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The War continues...

The Electricity {(Amendment) Bill, 2014 introduced in

the Parliament on December 19, 2014 has already attracted
the ire of State governments as well as the employees and
engineers working in power sector, as it will have adverse
impact on the Indian power sector. The main purpose of this
bill was further splitting of Electricity Distribution Sector
into carriage and content, to enable profit mongears to enter
into supply business of urban and revenue potential areas
without any investment for development or expansion of
the power industry.
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Massive demonstration by MCCOEEE &t Kochi on B-11-2015 at the venue n:-fAII India conference of

State Power ministers , Er Mohammed Shersef Presidant, KSEB Enginears Assaciation, AIPEF Sec
General Er P Rathnakar Rao & other leaders addressed the demonstration
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All the major federations of employees
and engineers in the country’s power
sector came together on a common
platform of National Co-ordination
Committee for Electricity Employees and
Engineers (NCCOEEE), for fighting
against the anti-people provisions in the
Bill.

The splitting of distribution
business into content and carriage involves
significant costs and may not be easy to
reverse. The risk associated with it has to
be taken seriously as the interest of private
sector is only to earn profits by hook or
crook. The multiple licensee system would
categorize electricity consumers into
priority and non-priority (subsidized)
categories leading to “cherry picking”.
The incumbent public sector licensee will
be responsible for supplying electricity to
the unprivileged common man (universal
supply obligation). This is nothing but
nationalizing the losses and privatizing
the profits. Also, competition is possible
only in a power surplus scenario.

The proponents of the bill claim
that this provision will enhance the
quality of power supply and enhance the
customer satisfaction and minimize the
distribution losses. But the real life scenario
has proved to be contrary. The experience
in Delhi and Mumbai, where private
licensees are engaged in distribution
business has seen one of the largest tariff
hikes seen in recent times. It led to the fall
of the government of the day in Delhi
with a crushing defeat which is unparallel
in the history of democracy in our
country. Such has been the public anguish
that every government in our country
should learn lessons and introspect. The
ill effects of the much hyped “Franchisee”
model should also be an eye opener before
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deciding on such new provisions now
proposed.

As Electricity is a matter on the
concurrent list in the Constitution, the
powers of the State Governments, which
are already shackled to a large extent by
virtue of Electricity Act 2003, are seen
likely to be curtailed by the proposed
amendments. The priorities and strategies
of the states will be different for different
states. Every state has its own stake in
deciding the structure of the sector,
development strategies, tariff design,
decisions on subsidies and cross subsidies
etc. Hence enforcing policy decisions of
central government on such matters as
mandatory is against the federal set up of
governance and is not proper. Eighteen
States have already protested against the
implementation of the proposed
amendments. So the idea of the Union
government to allow private licensees will
probably back fire into its vote bank and
would affect the majority mandate
enjoyed by it.

There are certain other provisions
in the Bill which would usher in positive
changes in the power sector viz.
Renewable energy and Smart grid. The
Electricity Act,2003 does not clearly define
the renewable sources of energy, which
the Amendment Bill defines as hydro,
wind, solar, bio-mass, co-generation from
these sources, geothermal and other
sources which will be subsequently
notified by the central government. Also
in the lines of the National Electricity
Policy brought out by the EA 2003, the bill
recommends for National Renewable
Energy Policy which seeks to promote
generation of renewable energy through
tax rebates and generation linked
incentives.
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The Bill defines a Smart Grid as an
electricity network that uses information
and communication technology to
generate, transmit and distribute electricity
efficiently. It seeks to promote provision
of electricity through Smart Grid. The Bill
also provides for the installation of smart
meters for proper accounting and
measurement of the consumption and
metering of electricity.

The most remarkable positive
change proposed is the provision for
reigning in the role of State Electricity
Commissions in the respective States. Most
of these commissions are ruled by members
with vested interests, appointed by
lobbying the government functionaries
and they doesn’t have any interest in
promoting the public utilities in the power
sector. They have encroached on the
functions of the public utilities and are
vying to be supremo uno in the State’s
power sector without showing any
commitment to the public. The Bill
proposes for appointing independent
members without any interferences of the
ruling government and reduces the term
of office for the chairperson or other
members of the Regulatory Commissions
from five years to three years. The Bill also
allows for re-appointment of the
Chairperson and members for one more
term in the same capacity in which they
had earlier held office.

The central government was
reluctant to hold discussion with stake
holders of the sector, especially with the
representatives of employees associations
and unions. On November 6, 2015 more
than 10,000 employees took out a
massive protest march under the banner
of NCCOEEE to the venue of the All

India conference of State power
ministers demanding revocation of the
proposed amendment to the Electricity Act
2003. A delegation of NCCOEEE met Sri.
Piyush Goyal , Power Minister and he
assured the delegation that the concerns
of the employees and engineers
working in the power sector will be
addressed. He informed that the States
will be given the power to decide the
timing and method of introducing
competition in distribution and no cherry
picking will be permitted. The necessary
changes in the bill cleared by the standing
committee will be made after further
discussion in the next meeting to be held
after three weeks. He assured the
delegation that detailed discussion with
them will be held in New Delhi after three
weeks but before presenting the
Electricity (Amendment ) bill 2014 in the
Parliament.

Our Association had taken
up the matter with the Hon. Prime
Minister of India and had represented the
facts before the Parliamentary Standing
Committee on Energy. The report of the
Parliamentary Committee on the
Amendment Bill has been published in this
publication earlier. The protest march and
meeting conducted by NCCOEEE at
Kochi during the Power Minister’s
Conference was a great success,
considering the decisions which came out
of the meeting with the Power Minister. It
showed that if all unions and associations
remain united and fight for the common
cause, then any threat to power sector can
be combated effectively. Let this be a way
out for the future threats and united shall
we stand for the sake of the public good.
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NATIONAL COORDINATION COMMITTEE OF

ELECRICITY EMPLOYEES & ENGINEERS

B.T. RANADIVE BHAWAN, 13-A, ROUSE AVENUE, NEW DELHI - 110 002
Tel Fax : 011 - 23219670  E-mail :eefederation@gmail.com

To

Sri. Piyush Goyal

Hon’ble Minister of state

Ministry of Power, Coal and Renewable Energy
Government of India

Sub : Disastrous provisions in Electricity (Amendment) Bill, 2014

Dear Sir,

We on behalf of the National Co-ordination Committee of Electricity Employees
and Engineers (NCCOEEE), the broad based platform of all major Federations of power
sector Employees and Engineers of the country put this fervent appeal for your consid-
eration and needful action to ensure affordable and uniterrupted access to Electricity
for the entire people of India.

