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At the outset I wish you all a Very Happy and eventful New Year 2012, and thank you very

much for all your support extended during last year.

India's generation capacity is now approaching 1,80,000MW at the end of 11th Five Year Plan

which is ending on 31st March 2012.However, considering the needs of economic growth it is

not sufficient. The 12th Plan envisages capacity addition of 1,00,000MW, consisting of

conventional and non-conventional energy. Also in long term, by year 2050, with expected

economic growth, India will have to reach per capita consumption of 5000 kWh/year which is

expected to require around 1094 GW of power. This target is expected to face critical

challenges in implementation due to issues like fuel availability, rising prices of coal,

environment issues, problems in accessing domestic coal, land acquisition and transportation

among many other problems.

In this situation, the demand for speedy development of nuclear power has become crucial for keeping pace with

economic growth. Out of planned capacity addition of 1,00,000 MW, only 3,400 MW is planned for nuclear power by end

of 2017.It is expected to built the nuclear power capacity of 20,000 MW by 2020 and 63,000 MW by 2032.Based on this

projection, International EnergyAgency, IEAprojects capacity of up to 120 GW in 2050.However, Department ofAtomic

Energy of India (DAE) has more optimistic projections with 250 GW nuclear power generation in 2050.

India has developed nuclear reactor technology along with other technologies as heavy water production, reprocessing

and waste management etc. It is also developing technology to utilise huge resources of thorium available in country as

a nuclear fuel.

It is important to note that NALCO, ONGC, IOC, Indian Railways, SAIL are intending to join hands with Govt for setting

up nuclear power plants in India and some of them have already signed the agreements with NCIL. It is also learnt that

Govt. is amending the law to allow private participation in nuclear power projects. Reliance Power, GVK Power, GMR

Energy and few other private organizations are keen in such participation with NCIL.

Mr. SK Malhotra of Department ofAtomic Energy has presented realities and the myths about nuclear power in the mind

of public during Power Day Celebration function organized by our chapter. It is interesting to know about the

environmental effects caused by different types of power plants.1000 MW of hydel power requires 2000 to 5000 hectors

of land major part of which is submerged while coal fired plant needs 70 hectors of land, 2.6 millions of coal and emits

nearly 13.5 millions of greenhouse and harmful gases and produce 1.2 millions of ash per year. Nuclear plants need

only 20 hectors of land, 160T of fuel with negligible amount of gas emission.

Fukushima accident has reopened the debate about the future of nuclear power around the world. Many of the

environmentalists have strongly argued against use of nuclear power, citing the long term hazards from radioactive

waste. However, in view of the compelling merits of nuclear power and rising fossil fuel prices and increasing concerns

about meeting greenhouse gas emission limits, world is reviewing their nuclear policies. We observe the clear shift of

the world towards nuclear power as seen from the fact that nearly 500 new reactors are proposed in 40 countries by

2030.Currently 60 nos. of nuclear plants are under construction in 15 countries.

Our Chapter will be organizing more lecture program on nuclear power and disseminate proper knowledge so that

power engineers will understand pros and cons about this controversial energy source.

Once again with best wishes for the New Year to all Members

Thanking You

GVAkre

Chairman

From the Chairman's Desk
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The open access in the power sector has started showing its effect on the overall power scenario of

this country. Power generation took off with flying colors with major generating coming up in the state

of Gujarat in 90's. They are being called Independent Power Producers (IPPs). The concept was to

sale the entire Power Generated to the state utility with a power purchase agreement (PPA) over a

specified period. Some industrial giants also threw their hat in the ring and entered into PPA

specifying captive consumption part and open sale part. This power was definitely costlier than the

power utility rates. This was bound to happen as the financial institutions were not equipped with the

mechanism of finance and return on the investment. The state utilities were considered to be still favourite at that point

of time by the financial institutions. The state of Gujarat was facing acute shortage of power. This was arresting the

growth of the state. "Costly power is better than no power" was the theme picked up by GEB. The other states also tried

to catch up with Gujarat but did not meet with the success as Gujarat could achieve on the front of power stability. Some

of the IPPs expanded their generation capacity and got connected to NTPC through PGCIL net work. Thus, an option to

sale power through NTPC & PGCIL became a viable solution for such IPPS, with the Electricity Act 2003. The flood

gates were opened for the entry of private power players in the generation, transmission and distribution.

The note worthy development in the power sector of this country is the Hydro Power Generation by private sectors. To

construct power houses on the dam was considered as power utility's domain through the schemes sanctioned by the

central government and the funds also channelized by GoI. The private parties started working activity for constructing

medium and small hydro power plants and evacuation schemes (mostly in Northern States). This happened in the first

decade of this century.

The power transmission sector which was an important domain of Central Transmission Utilities (CTU) and the State

Transmission Utilities (STU) also started falling to private developers. Within last five years, many developers have

picked up the transmission projects and are found to be well placed. Most of such projects are mooted by GoI agencies

such as REL, PELetc. There are many takers for such projects on BOOM or BOOT format.

All these developments in power sector have reduced the financial burden on GoI and states. Unfortunately, there are

not many takers in the private sector for distribution sector as it is not found to be much profitable compared to the

money spent and efforts put in. Private sector distribution companies in Delhi, Mumbai, Ahmadabad and Surat are

exception. Out of them Mumbai.Ahmadabad & Surat have been in the distribution business for many years. The power

trading exchanges are started to facilitate power on demand to the utilities and to the major industries. The ultimate aim

of GoI, which is also reflected in power reforms, is to provide choice to even Domestic and Agricultural consumers to

select power supplier. This can happen only if the distribution sector becomes attractive to the private players. The

price tag per unit which the regular permits to the private companies to make the distribution business lucrative is of

prim importance. The level of cross subsidy and the section of population to which it is given as well as its re-

imbursement by the state governments to the private distribution companies is the most important issue. If this issue is

resolved, it will provide a gate way to the private parties who would like to venture in to the power distribution business.

Proper mind set on the part of common public, the legislators and the regulators is very important for making the power

distribution business financially viable.

The ambitious plans of GoI to make power available to everyone with good quality and at affordable rates can become

reality only if all the concerned players join hands. They include Policy Makers, Burocrats, Equipment Manufacturers,

Academic Institutions, Utilities, Financial Institutions and Legislators. The Power Engineers have a greater role to play

to make the power distribution sector competitive.

SM Takalkar

Editor

Happy and Prosperous year of 2012 to all the readers.

Editorial
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The Annual General Meeting of SPE (I), Vadodara for the year 2011 was held in the

auditorium of GETRI on 08-01-12. The following are the proceedings in brief.

1. The schedule time of the AGM was 16.00 hrs. However, there was no quorum at the

schedule time. The meeting was adjourned for half an hour. The members present at

that time carried on the business ofAGM.

2. Er. SB Lele requested all the members to furnish their e-mail ID to the society's office

so that documents can be made to them. Further he stated that many members have

moved from their place and have not furnished new address. Number of documents sent to them are

returning undelivered. He requested that the members with good technical background should

contribute technical papers for publication in the news letter.

3. Er. GVAkre gave a brief account of the events of SPE (I) during the year. He appreciated the work done

by the editorial board. He also wished that the publication should be more meaningful with the help of

good articles. He appreciated the good efforts of Er. KG Shah in updating the web site. He also briefed

the members regarding efforts of CBI&P in reviving other chapters in the country. He provided

information of innovation council which is providing a platform for the new ideas from different cross

sections of the intellectuals in this country for innovative skills.

