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Preface 

Power Grid Corporation of India Limited (PGCIL), a Navratna Central Public 

Sector E nterprise, is mandated under the Electricity Act to ensure development of an 

efficient, coordinated and economical system of inter state transmission li nes for smooth 

flow of e lectricity from generating stations to load centres. Power System Operation 

Corporation Limited (POSOCO), a wholly owned subsidiary of PGCIL, is the apex 

organisation to ensure integrated operation of power system inc luding schedul ing and 

despatch of electricity through national and regional load despatch centres. Transmission 

sen ice provider is a key intermediary between generator and distributor of electri city and 

an efficient and effecti ve transmission network faci li tates generation and utilization of 

power. Inadequacies in transmission network and delay in commissioning of transmission 

projects may not on ly result in loss ofrevenue to PGC IL but may also lead to congestion in 

evacuation of power. On the other hand creation of lines of higher capacity than required 

or abnormal redundancies in transmission assets may result in extra financial burden on 

beneficiaries and public at large. 

In the above backdrop, performance audit was taken up to assess the effectiveness 

of planning and implementation of transmiss ion projects by PGCI L during X I Plan (2007-

2012) along with status of augmentation of transmission network up to March 2013. 

Besides, an attempt has been made to assess shortcomings, if any, in Grid Management 

by POSOCO in ensuring uninterrupted power supply, including Grid Security and Grid 

Monitoring, in view of the major Grid disturbances of 30 and 3 I July 2012. 

The Audit Report has been prepared in accordance with the Performance Audit 

Guidelines and Regulations on Audit and Accounts, 2007 of the Comptroller and Aud itor 

General of India. 

Audit wishes to acknowledge the co-operation received from PGC I L, POSOCO 

and Ministry of Power, Government of Ind ia at each stage of the aud it process. 

--------------------------------...... iii \ 
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Introduction 

Inter state and intra state power transmission systems are inter connected and together 

constitute the grid. [n 1984, a working group constituted by Government of India (GOI) 

for development of 'National Grid' recommended formation of a separate central sector 

corporation for manning, constructing, operating and maintaining transmission facilities in 

the country. Accordingly, Power Grid Corporation of India Limited (PGCIL), a Navratna 

Central Public sector undertaking, 1 was established under the administrative control of 

Ministry of Power (MOP) in 1989 to implement the decision of GOI to form a 'National 

Grid'. 

Transmission facilitates generation and utilization of power. Inadequacies in 

transmission network and delay in commissioning of transmission projects may not 

on ly resu lt in loss of revenue for PGCIL but may also lead to congestion in evacuation 

of power. Creating lines of higher capacity than required or abnormal redundancies in 

transmission assets may result in extra financial burden on beneficiaries2 and public 

at large. Accordingly, performance audit was taken up to assess the effectiveness of 

planning and implementation of transmission projects executed by PGCIL during Xl 

Plan (2007-20 12). Besides, an attempt has been made to assess shortcomings, if any, 

in Grid Management by Power System Operation Corporation Limited (POSOCO) a 

who ll y owned subsidiary of PGCIL, in ensuring uninterrupted power supply, inc luding 

Grid Security and Grid Monitoring. 

Audit scope and sample 

The performance audit examined activities from conceptualisation to implementation 

of selected major transmission projects executed by PGCIL between Apri l 2007 and March 

2012 along with the status of augmentation to transmission network made by PGCIL up 

to March 2013. A sample of 20 transmission projects representing 14 per cent in terms of 

number and 37 per cent in terms of va lue of the projects planned and executed by PGCJL 

during Apri l 2007 and March 2012 was taken based on materiality and coverage of all 

Regional Offices of PGCIL. Jn the wake of the incident of Grid disturbances on 30 and 

31 July 2012, the aspect of Grid management by POSOCO, which is mandated with the 

responsibility to ensure integrated operation of the 'National Grid ', was also included in the 

scope of audit. 

1 PGC/l was gra11ted a11rat11a status in May 2008. 
2 State Discoms 

--------------------------------'""" vii \ 
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Major Audit Findings 

One of the major objectives of formation of PGCIL was to bring about integrated 

operation of the regional transmiss ion systems by undertaking construction of inter-regional 

links. This was to fac ilitate the growth of economic exchange of power (replac ing costly 

energy transactions within a region wi th cheaper ones from another region to reduce the cost 

of power) which would ultimately lead to formation of a 'National grid' and ensure better 

uti lisa tion of availab le generation resources. The process of integration of five regional grids 

was progressively taken up from the 1990s and with the synchron isation of Southern Grid 

with the rest of the grid on 31 December 2013, the entire Indian power transm iss ion grid 

was being operated at the same frequency completing the technical process of format ion of 

'National Grid '. However, when viewed in terms of inter-regional power transfer capabi lity 

and congestion scenario, the objective of formation of 'Nationa l Grid' remained to be fully 

achieved. 

In 24 yea rs of its operation up to March 20 13, PGClL built 45 inter-regional 

transmission lines (220 kV and above), connecting five regions in the country, which works 

out to 1.2 per cent3 of total such lines in the inter-state transmission grid . Four out of six 

inter-regiona l corridors (WR-NR, WR-ER, ER-NER and WR-SR) were capable of carrying 

only 1.5 per cent to 3 per cent of installed power generating capacity in the respective power 

surplus regions. In three out of six inter-regional corridors, there is zero margin (WR-SR) 

/neglig ib le margins (ER-SR, WR-NR)4 over and above the capability required to cater to 

long term customers. Low level of inter-regional transfer capab il ity implied limi ted scope 

for transfer of power among regions. Hence the objectives of formation of National Grid i. e. 

meeting deficit from surplus regions and faci litating economic exchanges remained to be 

fully achieved. Low transfer capabi li ty also led to persistent congestion due to transmiss ion 

constraints. Power exchange data showed that percentage of time congest ion occurred above 

75 per cent increased from two months in 20 10-11 to five/six months in 201 1- 12 and all 

the 12 months in 20 12- 13. Simi larl y, volume of electricity that could not be c leared due to 

congestion (as a percentage o f the actually cleared volume), went above 75 per cent for 3 

months in 201 1- 12 and increased to six months in 20 12- 13. Impact of congestion was visible 

in large variations in electricity prices. Buyers in SI and S2 bid areas (Tamil Nadu, Kerala, 

Andhra Pradesh, Kamataka, south Goa and Union Territory of Pondicherry) consistently 

incurred higher prices during the last two years(~ 5. 1 to ~7.3 per unit of e lectrici ty as against 

unconstrained market clearing price of ~3 . 5 per unit) to procure power due to transmission 

constraints. On the other hand, sellers in W3, EI and E2 bid areas (Chhattisgarh, Orissa, 

West Bengal, Sikkim, Bihar and Jharkhand) received lower prices (~2.8 to ~2.9 per unit) as 

they could not se ll surplus power to deficit areas due to transmission constraints which could 

have been reduced through strengthening WR-S R and ER-SR links. 