You are aware that the power sector of the country is facing serious crisis with
over 30 crore people still not having access to Electricity. The implementation of
Electricity Act, 2003 has only worsened the crisis. Accumulation of loss worth I 26,000
crores through five decades from independence was the main reason cited for the
restructuring of SEBs. However, after restructuring the accumulated loss of DISCOMS
has exceeded % 3 lakh crores within one decade of implementation of the Act. Debt
burden has crossed 4.3 lakh crores. Private DISCOMS / Franchisees enjoy tariff hike
but desist from paying dues of state / central PSUs. Worst consequence is volatility in
short term market and collapse of bulk power market. Price varied between ¥ 1.00 to
< 20.00 through trading and speculation in short term market. In long term bulk power
market the private players are vitiating the bid process and is hand twisting the gov-
ernment to succumb to their terms as witnessed in UMPP bids. While 50,000 MW
privately owned capacities are on the verge of becoming NPA due to lack of buyers.
the country is witnessing severe power restrictions and shortages. World Bank report
published in June 2014 admits that no single model can be showcased as a panacea for
recovery of the sector. As per their study, even though unbundling was the preferred
model, the vertically integrate corporate entities vis KSEB Ltd. & HPSEB Ltd. were the
two best performing Electricity Ultilities in the country.

Amidst this situation your Government has initiated Electricity (Amendment) Bill, 2014.
The most important proposal relates to separation of carriage and content by further

6

»



( Hydel Bullet - November 2015 ’ @-'

unbundling of the distribution sector into three sectors; one for line business or distri-
bution which will remain in public sector, another for supply business and the third
one for dealing with bulk power purchase and redistribution among supply licensees.
The proposals aims at promoting private participation in supply business without any
need for capital investment by private sector. Earlier the logic for private participation
was lack of resources with the government. But now private participation is sought
without any capital infusion and at the same time private sector is allowed to utilise the
infrastructure built by public sector to reap profit. The most ruinous effects of segrega-
tion of Electricity distribution into carriage and content as pointed out through our
various representations can be summarised as below;

1.

Will lead to cherry picking of profitable sections of consumers as well as profitable
urban areas by subsequent supply licensees who are not burdened with the cross
- subsidy support in supplying to rural and agriculture consumers.

Will bleed the distribution companies and incumbent supply licensees with loss of
revenue from profitable sections of consumers as well as profitable urban areas.

The distribution network will deteriorate adversely affecting quality of supply to
consumers.

Consumers has to run among different utilities of various services related to distri-
bution and supply.

The energy accounting at lower voltage levels among different supply licensees is
going to be an unsurmountable challenge in the Indian context where millions of
electric connections are still not metered, despite existence of mandatory legal
provisions. It may be noted that the energy accounting even at intra- state trans-
mission level is not effective or proper even today, leave aside that in distribution
and supply areas. The efforts under R-APDRP has not yielded any worth while
progress in this regard, with worked out AT & C losses being much distant from
reality.

The scheduling and dispatch of power by different supply companies in the same
area of supply is another unsurmountable obstacle given the current state of
maturity of Indian power sector.

The creation of intermediary company is a back door facilitation to subsequent
supply licensees who do not owe the burden of cross subsidy, for cherry picking
with the strength of low cost power, originally contracted by public sector
distribution companies.

The state regulatory commissions are sought to play to the tune of central govern-
ment discarding the constitutional mandate for federal governance of the sector.

The ordinary consumers who are now supported through cross - subsidies and
direct cash subsidies will face to the most severe consequence with their energy
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bills bound to increase manifold with the disappearance of cross - subsidy support
from wealthy sections of society.

10. The fate of over one million electricity employees and over a million contract workers
is in dire straits with the impending collapse of existing public sector utilities.

The proposed model has been a huge failure even in a developed economy like
that of USA. The states that experimented with the model has tasted defeat, with
California experience being widely reported. In view of the failures in early bird states,
many states in USA has not implemented the model. The World Bank which looked
into the viability of the proposal at the behest of your Ministry has advised you to
shelve it. Instead of rolling out the separation, the World Bank has recommended to
pilot the same to experiment and learn from the experience in Indian conditions. Thus,
at the most, the government need only provide enabling provisions to introduce the
model wherever found suitable by the respective State Governments, instead of
mandatorily thrusting it upon all the unwilling State Governments of the country.

In short, NCCOEEE along with all its constituents covering membership of Two
Million Electricity Workers and Engineers across the country note with grave concern
that this Bill, if enacted in its present form and content, will curb the right to electricity
for large majority of people, having limited capacity to pay.

We, the working people in the power sector having billions of man hours of tech-
nical and managerial experience foresee that the Electricity (Amendment) Bill 2014
will fail to address the real requirement of the people of the country and will rather
further aggravate the situation than in the case of Electricity Act 2003. Upon the
above circumstances, we request you to drop the idea of enacting the Bill which seek to
dismantle existing structures without presenting any workable model.

We modestly like to submit before you that, we are constrained to call for Nation
wide one day token strike / Work boycott as a mark of protest on 8th December
2015.

*,
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7"SEMINAR SERIES

Power Augmentation in Kerala -Issues Challenges & Solutions

Electricity is one of the most essential
requirements for the human existence and
development of a country. Availability of
electricity with required quality of supply
is not only key to sustainable development,
but also have a direct impact and influence
on the quality of service in the fields of
education, health, food security etc..
Demand of electricity has been increasing
tremendously due to the rise in population,
changing climate, rapid urbanization,
industrialisation and the changing life
styles. In order to meet the increasing
demand for electricity large additions to
the installed generating capacity as well
as development of associated transmission
and distribution network is required.
Power scenario in Kerala is becoming
very complex day by day because of the
scarcity of power especially during the
peak hours. At present, the total installed
capacity of Kerala is 2846.001 MW
(11941.9 MU) in which 2194.135 MW
(8151.6 MU) is of KSEB owned stations,
and the remaining is of Independent
Power Producers (IPP)/Captive Power
Plants (CPP). Average peak power
demand of Kerala is around 3400 MW,
with a daily demand of around 60MU.
Out of this around 15MU is met from the
State Generation and the rest being catered
through Central share and long term /
short term purchases from power trade
exchanges and via IPPs/CPPs. Due to
non-availability of transmission corridor,

availing the Central share and purchase
of power from outside the State have
become difficult. Also majority of the
losses in the power sector happens in the
Distribution sector, where power is
brought to the consumers from the
substations via Distribution transformers.
Studies have shown that the maximum
loss happens in the secondary distribution.
Thus there are serious issues which affect
all the three sectors namely Generation,
Transmission and Distribution.

