooks of NCERT for classes 6th
to 10th.

Through this project recommendations will also be made to the National Council of Education,
Research and Training (NCERT) to update the science textbooks of classes V11 to IX toinclude
relevant chapters on Energy Efficiency in the school syllabus.

6. Human Resour ce Development (HRD)

The potential for improvement of energy efficiency of processes and equipment through
awareness creation is vast. A sound policy for creation, retention and up gradation of skills of
Human Resourcesis very crucial for penetration of energy efficient technologies and practices
in various sectors. The component under HRD comprises of theory cum practice oriented
training programme and providing Energy Audit Instrument Support.

7. National Mission for Enhanced Energy Efficiency (NMEEE)

The National Mission for Enhanced Energy Efficiency (NMEEE) is one of the eight missions
under the National Action Plan on Climate Change (NAPCC). NMEEE aims to strengthen the
market for energy efficiency by creating conducive regulatory and policy regime and has
envisaged fostering innovative and sustai nabl e business model s to the energy efficiency sector.

The Mission seeks to upscale the efforts to unlock the market for energy efficiency which is
estimated to be around Rs. 74,000 crore and help achieve total avoided capacity addition of
19,598 MW, fuel savings of around 23 million tonnes per year and greenhouse gas emissions
reductions of 98.55 million tonnes per year at its full implementation stage.

1.3 Area of application of Energy Conservation:

Electrical system is a network in which power is generated using non-renewable sources by
conventional method and then transmitted over longer distances at high voltage levels to load
centers where it is used for various energy conversion process. End user sector are identified
as three major areas -Power Generating station, Transmission & Distribution systems, and
Energy consumers. Consumers are further classified as Domestic, commercial and Industrial
consumers.



Areas Consumption

(Year-2007)
Domestic 21%
Commercial 18.0%
Industrial 32%

Transportation | 29%

ENERGY CONSERVATION OPPORTUNITIES

Classification of energy conservation opportunities

Based on energy audit and analyses of the plant, a number of potential energy saving projects
may be identified. These may be classified into three categories:

1. Category A: Minor ECOs

Minor ECOs are simple, easy to implement, requiring less investment and implementation
time. These are related with stopping of |eakage points, avoiding carel ess waste, housekeeping,
lapses and carelessness of O & M personnel.

2. Category B: Medium ECOs

Medium ECOs or intermediate ECOs are slightly complex, requiring additional investment and
moderate implementation time.

3. Category C: Major ECOs

Major ECOs provide significant energy conservation opportunity. These are high tech.,
complex and require heavy investment and long implementation period.

General electrical ecos

1. Class A: SimpleElectrical ECOs

(a) Switching off the loads (i.e. lights, heaters, ACs, TVSs, etc.) when not in use

(b) Changing from electrical heating to solar heating or gas burner heating wherever possible
(c) Proper housekeeping

(d) Reducing peak demand by staggering the use of large loads

(e) Providing automatic thermostatic (or any other) control to water heaters, refrigerators, air-
conditioners, etc.

(f) Using recently developed  “tiny switches’ which switch off the electronic apparatus during
their sleeping mode

(g) Changing operating cycle of electrical equipment to conserve energy.



For example, electrical furnaces may be used continuously in three shifts (instead of two shifts)
for better economy.

(h) Replacing inefficient lamps by energy efficient lamps

2. Class B: Intermediate Electrical ECOs

(@) Installation of static VAR sources at substations

(b) Employing automatic controlled load switches

(c) Heat recovery from cooling oil associated with transformer

(d) Automatic voltage control of power consuming devices by means of ON-load tap changer

(e) Installation of shunt capacitors near inductive load for power factor improvement and
reducing kVA demand

(f) Improvement in Operation and Maintenance, reducing down time
3. Class C: Comprehensive Electrical ECOs

(a) Modern more efficient and easy to maintain plant equipment may replace old less efficient
ones

(b) The simple manual / semi manual controlled equipment in an electrical plant areretrofitted
with energy efficient computer controlled equipment. The energy input is matched with
optimum energy requirement.

1.4 ENERGY CONSERVATION TECHNIQUES:

1.4.1 EC in Power generating station:

To generate IMW power generation cost isRs4.5t0 5.25 croresand T& D cost isRs.2 crores.
But cost of saved power is Rs.1CroresMw. The important note is time period to set a power
plant is 5 years; to set up transmission line 1 year and to plan energy conservation is only 1
month. We haveless opportunity for EC in generating area but we can improve the performance
efficiency of generators by optimization of load, optimal distribution of load among different
units, periodical maintenance and also increasing the capacity by adopting advanced
technology using renewable energy sources.

1.42ECin Transmission & Distribution:

Areas Consumption (Year-2007) Domestic 21% Commercia 18.0% Industria 32%
Transportation 29% 3 In Indiathe power transmission and distribution (T& D) systemisathree
tire structure comprising of state grids, regional grids and distribution network. To meet the
energy demand power system networks are interconnected through INTRA-REGIONAL
LINK.

The inter-regional power transmission capacity of India at end of 2007 was 14000 MW. T&D
system in India is characterized by heavy losses of about 34.54% according to statistics of
2005-06, as compared to 10-15% in devel oped countries

Power lossesin T&D system can be classified as Technical losses and Commercial |osses.



Power losses in T&D system

Technical losses Commercial losses

s  Transformer losses s Metering

¢  Transmission hine losses ¢ [Inefficient management
e Inter-link losses e Improper maintenance
¢ Distribution losses

1.4.2.1- Technical Lossesin T&D System:

Power losses occurring in T& D sector due to imperfection in technical aspect which indirectly
cause loss of investment in this sector, are technical losses. These technical losses are due to
inadequate system planning, improper voltage and also due to poor power factor etc.

Compaonents
Transformer Losses

Nature of losses

Electrical Losses= PR losses
Magnetic Losses = Core losses

) % Losses
Power transformer contributes
nearly 40% to 5% of total
transmussion and distnbution
losses,

Transmission line losses:

Linz losses = 3I'R loss

1 7%

Inter-link lossas:

Lin= losses = 3I°R loss

Distribution Losses:

'R loss in distributicn line
High reactive burden.
Pocr p.f.

These losses range from 10%
to 62%. The average losses are
found tc be 25%

Harmonic currents.
Unbalanced load.
Excessive neutral current.

1.4.2.2-Commercial L osses:

Commercial losses are those, which are directly responsible for wastage of money invested in
transmission and distribution system. These losses are effects of inefficient management,
improper maintenance etc. Corruption is aso the main reason contributing to the Commercial
losses. Metering losses includes loss due to inadequate billings, faulty metering, overuse,
because of meters not working properly and outright theft. Many of the domestic energy meters
fail because of poor quality of the equipment.

1.43 EC Techniquesin Transformers:
i) Optimization of loading of transformer:

By proper Location of Transformer preferably close to the load center, considering
other features like centralized control, operational flexibility etc. Thiswill bring down
the distribution loss in cables.



Maintai ning maximum efficiency to occur at 38% loading (as recommended by REC),
the overall efficiency of transformer can be increased and its |osses can be reduced
Under fluctuating load condition more than one transformer is used in Paralléel
Operation of Transformers to share the load & can be operated close to the maximum
efficiency range

ii) By Improvisation in Design and M aterial of Transformer:

To reduce load losses in Transformer, use thicker conductors so that resistance of
conductor reduces and load | oss al so reduces.

To reduce Core losses use superior quality or improved grades of Cold Rolled Grain
Oriented (CRGO) laminations.

iii) Replacing by Energy Efficient Transformers:

By using energy efficient transformers efficiency improves to 95 % to 97%.

By using Amorphous transformers efficiency improves to 97 % to 98.5%.

By using Epoxy Resin cast/ Encapsulated Dry type transformer- efficiency improvesto
93% to 97%.

1.4.4 Energy Conservation in Transmission Line:

To reduce line resistance-,,R™ solid conductors are replaced by stranded conductors (ACSR or
AAC) and by bundled conductorsin HT line.

High Voltage Direct Current (HVDC) is used to transmit large amount of power over long
distances or for interconnections between asynchronous grids

By transmitting energy at high voltage level reduces the fraction of energy lost due to Joule
heating. (V al/l so I°R losses reduces).

As load on system increases termina voltage decreases. Voltage level can be controlled by
using voltage controllers and by using voltage stabilizer

If required reactive power transmitted through transmission lines, it causes more voltage drop
in the line. To control receiving end voltage, reactive power controllers or reactive power
compensating equipments such as Static VAR controllers are used.

1.4.5 Energy Conservation in Distribution Line:

a) Optimization of distribution system: The optimum distribution system is the economical
combination of primary line (HT), distribution transformer and secondary line (LT), To reduce
thisloss and improve voltage HT/LT line length ratio should be optimized.



b) Balancing of phase load- As a result of unequal loads on individual phase sequence,
components causes over heating of transformers, cables, conductors, motors. Thus, increasing
losses and resulting in the motor malfunctioning under unbalanced voltage conditions.

¢) Harmonics: With increasein use of non-linear devices, distortion of the voltage and current
waveforms occurs, known as Harmonics. Due to presence of harmonic currents excessive
voltage and current in transformers terminals, malfunctioning of control equipments and
Energy meter, over effect of power factor correction apparatus, interference with telephone
circuits and broad casting occurs. Distribution Static Compensator (DASTACOM) and
Harmonic filters can reduce this harmonics.

d) Energy Conservation by using power factor controller: Low power factor will lead to
increased current and hence increase losses and will affect the voltage. We can use Power
Factor Controller or Automatic Power Factor Controller that can be located near receiving
substations, load centres or near loads.

€) Energy Conservation By Demand side management control: Demand-side management is
used to describe the actions of a utility, beyond the customer's meter, with the objective of
atering the end-use of electricity - whether it be to increase demand, decrease it, shift it
between high and low peak periods, or manage it when there are intermittent load demands -
in the overall interests of reducing utility costs. Nearly energy of 15,000 MW can be saved
through end-use energy efficiency.

By using DSM saving potential in...
Industry and Agriculture - 30-35%
Commercial / Government establishments and residential houses. -25-30%

1.4.6 - Energy Conservation in lighting system:

Good lighting isrequired to improve the quality of work, to reduce human's / worker*s fatigue,
to reduce accidents, to protect his eyesand nervous system. Inindustry it improves production,
and quality of products/ work. To view economy of lighting system, cost of initial installation
cost, running cost, and effect on production / work are to be considered as main parameters.
The power consumption by the industrial lighting is nearly 2 to 10 % of total power
consumption, depending on type of industries.

a) Optimum useof natural light: Whenever the orientation of abuilding permits, day lighting
has to be used in combination with electric lighting. The maxim use of sunlight can be get by
means of transparent roof sheets, north light roof, etc

b) Replacing incandescent lamps by Compact Fluorescent Lamps (CFL's): CFL's are
highly suitable for places such as Living rooms, Hotel lounges, Bars, Restaurants, Pathways,
Building entrances, Corridors, etc.

Area Exist ]I la mp Pro msca lamp Power s :L-.'Engs
Industry | GLS 13w CFL w 4w 31%
GLS 200w | Blended 160w | 40w | 20%
Domestic | GLS tilw CFL 25w 35w 58%




¢) Replacing conventional fluorescent lamp by energy efficient fluorescent lamp: Energy
efficient lamps are based on the highly sophisticated technology. They offer excellent colour
rendering propertiesin addition to the very high luminous efficacy.

Area Lamp Tvpe Power Saving
Existing Proposed Watts Efficiency
Industry TL 40w | TLD 1w Jw 10%
Street lighting TL 2*30w | TL 2*36 w 08w 06
Domestic T 40w | T-8 28w 12w 30

d) Replacement of Mercury/Sodium Vapor Lamp by Halides Lamp: MHL provides high
colour rendering index and offer efficient white light. Hence for critical applications where
higher illumination levels are required, these lamps are used. They are highly suitable for
applications such as assembly line, inspection area, painting shops etc.

Area Existing lamp Proposed lamp Power savings
Industry HPMV- 400w MHL- 250w 5w 1 7%
Commercial HPSV- 150w MHL- 250w | 50w 35%
Street lighting GLS - 200w | ML- 160w | 40w 07%

GL- 300w ML- 250w 50w 1 7%

€) Replacing HPMV Lamps by High pressure sodium Vapour Lamp (HPSV): Where
colour rendering is not critical for such applications e g street lighting, yard lighting because
CRI of HPSV islow but offer more efficiency.

Area Existing lamp Proposed lamp | Power savings
Street lighting HPMYV - 125w HPSV Tow | 25w 44%
HPMV- 250w HPSV 150w | 100 w 40%0
Yard lighting HPMV- 250w | HPSY 150w | 100w 40 %

f) Replacing filament lamps on panels by LED: LED lamps consumes less power (1 W
lamp), withstand high voltage fluctuation in the power supply, longer operating life (>100,000
hrs). Hence nowadays they are aso used in street lighting, signaling, advertising boards, even
as replacement for tube light or CFL.

0) Replacement of conventional ballast by Electronic ballast: Installation of high frequency
(28 — 32Mhz) electronic ballast in place of conventional ballasts helps to reduce power
consumption up to 35%.

h) Installation of separate transformer for lighting: In most of the industries, the net
lighting load varies between 2 to 10%. If power load and lighting load fed by same transformer,
switching operation and load variation causes voltage fluctuations. This also affects the
performance of neighboring power load apparatus, lighting load equipments and aso reduces
lamps. Hence, the lighting equipment has to be isolated from the power feeders. This will
reduce the voltage related problems, which in turn provides a better voltage regulation for the
lighting This also increases the efficiency of the lighting system.



i) Installation of servo stabilizer for lighting feeder: Wherever, installation of separate
transformer for lighting is not economically attractive and then servo stabilizer can beinstalled
for the lighting feeders.

J) Control over energy consumption pattern: Occupancy Sensors, Daylight Linked Control
are commonly used in commercia buildings, malls, offices, where more no. Of lightsareto be
controlled as per operational hours microprocessor based Light control circuits are used. As a
single control unit it can be programmed to switch on /off as per the month wise, year wise and
even season wise working schedule.

k) Periodic survey and adequate maintenance program: Illumination level reduces due to
accumulation of dirt on lamps and luminaries. By carrying periodic maintenancei.e. cleaning,
dusting of lamps and luminaries will improve the light output / luminance. As part of
maintenance programme, periodic surveys of installation, lightning system with respect lamp
positioning and illumination levels, proper operation of control gears should be conducted to
take advantage of energy conservation opportunities as user requirements changes.

1.4.7 Energy Conservation in Motors:

Considering all industrial applications 70% of total electrical energy consumed by only electric
motors driven equipments.

a. Improving power supply quality: Maintaining the voltage level within the BIS standards
i.e. with tolerance of +/-6%and frequency with tolerance of +/-3% motor performance
improves and also life.

b. Optimum loading: Proper selection of the rating of the motor will reduce the power
consumption. If the motor is operating at less than 50% of loading (n<50%) significant power
saving can be obtained by replacing with properly sized high efficiency motors. If the motor is
operating at loads below 40% of it™s capacity, an inexpensive and effective measure might be
to operate in star mode.

c. Improving transmission efficiency: Proper selection of power transmission means (belts,
gears) will reduces transmission losses.

d. Stopping idle or redundant running of motors or lights will save 100% power.
e. By use of Soft Starter: Soft starters are essentially stator voltage controllers; helps to

overcome above problem. It helpsto restrict starting current and also provide smooth start
and stop operation.



dApplication Ne. OF No. Of | Energy Savings

werking hours | jobs consumed in in kWh
kWh

Grinding machine

Without soft starter 7 55 168.0 - —_
With soft starter 7 51 136.8 312 18.6
Lathe machine (5.5 kW)

Without soft starter 7 231 96.4 A e
With sofi starter 7 228 76.4 19.6 20.4

f. By improving power factor: For improving p.f., connect the capacitor bank, which will
improve the p.f. of the system from installation to generating station. Maximum improvement
in overall system efficiency is achieved, which also reduces max. demand of the system and
that will reflect in energy bill.

0. Use of high efficiency or Energy efficient motors: The energy efficient motors have
reduced losses through improved design, better materials and improved manufacturing
techniques. Generally motor life doubles for each 10° C reduction in operating temperature.
While selecting EEM, select with 1.15service factor, design for operation at 85% of rated |oad.

STANDARD ve HIGH EFFICIENCY MOTORS
(Typical 3-Phase Induction Mobor)

1y

1.5 Energy economics- discount rate, payback period, internal rate of
return, net present value, and life cycle cost.

In most respects, investment in energy efficiency isno different from any other areaof financial
management. So when your organization first decides to invest in increasing its energy
efficiency it should apply exactly the same criteria to reducing its energy consumption as it
applies to al its other investments. It should not require a faster or slower rate of return on
investment in energy efficiency than it demands elsewhere.

Discount rate

The discount rate is the interest rate that firms use to determine how much a future cash flow
is worth in the present. The practice of using the discount rate to evaluate cash flows is
called discounting

Using the discount rate, the calculation finds the present value:



Future Value After t Periods

Present value = E
(14r)

t = Period of time measured in years
r = The discount rate (interest rate) expressed as a decimal
The future value after the whole period of time (t)

If the future value after one year is $10,500 and the discount rate is 5% then:

10,500

Present value =
(1.05)"

Present value = $10,000

If aconsumer wants to save their money to earn interest so they can buy anew TV in
2 years, then they can use the price of the TV ($2,500, assuming it does not change)
and find out how much money they need to save at 7% interest:

2,500

Present value = -
(1.07)*

Present value = $2,183.59

If they put $2,183.59 away at 7% interest over 2 years then they will have the right amount of
money to buy the TV they want.

