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ORGANIZATION PROFILE

RURAL ELECTRIFICATION CORPORATION LIMITED (REC)

Rural Electrification Corporation Limited (REC), a NAVRATNA Central Public Sector
Enterprise under Ministry of Power, was incorporated on July 25, 1969 under the Companies Act 1956.
REC a listed Public Sect&nterprise Governmeiaf Indiawith a networth of Rs. 14,745 Crore as on
31.03.121Its main objective is to finance and promote rural electrification projects all over the colintry.
provides financial assistance to State Electricity Boards, State Government Departmemarand
Electric Cooperatives for rural electrification projects as are sponsored bythem.

REC provides loan assistance to SEBs/State Power Utilities for investments in rural electrification
schemes through its Corporate Office located at NesthiDand 17 field units (Project Offices),
whichareLocated in most of the States.

The Project Of fices in the States <coordinat
concerned SEBs/State Power Utilities and facilitate in fdation of schemes, loan sanction and
disbursement and implementation of schemes by the concerned SEBs/State Power Utilities.

CENTRAL INSTITUTE FOR RURAL ELECTRIFICATION (CIRE)

Central Institute for Rural Electrification (CIRE), Hyderabad was establish¢ite year 1979
under the aegis of Rural Electrification Corporation Limited (REC), a Government of India Enterprise.
The campus is located in an area of about 14 acres on the Bangalore Highway, close to International
Airport. The Institute has 4 classoms, 14 syndicate rooms, and a hostel with 36 AC rooms, two suites,
and a dining hall.

CIRE organises programmes on technical, financial and management themes for the executives of
power utilities across the country. The Institute is empanelled to seydimé training programmes of
Distribution Reforms and Upgrades Management (DRUM) under USAID. The DRUM programmes are
being organised for the past 7 years at CIRE campus as well as in the premises of power utilities. CIRE
has also been empanelled by RB@rganise RAPDRP programmes.

CIRE has also been empanelled by Ministry of External Affairs, GOI to organise International
Training Programmes for Afrésian, Latin American and other countries under ITEC/SCAAP. These
programmes are being organisied CIRE for the last 7 years. CIRE is also empanelled as Partner
Training Institute for conducting Training Programmes for Executives and C&D Category of Employees
of Distribution Companies under-RPDRP (Restructured Accelerated Power Development Refar
Programme).

CIRE is the Nodal Agency for coordinating and implementing the National Training Programmes
for Franchisees and C&D Employees under RGGVY (Rajiv Gandhi Grameen Vidyuthikaran Yojana) of
Ministry of Power, GOI since April 2009.
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CHAPTER -1

POWER SECTOR SCENARIO IN INDIA; REFORMS CONCEPT , RGGVY,
R-APDRP, ELECTRICITY ACT 2003

Electrical Power is the most vibrant and sought after resource connected with hunfRowlée.
is the critical infrastructure for the growth of economy, and a key factor, in assessing the progress of any
state or country.

Electricity was introduced in Inia, as per 1910 Indian Electricity act, which facilitated power to
only limited urban areas. The real work of, extension of Electricity to every nook and corner of rural
India, started only on promulgation of 1948 Electricity supply act. The three win@gseération,
Transmission, and Distributionvhich were under the same umbrella, namely State Electricity Boards
started in their respective wings to meet the aspirations of the customers. The various functions of the
Electricity have been drafted, and bgit out as Indian Electricity rules 1956.

The introduction of NTPC (National Thermal Power Corporation) in the year 1975, to shift partly
the spectrum of Electricity activity, from states per view to centre, is a mile stone, in Indian power
activity. Subgquently, NHPC (National Hydel Power Corporation), NPCIL (Nuclear Power Corporation
of India Limited) & PGCIL (Power Grid Corporation of India Limited) also came to existence under the
fulcrum of central activity. India suffered a lot, by deep crises erggector, more so in power sector in
early 1990s. Private sector has been allowed, to enter into power sector.

Due tofurther deepenig of the crises, Government of India has brought out reforms in India.
Power Sector which is a major focus, anstrument for development, assumed special significance, in
the reforms process.

Reforms:

Consequent to the growth of power demand, in an unprecedented manner, it has become
necessary to introduce reforms in all the three wings of generation, transimésxiodistribution. There
has been a severe short fall between demand and supply. Several new initiatives have been introduced to

meet the challenges. The following are the aims set under reforms:

1. To extend power in an efficient manner, in termgeazsonable cost price, for better customer
service.
To cease to be a burden on Government exchequer, and develop its own treasury.

Initiation of several radical changes, in the various activities of Electricity and HR Policies.

3
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Objectives of Reforms:

1. Hficiency

2. Competition

3. Transparency

4. Viability

5. Accountability

6. Attraction to Private Capital

Impact of Reforms:

Major emphasis has been given, to explore the possibilities of redusaigatedosse in the
system, leakages, theft ehergy, network strengthening, and impingent of HRD component, suitably at

strategic locations.

Consequent to the refornmsitiation, a comprehensive act has been brought out in 2003, namely
El ectricity act 2003, i ncorporating the various

and other new technological trends and with more emphasis on Rural Electrification.

National Electricity Policy:

Section 3(1) of Electricity Act 2003 requires the Central Government to formulate, the National
Electricity Policy in consultation with Central Electricity Authority (CEA) and State Governments. The

Provision is quoted below:

i The CGowvetnmentl shall, from time to time, prepare the National Electricity Policy and
tariff policy, in consultation with the State Governments and the Authority for development of the power
system based on optimal utilization of resources such as coal, Iiggtsiyauclear substances or materials,

hydro and renewabl e sources of energyo.

The National Electricity Policies aims at achieving the following objectives:

Access to Electricity

Availability of Power

Supply of Reliable and Quality Power of specified deads in an efficient manner and at
reasonable rates.

Per captia availability of electricity to be increased to over 1000 units

Minimum life line consumption of 1 unit/household/day as a merit good
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9 Financial Turn around and Commercial viabilityEiéctricity Sector.

9 Protection of consumers interests.

Generation System

With the unprecedented growing demand, the generating capacity of India has been enhanced
from 1411 MW in 1947 to 2, 01,700 MW by 2012, with the individual set capacity enhanceorar80r
MW to 800 MW with supercritical features.

Transmission System

The transmission line capacities increased from 30 KV (A.C) to 765 KV (A.C) and | 500 KV DC.
Consequent to the unbundling of the electricity board, the Indian Electricity Grid Code (H&G®gen

brought to have coordination among the following five regional grids.

1. Northern Grid

2. Southern Grid

3. Eastern Grid

4. Western Grid

5. North Eastern Grid

Conceptsof Transmission System

|. Formation of Transmission System

1. Intra State Transmission
2. Inter State Transmission
3. Regional Grid

4. National Grid

Il. Regional Grids
1. Northern Grid

2. Southern Grid
3. Eastern Grid
4. Western Grid

5. North Eastern Grid
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Inter Grid Transmission System:

1. Presenthabout 12000 MW of Power can be only transmitted by inter grid transmission.

2. Arrangements are being made by erecting inter grid lines to transmit power in the oftj@e0@MNawW
by the end 02012

3. The intergrid transmission lines
a) AC Transngsion lines
b) DC Transmission lines
¢) HVDC back to back Transmission lines

Distribution System:

Distribution is the most critical segment of the electricity business chain. The real challenge of

reforms in the power sector lies in efficient managdaméthe distribution sector.

The act provides for a robust regulatory framework for distribution licensees to safeguard

consumer interests.

Conducive business environment in terms of adequate returns and suitable transitional model with
predeterminedmprovements in efficiency parameters in distribution business would be necessary for

facilitating funding and attracting investments in distribution.

The timebound programme should be drawn up by the State Electricity Regulatory Commissions
(SERC) for sgregation of technical and commercial losses through energy audits by the state utilities has

to be adhered to.

Renewable Energy Sources:

With the fast depl et iintiationbdsbeénknade tiddvaiop fenewabls , ef f
energy sources/ Non conventional energy sources, by making stipulations to purchase atleast 5% of total

power purchases by every power utility, and also to enable to reduce carbon emissions.

Non-conventional sources of ewgr being the most environments friendly, there is an urgent
need to promote generation of electricity based on such sources of energy. For this purpose, efforts are
made to reduce the capital cost of projects based omamrentional and renewable souroésenergy.