In this context, the KSEB Engineers
Association, which is the largest
association of Power engineers in the State,
would like to present the topic for its 7t
seminar series - “Power Augmentation in
Kerala - Issues, Challenges and
Solutions”. KSEBEA has been successfully
conducting the seminar series for the past
six years for the engineering college
students across Kerala, in its attempt to
bridge the gap between the student
community and the engineering
professionals. During the last six years, our
seminar series have emerged out as the
biggest industrial - academic cooperation
in the State and thus inspiring the
electrical engineering students to dream
and inspire on the subject that they study
and to contribute to the power sector of
the State.

This competition requires the students
to brainstorm on the topic given and come
out with solutions that are viable for the
State - both technologically and
financially. The goal is to produce
maximum energy at the generation



stations and to bring it to the consumers
at the load centers with minimal loss of
energy and also achieving self sufficiency
in power. Thus the topic deals with power
augmentation in all the three sectors of
power sector - Generation, Transmission
and Distribution. The topic has been
divided into three broad areas namely.

> Issues

® Students have to identify the issues
pertaining to the power sector int h e
State which shall involve all the
three major sectors- Generation,
Transmission and Distribution.

» Challenges

® The gravity of these issues

® What impact it cause to the future
development of the power sector of the
State.
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Solutions

How these
encountered
Whether technically and financially
viable,

Whether any new technologies are
available

The teams shall come up with suitable
proposals.

We would like to invite all the

challenges can be

electrical engineering students across the
State to participate in the seminar
competition and make it a grand success.
We expect that this seminar series will
help the students to complement their

academics with suitable

industrial

exposure.
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Unit Activities - November 2015

Kollam
Unit meeting held on 19th Nov, 2015 at
Engineers” house, Kollam. Er.Varun.V.R

presented an interactive session on * Laying of
110kV UG cable - Standards and practices’.
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The unit meeting held on 12th November 2015 at 5:30 pm at Bestotel, Kottayam with
technical session on “Concrete Technologies” by Er Shyju Nair, Zonal Head, Ambuja
Cements. The business session of the meeting commenced with the Chairman Er C.P.
George in the chair. In the general discussion, various activities occurring in the field
was discussed. Also other matters related to Pay revision, NCCOEE march and protest,
Celebrating Energy conservation day and arranging a progamme related to energy
conservation were discussed. Meeting came to a close at 8:30 pm.

Kasargode

Kasaragode unit conducted technical tour to CIAL & Poringal koothu Hyde station
on 07/11/2015. Team consisting 15 members visited the 12 mwhp solar plant owned
by Cochin International Airport limited in the morning and poringal koothu hydal
power plant , PLBE etc in the afternoon.

Thrissur

1 1
Unit meeting was held at PORINGAL on 18/11/2015 Er. T R Suresh chairman
presided the meeting and Er. M.V Jose and Er. N T Job were present. Er. Shine Sebastian
presented welcome speech. Er. T R Suresh mentioned this meeting as a high tension -

1
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high altitude meeting and appreciated all the members of the meeting. He explained
about latest developments in EA &KSEBL since last unit meeting. Minutes of last unit
meeting read out by unit secretary.Er. M V Jose talked on safety and accidents at KSEBL
and ask AAAC and COPPER configurations should be replaced and all of us should
use PPE. Er.Jagathy mentioned about the success of Nov 6 th protest march to Cochin
and appreciated all the 35 members participated in the event. He also informed the
unit about Dec 8th national wide strike. He also talked about increasing accidents in
KSEBL. Er. Abdu, Er.H.Suresh,Er.Aravindakshan & Er.Jiji Francis talked on safety issues.
Er. N T Job talked on safety concern, issues with model section, issues concerning power
utilities and new policies of central govt to revamp the state utilities and make them
profitable viz UDAY. He also congratulated Er. Martin, Er krishnaraj,Er.Hareesh &
Er.Paulose and other members of engineers association on their contribution towards
renovation of PORINGAL power house. Er. Abdu talked on units technical visit and
mentioned that the visit was a full package with the nature and technologies viz. Screw
turbine, solar plant, renovated stations,tea plant and dam visits etc. A committee for
discussing safety issues constituted. Er. H Suresh presented vote of thanks and
meeting concluded.

Muvattupuzha

Unit meeting held on 18.11.2015 at Tee Cee Tourist Home, Thodupuzha.
Detailed discussion was conducted about AGB at Thodupuzha with Idukki and
Chithirapuram unit office bearers. Next meeting for the same with all the three unit
representatives will be in the 1% week of December. Pay revision proposal was prepared
and presented at CEC Alappuzha. Er. Santhosh P Abraham, AEE, Electrical sub
Division, Velloorkunnam conducted a short but very useful presentation about
“Interpersonal Relationship” including tips from eminent personalities. It is planned
to conduct a technical tour to 2000MW, 500kV Kolar converter station tentatively in
the 1°* week of January 2016.

Kannur - ik
Unit meeting held on 17-11-2015. Er. 1 . ’

James M. David, Chief Engineer (Transmission
North) & Er. Geogre V. James, Deputy Chief
Engineer were honoured during the unit meeting.

Alappuzha

ALAPPUZHA unit honoured Er.James M
David, CE for his remarkable achievements as
Chief Engineer in the short span of his tenure.
Er.James M David, is in forefront of utilising
Technological advancement for the growth of our organisation. Senior Engineer Er.
Geevarghese T ,offered the traditional 'Ponnada' on behalf of the Unit. Unit ex-
pressed whole hearted support for his future endovers 20 members from
ALAPPUZHA Unit participated in the demonstration organised by NCCOEEE on 6
Nov at Kochi. The team was led by Er. Anil M, unit chairman, Er. Rajesh K R,
Benovalent Secretary, Er.K] Abdul Vahid, program coordinator

The Governing Body meeting for the month of November is hosted by ALAPPUZHA
Unit on 21_11-2015. The GB meeting was noted for the active participation of over 50

members.
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PRIVATISATION OF POWER SECTOR:
FACTS AND MYTHS

C. P. George

Dear Engineers,

There is a great propaganda in the State on the ills of privatisation in Power
Sector and making hysteria on the issue by creating fear psychosis....! Actually it
helps only to divert the attention from real issues being faced by us in the Sector and
do no good for the power sector in the state. It is better to have some facts and figures
to have a better perspective of the issue.