Simple Payback Period

This is the ssmplest technique that can be used to appraise a proposal. The ssimple payback
period can be defined as 'the length of time required for the running total of net savings before
depreciation to equal the capital cost of the project’. In theory, once the payback period has
ended, al the project capital costs will have been recouped and any additional cost savings
achieved can be seen as clear 'profit’. Obvioudly, the shorter the payback period, the more
attractive the project becomes. The length of the maximum permissible payback period
generally varies with the business culture concerned. In some companies, payback periodsin
excess of 3 years are considered acceptable.

The payback period can be calculated using the equation



Capital cost of the project (in Rs.)

Simple payback period (years) = : :
Net Annual savings (in Rs.)

i =S
AS

Where PB is the payback period (years), CC is the capital cost of the project (Rs.),
and AS 15 the annual net cost saving achieved (Rs.).

Theannual net cost saving (AS) istheleast savings achieved after al the operational costs have
been met. Simple payback period isillustrated in Example 4.

Example 4

A new small cogeneration plant installation is expected to reduce a company's annua energy
bill by Rs.4,86,000. If the capital cost of the new boiler instalation is Rs.22,20,000 and the
annual maintenance and operating costs are Rs. 42,000, the expected payback period for the
project can be worked out as.

Solution
PB = 22,20,000/ (4,86,000 — 42,000) = 5.0 years

The payback method is a ssmple technique, which can easily be used to provide a quick
evaluation of a proposal. However, it has a number of mgor weaknesses:

* The payback method does not consider savings that are accrued after the payback period has
finished.

* The payback method does not consider the fact that money, which is invested, should accrue
interest as time passes. In simple terms there is a 'time value' component to cash flows. Thus
Rs.1000 today is more valuable than Rs.1000 in 10 years' time.

In order to overcome these weaknesses anumber of discounted cash flow techniques have been
developed, which are based on the fact that money invested in a bank will accrue annual
interest. The two most commonly used techniques are the 'net present value' and the ‘internal
rate of return' methods.

The simple payback period isusually calculated as follows:

First cost

Simple payback period=
piepay p Yearly benfits—vearly costs

Examples

Simple payback period for a continuous Deodorizer that costs Rs.60 lakhs to purchase and
install, Rs.1.5 lakhs per year on an average to operate and maintain and is expected to save



Rs. 20 lakhs by reducing steam consumption (as compared to batch deodorizers), may be
calculated as follows: According to the payback criterion, the shorter the payback period, the
more desirable the project.

60
20-1.5

Simple pavback period = = 3 years 3months

I nternal rate of return method

It can be seen from Example 5 that both projects returned a positive net present value over 10
years, a adiscount rate of 8%. However, if the discount rate were reduced there would come
a point when the net present value would become zero. It is clear that the discount rate which
must be applied, in order to achieve a net present value of zero, will be higher for Project 2
than for Project 1. This means that the average rate of return for Project 2 is higher than for
Project 1, with the result that Project 2 is the better proposition.

The discount rate which achieves a net present value of zero is known as the internal
rate of return (IRR). The higher the intemal rate of return, the more attractive the
project.

Example 6 illustrates how an internal rate of return analysisis performed.
Example 6

A proposed project requires an initia capital investment of Rs.20 000. The cash flows
generated by the project are shown in the table below:

Year Cash flow (Rs.)
0 20.000.00
I +G00H. 00
2 +55000.00
3 +30000.00
4 +45000.00
5 +4000.00
6 +4000.00

Given the above cash flow data, let us find out the internal rate of return for the project.



Solution

Cash 2% discoont rate 128 dizcoun: rate 6% disconni rate
o D:scount Meaent Mscount Mreseni Dscount MPresent
(Rs.) factor value facior vilue fzctor value
(Bs.) Rs.) (Rx)
{l 200000 |00 2000 (0] 204010 | O 2000
| G 0.526 5556 {.803 5358 0862 5172
5501 nEs7 47135 0797 4387 5 743 ARG 5§
50060 0.794 3970 0712 3560 0641 3205
& 45(H) 1,735 23075 L6306 kit it (1552 2154
SiH) 0681 174 {.307 2268 0450 194
[ J{3CM0 0630 3530 0,507 008 0410 1540
NPV = 2791 MNPV = 459.5 NPV ==1508.5

It can clearly be seen that the discount rate which results in the net present value being zero
lies somewhere between 12% and 16%. For12% discount rate, NPV is positive; for 16%
discount rate, NPV isnegative. Thusfor some discount rate between 12 and 16 percent, present
value benefits are equated to present value costs. To find the value exactly, one can interpolate
between the two rates as follows:

459.5
Imternal rateof return = Q.12 + (0,16 -0.12) x x 100
(4595 —(—1508.5))

4505
Internal rate of returm = 012+ (0.l6 G123y = x 100 = 12.03%
{4505 + 1508.5)

Thus the internal rate of return for the project is 12.93 %. At first sight both the net present
value and internal rate of return methods look very similar, and in some respects are. Y et there
is an important difference between the two. The net present value method is essentially a
comparison tool, which enables a number of projectsto be compared, while the interna rate of
return method is designed to assess whether or not a single project will achieve atarget rate of
return.

Net Present Value M ethod

The net present value method considers the fact that a cash saving (often referred to as a ‘cash
flow") of Rs.1000 in year 10 of a project will be worth less than a cash flow of Rs.1000 in year
2. The net present value method achieves this by quantifying the impact of time on any
particular future cash flow. Thisis done by equating each future cash flow to its current value
today, in other words determining the present value of any future cash flow. The present value
(PV) is determined by using an assumed interest rate, usualy referred to as a discount rate.
Discounting is the opposite process to compounding. Compounding determines the future



value of present cash flows, where" discounting determines the present value of future cash
flows.

In order to understand the concept of present vale, consider the case described in Example 3.
If instead of installing a new cogeneration system, the company invested Rs.22,20,000 in a
bank at an annual interest rate of 8%, then:

The value of the sum at the end of year 1 = 22,20,000 + (0.08 x 22,20,000) = Rs.23,97,600
The value of the sum at the end of year 2 = 23,97,600 + (0.08 x 23,97,600) = Rs.25,89,408

The value of the investment would grow as compound interest is added, until after n years the
value of the sum would be:

[FV = Dx (1 + IR/100)"|

Where FV 15 the future velue of investment in Rs.. and D is the value of nitiol deposit
(or investment) in Rs., IR is Interest Rate and n is number of vears.

Example :

The future value of the investment made at present, afier 5 years will be:
FY = 22,20.000 x (1 + 81007 = Ks.32,61,908.4

Scin 5 years the initial investment of 22 20,000 will acerue Rs. 10,41 .908.4 1n interest and will
be worth Rs.32.61.908.4. Alternatively. it could equally be said that Rs. 32619084 in 5 years
time is worth Rs.22.20,000 now (assuming an annual interest rate of 8%4). In other words the
present value of K5.32,61,908.40 in 5 years tuime 1s Ks. 22,000,000 now,

The present value of an amount of money at any specified time in the futurs can be deter-
mined by the followmg equation.



PV=Sx{1+IR/100)"

Where PV is the present value of 8 in n years time (Es.), and S 1s the value of cash
flow in n years time (Ks.).

The net present value method calculates the present value of all the yvearly cash flows (ie.
capital costs and net savings) mmeurred or accrued throughout the life of a project, and summates
them. Cosis are represented as a negative value and savings as a positive value. The sum of all
the present values is known as the ner present value (NPV). The higher the net present value,
the more attractive the proposed project.

The present value of a future cash flow can be determined using the equation above.
However, il 15 common practice to use a discount factor (DF ) when calculating preseat value.

The discoun! factor is based on an assumed discount rate (i.e. interest rate) and can be deter-
mined by using equation.

DF = (1 + IR/ 100
The product of a particular cash Mow and the discount factor 18 the present value.
PV=8xDF

The values of various discount factors computed for a range of discount rates (i.e. interest rates)
are shown in Table 11.1. The Example 5 illustrates the process involved in a net present value
analysis.



TABLE 11.1COMPUTED DISCOUNT FACTORS

Discount rate % (or interest rate %)
Year 2 4 6 g 10 12 14 16
0 1.O00 | 1L.ODD | 1000 | LODD | 1.000 | 1.000 | 1.000 | 1.000
I 0980 | 0962 | 0943 | D926 | 0909 | 0.893 | 0O.877 | 0.862
0961 | 0.825 | 0.890 | 0.857 | 0.826 | 0.7997 | 0.769 | 0.743
£ 0942 | D.EE9 | D840 | D794 | 0751 | 0712 | 0,675 | 0.641

b

0924 | 0855 | 0.792 | 0.735 | 0683 | 0.636 | (0.592 | (0.552
0906 | 0822 | 0747 | 0.681 | 0621 | 0567 | (.519 | 0476
(.888 | 0,790 | 0705 | 0.630 | 0564 | 0507 | 0456 | 0410
(0.871 | 0760 | 0665 | 0583 | 0513 | 0452 | 0400 | 0354
(0.853 | 0.731 | 0.62T7 | 0540 | 0467 | 0.404 | 0351 | 0.305

e a] &

|

o0

4 0.837 (0703 | 0592 | 0500 | 0.424 | 0361 | 0308 | 0.263

10 | 0820 | 0676 | 0558 | 0463 | 0386 | 0322 | 0270 | 0227

11 | 0804 | 0.650 | 0527 | 0429 | 0350 | 0287 | 0237 | 0.195

12 | 0788 | 0.625 | 0497 | 0397 | 0319 | 0257 | 0208 | 0.168
13 | 0773 | 0601 | 0469 | 0368 | 0290 | 0220 | (L182 | 0.145
14 | 0758 | 0577 | 0442 | 0340 | 0263 | 0205 | (L160 | 0.125

5 | 0743 | 0555 | 0417 | 0315 | 0239 | 0183 | 0.140 | 0.108

16 | 0728 | 0534 | 0394 | 0292 | 0218 | 0.163 | 0L123 | 0.093
17 | 0714 [ D513 | 0371 | 0270 | 0198 | 0.146 | 0.108 | (LORO
18 | 0700 | 0494 | 0350 | 0250 | 0180 | 0.130 | 0.095 | 0.069
19 | 0686 | 0475 | 0331 | 0232 | 0164 | 0116 | OLOR3 | 0.06G0
20 | 673 | 0456 | 0312 | 0215 | 0149 | 0104 | 0073 | 0.051

Lifecycle cost

Life cycle costing, or whole-life costing, is the process of estimating how much money you
will spend on an asset over the course of its useful life. Whole-life costing covers an asset’s
costs from the time you purchase it to the time you get rid of it.

Buying an asset is a cost commitment that extends beyond its price tag. For example, think of
a car. The car’s price tag is only part of the car’s overall life cycle cost. You also need to
consider expenses for car insurance, interest, gas, oil changes, and any other necessary
maintenance to keep the car running. Not planning for these additional costs can set you back.

The cost to buy, use, and maintain a business asset adds up. Whether you’re purchasing a car,
a copier, a computer, or inventory, you should consider and budget for the asset’s future costs.



Life cycle costing process

Conducting alife cycle cost assessment helps you better predict how much your business will
pay when you acquire a new asset.

To calculate an asset’s life cycle cost, estimate the following expenses:

Purchase

Installation

Operating

Maintenance

Financing (e.g., interest)

Depreciation

Disposal

Add up the expenses for each stage of the life cycle to find your total.

N o g b~ DN PP

Y ou might use past data to help you create a more accurate cost prediction. To simplify the
process, start with your fixed costs. Fixed costs for businesses are the expensesthat stay the same
from month to month. Then, estimate variable costs, which are expenses that change.

Life cycle costing processfor intangible assets

You can aso use life cycle costing to determine how much your intangible assets will cost.
Intangible assets are non-physical property, such as patents, your business’s brand, and your
reputation.

Although it is more difficult to add up the whole-life cost of an intangible asset than atangible
asset (physical property), it’s still possible. Consider the total cost of acquiring and maintaining
an intangible asset.

For example, patents cost thousands of dollars. You might also need to hire alawyer to help
you obtain one. And, you will need to pay fees to maintain your patent.

Or, consider your business’s brand. You might spend money on all the things that go into
creating your brand, such as developing alogo, registering your name, and setting up a small
business website. Further, you will spend money on marketing and maintaining your brand.

Life cycle costing assessment example

Let’s say you want to buy a new copier for your business.
Purchase: The purchase price is $2,500.
Installation: Y ou spend an additional $75 for setup and delivery.

Operating: You need to buy ink cartridges and paper for it, so you estimate you will spend
$1,000 on these supplies over the course of its useful life. And, you expect the total electricity
the copier will use to be $300.

Maintenance: If the copier breaks, you estimate repairs will total $450.



Financing: Y ou purchase the copier with your store credit card, which has an interest rate of
3.5% per month. Y ou pay off the printer the next month, meaning you owe $87.50 in interest
($2,500 X 3.5%).

Depreciation: Y ou predict the copier will lose value by $150 each year.

Disposal: You estimateit will cost $100 to hire an independent contractor to remove the copier
from your business.

Although the purchase price of the copier is $2,500, the life cycle cost of the copier could end
up costing your business over $4,500.

Purpose of thelife cycle cost analysis

As mentioned, conducting alife cycle cost analysis helps you estimate how much an asset will
cost you over the course of itslife.

Take a look at some of the reasons why knowing an asset’s total cost can guide your business
decisions.

1. Choose between two or mor e assets

Using life cycle costing helps you make purchasing decisions. If you only factor in theinitial cost of an
asset, you could end up spending more in the long run. For example, buying a used asset might have a
lower pricetag, but it could cost you morein repairs and utility bills than a newer model.

Life cycle cost management depends on your ability to make asmart investment. When you are deciding
between two or more assets, consider their overal costs, not just the price tag in front of you.

2. Determine the asset’s benefits

How do you know if you should buy an asset? Generally, you weigh the pros and cons of your purchase.
But if you only consider the initial, short-term cost, you won’t know if the asset will benefit your
business financially in the long run.

By using life cycle costing, you can more accurately predict if the asset’s return on investment (ROI) is
worth the expense. If you only look at the asset’s current purchase cost and don’t factor in future costs,
you will overestimate the ROI.

3. Create accur ate budgets

When you know how much an asset’s total price is, you can create budgets that represent your
business’s actual expenses. That way, you won’t underestimate your business’s costs.

A budget is made up of expenses, revenue, and profits. If you underestimate an asset’s cost on your
budget, you are overestimating your profits. Failing to account for expenses can result in overspending
and negative cash flow.

1.6 Energy generation, energy distribution, energy usage by processes,
technical and economic evaluation

I dentification of Energy Conservation Opportunities

Fuel substitution: Identifying the appropriate fuel for efficient energy conversion



Energy generation: Identifying Efficiency opportunitiesin energy conversion equipment/utility such
as captive power generation, steam generation in boilers, thermic fluid heating, optimal loading of DG
sets, minimum excess air combustion with boilersthermic fluid heating, optimising existing
efficiencies, efficient energy conversion equipment, biomass gasifiers, Cogeneration, high efficiency
DG sets, etc.

Energy distribution: Identifying Efficiency opportunities network such as transformers,
cables, switchgears and power factor improvement in electrical systems and chilled water,
cooling water, hot water, compressed air, Etc.

Energy usage by processes: Thisiswhere the maor opportunity for improvement and many
of them are hidden. Process analysisis useful tool for process integration measures.

Technical and Economic feasibility

The technical feasibility should address the following issues
* Technology availability, space, skilled manpower, reliability, service etc
 The impact of energy efficiency measure on safety, quality, production or process.
» The maintenance requirements and spares availability

The Economic viability often becomes the key parameter for the management acceptance. The
economic analysis can be conducted by using avariety of methods. Example: Pay back method,
Internal Rate of Return method, Net Present Value method etc. For low investment short
duration measures, which have attractive economic viability, simplest of the methods, payback
isusualy sufficient. A sample worksheet for assessing economic feasibility is provided below:

Sample Worksheet for Economic Feasibility
Mame of Energy Efficiency Measure

I Investment L. Annual operating costs 3, Annual savings
L, Eguipments o Costof capital #  Thermal Energy
2, Civil works ; ¢  Muanienance ¢ Flectricul Energy
¢ Instrumentats «  Manpowe «  Ruw mielerial

St ¢ Energy s Waste disposal
d. Auxiliaries S
. I.'I::pruc::.illnn
Net: Savings /Year (Rs./year) Payback period in months

= (Arnual savirgs-aniual ooerating costs] | = (Investmentinet savings/year) x 12




1.7 Under standing Energy Costs:

Understanding energy cost is vital factor for awareness creation and saving calculation. In
many industries sufficient meters may not be available to measure al the energy used. In such
cases, invoicesfor fuelsand el ectricity will be useful. The annual company balance sheet isthe
other sources where fuel cost and power are given with production related information.

Energy invoices can be used for the following purposes:

* They provide arecord of energy purchased in a given year, which gives a base-line
for future reference

 Energy invoices may indicate the potential for savings when related to production
requirements or to air conditioning requirements/space heating etc.

» When electricity is purchased on the basis of maximum demand tariff
* They can suggest where savings are most likely to be made.

* In later years invoices can be used to quantify the energy and cost savings made
through energy conservation measures

Fuel Costs
A wide variety of fuels are available for thermal energy supply. Few are listed below:
* Fuel oil
 Low Sulphur Heavy Stock (LSHS)
* Light Diesel Oil (LDO)
* Liguefied Petroleum Gas (LPG)
* COAL
* LIGNITE
* WOOD ETC.

Understanding fuel cost isfairly ssmple and it is purchased in Tons or Kiloliters. Availability,
cost and quality are the main three factors that should be considered while purchasing. The
following factors should be taken into account during procurement of fuels for energy
efficiency and economics.

* Price at source, transport charge, type of transport
* Quality of fuel (contaminations, moisture etc)

* Energy content (calorific value)



Power Costs

Electricity pricein India not only varies from State to State, but aso city to city and
consumer to consumer though it does the same work everywhere. Many factors are involved
in deciding final cost of purchased electricity such as:

» Maximum demand charges, KVA (i.e. How fast the electricity is used? )

* Energy Charges, kWh (i.e., How much electricity is consumed?)