(Para 3.1.1) 

1 Tota l lines 3743; inter-regional 45 (765kV, 400 kV and 220 kV). 
4 ER-SR Marg in 93 MW in March 2014(00 10 05 and 10- 19 hours) and WR- R marg in 219 MW in March 20 14. 

I vii i 
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XI Plan (2007-20 12) noted that planning and operation of the transmission system had 

shifted from the regional level to the national level necessitating a strong all-India grid. Towards 

this end, XI Plan stipulated target of inter-regional transfer capacity of 17000 MW. Against the 

XI Plan target of 17000 MW, PGClL achieved 13900 MW of inter-regional capacity leaving 

a shortfal l of 3100 MW in achievement. While shortfall to the extent of 1000 MW was due to 

annulment of one of the projects, the remaining shortfall of2 IOO MW was due to controllable 

factors like delay in submission of proposal for forest c learance and land acqu isition issues. 

MOU targets for inter-regional capacity augmentation by PGCI L for 2007-12 were fixed at 

10100 MW which were short of the corresponding XI plan target by 6900 MW ( 17000 MW 

minus 10100 MW). In two years (2007-08 and 20 10-11 ) MOU targets were fixed at 'Ni l'. 

(Para 4.1 and 4.2) 

Two parameters viz . Transmission Capacity and Transfer Capability are relevant for 

assessing the capacity of inter-regional corridors. Transmission capacity of a corridor is arrived 

at by adding the ratings of all transmission lines connecting two regions. Transfer capability 

on the other hand, is a measure of the ability of a corridor, as a whole, to reliab ly move power 

from one region to another. However, PGCIL assesses the need for augmentation of capacity 

of inter-regional corridors based only on 'Transmission capacity ' and does not monitor 

augmentation of total transfer capabili ty (TTC). Though transmission capacity at the end of 

XI Plan was 25650 MW, capacity for transfer of power i.e. TTC was 11 530 MW. PGCIL 

added (2007- 12) transmission capacity of inter-regional transmission corridors of 13900 MW. 

However, TTC increased from 9400 MW in 2008-09 to on ly 11530 MW in 20 11 -12. Thus, for 

better appreciation of the ability of transmission network to transfer power across regions, it is 

necessary that TIC is also declared and disclosed alongwith transmiss ion capacity. 

(Para 3.1.2) 

Bulk of the inter-regional augmentation efforts achieved in XI Plan and planned for XII 

Plan have been across the ER-NR and ER-WR corridors to wheel power from the pit-head 

power plants in the coal rich ER to the demand centers in the north and the west. 63 p er cent of 

total inter-regional transmission capacity of25050 MW5(cumulative at the end of XI Plan) was 

concentrated along these corridors. Offiine simulation stud ies conducted by an Expert Group 

constituted by MOP following two major Grid disturbances of30 and 3 1July2012 have shown 

that the WR-NR link is the 'short tie' (transmission link shorter in length and tying/connecting 

two regions) for import of power by NR and in the case of loss of the 'short tie ' , the ' long tie' of 

WR-ER-NR could also be lost due to angular separation and power swings6. Hence, high level 

of augmentation of the 'long tie ' wou ld not yield desired results for transmission of increased 

5 Transmission capacity i.e. summation of ratings of individual lines. 
6 Tire rotors of generators connected to tire grid"'" at tire same electrical speed and in case of small disturbances affecting 

tire speed, restorative forces bring back tire rotors to tire same speed. However for large disturbances, tire restorative 
forces may be unable to bring all tire generators to tire same speed. If tlris happens, the angular difference beflVeen tire 
generators goes on i11creasi11g (Angular separatio11) wlriclr causes large variations i11 voltage a11d power flow i11 li11es. 
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power to the NR and there is a need to prioritise implementation of the three new links planned 

by PGCIL in the WR-NR corridor. 

{Para 3.1.3(i)} 

Agra-Gwalior double circuit line, a trunk line of the WR- R corridor, was upgraded 

from 400 kV vo ltage level to 765 kV in March 2013. The upgradation created a 765 kV line 

in parallel with a 220 kV network without any 400 kV system in the WR-NR inter-regional 

corridor. The impact of such a formation was that in the event of loss of both the circuits of 

765 kV line, there would be a 'cascade tripping' of 220 kV network. TTC of WR-NR corridor 

which was enhanced to 5700 MW from 2000 MW in May 2013 fo llowing the upgradation of 

Agra Gwalior line, was rolled back in October 2013, due to reliability considerations. Thus, 

the upgradation to 765 kV line in the WR-NR corridor worsened an already delicate nature of 

WR-NR interconnection. 

{Para 3.1.3(ii)} 

PGCIL has not put in place a mechanism for assessing utilisation of transmission lines 

with the result that there were pockets of congestion , as well as areas of redundancy. rn Odisha 

region, there was congestion in the transmission network due to interim ' Loop in Loop out' 

arrangements made for evacuation of power from Independent power producers without 

ensuring adequacy of the transmission system. On the other hand, out of 22 high voltage 765 

kV lines, six lines remained undercharged at 400 kV for more than 5 years out of which two 

lines remained undercharged for more than 13 years. During 20 11 -12, average utilisation of 

33 out of 40 inter-regional lines ranged between 0 to 30 per cent in all inter-regional corridors 

except WR-SR and ER-SR. In case of intra-regional lines, 478 (68 per cent) out of 706 lines 

in five regions had average utilisation of less than 30 per cent. 