As such the power sector in India is structurally and functionally divided into
Generation, Transmission and Distribution. The Electricity Act also classified its
sections according to this functional division and hence we also need to conceive and
evaluate the performance of the Sector in the State accordingly.

GENERATION

According to provision of the Electricity Act 2003, the Generation in the country
is delicensed and anyone can start a generating station in the country and sell the
electricity to any of the licensee or the bulk consumers in the country through open
access. And let us see the growth of various Sector in India during the period after
2001 in the graph below

Chart: 15 A
SECTORWISE GROETH OF ENERGY GENERATION (Gwh)
2000-01 to 2014 - 15
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The Sector wise Installed Capacity data by 9/2015 and generation as on 2015 is
given below..

ICin MW |IC in | Energy in| % increase in | Remarks
% GWh generation
(2001 to 2015)
Private | 108107.67 [38.8 | 281760 84.0% LowPLFdominantly
RES & imported Coal

State 96454.80 [34.6 | 366803 23.9% Low PLF
Central | 74171.15 | 26.6 | 395102 54.9% Dominated by NTPC
Total 278733.62 [100.0 | 1043665 52.0%

As such it is very evident and clear that even though there is no substantial
contribution by private generators in Kerala, the country is sustaining on private sector
power and the trends are for increased relevance and dependency on private Sector
generation in future. In spite of all our resistance to privatisation, Kerala is depending
on them now for about 25% of its energy needs..! In case of Kerala we even failed to
make substantial progress in generation during past 15 years even in public sector and
resisted the private sector with success as we do not have any resources to do a profitable
business in generation....! Again no point in our protest against privatisation when
other states wants private participation for efficient utilisation of their resources for
profitable electricity generation .....!I"! We need to know that the only sensible option
for cheaper electricity in the country is to create an environment and network for
efficient harnessing of the available energy resources in the country and ensure better
PLF for these generating plants.

TRANSMISSION

According to Section 38 & 39 of Electricity Act, the Central Transmission Utility
and State Transmission Utility shall be Government Companies only. And their
responsibility is to ensure development of an efficient, co-ordinated and economical
system of inter-state and intra-State transmission lines for smooth flow of electricity
from a generating station to the load centres. As such we do not have any threat of
privatisation in transmission sector and it is good to evaluate what investment we
have made so far in the state for efficient and economical intra-state transmission
system in tune with the National Electric Policy, the Indian Electricity Grid Code (IEGC)
and Grid Standard in force...! It is a fact that our intra - state transmission system is
obsolete and do not comply with many of the provisions in the Grid Standard and
IEGC. It is pity that we have made no substantial investment in the transmission sector
during the past 15 years and not even have an approved plan for its modernisation

14
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and to ensure compliance of relevant statutes, standards and policies. With lack of
transmission corridor and lack of enough reliable transmission elements in the
transmission network, we ensured that no private initiative for generation is feasible
with intra-state open access...! With lack of resources and no possibility of increase in
internal generation, we should have concentrated on better intra-state transmission
corridors to ensure flaw less transmission of appropriate quantum of power inside the
state with quality and reliability along with an eye on better import and power handling
capabilities. As such our immediate concern should be the lack of investment and
modernisation in transmission sector as private transmission utilities are not envisaged
in transmission and it is going to be a natural monopoly under government. Again
better transmission system is the only possibility to ensure efficient and economical
generation of electricity by ensuring better PLF for the generating stations and effective
harnessing of renewable energy resources in the country.

By raising hysteria about privatisation, we are diverting the focus from these
technical and financial issues which need to be sorted out immediately by the “State
Transmission Utility”, KSERC and the State Government.

DISTRIBUTION

This is the functional area of licensees and both private and public entity is
envisaged in the Electricity Act 2003 and relevant statues. When we evaluate the
provision in the EA 2003,policies and regulation; it is very clear that the distribution
function is a “State Subject” and Gol have little scope for interfering with the affairs of
the utility, if it is technically sound and financially viable. In the end, we need to know
that the attitude of the consumers in the state and policies of the state government is
the major deciding factor on the structure (Public or Private) in the distribution function.
Even the state policy will be decided based on the attitude of the consumers and hence
depends on the performance of the incumbent distribution company.

Before creating anti privatisation hysteria, it is good to evaluate the historical
performance of those Electricity Boards functioned in those area and the plight of the
ordinary consumers in the area. Again we need to know that 49% of the shares of
those private companies are still owned by the concerned state governments and the
state governments have great say in management of these companies....! Again it is
good to know that all companies, whether public or private, function from the fund
raised from the public....!! The only difference is that, for a Government Company, not
less than 51% of the investment is from the tax collected from by the government from
the public...! And their accountability to the taxpayers are only during the election
time...... ?! For Private Companies, the invested amount is raised through public shares
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As such, it is observed that, the only difference is on the appointment of the team
of the management in the affairs in a company and the type of accountability. In case
of PSU its performance shall be based on the competency and integrity of the individual
in the PSU management and the attitude and policy of the government. In case of
private company, it again depends on the competency and integrity of the management
team, but are focussed on profit motive as they are accountable to ensure minimum
return to the investors. Again they are directly accountable to many statutory bodies
including SERC. Regarding the profit and loss,it is clearly governed by appropriate
statutes. It is for the SERC and other enforcement agencies of the government to ensure
that their accounts are clean and transparent. If a government do not have the integrity
to ensure these minimum statutory responsibility to its citizen, then how can we trust
that government to run a PSU in power sector...?!!

As such, we need to know that privatisation is a consequence of the failure of the
PSU and if we want to avoid privatisation, we need to address the issues that prevent
us from performing to the expectation of the consumers. And we need to know that
the major threat is not privatisation, but the technical and competency issues with
respect to modernisation and financial issues with respect to the capital investment
and revenue expenditure. In the end it is better to ask ourselves, as a consumer, whether
we are happy with the performance of our “Home Section” and as an employee
whether we are satisfied with KSEBL as an Employer...?!!

CONCLUSION

Generation: Generation is de-licensed and anyone can start a generating station
in the country. Private Sector has shown substantial progress during the past 15 years
where there are enough resources and environment to do generation business profitably.
No point in protest against private generation as the country is sustaining on private
generation and even Kerala depends on 25% of its total energy from private generators.
Again it is for the respective states to decide how to utilise their resources efficiently for
electricity generation.