4. The secretary of the chapter Er. VB Harani took over the proceedings of the AGM and conducted the

following business.

a. The Minutes of the last AGM dt. 09 Jan 11 were read out by him which were passed without any

change by the house.

b. Secretary's report for the year 2011 was presented and discussion was invited. However, the report

was accepted by the house as published in theAGM notice.

c. Audited financial account of the chapter for the year 2010-11 was presented. There was some

discussion on certain items and after the clarification from the secretary and the treasurer, the

house passed the accounts.

d. The budget for the year 2012 Jan to Mar 2013 was presented. Some members felt that the budget

was very conservative compared to the income & expenditure statements for the last year

approved by the AGM. The treasurer indicated that the income & expenditure shown in the last

year's accounts were in found to be inflated due to the fact that there were two big seminars and an

event sponsored by GUVNL in connection with the Swarnim Gujarat Celebrations. This cannot

form the basis for next year's budget. The budget was then approved.

e. Er. RN Purohit was honored (in absentia) for his excellent achievement in the form of obtaining Law

Degree in addition to Engineering Graduation during the year 2011.

f. Dr. CD Kotwal was honored for obtaining Ph.D. Degree from Roorkee Engineering College,

Dehradun in the subject of Reactive Power. He was felicitated by giving bouquet, memento and

Shawl.

g. The SPE (I) Vadodara Chapter members who have completed 65 years of age as on 31 Dec 2011

were felicitated by giving bouquet and Shawl. The honored members are Er. GP Shukla, Er. JR

Shah, Er, KH Patel, Er. SW Gokhale, Er. RV Vibhakar, Er. KR Brahmbhatt, Er. DB Dalal, Er. HV

Dalal, Er. VB Kambad and Er.AN Makwana

TheAGM ended with vote of thanks and followed with Hi-Tea

VB Harani

Secretary

REPORT ON AGM



4

A lecture on prevention of Kidney failure was arranged after AGM. The speaker was Ms. Lekha Joshi,

Coordinator of India Renal Foundation, Vadodara. She informed that the mission of the Foundation is

prevention of Kidney failure, treatment and rehabilitation of kidney patients. The foundation is working for

economically weak kidney patients. It extends them financial assistance for treatment and rehabilitation. It is

also arranging programmes for prevention of kidney failures and awareness regarding treatment etc. She

gave statistics of India related to kidney failures including poor awareness about urinary system. She

informed that there is a pair of kidney in human body. However, a person can live/survive with one kidney.

She quoted example of our former Prime Minister Shri AB Bajpai, who is now living with one kidney after

removal of one of the kidneys. She explained about the anatomy of kidney, function of kidney and asked

questions to audience about urinary system. She narrated symptoms of kidney failure, causes for kidney

failure, its prevention and treatment after kidney failure. She also gave information about facilities available

in Vadodara for Dialysis and other treatment for urinary system. She added that the facility of Kidney

Transplant is available in Gujarat as well as in other parts of the country. To keep kidney healthy, one has to

take at least 10 to 12 glasses of water daily to flush the kidney. This was repeatedly stressed by the speaker.

After the power point presentation by Ms. Lekha Joshi, Shri Nupendra Shantilal Shah, a kidney patient gave

his views. He has transplanted his kidney. He gave the information right from beginning of kidney problem,

treatment for kidney transplant and precautions taken by him during pre and post operation. He also

informed regarding expenditure incurred by him and problems (including legal) faced by him in the process

of kidney transplant. The talk of Nupendra S Shah was supported by his spouse Smt. Niranjana N Shah. The

lecture session was very interesting for the fact that lot many questions were asked by the members present.

The lecture was followed by dinner.

VB Harani

Secretary

LECTURE ON KIDNEY DECEASE

»íÔâÕÓä - Åä, ÕäÁÛäÌä

ÆäÔâ ÈâÓ, ÂçÔÈâ ÈâÓ ÂèÔä ’×ë »íå ‘ïÊ½ä

¼çlÔâ ÏíkÖ, ÈÓÈ ÑíÜ áâÕä’ ÐèÔä’

»Óä ½å, ÎÓä ½å, ÈèÃä ½å, Âç»ä ½å áâ

ÏËçï ÉâÒ ÏäÁë, ÑÌë áâÕçï Ìâ »ÚëÁë, Ö¼Ìí ÓÚëÁë

¿íïÃä ½Òâ, ÊâÂä ½Òâ, »âÛâ »â½Åâ, Ìí ÈâÇí ÈÑë Óâ½Åâ

-----ÆäÔâ ÈâÓ ÂçÔÈâ ÈâÓ ÂèÔä ’×ë »íå ‘ïÊ½ä

Åä áëÃÔë »íÔâÕÓä Åä ÌãÚ, Åä áëÃÔë Åä‘ÕäÖäáëÔ Ìí Åä

¿ëÈÈí ÓÚëÁë, ÖâÕ¿ëÈ ÓÚëÁë, ’ëÁë áâï½Ûâ Ìâ ’Ò áÅä

Ñí’ ÍÚëÓ, ÏëlÃ ÏâïË, ÚëÔÑëÃ áÕÛä Ìâ ÍÚëÓ

ÕâÈ ’ë Ìâ ÑâÌä Èí ÕÓÖ×ë ÕäÁÛäÌí »ÚëÓ

-----ÆäÔâ ÈâÓ ÂçÔÈâ ÈâÓ ÂèÔä ’×ë »íå ‘ïÊ½ä

ÕâÈ ÑâÌä Ôë, ÂÃ ÖÑÂä Ôë, ÖâÓä ÕâÈ Àë ÔëÔëÌä

ÖÑÂë ÌãÚ Èí Êå áâÕ ÚâÉ ÅëÔë »Úä ÊäËçï ÔëÔëáë

ÑâÓçï ¿âÔë Èí ÍÓãÑÃ Ìâ Ôéï, »âÑ áëÑÁ »Óçï ÔëÔë

‘ áëÃÔë Åä‘ÕäÖäáëÔ Ìí ‘ ÌãÚ,

½ÓÏÅÌíÁ ÖÑ‘Ôí ÔëÔë

-----ÆäÔâ ÈâÓ ÂçÔÈâ ÈâÓ ÂèÔä ’×ë »íå ‘ïÊ½ä

»íÔâÕÓäÌí »íÔ Àë, áë»â½ýÈâÌí áâÔâÍ Àë,

ÕâÈ Öâ¿ä Àë, ÔëÔë

ÑâÓâ áëÑÅä áë »äËçï, ‘Óí ÎëÃÔ »ÓÕâ Àë, Èí ÑâÌä×çï ÔëÔë

Õä, Èë Õ½Ó Õâï»Ìí Õä ÌãÚ, ÖâïËâ áëÃÔâ ÕâïËâ ÌãÚ

áâ¾â áëÃÔâ Ïâ¾â ÌãÚ, ÑâÌí áëÃÔâ ÖäËâ ÌãÚ, ÖäËâ ÓÚä

»Ó’ë »ïåÍÇ, ÕâÈ DÒâÌë Ôå Ôë »hÒçï ÔëÔëáë

-----ÆäÔâ ÈâÓ ÂçÔÈâ ÈâÓ ÂèÔä ’×ë »íå ‘ïÊ½ä

ÌÓëÌ áÌâÓÖë, ÁçÌäÒÓ áën‘ÌäÒÓ,
Åä‘ÕäÖäáëÔ, ÏâÓÅíÔä.



5

Dr. C. S. Indulkar,
Life Member

1. Introduction

2. Operation with overloads

In some of the substations, the loading factor of transformers is kept at 75% of its capacity. This paper deals with some

of the issues that determine the transformer loading factor. The maximum allowable loading on transformers in a

substation depends on a number of factors. The most important factor is the security standard used in the network

design. For example if the (N-1) security criterion for maximum loading is applied then the loading should be as follows:

- In a substation with two parallel transformers, the maximum allowable loading should not exceed 50%, i.e. if there

is fault outage in one of the transformers, the other transformer can take the full load without supply interruption.

- In a substation with four parallel transformers, the maximum allowable loading should not exceed 75%, i.e. in the

case of one transformer fault outage the other three transformers can take the full load without supply interruption.

Other factors such as short-term loading, ambient temperature, protection setting, etc are also considered. However,

reducing the transformer loading to a simple percentage does not give any meaningful result. It depends on the

transformer design, the ambient temperatures, the losses (if one is interested in minimizing fixed and variable costs),

and the loading duration, which affects all the above. Substation transformers usually have three ratings: all pumps and

fans off, oil pumps and some fans running, and full pumps and fans running. Transformers also have transient overload

ability for dealing with 15 minute emergency conditions that are usually caused by another failure in the network during

high loading periods. In some cases, increasing the power handling of a substation transformer by installing water

sprinklers to cool the transformer if the temperature gets too high is a cheaper option than replacing the transformer or

just using this alternative till the new transformer (which is on order) is delivered. The problem of transformer loading is

not a simple problem since its life may be shortened by loading it excessively over longer periods. This is specially so

when loads are switched in the distribution system from one substation to another.