» TOD Charges, Peak/Non-peak period (i.e. When electricity is utilized ?)

* Power factor Charge, P.F (i.e., Real power use versus Apparent power use factor )
* Other incentives and penalties applied from time to time

* High tension tariff and low tension tariff rate changes

» Slab rate cost and its variation

* Type of tariff clause and rate for various categories such as commercial, residential,
industrial, Government, agricultural, etc.

* Tariff rate for developed and underdeveloped area/States

* Tax holiday for new projects

Example: Purchased energy Bill

A typical summary of energy purchased in an industry based on the invoices

TABLE 1.4

Type of energy | Original units | Unit Cost Monthly Bill Rs.
Electricity 5,00,000 kwWh | Rs.4.00/kwh | 20,00,000

Fuel ail 200 kL Rs.10,000/ kL | 20,00,000

Cod 1000 tons Rs.2,000/ton 20,00,000

Tota 60,00,000

Unfortunately the different forms of energy are sold in different units e.g. kWh of electricity,
liters of fuel oil, tonne of coal. To allow comparison of energy quantities these must be
converted to a common unit of energy such as kWh, Giga joules, kCals etc.

Electricity (1 kwh) = 860 kCal/kWh (0.0036 GJ)
Heavy fuel oil (Gross calorific value, GCV) =10000 kCal/litre ( 0.0411 GJ/litre)
Coal (Gross caorific value, GCV) =4000 kCal/kg ( 28 GJ/ton)



1.8 Classification of Energy Conservation Measures

Based on energy audit and analyses of the plant, a number of potential energy saving projects
may be identified. These may be classified into three categories:

1. Low cost - high return;
2. Medium cost - medium return;
3. High cost - high return

Normally the low cost - high return projects receive priority. Other projects have to be
analyzed, engineered and budgeted for implementation in a phased manner. Projects relating
to energy cascading and process changes amost always involve high costs coupled with high
returns, and may require careful scrutiny before funds can be committed. These projects are
generally complex and may require long lead times before they can be implemented. Refer
Table 3.1 for project priority guidelines.

TABLE 3.1 PROJECT PRIORITY GUIDELINE
Priority Economical Technical Risk /
Feasibility Feasibility Feasibility
\ - Good Well defined and Existing technology | No Risk/
attractive adequate Highly feasible
B -May be | Well defined and only Existing technology | Minor operating
marginally acceptable may be updated, risk/May be
lack of confirmation | feasible
C -Held Poorly defined and Existing technology | Doubtful
marginally unacceptable | is inadequate
D -No Clearly not attractive Need major Not feasible
breakthrough

1.9 Benchmarking and Energy Performance

Benchmarking of energy consumption internally (historical / trend analysis) and externally
(across similar industries) are two powerful tools for performance assessment and logical
evolution of avenues for improvement. Historical data well documented helps to bring out
energy consumption and cost trends month-wise / day-wise. Trend anaysis of energy
consumption, cost, relevant production features, specific energy consumption, help to
understand effects of capacity utilization on energy use efficiency and costs on abroader scale.

Externa benchmarking relates to inter-unit comparison across a group of similar units.
However, it would be important to ascertain similarities, as otherwise findings can be grossly
misleading. Few comparative factors, which need to be looked into while benchmarking
externally are:

* Scale of operation

* Vintage of technology



» Raw material specifications and quality
* Product specifications and quality
Benchmarking energy performance permits

* Quantification of fixed and variable energy consumption trends vis-a-vis production
levels

» Comparison of the industry energy performance with respect to various production
levels (capacity utilization)

* Identification of best practices (based on the external benchmarking data)
* Scope and margin available for energy consumption and cost reduction
» Basis for monitoring and target setting exercises.
The benchmark parameters can be:
* Gross production related
e.g. KWh/MT clinker or cement produced (cement plant)
e.g. KWh/kg yarn produced (Textile unit)
e.g. KWh/MT, kCal/kg, paper produced (Paper plant)
e.g. kCal/kWh Power produced (Heat rate of a power plant)
e.g. Million kilocas/MT Urea or Ammonia (Fertilizer plant)
e.g. KWh/MT of liquid metal output (in afoundry)
» Equipment / utility related
e.g. kKW/ton of refrigeration (on Air conditioning plant)
e.g. % thermal efficiency of aboiler plant
e.g. % cooling tower effectivenessin a cooling tower
e.g. KWh/NM3 of compressed air generated
e.g. kWh/litrein adiesel power generation plant.

While such benchmarks are referred to, related crucial process parameters need mentioning for
meaningful comparison among peers. For instance, in the above case:

* For a cement plant - type of cement, blaine number (fineness) i.e. Portland and process used
(wet/dry) are to be reported alongside kWh/MT figure.

* For a textile unit - average count, type of yarni.e. polyester/cotton, isto be reported alongside
kWh/sguare meter.

* For a paper plant - paper type, raw material (recycling extent), GSM quality issomeimportant
factors to be reported along with kWh/MT, k Cal/Kg figures.



* For a power plant / cogeneration plant - plant % loading, condenser vacuum, inlet cooling
water temperature, would be important factors to be mentioned al ongside heat rate (kCal/kWh).

* For a fertilizer plant - capacity utilization(%) and on-stream factor are two inputs worth
comparing while mentioning specific energy consumption

* For a foundry unit - melt output, furnace type, composition (mild steel, high carbon steel/cast
iron etc.) raw material mix, number or power trips could be some useful operating parameters
to be reported while mentioning specific energy consumption data.

* For an Air conditioning (A/c) plant - Chilled water temperature level and refrigeration load
(TR) are crucial for comparing KW/TR.

* For a boiler plant - fuel quality, type, steam pressure, temperature, flow, are useful com
parators alongside thermal efficiency and more importantly, whether thermal efficiency is on
gross calorific value basis or net calorific value basis or whether the computation is by direct
method or indirect heat loss method, may mean alot in benchmarking exercise for meaningful
comparison.

» Cooling tower effectiveness - ambient air wet/dry bulb temperature, relative humidity, air and
circulating water flows are required to be reported to make meaningful sense.

o Compressed air specific power consumption - is to be compared at similar inlet air tem
perature and pressure of generation.

* Diesel power plant performance - is to be compared at similar loading %, steady run
condition etc.

1.10 Plant Energy Performance

Plant energy performance (PEP) is the measure of whether a plant is now using more or less
energy to manufacture its products than it did in the past: a measure of how well the energy
management programme is doing. It compares the change in energy consumption from one
year to the other considering production output. Plant energy performance monitoring
compares plant energy use at a reference year with the subsequent years to determine the
improvement that has been made.

However, aplant production output may vary from year to year and the output has a significant
bearing on plant energy use. For a meaningful comparison, it is necessary to determine the
energy that would have been required to produce this year production output, if the plant had
operated in the same way asit did during the reference year. This calculated value can then be
compared with the actual value to determine the improvement or deterioration that has taken
place since the reference year.

Production factor

Production factor is used to determine the energy that would have been required to produce
this year's production output if the plant had operated in the same way asit did in the reference
year. It isthe ratio of production in the current year to that in the reference year.



. Current yvear's production
Production factor = ——=————————" "= =
Reference year's production

Reference Year Equivalent Energy Use

The reference year's energy use that would have been used to produce the current year's
production output may be called the "reference year energy use equivaent” or "reference year
equivalent" for short. The reference year equivalent is obtained by multiplying the reference
year energy use by the production factor (obtained above)

Reference year equivalent = Reference year energy use x Production factor

The improvement or deterioration from the reference year is called "energy performance” and
is a measure of the plant's energy management progress. It is the reduction or increase in the
current year's energy use over the reference, and is calculated by subtracting the current year's
energy use from the reference years equivaent. The result is divided by the reference year
equivaent and multiplied by 100 to obtain a percentage

. Reference year equivalent - Current year's energy
Plant energy performance = el =% 1)
Reference year equivalent

The energy performance is the percentage of energy saved at the current rate of use compared to the
reference year rate of use. The greater the improvement, the higher the number will be.

Monthly Energy Performance

Experience however, has shown that once a plant has started measuring yearly energy performance,
management wants more frequent performance information in order to monitor and control energy use
on an on-going basis. PEP can just as easily be used for monthly reporting as yearly reporting.

1.11 Matching Energy Usage to Requirement

Mismatch between equipment capacity and user requirement often leads to inefficiencies due
to part load operations, wastages etc. Worst case design, is a designer's characteristic, while
optimization is the energy manager's mandate and many situations present themselves towards
an exercise involving graceful matching of energy equipment capacity to end-use needs. Some
examples being:

* Eliminate throttling of a pump by impeller trimming, resizing pump, installing variable speed
drives

* Eliminate damper operations in fans by impeller trimming, installing variable speed drives,
pulley diameter modification for belt drives, fan resizing for better efficiency.

» Moderation of chilled water temperature for process chilling needs

* Recovery of energy lost in control valve pressure drops by back pressure/turbine adoption



* Adoption of task lighting in place of less effective area lighting
1.12 Maximising System Efficiency

Once the energy usage and sources are matched properly, the next step is to operate the
equipment efficiently through best practices in operation and maintenance as well as judicious
technology adoption. Some illustrations in this context are:

* Eliminate steam leakages by trap improvements
» Maximise condensate recovery
» Adopt combustion controls for maximizing combustion efficiency

* Replace pumps, fans, air compressors, refrigeration compressors, boilers, furnaces, heaters
and other energy consuming equipment, wherever significant energy efficiency margins exist.

Optimising the Input Energy Requirements

Conseguent upon fine-tuning the energy use practices, attention is accorded to considerations
for minimizing energy input requirements. The range of measures could include:

» Shuffling of compressors to match needs.
* Periodic review of insulation thickness
« Identify potential for heat exchanger networking and process integration.

* Optimisation of transformer operation with respect to load.

1.13 Fuel and Energy Substitution

Fuel substitution: Substituting existing fossil fuel with more efficient and less cost/less
polluting fuel such as natural gas, biogas and locally available agro-residues.

Energy is an important input in the production. There are two ways to reduce energy
dependency; energy conservation and substitution.

Fuel substitution has taken place in al the mgjor sectors of the Indian economy. Kerosene and
Liquefied Petroleum Gas (LPG) have substituted soft coke in residential use. Few examples of
fuel substitution

* Natural gas is increasingly the fuel of choice as fuel and feedstock in the fertilizer, petro
chemicals, power and sponge iron industries.

* Replacement of coal by coconut shells, rice husk etc.
* Replacement of LDO by LSHS
Few examples of energy substitution

= Replacement of electric heaters by steam heaters
» Replacement of steam based hotwater by solar systems



Case Study : Example on Fuel Substitution

A textile process industry replaced old fuel oil fired thermic fluid heater with agro fuel fired
heater. The economics of the project are given below:

A: Title of Recommendation : Use of Agro Fuel (coconut
chips) in place of Furnace
oil in aBoiler

B: Description of Existing System and itsoperation : | A thermic fluid heater with
furnace ail currently. Inthe
same plant a coconut chip
fired boiler is operating
continuously  with  good
performance.

C: Description of Proposed system and itsoperation | It was suggested to replace

: the oil fired thermic fluid
heater with coconut chip
fired boiler as the company
has the facilities for
handling coconut chip fired
system

D: Energy Saving Calculations

Old System

Type of fuel Firing : Furnace Qil fired heater

GCV : 10,200 kCal/kg

Avg. Thermal Efficiency : 82%

Heat Duty : 15 lakh kCal / hour

Operating Hours : 25 days x 12 month x 24
hours = 7,200 hrs.

Annua Fuel Cost : Rs.130 lakh (7200 x 1800
Rs./hr.)

Modified System

Type of fuel saving = Coconut chips fired Heater

GCV = 4200 kCal/kg

Average Thermal Efficiency =72%

Heat Duty = 15lakh kCal / hour

Annua Operating Cost =7200 x 700 Rs./hr = 50

Annua Savings lakh

Additional Auxiliary Power + Manpower Cost =130- 50 = Rs.80 lakh .

Net Annual Saving =Rs. 10 lakh

Investment for New Coconut Fired heater =Rs. 70 lakh
=Rs. 35lakh

Simple pay back period
= 6 months




1.14 Energy balancing.

Energy takes many forms, such as heat, kinetic energy, chemical energy, potential energy but
because of interconversions it is not aways easy to isolate separate constituents of energy
balances. However, under some circumstances certain aspects predominate. In many heat
balances in which other forms of energy are insignificant; in some chemical situations
mechanical energy isinsignificant and in some mechanical energy situations, asin the flow of
fluids in pipes, the frictional losses appear as heat but the details of the heating need not be
considered. We are seldom concerned with internal energies.

Therefore practical applications of energy balances tend to focus on particular dominant
aspects and so a heat balance, for example, can be a useful description of important cost and
quality aspects of process situation. When unfamiliar with the relative magnitudes of the
various forms of energy entering into a particular processing situation, it iswiseto put them all
down. Then after some preliminary calculations, the important ones emerge and other minor
ones can be lumped together or even ignored without introducing substantial errors. With
experience, the obviously minor ones can perhaps be left out completely though this aways
raises the possibility of error.

Energy balances can be cal culated on the basis of external energy used per kilogram of product,
or raw material processed, or on dry solids or some key component. The energy consumed in
food production includes direct energy which is fuel and electricity used on the farm, and in
transport and in factories, and in storage, selling, etc.; and indirect energy which is used to
actually build the machines, to make the packaging, to produce the el ectricity and the oil and
so on. Food itself isamajor energy source, and energy balances can be determined for animal
or human feeding; food energy input can be balanced against outputs in heat and mechanical
energy and chemical synthesis.

In the SI system there is only one energy unit, the joule. However, kilocalories are still used by
some nutritionists and British thermal units (Btu) in some heat-bal ance work.

Thetwo applications used in this chapter are heat balances, which arethe basisfor heat transfer,
and the energy balances used in analysing fluid flow.

Heat Balances

The most common important energy form is heat energy and the conservation of this can be
illustrated by considering operations such as heating and drying. In these, enthalpy (total heat)
is conserved and as with the mass balances so enthalpy balances can be written round the
various items of equipment. or process stages, or round the whole plant, and it is assumed that
no appreciable heat is converted to other forms of energy such as work.

Enthalpy (H) is always referred to some reference level or datum, so that the quantities are
relative to this datum. Working out energy balances is then just a matter of considering the
various quantities of materials involved, their specific heats, and their changes in temperature
or state (as quite frequently latent heats arising from phase changes are encountered). Figure
4.3 illustrates the heat balance.
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Heat isabsorbed or evolved by somereactionsin processing but usually the quantities are small
when compared with the other forms of energy entering into food processing such as sensible
heat and latent heat. Latent heat is the heat required to change, at constant temperature, the
physical state of materials from solid to liquid, liquid to gas, or solid to gas. Sensible heat is
that heat which when added or subtracted from materials changes their temperature and thus
can be sensed. The units of specific heat are Jkg K and sensible heat change is calculated by
multiplying the mass by the specific heat by the change in temperature, (m x ¢ x AT). The units
of latent heat are Jkg and total latent heat change is calculated by multiplying the mass of the
material, which changes its phase by the latent heat. Having determined those factors that are
significant in the overal energy balance, the ssimplified heat balance can then be used with
confidence in industrial energy studies. Such calculations can be quite simple and
straightforward but they give a quantitative feeling for the situation and can be of great usein
design of equipment and process.

Example: Dryer heat balance

A textiledryer isfound to consume4 m3/hr of natural gaswith acalorific value of 800 kJ/mole.
If the throughput of the dryer is 60 kg of wet cloth per hour, drying it from 55% moisture to
10% moisture, estimate the overall thermal efficiency of the dryer taking into account the latent
heat of evaporation only

60 kg of wet cloth contains

60 x 0.55 kg water = 33 kg moisture

and 60 x (1-0.55) = 27 kg bone dry cloth.

Asthe final product contains 10% moisture, the moisture in the product is 27/9 = 3 kg
And so Moisture removed / hr = 33 - 3 =30 kg/hr

Latent heat of evaporation = 2257 kJ/K

Heat necessary to supply = 30 x 2257 = 6.8 x 104 kJ/hr

Assuming the natural gas to be at standard temperature and pressure at which 1 mole occupies
22.4 litres

Rate of flow of natural gas=4 m3 /hr = (4 x 1000)/22.4 = 179 moles/hr
Heat available from combustion = 179 x 800 = 14.3 x 104 kJ/hr



Approximate thermal efficiency of dryer = heat needed / heat used = 6.8 x 104/ 14.3x 104 =
48%

To evaluate this efficiency more completely it would be necessary to take into account the
sensible heat of the dry cloth and the moisture, and the changes in temperature and humidity
of the combustion air, which would be combined with the natural gas. However, as the latent
heat of evaporation isthe dominant term the above cal culation gives aquick estimate and shows
how a simple energy balance can give useful information.

Similarly energy balances can be carried out over thermal processing operations, and indeed
any processing operations in which heat or other forms of energy are used.

Example: Autoclave heat balance in canning

An autoclave contains 1000 cans of pea soup. It is heated to an overall temperature of 100 °C.
If the cans are to be cooled to 40 °C before |eaving the autoclave, how much cooling water is
required if it entersat 15 °C and leaves at 35 °C?

The specific heats of the pea soup and the can metal are respectively 4.1 kJ/ kg °C and 0.50 kJ/
kg °C. The weight of each can is60g and it contains 0.45 kg of pea soup. Assume that the heat
content of the autoclave walls above 40 °C is 1.6 x 104 kJ and that there is no heat |oss through
thewalls.

Let w = the weight of cooling water required; and the datum temperature be 40°C, the
temperature of the cans leaving the autoclave.