Transmission: Only Government Company is envisaged as transmission utility and
no point in creating hysteria against privatisation in transmission..!

Distribution: The distribution function is a “State Subject” and Gol have little scope
for interfering with the affairs of the utility if it is technically sound and financially
viable. Privatisation is a consequence of the failure of the PSU and if we want to avoid
privatisation, we need to address the issues that prevent us from performing according
to the expectation of the consumers. It is good to keep in mind that we cannot find
political solution for technical and financial issues that prevents the utility from
performing to the desirable level.
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FOURIER SERIES AND HARMONICS
IN MUSIC AND ELECTRICITY

Continution from last article..... Assistant Executive Engineer
220KV Substation, Orkatteri

20, ELIMINATION OF HARMONICS IN ALTERNATORS,
A, Using distribwired winding

Harmonics can be much reduced by using distnbuted wanding instead of concentrated
winding in stator(armature). If the wanding 15 distributed in such a way that several slots per
pole and phase exists, the voltage induced in individual conductors in each phase have slight
phase difference. These voltage act in senes so that their resultant (terminal jvoltage contains
less harmomcs

If the slot pitch i w electrical deerees, the phase difference of the components of
fundamental frequency for two consecutive coils will be w , for the third harmonics it wall be
3w, for the fifth harmonics 5 w and s0 on. The vector diagrams for group coils considenng
different harmonics separately are shown in fig 26. Here the alternator is 3 phase having 4
slots per pole and the phase spread of 60" so that w is 15" It is seen that in the case of
harmonics |, the vector sum of voltages are much reduced

Fig 27 shows the individual voltage induced in each loop and the total voltage
induced in a multi turn distributed coil of 6 loops. Here we ses that the individual voltages are
non-sinusoidal, but resultant is sinuscidal.

B. Using shori-chord winding

A short chord winding is one in which the coil wadth is less than the pole pitch. There
15 thus a phase difference between the voltages in the two coil sides. By the use of such coils
It 15 possible to eliminate one particular harmonic. Thus if the distance x (Fig 28) 15 1/n of the
pole pitch , the n™ harmonic will be eliminated, because the n™ harmonicin the voltages in two
coil sides will be in phase opposition

APOLOGY
Due to printing error, we missed art sections 20.c to section 22. We seek apology
from the readers of this article, as well as the author and is republishing it for

the sake of continuity of the article.
Editorial Board
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C. By Shaping slots te Suppress Tooth Ripples

As a pols move past the stator teeth, the configuration of the air gap is altered, its
reluctance passing through a series of maximum and minimum values., These variations in
reluctance set up a stationary wave of magnetism, one cvcle of which corresponds to one slot
pitch.

Let “a® be the number of slots per pole then *2a” 15 the number of slots per pole pair,
So one pair of poles comesponds to 2a cycles of this stationary wave and only 1 eyele of the
fundamental voltage, The frequency of the stationary wave 15 therefore 2af

This stationary wave 15 split info two fravelling components rotating in opposite
directions, having angular velocities(2a+1) @ and (2a-1) w relative to the field, w being the
synchronous angular frequency. Hence they set up harmonics of frequencies (2a+1)f and (2a-
1) f. For example if there are 3 slots per pole and phase, a=9 and the harmonics due to tooth
ripples are ((2x9+1) and ({2%9)-1), Le. 19" and 17™ .

In order to suppress tooth ripples it is necessary to reduce the varations of reluctance
of the air gap to minimum. This can be done by-

. By making pole span a whole number of slot pitches.

2. By employing semi-enclosed or totally enclosed stator slots as shown in fig 29,
The placing of the windings in these slots is difficult and so the totally enclosed
slots are rarely used except for low voltage bar windings,

21 HARMONICS IN POWER TRANSFORMERS

In a transformer harmonice are penerated due o non-linear magznetising
charactenistics of the steel; as shown in fig 30 When a sinusoidal voltaze i= applied to the
primary, & flux 15 set up in the core. The magnetising force H 15 proportional to the current
and soif the B-H curve of iron were a straight line through the ongin and of there were no
hysteresis, the current wave would be sinusoidal and in phase wath the flux density wave, The
current wave will thus be in quadrature (lagging) with the apphed voltage and the power
would be zero in the core. However in real case, the B-H curve 1= nonlinear having a definite
area corresponding to the hysteresis loss. Hence the current lags by an angle less than 50"
w.r.t the voltage since a component of it supplies the hysteresis loss. Also since B-H curve is
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not a straight line, but having a non-linear shape, the current is distorted from the purs
sinusoidal form. (See Fig 31,

Thus the maznetising current wave has a “peaking” shape showing that it contains a
pronounced third harmonic, whose amplitude relative to the fundamental increases as the
saturation of the iron core is increased.

Power transformers are designed to normally operate just below the "knee’ point of
the magnetising saturation charactenistic,. The operating flux density of a transformer is
selected based on optimusation of steel cost, no load losses, noise, and many other factors. 1IF
no load losses and noise are specilied 1o be very less by an electrical ulility, the transflormer
manufacture use more steel in the core resulting higher saturation curve that vields lower
harmonic currents.

Although transformer exciting current 15 rich in harmomnics, at normal operating
wvoltage, it is typically less than one percent of rated full load current. However their effect i1s
sigmficant i uhhty distnbution system contamming a number of transformers, during low load
conditions, A significant increase i triplen harmonic current occurs during garly moming
hours when the load 15 low and the wvoltage nises. Transformer exciting current 15 more
significant then because there is insuflicient load to obscure it and the increased voltage
causes more current t© be produced Harmonic wvoltage distribution from transformer
overexcitation 1s apparent under these light load condiions.