The works of IEC and IEEE Transformer Committees are useful when considering transformer loadings. A utility writes

the specifications based on the rate of return. To achieve these Generator Step-Up (GSU) Transformers will have

different load factors compared to the system transformers. In the same utility, the GSU transformers at nuclear station,

thermal station, hydroelectric station, wind farm etc will have different load factors. The load factors of GSU

transformers in one hydroelectric station could be different from the GSU transformer in another hydroelectric station. It

all depends on the business plan of the particular utility and how each station is used. Load factors change from user to

user as pattern of loads, load growth, and business plans etc are different with different users.

Users specify the overloads or do not specify the overloads based on how they operate. Even when two or more

transformers are in parallel, the specifications are such that the transformers operate at 100% capacity and meet the

emergency overload and other overload requirements. The overload profile from user to user is different because each

user need is different. Use of pumps, fans etc (ONAN/ONAF/ONAF cooling, ONAN/ODAF/ODAF cooling etc) depends

on many factors and not mainly on overloads. These details are included in the IEEE standards. Tutorials on the IEEE

web page www.transformerscommittee.org contain useful information on transformer loading. The Loading Guides

IEEE and IEC are also useful for this purpose. IEEE Std C67.120-1991 "Loss Evaluation Guide for Power Transformers

and Reactors" is another reference. The following sections of the paper contain related information on transformer

loadings contained in these references.

Loads in excess of normal rating may be carried under certain conditions when necessary. For operations at loads

above normal rating, on a repetitive basis, the cooling system should be maintained at maximum operating efficiency;

the windings and oil should be checked to determine that they are reasonably clean and free from excessive amounts of

moisture and sludge and that internal obstructions to oil circulation, such as reduced oil duct clearances, of any nature,

are not present. Transformer capacity, including over-load capability, may at times be increased by augmenting the

cooling air supply with blowers or making other cooling system changes. The transformer manufacturer should be

consulted for recommendations and expected hotspot temperatures when cooling system modifications are planned to

increase transformer capacity.

The evaluation of transformer losses is a very significant part of the purchase decision for some users, because of the

rising costs. While purchasing new transformers, the economic benefit of a high first- cost, low-loss unit can be

compared with a unit with a lower first cost and higher losses. Loss evaluation also provides information to establish the

optimum time to retire or replace existing units with new low-loss transformers. Manufacturers can use the evaluation to

LOADING FACTOR OF TRANSFORMERS
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optimize the design and provide the most economical unit for manufacturing and bidding.

The amount by which oil-immersed transformers can be overloaded depends on the operating conditions and the

associated degrees of insulation deterioration. For operations at loads above normal rating, on a repetitive basis, the

cooling system should be maintained at maximum operating efficiency; the windings and oil should be reasonably clean

and free from excessive amounts of moisture and sludge and that internal obstructions to oil circulation, such as

reduced oil duct clearances, of any nature, should not be present. Transformer capacity, if necessary, may be increased

by augmenting the cooling air supply with blowers or making other cooling system changes.

Commercially available insulation systems in transformers are (1) those designed to operate continuously up to 55 °C

rise above ambient temperature, and (2) those designed to operate continuously up to 65 °C rise above ambient

temperature. For a given kVArating, a transformer designed to operate with a 65 °C rise usually has higher losses than

a similar transformer designed to operate with a 55 °C rise. Transformer overloading depends on various limitations,

such as, oil expansion; pressure in sealed- type units; heating of bushings, leads, soldered connections, and tap

changers; and heating of associated equipment, such as cables, reactors, circuit breakers, disconnecting switches,

and current transformers.

Aging or deterioration of insulation is a function of time and temperature. The part which is operating at the highest

temperature ordinarily undergoes the greatest deterioration.

The hottest-spot winding temperature is the principal factor in determining life due to loading. The temperature cannot

be measured directly because of the hazards in placing a temperature detector at the proper location because of

voltage. Standard allowances have, therefore, been obtained from tests made in the laboratory. The hottest-spot

copper temperature is the sum of the temperature of the cooling medium, the average temperature rise of the copper,

and the hottest-spot allowance. The hottest-spot allowance at rated load is 10°C for transformers with 55°C average

winding temperature rise by resistance and 150C for transformers with 650C average winding temperature rise by

resistance.

Older power transformers are equipped with top-oil temperature gages which do not indicate hotspot temperatures.

Modern transformers have built-in hottest-spot temperature devices which indicate or record the hot test-spot

temperatures. The device utilizes a heater, supplied from a current transformer in one winding of the transformer, and a

copper resistance temperature detector. The device is calibrated to simulate the maximum hotspot temperature that

can occur in the winding in any tap position. In addition, large modern power transformers are furnished with a winding

temperature relay with a heater connected to the secondary of a current transformer. This relay is usually equipped with

three electrically separate adjustable sequence contacts set to represent hotspot winding temperatures. In practice,

the contacts are adjusted to operate at 700 , 950 , and 105°C for a 55°C rated transformer, and at 850, 1000, and 115°C

for a 65°C rated transformer. The relay is normally wired to start fans and/or oil pumps at the low temperature, alarm at

the middle temperature, and trip breakers to remove the transformer from service at the high temperature setting.

Transformers which exceed the alarm temperatures are inspected to determine the cause of the high temperature.

The usual basic loading condition, used for design purposes, for an oil-immersed transformer, is for continuous loading

at rated kVAand rated delivered voltage (100 percent load factor) provided that:

If air-cooled, the temperature of the cooling air (ambient temperature) does not exceed 40 °C and the average

temperature of the cooling air for any 24 hour period does not exceed 30 °C. The average temperature of the

cooling air is calculated by averaging 24 consecutive hourly readings. When the outdoor air is the cooling medium,

the average of the maximum and minimum daily temperatures is used.

If water-cooled, the temperature of the cooling water (ambient temperature) does not exceed 30 °C and the

3. Permissible loading of oil-immersed transformers

3.1. Overload limitations

3.2. Aging of insulation

3.3. Hottest-spot temperature

3.4. Temperature devices and thermal relays

3.5. Basic loading for usual temperature and altitude service conditions

■

■
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average temperature of the cooling water for any 24 hour period does not exceed 25 °C. The 5 °C lower average

temperature for cooling water is to allow for possible reduction in cooling due to deposits on cooling coil surfaces.

The altitude does not exceed 1,000 meters.

The effect of high or low ambient temperature on the permissible loading of transformers of either the 55 or 65 °C rise

design is illustrated in Figs.1-4 with various types of cooling, Ref.[6]. The effect of altitude is illustrated in Fig.5. The

lower average ambient temperatures prevalent at the higher altitudes tend to compensate for the required altitude

correction. The various graphs, shown in Figs.1-19, Ref. [6], give the permissible kVA loadings, maximum permissible

top-oil temperature for overload condition, permissible overloads for varying periods of time, and hottest spot copper

rise over top-oil temperature, as follows:

Permissible kVAloading in percent of rated kVAversus varying daily (24 hours) average ambient temperature in:
Fig.1 self-cooled transformers for normal life expectancy
Fig.2 forced oil-air-cooled and forced air-cooled transformers for normal life expectancy
Fig.3 water-cooled transformers for normal life expectancy
Fig.4 forced-oil- water-cooled transformers for normal life expectancy
Fig.5 altitudes above 3300 feet for normal life expectancy

Load in % of rated kVAversus top-oil temperature (0-800C) when top- oil temperature is used as the guide in:

Fig.6 (55 °C rise)
Fig.7 (65 °C rise)

Load in % of rated kVA versus duration of overload (0-8 hours) for varying periods of time in self-cooled and water-
cooled transformers in:

Fig.8 (55 °C rise)
Fig.9 (65 °C rise)

Permissible overload for varying periods of time in forced-air-cooled transformers rated 133% or less of self-cooled
rating in:

Fig.10 (55 °C rise)

3.6. Effect of ambient temperature and altitude
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Fig.11 (65 °C rise)

Permissible overload for varying periods of time-Forced-air-cooled transformers rated more than 133% of self-cooled

rating, and all forced-oil- cooled in:

Fig.12 (55 °C rise)

Fig.13 (65 °C rise)

The permissible loading of transformers for normal life expectancy depends on the design of the particular transformer,

its temperature rise at rated load, temperature of the cooling medium, duration of the overloads, the load factor, and the

altitude above sea level if air is used as the cooling medium. Transformers are designed on the basis of 55 or 65°C rise

above the ambient temperature as determined by average winding resistance and are so rated on the nameplate,

However, In actual operation, the hottest-spot temperature should be used as the limitation rather than the average

winding temperature rise. Transformers may be operated continuously at hottest-spot temperatures up to

95°C for 55°C rated transformers; 110°C for 65°C rated transformers. Where no hottest-spot temperature indicator is

available, or when it is desired to determine in advance approximately what the load limit will be under special

conditions, the data in Figs.1- 13 of Ref. [6] can be used.