(Para 3.1.4 and 3.1.5) 

The Country faced a severe Grid disturbance (GD) on 30 and 31 July 2012 which resulted 

in 757 million units of energy not being served (compared to total generation of2400 million 

units per day) to users. The proximate cause for the major GD of 30 July 20 12 (involving 

NR) and 31July2012 (involving NR,ER and NER) was the shut down of the trunk line (400 

kV Bina - Gwalior-Agra line) between WR and NR for four days (26 to 29 July 2012) in 

peak season due to construction work. While the shutdown initial ly planned for four days got 

extended due to non-completion of work, TTC on WR-NR corridor that was curtailed from 

2400 MW to 2000 MW during initially planned shutdown was not restricted to 2000 MW by 

POSOCO in the extended shutdown though the system had faced a 'near miss' situation on 29 

July 20 12. TTC was not reviewed on WR-NR corridor on 30 July 20 12 which led to scheduling 

of power by Regional Load Dispatch Centres (RLDCs) beyond the capacity of system. Over 

scheduling coupled with over-drawals by NR beneficiaries and under-drawals/over-injection 

I x 
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by WR benefic iaries/generators overloaded the system beyond control, which ultimately led to 

'cascade tri pping' of a lternate paths. WRLDC did not instruct WR generators to back down 

power generation and did not convey effective instructions to benefic iaries to reduce under 

drawal of power, which was a maj or cause for GD. Beneficiaries/generators in NR and WR did 

not comply with RLDCs' instructions which contributed to over- loading of lines. 

(Para 7.4.1 and 7.4.2) 

Systemic issues such as absence of early warning mechanism by way of declaration of 

emergency status, fragile interconnection of NR with connecting regions due to skewed inter

se distribution of power flow among the links, heavy volume of Unscheduled Interchange (UI) 

flows due to commercia l consideration, demand-supply gap and inter-play between U1 and 

congestion mitigation measures also contributed to GDs in July 201 2. 

(Para 7.4.S) 

Works and Procurement Policy of PGCIL (WPPP) limits the exercise of detai led survey 

of transmission line route to forest stretches only, contrary to advice of Working Group on 

Power constituted by Planning Commission which suggested that detailed survey should be 

carried out before start of procurement process. PGCJL, however, as a practice did not conduct 

detailed surveys of forest stretches also before preparation of Bill of quanti ty and cost estimates, 

as stipulated in the WPPP. rn test checked 20 projects, actual length of 17 transmission lines 

in 12 projects had variations as compared to line length considered in the Feasibil ity Report. 

The difference in length in two cases was between I 0-25 per cent, in three cases it was between 

25-50 per cent and in one case it was more than 50 per cent. 

(Para 5.1) 

Out of 20 transmission proj ects selected for Audit, only one project was completed within 

scheduled time and delay was above 20 months in nine projects. Main reasons for delays in 

execution of the above proj ects were delay in acquisition ofland, delay in handing over site and 

approved drawings to contractors, delay in release of advance to contractors, delay in forest 

c learance which were possible to have been controlled by PGCIL with more effective planning 

and monitoring. PGCIL also lost the opportuni ty of earning ~350.28 crore during the project 

life towards additional return on equity, which could have been earned in terms of CERC 

Regulations, fo r commissioning of projects within the prescribed timeline in case of projects 

approved after I April 2009. 

(Para 6.3) 

Monitoring mechanism for implementation of transmission proj ects, though in place, 

needed further strengthening as project review meetings were not held as per the prescribed 

frequency of once in two months. Against 30 meetings required to be held during 2007- 12, 

meetings ranging between three and twelve were held in various regions. Minutes of the pre 

xi \ 
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award meetings as well as fol low up action on the decisions taken in the previous meetings 

were not recorded. 

(Para 8.1 and 8.2) 

Between 2004-05 and 20 12- 13, PGCIL received~ 906.49 crore as part of Short Term 

Open Access (STOA) charges that were required to be used for building new transmission 

systems as per regulations and orders of CERC. However, PGCIL did not maintain project

wise details of transmission schemes where these STOA charges were utilized, with the result 

that capita l cost of new transmission systems/schemes were not reduced. 

(Para 5.2) 

Recommendations 

Based on the audit findings discussed in the report, the fo llowing recommendations are 

made to facilitate improvement in the planning, implementation of transmission projects and 

management of Grid:-

(i) CEA and PGCIL may enhance capacity of inter-regional corridors appropriately based 

on analysis of data regarding power transfer requirements between regions to fully 

achieve the objecti ve of formation of 'National Grid '. 

(ii) PGCIL may disc lose and monitor the key parameter of TTC in the long and medium 

term as per CERC regu lations and for better appreciati on of the transfer capability of 

the system. 

(iii) MOP may evolve norms for assessing efficiency of transmission network and loss 

reduction in accordance wi th the tariff policy. 

(iv) POSOCO may study the possibi lity of developing a system for offering un-requisitioned 

inter-regiona l transfer capability to needy users and consider making a proposal in thi s 

regard before CERC. 

(v) To expedite project execution, PGCI L may initiate advance action to conduct detailed 

survey of forest stretches and submit forest clearance proposals before investment 

approval of the project. 

(vi) Since long shut down to carry out construction work was the starti ng point for two major 

GDs, POSOCO may stipulate tolerance limits for antecedent line loadings and ' no

go ' periods for key corridors for a llowing long shut downs to prevent GDs. POSOCO 

may also consider taking up with CERC an appropriate warning system that specifies 

responsibility centres that would be tasked with informing consti tuents about state of 

emergency of the system. 

(vii) In order to improve diligence in declaring TTC and scheduling power, POSOCO may 

critically review the existing practices in thi s regard to ensure secure grid operation. 

MOP was generally in agreement with the audit recommendations. 

/ xii 



CHAPTER- I 

Introduction 

1.1 Background 

Inter-state and intra-state transmission systems are interconnected and together constitute 

the electricity grid. In 1963, Ind ia was divided into fi ve rcgions1 wi th a view to integrating 

State power systems in each region and promoting the concept of regional power development 

through integrated power systems transcending State boundaries. In 1984, a working group 

constituted by Government of India (GO I) for development of a national grid, recommended 

fo rmation of a separate Central Sector corporation for manning, constructing, operating and 

maintaining transmission facilities. A major objective of this decision was to reduce operational 

and commercial problems which had resulted from ownership of transmission facilities by 

various central generating organisations and joint ventures. Another major objective was to 

achieve improved integrated operation of regional transmission systems. 