22 HARMONIC SOURCES FROM CONSUMER LOADS

Electronic pawer converters constitute the maost important ¢lass of nonlinear loads,
which imcludes electronic ballast, switched mode power supplies, motor drives, fluorescent
lighting ete. Commercial Facilities such as office complex, hospitals, intemet dala ceniras are
dominated with fluorescent lighting with  electronic ballast, Lt elevator drives, air
conditioners, electronic equipment supplied with SMPS e, Commercial loads are
characterizad by a large number of small harmonic producing load tvpes. These small
harmomnic currents may add in phase or cancel each other. The voltage distortion level
depends on circuit impedance and overall harmonic current distoriion. Since P.F correction
capacitors are not used m commergial faclhies, the circwt impedance 15 domimated by the
distribution transformers and conductor impedances

Industrial Facilities involve nonlinear loads such as 3 phase power converlers, arcing
devices, saturable devices with steel core ele. These loads inject harmonic currenis into the
power system, causing voltage distortion. Since these loads are of low PF the industries use
capacitor banks, which magnify harmonic currents from the loads, @iving rise to resonant
conditions within the facility. The highest voltage distortion occurs at the low voltage bus of
the facility where capacitors are applied. Resonant conditions cause motor and transformer
overheating and misoperabon of sensihve electronie equpment

Let us see the most important tvpe of nonhinear loads in detail
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22,3 Three plase pawer converters

Three phase power converters differ from single phase converters as they do not
generate third harmonic currents  Most important use of 3 phase converters are in Adjustable
Speed Drives (A5}, An ASD consists of an electromc power converter that converts ac
voltage and frequency into vanable voltage and frequency. The variable voltage allows the
ASD 1o control motor spead o match the application requirement

In an ac ASD the rectifier output is inverted to produce a vanable frequency ac
voltape for the motor. Inverters are classified as voltape source inverters (VSI1) or current
source inverters (CSI). A VSl requires a constant de (low ripple Jvoltage input to the invertar
stage. This 15 achieved with a capacitor or LC filter in the DC link. The CS1 requires a
constant current input, hence a senes inductor 15 placed in the de link, AC dnves generally
use sguirrel case induchion motors,

Popular a¢ drives use V51 emploving PWM technique to synthesise an a.c waveform
as a tran of vanable width d.¢ pulses (Fig 36). The rectufier feeds directly from a.c bus 1o a
laree capacitor on the d¢ bus wath little inductance, the capacitor is charzed in very short
pulses creating the distinctive rabbit ear shaped ac side current waveform wath very high
distorion as indicated by the spectrum in Fig (371 The merit of PWM drives is that, w
control motor speed, it Is not necessary to vary the rectifier output voltage. So rectifier
thyristers can be replaced wath diodes thus eliminating the control arcuitry, They also have
best energy efficiency over wide range of speed

CSI dnves (Fig 38) have good acceleration /deceleration charactenstics but require
motor with leading p.f. The harmomic in ac side current wavelorm is comparatively lesser
than that of PWM tvpe V51 drives {Fiz 39).

224 Are furnace and welding

The W1 charecteristics of electric arcs are non-lingar. After arc ignition, the voltage
decreases as the are current increases, mited only by the impedance of the system. This
gives the arc a negative resistance characteristics over a portion of its operating cvele, In
electnc arc furnace, the limiting impedance is the fumace cable and leads with some
contributions from the funace translformer. The electnic arc usell is a source of voltage
harmonics. If a probe iz placed across the arc, a trapezoidal waveform will be observed, the
magnitude of which depends on length of the arc. However the impedance of the ballast or
furnace leads acts as a buffer and the supply voltage is only moderately distorted. The arcing
load thus appears as stable harmonic current source
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The harmonie content of the are furnace load and the other arcing devices 1s similar to
that of magnetic ballast. These phase arcing devices can be arranged to cancel the triplen
harmonics through the transformer connection. However this cancellation may not work in
three phasze arc fumaces because of the frequent unbalanced operation dunng the melnng
phasze, During the refining stage; when the arc is more constant, the cancellation 1s better

23 HARMONIC ANALYSER

The process of splitting up a complex wave into fundamental and harmonics s called
harmomic analysis, It invalves the determination of amplitude and frequency of fundamental
and harmonics. A harmome analyser 18 an instrument used to measure the harmonie current
in a complex wave. Harmonic analysis at power frequency can be made simply with a circuir
sat up shown in Figd0. [ is a dynamometer wattmeter with centre zero. Its voltage 1s supplied
with an analysing current from a variable frequency oscillator. The current being analysed is
passad through the current coil. The wvoltage coil current is read by means of a thermal
malli-ammeter A,

The oscillator 15 first tuned to the fundamental frequency of current being analysed
The wattmeter pointer deflects maximum when current waves in fixed and moving coils are
at same frequency and in phase with one another. The masamuom deflection now gives the
r.m.s value of the fundamental.

Higher harmaonics are measured similarly by tuning the oscillator to the appropriata
harmonic frequency and measuring maximum swing. The analyzing current magnitude in tha
violtage coil is wsuallv kept constant when doing analysis, because then the ratios of the
maximum indications for the harmonics to that of the fundamental give the harmonic analysis
directly

15, HARMONIC INDICES

The most commonly used indices for measuning the harmonic content of a wave form
are the Toral Harmonic Distortion (THD) and the Toral Demand Distortion] TDD). Both are
measures of the effective value of a waveform and mayv be applied to either voltage or
current

A. Tofal Harmonic Distortion

It is a measure of the effective value of the harmonic components of & distorted
wavelorm. I corresponds 1o the potential heating value of the harmonic relative o the
fundamenial

IE':’,_H M
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Where M, is the r.m.s value of n™ harmonic component of the quantity M., h is the
maximum valee of n and M 15 the rm s value of fundamental.

THD index give a good idea of how much extra heat is realized when a distorted
violtage waveform 15 across a resistive load. Thus it gives an indication of the additional
losses caused by the current through a conductor. Howewver it is not a good indicator of the
voltage stress wathin a capacitor because that 15 related to the peak value of the voltage
wavelform, not the heating value,

THD index can be calculated for either voltage or current. But it 15 commonly used to
describe voltage distortion. Harmonic voltages are referenced to the fundamental of the
waveform at the time of the sample Since the fundamental voltage varies only a few percent,
the voltage THD 15 a meaningful number.

Wariations in the THD over a penod of time follows a pattern representing non-linear
load activities in the svstem Figdl shows the voltage THD vanation at 11kv distnbution
substation (transformer) supplying residential load over a one week penod. High THD occurs
at night and early moming as non linzar loads are being wsed more during these hours,

B, Toral Demand Distortion

When current distortion levels are charactensed by THD index, it mav zive misleading
ohzervation. A small current may have a high THD but not a significant threat to the system.
For example an ASD may have high THD for the input current when operating at very light
loads, This 15 not a significant concern as the magnitude of harmonic current 15 low, even
though its relative current distortion 15 hagh,

This difficulty can be avoided by refernng THD to the fundamental of the peak
demand load current rather than fundamental of the present sample. This 15 called Total
Demand Distortion (TDDY).