Top-oil temperature alone should not be used as a guide in loading transformers, because the difference between top-

oil and hottest-spot copper temperatures varies with different designs and with load, and the time lag between the top-

oil temperature and the winding temperature also varies. When this temperature difference for a transformer is not

known and the transformer is not provided with a hottest-spot temperature device, the approximate data given in Figs. 6

and 7 can be used. Loading from these curves is based on a difference between the hottest-spot temperature and the oil

temperature of 20 °C for water-cooled, self-cooled, and forced-air-cooled transformers rated 133 percent or less of the

self- cooled rating; 5 °C for forced-oil-cooled or forced-air-cooled transformers rated over 133 percent of the self-cooled

rating.

3.7. Transformer loading for normal life expectancy

3.8. Top-oil temperature
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3.9. Recurrent short-time overloads with normal life expectancy

Table 1.

Transformers may be operated above average continuous hottest-spot temperatures (95 °C for 55 °C rated

transformers and 110 °C for 65 °C rated transformers) for short times provided they are operated or much longer

periods at temperatures below 95 and 110 °C respectively. This is due to the fact that aging is a cumulative process. The

limitations are given in Figs. 8 - 13, Ref. [6]. TheANSI (American Standards Institute) values of maximum temperatures

permissible for transformer operation under the above conditions are given in Table 1.

In no case should the load exceed 200 percent of rated kava.

Type of temperature Maximum temperature , C°

Insulation temperature rise design, °C

Indicator

Hottest spot

Winding resistance

Top oil

55

105

95

95

65

120

105

105
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4. Conclusions
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1. On 11 Oct 2011 the chapter organized a lecture "IMPACT OF INTERNET ON GREEN ACT AND CARBON
REDUCTION" at theAuditorium of GETRI, Vadodara. There were two speakers for this topic. The first speaker Dr.
Bhuvan Unhelkar (BE, MDBA, M.Sc, Ph.D, FACS) from Sydney,Australia. In his lecture he stated that it is a social
responsibility to reduce Carbon Emission. The economy in the world is by & large driven by market conditions.
This plays a major role in carbon emission. Carbon emission management is very important. Everyone should
look forward to the emerging technology offering green IT such as cloud computing. Emission management
system is also very important. He further stated that the process of out sourcing only means that there is a shift in
carbon emission. Next speaker was Keith Sherringham (B.Sc.-Hons., M.Sc., MACS) from Australia. He
deliberated on the issue of green ICT and better business. He presented a comparative statement of power
generation and carbon emission. He added that Australia is richest in the world in mineral resources including
uranium. He went on to present statistics of electricity consumption, present & future power system ofAustralia.

Both the above lectures were well received. The lectures were followed by question & answers.

2. As a part of the celebration of Power Day, the chapter organized a lecture on the topic of "PUBLIC PERCEPTION
OF NUCLEAR ENERGY, MYTH & REALITY" on 10 Nov 2011. The speaker was Shri SK Malhotra (Public
Awareness) Nuclear Power Corporation of India, Mumbai. The speaker spoke at length on the topic of Public
Awareness about Nuclear Energy. Nuclear power is a must for a developing country. Renewable sources will
reduce per capita generation by middle of century. He described vital components of the Nuclear power station in
detail. The misconception of hazards out of Nuclear Power Generation was contested by him on the ground that
the number of deaths which took place in other types of power stations is much more than that in Nuclear Power
Plant.As a matter of fact, all over the world there are practically no cases of radioactive radiations due to leakage of
Nuclear fuel. He gave a classic example of a danger from a lion and that from a mosquito. Thousands of people die
due to mosquito infection and there may be very few incidences of death due to lion attack. He gave similar
examples of people dying due to accident from rail, road and air but people continue to travel without hesitation.
There should not be any fear for Nuclear Energy.

3. On 02 & 03 Dec 2011, the chapter organized a National Conference on Reactive Power Management in the FGI
Hall, Vadodara. On 02 Dec 11 there was a full day tutorial session where as on 03 Dec 11 there were paper
presentations.Adetailed report in this regard is included in this news letter.

4. On 14 Dec 2011, the chapter celebrated Energy Conservation Day. A lecture was arranged on the topic of 'Art of
Survials During 21st Century - Energy Efficiency & Conservation". The faculty was Shri R Venugopala Rao, Dy.
Director, PCRA, Mumbai. The lecture was arranged at the Vasvik Auditorium, Vadodara. The lecturer gave
detailed account of the activities of PCRA and their efforts to promote the prudent use of energy Petroleum in
particular. The lecture was well received.

5. On 05 Jan 2012, Er. Surendra Babu Kurva, Director(Operations), M/s SCIL Infracon Pvt. Ltd. (now part of M/s HBL
Power Systems Ltd.), Hyderabad, delivered a talk on prestressed spun concrete products. The venue was Vasvik
Auditorium of I.E. Vadodara. The speaker gave detailed account of the design, manufacture, construction and the
maintenance aspects of the presented spun concrete poles and other prestressed concrete items such as high
mast lighting poles, spun piles, spun precast slabs for transformer plinth etc.

He went on to explain how the poles manufactured by his company differ from the ordinary PSC poles and other
prestressed items. Continuous spinning of the pole after the concrete is poured and steam and water curing are
important features of the production.

He described the product through actual photographs. The high mast poles are now widely used for
telecommunication and the transmission line supports up to 132kV. He also presented design calculations for
poles. The ways and means to cast the foundations were also shown by him.

The lecture was followed by questions and answers. Queries raised by Er. SB Lele, Er. SS Kelkar, Er. AN
Makwana and Er. SM Takalkar was promptly answered by the speaker and satisfied the audience. The speaker
was introduced by Er. SM Takalkar. Er. SB Lele, Er. VB Harani and Prof. Damle (Ex. President I.E.) were on the
dias. Invocation was done by Er. SB Lele and Er. VB Harani presented vote of thanks.

6. On 08 Jan 2012, the AGM of the chapter was arranged at GETRI Auditorium. A detailed report on the AGM is
included in the New Letter. On this occasion a lecture session was also arranged on the topic of Prevention of
Kidney failure. The speaker was Ms. Lekha Joshi. The speaker gave detailed account of the functions of kidney,
symptoms of kidney failure, causes of kidney failure, prevention of kidney failure & treatment of kidney. She stated
that one must consume 12 glasses of water per day (2.5 Lit.) to enable the kidney to function without any problem.
She also gave detailed account of the activities of Renal Foundation which is an NGO, engaged in the services of
needy people who cannot afford expensive treatment. She also gave detailed information about kidney transplant
and dialyses. The lecture generated lot of enthusiasm among the members present in the house.

ACTIVITIES OF THE CHAPTER
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On 02 & 03 Dec 2011, the chapter organized a 2-Day event on the topic Reactive Power Management at the FGI

Auditorium, Sevasi, Vadodara. The 1st day was dedicated to tutorials. The 2nd day was dedicated to paper

presentation. On 02 Dec 11, Er. SK Negi, MD, GETCo presided over the inaugural function and stayed back to attend

few tutorial sessions. Others on the dais were Er. GV Akre, Chairman, Er. SB Lele, Vice-Chairman, Er. VB Harani,

Secretary, Er. GP Shukla, Jt. Secretary and Er. AN Makwana, Treasurer of SPE(I) Vadodara. Invocation & Anchoring

was done by Er. SB Lele. Er. GV Akre presented welcome speech. In his inaugural speech, Er. SK Negi highlighted the

importance of Reactive Power. Introduction of Solar and Wind Energy in the power system have changed the equation

of reactive power management. He added that in the early stage of power system, reactive power was not having much

of consequence. However, with the increase in power network and interconnecting system, the reactive power is now

an entity to reckon. The reactive power has to be best managed at the demand side. He thanked SPE (I), Vadodara for

taking up this topic for tutorial and seminar and indicated that there is one more important topic of power system

protection which SPE (I) needs cover through a seminar. Er. VB Harani presented a vote of thanks and appreciated the

active support provided by GETCo in general and Er. SK Negi in particular.