1.2 Profile of Power Grid Corporation of India limited 

In the above background, Power Grid Corporation of India Limited (PGCIL) was 

established in 19892 to implement the decision (August 1989) of GOI to form a 'National Grid ' 

with the fo llowing main responsibilities: 

~ to plan, promote and bui ld an integrated and efficient power transmiss ion network in all 

aspects including investigation, planning, engineering and design; 

~ to prepare preliminary feas ibi lity and detailed project reports; 

~ to construct, own, operate and maintain transmission lines, sub-stations, load despatching 

and communication fac ilities and appurtenant work; 

~ wheeling of power generated at various power stations in accordance with the policies 

and objectives laid down by GOI from time to time; and 

~ keeping abreast of technology development in transmiss ion, load despatching and 

communication system. 

Accordingly, PGCIL took over (April 199 1 to August 1993) transmission assets from seven 

Central Generating Companics3 and also took control of existing fi ve4 Regional Load Despatch 

Centres (RLDC) in the country between 1994 and 1996. PGCIL was notified (December 1998) as 

the Central Transmission Uti lity (CTU) by GOI and is mandated under the Electricity Act, 2003 

to, inter-alia. ensure development of an efficient, co-ordinated and economical system of inter

state transmission lines for smooth ftow of electricity from generating stations to load centers. 

orthern Region ~ R), Western Region (WR), Eastern Region (ER}, Southern Region (SR) and North Eastern Region 
(NER) 

2 PGC/l was incorporated as a Governmellf Company on 23 October 1989. 
TPC ltd., HPC ltd., orth Eastern Power Corporation ltd., SJ VN ltd. (earlier known as Nathpa-Jhakri Power 

Corporation limited), Neyveli lignite Corporation Limited, 11c/ear Power Corporation limite<I and THDC India ltd. 
' Northern Regional l oad Despatch Celllre, Southern Regional l oad Despatch Centre, Western Regional l oad Despatch 

Centre, Eastern Regional l oad Despatch Centre and North Eastern Regional l oad Despatch Centre. 

1 \ 
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PGC fL was conferred Miniratna5 (Category- I) status by GOI in October 1998 and 

thereafter Navratna6 status in May 2008. As on 3 1 March 2013, PGCI L had paid up capital 

of ~4629.73 crore, of which 69.42 per cent was held by GOI and balance equ ity was held by 

others7. After a 'Fo llow on Public Offer ' in December 20 13, the paid up capita l of PGC IL 

increased to ~523 1.59 crore, of which 57.90 per cent was held by GOI and balance equity was 

held by others. Equity shares of PGCIL were listed on National Stock Exchange (NSE) and 

Bombay Stock Exchange (BSE) on 05 October 2007. 

1.3 Profile of Power System Operation Corporation Limited 

As envisaged in the Electric ity Act, 2003, National Load Despa tch Centre (NLDC) 

was established (February 2009) as an apex body to ensure integrated operation of ' National 

Grid ' . Ti II 30 September 20 I 0, RLDCs and N LDC were being operated by PGCI L and from 

0 l October 20 l 0, a separate company named Power System Operation Corporation Limited 

(POSOCO), incorporated on 20 March 2009 as a who lly owned subsidiary of PGCI L, took 

over the operations of RLDCs and NLDC. 

POSOCO was to act as the apex organization to ensure integrated operation of power 

system including to own, operate and maintain NLDC and RLDCs and ensure optimum 

scheduli ng and despatch of electricity in accordance with the Electricity Act 2003 , regulations 

laid down by Central E lectricity Regulatory Commission (CERC) and Indian Electric ity Grid 

Code. POSOCO is pri marily a know ledge based organization. The assets of RLDCs and NLDC 

comprise of Supervisory Control and Data Acq uisition (SCAD A) and IT systems for operati on 

of Regional Grids and the Nationa l Grid. 

1.4 Physical performance of PGCIL 

The physical performance of PGCIL during the period of last six years ended 3 I March 

20 13 are g iven in Table 1. 1. 

Table 1.1 

Physical performance of PGC I L 

Particulars/Years 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 

Length of transmission lines ( in 67,000 7 1,500 75,290 82,355 92,98 1 1,00,200 
ckm) at year end 

Number of sub-stations at year end 111 120 124 135 150 167 

Trans formation capacity (in MVA) 73,000 79,500 83, 100 93,050 1,24,525 1,64,763 
at year end 

Transmission Network Availabi lity 99.65 99.55 99.77 99.80 99.94 99.90 
(per cent) 

Power transmitted on PGC IL Net- 3,28,709 3,34,013 3,63,723 4,00,596 4,30,992 4,50,027 
work (MUs) 

ckm: circ11i1 kilometre, MVA : Mega Volt Ampere, MUs: Million Unils 

s W/ric/r provided powers to tire Board of tire Company to umlertake new projects, modernisation, purchase of equipment, 
etc up to 't300 crore or equal to their net worth iv/r ich ever is lower wit/rout approval of GO/. 

6 Wlriclr provided powers to tire Board of tire Company to undertake new transmission projects of any amount wit/rout 
approval of GO/ 

7 Foreign Institutional In vestors: 14.09 per cent, Indian Public: 4. 13 per cent, Body Corporates: 4.14 per cent, Mutual 
Funds: 2.38 per cent, Bank & Fi11a11cia/ lustit11tio11s: 5.40 per cent and Others: 0.44 per cent 

I 2 
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1.5 Roles of PGCIL and POSOCO 

Transmission system projects are conceived based on requirements assessed by PGClL 

in consultation with Central Electricity Authority (CEA), power generators, beneficiaries, 

regulators and other utilities. PGCIL carries out the work of planning, execution, operation 

and maintenance of the inter-state transmission system projects for evacuation of Central 

Sector power generation, within and across regions. POSOCO manages the grid including 

supervision and control of inter-state transmission systems fo r grid control and despatch of 

electricity within regions and country through secure and economic operation of regional grids. 

It also monitors and regulates operation of grids can-ying out all such functions requi red as an 

: ... ~ .. f,,ce with power exchanges as may be related to the business of POSOCO. 

1 . o Performance Audit 

Transmission facil itates better utilisation of ava ilable power generation resources. 

Inadequacies in transmiss ion network and de lay in commissioning of the transmiss ion system 

may not only result in loss of revenue to PGCI L but may lead to congest ion in evacuation of 

power. Creating lines of higher capacity than required or abnormal redundancies in transmission 

assets may result in extra financial burden on beneficiaries8 and public at large. 

Keeping in view the above, a performance audit was taken up with defined audit 

objectives (detailed in Chapter 2) to assess the effectiveness of planning and implementation 

of transmiss ion projects executed by PGC ILduring 2007-20 12. Besides, an attempt has been 

made to assess the efficiency and e ffecti veness of Grid Management (Chapter 7) by POSOCO/ 

PGCIL in ensuring uninterrupted power supply, including Grid Security and Grid Monitoring. 