I, is the peak demand load current at the fundamental frequency component
measured at the point of common coupling. I}, can be calculated as the average of the
maximum demand current for preceding 12 months. For a new facility, To is estimated based
on the predicted load profile

L
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26.EFFECTS OF HARMONIC DISTORTION IN POWER SYSTEM

Harmonie current produced by nonlinear loads are injected back into the supply
system. These currents interacts adversely with power svstem equipments such as capacitors,
transformers, motors etc. causing additional losses,overheating and over loading. They also
produce interference with telecommunication lines and errors in power metering. Let us see
this in details.

A, Tmpact on capacitor bank

A shunt capacitor may form LO senes circunt wath inductance of distnbution transtormer
or line. Resonance may occur in the LC combination. The impedance of the combination 15
very small and is approsxamately equal to resistance The harmonic current corresponds to
resonant frequency will flow freelv in this circuit. The voltage ar the capacitor is magnified
and highly distorted Thus a capacitor bank expenences high voltage distortion during
resonance. The current through the capacitor bank iz very high thus the RMS current is higher
than the capacitor rms current rating

8. Tmpact on transformers

Harmonie currents cause additional heating due to eonductor losses. The eddy current
losses in vanious conducting paris of a transformer such as core |, windings, body ele. increase
to very high value with harmonic induced currents since the eddy current loss is proportional
to the square of frequency So derating of the transformer capacity results. Otherwise
transformer is required to be designed to handle higher frequencies using continuously
transposed cable instead of a solid conductor and increasing number of cooling ducts

C Tmpaet on motors

Harmonie voltages at the motor terminal is translated into harmonic fluxes within the
motor. Harmonic Muxes do not contribule o motor torque bul rolates at a frequency higher
than the rotor synchronous frequency. These fluxes induce high frequency currents in the
rotor capsing additonal losses. It results in decreased efficiency along with heating,
vibration, noise etc.

1 Impact on teleplone fines

Harmonic currents in power distribution line will creates interference in nearly tzlephona
lines. Voltage induced in parallel conductors by harmonic currents may fall wathin the band
width of voice communication, Trnpler harmonics are severe in 4 wire 3 phase systems as
they are in phase in all conductors of a 3 phase circuit and add directly in the neutral circuit
which has greater exposure with the telephone eircuils,

»




Hydel Bullet - November 2015

y
E. Impact on energyidemand melers

Harmonic currents from non-linear loads affect the accuracy of energy and demand
meters adversaly. Conventional energy meters involving magnetic disc have a nezative error
at harmomic frequencies. They remister less power at harmonic frequencies; the meters
already  been calibrated for fundamental frequencies. However in most practical cases the
voltage distortion 1s within the limits so that the error 1s small. Also modem electronic energy
meters are more accurate which can be set o measure harmonic power also. However
normally they are set to measure the fundamental power.

In demand metering the possibility of error 1 great. The metering error 15 the result
of ignoring the portion of the apparent power that 13 dug to harmonics . Thus the measured
KWV A demand wall be less than acival .

Thus in general the errors in metering due to harmonic distortion cause benefit to the
consumer

2. CONTROLLING HARMONICS

In power system harmonic distoriion normally exisis. However controlling of
harmonics is required when they becomes a problem to the system. The basic options for
controlling harmonics are

I. Reduce the harmonic currents produced by the load.

2, Use filters fo remove harmonics currents from the system or to block the harmonie
currents from entenng the system

3. Modify the frequency response of the system by filters, inductor or capacilors

A . Reducing hoarmaeeic cvurrents in loods

If a load equipment 15 working at its designed charactensiics, significant reduction in
harmonics could not be achieved by adjustments within the load. Howewver if an
equipment is misoperated or operated with devianons from design parameters;
harmonics can be reduced bv bringing the equipment to specified operating
charactenstics, An overexcited transformer can be made to operate normally by lowenng
the applied voltage to correct range

Transformer connections can be wsed to raduce harmonic currents in 3 phase systems.
Delta connected transformers can block the zero sequence harmonic currents from the
line. £igzap and grounding transformers can shunt the triplen harmonics of the line. In a
| 2-pulse converter using the two numbers of six pulse bridzes, if the mput t© one of
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£ Tmpact on energydenand mielers

Harmonic currents from non-linear loads affect the accuracy of energy and demand
meters adversaly. Conventional energy meters involving magnetic disc have a negative error
at harmonmic frequencies, They register less power at harmonic frequencies; the meters
already  been calibrated for fundamental frequencies, Howewver in most practical cases the
voltage distortion 15 within the limits so that the error 15 small. Also modem electronic energy
melers are more accurate which can be sel o measure harmonic power also. However
normally they are set to measure the fundamental power.

In demand metering the possibility of error is great. The metering emmor 15 the result
of ignoning the portion of the apparent power that 15 due to harmonics . Thus the measured
KW A demand wall be less than actual .

Thus in general the errors in metering due to harmonic distortion cause benefit to the
consumer

27, CONTROLLING HARMONICS

In power swvstem harmonic distornon normally exists. However controlling of
harmonics s required when they becomes a problem to the system. The basic options for
controlling harmonics are

I. Reduce the harmonic currents produced by the load.

2, Use filters to remove harmonics currents from the system or to block the harmomic
currents from entenng the system

3. Modify the frequency response of the system by filters, inductor or capacitors

A . Reducing laermoseic currents in loods

If a load equipment is working at itz designed charactenstics, significant reduction in
harmonics could not be achieved by adjustments within the load. Howewver if an
equipment 15 misoperated  or operated with deviations from design parameters;
harmonics can be reduced by bnnging the eguipment to specified operating
charactenstics, An overexcited transformer can be made to operate normally by lowenng
the applied voltage to correct range

Transformer connections can be used to reduce harmonic currents in 3 phase systems.
Delta connecled transformers can block the zero sequence harmonic currents from the
line. £igzap and grounding transformers can shunt the triplen harmonics of the line. In a
I 2-pulse converter using the two numbers of six pulse bridzes, if the input to one of
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Continution from page No. 21

bridge 15 phase shifled by 30 ( by using star transformer Tor one bridge and delta
transformer for the second), it will result in reduction of 3™ and ™ harmonics

B, Filtering

Filters can be broadly clazsified as passive filters and active filters. Passive filters involve
inductance, capacitance and resistive elements configured and tuned to control harmomics
Active filters work by electronically supplying the harmonic component of the current into a
nonlinear load. Passive filters are economical and are commonly used, but their demerit is
that thev interact adversely with the svstemn causing resonance. Passive filters mav be
configured as shune filters , series filters or low pass broadband filters |