After the inaugural function and the high tea, the tutorial session started. In the first session, Er. SB Lele, Er. PA Shah

and Er. ND Makwana took the faculty. The brief account of their talk is as under:

1. Er. SB Lele, CE (Retd.) GEB & Vice-Chairman SPE (I), Vadodara, described the evolution of power system in India

which began with 65kW Hydro Electric Projects on 10 Nov 1897. The thermal power generation started in 1989

and the power transmission system started in 1902. He explained philosophy of 50 Hz frequency. He gave details

of the installed capacity in this country. He went on to explain the reactive power comparing the phenomenon with

Perspiration due to summer heat, a walk on the sands, skidding on an oily surface, climbing up hill etc. Reactive

power management was the next important portion of his presentation. Out of his rich experience in power system,

he went on to explain the aspects of hunting in power system, voltage collapse and past events related to reactive

power & voltage collapse.

2. Er. PAShah, CE (Retd.) GETCO, Vadodara, explained the triangle of kW, kVA& kVAr in the power system. He also

tried to explain reactive power by taking various analogies. His further presentation included ways & means to

improve power factor and advantages of improvement in power factor & reduction in energy cost.

3. Er. ND Makwana, SE (Retd.), SLDC, GEB, Vadodara & Professor in Parul Institute of Technology, Vadodara,

started his tutorial with the definition of the power factor and there after reactive and active power. He gave various

examples to explain the reactive power and its compensation at each node. Due to dealing in fundamentals, the

tutorial generated good amount of enthusiasm.

Er. SK Negi, MD, GETCO, who remained present during the session, appreciated the presentations. After the lunch

break the following faculties delivered their talk.

1. Er. SK Joshi, Professor, Faculty of Technology & Engineering, MS University, Vadodara spoke on the topic of

Reactive Power Control & Management. He explained as to what is reactive power, physical significance of real

and reactive power & complex power. He also talked on the topic of Sub Synchronous Resonance, definition of

SSR & types of SSR interactions. He presented analytical tools for the study of SSR. The next on his agenda was

mechanism of harmonics & existing standards for harmonics.

After the tea break, Er. SK Joshi continued his presentation and spoke on the topics of uncompensated transmission

lines. This included discussion on load compensation, system compensation, lossless distributed parameters of lines

etc. He explained everything through mathematical formulas and curves.

2. Dr. CD Kotwad, Professor, SVIT, Vasad gave presentation on Series Compensation in a power system. His

presentation revolved round power transfer capability/stability, degree of compensation, location of series

capacitors, choice of series capacitors, advantages & disadvantages of series capacitors, FACTS controllers etc.

3. Next tutor was Er. BB Ahir, Jr. Engg., 66kV Naroda sub-station. He spoke on the topic of Power Factor

improvement & units saving by maximum utilization of capacitor bank at 66kV Naroda sub-station. He presented a

case study of Naroda s/s and presented a table showing the calculations of MVR and optimization of capacitor

cells. He described ways & means to calculateAmp at unity PF and MVR. He also described optimum utilization of

capacitor bank in his substation. Some interesting photographs were also a part of his presentation.

REPORT ON THE TUTORIALS AND SEMINAR ON REACTIVE POWER MANAGEMENT
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2nd Day

The second day of the event was dedicated to seminar. During the opening ceremony the following dignitaries were on the Dias.

1. Er. VLSonawane, Member (Tech), MERC - Mumbai, Chief Guest of the function.

2. Er. Gurdeep Singh - MD, GSECL, Vadodara, Guest of Honor.

3. Er. GVAkre, Chairman, SPE(I),Vadodara

4. Er. SB Lele, Vice Chairman, SPE (I), Vadodara.

5. Er. VB Harani, Secretary, SPE (I), Vadodara.

After the formal invocation by the anchor person, Er. GV Akre presented welcome address. In his address, he appreciated the
presence of Er. Sonawane & Er. Gurdeep Singh and hoped that they would continue to support the activities of SPE (I). There was a
formal lighting of auspicious lamp and prayer and felicitation of Chief Guest and the Guest of Honor.

In his speech, Er. Sonawane highlighted the importance of Reactive Power Management in the power system. He gave brief
account of his experience in the subject and further went on to state that as a regulator he has a tough task dealing with the matters
arising out of Reactive Power. He appreciated the efforts of SPE (I), Vadodara in organizing event on this topic which is one of his
favorite.

Er. Gurdeep Singh stated that he is a Mechanical Engineer but out of his experience in working with the power stations for many
years, he is well aware of the importance of reactive power management. He thanked SPE (I), Vadodara for inviting to the forum.

Er. SB Lele gave brief information about the subject and the seminar. Er. VB Harani presented vote of thanks. He thanked the VIPs on
Dias, sponsors, supporters, authors, sessions chairman and management of FGI, venue of the event. He expressed his gratitude to
Er. SK Negi, MD, GETCO for providing whole hearted support in organizing the conference. As an Anchor person Mrs. Kavita Mittal
handled the opening ceremony in a most professional way.

After the formal Hi-Tea, the house assembled in theAuditorium for Technical Sessions.

The brief of papers presented in the Technical Session- I is as under:

1. The first paper was by Er. Rane from Tata Electric, Mumbai. He spoke on the topic of Reactive Power Management during
Islanding condition of Mumbai Power System.

2. The second paper was presented by Er. PB Mehta form EMCO, Mumbai. The topic was Impact of Up-Rating SIL of
Transmission Line on Sub-Station Design -Avoiding misconception.

3. The third paper was on the topic of Better Power Quality is a Reality. It was presented by Er. Natesh Mayansh form ABB,
Bangalore.

4. The fourth paper presented by KL Pandya from Changa Engineering College. His subject was Comprehensive Review on
Reactive Power.

The session was chaired by Er. VLSonavane and Er. SB Lele. The house adjourned for lunch.

The details of papers presented during the technical session II are as follows:

1. The first paper of this session was from Er. NN Sheikh, Ex. Engr. SLDC, GETCO, Vadodara. His topic was Impact of Reactive
Energy Charges in Gujarat -ACase Study

2. The second speaker was Er. VL Sonawane. His presentation revolved round the topic of Regulator's Perspective while dealing
with the Reactive Power Problem.

The session was chaired by Er. GVAkre and Er. PR Mehta.

The brief of papers presented in the Technical Session- III is as under:

1. The first paper was presented by Er.Ankur Vashi of Essar Steel Ltd. on the topic of Static VAR in Steel Industries. He explained
the role of transformers, reactors, harmonic filters, thyristers etc. in the power sector. MATLAB is a simulation of static VAR
compensation.

2. Second paper was presented by Dr. CD Kotwal of SVIT, Vasad on the subject a Volt Var Control Optimization for smarter grid.
He explained the future of VAR compensation and its control by using the ABB product denoted as VVMS. He also informed
essential function of the smart grid. The distribution of Volt Var Management System.

The session was chaired by Er. Natesh Mayavel of ABB Ltd., Bangalore and Er. SM Takalkar of Takalkar Power Engineers &
Consultants Pvt. Ltd., Vadodara. The house adjourned for tea break.

The National Conference ended with concluding session. In concluding session it was proposed that industries should carry out R&D
for Reactive Power Management so that demand of the reactive power in power system can be reduced. The role of regulator is also
important to reduce the reactive power in power system. Professors of the Academic Institutions and Practicing Engineers shall also
work on Reactive Power Management. Er. MU Swadia, EE, GETCo, 400kVAsoj s/s informed to the conference organizers that topic
selected is very good. On behalf of all delegates he congratulated the speakers of technical papers. Er. SB Lele thanked to Er.
Sonawane for sparing valued time and presence throughout the conference. Er. SB Lele and Er. PA Shah conducted Technical
sessions very nicely.

REPORT ON THE SEMINAR ON REACTIVE POWER MANAGEMENT



15

Abstract: This paper discusses one essential function of the SG (SMART GRID), the distribution VVMS (Volt/VAr

management system). Advances in automation and communications have laid the foundation to make centralized,

coordinated voltage control possible and in fact applications to take advantage of it have been in the works for years.

The problem lies in the fact that the computing requirements for such applications to generate useful solutions in near

real time are staggering. However, new methodologies and today's faster computers have converged to make volt/VAr

optimization viable. VVO, as it is known, is an advanced application that runs periodically or in response to operator

demand at the utility control center or in substation automation systems. Combined with two-way communication

infrastructure and remote control capability for capacitor banks and voltage regulating transformers, VVO makes it

possible to optimize the energy delivery efficiency on distribution systems using real-time information.