Cost of energy can also be reduced by promoting competition among such projects. At the same time,
adequate promotional measures are taken for development of technologies and a sustained growth of

these sources.
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Organizations under Ministry of Power:

U CEA1 Ministry of Power is assisted by the Central Electricity Authority (CEA) constituted under

the Electricity (supply) Act 1948

0 BMCC 1 Badarpur Management contract cell, a subordinate office of Ministry of Power,
administers Badarpur Thermalwer Station (BTPS) Management, contract between the Gowvt. of

India and NTPC.

e
i
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CEOND COVERNMENT OF INDIA

SI. NO. | Organization Established | Core Expertise
1 Rural Electrification Corporatiol| 1969 Financing and implementing Rur
(REC) Electrification schemes
2 National ThermaPower Corporatior| 1975 Thermal Plants: Concept to
(NTPC) commissioning and operation
3 National Hydro Electric Corporatio| 1975 Hydro Plants (Concept to
(NHPC) commissioning and operation)
4 CEA Central Electricity Authority
5 PFC 1986 Financing Power  developmen
schemes
6 SJVNL 1988 Development of Hydro Potentialng
specific basis

RAJIV GANDHI GRAMEEN VIDYUTIKARAN YOJANA:

Rajiv Gandhi Grameen Vidyutikarana Yoja(RGGVY) was launched in ApriD5 by merging

all ongoing schemes. Under the programme 90% grant is provided by Govt. of India and 10% as loan by

REC to the State Governments. REC is the nodal agency for the programme.

The RGGVY aims at:

1 Electrifying allvillages and habitations as per new definition

1 Providing access to electricity to all rural households

1 Providing electricity Connection to Below Poverty Line (BPL) families free of charge
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Infrastructure under RGGVY:

1 Rural Electricity Distribution Backban(REDB) with 33/11 KV (or 66/11 KV) sustation of
adequate capacity in blocks where these do not exist.

1 Village Electrification Infrastructure (VEI) with provision of distribution transformer of
appropriate capacity in villages/habitations.
1 DecentralizedDistributed Generation (DDG) Systems based on conventional & non

conventional energy sources where grid supply is not feasible eeftestive.

Implementation Methodology and conditions under RGGVY:

1 Preparation of District based detailed project repfot execution on turnkey basis.

1 Involvement of central public sector undertakings of power ministry in implementation of
some projects.
Certification of electrified village by the concerned Gram Panchayat.
Deployment of franchisee for the management wlr distribution for better consumer
service and reduction in losses.

1 Undertaking by States for supply of electricity with minimum daily supply-d &ours of
electricity in the RGGVY network.

Making provision of requisite revenue subsidy by the state.

=

Determination of Bulk Supply Tariff (BST) for franchisee in a manner that ensures
commercial viability.

Three tier quality monitoring Mechanism for Xl Plan Schemes made mandatory.

Web based monitoring of progress

Release of funds linked to achievement i&f ghetermined milestones

Electronic transfer of funds right up to the contractor level

= =4 =4 4 -4

Notification of Rural Electrification Plans by the state governments.

RGGVY IN THE XI PLAN :

U Continuation of "Rajiv Gandhi Grameen Vidyutikaran Yojan&cheme of RuraElectricity

Infrastructure and Rural Household Electrification", has been sanctioned in -fAkarXfor
attaining the goal of providing access to electricity to all households, electrification of about
1.15 lakh urelectrified villages and electricity coactions to 2.34 crore BPL households by
2009. The approval has been accorded for capital subsidy of Rs.28000 crore during the

Eleventh Plan period.
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U Ninety per cent capital subsidy is provided towards overall cost of the projects under the
schemegexcluding the amount of state or local taxes, which will be borne by the concerned
State/State Utility. 10% of the project cost to be contributed by states through own

resources/loan from financial institutions.

U The states will finalize their Rurall€ttrification Plans in consultation with Ministry of the

state which will ensure the achievement of objectives of the scheme.

U For projects to be eligible for capital subsidy under the scheme, prior commitment of the
States be obtained before sanctiopmiects under the scheme for:

i) Guarantee by State Government for a minimum daily supply&h6ursof Electricity in
the RGGVY network with the assurance of meeting any deficit. In this context by supplying

electricity at subsidized tariff asquired under The Electricity Act, 2003.

i) Deployment of franchisees for the management of rural distribution in Projects financed

under the scheme and to undertake steps necessagradionalizeéhe scheme.

SCOPE OFTHE SCHEME:

Under the scheme, projects could be financed with capital subsidy for provision of:

1. Rural Electricity Distribution Backbone (REDB)
Provision of 33/11 KV (or 66/11 KV) sustations of adequate capacity and linesblocks where

these do not exist.

2. Creation of Village Electrification Infrastructure (VEI)

i) Electrification of unelectrified villages.
ii) Electrification of urelectrified habitations with a population of above 100.

iii) Provisionof distribution tranformers of appropriate capacity in electrified villabesbitation(s).

3. Decentralized Distributed Generation (DDG) and Supply
Decentralized  distributicoumgeneration  from  conventional or renewable or

nonconventional sources such as biomass, bio fuel, bio gas, mini hydro, geo thermal and solar etc. for
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villages where grid connectivity is either not feasible or not cost effective. The funding will be on the
pattern of 90% whsidy from Government of India and 10% loan from REC or from own funds of the
state/loan from financial institutions. The Monitoring Committee on RGGVY, while sanctioning DDG
projects under RGGVY, shall coordinate with MNRE to avoid any overlap. Thespyovior subsidy
requirement for DDG is Rs.540 crore.

4. REDB, VEI and DDG would indirectly facilitate power requirement of agriculture and other activities
including irrigation pump sets, small and medium industries, khadi and village industriesaiolsi ch
healthcare, education and IT etc. This would facilitate overall rural development, employment
generation and poverty alleviation.

5. Rural Household Electrification of Below Poverty Line Households:
i) BPL households will be provided free electricity connections. The ratgrabursementor

providing free connections to BPL households would be Rs.2200 per household.

i) Households above poverty line are to pay for their connections at prescribed

connection charges and no subsidy would be available for this purpose.

iii) Wherever SC/ST population exists amongst BPL households and subject to being eligible
otherwise, they will be provided connection free of cost and a separate recdrd kejbt for

such connection.

6. The overall subsidy of components from Paras 1, 2, 3 and 5 (above) taken together should be kept

within 90% of the oveall project cost.

THREE-TIER QUALITY MONITORING MECHANISM

The projects under the scheme will be subject to Quality Monitoring Mechanism. The details of

the Three Tier Quality Control Mechanism areuader:

(a) First Tier

Project implementing agency (PIA) would be responsible fofitsietier of the Quality Control
Structure. Further PIA will engage third party inspection agency, whose responsibility will be to ensure
that all the materials to be utilized and the workmanship confirm to the prescribed specifications. It will

be synchonized with phased release of funds under RGGVY and inspection and proof of corrective

10
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action will be mandatory requirement for releasefwofds. Thisinspection will cover approx. 50%

villages on random sample basis for each project and 10%igpatchinspections of major materials.

(b) Second Tier
Rural ElectrificationCorporationwill get the inspection done of the works/materials from its-non

field staff and by outsourcing it. REC may outsource it to retired employees of State Electricity

Boards/State Utilities/ CPSUs. All such reports should be organized and analyzed by RE@ theo

project implementation. These individuals would be designated as REC Quality Monitors (RQM).

The inspection will cover quality checks at qstl@pment stage at the vendors' outlet of major materials

and 10% villages on random sample basis.

(c) Third Tier

1.

Independent Evaluators (Individuals /Agency) will be engaged by the Ministry of Power for
evaluation, at random, of supply and erection under the programme. These persons would be
designated as National Quality Monitors (NQM). It will be thepoesibility of the state to
facilitate the inspection of works by the NQM, who shall be given free access to all
administrative, technical and financial records. Evaluatidthcover 1% villages. They shall

also report on the general functioning loé tQuality Control mechanism in the District.

2. The Monitors shall submit their report to the Ministry. The reports of the NQMs will be sent by

REC to the RQM for appropriate action within a period to be specified. In case quality check
by RQM or NQM reveals 'unsatisfactory' work, the implementing agency shall ensure that the
contractor replace the material or rectifies the workmanship (as the case may be) within the
time period stipulated. In respect of NQM Reports, the REC Quality Coordinatqrestei|

month, report on the action taken on each of the pending Reports. All works rated
'unsatisfactory' shall be diaspected by RQM or NQM after a rectification report has been
received from the REC Quality Coordinator. REC will designate an ExecDirector as

incharge of the Monitoring system.
Recurrent adverse reports about quality of works in a given District / State might entail

suspension of the Programme in that area till the underlying causes of defective work have

been addressed.

11
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inquire into complaints / representations in respect of quality of works and they would be

responsible for sending a reply after proper investigation teahgplainant within 30 days.

The REC for thigpurposeshall ensure the following:

(i) The name, address and other details of the REC Quality Coordinator / third party
inspection unit will be given adequate publicity in the State (including tender notices,
websites, etc.) as the authority empowered to receive complaints.

(i) All complaints shall be acknowledged on receipt (giving registration no.) and likely date
of reply shall be indicated. On receipt of the report, the complainant shall be informed of
the outcome and the action taken / proposed.

(iii) Complaints received through the Ministry of Power, REC will normally be sent to the
REC Quality Coordinator for enquiry and necessary action. In case report from an RQM
is desired, this shall be furnishedhin the time specified. In case an adequate response
is not received within the stated time schedule, the REC may 17 depute an NQM and

further processing will be done only on the basis of N@pbrt.