Heat entering

Heat in cans = weight of cans x specific heat x temperature above datum = 1000 x 0.06 x 0.50
X (100-40) kJ=1.8 x 10°kJ

Heat in can contents = weight pea soup x specific heat x temperature above datum = 1000 X
0.45 x 4.1 x (100 - 40) = 1.1 x 10° kJ

Heat in water = weight of water x specific heat x temperature above datum = w x 4.186 x (15-
40) =-104.6 w kJ.

Heat leaving

Heat in cans = 1000 x 0.06 x 0.50 x (40-40) (cans leave at datum temperature) = 0
Heat in can contents = 1000 x 0.45x 4.1 x (40-40) =0

Heat in water = w x 4.186 x (35-40) =-20.9w



HEAT-ENERGY BALANCE OF COOLING FROCESS, 40°C A5 DATUM LINE

Heat Entering (k)

Heat Leaving (kI

Heat in cans 1 RO

Heat in can contents 11000

Heat mn autoclave wall 16000

Heat in water 146w

Total heat entering 127.800 — 104.6 w

Total heat entering —
127800 — 146w =
w =
Amount of cooling water reguired = 1527 kg.

Heat in cans F]

Heat in can contents (0

Heat 1n amoclave wall ¢

Hear in water -209W
Totzl heat leaving -209W
Totzl heat leaving

200 w

1527 kg



1.15 Electricity Tariff

The €electrical energy that is produced in a power station is delivered to a large number of
consumers. The consumers can be convinced to use electrical energy if it issold at areasonable
price. Here comes the idea of tariffs.

Definition: A tariff is the schedule of rates structured by the supplier for supplying electrical
energy to various types of consumers. The rate at which electric energy is supplied to a
consumer is known as atariff.

Thefollowing elements ar e engaged into account to deter mine thetariff:

Types of load (domestic, commercial, industrial)
Maximum demand

Time at which load is required

The power factor of the load

Amount of energy used

The way in which consumers pay for electrical energy changes according to their demands.
Industrial consumers consume more energy for the relatively longer period than domestic
consumers.

Tariffs should be framed in such away so that it covers the cost of production, cost of supply,
and yet yields some reasonabl e profit.

The price of energy supplied by a generating station depends on the established capacity of the
plant and kWh generated. Maximum demand increases the installed capacity of the generating
station.

The instant at which maximum demand occurs is too important in plant economics. If the
maximum demand of the consumer and the maximum demand on the system take place
simultaneously, additional plant capacity is needed.

However, if the maximum demand of the consumer occurs during off-peak hours, then we just
need to improve the load factor and no extra plant capacity is needed. Thus, the overall cost
per KWh generated is reduced.

Power factor islikewise an important factor from the point of view of plant economics.

At alow-power-factor, the load current isvery high. Therefore, the current to be supplied from
the generating station is also large. This high current is also responsible for large 12R losses in
the system and larger voltage drops. Therefore, the regulation becomes poor; in order to supply
the consumer’s voltage within permissible limits, power factor correction equipment is to be
set up. Therefore, the cost of generation increases.

The cost of electrica energy isreduced by using alarge amount of energy for alonger period.



Table 1; Consumers and Their Tariffs

: Demand .
Consumers Examples Supply Given Eactor Tariff
1¢: supply up to .
Residential load, | aload of 5 kW Small 1. Smple
light, fan, television, 3: supply for consumers
. radio, electricirons, | |oadsexceeding | (high unity), 2 Flat rate
Domestic domestic pumps, 5 kW big
coolers, ar consumers
conditioners (0.5) 3. Block rate
1¢: supply up to .
aload of 5 KW 1. Simple
Shops, business 39: supply fpr
Commercial houses, hotels, loads exceeding | gy high | 2 Flatrae
cinemas, clubs, etc. 5 kW
3. Block rate
Agricultural Tubewells 30 power up to Unity Flat rate
g 20 kW
3b: power at 415
Railways, educational Vor 1.1 kV
o - depending on
Bulk |nst|tutes,_the military their Flat rate
establishment, .
hospitals requi rement,_the
load exceeding
10 kw
3¢: power
. Attachakkis, small | supply at 415V, :
Industrial workshop, sawmill, load not Usually high Block tariff
(small) etc. exceeding 20 0.8)
kW
3¢: power
supply at 415V,
Industrial eX(t:ZZ(;ionad 20 Two-part
(medium) WV bttt tariff
exceeding 100
kW
Power supplied
o at 11KV or 33 e
AAUSITT KV, the load 0.5 .
(large) exceeding 100 demand factor
d tariff

kW




Objectives of an Electricity Tariff

1. Recovery of cost of producing electrical energy at the power station.

2. Recovery of cost on the capital investment in transmission and distribution systems.

3. Recovery of cost of operation and maintenance of the supply of electrica energy. For
example, metering equipment, billing, etc.

4. A suitable profit on the capital investment.

5.

Electricity Tariff Characteristics

1. Proper return. The tariff should be structured in such a way that it guarantees the
proper return from each consumer. Thetotal receipts from the consumers must be equal
to the cost of producing and supplying electrical energy plus the reasonable profit.

2. Fairness. The tariff must be fair so that each and every consumer is satisfied with the
cost of electrica energy. Thus, a consumer who consumes more electrical energy
should be charged at a lower rate than a consumer who consumes little energy. It is
because increased energy consumption spreads the fixed charge over a greater number
of units. Hence reducing the overall production cost of electrical energy.

3. Simplicity. The tariff should be simple and consumer-friendly so that an ordinary
consumer can easily understand.

4. Reasonable profit. The profit element in the tariff should be reasonable. An electric
supply company is a public utility company and generally enjoys the benefits of a
monopoly.

5. Attractive. The tariff should be attractive so that it can attract a large number of
consumers to use electricity.

Typesof Tariff in Electricity
1 Flat-Demand Tariff

This is one of the primitive forms of tariffs used for charging the consumer for consuming
electrical energy. In this case, the total demand and the energy consumption are fixed. If x is
the number of loads connected in kW and a is the rate per lamp or per KW of connected |oad,
then

Energy Charges=Rs. ax

2 Simple Tariff

If thereisafixed rate available for per unit of energy consumed, then it is called asimple tariff
or uniform rate tariff.

The rate can be delivered as

Cost/kWh=Rs. Annual fixed cost + Annual operating cost/ Total number of units supplied to
the consumer per annum

Disadvantages



We cannot differentiate various types of consumers (domestic, industrial, bulk) having
different load factor, diversity, and power factor.

The cost per KWh delivered is higher.

It does not encourage the use of electricity.

3 Flat-Rate Tariff

When different types of consumers are charged at different per-unit rates, it is called aflat-rate
tariff. In thistype of tariff, the consumers are grouped into various categories, and each type of
consumers is charged at a different rate. For instance, the flat rate per kWh for lighting load
may be 60 paisa, whereas it may dlightly less (say 55 paisa) for power load.

Advantages

More fair to different types of consumers.
Quite simplein calculations.

Disadvantages

It varies with the consumption of electrical energy, and separate meters are required for
lighting load, power load, etc. This makes the application of such tariff costly and
complex.

A particular category of consumers is charged at the same rate irrespective of the
magnitude of energy consumed. However, big consumers should be charged at a
relatively lower rate, asin this case the fixed charges per unit are reduced.

4 Step-Rate Tariff

A step-rate tariff is a group of flat-rate tariffs of decreasing unit charges for a higher range of
consumption. For example,

Rs. 4.0/unit if the consumption does not exceed 50 kWh.
Rs. 3.5/unit if the consumption exceeds 50 kW but does not exceed 200 kW.
Rs. 3.0/unit if the consumption exceeds 200 kW.

Disadvantage

However, by increasing the energy consumption, the cost is reduced. Thus, there is a
tendency with the consumer, just approaching the limit of the step, to anyhow cross the
step and enter the next one in order to reduce the total energy cost.

This drawback is removed in block-rate tariff explained below.

5 Block-Rate Tariff

When a specific block of energy is charged at a specified rate and the succeeding blocks of
energy are charged at a progressively reduced rate, it is called a block-rate tariff.

For example, the first 40 units may be charged at 70 paisa/unit, next 35 units at 55 paisa/unit,
and remaining additional units at 30 paisa/unit.



Thisis used for the majority of residential and small commercial consumers.
Advantages

Consumers get an incentive to consume more electrical energy.
Thisincreasestheload factor of the system and hence the cost of generation isreduced.

Disadvantage

Its principal defect is that it cannot measure the consumer’s demand.

6 Two-Part Tariff

When the rate of electrical energy is charged on the basis of maximum demand of the
consumers and the units consumed, then it is called two-part tariff or Hopkinson demand
tariff (Table 1).

In this case, the total cost that isto be charged by the consumer is split into two components:

The fixed charges depend upon the maximum demand of the consumers.
The running charges depend upon the number of units consumed by the consumers.

=~ Tota charges=Rs. (b x kW + ¢ x kWh)

Where b is the charge per kW of maximum demand and c is the charge per kWh of energy
consumed.

Applicableto industrial consumers who have appreciable maximum demand.
Advantages

Easily understood by the consumers.
It recovers the fixed charges that depend upon the maximum demand of the consumer
but are independent of the units consumed.

Disadvantages

The consumer has to pay the fixed charges irrespective of whether he or she has
consumed or not consumed the electric energy.
There isaways error in determining the maximum demand of the consumer.

7 Maximum-Demand Tariff

It isquite similar to two-part tariff; the only difference is that the maximum demand is actually
measured by installing maximum demand meter in the premises of the consumer.

Advantage

This eliminates the disadvantage of the two-part tariff, where maximum demand is determined
merely on the basis of the chargeable value.

This tariff ismostly applied to big consumers.
8 Three-Part Tariff



In three-part tariff, the total charge to be made from the consumer is split into three parts, that
is,

Fixed charges
Semi-fixed charges
Running charges

~Tota charges=Rs. (a+bxkW+cxkWh)

Whereais the fixed charge made during each billing period. It includes interest and
depreciation on the cost of secondary distribution and labor cost of collecting revenues. b isthe
charge per kW of maximum demand and c is the charge per kWh of energy consumed.

The principal objection of this tariff is that the charges are split into three compartments.
Generally applied to big consumers.

9 Power Factor Tariff

The tariff in which the power factor of the consumer’s load is taken into consideration is known
as power factor tariff.

A low-power-factor increases the rating of the station equipment and line losses. Therefore, a
consumer having low-power-factor must be penalized.

Thefollowing aretheimportant types of power factor tariff.
9.1 kVA Maximum-Demand Tariff

It is a modified form of the two-part tariff. The fixed charges are formulated on the basis of
maximum demand in KVA, and not in KW. As kVA is inversely proportiona to the power
factor, aconsumer having alow-power-factor has to contribute more toward the fixed charges.

Advantage
It encourages the consumersto operate the appliances and machinery at improved power factor.
9.2 Sliding Scale Tariff

This is known as average power factor tariff. In this case, an average power factor (say 0.8
lagging) is taken as the reference. If the power factor of the consumer falls below this factor,
suitable additional charges are made. On the other hand, if the power factor is above the
reference, adiscount is allowed to the consumers.

9.3 kW and kvar Tariff

In thistype, both active power (kW) and reactive power (kvar) supplied are charged separately.
A consumer having low-power-factor will draw more reactive power and hence shall have to
pay more charges.



Electricity Tariff Example 1

The maximum demand of a consumer is 15 A at 230 V and his/her total energy consumption
is9000 kWh. If the energy is charged at the rate of Rs. 5 per unit for 600 h use of the maximum
demand per annum plus Rs. 2 per unit for additiona units, calculate (1) annual bill and (2)
equivalent flat rate.

Solution

Assume the load factor and power factor to be unity.
Maximum Demand=230x15x1/1000=3.45kW

1. Units consumed in 600 h=3.45x600=2070kWh
charges for 2070 kWh=Rs.5x2070=Rs.10,350
Remaining Units=9000-2070=6930kWh

charges for 6930 kWh=Rs.2x6930=Rs.13,860

Total Annua Bill=Rs.(13,860+10,350)=Rs.24,2102.
Equivaent Flat Rate=Rs.24,210/9000=Rs.2.69

Electricity Tariff Example 2

A consumer has a maximum demand of 150 kW at 50% load factor. If the tariff is Rs. 800 per
kW of maximum demand plus Rs. 2 per kWh, find the overall cost per kWh.

Solution
Units Cosumed/Y ear=MDxLFxHours in ayear
=150x0.5%8760=657,000 kWh
Annua Charges=Annual MD ChargestAnnual Energy Charges=Rs.(150x800+2x657,000)
=1,434,000
~Overall Cost / kWh=Rs.1,434,000/657,000=Rs. 2.18

1.16 Calculation of éectric bill for a company

Electrical utility or power supplying companies charge industrial customers not only based on
the amount of energy used (kWh) but also on the peak demand (kVA) for each month.

Contract Demand

Contract demand is the amount of electric power that a customer demands from utility in a
specified interval. Unit used iskV A or kW. It isthe amount of electric power that the consumer
agreed upon with the utility. Thiswould mean that utility hasto plan for the specified capacity.



Maximum demand

Maximum demand isthe highest average kV A recorded during any one-demand interval within
the month. The demand interval is normally 30 minutes, but may vary from utility to utility
from 15 minutes to 60 minutes. The demand is measured using a tri-vector meter / digital
energy meter.

Prediction of L oad

While considering the methods of load prediction, some of the terms used in connection with
power supply must be appreciated.

Connected Load - is the nameplate rating (in KW or kVA) of the apparatus installed on a
consumer's premises.

Demand Factor - isthe ratio of maximum demand to the connected |oad.

Load Factor - Theratio of average load to maximum load.

- Average Load
Load Factor= =

Meaximum Load

The load factor can also be defined as the ratio of the energy consumed during a given period
to the energy, which would have been used if the maximum load had been maintained
throughout that period. For example, load factor for aday (24 hours) will be given by:

Energy consumed during 24 hours

Load Factor = -
Maximum load recorded x 24 Hours

PF M easurement

A power analyzer can measure PF directly, or dternately kWh, kVAh or kVArh readings are
recorded from the billing meter installed at the incoming point of supply. The relation kwWh /
kV Ah gives the power factor.

Timeof Day (TOD) Tariff

Many electrical utilities like to have flat demand curve to achieve high plant efficiency. They
encourage user to draw more power during off-peak hours (say during night time) and less
power during peak hours. As per their plan, they offer TOD Tariff, which may beincentives or
disincentives. Energy meter will record peak and nonpeak consumption separately by timer
control. TOD tariff gives opportunity for the user to reduce their billing, as off peak hour tariff
charged are quite low in comparison to peak hour tariff.

1.17 EB billing- HT and L T supply

The electricity billing by utilities for medium & large enterprises, in High Tension (HT)
category, is often done on two-part tariff structure, i.e. one part for capacity (or demand) drawn
and the second part for actual energy drawn during the billing cycle. Capacity or demandisin
KV A (apparent power) or KW terms. The reactive energy (i.e.) kVArh drawn by the serviceis
also recorded and hilled for in some utilities, because this would affect the load on the utility.
Accordingly, utility charges for maximum demand, active energy and reactive power drawn



(as reflected by the power factor) in its billing structure. In addition, other fixed and variable
expenses are also levied.

Thetariff structure generally includes the following components:
a) Maximum demand Charges

These charges relate to maximum demand registered during month/billing period and
corresponding rate of utility.

b) Energy Charges

These charges relate to energy (kilowatt hours) consumed during month / billing period and
corresponding rates, often levied in slabs of use rates. Some utilities now charge on the basis
of apparent energy (kVAh), which is avector sum of kwWh and kVArh.

c) Power factor penalty or bonus rates, as levied by most utilities, are to contain reactive
power drawn from grid.

d) Fuel cost adjustment charges as levied by some utilities are to adjust the increasing fuel
expenses over abase reference value.

€) Electricity duty chargeslevied w.r.t units consumed.
f) Meter rentals

g) Lighting and fan power consumption is often at higher rates, levied sometimes on slab basis
or on actual metering basis.

h) Time of Day (TOD) rateslike peak and non-peak hours are also prevalent in tariff structure
provisions of some utilities.

i) Penalty for exceeding contract demand
) Surchargeif meteringisat LT sidein some of the utilities

Analysis of utility bill data and monitoring its trends helps energy manager to identify ways
for electricity bill reduction through available provisionsin tariff framework, apart from energy
budgeting

The utility employs an el ectromagnetic or electronic trivector meter, for billing purposes. The
minimum outputs from the el ectromagnetic meters are

» Maximum demand registered during the month, which is measured in preset time intervals
(say of 30 minute duration) and thisisreset at the end of every billing cycle.

* Active energy in kWh during billing cycle
* Reactive energy in kVArh during billing cycle and
 Apparent energy in k\VAh during billing cycle

It is important to note that while maximum demand is recorded, it is not the instantaneous
demand drawn, as is often misunderstood, but the time integrated demand over the predefined
recording cycle.



As example, in an indusiry, if the drawl over a recording cyele of 30 minutes is :

2500 kVA for 4 minutes
3600 EVA for 12 minutes
410 kVA for 6 minutes
3800 EVA for 8 minutes

The MD recorder will be computing MD as:

(2500 x 4) + (3600 x 12) + (4100 x 6) + (3800 x 8) = 3606.7 kVA
30

The month’s maximum demand will be the highest among such demand values recorded over
the month. The meter registersonly if the value exceeds the previous maximum demand value
and thus, even if, average maximum demand is low, the industry / facility has to pay for the
maximum demand charges for the highest value registered during the month, even if it occurs
for just one recording cycle duration i.e., 30 minutes during whole of the month. A typical
demand curveis shown in Figure 1.4.
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Figure 1.4 Demand Curve
As can be seen from the Figure 1.4 above the demand varies from timeto time. The demand is

measured over predetermined time interval and averaged out for that interval as shown by the
horizontal dotted line.