By Switching capacitors ON will reduce the electric current (I) on the line, which will reduce the electrical losses (I2R),
reduce the amount of energy (kilowatt-hours) required to supply the existing load and reduce the peak demand on the
system. Change in voltage leads to a corresponding change in power consumption, a 1% change in voltage causes a
change in kW usually ranging from 0.2% to 1.5%. Effect of change of voltage on reactive power is even more significant,
1% change in voltage causes a change in kVAr usually ranging from 2% to 6%. The change in load will decay over time,
but not to the value before the change in voltage. The amount and time constant of decay depend on the characteristics
of the circuit [1].

For all of these applications, however, one component is vital: communications. The ability to move large amounts of
data from disparate points on the grid is the key to enabling the applications that will in turn facilitate the widespread
adoption of distributed generation and maintain (or even improve) the level of service customers expect. There are
issues surrounding standards and interoperability, security, and of course cost to name a few. The long-term benefits,
though, are compelling. VVO is only the beginning of a new stage in the evolution of our power systems that will make
them simultaneously more reliable, more efficient and more economical [2].

The controllable reactive power sources include generators, shunt reactors, shunt capacitors and On Load Tap
Changers of transformers (OLTC).

Generators can generate or absorb reactive power depending on the excitation. When overexcited they supply the
reactive power, and when under excited they absorb reactive power. The automatic voltage regulators of generators
can continually adjust the excitation [3].

Reactors shunt capacitors and OLTC are traditionally switched on/off through circuit breakers on command from the
operator. Since the early eighties, advances in FlexibleAC Transmission

Systems (FACTS) controllers in power systems have led to their application to improve voltage profiles of power
networks. The most frequently used devices are: Reactive Power Controller

(RPC) and Static Var Compensator (SVC).

The RPC connects or disconnects capacitor stages automatically by detecting the phase divergence between the
fundamentals of current and voltage.

The measured divergence is compared with several segmental set phase divergence regions, capacitor contactors will
be switched on or off according to it. Compared with RPC, the SVC is more advanced electronics equipment. It can
provide continuous capacitive and inductive reactive supply to the power system. The SVC typically consists of a
Thyristor Controlled Reactor (TCR), a Thyristor Switched Capacitor (TSC) and AC Filters (ACF).Its output can vary
depending on the level of generation and absorption of reactive power so as to maintain its terminal voltage at a certain
level. Both RPC and SVC incur large financial investment. Since they work only in a local area, the reactive power
sources of a network must be coordinated with the aim to achieve network voltage stability [4].

Traditionally, the voltage and var control devices are regulated in accordance with locally available measurements of,
for example, voltage or current. On a feeder with multiple volt-age regulation and var compensation devices, each
device is controlled in-dependently, without regard for the resulting consequences of actions taken by other control
devices. This practice often results in sensible control actions taken at the local level, which can have suboptimal effects
at the broader level.

Ideally, information should be shared among all voltage and var control de-vices. Control strategies should be
comprehensively evaluated so that the consequences of possible actions are

consistent with optimized control objectives. This could be done centrally using a substation automation system or a
distribution management system.

A Volt/ VAr Control Optimization for Smarter Grid

Nilay N. Shah
SVIT, Vasad.

C.D. Kotwal
SVIT, Vasad.
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This approach is commonly referred to as integrated VVO. The accelerated adoption of substation automation (SA),
feeder automation (FA) technology, and the widespread deployment of advanced metering infrastructure (AMI) have
over the last few years laid the foundations for a centralized control approach, by providing the necessary sensor,
actuator, and reliable two-way communications between the field and the distribution system control center. Until
recently,

however, a key technology has not been available that can take advantage of advanced sensing, communication, and
remote actuation capabilities that can be used to continually optimize voltage and var. Prior generations of VVO
technologies have been hindered by their inability to model large and complex utility systems, and by their
unsatisfactory performance in solution quality, robustness and speed [5].

VVO is an advanced application that runs periodically or in response to operator demand, at the control center for
distribution systems or in substation automation systems. Combined with two-way communication infra-structure and
remote control capability for capacitor banks and voltage regulating transformers, VVO makes it possible to optimize
the energy delivery efficiency on distribution systems using real-time information.

VVO attempts to minimize power loss, demand, and voltage/current violations in meshed, multi-phase, multi-source,
unbalanced electric distribution systems. The control variables available to VVO are the control set-tings for switchable
capacitors and tap changers of voltage regulating trans-formers.

The main benefits of VVO for distribution system operators are:

Improved energy efficiency leading to reduced greenhouse gas emissions.

Reduced peak demand and reduced peak demand cost for utilities

VVO must minimize the weighted sum of energy loss + MW load + voltage violation + current violation, subject to a
variety of engineering constraints:

Power flow equations (multi-phase, multi-source, unbalanced, meshed system)

Voltage constraints (phase to neutral or phase to phase)

Current constraints (cables, over-head lines, transformers, neutral, grounding resistance)

Tap change constraints (operation ranges)

Shunt capacitor change constraints (operation ranges)

The major challenge is to develop optimization algorithms that are efficient for large problems. Since a certain amount
of computation (i.e. CPU time) is needed to evaluate the loss and demand for a single specific control solution (a single
functional evaluation), an algorithm that requires fewer functional evaluations to find the optimal solution is generally
regarded as more efficient than one that requires more functional evaluations to achieve the same objective. In the case
of VVO, a single function evaluation involves solving a set of nonlinear equations, the unbalanced load flow, with

Main benefits of VVO

General problem definition for VVO

Fig.1 Typical Voltage Profile of Distribution System
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several thousand state variables. The non-linear, non-convex combinatorial properties of the VVO problem coupled
with high dimensionality (large number of state variables) are the reasons why VVO has been a long standing challenge
in the industry. In the last decade many in the research com-munity have increasingly begun to re-sort to meta-heuristic
approaches (e.g. generic algorithms, simulated annealing, particle swarming, etc) to avoid the modeling complexity.
The meta-heuristic approach has shown limited academic value in solving small-scale problems and in offline
applications where online performance is not required.

VVMS is centralized distribution automation software that optimizes circuit VAr flow and circuit voltages. Optimized VAr
flow improves power factor and can result in substantial savings in cost of energy and infrastructure utilization.
Optimized voltage improves power quality by preventing over-under voltage conditions and by achieving flatter voltage
profile along circuits.

VVMS incorporates "CVR", an advanced conservation voltage reduction strategy which reduces real power demand by
lowering customer voltages within approved limits.

VVMS is a system of closed-loop voltage and VAr control. It continually samples loads and voltages along feeder
circuits and when appropriate switches compensating devices; such as, capacitors, regulators and LTC's, to improve
power factor and power quality [6].

VVMS can operate as a "stand-alone" Volt-VAr control solution or it can be functionally integrated with a SCADAor DMS
system. The VVMS is capable of interoperating with many models of SCADA, DMS, control hardware, and
communications infrastructures.

Volt-VAr Management System:

A key feature of VVMS is its comprehensive web based GUI. Through the web GUI, authorized users can view the
system's well organized, real time Volt-VAr application displays and reports. Engineers and crews can view status of
substation, feeders, capacitors and voltage devices, set control constraints, and operate switches manually.
Capacitors switch states, loads, Voltages, and circuit “VAr Loss Performance“statistics are conveniently at their
fingertips.

[1] “Integrated Volt/Var Control”, Mike Prevallet, COOPER POWER SYSTEMS

[2] “Smarter Grids are more efficient”, Xiaoming Feng,ABB Review 3/2009, Pages 33-37

[3] “Power System Control and Stability”, P.M.Anderson, IEEE, Wiley Interscience, Wiley India.

[4] “Understanding FACTS” N.G. Hingorani, IEEE Press, Standard Publishers India.

[5] “Asmart grid is an optimized grid”,ABB white paper, NorthAmerica Corporate HQ.,ABB Ltd.

[6] “A Volt-Var Management System for Smart Grid Distribution Automation Applications”, ABB Inc. High Voltage
Capacitors, Canada.
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Fig.2 Functional Block Diagram of VVMS
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Preamble:

Reactive power management plays a very important role in maintaining stability of a power system and quality of power

supply. Each system has different problems and challenges in managing reactive power. Reactive power flow is caused

by inductive load as well as by capacitive power elements of power system.