(iv) The RQC shall make a monthly report to the RfECa prescribed format) and the status

of action on complaints shall be discussed in the District Committees.

(v) REC could develop a web site for complaints, inspection and rectification.

5. The Quality Control Mechanism would be governed by theli@uControl Manual prepared
by REC for the scheme.

OTHER FEATURES:

Monitoring Committee

The Monitoring Committee constituted by the Ministry of Power under the Chairmanship of
Secretary (Power), Government of India will sanction the projects, including revised cost estimates,
monitor and review the implementation of the scheme ditiad to issuing necessary guidelines from

time to time for effective implementation of the scheme.

12
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Cost Norms

The cost norms for village electrification are as below. 90% grant will not be applicable to the
amount of state or local taxes, it will have to be borne by the concerned State / State Utility. They
would be released by the Monitoring Committee in exceptional cases to be analyzed for border area,
remote districts etc.

COST NORMS FOR VILLAGE ELECTRIFICATION

1. Electrification of un-electrified village Cost (Rs. In lakhs)
a. In normal terrain 13
b. In hilly, tribal, desert areas 18
2. Intensive electrification of already electrified village
a. In normal terrain 4
In hilly, tribal, desert areas 6
3. Cost of electricity connection to BPL household 0.022

FRANCHISEES:

The management of rural distribution would be through franchisees who could be Non

Governmental Organisations (NGOs), Users Association, Panchayat Institutions, Cooperatives or
individual entrepreeurs. The franchisee arrangement could be for system beyond and including feeders
from substation or from and including Distribution Transformer(s). The franchisee should be preferably

input based to reduce AT&C losses so as to make the system revstaigeadlie.

Revenue Sustainability

Based on the consumer mix and the prevailing consumer tariff and likely load, the Bulk Supply
Tariff (BST) for the franchisee would be determined after ensuring commercial viability of the franchisee.
Wherevelfeasible, bidding may be attempted for determining the BST. This Bulk Supply Tariff would be
fully factored into the submissions of the State Utilities to the State Electricity Regulatory Commissions
(SERCs) for their revenue requirements dadff determination The State Government under the
Electricity Act is required to provide the requisite revenue subsidies to the State Utilities if it would like
tariff for any category of consumers to be lower than the tariff determined by the SERC. While
administeing the scheme, prior commitments may be taken from the State Government reigarding

a) Determination to bulk supply tariff for franchisees in a manner that ensures their commercial viability.

13
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b) Provision of requisite revenue subsidy by the State Govatrimé¢he State Utilities as required under
the Electricity Act.

The capital subsidy for eligible projects under the scheme would be given through REC. These
eligible projects shall be implemented fulfilling the abceaditionality. In the evenhthe projects are not
implemented satisfactorily in accordance with genditionality indicated above, the capital subsidy

would be converted into interest bearing loans.

The services of Central Public Sector Undertakings (CPSUs) have Heseddb the states for
assisting them in the execution of Rural Electrification Projects as per their willingness and requirement.
With a view to augment the implementation capacities for the programme, REC has entered into
Memorandum of Understanding (M) with NTPC, POWERGRID, NHPC and DVC to make available
CPSUs' project management expertise and capabilities to states wishing to use their services. This is

being operationalised through a suitable Tripartite /Quadripartite Agreement.

Restructured - Accelerated Power Developmenand Reforms Programme (RAPDRP):

Distribution Reforms

The Distribution Reforms were introduced to bring in efficiency and improve financial health of
the Power Sector. The Ministry of Power, Gol took varioligaitives for bringing improvement in the
distribution sector. Many of the states have signed the Memorandum of Understanding with the Ministry
to take various steps to undertake distribution reforms in a time bound manner in the direction of

rationalizirg the tariffs. States are now better committed towards subsidy payment to the utilities.

Accelerated Power Development and Reforms Programme (APDRP)

The Government of India approved a scheme called "Accelerated Power Development and
Reforms Programme (APDRP) in March 2003 to accelerate distribution sector reforms. The main
objectives of the programme are:

1 Reduce Aggregate Technical & Commercial (AT&&3ses

1 Bring about commercial viability in the Power Sector
1 Reduce outages & interruptions
1

Increase consumer satisfaction

14
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Re-structured APDRP (R-APDRP):
The Govt. of India has proposed to continuARDRP during the XI Plan with revised terms and

conditions as a Central Sector Scheme. The focus of the programme shall be on actual, demonstrable
performance in terms of sustained loss reduction. Establishment of reliable and automated systems for
sustained collection of accurate base line data, aradiyetion of Information Technology in the areas of
energy accounting will be essential before taking up the regular distribution strengthening projects.

Nodal Agency
T h £OWER FINANCE CORPORATION (PFC)0 has been appoi fot ed as
operatiomlisation and implementation of the RAPDRP programme under the guidance of the Ministry of

Power.

PFCwill act as single window service unit forAPDRP and will coordinate

T Ministry of Power

I APDRP steering committee

i Central Electricity Authoritf CEA)
T Financial Institutions

T Utilities

T Various consultants

PFC will take the initiatives for speedy and timely completion of projects and thus assist the

utilities in achieving loss reduction targets and other parameters of the scheme.

Modalities

AModalities of formulating/implementation of Projects

A Project Formulation

A I mplementation

A Quadripartite Agreements

i SEBs / Utilities

I Government of India

I Power Finance Corporation

1 State Government

MOP may impose suctonditionalityas it deamsitf for the implementation of RAPDRP from

time to time

15
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Programme Coverage

It is proposed to cover urban areasowns and cities with population of more than 30,000
(10,000 in case of special category states). In addition, in certaiddaidhdensity rural areas with
significant loads, works of separation of agricultural feedesm domestic and industrial ones, and of
High Voltage Distribution System (11kV) will also be taken up.

Further, town / areas for which projects have been sanctionedRtarx RAPDRP shall be
considered for the XI Plan only after completion or shtm$ure of the earlier sanctioned projects.

Scheme:

Projects under the scheme shall be taken up in Two PartsA Bagll include the projects for
establishment of baseline data and IT applications for energy accounting/auditing & IT based consumer
sewvice centres. ParB shall include regular distribution strengthening projects. The activities to be

covered under each part are as follows:

Parti A: Preparation of Baskne data for the project area covering Consumer Indexing, GIS Mapping,
Metering of dstribution Transformers and Feeders, and Automatic Data Logging for all Distribution
transformers and Feeders and SCADA/DMS system(only in the project area having more than 4 lacs
population and annual input energy of the order of 350 MU). It would dechssset mapping of the

entire distribution network at and below the 11 kV transformers and include the Distribution transformers
and Feeders, Low Tension lines, paléstributionnetwork equipment. It will also include adoption of IT
applications for meer reading, billing & collection; energy accounting & auditing; MIS; redressal of
consumer grievances; establishment of IT enabled consumer service centres etc. The base line data and
required system shall be verified by an independent agency appointed binistry of Power. The list

of works is only indicative.

PartB: Renovation, modernization and strengthening of 11kV level Substations,
Transformers/Transformer Centres,-&mductoring of lines at 11kV level and below, Load Bifurcation,
feeder sepation, Load balancing, HVDS(11kV), Aerial Bunched conductoring in dense areas,
replacement of electrmagnetic energy meters with tamper proof electronics meters, installation of
capacitor banks and mobile service centres etc. In exceptional cases, uwihEBnSMission system is

wealk, strengthening at 33kV or 66kV levels may also be considered.

16
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Eligibility Criteria for R -APDRP assistance:

The States/Utilities will be requiring to:

1. Constitute the State Electricity Regulatory Commission

2. Achieve the followng target of AT&C loss reduction at utility level:
a. Utilities having AT &C loss above 30%: Reduction by 3% per year
b. Ultilities having AT&C loss below 30% : Reduction by 1.5% per year

3. Commit a time frame for introduction of measures for better accountadtilél levels in the
project area

4, Submit previous yearodés AT &C Il oss figures
independent agency appointed by Ministry of Power (MoP) BY Be; the independent
agency would verify that:

a. Allinput points are igntified and metered for energy inflow accounting in scheme area

b. All outgoing feeders are to be metered in substation with downloadable meter

c. Scheme area should be ring fenced i.e. export and import meters for energy accounting
shall be ensured besides sagating the rural load of the scheme area by ring fencing if
not on separate feeder.

d. The above shall provide the input energy and corresponding cash collected for
calculating AT&C losses. The same shall be carried out for at least for three billing
cyclesand got verified by the independent agency. This loss level will be the baseline
for considering conversion of loan into grant for part B projects.

5. Devise a suitable incentive scheme for staff linking to achievements of 15% AT&C loss in

the project area.