' Swte Discoms 

3 \ 





CHAPTER-2 
I 

Audit Framework 

2.1 Scope of Audit 

The performance audit covers all acti vi ties from conceptualisation to implementation of 

selected major transmission projects executed by PGCIL between April 2007 and March 20 12 

along with the status of augmentation to the transmiss ion network made by PGCJ L up to March 

20 13. In the wake of the incident of Grid di sturbance on 30 and 31 Ju ly 20 12, the aspect of 

Grid management by POSOCO, which is mandated with the responsibi li ty to ensure integrated 

operation of the national grid, was also included in the scope of audit. 

2.2 Audit objectives 

Audit objectives of the performance audit were to assess whether: (i) projects were 

conceptualised and identified properly, expeditiously and in consultation with all related parties; 

(ii) the system of procurement of goods and services was economic, efficient and effective; 

(iii) projects were executed economicall y, efficiently and effecti vely; and (iv) proper system 

existed for ensuring effective and efficient Grid management including Grid Security and Grid 

Monitoring. 

2.3 Audit criteria 

Audit criteri a adopted for the performance audit included: (i) Electricity Act, 2003; (ii) 

ational Electricity Policy, 2005; (i ii) Regulations issued by the Central Electricity Regulatory 

Commission (C ERC) relating to transmission and grid management including Indian Electricity 

Grid Code ( IEGC); (iv) CEA's Technical Standards; (v) CEA Transmission plann ing criteria; 

(vi) National Electricity Plan; (v ii) CEA Reports including Load Generation Balance Review; 

(vii i) XI and XII Plan documents and Mid-term Appraisa l of XI Plan; (ix) Report of the 

Working Group on Power for Xl9 Plan; (x) Memorandum of Understanding signed by PGCIL 

with Ministry of Power (MOP); (xi) Works & Procurement Policy and Procedure (WPPP) 

of PGClL; (x ii) Feas ibility Reports and Detailed Project Reports of selected transmission 

projects in the audi t sample; (x iii ) Minutes of meetings of Standing Committee for power 

system plann ing, Regional Power Committees (RPC), Board of Directors (BOD) of PGCIL, 

Project Sub-Commi ttee and other Board level committees of PGC IL, Project Review Meetings 

and meetings with contractors, vendors, sub-vendors; (x iv) Bidding Documents and evaluation 

reports; (xv) Reports of Grid Disturbances (GD) of 30 and 31 July 2012 by PGCIL and 

POSOCO submitted to CERC, Record of Proceedings before CERC and CERC Order dated 

22 February 20 14 on GD10
; (xvi) Report of the Expert Committee constituted by MO P to 

investigate GDs of July 20 12; (xvii) Report of the US-Canada Power System Outage Task 

• Working Group 011 power was co11stit11ted by Plan11ing Commissio11 in April 2006 to f ormulate power programme 
f or X I Pla11 with Secretary (Power) as Chairman of the Working Group aml Member (Planning) of CEA as Member 
Secretary. 

10 Acces~·edfrom website of CERC 
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Force on the blackout of August 2003; (xv iii ) Manuals and operating procedures formu lated 

by POSOCO; (x ix) Operational and other feedback sent by POSOCO to CEA and PGCIL; and 

(xx) Published papers by power system experts. 

2.4 Audit Methodology 

An entry conference was held with the Management of PGCIL on 24 July 2012, wherein 

scope, objectives, audit criteria and audit sample were discussed. A meeting was also he ld on 

9 November 20 11 wi th the Managements of PGC IL and POSOCO apprising them of coverage 

of the aspect of Grid Management in the performance audit. Relevant records in PGCIL and 

POSOCO were examined and discussions held wi th the senior management from time to time 

during August 201 2 to August 20 13 for firming up audi t conclusions. The draft performance 

audit report was issued to Managements of PGC IL and POSOCO for their comments on 18 

January 20 13. The draft report was updated after considering replies of PGCIL and POSOCO 

and revised (November- December 20 13) based on further examination, especially of various 

aspects of Grid Management. As the draft report covered various technical issues, extensive 

discussions were held by Audit from time to time with the senior management of PGCIL and 

POSOCO to firm up audit observations and conclusions. The draft report was issued to MOP on 

7 January 2014. A Pre-exit Conference was held with the managements o f PGCIL and POSOCO 

on 12 February 20 14 wherein audit findings and conclusions were discussed. After receipt of 

MO P's reply dated 31 March 2014, to the draft Report, an Exit Conference was held with MOP 

and managements o f PGCIL and POSOCO on 15 April 2014. Representatives from CERC and 

CEA also attended the Exit conference wherein audit findings and suggestions for improvement 

proposed in the draft report were discussed. MOP 's views on the recommendations contained 

in the draft report were al so obtained during the meeting and duly incorporated in this report. 

2.5 A udit Sample 

A representative sample of 20 transmission projects representing 14 per cent in terms of 

number and 37 per cent in terms of value of the projects planned and executed by PGCI L during 

Apri l 2007 and March 20 12, as detailed in Annexure-2. 1, was taken based on materia li ty and 

coverage of all Regional Offices of PGCI L. All 424 contracts pertaining to above selected 20 

projects awarded up to March 2012 by the corporate office of PGCI L were examined. Besides, a 

representative sample of I 0 per cent of the contracts locally awarded by the concerned Regional 

Offices in connection with execution of above 20 projects was also selected for examination on 
the basis of materiality''· Further, relevant records pertaining to Grid Management including 

Grid Security and Grid Monitoring for the period Apri l 2007 to March 20 14 were also examined 

in POSOCO and corporate office o f PGCIL. 

2.6 Audit.findings 

Audit findings are di scussed in subsequent chapters under the fo llowing headings: 

Chapter 3: 

Chapter 4: 

Planning and Project Conceptualisation 

Targets and achievements 

11 Top I 0 per cellf contracts in terms of value (60 contracts) 
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Chapter 5: 

Chapter-6: 

Chapter-7: 

Chapter 8: 

Chapter 9: 

Investment Approval and Project Funding 

Project Implementation and Execution 

Grid Management 

Monitoring ystem 

Conclusion and Recommendations 
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CHAPTER3 

Planning and Project Conceptualisation 

3.1 Pla11ning oftransmissio11 proj ects by PGCIL 

PGCI L is responsible for plann ing of inter-state transmiss ion projects and these projects 

fall under the fo llowing two categories: 

(i) Projects connected with evacuation of power from Central sector generating stations 

and 

(ii) Projects connected with strengthening of power system network. 