The inductive load causes low power factor, low system voltages and reactive power flow which leads to higher

transmission losses.

The major types of loads causing low power factor are:

Inductive loads especially induction motors/transformers

Fault limiting reactors

Arc lamps /arc furnaces with reactors

Induction furnaces

UPS

Capacitive elements like capacitor banks, synchronous condensers installed at the load centres not only improves the

voltages at consumer end but also improves system voltages and compensates for the reactive power thus reducing

transmission losses.

The intensity of high voltage problems depend upon various factor viz.,

Type of the day - Full load day/ light load day

Time period of a day - Peak/ Off-peak

Seasons - winter/monsoon/Summer

Capacitive reactive power generation is more severe at places where high voltage underground cables at 33kV, 110kV

and 220kV (in future the 400kV) are used in distribution / transmission system.

The capacitive reactive power generated by cables is more critical due to light loads on these cables in the night and

particularly in winter and monsoon. Under such condition this capacitive power from distribution system (Cables) is

dumped into transmission system and causes high system voltages.

Due to paucity of space for constructing overhead transmission lines in urban areas like Mumbai, all utilities are going

for underground cables particularly for Transmission. These cables will generate high amount of capacitive reactance

and flow of capacitive power resulting in high voltage problems during light load period and particularly in the night.

The advantage of these EHV cables is that during full load day & peak demand the capacitive reactive power generated

by the cable network aids in maintaining voltage levels and utilities do not have to install high rating and large no of

capacitor banks to solve low voltage problems.

Mumbai power system generally does not experience low voltage problems due to inductive loads, as there is proper

balance between inductive reactance of the load & capacitive reactance of the underground cables at distribution level

(22kV, 33kV) and also at transmission level (110kV, 220kV).

However due to the use of underground cables, high voltage problems are faced during light load days/public holidays

due to these capacitive reactance. To resolve this issue reactors are installed at many of the Receiving Stations at 33kV

level. Also Tata Power has standardised the rating of 33kV switch gears as far as the no of feeder outlets are required.

Each 33kV bus will have the provision of a capacitor bank and a reactor. This arrangement will resolve low voltage

problems during peak period as well high voltage problem at off peak period on LT (33kV) side. This ensures power

supply to customers at rated voltage.

This paper deals with the Reactive Power Management for Mumbai after it gets islanded from rest of the grid.

Reactive Power Management  During Islanded Condition of

Mumbai Power System
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Mumbai Power System:

Power to Mumbai city is supplied by four DISCOMs i.e. Tata Power, R-Infra, BEST, MSEDCL. The peak demand of the

city is estimated to be 3450 MW including 240 MW demand of MSEDCLby year 2012.

BEST & Tata Power distribution loads are met by Hydro (447 MW) & Thermal generation (1430 MW) of Tata Power

Generating Company located in and around Mumbai totaling 1877 MW).

The requirement of R Infra DISCOM is met by 500 MW Dahanu thermal power station near Mumbai. The deficit of

power for the DISCOMs i.e. Tata Power, R-Infra & BEST is being met by procuring power from outside Mumbai through

existing interconnecting lines to the MSETCLgrid and 110kV and 220kV levels.

System parameters on a typical full load day is as per the exhibit below

Mumbai Power Position 02June 2011
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Presently around 1000 MW power is being procured from outside Mumbai. The load growth of the city is around 6 % per

annum and the power flow from outside Mumbai city will further increase year on year if generation is not added in and

around Mumbai. It is forecast that demand would reach around 4000 MW by year 2017.

To meet the growing load demand of the city it is proposed to have additional 220kV & 400kV lines having signification

portions of cables between Mumbai and MSETCL/PGCILstations around Mumbai. The management of reactive power

and voltage profile in particular will be more critical due to development of 400kV network in future and will be a major

challenge when the Mumbai gets islanded.

Due to paucity of land and environmental issues for setting up generating plants in Mumbai, the entire power deficit in

Mumbai henceforth due to demand growth @ 6% rate per year has to be borne by procuring power from outside

Mumbai through high capacity EHV transmission network.

Tata Power has proposed to construct 400kV transmission lines between Maharashtra Transmission System/Power

Grid & Mumbai to bring this additional power. 220kV and 400kV cable network will be a part of these future lines. This

would result in generation of high amount of capacitive reactive power and resulting into high system and distribution

voltages in Mumbai particularly when the Mumbai system gets islanded.

Presently Tata Power Mumbai transmission network is connected with MSETCL network at 110kV & 220kV Voltage

level at Trombay, Kalwa and Borivali Substations and with Reliance network at 220kV Voltage level at Aarey colony.

Mumbai city has a state of art Islanding System which ensures successful isolation of the city power system from rest of

the grid when the state grid starts collapsing by cascade tripping of transmission lines & generating stations/system

frequency attains 47.9Hz and the state grid is on the verge of collapse. The islanding system for Mumbai has been in

action since 1980s and has survived the city twenty seven times by enactment of Islanding System during grid

disturbance in the state. However survival of Mumbai system after islanding by maintaining load-generation balance

and particularly the rated voltage level is a great challenge. The voltages at all stations after islanding are very high even

after cutting out capacitor banks and dropping the generating station reactive power to bare minimum (drawing

reactive from system).

Mumbai Islanding scheme:

Status before islanding
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When system frequency reaches 47.9 Hz and remains there or below 47.9Hz for 0.2 seconds and there is reverse

power flow towards state grid at 48.0Hz, the interconnecting line breakers between Mumbai & MSETCL/PGCIL will trip

at Tata Power/R-Infra end resulting into islanding of Mumbai system from rest of the grid. During islanding, i.e. when

Mumbai System network is isolated from all State network, Tata Power + R-Infra own Generation cannot meet

Mumbai's demand and load shedding scheme at distribution level trims the load as per pre-programmed priority. The

under frequency relays (UFR) & frequency trend relays( df /dt) operate at the time of islanding and relieves load more

than the quantum of power being imported to Mumbai system just prior to islanding. This load relief at the time of

islanding ensures the perfect load - generation balance for the Mumbai system after islanding, which is necessary for

survival of Mumbai after islanding. However due to load relief equivalent to interchange (from state to Mumbai) results

into under loading of transmission and distribution network in Mumbai. This under loading of cable network results into

high capacitive reactive power generation and causes high voltage problems in the islanded system. Especially during

night time i.e. during lightly loaded condition power factor becomes leading. This leads to increase in Voltage profile and

at times it is observed that Voltage at 33kV and 220kV bus increases more than 5%. This Voltage can be regulated by

Switching off of Capacitor Banks connected on 33kV bus which are used to improve power factor during peak load

condition. However, this gives marginal effect during lightly loaded condition. In order to reduce Voltage on bus,

reactors have been commissioned on a few sub-stations at 33kV level. .

With development of 400kV network around Mumbai in near future, reactive power management would be

more critical particularly after islanding and has to be done quickly & correctly immediately after islanding.

Otherwise the high voltages on 400kV side would cause the line trippings/ further cascade tripping of other lines and

collapse of island.

Tata Power has planned connectivity at 400kV level to their proposed Generating Power Station at Dehrand. The 400kV

network will be connected to 220kV through 400/220/33kV, 500MVA Inter-Connecting Transformers. In such case

scenario of 220kV network will change.

A simplified load flow study has been conducted using e-tap software to simulate part power system consisting of

proposed generating station at Dehrand interconnected to Vikhroli Sub- station through 400V lines that are part

overhead and part cables. The 400kV system is connected to 220kV system through 500MVA ICTs. Please refer to

diagram below for 400kV connectivity. In this case it is assumed that transformers are loaded only 50% of capacity.

When OLTC of 500MVATransformers is not in operation there is change in the Voltage profile of 220kV network. When

OLTC is operated by AVR, both 220kV and 33kV (local) Voltage will be regulated. However, for 33kV where switchgear

that are located away from the source i.e. at sub- distribution level the Voltage profile may be still high. In such case it

is required to make provision of reactors on 33kV bus.

Future Scenario and Load Flow Studies:
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It should be noted that the study is done considering 220kV system as a lumped system. In order to have correct picture

it is essential that complete 220kV network must be configured and various case studies shall be carried out.