Standardization of concept of AT&C Losses

9 Technical Losses

1 Transformation Losses (at various transformation lgvels

9 High I2R losses on distribution lines due to inherent resistance and poor power factor in
the electrical network

9 To know the technical Isse s , a tool i Nuseadwor Kk Anal yser o

17
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To measure/estimate the essential requiremennts are

33Kv and below HT network line diagram
Line Diagrams for each of distribution transformers &iidcircuits upto Poles/Feeders
pillars

1 Voltage levels, Powerfactor and current loading on HT/Lhetwork & network
equipments

9 Line lengths, Cross section & nature of materials, netwocku i pment 6 s | oad cu

Standardization of concept of AT&C Losses

ACommercial Losses:
Any illegal consumption of Electricanergy, which is not correctly metered, billed &elenue

collected, cause commercial losses to the Utilities
The commercial losses primarily due to

1 Meter Reading

1 Metering

1 Theft by direct hooking

1

Collection efficiency

Prerequisites
1 To identify thelosses some of the prerequisites are required

x  Metering of Energy Input points of Project area
On incoming lines of 33/11Kv substations located within Project area
On 33Kv, 11Kv feeders emanating from substation located outside project arsapplying
power to HT/LT consumers located within Project area.
x Ring fencing of Project area electrical network
1 Import/Export meters on the dedicated feeder emanating from substations located within project
area but feeding outside project area.
1 Import/Export metersi33/11 KV Substations LILO/tie lines
x  Segregation of rural loads within project area

x  Proper Billing & Revenue collection system
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Funding Mechanism:

1)

2)

3)

4)
5)

Gol will provide 100% Loan for part A of the-RPDRP schemes which shall include projects for
establishing Base Line data and its applications for energy accounting/auditing and IT based
consumer services etc.

Gol will provide up to 25% (90% for special cabeg States) Loan for Part B of the/APDRP
schemes which shall include regular distribution strengthening projects.

The entire loan from Gol will be routed through PFC/REC (FIs) for the respective schemes funded by
them

The counterpart funding will be dertby PFC/REGFIS) as per its prevailing policy.

PFC/REC will be the prime lender for funding these schemes. In case of default by the utility the
commercial loan of PFC/REC will be recovered fits¢ing the primary Lender) before that of any

other lendefor funding such schemes.

Conversion of Gol Loan to Grant:

1.

The entire amount of Gol loan (100%) for part A of the project shall be converted into grant after
establishment of the required Bdsee data system within a stipulated time frame and dulyfiedri

by TPIEA.

Up to 50% (90% for special category States) loan for-Bgmtojects shall be converted into grant in
five equal franchise tranches on achieving 15% AT&C loss in the project area duly verified by
TPIEA on a sustainable basis for a periodiva# years.

If the utility fails to achieve or sustain the 15% AT&C loss target in a particular year, that years
tranche of conversion of loan to grant will be reduced In proportion to the shortfall in achieving 15%
AT&C loss target from the starting AT&doss.

ELECTRICITY ACT 2003:

Its content supercedes and consolidates the provisions of

1 The Electricity Act 1910
1 The Indian Electricity Act 1948
1 The Electricity Regulatory Commission Act 1998

Brief discussion of the above acts
Electricity Act 1910:

This act regulates License, Works, Supply, Transmission & Usage of Energy by non licensee,

Administration and Rules, Criminal offenses and Procedures
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Electricity Act 1948:

This act rationalises the production and supply of El&btyrilt enacts
a. The central electricity authoirity
b. State Electricity Boards, Transmission companies, Generating companies
c. Powers & duties of State electricity boards, transmission companies and generation companies
d. The works and trading predures of Board and companies
e. Boards, Finance, Accounts and Audits

The Electricity Regulatory Commission Act 1998:

This Act provides

1. Establishment of Central Electricity Regulatory commission and State electricity commission
2. Cental and State Transmission Utilities

3. Rationalization of Electricity tariff

4. Transparent policies regarding subsidies

Purposeof the Act:

Electricity Act 2003 was enacted by the Parliament with the objective of

1

Consolidating the laws relating tGeneration, transmission, distribution, trading and use of

electricity.

Taking measures conductive to the development of electricity industry.
Promoting competition in electricity industry

Protecting the interests of consumers

Supply of electricity tall areas

Rationalization of electricity tariff

Constituting a central electricity authority, Regulatory commissions and Appellate tribunals.

Section 3:The Central Government shall from time to time prepare National electricity policy and tariff

policy in consultation with State Government and authority for development of power system.

Section 4:National Policy on standalone system for rural areas and non conventional energy systems.
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Section 5:National policy on electrification and local distributionrural areas.
The Central Government in consultation with State Government and State Commission formulate

a National policy for rural electrification of Local distribution in rural areas through franchises.

Section 6: The Government shall endeavor to supply electricity to all areas including villages and
hamlets.

Generation of Electricity:

Section 7: Any Generating Company may establish operate maintain a generating station without
obtaining License if it complgewith technical standards.

Section 8:Hydro Electric Generation
Notwithstanding anything contained in section 7 any Generating Company intending to set up

hydro station shall obtain license

Section 9:Captive Generation:
1 A person may consict, maintain or operate a captive plant and dedicated transmission lines.

1 He has the right to open access for the purpose of carrying electricity from generating plant to
destination of his use.

Section 10:Duties of Generating Company:
The company shall be able to establish, operate and maintain Generating station, tie lines,
substation and dedicated transmission lines. Generating company may supply electricity to any license for

distribution of power.

Section 12:Licensirg

No Person shall

9 Transmit electricity
91 Distribute electricity or

1 Undertake trading in electricity unless he is authorized to do so by a license issued by appropriate

commission.

21



ATE T
REC

G Ministry of

& P@WER
CEOND COVERNMENT OF INDIA

Section 13:Power to Exempt:

The appropriate commissiorrect by notification that the provision of section 12 shall not apply
to all local authority or franchises.

Section 24:Suspension of distribution license:
The appropriate commission may suspend the license if:

1 The distribution licensee f@d to maintain uninterrupted supply of electricity to consumer.
9  The distribution licensee unable to discharge the functions.
1 Persistently default.

9 The distribution licensee breaks the terms conditions of license

Transmission of Electricity

Section 25:The central Government may make region wise demarcation for the purpose of interstate,
regional and interregional transmissions.

Section 26:The central Government may establish National load dispatch centre at National level, and at
regions Regional leel dispatch centers.

Section 30: The State Commission shall facilitate and promote transmission, wheeling and inter
connection arrangements.

Section 31:The State Government shall establish a centre known State level of Dispatch Centre.

Section 34:Evey transmission license shall comply with such technical standards of operation and

maintenance of transmission lines.

Section 39:State Transmission Utility:

1 The state Government may notify the Board or a Government Company as state transmission
utility .

1 The state transmission utility shall not engage the business of trading in electricity.
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Distribution of Electricity
Section 42:Duties of Distribution Licensee:

1 The Licensee shall develop and maintain efficient, coordinated and economical titstribu
system.

1 The state commission shall introduce open access.

1 State Commission permits a consumer to receive supply of electricity from a person other than
the distribution license of his area of supply; such consumer shall be liable to pay an additional
surcharge on wheeling charges.

1 The licensee may establish a forum for redressal of grievances of consumers.

I State commission appoints Ombudsman for redressal of grievances of consumers who aggrieved

by nonredressal at Forum

Section 43:Every Distribution Licensee shall, on an application by the owngive supply to the

premises within a month after receipt of application.

Section 50:A distribution licensee may, with prior intimation to appropriate commission, engage in any
other busesses.

Section 53:The Authority may, in consultation with State Government specify suitable measures for

9 Protecting public from danger (including persons in Generation, Transmission and Distribution)

arising from Generation, Transmission, Distribution.

9 Eliminating or reducing the risk of personal inquiry to any person

Section 55:No Licensee shall supply electricity except through installation of correct meter.

Section 56:Where any person neglects to pay any charge for electricity, the licenseutaf§ supply

after giving 15 days notice.

Section 57:The appropriate commission specifies standards of performance.
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Tariff
Section 61:Tariff Regulations
The appropriate commissions shall specify the terms and conditions determination 20tariff

Offences and Penalties

Section 135:Theft of electricity:- Whoever dishonestly

9 Taps overhead lines, underground cables or service wires of a license

9 Tampers a meter, loop connection or any other device or a method which interferes with proper

recording of units.

1 Damage electric meter.

Shall be punishable with imprisonment for a term which may extend to 3 years or with fine or with
both.

Section 153:The State Government may further purposes of providing speedy trial of offenses referred
constitute as many special courts as may be necessary. A special court consists of a single judge

appointed by Government with concurrence of High court.
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BASICS OF ELECTRICITY AND AT & C LOSSES

Elements of an Atom:

All matter is madeup atoms. Atoms have a nucleus with electrons in motion around it. The
nucleus is composed of protons and neutrons. Electrons have a negative ghdPgetdns have a
positive charge (+). Neutrons are neutral. In the normal state of an atom, the ofieleetrons is equal
to the number of protons and the negative charge of the electrons is balanced by the positive charge of the

protons.

Free Electrons:

Electrons move about the nucleus at different distances. The closer to the nucleus, the more
tightly bound the electrons are to the atom. Electrons in the outer band can be easily forced out of the

atom by the application of some external force such as a magnetic field, friction, or chemical action.