Of late most electricity boards have changed over from conventional e ectromechanical
trivector meters to electronic meters, which have some excellent provisions that can help the
utility aswell as theindustry. These provisions include:

» Substantial memory for logging and recording all relevant events
* High accuracy up to 0.2 class

» Amenability to time of day tariffs

» Tamper detection /recording

» Measurement of harmonics and Total Harmonic Distortion (THD)



* Long service life due to absence of moving parts
» Amenability for remote data access/downloads

Trend analysis of purchased electricity and cost components can help the industry to identify
key result areas for bill reduction within the utility tariff available framework along the
following lines.

TABLE 1.1 PURCHASED ELECTRICAL ENERGY TREMD
Montk MD Eilling Total Enerzy Encroy M Encroy ¥ F¥ Ttal Average
& Recorded | Demaind® | Consumption | Censumption | Charge Charge Penalty/ Rills Clost
Year kVA kViA kWh During Peak | RsJkVa | Re/kWh Rebate Rs Hs. RsJ/kWh
Huuy (b

Jan.

Feh.

Der.

*Some utilities charge Maximem Demand on the basis of mininom billing demomd, wiich may be between 75 to | (004G of the contrac: demmd
ar roroal reconded demand whichever 15 higher

1.18 Transfor mers:

A transformer can accept energy at one voltage and deliver it at another voltage. This permits
electrical energy to be generated at relatively low voltages and transmitted at high voltages and
low currents, thus reducing line losses and voltage drop (see Figure 1.10). Transformers consist
of two or more coils that are electrically insulated, but magnetically linked. The primary cail
is connected to the power source and the secondary coil connects to the load. The turn’s ratio
is the ratio between the number of turns on the secondary to the turns on the primary (See
Figure 1.11). The secondary voltage is equal to the primary voltage times the turn’s ratio.
Ampere-turns are calculated by multiplying the current in the coil times the number of turns.
Primary ampere-turns are equal to secondary ampere-turns. Voltage regul ation of atransformer
is the percent increase in voltage from full load to no load.

Types of Transformers

Transformers are classified as two categories: power transformers and distribution
transformers.

Power transformers are used in transmission network of higher voltages, deployed for step-up
and step down transformer application (400 kV, 200 kV, 110 kV, 66 kV, 33kV)

Distribution transformers are used for lower voltage distribution networks as a means to end
user connectivity. (11kV, 6.6 kV, 3.3kV, 440V, 230V)

Rating of Transformer

Rating of the transformer is cal culated based on the connected load and applying the diversity
factor on the connected load, applicable to the particular industry and arrive at the kV A rating



of the Transformer. Diversity factor is defined as the ratio of overall maximum demand of the
plant to the sum of individual maximum demand of various equipment. Diversity factor varies
from industry to industry and depends on various factors such as individual loads, load factor
and future expansion needs of the plant. Diversity factor will always be less than one.

L ocation of Transfor mer

Location of the transformer is very important as far as distribution loss is concerned.
Transformer receives HT voltage from the grid and steps it down to the required voltage.
Transformers should be placed close to the load centre, considering other features like
optimisation needs for centralised control, operational flexibility etc. Thiswill bring down the
distribution loss in cables.

Transformer Losses and Efficiency

The efficiency varies anywhere between 96 to 99 percent. The efficiency of the transformers
not only depends on the design, but also, on the effective operating load.

Transformer losses consist of two parts: No-load loss and Load loss

1. No-load loss (also called core loss) is the power consumed to sustain the magnetic field in
the transformer's steel core. Core loss occurs whenever the transformer is energized; core loss
does not vary with load. Core losses are caused by two factors: hysteresis and eddy current
losses. Hysteresis loss is that energy lost by reversing the magnetic field in the core as the
magnetizing AC rises and falls and reverses direction. Eddy current lossis aresult of induced
currents circulating in the core.

2. Load loss (also called copper loss) isassociated with full-load current flow in the transformer
windings. Copper loss is power lost in the primary and secondary windings of a transformer
due to the ohmic resistance of the windings. Copper loss varies with the square of the load
current. (P=12R).

Transformer losses as a percentage of load is given in the Figure 1.12.
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Figure 1.12 Transformer loss vs % Load



For a given transformer, the manufacturer can supply values for no-load loss, P no-Loap, and
load loss, PLoap. The total transformer loss, ProraL, a any load level can then be calculated
from:

ProtaL = Pno-Loab + (% L0ad/100)? X PLoap

Where transformer loading is known, the actual transformers loss at given load can be
computed as:

. g )
" kVA Load }~ .
Mo load loss + VY LONE a (full load loss)
. Rated KVA

Voltage Fluctuation Control

A control of voltage in a transformer is important due to frequent changes in supply voltage
level. Whenever the supply voltage is less than the optimal value, there is a chance of nuisance
tripping of voltage sensitive devices. The voltage regulation in transformersis done by altering
the voltage transformation ratio with the help of tapping. There are two methods of tap
changing facility available: Off-circuit tap changer and On-load tap changer.

Off-circuit tap changer

It is a device fitted in the transformer, which is used to vary the voltage transformation ratio.
Herethevoltage levels can be varied only after i solating the primary voltage of the transformer.

On load tap changer (OLTC)

The voltage levels can be varied without isolating the connected load to the transformer. To
minimise the magnetisation losses and to reduce the nuisance tripping of the plant, the main
transformer (the transformer that receives supply from the grid) should be provided with On
Load Tap Changing facility at design stage. The down stream distribution transformers can be
provided with off-circuit tap changer. The On-load gear can be put in auto mode or manually
depending on the requirement. OLTC can be arranged for transformers of size 250 kVA
onwards. However, the necessity of OLTC below 1000 kV A can be considered after calculating
the cost economics.

Parallel Operation of Transformers

The design of Power Control Centre (PCC) and Motor Control Centre (MCC) of any new plant
should have the provision of operating two or more transformers in parallel. Additiona
switchgears and bus couplers should be provided at design stage. Whenever two transformers
are operating in paralel, both should be technically identical in all aspects and more
importantly should have the same impedance level. Thiswill minimise the circulating current
between transformers. Where theload isfluctuating in nature, it is preferabl e to have more than
one transformer running in parallel, so that the load can be optimised by sharing the load
between transformers. The transformers can be operated close to the maximum efficiency range
by this operation.



1.19 Electric motors- motor efficiency computation, ener gy efficient motors
1.19.0 Introduction

Motors convert electrica energy into mechanical energy by the interaction between the
magnetic fields set up in the stator and rotor windings. Industrial electric motors can be broadly
classified as induction motors, direct current motors or synchronous motors. All motor types
have the same four operating components. stator (stationary windings), rotor (rotating
windings), bearings, and frame (enclosure).

1.19.1 Motor Types
Direct-Current Motors

Direct-Current motors, as the name implies, use direct-unidirectional, current. Direct current
motors are used in special applications- where high torque starting or where smooth
acceleration over abroad speed rangeis required.

Induction Motors

Induction motors are the most commonly used prime mover for various equipments in
industrial applications. In induction motors, the induced magnetic field of the stator winding
induces a current in the rotor. This induced rotor current produces a second magnetic field,
which tries to oppose the stator magnetic field, and this causes the rotor to rotate.

The 3-phase squirrel cage motor is the workhorse of industry; it is rugged and reliable, and is
by far the most common motor type used in industry. These motors drive pumps, blowers and
fans, compressors, conveyers and production lines. The 3-phase induction motor has three
windings each connected to a separate phase of the power supply.

Synchronous Motors

AC power isfed to the stator of the synchronous motor. The rotor isfed by DC from a separate
source. The rotor magnetic field locks onto the stator rotating magnetic field and rotates at the
same speed. The speed of the rotor is a function of the supply frequency and the number of
magnetic polesin the stator. While induction motors rotate with adlip, i.e., rpm islessthan the
synchronous speed, the synchronous motor rotate with no dlip, i.e., the RPM is same as the
synchronous speed governed by supply frequency and number of poles. The dlip energy is
provided by the D.C. excitation power

1.19.2 Motor Characteristics
Motor Speed

The speed of amotor isthe number of revolutionsin a given time frame, typically revolutions
per minute (RPM). The speed of an AC motor depends on the frequency of the input power
and the number of polesfor which the motor iswound. The synchronous speed in RPM isgiven
by the following equation, where the frequency is in hertz or cycles per second:

120 x Frequency

Synchronous Speed (RPM) = -
- sl No. of Poles



Indian motors have synchronous speeds like 3000 / 1500 / 1000 / 750 / 600 / 500 / 375 RPM
corresponding to no. of poles being 2, 4, 6, 8, 10, 12, 16 (always even) and given the mains
frequency of 50 cycles/ sec.

Slip

The actual speed, with which the motor operates, will be less than the synchronous speed. The
difference between synchronous and full load speed is called slip and is measured in percent.
It is calculated using this equation:

Synchronous Speed — Full Load Rated Speed

Slip (%) = x 100

Synchronous Speed

As per relation stated above, the speed of an AC motor is determined by the number of motor
poles and by the input frequency. It can also be seen that theoretically speed of an AC motor
can be varied infinitely by changing the frequency. Manufacturer's guidelines should be
referred for practical limitsto speed variation. With the addition of aVariable Frequency Drive
(VFD), the speed of the motor can be decreased as well as increased.

Power Factor

The power factor of the motor is given as:

kW
kVA

Power Factor = Cos ¢ =

As the load on the motor comes down, the magnitude of the active current reduces. However,
thereis no corresponding reduction in the magnetizing current, which is proportional to supply
voltage with the result that the motor power factor reduces, with a reduction in applied load.
Induction motors, especially those operating below their rated capacity, are the main reason for
low power factor in electric systems.

Motor Efficiency

Two important attributes relating to efficiency of electricity use by A.C. Induction motors are
efficiency (n), defined as the ratio of the mechanical energy delivered at the rotating shaft to
the electrical energy input at its terminals, and power factor (PF). Motors, like other inductive
loads, are characterized by power factors less than one. As a result, the total current draw
needed to deliver the same real power is higher than for aload characterized by a higher PF.
An important effect of operating with a PF less than one is that resistance losses in wiring
upstream of the motor will be higher, since these are proportional to the square of the current.
Thus, both a high value for n and a PF close to unity are desired for efficient overall operation
in aplant.

Squirrel cage motors are normally more efficient than dlip-ring motors, and higher-speed
motors are normally more efficient than lower-speed motors. Efficiency is also a function of
motor temperature. Totally-enclosed, fan-cooled (TEFC) motors are more efficient than screen
protected, drip-proof (SPDP) motors. Also, aswith most equipment, motor efficiency increases
with the rated capacity.



The efficiency of amotor is determined by intrinsic losses that can be reduced only by changes
in motor design. Intrinsic losses are of two types: fixed losses - independent of motor load, and
variable losses - dependent on load.

Fixed losses consist of magnetic core losses and friction and windage losses. Magnetic core
losses (sometimes called iron losses) consist of eddy current and hysteresis losses in the stator.
They vary with the core material and geometry and with input voltage. Friction and windage
losses are caused by friction in the bearings of the motor and aerodynamic losses associated
with the ventilation fan and other rotating parts.

Variable losses consist of resistance losses in the stator and in the rotor and miscellaneous
stray losses. Resistance to current flow in the stator and rotor result in heat generation that is
proportional to the resistance of the material and the square of the current (12 R). Stray losses
arise from a variety of sources and are difficult to either measure directly or to calculate, but
are generally proportional to the square of the rotor current.

Part-load performance characteristics of a motor also depend on its design. Both n and PF fall
to very low levels at low loads. The Figures 2.1 shows the effect of load on power factor and
efficiency. It can be seen that power factor drops sharply at part loads. The Figure 2.2 shows
the effect of speed on power factor.

1.19.3 Field Testsfor Deter mining Efficiency

No Load Test: The motor isrun at rated voltage and frequency without any shaft load. Input
power, current, frequency and voltage are noted. The no load P.F. is quite low and hence low
PF wattmeters are required. From the input power, stator 12 R losses under no load are
subtracted to give the sum of Friction and Windage (F&W) and core losses. To separate core
and F & W losses, test is repeated at variable voltages. It is useful to plot no-load input KW
versus Voltage; the intercept is Friction & Windage kW 1oss component.

F&W and core losses = No load power (watts) - (No load current)? x Stator resistance

Stator and Rotor 12 R Losses: The stator winding resistance is directly measured by a bridge
or volt amp method. Theresistance must be corrected to the operating temperature. For modern
motors, the operating temperatureislikely to be in the range of 100°C to 120°C and necessary
correction should be made. Correction to 75°C may be inaccurate. The correction factor is
given asfollows:

R, 235+1, : ) ; a
-F:_ = ;H_ . where, t; = ambient temperature, *C & t, = operating temperature, “C.
L3 +1

The rotor resistance can be determined from locked rotor test at reduced
frequency, but rotor 1°R losses are measured from measurement of rotor dip.

Rotor IR losses = Slip x (Stator Input — Stator 1° R Losses — Core L0oss)

Accurate measurement of dlip is possible by stroboscope or non-contact type tachometer. Slip
also must be corrected to operating temperature.

Stray L oad L osses: These losses are difficult to measure with any accuracy. | EEE Standard
112 gives a complicated method, which israrely used on shop floor. IS and |EC standards take



afixed vaue as 0.5 % of input. The actual value of stray lossesis likely to be more. IEEE -
112 specifies values from 0.9 % t0 1.8 % (see Table 2.1.)

TABLE 2.1 MOTOR RATING VS. STRAY
LOSSES - IEEE
Motor Rating Stray Losses
1 -125HP LE %
125 — 500 HP 1.5 %
501 - 2499 HP 1.2 %
2500 and above 0.9 %

1.19.4 Pointersfor Users:

It must be clear that accurate determination of efficiency is very difficult. The same motor
tested by different methods and by same methods by different manufacturers can give a
difference of 2 %. In view of this, for selecting high efficiency motors, the following can be
done:

a) When purchasing large number of small motors or a large motor, ask for a detailed test
certificate. If possible, try to remain present during the tests; thiswill add cost.

b) Seethat efficiency values are specified without any tolerance
c¢) Check the actual input current and kW, if replacement is done
d) For new motors, keep arecord of no load input power and current

€) Use values of efficiency for comparison and for confirming; rely on measured inputs for all
calculations. R2 235 + t2 =, where, t1 = ambient temperature, °C & t2 = operating temperature,
°C. R1235 +t1

Estimation of efficiency in the field can be done as follows:

a) Measure stator resistance and correct to operating temperature. From rated current value, | 2
R losses are calcul ated.

b) From rated speed and output, rotor 1% R losses are cal cul ated

¢) From no load test, core and F & W losses are determined for stray loss



1.19.5 The method isillustrated by the following example:

Example:
Motor Specifications
Rated power = 34 kW/45 HP
Voltage = 415 Volt
Current = 57 Amps
Speed = 1475 rpm
Insulation class = H
Frame = LD200L
Connection = Delta
No load test Data
Voltage, V = 415 Volts
Current, | = 16.1 Amps
Frequency, F = 50 Hz
Stator phase resistance at 30°C = 0.264 Ohms
No load power, Pnl = 1063.74 Watts
a) Calculate iron plus friction and windage losses
b) Calculate stator resistance at 120°C
2
R.: = R| W .._.354-!1
235+t
¢) Ca culate stator copper losses at operating temperature of resistance at 120°C
iy Ca'culae Null Tead slip(s) and mwior input assuming owor losses are slip tmzs roler
input.
e) Determing the motor inpul assaming that suway losses anz 0.5 % of the motor rated
power
f) Ca'culate motor full load efficiency and full lvad power factor

Salutinn

a)

Let Tron plus friction eénd windage loss, P+ v
Mo load power, By = 1063.74 Watts

Stator Copper loss. P st=30°C (Pst.cu)
=3x(16.1/3)* x0.264

= 68.43 Watts

Pi + fw =P, — Pst.cu

= 1063.74 — 68 .43

=0953 W



b)

d)

el

Stator Resistance at 120°C,

120 +235
30+235

=(0.354 ohms per phase

Riap"c=0.264 x

Stator copper losses at full load, Pst.cu 120°C
=3%(57/43)* x 0.354
= 1150.1 Watts

Full load slip
S =(1500— 1475) / 1500

=(0.0167
Rotor input, Pr = Poupu/ (1-5)
= 34000/ (1-0.0167)
34577.4 Watts

Motor full load input power, P input
=P, + Pst.eu 120°C + (P; + fw) + Pogy

= 345774 + 1150.1 +995.3 + (0.005" x 34000)
= 16892 8 Warts
“where, stray losses = (L.3% of rated output (assumed)

Motor etficiency at full load

F Eput
Efficiency = —x100
Pl:q:n.u
34000
368928

922 %

1l



R

Full Load PF = —
J3 xVx I,

TIREOT R
J3 % 415%57

= (1L9D
Comments :

a) The measuremsnt of stray loed losses 15 very difficult and not practical even on tesl
beds.

b} The actual value of stray 1oss of motors up to 200 HP is likely to be | % 0o 3 %
compared to [1.5 % assumed by standards.

¢) The value of full load slip taken from the nameplate data is not accurate. Actual
measurement under full load conditions will give better resules

d) The friction and windage lnsses really are part of the shaft outpur; however, in the
ahove calenlation, it s nol added o the rated shaft mrpur. kefore ealenlating the rotor
input power. The crror however 1s minor,

&)  When a motor is rewnund, thzre is a fair chance tha: the resistance per phase would
inerease due to winding matenal quality and the losses would be higher, It would be
interesting to assess the ¢ttect of a nominal 10 % increase in resistance per phase.

1.19.6 Energy-Efficient Motors

Energy-efficient motors (EEM) are the ones in which, design improvements are incorporated
specifically to increase operating efficiency over motors of standard design (see Figure 2.3).
Design improvements focus on reducing intrinsic motor losses. Improvements include the use
of lower-loss silicon steel, alonger core (to increase active material), thicker wires (to reduce
resistance), thinner laminations, smaller air gap between stator and rotor, copper instead of
aluminium barsin the rotor, superior bearings and a smaller fan, etc.