The proposal for a new transmission project is technically approved by the Standing 

Committee for Power System Planning (SCPSP) 12 of the concerned regions. Further, each 

region has a separate committee called Regional Power Committee (RPC)13 which approves 

these projects from commercial point of view. Once the project is approved by RPC, it 

becomes a part of Bulk Power Transmission Agreement (BPTA) and beneficiaries are liable to 

pay transm iss ion charges to PGCI L. After approval of the project by the concerned Regional 

SC PSP, PGCIL initiates action for obtaining investment approva l, clearances and procurement 

acti vities. 

Records relating to conceptualisation and planning of 20 selected transmission projects 

taken up for implementation during Apri l 2007 to March 20 12 along with the status of 

augmentation to the transmission network made by PGCI L up to March 20 13 were examined 

in audit. Results of the examination are given in subsequent paras. 

3. 1. 1 Progress i11 the formation of Natio11a/ Grid 

One of the major objectives of formation of PGC IL was to bri ng about integrated 

operation of the regional transmission systems by unde11aking construction of inter-regional 

links. This was to faci litate the growth of economic exchange of power (replacing cost ly'~ 

energy transactions within a region with cheaper ones from another region so that cost of power 

is reduced) which would ultimately lead to the forma tion of a national grid and ensure better 

utilisation of ava ilable generation resources. Electrici ty Act, 2003 envisaged 'open access' 15 

in transmission to promote competi tion amongst the generating companies which could sell 

electri city to different distribution licensees across the country, leading to ava ilabi lity of cheaper 

'' SCPSP for eaclt region i~ co11.wit11ted by CEA for l'(Jrrying out its dutie\ of integrated planning under section 73 ((I) 
of tlte Electricity Act, 2003. Tltese committees (Ire lteaded by Member CEA and St(Jte Transmission Utilities, Central 
Transmission Utilities, Central Gener(Jting Units (CGU.~). etc. (Ire members. SCPSP provides tec/111ic(J/ approv(J/ to tlte 
projects. 

' This Committee is chaired by heads ofstate utilities 011 rotational basis and CEA, State Transmission Utilities, 
Central sector generating units, CTU, lo{(d Desp{(tch Celllres, traders {I/Id Discoms. etc. are its members. 

14 Co,·t of energy 1•aries according to ~rpe of f uel, age of tlte plant, wltetlter co~t plus project or tariff based project, etc. 
' A~ per definition given in tlte Electricity Act, 2003, Open access mean~ ntm-di~criminatory provision for 11se of 

tr<111smission lines or distribution .~ystem or associoted facilities wit It s11clt lines or .\)'Stem by (Jny licensee or con.rnmer or 
a person engaged in generation in accordance witlt tlte regulations specified by tlte Appropriate Commission. 
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power. Nat ional Electricity Policy 2005 envisaged that network expansion should be planned 

and implemented keeping in view anticipated transmission needs that would be incident on the 

system in the open access regime. 

The process of integration of regional grids through construction of inter-regional links 

began in the 1990s, initially with I ligh Voltage Direct Current (I IVDC) links and later through 

synchronous interconnections 10
• Southern Region remained interconnected to the rest of 

the country through 4000 MW of HVDC links till it was synchronously connected through 

Raichur-Sholapur 765 kV single ci rcuit on 31 December 20 13 completing the technical process 

of formation of 'National Grid'. 

Though the technical process of forma tion of 'National Grid' can be regarded as complete, 

when viewed in terms of overall inter-regional power transfer capability, the objecti ve of 

fonnation of 'National Grid' remains to be achieved (April 20 14) as explained below: 

(i) Actual power Aows exceeded transfer capability of four corridors in 16 months 

during 2009-13 as detailed in Table 3.1 indicating that the capabili ty of these corridors was 

inadequate to handle the increasing demands of power exchanges amongst these regions. 

Table 3.l 

Instances of actual power fl ows in excess of Total Transfer Capability 

Corridor Month TTC (in MW) Actual Flow (in MW) 

WR-NR September 2009 1500 1523 

October 2009 1500 1653 

January 20 10 1500 1630 

Ju ly 2011 1900 229 1 

January 20 13 1700 2004 

WR-SR Apri l 20 11 800 9 13 

Ju ly 20 11 800 90 1 
October 20 11 800 9 11 

Ju ly 20 12 800 880 
August 2012 800 909 

September 20 12 800 88 1 

October 2012 800 92 1 
November 20 12 800 896 
December 20 12 800 814 

ER-SR March 20 11 2330 243 1 
April 20 11 2330 2382 

December 20 11 2120 2 186 
ER-NER January 20 10 200 233 

March 2013 400 422 

10 JIVDC links are point to poi11t li11es through whicltjfow of electricity can he regulated by \y.\/em operator.\ . Synchronou\ 
i11terco1111ectio11s 011 the other lumd are Alternating Current (AC) link.\, through which powe• jfoll' lwppens a.\ per tlte 
law.~ of physics. ER mu/ NER were .\y11cltrc111ously i11terconnectedjirst,folloll'ed by WR and N R. 

I 10 
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(ii) In 24 years of its operation (till 3 1.3.20 13), PGCIL built 45 inter-regional 

transmission lines (220 kV and above}, connecting five regions, \vhich works out to 1.2 per 

cent '' of total lines (220 kV and above) in the inter-state transmiss ion grid. Further, four out of 

six inter-regional corridors (WR-NR, WR-ER, ER- ER and WR-SR) were capable of carrying 

only 1.5 per cent to 3 per cent of installed power generating capacity in respective power 

surplus regions (Annexure 3.1) . 

When the issueofadequacyofinter-regional capabilitywas discussed in the Exit Conference 

(April 20 14 ), it transpired that there were no specific norms to assess adequacy of inter-regional 

capability with reference to operating requirements. However, MOP had reservations about 

using installed capacity as a benchmark for assessment of adequacy of transmission capacity 

of inter-regional corridors. It is, however, pertinent to note in this connection, that the European 

council as per their Ten year Transmission Network Development Plan 2012, had proposed a 

criterion for interconnection deve lopment, ask ing Member Stales a minimum import capacity 

leve l equivalent to I 0 per cent of their installed production. Thus, comparison of adequacy 

of transmiss ion system wi th reference to insta lled generation capacity would appear to be an 

international good practice. Capital investment made by PGCIL in eleven inter-regional links 

commissioned during XI plan was~ 4287 crore (7.7 per cent of the tota l capital investment 

of PGCIL in XI Plan) while capital investment in intra regional links was~ 5 1043 crore (92.3 

per cent of total capi tal investment of PGCI Lin XI plan) . Thus, efforts of PGCIL in XI Plan 

were directed more towards strengthening intra regional network as compared to inter regional 

linkage. 