Electrons forced from atoms are sometimdsedafree electrons. A free electron leaves a void

which can be filled by an electron forced out of another atom.

Current:
All materials are composed of one or more elements. An element is a material made up of one
type of atoms. Elements are often idéeatl by the number of protons and electrons in one atom of the

element. A hydrogen atom, for example, has only one electron and one proton. An aluminum atom has 13
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electrons and 13 protons. An atom with an equal number of electrons and protonsicskjecautral.
Electrons in the outer band of an atom can be easily displaced by the application of external force.

The flow of free electrons in a material from one atom to the next atom in the same direction is

referred to asurrentand is designateoly the symbol.

The amount of current flowing is determined by the number of electrons that pass through a
crosssection of a conductor in one second. It takes abatitat@ms to fill one cubic centimeter of a
copper conductor. current is measuiredmperespften shortened tamps The letterA is the symbol for
amps. A current of one amp means that in one second about 6.%4elet®ons move through a cress

section of conductor.

Voltage:
The force required to make electricity flow through a conductor is calliffeaence in potential

electromotive force (em®r voltage Voltage is designated by the letteror the letter V. The unit of
measurement for voltage is thelt which is alsalesignated by the lett&t. A voltage can be generated in
various ways. A battery uses an electrochemical [0
utilize a magnetic induction process. All voltage sources share the characteristic of arobetestrons

at one terminal and a shortage at the other terminal. This results in a difference of potential between the

two terminals.For adirect current (DCVoltage source, the polarity of the terminals does not change, so

the resulting currentonstantly flows in the same direction.
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Direct Current (DC) Voltage Source Symbols
Note: the + and - signs are optional

+

+

7 il

Resistance:

A third factor that plays a role in an electrical circuitesistanceAll material impedes the flow
of electrical current to some extent. The amount of resistance depends upon the compositign, leng
crosssection and temperature of the resistive material. As a rule of thumb, the resistance of a conductor

increases with an increase of length or a decrease ofsgosen. Resistance is designated by the symbol

o

Resistor
Resistor Svmbols

R. The unit of measurement for resiste is th@hm.

Electric Circuit:

A simpleelectric circui consists of a voltage source, some

type of load, and conductors to allow electrons to flow between the voltage source and the load.
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Oh moé s shdwa that current varies directly with \ade and inversely with resistanCarrent
() is measured in amperes (amps) ,Voltage (E) is measured in volts and Resistance (R) is measured in
ohms.
There are three ways to express Ohmés | aw
I=E /IR E=I"R R=E/I

Power in a DC Circuit :

Whenever a force of any kind causes motion, work is accomplished. If a force is exerted without
causing motion, then no work is done. In an electrical circuit, voltage applied to a conductor causes
electrons to flow. Voltage is the force and electron flewhe motionPoweris the rate atvhich work is
done and is represented by the synfhioThe unit of measure for power is thatt, represented by the
symbolW. In a direct current circuit, one watt is the rate at which work is done when 1 volt causes a

current of 1 amp.

From the basic formula power = current *voltage.

Alternating Current:

The supply of current for electrical devices may come from a direct current (DC) source or an
alternating current (AC3ource. In a direct current circuit, electrons flow continuously in one direction
from the source of power through a conductor to a load and back to the source of power. Voltage polarity
for a direct current source remains constant. DC power sourcesdrziiiries and DC generators. By
contrast, an AC generator makes electrons flow first in one direction then in another. In fact, an AC
generator reverses its terminal polarities many times a second, causing current to change direction with

each reversal.

AC Sine Wave:

Alternating voltage and current vary continuously. The graphic representation for AC is a sine

wave. A sine wave can represent current or voltage. There are two axes. The vertical axis represents the
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direction and magnitude of current asltage. The horizontal axis represents time. When the waveform is

above the time axis, current is flowing in one direction. This is referred to as the positive direction. When
the waveform is below the time axis, current is flowing in the opposite dinedilus is referred to as the
negative direction. A sine wave moves through a complete rotation of 360 degrees, which is referred to as
one cycle. Alternating current goes through many of these cycles each second.

Amplitude:

As previously discussed, valtje and current in an AC circuit rise and fall over time in a pattern
referred to as a sine wave. In addition to frequency, this is the rate of variation, an AC sine Wave also has
amplitude which is the range of variation. Amplitude can be specifiedrieetivays: peak value, petk

peak value, and effective value.

Alternating Current or Voltage

L e g ey e S e S
Peafl; Value
0 T ‘r Peak-to-Peak Value
Peak Value
- Direction -'--_i} ----- Q_

Effective value (also called RMS value) = Peak Value x 0.707

Thepeak valueof a sine wave is the maximum value for each half of the sine waveeRkto-
peak valuds the range from thpositive peak to the negative peak. This is twice the peak value. The
effective valueof AC is defined in terms of an equivalent heating effect when compared to DC.
Instruments designed to measure AC voltage and current usually display the effectivé valefective
value of an AC voltage or current is approximately equal to 0.707 times the peak value. The effective
value is also referred to as tRMS value This name is derived from the remieansquare mathematical

process used to calculate the efifee value of a waveform.
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Instantaneous Value:

The instantaneous valus the value at any one point on the sine wave. The voltage waveform
produced as the armature of a basic-pste AC generator rotates through 360 degrees is called a sine
wavebecause the instantaneous voltage or current is related to the sine trigonometric function.

As shown in the following illustration, th@stantaneous voltage (ahdcurrent (i)at any point on the

sine wave are equal to the peak value times the sine @ingle. The sine values shown in the illustration

are obtained from trigonometric tables. Keep in mind that each point has an instantaneous value, but this
illustration only shows the sine of the angle at 30 degree intervals. The sine of an anglesentegre
symbolically as sih, where the Greek letter thetd) (represents the angle.

Instantaneous Value of Alternating Current or Voltage

i
_ s 30° | 60° = 1120° 1 150° 1 180° ¥ 210° | 240° | 270° | 300-[ 3 2
Sin© 10.00010.5001086611.000J 0866 | 0.000 10 g mmmﬁd
Instaneous current (i) = | . x sin ©
Instantaneous voltage (e) = Epeak X sin @

Example: if E_,, = 170 v, at 150 degrees e = (170)(0.5) = 85 v

Instantaneous Value of Alternating Current or Voltage
Instantaneous curreent (i) = Ipeak X'sin

Instantaneous voltage (e) = Epeak X sin

Example: if Epeak = 170 v, abQ degrees e = (170)(0.5) =85 v

The following example illustrates instantaneous values at 90, 150, and 240 degrees for a peak voltage of

100 volts. By substituting the sine at the instantaneous angle value, the instantaneous voltage can be

calculated.
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N ———90° = +100 v

—150° = +50 v

240° = -86.6 v—

Inductance:

The circuits studied to this point have been resistive. Resistance and voltage are not the only
circuit properties that effect current flow, howevierductances the property of an electric circuit that
opposes any change in electric current. Resistance opposes current flow, inductance opposes changes in
current flow. Inductance is designated by the letteThe unit of measurement for inductance is the
henry f); however, because the henry is a relatively large unit, inductance is often rated in millihenries or

microhenries.

INnductor

Schematic Symbols

Imnductor lrom Core Inductor

Current flow produces a magnetic field in a conductor. The amount of current determines the
strength of the magnetic field. Asirrent flow increases, field strength increases, and as current flow

decreases, field strength decreases.
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Any change in current causes a corresponding change in the magnetic field surrounding the
conductor. Current is constant for a regethDC source, except when the circuit is turned on and off, or
when there is a load change. However, alternating current is constantly changing, and inductance is
continually opposing the change. A change in the magnetic field surrounding the conddutesia
voltage in the conductor. This séfiduced voltage opposes the change in current. This is known as
counter emf All conductors and many electrical devices have a significant amount of inductance, but
inductorsare coils of wire wound for a spedfinductance. For some applications, inductors are wound
around a metal core to further concentrate the inductance. The inductance of a coil is determined by the
number of turns in the coil, the coil diameter and length, and the core material. As shbe/foifowing

illustration, an inductor is usually indicated symbolically on an electrical drawing as a curled line.

Capacitance and Capacitors:

Capacitancei s a measur e o f to store can relectricat éharge. aAb deviciet y
manufactured to have a specific amount of capacitance is called a capacitor. A capacitor is made up of a
pair of conductive plates separated by a thin layer of insulating material. Another name for the insulating
material is dielectric material. A capacitor is usually indicated symbolically on an electrical drawing by a

combination of a straight line with a curved line or two straight lines.

Schematic Symbols

When a voltage is applied to the plates of a capacitor, electronsraeel fanto one plate and
pulled from the other. This charges the capacitor. Direct current cannot flow through the dielectric
material because it is an insulator; however, the electric field created when the capacitor is charged is felt

through the dieleciz. Capacitors are rated for the amount of charge they can hold.