Energy-efficient motors now available in India operate with efficiencies that are typically 3 to
4 percentage points higher than standard motors. In keeping with the stipulations of the BIS,
energy-efficient motors are designed to operate without loss in efficiency at oads between 75
% and 100 % of rated capacity. This may result in major benefits in varying load applications.
The power factor is about the same or may be higher than for standard motors. Furthermore,
energy
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Figure 2.3 Standard vs High Efficiency Motors

efficient motors have lower operating temperatures and noise levels, greater ability to
accelerate higher-inertialoads, and are less affected by supply voltage fluctuations.

M easures adopted for energy efficiency address each loss specifically as under:
Stator and Rotor 12 R Losses

These losses are major losses and typically account for 55% to 60% of the total losses. 12 R
losses are heating losses resulting from current passing through stator and rotor conductors. 12
R losses are the function of a conductor resistance, the square of current. Resistance of
conductor is a function of conductor material, length and cross sectional area. The suitable
selection of copper conductor size will reduce the resistance. Reducing the motor current is
most readily accomplished by decreasing the magnetizing component of current. Thisinvolves
lowering the operating flux density and possible shortening of air gap. Rotor 12 R losses are a
function of the rotor conductors (usually aluminium) and the rotor dlip. Utilisation of copper
conductors will reduce the winding resistance. Motor operation closer to synchronous speed
will aso reduce rotor 12 R |osses.

Core Losses

Core losses are those found in the stator-rotor magnetic steel and are due to hysterisis effect
and eddy current effect during 50 Hz magnetization of the core material. These losses are
independent of load and account for 20 — 25 % of the total losses. The hysterisis |osses which
are a function of flux density, are be reduced by utilizing lowloss grade of silicon steel
laminations. The reduction of flux density is achieved by suitable increase in the core length
of stator and rotor. Eddy current losses are generated by circulating current within the core steel
laminations. These are reduced by using thinner laminations.

Friction and Windage L osses

Friction and windage losses results from bearing friction, windage and circulating air through
the motor and account for 8 — 12 % of total losses. These losses are independent of load. The
reduction in heat generated by stator and rotor losses permit the use of smaller fan. The windage
losses al so reduce with the diameter of fan leading to reduction in windage | osses.



Stray L oad-L osses

These losses vary according to square of the load current and are caused by leakage flux
induced by load currents in the laminations and account for 4 to 5 % of total losses. These
losses are reduced by careful selection of slot numbers, tooth/slot geometry and air gap.

Energy efficient motors cover a wide range of ratings and the full load efficiencies are
higher by 3to 7 % . Themounting dimensionsar e also maintained asper 1S1231 to enable
easy replacement

As aresult of the modifications to improve performance, the costs of energy-efficient motors
are higher than those of standard motors. The higher cost will often be paid back rapidly in
saved operating costs, particularly in new applications or end-of-life motor replacements. In
cases where existing motors have not reached the end of their useful life, the economics will
be less clearly positive.

Because the favourabl e economics of energy-efficient motors are based on savingsin operating
costs, there may be certain cases which are generally economically ill-suited to energyefficient
motors. Theseinclude highly intermittent duty or special torque applications such as hoists and
cranes, traction drives, punch presses, machine tools, and centrifuges. In addition, energy,
efficient designs of multi-speed motors are generally not available. Furthermore, energy-
efficient motors are not yet available for many specia applications, e.g. for flame-proof
operation in oil-field or fire pumps or for very low speed applications (below 750 rpm). Also,
most energy-efficient motors produced today are designed only for continuous duty cycle
operation.

Given the tendency of over sizing on the one hand and ground realitieslike ; voltage, frequency
variations, efficacy of rewinding in case of aburnout, on the other hand, benefits of EEM's can
be achieved only by careful selection, implementation, operation and maintenance efforts of
energy managers.

A summary of energy efficiency improvementsin EEMsisgiven in the Table 2.2:

TADLE 2.2 ENERGY EFFICIENT MOTORS

FMower Loss Area Efficiency Improvement

|- Iron Use of thinner gange, lower loss come sieel reduces eddy current Insses. Longer
core adds more steel o e design, which reduces Iosses due to lower operating
Hux densibies.

1 Seator [FR Iise oof more copper and larzer condisciors imereases omnse sectinnal sren o stdor
windings. This lowers resismnce (R of the windings and reduces losses due 1o
cuarrent flow (1)

3. Botor 'R Use of larger rotor conductor bars increases size of cross section, lowering con-
ductor resistence (R) and losses due to cumrent flow (I).

I. Friction & Windage Use of low loss fan design redoces Ioeses due to air movement,
5. Stray Load Loss Use of opimized design and srict guality control procedores minimizes stray

Ioad losses,




1.20 Pumps:
1.20.0 Pumps

A pump isamachinefor raising aliquid - arelatively incompressible fluid - to a
higher level of pressure or head

1.20.1 Pump Types

Pumps come in a variety of sizes for a wide range of applications. They can be classified
according to their basic operating principle as dynamic or displacement pumps. Dynamic
pumps can be sub-classified as centrifugal and specia effect pumps. Displacement pumps can
be sub-classified as rotary or reciprocating pumps.

In principle, any liquid can be handled by any of the pump designs. Where different pump
designs could be used, the centrifugal pump is generally the most economical followed by
rotary and reciprocating pumps. Although, positive displacement pumps are generally more
efficient than centrifugal pumps, the benefit of higher efficiency tends to be offset by increased
mai ntenance Costs.

Since, worldwide, centrifugal pumps account for the majority of e ectricity used by pumps, the
focus of this chapter is on centrifugal pump.

Pumps are in general classified as Centrifugal Pumps (or Roto-dynamic pumps) and Positive
Displacement Pumps.

Centrifugal Pumps (Roto-dynamic pumps)
The centrifugal or roto-dynamic pump produce a head and a flow by increasing the velocity

of the liquid through the machine with the help of the rotating vane impeller. Centrifugal
pumps include radial, axial and mixed flow units.

engmeerngioolbox. com
Centrifugal pumps can be classified further as

end suction pumps
in-line pumps



double suction pumps
vertical multistage pumps
horizontal multistage pumps
submersible pumps
self-priming pumps
axial-flow pumps
regenerative pumps

Positive Displacement Pumps

A positive displacement pump operates by aternating filling a cavity and then displacing a
given volume of liquid. A positive displacement pump delivers a constant volume of liquid
for each cycle independent of discharge pressure or head.

The positive displacement pump can be classified as:

Reciprocating pumps - piston, plunger and diaphragm

Power pumps

Steam pumps

Rotary pumps - gear, |obe, screw, vane, regenerative (peripheral) and progressive
cavity

Selecting between Centrifugal or Positive Displacement Pumps

Selecting between a Centrifugal Pump or a Positive Displacement Pump is not always
straight forward.

Flow Rate and Pressure Head
The two types of pumps behave very differently regarding pressure head and flow rate:

The Centrifugal Pump has varying flow depending on the system pressure or head
The Positive Displacement Pump has more or less a constant flow regardless of the
system pressure or head. Positive Displacement pumps generally makes more
pressure than Centrifugal Pump's.

Capacity and Viscosity

Another mgjor difference between the pump types is the effect of viscosity on capacity:

In a Centrifugal Pump the flow is reduced when the viscosity isincreased
In a Positive Displacement Pump the flow is increased when viscosity isincreased

Liquids with high viscosity fills the clearances of Positive Displacement Pumps causing
higher volumetric efficiencies and Positive Displacement Pumps are better suited for higher
viscosity applications. A Centrifugal Pump becomes very inefficient at even modest
viscosity.

Mechanical Efficiency
The pumps behaves different considering mechanical efficiency as well.



Changing the system pressure or head has little or no effect on the flow rate in a Positive
Displacement Pump

Changing the system pressure or head may have a dramatic effect on the flow ratein a
Centrifugal Pump

Net Positive Suction Head - NPSH
Another consideration is the Net Positive Suction Head - NPSH.

In a Centrifugal Pump, NPSH varies as a function of flow determined by pressure

In a Positive Displacement Pump, NPSH varies as a function of flow determined by
speed. Reducing the speed of the Positive Displacement Pump pump, reduces the
NPSH

Hydraulic power, pump shaft power and electrical inpnt power

Hydraulic power P, = Q (m'/s) x Total head, hy - b, (m) x p (ke/m?®) x g (m/s?) / 1000

Where h; —discharge head h, — suction head, p — density of the fluid, g — acceleration due to gravity
Pump shaft power P, = Hydraulic power, P,/ pump efficiency, Np,..

Electrical input power = Pump shaft power P,

TI Mot

1.20.2 Centrifugal Pumps

A centrifugal pump converts input power to kinetic energy by accelerating liquid in a
revolving device - an impeller.

The most common is the volute pump - where fluid enters the pump through the eye of the
impeller which rotates at high speed. The fluid accelerates radially outward from the pump
chasing and avacuum is created at the impellers eye that continuously draws more fluid into
the pump.

engmeernygtoolbox com

The energy from the pumps prime mover istransfered to kinetic energy according the Bernoulli
Equation. The energy transferred to the liquid corresponds to the velocity at the edge or vane
tip of theimpeller. Thefaster theimpeller revolves or the bigger the impeller is, the higher will
the velocity of the liquid energy transferred to the liquid be. Thisis described by the Affinity
Laws.



Pressure and Head

If the discharge of acentrifugal pump is pointed straight up into the air the fluid will pumped
to acertain height - or head - called the shut off head. This maximum head is mainly
determined by the outside diameter of the pump's impeller and the speed of the rotating shaft.
The head will change as the capacity of the pump is altered.

The kinetic energy of aliquid coming out of an impeller is obstructed by creating
aresistance in the flow. Thefirst resistance is created by the pump casing which catches the
liquid and slows it down. When the liquid slows down the kinetic energy is converted to
pressure energy.

it is the resistance to the pump's flow that is read on a pressure gauge attached to the
discharge line

A pump does not create pressure, it only creates flow. The gauge pressure is a measurement
of the resistance to flow.

In fluids the term head is used to measure the kinetic energy which a pump creates. Head isa
measurement of the height of the liquid column the pump could create from the kinetic
energy the pump givesto theliquid.

the main reason for using head instead of pressure to measure a centrifugal pump's
energy isthat the pressure from a pump will change if the specific gravity (weight) of
the liquid changes, but the head will not

The pump's performance on any Newtonian fluid can always be described by using the term
head.

Different Types of Pump Head

Total Static Head - Total head when the pump is not running
Total Dynamic Head (Total System Head) - Total head when the pump is running

Static Suction Head - Head on the suction side, with pump off, if the head is higher

than the pump impeller

Static Suction Lift - Head on the suction side, with pump off, if the head is lower than

the pump impeller

Static Discharge Head - Head on discharge side of pump with the pump off

Dynamic Suction Head/Lift - Head on suction side of pump with pump on

- Dynamic Discharge Head - Head on discharge side of pump with pump on

The head is measured in either feet or meters and can be converted to common units for
pressure - like psi, Paor bar.

it isimportant to understand that the pump will pump all fluids to the same height if
the shaft is turning at the same rpm

The only difference between the fluids is the amount of power it takes to get the shaft to the
proper rpm. The higher the specific gravity of the fluid the more power is required.

Centrifugal Pumps are "constant head machines"

Note that the latter is not a constant pressure machine, since pressure is afunction of head
and density. The head is constant, even if the density (and therefore pressure) changes.



The head of a pump can be expressed in metric units as:

h=(p2-p)/(p 9)+ v2*/ (20) (1)

where

h = total head developed (m)

p2 = pressure at outlet (N/m?)

p1 = pressure at inlet (N/m?)

p= density (kg/m?°)

g = acceleration of gravity (9.81) m/s?

V2 = velocity at the outlet (nVs)

Head described in simple terms
apump's vertical discharge "pressure-head” isthe vertical lift in height - usually
measured in feet or m of water - at which a pump can no longer exert enough pressure
to move water. At this point, the pump may be said to have reached its "shut-off" head

pressure. In the flow curve chart for a pump the "shut-off head" isthe point on the
graph where the flow rateis zero

Pump Efficiency

Pump efficiency, n (%) is a measure of the efficiency with which the pump transfers useful
work to the fluid.

N = Pout/ Pin (2)

where

n = efficiency (%)

Pin = power input

Pout = power output

Centrifugal Pumps - Speed Torque Curve

Centrifugal pumps and the characteristic speed torque curve

The speed torque curve characterize a centrifugal pump. The theoretical characteristicisa
parabola starting from the origin and proportional to the square of the speed.
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The torque can be expressed as
T=knm D)
where
T = torque (Nm, Ibx ft)
k = constant
n = pump speed or velocity (rpm)

With the discharge valve closed the torque amounts to 30 - 50 % of the nominal torque at full
Speed.

Full Load Torque
Thetorque at full load can be calculated as

T=30P/(mn) 2
where

T = torque (kN m)

P = power (kW)

1.20.3 Positive Displacement Pumps

A Positive Displacement Pump has an expanding cavity on the suction side and a decreasing
cavity on the discharge side. Liquid flows into the pumps as the cavity on the suction side
expands and the liquid flows out of the discharge as the cavity collapses. The volumeisa
constant given each cycle of operation.



The positive displacement pumps can be divided in two main classes

reciprocating
rotary
The positive displacement principle applies whether the pump isa

rotary lobe pump

progressing cavity pump

rotary gear pump

piston pump

diaphragm pump

screw pump

gear pump

vane pump

regenerative (peripheral) pump

. perigtdtic

A Positive Displacement Pump, unlike a Centrifugal or Roto-dynamic Pump, will produce the
same flow at a given speed (RPM) no matter the discharge pressure.

A Positive Displacement Pumpsisa"constant flow machine’

A Positive Displacement Pump must never operate against closed valves on the discharge side
of the pump - it has no shut-off head like Centrifugal Pumps. A Positive Displacement Pump
operating against closed discharge valves continues to produce flow until the pressure in the
discharge lineisincreased until the line bursts or the pump is severely damaged - or both.

A relief or safety valve on the discharge side of the Positive Displacement Pump is absolute
necessary. The relief valve can be internal or externa the pump. An internal valve should in
general only be used as a safety precaution. An external relief valve installed in the discharge
line with areturn line back to the suction line or supply tank is highly recommended.

Reciprocating Pumps
Typical reciprocating pumps are

plunger pumps

diaphragm pumps
Plunger pumps consists of a cylinder with a reciprocating plunger in it. In the head of the
cylinder the suction and discharge valves are mounted. In the suction stroke the plunger retracts
and the suction valves opens causing suction of fluid into the cylinder. In the forward stroke
the plunger push the liquid out the discharge valve.

With only one cylinder the fluid flow varies between maximum flow when the plunger moves
through the middle positions, and zero flow when the plunger is in the end positions. A lot of
energy is wasted when the fluid is accelerated in the piping system. Vibration and "water
hammers' may be a serious problem. In general the problems are compensated by using two
or more cylinders not working in phase with each other.



In a diaphragm pump the plunger pressurizes hydraulic oil which is used to flex a diaphragm
in the pumping cylinder. Diaphragm pumps are used to pump hazardous and toxic fluids.

Rotary Pumps
Typica rotary pumps are

gear pumps
lobe pumps
vane pumps
progressive cavity pumps
peripheral pumps
. SCrew pumps
In a gear pump the liquid is trapped by the opening between the gear teeth of two identical

gears and the chasing of the pump on the suction side. On the pressure side the fluid is
squeezed out when the teeth of the two gears are rotated against each other.

A lobe pump operates similar to a gear pump, but with two lobes driven by external timing
gears. The lobes do not make contact.

A progressive cavity pump consist of ametal rotor rotating within an elastomer-lined or
elastic stator. When the rotor turns progressive chambers from suction end to discharge end
are formed between the rotor and stator, moving the fluid.

1.21 Fans, blowers, compressed air systems:

1.21.0 Introduction
Fans

A Fan isamachine used to move fluid or air. It is operated through a motor via
electricity which rotates the blades that are attached to a shaft.

Blowers

A blower is amachine for moving volumes of a gas with moder ate increase of
pressure

Compressors

A compressor isamachine for raising agas - acompressible fluid - to a higher level
of pressure
Fans and blowers provide air for ventilation and industrial process requirements. Fans generate
a pressure to move air (or gases) against a resistance caused by ducts, dampers, or other
components in afan system. The fan rotor receives energy from arotating shaft and transmits
ittotheair.

Difference between Fans, Blowers and Compressors Fans, blowers and compressors are
differentiated by the method used to move the air, and by the system pressure they must operate
against. As per American Society of Mechanical Engineers (ASME) the specific ratio - the



ratio of the discharge pressure over the suction pressure — is used for defining the fans, blowers
and compressors (see Table 5.1).

TABLE 5.1 DIFFERENCES BEETWEEN FANS, BLOWER
AND COMPRESSOR

Equipment Specific Ratio Pressure rise (mmWg)

Fans Upto 111 1136

Blowers 1.11 o 1.20 1136 - 2066

Compressors more than 1.20

1.21.1 Fan Types

Fan and blower selection depends on the volume flow rate, pressure, type of material handled,
gpace limitations, and efficiency. Fan efficiencies differ from design to design and also by
types. Typical ranges of fan efficiencies are given in Table 5.2.

Fansfall into two general categories: centrifugal flow and axial flow.

In centrifugal flow, airflow changes direction twice - once when entering and second when
leaving (forward curved, backward curved or inclined, radial) (see Figure 5.1).

In axial flow, air enters and leaves the fan with no change in direction (propeller, tubeaxial,
vaneaxial) (see Figure 5.2).