Source at Dehrand, with out reactor,with total 750MVALOAD,0.95% LAG

System studies carried out indicated that the voltage rise on 400kV side (both at Dehrand & Vikhroli) is not

significant. It is only 2% rise above rated voltage. This is to be fine tuned for the designing / planning of the capacitor /

reactor ratings to ensure smooth change in voltage profile at local level and system level during day to day operations,

particularly during eventuality of Mumbai islanding or restoration after complete shutdown.

SuggestedAction Plan for Reactive Power Management during Islanding:
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The switching in of one Reactor at 400kV level will absorb around 63 MVAR each and drop 400kV voltage by around 3-

4kV.

The reactors may have to be installed in future at generating stations (manually operated) after development of more

number of 400kV Lines to inject reactive power into bus so as to pull the generators in safer excitation zone which will

improve the stability of the generator. Any tripping of a large generator in the islanded condition will lead to collapse of

the islanded network due to very low power number of the island. This will also improve the auxiliary bus voltage at

generating station which otherwise would drop to very low value and avoid overloading of auxiliary equipment. For

reactive power control and voltage control at the distribution and sub- distribution, tap changing of transformers at

various receiving stations will have to be done.8

In the above preliminary study, the impact of only 400kV Dehrand–Vikhroli D/C line is studied as all other lines

connecting Mumbai to rest of the grid are tripping as part of Islanding scheme and hence no impact of these lines.

However with development of additional 220 kV, 440kV lines for Mumbai system in future, the system studies for

various dynamic conditions / loads need to be carried out as a continuous process of system planning and

necessary reactive compensations schemes should implemented. This will ensure stability of system under various

conditions and uninterrupted and quality supply to customers.

Conclusions:

The tripping of capacitor bank will drop 22kV/33kV bus voltage by 0.5 to 1kV depending  on rating of  bank.

Following immediate actions after islanding are proposed to be commissioned by provision of circuitry which will

automatically cut out capacitor banks in sequence and take reactors into service to compensate high capacitive

reactive power being generated after islanding.

To avoid high voltage situation where voltage at Receiving Stations / Dehrand crosses 420kV with frequency less than

47.9 Hz for more than 0.2 seconds, the reactors will automatically be cut in after a set time delay. This will ensure

stability of generating station and also ensure voltage levels within limits.

-------------------- (Heading ?)

(Note: An anecdote narrated below is a very interesting but, at the same time rather, confusing and conflicting if one
goes by the result alone. It is therefore a good topic for of each individual reader and it is for
this reason, and heading is not suggested but left to the fertile minds of individual readers to assign an appropriate
heading to the anecdote.)

A farmer was collecting horses of different breeds; he needed one more to complete his collection. He noticed
that his neighbor had a horse of that breed and, after long persuasion, bought it.

REFLECTIVE THINKING

N. DINKERRandom Thoughts
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A man would call the local telephone exchange daily at five minutes to noon to check the time. After several
days of this, the operator was tempted to ask why he did this.

“It's because I am the time- keeper of the municipality” answered the man.” I have to set the municipal clock
daily at noon.”

“Now isn't that strange!” responded the operator. “I set my watch every morning by your Municipal Clock.”

*********************************************************************************

Prof Houston, president of world vision international while speaking in a congregation, made mention of a

jubilant wife who was once phoning through a telegram to her husband soon after delivering twins

“Gave birth to twin boys at 4 a.m. today” she breathed into the receiver.

Would you repeat that? asked the inattentive operator.

“No, if I can help it! answered the new mother tersely.

*********************************************************************************

The standard of batting in the local team was very low. Even at the net practice, the players couldn't hit the

ball. Finally the captain rushed forward and grabbed the bat. “Now bowl me some fast ones” he yelled.

Six fast balls came down in quick succession and the captain missed, them all. But he glared at the team

and shouted, “That's what you're all doing. Now go out there and hit there.”

*********************************************************************************

Ateacher asked during the class. “What happens if we leave a piece of iron outside outdoors?

“It rusts” answered one student. The teacher then asked. “And if we leave a piece of gold?

“It disappears” answered another student.

*********************************************************************************

Visitor: Is this a healthy place to live?

Guide: 'yes, Sir”

When I arrived here, I couldn't walk or eat solid food.”

Visitor: what was the matter with you?

Guide: “Nothing, I was born here.

Amonth later, the horse became ill. The veterinarian said, "Your horse has a virus. He must take this medicine for
three days. If he is not better by that time, we have to put him down."

The farmer's pig, standing nearby, heard this conversation. The next day after the Vet gave the medicine and left,
the pig approached the horse and said. "Be strong, my friend. Get up or else they're going to put you to sleep!"

On the second day, too, the pig said: "Come on buddy, get up or else you are going to die! Come on, I will help you
to get up. Let's go! One, two, and three……."

On the third day, the Vet said: "unfortunately we have to put him down tomorrow. Otherwise the virus might
spread and infect the other horses."

After they left, the pig approached the horse and said "Listen, pal, it is now or never. Get up, come on! Have
courage! Come on! Get up... That's it! Slowly! Great. Come on! One, two, three ….. good, Good."

"Now faster, come on ……. Fantastic! Run, run more! Yes, yes, yes! You did it, you are champion!!!

All of a sudden, the owner came back, saw the horse running in the field and began shouting: "it is a miracle! My
horse is cured. This deserves a party. Let us kill the pig and make a feast…….!"

NOW OR NEVER

Laugh – A – While Compiled by:
N. DINKER
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An old farmer, who owned an old mule was living in a remote village. One day it fell into a dilapidated

well. The farmer heard the mule braying and braying nonstop.After carefully assessing the situation, the

farmer sympathized with the mule, but decided that neither the mule nor the well worth the trouble of

saving. Instead, he called his neighbors to gether, told them what had happened and enlisted them to

help haul dirt to bury the old mule in the well and put him out of his misery.

Initially the old mule was hysterical! But as the farmer and his neighbors continued shovelling and dirt hit

his back, a thought struck of dirt landed on his back, he would shake it off and step up!

This he did, blow after blow "shake it off and step up….shake it off and step up …. Shake it off and step

out." No matter how painful the blows, or blow distressing the situation seemed, the old mule fought

panic and just kept right on shaking off and stepping up!

It was not long before the old mule, battered and exhausted, stepped triumphantly over the wall of that

well! What seemed like it would bury him…. actually helped him all because of the manner in which he

handled his adversity.

That's life. Face your problems and respond to them positivity, and refuse to give to bitterness, or self

pity. Shake your problems off and you could step up to progress in life

Life is like a game of chess, changing with each move.

Act as if what you do makes a difference. It does

There is no feeling more comforting and consoling than knowing you are right next to the one you

love

Better to lose count while naming your blessings than to lose your blessings to counting your

troubles.

When it is obvious that the goals cannot be reached don't adjust the goals, adjust the action steps.

Everything has its own time.

.

Give a thought
v

v

v

v

v

v

Never, Never say 'die'

Shake off problems

That's life

Compiled by:
N. DINKER
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Two robbers were plundering a house.

One: how many rupees will our loot be?

Second: Don't worry. The right amount will be given in tomorrow's news papers.

*********************************************************************************

Once on a dark rainy evening the lights went off. Sunil was scared and ran to his mother.

Mother: Sunil, why are you scared? Come I will tell you a story about Lord Krishna once he lifted a huge

mountain with his little finger.

Sunil: Mom, but I can't believe this!

Mother: Why?

Sunil: Because it is not in the Guinness book of world records.
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Brain Twisters

1. There are four boys and four apples in a basket. Every boy takes an apple. Yet one apple

remains in the basket. How is this possible?

2. Ten men are standing in an empty circular room. Each person has full sight of the entire room

and every other person. Where can you place an apple so that except one all other could see it?

3. A man was going to buy a Rs. 4 lacs car. But he did not pay one rupee for the car. How is this

possible?

4. Two men play five complete games of checkers. Every man wins the same number of gamed

there are no ties. How?

5. A girl is sitting at night in a house that has no lights at all. There is no lamp, no candle, nothing.

Yet she is reading. How?

6. Before Mount Everest was discovered, what was the highest mountain in the world?

(Answer: 1. one boy (the fourth one) took the apple with the basket, 2. place the apple on one

person's head 3. He did not pay one rupee but he paid Rs. 4 lacs 4. The two men were not playing

against each other 5. The girl is blind and is reading braille 6. Mount Everest)
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