The capacitance of a capacitor depends on the area of the plates, the distance between the plates,
and type of dielectric material used. The symbol for capacitariCeaisd the unit of measement is the
farad (F) However, because the farad is a large unit, capacitors are often rated in micrafRjaals (

picofarads (pF).
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Power and Power Factor in an AC Circuit:

Power consumed by a resistor is dissipated in heat and not returned tortee $bis is called
true powerbecause it is the rate at which energy is used.

Current in an AC circuit rises to peak values and diminishes to zero many times a second. The
energy stored in the magnetic field of an inductor, or plates of a capacitor, is returned to the source when
current changes direction. Although reéae components do not consume energy, they do increase the
amount of energy that must be generated to do the same amount of work. Ideal reactive components do
not dissipate any energy, but they draw currents and create voltage drops, which makes $sis@oimpre
that they actually doThe rate at which this neworking energy must be generated is calledctive
power. If voltage and current are 90 degrees out of phase, as would be the case in a purely capacitive or
purely inductive circuit, the average ual of true power is equal to zero. In this case, there are high
positive and negative peak values of power, but when added together the result is zero. Power in an AC
circuit is the vector sum of true power and reactive power. This is cgbledrent powerTrue power is
eqgual to apparent power in a purely resistive circuit because voltage and current are in phase. Voltage and
current are also in phase in a circuit containing equal values of inductive reactance and capacitive
reactance. In most circuits, Wwever, apparent power is composed of both true power and reactive power.

The formula for apparent power is El. The unit of measure for apparent powewddttampere (VA)

Power Formulas:

The watt is the basic unit of real power. It is used as a deuri in The International System of
Units (SI). By definition, 1 W equals to one joule of energy per second. In electrical terms, it can be
shown that power is produced or consumed at a rate of one watt when one ampere flows through a

potential differene of one volt: 1 W =1V x 1 A

True power is calculated from another trigonometric function, the cosine of the phase angle

(cog). The formula for true power(P)= El ¢osThe unit of measure for true power is Wt (W).
In a purely resistive circuitcurrent and voltage are in phase and there is a zero degree angle

displacement between current and voltage. The cosine of zero is one. Multiplying a value by one does not

change the value. Therefore, in a purely resistive circuit, the cosine of thésaigglered.
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In a purely reactive circuigither inductive or capacitive, current\mltage is90 degrees out of
phase. The cosine of 90 degrees is zero. Multiplying a value times zero results in a zero product.
Therefore, no energy is consumed in a pureactive circuit. Although reactive components do not
consume energy, they do increase the amount of energy that must be generated to do the same amount of
work. The rate at which this nemorking energy must be generated is called reactive power. fihiou
reactive power thear (or VAr), which stands for volampere reactive

ENERGY:

The Sl unit for energy is joule (J). Joule is used primarily in science. It is the amount of energy
exerted by a force of one newton (1 N) to move an obijeoctigh a distance of 1 m in the direction of the
force. Joule is a relatively small unit. The energy unit commonly used for electricity consumption,
particularly for utility bills, is the kilowathour (kWh), which is a measurement of a net electricty flow
over given period of time, such as a month. One kiloWattr is the amount of energy equivalent to a
steady flow of 1 kW for 1 hour. For example, a A0bulb in 10 hours will use 1 kWh energy.
Note that 1kwh=3,600,000J.

Power Calculation

Example:

The following example shows true power and apparent power calculations for the circuit shown.

2kQ  2kQ 05kQ
VW —TEI0— |

ox
1sv )
X =2kQ
t b bt g = E 15V
P A7 == = —— =0046A=46mA
ol Z 2500 Q
. e
‘———m—*R:ZkQ "R=2kQ
X. =05 kQ

True Power = I?R = (0.046 A2 x 2 kQ = 4.232 W
Apparent Power = |[E = 0.046 Ax 115V = 5.29 VA

Power Factor:

Power factoris the ratio of true power to apparent power in an AC circuit. As previously
indicated, this ratio is also the cosine of the plaagge.

34



étn GG Ministry of

REC T

€50} coveRNMENT oF noIA

In a purely resistive circuit, current and voltage are in phase. This means that there is no angle of
displacement between current and voltage. The cosine of a zero degree angle is one. Therefore, the
power factor is one. This meansathall energy delivered by the source is consumed by the circuit and
dissipated in the form of heat.

In a purely reactive circuit, voltage and current are 90 degrees apart. The cosine of a 90 degree
angle is zero. Therefore, the power factor is zero. ifigans that all the energy the circuit receives from
the source is returned to the source. For the circuit in the following example, the power factor is 0.8. This
means the circuit uses 80 percent of the energy supplied by the source and returns 2Qopdreent

source.

2kQ 2k 0.5kQ

15V
X =2kQ
X _=15kQ e
= — =0046A=46mA
25000
R =2kQ
=05k Q :
X True Power = 2R = (0.046 A2 x 2 kQ = 4.232 W

Apparent Power = |E = 0.046 Ax 115V = 5.29 VA

True Power
Apparent Power

4232W _
T

True Power = Apparent Power x PF = Apparent Power x cos 0=IEcos®

Power Factor (PF) = = cos 8 (cosine of angle 6)

PF =

Another way of expressing true power is as the apparent power times the power factor. This is

also equal to | times E times the cosine of the phase angle.
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AGGREGATE TECHNICAL & COMMERCIAL LOSSES

Technical Loss:

Every element in a power System (a line or a transfomer etc) offers resistance to power flow and
thus consumes some energy while performing the duty expected of it. The cumulative energy consumed
by all these elements is classified®3 e cahlnilcos s . 0

Commercial Loss:

Losses occur on account of aparforming and under performing meters, wrong applications of
multiplying factors, defects in CT & PT circuitry, meters not read, pilferage by manipulating or by
passing of meters, thefy direct tapping etc. These are all due to-nmtering of actual consumption
and are called commerci al |l osses. The t o&ll of
loss. It is unfortunate that in addition to the above, there is alessain revenue due to nogalisation of
billed demand. This is in addition to commercial losses and the aggregate of T&D loss and revenue loss

due to norrealisationistermed &8 A T & C (Aggregate technical and Commercial loss).

Therefore AT&C loss to the utility is the sum total of technical loss, commercial losses and

shortage due to nerealisation of total billed demand.

Example:
Units Input 100 MU
Unit billed 70 MU

Revenue collection with reference to billéeémand: 90%

This means out of 70 MU, sales realization is for 90% of 70iMU63%
T & D Losses 30 MU

ATC losses  37%

Power distribution systems in developing countries had to face phenomenal and rapid growth of
load in the last two decades. Distribution systems were expanded on adhoc and haphazard basis keeping

minimum investments in view.
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Power systems afeghly cost intensive and the investments needed to reduce technical losses by

every 1% are too high. Computer aided load flow studies are to be made to arrive at peak power loss and
also to arrive at technical losses based on-thadtion curves. Ther@insmission system planning is

done on a separate footing that is keeping in view system adequacy, system security, reliabilityktc for n
and n2. Conditions as per guide lines given by CEA. Losses in transmission systems are too small and

loss reductin is not an issue of focus in Transmission system planning.

FACTORS CONTRIBUTING FOR HIGH TECHNICAL LOSSES

The main factors that contribute for high technical losses are usage of lower size conductors, low

voltage pockets, lack of reactive power conted. The methods to reduce technical losses in the order

of priority based on cost impact are

Re configuration (changaver of loads or feeding source).

2. Re conductoring (Replacing existing conductor by higher size or conversion of single to double
circuit).

3. Shunt or series capacitor installation (switched and fixed).

4. Auto voltage booster.

5. Additional link lines.

6. Combination of two or more of the above.

7. As a last resort to go in for another ssthtion followed up by reconfiguration.

8. Software tools are ailable for the studies to be made is termed as IOSP (Integrated Optimum

System Planning) in order to determine and prioratise such works, which result in maximum
LRVI (loss reduction and voltage improvement) with least investment. Based on cost benefit
ratio, the best option for investment can be chosen.

9. Combination of GIS and network analysis tools like Power Net.
However these studies shall be done keeping in view future load growth aiming foryadive
horizon.

HVDS:

Of late, the Discoms have realized that the distribution systems shall be at high voltage and the L.T.

system shall be the least or eliminated as far as possible. HVDS or high voltage distribution systems by

converting existing LVDS is in progress in many Disconakicing the technical losses appreciably.
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This can be explained by one single illustration that for a 100 KVA load the amperage at 11KV is 5

Amps where as it is 140 Amperes at L.T. voltage of 415 Volts.

Amorphous Core Transformers:

Recently DTRs with amorphous core have entered Indian market and few utilities have installed
these. The core (magnetizing or no load losses) get substantially reduced. However the high cost is
coming in the way for large scale introduction.fdefs are being made to make amorphous core material
indigenously and the cost is expected to go down considerably.

Commercial Losses:

A good distribution network shall be in place for providing reliable power supply at assured voltage
levels b consumers and the same shall be with least technical losses. The commercial losses can be

reduced by accurate metering, efficient billing and prompt collections implementing.