Depending on their designs, the following are main types of fans:

Centrifugal fans:. In this type of fan, airflow changes direction. They can be inclined,
radial, forward curved, backward curved etc. These kinds of fans are suitable for high
temperatures and low and medium blade tip speeds at high pressures. These can be
effectively used for highly contaminated airstreams.

Axial Fans: In thistype of fan, thereis no change in direction of air flow. They can be
Vanaxial, Tubeaxial, and Propeller. They produce lower pressure than the Centrifugal
fans. Propeller-type fans are capable of high-flow rates at low pressures. Tube-axial
fans have low/medium pressure and high flow capability. Vane-axial fans have an inlet
or outlet guide vanes, exhibit high pressure and medium flow-rate capabilities.

The air flow required in the process along with required outlet pressure are key factors
determining the selection of type and size of a fan. Fan enclosure and duct design also
determine how efficiently they can work.



Figure 5.1 Uentrifuganl Fan Figure 5.2 Axial Fan

TABLE 5.2 FAN EFFICIENCIES
Type of fan Peak Efficheney
Renge
Cenlrifugal Fans
Airfoil, backward T9-R3
curved/inclined
Modified radial T2-79
Radial 69-75
Pressure blower 58-68
Forward curved 60-65
Axial fan
Vane axial TE-85
Tube axial 6772
Propeller 45-51()

Centrifugal Fan: Types

Themajor types of centrifugal fan are: radial, forward curved and backward curved (see Figure
5.3). Radia fans are industrial workhorses because of their high static pressures (upto 1400
mm WC) and ability to handle heavily contaminated airstreams. Because of their ssmple design,
radial fans are well suited for high temperatures and medium blade tip speeds.

Forward-curved fans are used in clean environments and operate at lower temperatures. They
are well suited for low tip speed and high-airflow work - they are best suited for moving large
volumes of air against relatively low pressures. Backward-inclined fans are more efficient than
forward-curved fans.

Backward-inclined fans reach their peak power consumption and then power demand drops of f
well within their useable airflow range. Backward-inclined fans are known as "non-
overloading" because changes in static pressure do not overload the motor.
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Fipure 53 Types of Centrifugal Fans

Axial Flow Fan: Types
The major types of axial flow fans are: tube axial, vane axial and propeller (see Figure 5.4.)

Tubeaxia fans have awheel inside a cylindrical housing, with close clearance between blade
and housing to improve airflow efficiency. The wheel turn faster than propeller fans, enabling
operation under high-pressures 250 — 400 mm WC. The efficiency is up to 65%.

Vaneaxial fans are similar to tubeaxials, but with addition of guide vanes that improve
efficiency by directing and straightening the flow. Asaresult, they have ahigher static pressure
with less dependence on the duct static pressure. Such fans are used generally for pressures
upto 500 mmWC. Vaneaxials are typically the most energy-efficient fans available and should
be used whenever possible.

Propeller fans usualy run at low speeds and moderate temperatures. They experience alarge
change in airflow with small changes in static pressure. They handle large volumes of air at
low pressure or free delivery. Propeller fans are often used indoors as exhaust fans. Outdoor
applications include air-cooled condensers and cooling towers. Efficiency is low -
approximately 50% or less.
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Figure 5.4 Types of Axial Fans

The different types of fans, their characteristics and typical applicationsare givenin Table 5.3.

Centrifugal Fans Axinl-fMlow Fans
Type Characteristics Tvpical Type Characteristics Tvpical
Applications Applications
Radial High pressure, Wariows Propeller Low pressure, high Aur-circulation,
migditim flow, indistial flow, low efficiency, venbilation.
efficiency close (o | applications, peak efficiency close | exhaust
tube-axial fans. suitable for o point of free air
pOwer increases dust laden, delivery (Zero static
contimeously TR Pressure )
i grises
Forward- | Mediom pressure, | Low pressurg Tube-wxial | Meditm pressure, HVAC, drying
curved high flow, dip in HVAL, high flow, higher ovens, exhaust
bludes Pressune cuive, packaged efficiency than SYSIEMS
efficiency higher units, suitable propeller type, dip in
than radial fans, for clean and pressure-TTow curve
POWET Mses dust laden nir / before peak pressure
continwously Sases point.
Backward | High pressure, HVALC, Vane-axial | High pressore, High pressore
curved high flow, high VAiows mediom flow. dip applications
blades efficiency, power | industrial in pressine-flow including
reduces as flow applicaticns curve, use of guide HVAC
increases beyvond forced draft VANSS IMProves Ayslens,
pount of highest fans, elc. elficiencyexhausts
efficiency
Anrfoil Same as backward | Saume as
type curved type, backward
highest effictency | curved, but for
Clean mr
applications




EFan cfficicacy
Fan manufecturers generally use two ways Lo mention fan efficiency; mechanical efficiercy
(sometimes called the total efficiency) and statie efficizney. Both measure how well the Fim con-
vers horsepower into flow and pressure,

The cquation for determining mechanmical efficiency s:

Valume in m® / See ® Ap (LOlA pressure] in momwe x 100

Fan Mechanical Efficiency Maniuia Y - - - ——
102 = Power input to the fan shaft i (kW)
The static elliciency equation is e same except that the outler velocity pressme is not
added to the fan static pressure
Volumein m' [ Sec x Ap (stalic pressure) in mmwe

Fan Static Efficieney Mo % = - = A 100
02 = Power input to the fan shaft m (kW)

Duaive motor KW can be measwed by a load avalyzer. This KW multiplied by wotonr effi-
ciency gives the shaft power to the fan.

1.21.2 Blowers

Blower is equipment or a device which increases the velocity of air or gas when it is passed
through equipped impellers. They are mainly used for flow of air/gas required for exhausting,
aspirating, cooling, ventilating, conveying etc. Blower isaso commonly known as Centrifugal
Fans in industry. In a blower, the inlet pressure is low and is higher at the outlet. The kinetic
energy of the blades increases the pressure of the air at the outlet. Blowers are mainly used in
industries for moderate pressure requirements where the pressure is more than the fan and less
than the compressor.

Blower Types

Blowers can achieve much higher pressures than fans, as high as 1.20 kg/cm2 . They are also
used to produce negative pressures for industrial vacuum systems. Mgjor types are: centrifugal
blower and positive-displacement blower.

Centrifugal blowerslook more like centrifugal pumpsthan fans. Theimpeller istypically gear-
driven and rotates as fast as 15,000 rpm. In multi-stage blowers, air is accelerated as it passes
through each impeller. In single-stage blower, air does not take many turns, and hence it is
more efficient.

Centrifugal blowerstypically operate against pressures of 0.35t0 0.70 kg/cmz2 , but can achieve
higher pressures. One characteristic is that airflow tendsto drop drastically as system pressure
increases, which can be a disadvantage in material conveying systems that depend on a steady
air volume. Because of this, they are most often used in applications that are not prone to

clogging.

Positive-displacement blowers have rotors, which "trap" air and push it through housing.
Positive-displacement blowers provide a constant volume of air even if the system pressure
varies. They are especialy suitable for applications prone to clogging, since they can produce
enough pressure - typically up to 1.25 kg/cmz2 - to blow clogged materialsfree. They turn much
slower than centrifuga blowers (e.g. 3,600 rpm), and are often belt driven to facilitate speed
changes.



1.21.3 Compressed air systems

Air compressors are used in a variety of industries to supply process requirements, to operate
pneumatic tools and equipment, and to meet instrumentation needs.

Types of Compressors

Compressors are broadly classified as. Positive displacement compressor and Dynamic
COMPIressor.

Positive displacement compr essor s increase the pressure of the gas by reducing the volume.
Positive displacement compressors are further classified as reciprocating and rotary
COMPressors.

Dynamic compressor sincrease the air velocity, which isthen converted to increased pressure
a the outlet. Dynamic compressors are basically centrifugal compressors and are further
classified asradia and axial flow types.

The flow and pressure requirements of a given application determine the suitability of a
particulars type of compressor.

| Compressors |

Dynamic Positive
{Centrifugal) displacement

| |

Reciprocating Rotary

Roots Sorew
Blowes| | Compressor

Single Man- Lubricated Multi single Mt
Cylinder Lubricatad cylinder =lpge Slage

[water
coaled)

{alr otk

Figure 3.2 Compressor Chart

Positive displacement compressorsuse a system which induces in a volume of air in a
chamber, and then reduce the volume of the chamber to compressthe air. Asthe name suggests,
there is a displacement of the component that reduces the volume of the chamber thereby
compressing air/gas. On the other hand, ina dynamic compr essor, thereisachangein velocity
of the fluid resulting in kinetic energy which creates pressure.

Reciprocating compressors use pistons where discharge pressure of air is high, the quantity of
air handled islow and which has alow speed of the compressor. They are suitable for medium
and high-pressure ratio and gas volumes. On the other hand, rotary compressors are suitable
for low and medium pressures and for large volumes. These compressors do not have any



pistons and crankshaft. Instead, these compressors have screws, vanes, scrolls etc. So they can
be further categorized on the basis of the component they are equipped with.

Types of Rotary compressors

Scroll: In this equipment, air is compressed using two spirals or scrolls. One scrall is
fixed and does not move and the other one movese in circular motion. Air gets trapped
inside the spiral way of that element and gets compressed at the middle of the spiral.
These are often with oil-free designs and require low maintenance.

Vane: This consists of vanes that move in and out inside an impeller and compression
occurs because of this sweeping motion. This forces the vapor into small volume
sections, changing it into high pressure and high temperature vapor.

Lobe: This consists of two lobes which rotate inside a closed casing. These lobes are
displaced with 90 degrees to one another. Astherotor rotates, air isdrawn into theinlet
side of the cylinder casing and is pushed with a force out from the outlet side against
the system pressure. The compressed air isthen delivered to delivery line.

Screw: This is equipped with two inter-meshing screws which traps air between the
screw and the compressor casing, which results in squeezing and delivering it at a
higher pressure from the delivery valve. The screw compressors are suitable and
efficientinlow air pressure requirements. In comparison to areciprocating compressor,
the compressed air delivery is continuous in this type of compressor and it is quiet in
operation.

Scroll: The scroll type compressors have scrolls driven by the prime mover. The scrolls
outer edges trap air and then as they rotate, the air travel from outwardsto inwards thus
getting compressed due to a reduction in the area. The compressed air is delivered
through central space of the scroll to the delivery airline.

Liquid ring: In thistype of compressor vanesare builtinside acylindrical casing. When
the motor rotates, gas gets compressed. Then liquid mostly water is fed into the device
and by centrifugal acceleration, it forms aliquid ring through the vanes, which in turn
forms a compressing chamber. It is capable of compressing all gases and vapors, even
with dust and liquids.

Reciprocating Compr essor

Single-Acting Compressors: It has piston working on air only in one direction. The air
is compressed only on the top part of the piston.

Double-Acting Compressors: It has two sets of suction/intake and delivery valves on
both sides of the piston. Both sides of the piston are utilized in compressing the air.

Dynamic Compressors

The main difference between displacement and dynamic compressors is that a displacement
compressor works at a constant flow, whereas a dynamic compressor such as Centrifugal and
Axial works at a constant pressure and their performance is affected by external conditions
such as changesin inlet temperatures etc. In an axial compressor, the gas or fluid flows parallel
to the axis of rotations or axially. It is a rotating compressor that can continuously pressurize
gases. The blades of an axial compressor are relatively closer to each other. In a centrifugal
compressor, fluid enters from the center of the impeller, and moves outward through the



periphery by guide blades thereby reducing the velocity and increasing pressure. It is also
known as a turbo compressor. They are efficient and reliable compressors. However, its
compression ratio is lesser than axial compressors. Also, centrifugal compressors are more
reliable if API (American petroleum Institute) 617 standards are followed.

TABLE 3.1 GEMECRAL SELECTION CRITERIA FOR

COMPRESSORS
Twype ol Compressor Capaciy im?'h} Pressore (har)
From 1o From L

Roots blower compressor
single stage 100 ElL N 0.1 I

Keciprocating

Single / Two stoge Y 120600 08 12

Multi stagc 100 12000 12.0 TO0
Screw

Single stage 1 (¥ 2400 0.8 13

Two stage 10 2200 08 24
Centrilupal () IR 0.1 450

Compressor Performance
A. Capacity of a Compressor

Capacity of acompressor is the full rated volume of flow of gas compressed and delivered at
conditions of total temperature, total pressure, and composition prevailing at the compressor
inlet. It sometimes means actual flow rate, rather than rated volume of flow. This also termed
as Free Air Delivery (FAD) i.e. air at atmospheric conditions at any specific location. Because
the altitude, barometer, and temperature may vary at different localities and at different times,
it follows that this term does not mean air under identical or standard conditions.

B. Compressor Efficiency Definitions

Severa different measures of compressor efficiency are commonly used: volumetric
efficiency, adiabatic efficiency, isothermal efficiency and mechanical efficiency. Adiabatic and
isothermal efficiencies are computed as theisothermal or adiabatic power divided by the actual
power consumption. The figure obtained indicates the overall efficiency of compressor and
drive motor.

Isothermal Efficiency

I Isathermal Power
Isothermal Efficiency =

Actual measured input power

Isothermal powerlkW) = P;xQ, x logax/36.7
P, = Absolute intake pressure kg/ cm?
P, =  Absolute delivery pressure kg/ em®

Q =  Free air delivered m*/hr.
r Pressure ratio Po/P,



The calculation of isothermal power does not include power needed to overcome friction and
generally gives an efficiency that is lower than adiabatic efficiency. The reported value of
efficiency is normally the isothermal efficiency. This is an important consideration when
selecting compressors based on reported values of efficiency.

. . Free air delivered (m"/min)
Volumetric efficiency = - — — x 100
Compressor displacement (m”/min)

Volumetric Efficiency

Compressor Displacement = NxD'x LxSxyxn
4
D = Cylinder bore, metre
L = Cylinder stroke, metre
S = Compressor speed rpm
¥ = | for single acting and

2 for double acting cylinders
n = No. of cylinders

For practical purposes, the most effective guide in comparing compressor efficiencies is the
specific power consumption ie kW/volume flow rate , for different compressors that would
provide identical duty.

Compressed Air System Components

Compressed air systems consist of following major components: Intake air filters, inter-stage
coolers, after coolers, air dryers, moisture drain traps, receivers, piping network, filters,
regulators and lubricators (see Figure 3.6).

* Intake Air Filters: Prevent dust from entering compressor; Dust causes sticking valves,
scoured cylinders, excessive wear €tc.

* Inter-stage Coolers. Reduce the temperature of the air before it enters the next stage to reduce
the work of compression and increase efficiency. They are normally watercool ed.

* After Coolers: The objective is to remove the moisture in the air by reducing the temperature
in awater-cooled heat exchanger.

* Air-dryers. The remaining traces of moisture after after-cooler are removed using air dryers,
as air for instrument and pneumatic equipment has to be relatively free of any moisture. The
moisture is removed by using adsorbents like silicagel /activated carbon, or refrigerant dryers,
or heat of compression dryers.

* Moisture Drain Traps. Moisture drain traps are used for removal of moisture in the
compressed air. These traps resemble steam traps. Various types of traps used are manual drain
cocks, timer based / automatic drain valves etc.

» Receivers: Air receivers are provided as storage and smoothening pulsating air output -
reducing pressure variations from the compressor



1.22 Refrigeration and air conditioning systems

1.22.0 Introduction

The Heating, Ventilation and Air Conditioning (HVAC) and refrigeration system transfers the
heat energy from or to the products, or building environment. Energy in form of electricity or
heat i s used to power mechanical equipment designed to transfer heat from a col der, low-energy
level to awarmer, high-energy level

Refrigeration deals with the transfer of heat from a low temperature level at the heat source
to a high temperature level at the heat sink by using a low boiling refrigerant.

There are severa heat transfer loops in refrigeration system as described below:

Supply air fan Chilled water pump Comprassor Condenser pump Cooling tower fan
: o s .
Ar = | Air
—_— | f
—— 1 [
Cooling coil Evaporato Condenser Conling tower

Figure 4.1 Heat Transfer Loops In Refrigeration System

In the Figure 4.1, thermal energy moves from left to right asit is extracted from the space and
expelled into the outdoors through five loops of heat transfer:

— Indoor air loop. In the leftmost loop, indoor air is driven by the supply air fan through a
cooling coil, where it transfers its heat to chilled water. The cool air then cools the building

space.

— Chilled water loop. Driven by the chilled water pump, water returns from the cooling cail to
the chiller’s evaporator to be re-cooled.

— Refrigerant loop. Using a phase-change refrigerant, the chiller’s compressor pumps heat from
the chilled water to the condenser water.

— Condenser water loop. Water absorbs heat from the chiller’s condenser, and the condenser
water pump sends it to the cooling tower.

— Cooling tower loop. The cooling tower’s fan drives air across an open flow of the hot
condenser water, transferring the heat to the outdoors.

Air-Conditioning Systems Depending on applications, there are several options/ combinations,
which are available for use as given below:

Air Conditioning (for comfort / machine)
Split air conditioners

Fan coil unitsin alarger system

Air handling unitsin alarger system



Refrigeration Systems (for processes)

Small capacity modular units of direct expansion type similar to domestic refrigerators,
small capacity refrigeration units.

Centralized chilled water plants with chilled water as a secondary coolant for
temperature range over 5°C typically. They can aso be used for ice bank formation.
Brine plants, which use brines as lower temperature, secondary coolant, for typically
sub zero temperature applications, which come as modular unit capacities as well as
large centralized plant capacities.

The plant capacities upto 50 TR are usually considered as small capacity, 50 — 250 TR
as medium capacity and over 250 TR as large capacity units.