(iii) POSOCO expected the present achievement of linkage of SR with National Grid 

to be operated as a weak link in the initial few years, as PGCIL was requ ired to commission 

twenty elements in WR and SR before import of power by SR could be scheduled across the 

new Raichur-Sholapur link. Further, synchronous interconnection was achieved by PGCIL 

through a single circuit wh ile the second circui t of Raichur-Sholapur line which is important 

for sa fe and secure operation of interconnected grid was yet (March 2014) to be commissioned 

by an independent transmiss ion project developer selected through tariff based bidding by 

REC Transmission projects Limited, a subsidiary or Rural Electrifica tion Corpora tion Limited 

(REC). 

Low level of inter-regional transfer capability implies limited scope fo r transfer of power 

among regions. Hence the objectives for formation of National Grid i.e. meeting defic it from 

surplus region and facilitating economic exchanges remained largely unfulfilled. 

MOP stated (March 20 14) that Nat ional Grid was not restricted to links that were 

crossing regional boundaries but covered up-stream and downstream network as wel l; total 

transmission lines under inter-state increased from 22000 ckm in 1992-93 to more than I 05000 

ckm in January 20 14; Inter-regional power exchange takes place on accoun t of supply-demand 

1 Tota/ lines - 1741: lnter-regio11a/ - 45 (765 kV. 400 kV and 220 k V) 
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gap in inter-connected regions and are planned as per projected transfers; at present there is 

no congestion in long term power exchange but in certain scenario, congestion may occur 

under medium and short term depending upon quantum, period and duration of requi rement; 

National grid development is a continuous process and sha ll keep pace with power sector 

development. 

The reply is to be viewed against the following fac ts: 

(i) According to note of MOP (August 1989) to Cabinet for setting up of PGCIL, 

the role of PGCIL is not limited to serving projected demand-supply gap but also to 

facilitate economic exchanges across the country and ensure better utilization ofavai lable 

generation resources. This is possible only if regional grids are adequately 'meshed' and 

integrated which is yet to be achieved as inter-regional links are still weak. 

(ii) In the deliberations before the Coordination Forum 1
N in August 2009, it transpired 

that occasional congestion indicates optimum investment in transmission while regular 

congestion indicates inadequacy. Analysis of power exchange data (Annexure 3.2) of 

Indian Energy Exchange and Power Exchange India Limited showed that instances of 

percentage of time19 congestion occurred above 75 per cent increased from two months 

in 20 I 0-11 to all 12 months in 20 12- 13. Similarly, vo lume of electricity that could not 

be cleared due to congestion (as a percentage of the actuall y cleared volume), in Power 

Exchange India Limited went above 75 per cent for 3 months in 20 11 - 12 and increased 

to five months in 20 12- 13. 

(iii) Impact of congestion and inadequacies of transmission networks is visib le in large 

variations in the electricity prices over regions. Comparison of Market Clearing Price 

(MCP i.e. clearing price for cleared transactions in the whole country, if there is no 

congestion at all) with the Area Clearing Pricesw in Indian Energy Exchange (A nne.xure 

3.2) showed that buyers in S I and S2 bid areas (States of Tamil Nadu, Kera la, Andhra 

Pradesh, Karnataka, Goa and Union Territory of Pondicherry) pa id higher price during 

the last two years (~ 5.1 to~ 7.3 per unit as against MCP of ~3.5 per unit) to procure 

power. On the other hand, se llers in W3, E I and E2 bid areas (Chhatti sgarh, Orissa, West 

Bengal, Sikkim, Bihar and Jharkhand) received lower price(~ 2.8-2.9 per unit as against 

MCP of~ 3.5 per unit) due to transmission contraints. These trends indicate the need 

fo r strengthening WR-SR and ER-SR links (W3, E I, E2 to S I and S2 i.e. generation 

1 ~ Coordination forum was constituted by MOP in February 2008 1111der Section 166 {I) of tire Electricity Act. 2003 for 
smootlr and coordinated develop111e11t of power system in tire country. Tire forum is clraired by Clrairma11, CERC and 
i11ter-alia !rad tlrefollowi11g members- Clrairperso11 CEA, Member (Po111er System s) of CEA, Members of CER C, CEO of 
CTU, represe/lfatives from generating companies, botlr PSEs and private. Additional Secretary/Joi/If Secretary, MOP is 
tire member co111•e11or. Tire Coordination Forum lreld its last meeting in Marclr 2010. 

19 N umber of Jrours co11gestio11 occurred/ Tota/ 11111nber of lrours in a montlr. 
20 Tire co1111try is divided into 12 bit/ areas (I EX) for po111er exclum ge transactions. Tire criterion for defining tlrese areas is 

tire location of tire plrysica/ constraints in tire structure of transmission 11et111ork, i11c/11di11g national and/or control area 
borders. /11 case of congestion across a tra11smissio11 corridor, tire net sale of upstream areas will not flow to downstream 
deficit areas. Tire cleared prices in all areas i.e. A rea Clearing Prices are adjusted so tlrat the flow of power across 
transmission corridor is same "s av(Ji/able transfer capability. 

; 12 
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surplus to power deficient slalcs). However, comparison with inter-regional corridors 

augmcntalion plans for the XII Plan (Annexure 3.3) revealed that no links were planned 

for the ER-SR corridor and 6400 MW only has been planned for WR-SR corridor ( 16 per 

cent of total inter-regional augmentation of 40500 MW). 

(iv) As regards the argument that there is no congestion in long tenn power exchange, 

there is zero margin (WR-SR) /negligible margins (ER-SR, WR-NR)2 1 as of March 20 14 

in three out of six inter-regional corridors over and above the capability required to cater 

to long term customers. Allocation of 276.83 MW power from Indi ra Gandhi Super 

Thermal Power Station, Jhajjar, Haryana to Andhra Pradesh made by MOP (customers 

receiving allocation from Central Sector Generating Stations are long term customers 

in terms of CERC Regulations of August 2009) had to be kept in abeyance (May 20 14) 

due to the absence of avai lable margins in May 2014. This indicated that transmission 

constraints were being faced by long term customers also. 