Accurate Metering (A metering plan for installing meters with sustained aggura

Appropriate range of meter with reference to connected load.

Electronic meters with (TOD, tamper proof data and remote reading facility) for HT & HV services.
Intensive inspections by pooling up staff.

Reduce meter exceptionals.

Use energy Audit astaol to pinpoint areas of high losses.

Eradication of theft.

=4 =4 =4 4 4 -4 -4 A

AMR systems.

REASONS FOR LOSSES AND REMEDIES:

The major amount of losses in a power system is in primary and secondary distribution lines;

while transmission and sttbansmission lines accoufur only about 30% of the total losses. Therefore
the primary and secondary distribution systems must be properly planned to ensure that losses are within
acceptable limits.
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CHAPTER T 3

ENERGY METERS, TYPES OF METERS AND THEIR USES AND LT
SINGLE PHASE AND POLY PHASE METERS

Introduction
1) Energy meter is vital equipment in the Electrical Industry. Especially in the present day context of

conservation of energy and conservation of resources, the meter accuracy assumes importance.

2) When the energyneasurement is looked at it becomes clear that meter as such is a part of
metering and the energy measurement, therefore depends on not only accurate meter but the
metering system as a whole, which may comprise the associated current and potential

transfomers and other wiring practices etc,.

3) When you think of an energy meter, we visualize an induction disc rotating from left to right and

registering the energy by pointers or set of drum type registers.

4) However, the advent of electro static devices andaphethe microprocessor based devices

entering the field of metering, has slowly revolutionized the metering.

5) The microprocessor based metering has entered the field in a big way making the meter in fact, a
store house of data. The data is extractalilk the help of electronic gadgets by either direct

contact or indirect modem.

Ferari Meters
1) The classical meter is an induction disc meter where rotation is proportional to the energy being

consumed

2) Since the disc is rotating, friction is inevitabladareduction of friction by employing highly
polished single jewel bearings, double jewel bearings or Magnetic suspension type are specified

in standards.

The Static Meters

1) The static meter and meters based on microprocessor are generally designedrdimnganot

only the energy by kWAh but also other parameters such as kVAh, KVARNh, etc.
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2) The CBIP Technical report No.88 covers the requirements of Static Electrical Energy meters for
Active, Reactive and apparent Energy measurement of accuracy classes 0.2, 0.5, 1.0 and 1.5.

3) The manufacturers are now being asked to make available meterghatiehuniversal Meter
Reading Instrument (M.R.I), can read different makes of meters. For this purpose, they have to
make available the necessary software, through which the M.R.I can extract the meter reading.

Future Metering

1) The future for static mets appears to be very bright and microprocessors based meters are
probably going to dominate the field.

2) Some of the features which are advocated in this area are:

a) Meter with historical data with a few M.B. Memory to store various parameters.
b) Meters b be read by hand held MRIs.

c) Meter to be read by remote reading instruments.

3) The conservation of energy and load management systems demand intelligent meters which
switch off lights in an unused room or switch off the yard lighting automatically.

Somelmportant Aspects

1) At present, the static meters of class 0.2, 0.5 and 1 are dealt in the CBIP specifications No.88.
This is based on IEC specification No0.687, which is for KWh meters only. The CBIP
specification arrived at the requirements of KVARh dwjtably adopting the specification for

KWh. The accuracy of kVAh is still dependent on the accuracy of KWh and KVARNh.

2) The concepts of KWh and rkVAheference standards have come up in the older days of
Electromagnetic meters where a direct measurement of kVAh for the full range of power factors

was not available. The mechanical summator of L&G design is the technology available for
kVAh measurerant, in those days.
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3) The measurement of kVAdirectly is possible now with the advent of Electronic Technology and
especially microprocessor based and it is time that an independent KVAH is to be thought of.
With this objective, an attempt is made to specify a kVAh meter in the CBIP report No.88

Conclusions

1. A universal type of meter reading is to be developed by the manufacturers of static meters, by
coming to an understanding.

2. Utilities shall go in for latest stataf-art metering technology in a phased manner to achieve
better load managemenna financial status. However, initially these schemes have to be

implemented as pilot schemes, in small areas, so as to assess the difficulties that arise during
operation.

Methods of Three Phase Power Measurement

There are basically two types of three pdh@ower measurements namely

1) Three watt meter method (Three Phase three element meter or Three phase four wire meter)

2) Two watt meter method (Three Phase two element meter or Three phase three wire meter)

Three Watt Meter Method

In a three watt meter method, three potential coils and three current coils are provided in the meter.
Infact, a three phase four wire meter can be said to be three numbers of single phase parameters
accommodated in one frame, each element (i.e. potamtigturrent coil) maintaining its own identity. A
single common disk is there to record the consumption. It is necessary that operation of each element is
checked separately when it is carrying load current to ensure that all elements are recordiriiyén posi

direction and that no negative torgque is exerted in any element.

Two Watt Meter Method

A three phase three wire meter has two elements of each type instead of three elements as in the
case of three phase four wire meter. The basic principle ofpr@tion is the same as that of a four wire
meter. A torque produced by two elements is equal to each other only when the power factor is in
unity,otherwise at other power factors, the individual torques produced by two elements are not equal and
are of varying proportion.

B element produces more torque at lagging power factor while the R element produces more

torque at leading power factor. This is assuming standard positive phase sequence of RYB. The red
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Calculations:
Blue element register: Elcos(309)
Red element register EICos@0+Q)
Net registration El[cos(36Q) +cos (30+Q)]

El[C0s30.Cos@ + Sing 30 Sind + Cos 30.CosSh 30.Sind]
El (2.cos 30Cosd)
ElI (2.4a83/2Cosl)

43. EI Cos

It is necessary to maintain appropriate association of currents and voltagesclireent with
RY voltage and B current with BY voltage apart from maintaining correct polarities. The vector

grouping in the poly phase PT should also Yyo with no phase shift between primary and secondary
voltage vector.

Typesof Energy Meters

General

1) Accuracy and proper functioning of energy m
importance. They should be accurate and maintain the accuracy over long duration to register
the consumption properly.
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2)

3)

Meters are to be selected according to the Id@tacteristics. Before installing them, they
should be tested. Connections should be proper and at the time of commissioning, registration
of meters should be checked on load. Periodical checking has to be conducted so that the
complete equipment remaingell maintained. This will assure proper functioning of the

equipment over a long period.

Good quality of meters maintain high accuracy over a long period of 15/20 years with
varying load without recalibration or maintenance, provided they are instalted
commissioned properly and protected from dust, vermins anchamnidling. However, test

checks are to be applied from time to time.

Types of Meters:

1)
2)
3)
4)
5)
6)

7)

Single phase meters

3-phase 4 wire meters. T

3-phase 3 wire meters. T

3-phase 4 wire CT operatadeters with MD indication

3-phase 3 wire CT operated meters with MD indication

Special meters:-Pphase 3 wire or-3phase 4 wire Trvector or bivector meters(H.T meters)

Summation meters for parallel feeders at consumer end.

Electronic Meters

Electronic trivector meters are now available for providing at the Substations or at the H.T.

consumer 6s premises. The special features are

Special Technical Features of Electronic TeVector Meters

The display system ohe meters, now consists of

Active Energy utilization KWh
Reactive Energy utilization KVARh
Apparent Energy utilization kVAh
Peak Maximum demand Kva

kW (with lagging PF)
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v. a) Cumulative demand kVA

b) Billed MD for previous months
vi.  Reset Counter
vii. Power Factor
viii. Frequency
ix.  Occurrence of missing PT. for supply of voltage
X.  Time of the day metering
xi.  Time-interval for time of the day metering
xii.  Energy import/export
Xiil. Tamper information

xiv.  Raising demand with elapsed time

The meters could therefore be used at $asse and n d s

utilization of energy.

The metersmeet with IEC 687 standard and are suitably designed to record accurately with
variation in voltage from +10 te8% and frequency £5%. The meters aff®.5accuracy. The battery to

meet voltage demand of the circuit is of 3 volt lithium.

The multiplying factor can be kept at unity, in order to avoid error due to use of various ratings of

CTs and PTs. Three seals are provided, one on the front cover, one for terminal cover and one for M.D.
reset button. All other features are birlf to display the details described above. The meters are
designed for CTRatiosof 5 amps or 1 amp on secondary side and PT. ratio of 110 volts on secondary

side.

Installation of Meters with CTs & PTs

In order to increase the range of an ammeter, shumtgemerally used. A low resistance shunt is
placed in parallel with an ammeter to measure current which is more than that which the instrument itself

can carry. Similarly in order to increase the' range of a voltmeter, a resistance (with negligible
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inductance) is used in series with the instrument. This type of arrangement is usetlti-range testing

instruments.

A very general method of increasing range of A.C. instruments is to use instrument transformers
with ammeters, voltmeters or watt meters. €lte transformers are either current transformers or
potential transformers, which are respectively used to increase current or voltage range of instruments.
The advantages of use of instrument transformers are as follows:

(i) Single range instruments can be used to cover large current or voltage range. Theasged

of ammeters and voltmeters are 5 amperes or 1 ampere and 110 volts. .