1. Passive filfers

The shunt tvpe iz normally used. The most commaon type is single- tunad notch filter. This
filter 15 seres-tuned to have a low impedance to a particular harmonic content and 15
connected in shunt with the system, The harmonic currents are diverted from line through the
filter They also serve for power factor correchon. Fig 42 (a) shows the single-tuned filter

A series passive liler s connected in series with the load The mductance and
capacitance are connected in parallel and are tuned to provide a high impedance at a selected
harmonic frequency =o that flow of harmonic current at the tuned frequency only is blocked.
The filter provides low impedance to the fundamental frequency. Fig 42(b) shows senies
filter. Series filters are useful in single phase circuits where it is not possible to take the
advantages of zero sequence characteristics, They are also wsed in the neutral of a grounded
star capacitor to block the triplen harmomc currents,

A shunt or series filter 15 funad for a single frequency. So 1o block a range of harmonic
frequencies multiple stage shunt or series filters are required; which are difficult and
expenszive. Hence low pass broadband filters are uwsed o block widespread harmomnic
frequencies. It passes frequency componenis below the filter cut-off frequency £, and blocks
those above f.. Fig 42{C) shows the diagram low-pass band filter

2. Active filters

They are based on sophisticated power electronics and are much more expensive than
prassive filters. They have a distinet advantage that they do not resonate with the system. They
work independently of the system impedance charactenstics. They are used where passive
filters are unsuccessful due 1o resonance problems. They can also handle more than one
harmonic ar a tme and combat other power quality problems such the flicker. They are useful
for large distorting loads fed from weak points on the power system. They are also useful for
power factor correction.

b
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Active filters work by supplying harmomic component of current into a non-linear
load. The idea iz to replace the portion of the sine wave that 13 missing in the nonlinear load.
Fig 43 shows this idea. An electronic control monitors the line voltagze/current, switching the
power electronic circuit very precisely to track the load current or voltage and force it to
sinusoidal form. For this an inductor 15 used to store the current to ke injected into the
system, Though the load current 15 distorted corresponding to nonlinear load, the current seen
b the svstem 15 simusondal

28. STANDARDS GOVERNING HARMONICS

There exist various international standards rezarding harmenics. The objective of the
standards iz o provide a common platform for all the invelved parties-manufacturers
cutilities, consumers etc. -to work topether to ensure compatibility between end-use equipment
and the system equipment. The important standards govemning harmonic limits are IEEE 519-
1992 TEC G1000-2-2, TEC a1000-3-2, TEC &1 0K-3-4 and IEC 61000-3-6

A, TEEE STANDARD 519-7992

Harmonic distortion 13 evaluated usually at a point between the costumer and the
utility svstemn where another customer can be served. This point 13 called the point of
common coupling (PCC). The IEEE standard 51%-1992 establishes harmonic current
distortion limits at the PCC hased on the size of the load with respect to the size of the power
system, which 15 defined by its short cirewt capacity. The short circuit ratio 15 the rato of
maximum short circut current (1) at the PCC to the maximum demand load current
{fundamental) at the PCC. The philosophy behind this standard involve two facts-

1. It zeeks to limit the harmonic injections from individual consumers =o that they do not
create unacceptable voltage distortion.
2. It s2eks to limit overall harmonic distormon in the voltage supplied by the urlity.

Thus the standard divides the responsibility for limiting harmonics between customers
and the wtility. Customers are responsible for limiting the harmonic current injections, whila
the utility 15 responsible for imiting the voltage distortion in supply system

»
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29, CONCLUSSION

Fourier was a pioneer in mathematical physics who made profound study of natural
phenomena in mathemancal terms. He developed the concept of splitting complex periodic
funciions into a seres of sinusoidal terms with fundamental frequency and higher frequencies
termed harmonics. This concept was known as Fourier's theorem and the mathematical senes
a0 obtained was referred to as Fourier saries. Fourier coefficients in the series can be evauted
by Eulers Formulas, If a penodic phenomena is represented as a graph or table the Founer
coefficients can be obtained as mean values. Fourier series can be effectively represented
graphically as amplitude  and phase spectrums, The observaton of amplitude spectrum
easily zives idea of harmonics content in a complex wave.

Founer theorem is used largely in study of muesic and musical insirumenis. In fact the
term harmonics comes from music. The tones produced by all natural instruments correspond
to complex periodic waves, which can be split into sinusoidal components called partial tones
as per Fourier theorem.It 15 also possible to combine different simple tones of various
fregquencies and amplitudes to create sound of various musical instruments,  which is the
concept of modemn electrome synthesizers, Writing set of harmonics in musical notation
results in a sequence of notes known as harmonic series which plays a crucial role in musical
theory. It is from the harmonic series the fundamental musical intervals are denved.

Elactncal enginearing is the area where Founer theorem finds it profound wse, such as
analvsis of electrical circuits and power svstems. The parameters of a complex electnical
signal such as voltage | power, power factor etc. can be easily calculated by applving Fourier
theorem, Harmonics in power circuits are caused by non-linear devices in power systems
Woltage harmomcs and current harmonies are  to be separately considered, Symmeinical
components can be used to analyse system response to harmonic currents, In electrical
systems odd harmonics are most common, Harmonic voltages are developed in alternators
due to non-uniform distnbution of flux in air pap; which can be reduced by varicus winding
configurations and suitable shaping of slots. Harmonics in transformers are due to nonlinear
magmatising characteristic of steel cora. In fact it is from the consumer loads the harmonics
are originated.  The modem power electronic devices such as electronic lamp hallasts,
switched mode power supplies, motor doves efe, are the major ones, The most commaon
indicas o measure harmonics are Total harmonic distorton (THD) and total demand
distortion (TDD). Harmomes in power system  adversely  affects capacitor  banks,
transformers, motors, energy meters, lelecom lines ete. Harmonics can be controlled using
suitable transformer connections and by using passive/active filters. Vanous standards
poverning harmonics have been developed by IEEE and IEC in connection with the
controlling of harmonics.
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Er.James M. Dawd, Chiel Enginaer, Transmission (North)
being honourad at the GB Mesting held an 21-11-2015

Technical session on “Laying of 110 kY UG Cable-Standards & Praclices”

by ErNarun V.R during Kaollam unit meeling.

i"EG-HE.!Tl unit conducted a sesswon on Enargy consenvalion at Younus Culleg;
of Engineering, Kallam on 28102015, Er.Svyed Ali handled the session,
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