A large industry may have a bank of such units, often with common chilled water pumps,
condenser water pumps, cooling towers, as an off site utility. The same industry may also have
two or three levels of refrigeration & air conditioning such as:

Comfort air conditioning (20° — 25° C)
Chilled water system (8° — 10° C)
Brine system (sub-zero applications)

Two principle types of refrigeration plants found in industrial use are: Vapour Compression
Refrigeration (VCR) and Vapour Absorption Refrigeration (VAR). VCR uses mechanical
energy as the driving force for refrigeration, while VAR uses thermal energy as the driving
force for refrigeration.

1.22.1 Typesof Refrigeration System
Vapour Compression Refrigeration

Heat flows naturally from a hot to a colder body. In refrigeration system the opposite must
occur i.e. heat flows from a cold to a hotter body. Thisis achieved by using a substance called
arefrigerant, which absorbs heat and hence boils or evaporates at alow pressureto form agas.
This gasisthen compressed to a higher pressure, such that it transfers the heat it has gained to
ambient air or water and turns back (condenses) into aliquid. In thisway heat is absorbed, or
removed, from alow temperature source and transferred to a higher temperature source. The
refrigeration cycle can be broken down into the following stages (see Figure 4.2):

1 - 2 Low pressure liquid refrigerant in the evaporator absorbs heat from its surroundings,
usually air, water or some other process liquid. During this process it changes its state from a
liquid to agas, and at the evaporator exit is slightly superheated.

2 — 3 The superheated vapour enters the compressor where its pressure is raised. There will
also be a big increase in temperature, because a proportion of the energy input into the
compression process is transferred to the refrigerant.

3 — 4 The high pressure superheated gas passes from the compressor into the condenser. The
initial part of the cooling process (3 - 3a) desuperheats the gas before it is then turned back into
liquid (3a- 3b). The cooling for this processis usually achieved by using air or water. A further
reduction in temperature happens in the pipe work and liquid receiver (3b - 4), so that the
refrigerant liquid is sub-cooled as it enters the expansion device.



4 — 1 The high-pressure sub-cooled liquid passes through the expansion device, which both
reduces its pressure and controls the flow into the evaporator.
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Figure 4.2: Schematic of a Basic Vapor Compression Refrigeration System

It can be seen that the condenser has to be capable of rejecting the combined heat inputs of the
evaporator and the compressor; i.e. (1 - 2) + (2 - 3) hasto bethe same as (3 - 4). Thereisno
heat |oss or gain through the expansion device.

1.23DG SET SYSTEM
1.23.0 Introduction

Diesel engine is the prime mover, which drives an aternator to produce electrical energy. In
the diesel engine, air isdrawn into the cylinder and is compressed to ahigh ratio (14:1to 25:1).
During this compression, the air is heated to a temperature of 700-900°C. A metered quantity
of diesel fuel isthen injected into the cylinder, which ignites spontaneously because of the high
temperature. Hence, the diesel engine is also known as compression ignition (Cl) engine.

DG set can be classified according to cycle type as. two stroke and four stroke. However, the
bulk of 1C engines use the four stroke cycle. Let us look at the principle of operation of the
four-stroke diesel engine.

1.23.1 Four Stroke - Diesel Engine

The 4 stroke operations in a diesel engine are: induction stroke, compression stroke, ignition
and power stroke and exhaust stroke.

1st: Induction stroke - while theinlet valve is open, the descending piston drawsin fresh air.

2nd: Compression stroke - while the valves are closed, the air is compressed to a pressure of
up to 25 bar.



3rd: Ignition and power stroke - fuel is injected, while the valves are closed (fuel injection
actually starts at the end of the previous stroke), the fuel ignites spontaneously and the piston
is forced downwards by the combustion gases.

4th: Exhaust stroke - the exhaust valve is open and the rising piston discharges the spent gases
from the cylinder.
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Figure 9.1 Schematic Diagram of Four-Stroke Diesel Engine

Since power is developed during only one stroke, the single cylinder four-stroke engine has a
low degree of uniformity. Smoother running is obtained with multi cylinder engines because
the cranks are staggered in relation to one another on the crankshaft. There are many variations
of engine configuration, for example. 4 or 6 cylinder, in-line, horizontally opposed, vee or
radial configurations.

1.23.2 DG Set asa System

A diesel generating set should be considered as a system since its successful operation depends
on the well-matched performance of the components, namely:

a) The diesel engine and its accessories.

b) The AC Generator.

c¢) The control systems and switchgear.

d) The foundation and power house civil works.

€) The connected load with its own components like heating, motor drives, lighting etc.

It is necessary to select the components with highest efficiency and operate them at their
optimum efficiency levelsto conserve energy in this system.
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1.24 Power Factor Improvement and Benefits
1.24.0 Power factor Basics

In al industrial electrical distribution systems, the magjor loads are resistive and inductive.
Resistive loads are incandescent lighting and resistance heating. In case of pure resistive loads,
the voltage (V), current (1), resistance (R) relations are linearly related, i.e.

V =1 x R and Power (kW) =V x |

Typica inductive loads are A.C. Motors, induction furnaces, transformers and ballast-type
lighting. Inductive loads require two kinds of power: a) active (or working) power to perform
the work and b) reactive power to create and maintain electro-magnetic fields.

Active power is measured in kW (Kilo Watts). Reactive power is measured in kKVAr (Kilo
Volt-Amperes Reactive).

The vector sum of the active power and reactive power make up the total (or apparent) power
used. Thisisthe power generated by the SEBs for the user to perform a given amount of work.
Total Power is measured in kVA (Kilo Volts-Amperes) (See Figure 1.6).

KW
[Active Power

RS

KVAR

KA

(Total Power | [ Reactive Power )

PF = KW =C0Ss €
KA

Figure 1.6 KW, kVAr and kVA Vector



The active power (shaft power required or true power required) in KW and the reactive power
required (kVAr) are 90° apart vectoricaly in apure inductive circuit i.e., reactive power kVAr
lagging the active kW. The vector sum of the two is called the apparent power or KVA, as
illustrated above and the kV A reflects the actual electrical load on distribution system.

The ratio of KW to kVA is called the power factor, which is always less than or equal to unity.
Theoretically, when electric utilities supply power, if al loads have unity power factor,
maximum power can be transferred for the same distribution system capacity. However, asthe
loads are inductive in nature, with the power factor ranging from 0.2 to 0.9, the electrica
distribution network is stressed for capacity at low power factors.

1.4.1 Improving Power Factor

The solution to improve the power factor is to add power factor correction capacitors (see
Figure 1.7) to the plant power distribution system. They act as reactive power generators, and
provide the needed reactive power to accomplish kW of work. This reduces the amount of
reactive power, and thus total power, generated by the utilities.

Example:

A chemical industry had installed a 1500 kV A transformer. Theinitial demand of the plant was
1160 kVA with power factor of 0.70. The % loading of transformer was about 78% (116~
0/1500 = 77.3%). To improve the power factor and to avoid the penalty, the unit had added
about 410 kVAr in motor load end. This improved the power factor to 0.89, and reduced the
required kV A to 913, which is the vector sum of kW and kVAr (see Figure 1.8).

KWV = 812

cos &=.70 KW =81

COs © =9
K"l.-'rf'lu = E”jl

KU = 116D KWVAR =

g28-410 =418

EVAR = BIH

pr= B2 =070

1169

= 812 _pge
T

Figure 1.8 Power factor before and after Improvement

After improvement the plant had avoided penalty and the 1500 kV A transformer now loaded
only to 60% of capacity. Thiswill allow the addition of more load in the future to be supplied
by the transformer.

1.24.2 The advantages of PF improvement by capacitor addition

a) Reactive component of the network is reduced and so aso the total current in the system
from the source end.

b) 12 R power losses are reduced in the system because of reduction in current.

¢) Voltage level at theload end isincreased.



d) kVA loading on the source generators as aso on the transformers and lines upto the
capacitors reduces giving capacity relief. A high power factor can help in utilising the full
capacity of your electrical system.

1.24.3 Cost benefits of PF improvement

While costs of PF improvement are in terms of investment needs for capacitor addition the
benefits to be quantified for feasibility analysis are:

a) Reduced kVA (Maximum demand) chargesin utility bill
b) Reduced distribution losses (KWH) within the plant network
C) Better voltage at motor terminals and improved performance of motors

d) A high power factor eliminates penalty charges imposed when operating with alow power
factor ) Investment on system facilities such as transformers, cables, switchgears etc for
delivering load is reduced.

1.24.5 Selection and location of capacitors
Direct relation for capacitor sizing.
kVAr Rating = kW [tan @1 — tan ¢2]

where KV Ar rating is the size of the capacitor needed, KW is the average power drawn, tan @1
is the trigonometric ratio for the present power factor, and tan @2 is the trigonometric ratio for
the desired PF.

@1 = Existing (Cos-1 PF1) and ¢2 = Improved (Cos-1 PF2)
Alternatively the Table 1.2 can be used for capacitor sizing.

The figures given in table are the multiplication factors which are to be multiplied with the
input power (kW) to give the kVAr of capacitance required to improve present power factor to
anew desired power factor.
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Example:

The utility bill shows an average power factor of 0.72 with an average KW of 627. How much

kVAr isrequired to improve the power factor to .95 ?

Using formula
Cos ®1

P (tanol -

ired

=0.95, tan ®2 = 0.329 KVAr requi

0.963 Cos ®2

627 (0.964 — 0.329) = 398 KVAr

Using table (see Table 1.2)

0.72 , tan @1

tang2 )

1) Locate 0.72 (original power factor) in column (1).

2) Read across desired power factor to 0.95 column. We find 0.635 multiplier

398 KVAr.

4) Install 400 kVAr to improve power factor to 95%

3) Multiply 627 (average kW) by 0.635



1.24.6 L ocation of Capacitors

The primary purpose of capacitorsis to reduce the maximum demand. Additional benefits are
derived by capacitor location. The Figure 1.9 indicates typical capacitor locations. Maximum
benefit of capacitors is derived by locating them as close as possible to the load. At this
location, its kVAr are confined to the smallest possible segment, decreasing the load current.
This, in turn, will reduce power losses of the system substantialy. Power losses are
proportional to the square of the current. When power losses are reduced, voltage at the motor
increases; thus, motor performance also increases. Locations C1A, C1B and C1C of Figure 1.9
indicate three different arrangements at the load. Note that in all three locations extra switches
are not required, since the capacitor is either switched with the motor starter or the breaker
before the starter. Case C1A is recommended for new installation, since the maximum benefit
isderived and the size of the motor thermal protector isreduced. In Case C1B, asin Case C1A,
the capacitor is energized only when the motor is in operation. Case C1B is recommended in
cases Where the installation already exists and the thermal protector does not need to be re-
sized. In position C1C, the capacitor is permanently connected to the circuit but does not
require a separate switch, since capacitor can be disconnected by the breaker before the starter.

Figure 1.9  Power Distribution DMugrom [Hustronting
Capacitor Locations

It should be noted that the rating of the capacitor should not be greater than the no-load
magnetizing kVAr of the motor. If this condition exists, damaging over voltage or transient
torques can occur. Thisis why most motor manufacturers specify maximum capacitor ratings
to be applied to specific motors.

The next preference for capacitor locations as illustrated by Figure 1.9 is at locations C2 and
C3. Intheselocations, abreaker or switch will be required. Location C4 requires ahigh voltage
breaker. The advantage of locating capacitors at power centres or feeders is that they can be
grouped together. When several motors are running intermittently, the capacitors are permitted
to be on line al the time, reducing the total power regardless of load.

From energy efficiency point of view, capacitor location at receiving substation only helpsthe
utility in loss reduction. Locating capacitors at tail end will help to reduce loss reduction within
the plants distribution network as well and directly benefit the user by reduced consumption.
Reduction in the distribution loss % in kWh when tail end power factor is raised from PF1 to
anew power factor PF2, will be proportional to
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1.24.7 Capacitorsfor Other Loads

The other types of load requiring capacitor application include induction furnaces, induction
heaters and arc welding transformers etc. The capacitors are normally supplied with control
gear for the application of induction furnaces and induction heating furnaces. The PF of arc
furnaces experiences a wide variation over melting cycle as it changes from 0.7 at starting to
0.9 at the end of the cycle. Power factor for welding transformers is corrected by connecting
capacitors across the primary winding of the transformers, as the normal PF would be in the
range of 0.35.

1.24.8 Performance Assessment of Power Factor Capacitors
Voltage effects:

Ideally capacitor voltage rating is to match the supply voltage. If the supply voltage is lower,
the reactive kVAr produced will betheratio V12 /V2 2 where V1 isthe actua supply voltage,
V2 istherated voltage. On the other hand, if the supply voltage exceeds rated voltage, the life
of the capacitor is adversely affected.

Material of capacitors:

Power factor capacitors are available in various types by dielectric material used as; paper/
polypropylene etc. The watt loss per kVAr aswell aslife vary with respect to the choice of the
dielectric material and hence is afactor to be considered while selection.

Connections:

Shunt capacitor connections are adopted for amost all industry/ end user applications, while
series capacitors are adopted for voltage boosting in distribution networks.

Operational performance of capacitors:

This can be made by monitoring capacitor charging current vis- a vis the rated charging
current. Capacity of fused elements can be replenished as per requirements. Portable analyzers
can be used for measuring kV Ar delivered as well as charging current. Capacitors consume 0.2
to 6.0 Watt per kVAr, which is negligible in comparison to benefits.

Some checks that need to be adopted in use of capacitorsare :

i) Nameplates can be misleading with respect to ratings. It is good to check by charging
currents.

i) Capacitor boxes may contain only insulated compound and insulated terminals with no
capacitor e ementsinside.

iii) Capacitors for single phase motor starting and those used for lighting circuits for voltage
boost, are not power factor capacitor units and these cannot withstand power system conditions.



1.25 Har monics

In any aternating current network, flow of current depends upon the voltage applied and the
impedance (resistance to AC) provided by elements like resistances, reactances of inductive
and capacitive nature. As the value of impedance in above devicesis constant, they are called
linear whereby the voltage and current relation is of linear nature. However inreal life situation,
various devices like diodes, silicon controlled rectifiers, PWM systems, thyristors, voltage &
current chopping saturated core reactors, induction & arc furnaces are al so deployed for various
requirements and due to their varying impedance characteristic, these NON LINEAR devices
cause distortion in voltage and current waveforms which is of increasing concern in recent
times. Harmonics occurs as spikes at intervals which are multiples of the mains (supply)
frequency and these distort the pure sinewave form of the supply voltage & current. Harmonics
are multiples of the fundamental frequency of an electrical power system. If, for example, the
fundamental frequency is 50 Hz, then the 5th harmonic isfive times that frequency, or 250 Hz.
Likewise, the 7th harmonic is seven times the fundamental or 350 Hz, and so on for higher
order harmonics. Harmonics can be discussed in terms of current or voltage. A 5th harmonic
current is simply a current flowing at 250 Hz on a 50 Hz system. The 5th harmonic current
flowing through the system impedance creates a 5th harmonic voltage. Total Harmonic
Distortion (THD) expresses the amount of harmonics. The following is the formula for
calculating the THD for current:

N n=n{| V2
THDowrom =y ¥ | 2 | % 100
n=2\1 )

Then...

I : 15 Y
Foop = ||[ 5“] +[ 3 1 1100 = 24%
> 7y|(250) (250,

When harmonic currents flow in a power system, they are known as “poor power quality” or
“dirty power”. Other causes of poor power quality include transients such as voltage spikes,
surges, sags, and ringing. Because they repeat every cycle, harmonics are regarded as a
steadystate cause of poor power quality.

When expressed as a percentage of fundamental voltage THD is given by,
where V1 isthe fundamental frequency voltage and Vn is nth harmonic voltage component.
Major Causes of Har monics

Devices that draw non-sinusoidal currents when a sinusoidal voltage is applied create
harmonics. Frequently these are devices that convert AC to DC. Some of these devices are
listed below:

Electronic Switching Power Converters
» Computers, Uninterruptible power supplies (UPS), Solid-state rectifiers

» Electronic process control equipment, PLC’s, etc



* Electronic lighting ballasts, including light dimmer

* Reduced voltage motor controllers

Arcing Devices

* Discharge lighting, e.g. Fluorescent, Sodium and Mercury vapor
* Arc furnaces, Welding equipment, Electrical traction system
Ferromagnetic Devices

* Transformers operating near saturation level

» Magnetic ballasts (Saturated Iron core)

* Induction heating equipment, Chokes, Motors

Appliances

* TV sets, air conditioners, washing machines, microwave ovens

» Fax machines, photocopiers, printers

These devices use power electronics like SCRs, diodes, and thyristors, which are a growing
percentage of theload in industrial power systems. The mgjority use a 6-pulse converter. Most
loads which produce harmonics, do so as a steady-state phenomenon. A snapshot reading of an
operating load that is suspected to be non-linear can determine if it is producing harmonics.
Normally each load would manifest a specific harmonic spectrum.

Many problems can arise from harmonic currents in a power system. Some problems are easy
to detect; others exist and persist because harmonics are not suspected. Higher RMS current
and voltage in the system are caused by harmonic currents, which can result in any of the
problems listed below:

1. Blinking of Incandescent Lights - Transformer Saturation

2. Capacitor Failure - Harmonic Resonance

3. Circuit Breakers Tripping - Inductive Heating and Overload

4. Conductor Failure - Inductive Heating

5. Electronic Equipment Shutting down - Voltage Distortion

6. Flickering of Fluorescent Lights - Transformer Saturation

7. Fuses Blowing for No Apparent Reason - Inductive Heating and Overload
8. Motor Failures (overheating) - Voltage Drop

9. Neutral Conductor and Terminal Failures - Additive Triplen Currents
10. Electromagnetic Load Failures - Inductive Heating

11. Overheating of Metal Enclosures - Inductive Heating



12. Power Interference on Voice Communication - Harmonic Noise
13. Transformer Failures - Inductive Heating
Overcoming Har monics

Tuned Harmonic filters consisting of a capacitor bank and reactor in series are designed and
adopted for suppressing harmonics, by providing low impedance path for harmonic
component.