(i) The indicating instruments can be located away from the H.T. circuit and do not require

insulation for higher voltage.

(iii) A split core CT. with primary winding on which secondary winding is also wound can be used to

measure the current in heavy current-bas without breaking the current circuit.

Installation of Meters

Before installation of mters with CTs and PTs, metering equipment has to be tested for

1. Correct polarity of CTs and PTs.

2. Continuity test of primary and secondary windings.

3. Ratio test by primary injection kit for CTs.

4. Voltage ratio test for PTs by applying L.T. voltage on the arinside.
5. Insulation resistance.

6. Terminal markings as per name plate details.

Checks of Polarities & Ratios

Three phase 415V supply is given to High Voltage terminals of PT and the secondary voltages
between phasw-phase and phade-neutral are meased to ensure the PT. ratio. Correct phasing can be
identified by giving voltage to only one phase after another. Polarity is checked by touching the primary
terminals with +Ve and Ve leads from a battery and observing the direction of deflection on ercent

zero D.C. voltmeter connected to the corresponding phase on the secondary side.
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Current Transformers:

The ratio is determined by primary injection kit. This assumes greater importance when CTs have
multiple ratios. As the energy to be computed iy Varge, this test is to be done very meticulously.
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CHAPTER T 4

INSTALLATION AND COMMISSIONING OF LT METERS INCLUDING
CT METERS

TESTING INSTALLATION AND COMMISSIONING OF L.T. METERS
The meters are required to be tested to ensure proper working so that the accuracy is maintained

within permissible limits under I.E. Rules. The meters are to be checked and calibrated with various

adjustments.

As per Indian standard specificati@@2(ISS722) a meter should pass the following two types of
tests
I. Type test

Il. Routine test

Type Test:
These tests are carried out by the manufacturers at the National Testing Laboratory or at any

approved testg laboratory. Test Certificates are to be submitted to the purchaser. Utilities also depute a
representative from time to time for random selection of three meters from a lot for testing in the

laboratory in the presence of the representative.

Routine Test:
The routinetests are carried out as a routine by the manufacturers and is laboratory of the Board.
The routine tests carries out in the Boards laboratory are:
1. Long period dial test
2. Nonregistration with voltage alongreep test

3. Startingcurrent test

(1) The long period dial test is done with the help of R.S. S (Rotatingtsuolard) meter.
The current coils of the meter under test and R.S.S meter are connected in series, while potential
coils are connected in parallel. The meterssaéaeted and stopped simultaneously after connecting to the

same load for a fixed period of say half an hour then
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Percent error= RT A x 100

R
R = Energy recorded by kWh meter under test
A=R.S.S. meter

The revolutions of both the meters could also be counted. The procedure is to reset the R.S.S. to
zero and start the meter (under test). As soon as themtisof this meter reaches the zero position, the
R.S.S is started with a snap switch. The number ofludeas made by R.S.S is started with a snap
switch. The number of revolutions made by R.S.S. for chosen number revolutions of the test meter is
noted then
Percent error= Calculated Rev. of R.S.5.0Observed Rev. of R.S.S.

Observed Rev. of R.S.S.

If meter constants are
Test meter 300 revs. /kWh ]
RSS meter 600 revs/kWh ratio 1:2
Ehen Test meter make 10 revs. R.S. S. meter make 20. If R.S.S revs. Are observed as 19.5 then
Percent error  20-19.5x100

19.5

The error is positive and the meter is recording fast 3 percent is the limit of variatisn. |

preferable to keep the error positive. The comparison could be made for load and P.F. conditions.

Actual loading and phantom loading methods are adopted to test the meters under different load

conditions.

Actual Loading Method:

This method is ermpyed generally for testing of single phase meters in laboratory. On a meter
testing bench which is equipped with various tapings to facilitate meter testing at different load
conditions. The load is provided by standard resistances or lamps obvioushg faeter is unity. 1/10th

F.L. and adjustments are done at U.P.F.
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It is important to note in this connection that consumers p.f. varies from 0.5 to unity (or 85).
Therefore meter must be calibrated at 0.5 p.f. 50 percent load to achieve this cdhditarrent coil is
energized by R Phase and voltage coil by Y Phase and the polarity of pressure coil is reversed. Under
these conditions p.f. becomes 0.5 because of 1200 phase shift between voltage and current vectors.

Phantom or Fictitious Loading Method:

When the capacity of meters under test is very high testing with actual loading method involve a
considered loss of power and not economical too, therefore, to avoid wastage of power during testing,
phantom loading method is adopted. In this meth@dgure circuit is supplied from a circuit of normal
voltage source and the current circuit from a separate low voltage source. Thus total power consumed
during testing becomes very small due to small pressure coil current at normal voltage plus loadtcurren
very less voltage for current circuit meter under test and R.S.S. act as a load on phantom loading kit. This

point is illustrated by following two circuits.

) 5A
] e
: P '
{220 v | b Load
(3). Normal Loading
6V
R | |
;%AL ' o ,}, (b) Phantom' Loading
; B L e et
220 V- ' 88000 i
\
(a) Normal loading arrangement i
(b) Phantom loading arrangement
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(a) Normal Loading
Power consumed in pressure and current circuit
=2202+220x5
8800
=5.5+ 1100
=1105.5W .eeeéééee. (1)

(b) Phantom Loading
Power consumed in pressure and current circuit
=2202+6 x5
8800
=5.5+30
=355W eéeéééeéee. (2)

From Equation (1) and (2) it is obvious that the phantom loading power consumed is very small as

compared with normal loading.

(2) Creeping Test:

In Creeping Test with no current in the current coil and with rated frequency, the rotor of the
meter shdlnot make a complete revolution at any voltage between 80 percent of the lowest and 110

percent of the highest rated voltage.

(3) Starting Current Test:

The rotor of a meter shall start and continue to run when meter carries the following currents at

maximum value of voltage range and U.P.F. Percent of Basic Current

Percent of Basic Current

(A) Meter with dial and pointer type tor register 0.5 Percent
(B) Meter with cyclometer type to register 0.75 Percent
(C) Meter with M.D. Mechanism ardyclometer type tor register 1.0 Percent
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Installation and Commissioning of Meters:

Apart from testing and calibrating the meters they must be properly installed, as per the
connection diagram. After installation of meter its performance shoudtidxked at site also.

If we take 100 watt lamp (resistive load and time constant of energy meter is 2400 rev. /kWh.
Assuming normal supply voltage the consumption in one hour will be 100 watt hour hours. The meter
disc should therefore rotate

(a) 2400 x100= 240rev./hour.
1000
Therefore time taken for one revolution is
60 x 60= 15 seconds.
240

If the time taken is more, the meter is running slow and-wieea if time is less. Suppose 16 seconds

instead of 15 seconds are takkert the meter is slow by

16- 15X 100 = 6.66 Percent
15

It should, therefore, be adjusted.

For synchronous motors power factor can be taken unity. For induction motors it is 0.7/0.8 and

for welding transformer it is about 0.6. The motoratdbute inductive load in the system.

Il. C.T. Operated Meters

For C.T. operated meters:

1. Ratio test by primary injection kit and

2. Polarity test should be carried out.

It should be borne in mind that C.T. secondary terminals should rkapb®pen.
Following points must be kept in view while installation of meters:

(a) Position of meter should be such that reading is easily visible.

(b) Mounting of meter should be on solid wall or D.P. structures are on panel board.
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(c) For H.T. meteringaguipment, CTs should be right on the incoming side before the print of isolation.

(d) Meter should be fitted in protected meter box, now a day provided by they Board. It should be
installed in a place where rawater should not enter.

(e) The meter bokas facility of sealing from outside. It should therefore be sealed.

(N The meterrecording should be checked at site as explained.

Meter Reading:

Registering or counting mechanism is to record continuously a number. This recording is
proportional to theevolutions made by the moving system. The rotor shaft drives a series of five or six
pointers. These rotate on roudi@l which are marked with ten equal divisions. There are two types of
registration system:

Pointer type

Cyclo meer type

Reading could be made from both the types of meters.

C.T. Type Meters:

In case of C.T. operated meters the multiplying factor should be calculated. It depends upon ratio,

meter rating and dial factor. An example is given below:
(i) Meter rating 100/5A 400V
(i) C.T. ratio 200/5A 400V
(iii) Dial factor 48

Overall M.F.:
= C.T. Ratiox Dial factor
Meter C.T. Rating
= 200/5 x 400 x 48 =96
100/5 x 400

The performancef the meter should be checked on load after installation and commissioning. It should
be ensured for correct recording applying multiplying pefaetor, which could be noted on paper. This
could be pasted in the meter box and one copy be kept in fijefleMany disputes have arisen due to

this omission. If there is delay by the consumer in connecting the load, the commissioning of meter could

be deferred till the consumer starts drawing power.
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