Thus, though technically the 'National Grid' had come into existence with the synchronous 

inter-connection of SR with WR on 3 1 December 20 13, there is a need and scope for making 

the inter-connections robust enough by augmenting inter regional power transfer capability to 

fully achieve the objectives of formation of National Grid. 

3.1.2 Planning of capacity addition of inter-regional transmission corridors without giving 

due regard to increase in their power transfer capability 

Two parameters viz. Transmission Capacity and Transfer Capability are relevant for 

assessing the capacity of inter-regional corridors. Transmission capacity of a corridor is arrived 

at by adding the ratings of all transmission lines connecting two regions. Transfer capability on 

the other hand, is the measure of the ability of the corridor, as a whole, to reliably move power 

from one region to another. Transfer capabi lity is often less than the transmission capacity in 

view of system limitations and strength of the weakest link in the corridor. While transmission 

capacity is decided by physical characteristics of components and is static in nature, transfer 

capability is assessed by system operators cons idering system conditions such as generation, 

customer demand etc and is dynamic. For example, WR-NR corridor has nine lines and the 

sum of the physical ratings comes to 4220 MW which is denoted as its transmission capacity 

whereas the transfer capability of the co1Tidor was 2000 MW (2011-12). A part of the Transfer 

Capability is kept as a ' Reliability margin' to handle contingencies and errors in assumptions 

and the balance capability, called Available Transfer Capabi lity (ATC) is offered for scheduled 

power flows. 

NLDC assesses the Total Transfer Capabi lity -TTC (fu ll capabi li ty including reliability 

margin) of 12 inter-regional corridors (considering power flow in both the directions across 

the six corridors i.e. WR-NR, NR-WR and so on) based on off- line simulation studies and real 
21 ER-SR margin was 93 MW in March 2014 (00 to 05 hours tmd 10-19 hours) and WR- R margin was 219 MW in 

March 2014. 
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time data. TTC so arri ved at is dec lared on the web sites of RLDCs and NLDC fo r in formation 

of users who may enter into contracts for transfer of power, apply for grant of open access, etc. 

Thus, TTC is a significant factor that should be considered to assess the needs of augmentation 

of inter-regional capacity. I lowevcr, PGCIL assc sc the need for augmentat ion of capacity 

o f inter-regional corridors based only on ' Transmi sion capacity' and does not monitor 

augmentation of TTC. While NLDC declares TTC in short time hori zon (three mon ths and 

below), such declaration in the long run was not being done by PGCIL though it was required 

to do so as per ' Procedure for making app lication for Grant of long term access and medium 

term open access to Inter state transmi ion systems' approved by CERC. 

PGCI L increased (2007- 12) the transmission capacity of inter-regional transmission 

corridors by 13900 MW. However, TTC increased from 9400 MW in 2008-09 to only 11530 

MW in 20 11 -12. During 20 11 - 12, TTC decreased by 750 MW as compared to that in 2010-11 

(reduction in ER-S R by 350 MW, ER- R by I 00 MW, ER-NER by I 00 MW and WR-ER by 

200 MW). 

Further, 111 the Annual Report for 20 11-1 2, PGCI L indicated that cumulati ve inter

regional power transfer capac ity of National Grid was 28000 MW. However, this be ing equal 

to summation of ratings of all transmiss ion lines, wa basica ll y transmiss ion capacity as against 

the actual power transfer capabi lity denoted by TTC which was 11 530 MW as deta iled in Table 

3.2 given below. 

Table 3.2 

TTC and transmission capacity of inter regional corridors 

Corridor Transmission TTC (Highest %age of Capital %age 
Capaci ty during 2011-12) TTC to Investment of Tota l 

(As on Transmission made in XI Investment 
31.3.2012) capacity Plan ('~ in 

crore) 

WR-NR 4220 2000 47 465 11 

WR-ER 4390 1000 23 1009 24 

ER-NER 1260 500 40 - -

WR-SR 1520 1000 66 * - -
ER- R 10030 4200 42 2706 63 

ER-SR 3630 2830 78 * 106 2 
Total 25050 # 11530 4286 100 

# In addition to 25050 MW comprising of220 kV and abo\e lines. 132 kV lines al o e:-. ist along various 

inter-regional corridors. 

* Higher TTC due to HVDC l inks through which power flows can be regu lated. 

It can be seen that TTC as a percentage of transmission capacity was less than 50 in 

four out of six inter-regiona l corridors and was less than 30 per cent in case of WR-ER. Thu , 

/ 14 
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for better apprec iation of abi lity of transmission network to transfer power across regions it 

would be a useful good practice ifTTC is also declared and disclosed alongwith transmiss ion 

capacity. 

MOP did not offer any remarks regarding non-declaration of TTC by PGCI Lin the long 

and medium term. However, it was contended in the Exit Conference (April 20 14) that non

materialisation of assumed fac ilities hampered the loadability and hence TTC at a given instant 

might not match with the planned figure. Further POSOCO added in the Exit conference that 

even in Europe when the transmission capacity was of the order of IOOO MW, TTC was of the 

order of 60-70 per cent and \\hen the transmission capacity increased in the range of I 0000-

20000 MW, TTC reduced drastically to the order of 20 to 30 per cent. 

The reply is to be viewed against the fact that TTC does not increase commensurately 

with the incr~ase in transmiss ion capaci ty. It is thus essentia l to monitor and dec lare it in the 

long run as per the requirements of CERC regulations. This view was also he ld by POSOCO in 

thei r comments on draft National Electricity Plan to CEA when they emphasised (May 2012) 

that quantifying growth of transmission capacity in terms of inter regional capacity was an 

inadequate index of performance. POSOCO added that it was the transfer capability across 

regions that was impor1ant. 

3.1.3 Development of inter-regional corridors 

The bulk of the inter-regional augmentation efforts achieved in XI Plan and planned for 

XII Plan have been across the ER-NR and ER-WR corridors to wheel power from the pit-head 

power plants in the coal rich ER to the demand centers in the north and the west. Similarly there 

were plans to build a network in the 'chicken neck '22 area of NER so that the hydro potential 

of NER could be tapped and power could be brought to NR and WR through NER-ER-WR 

corridors. 63 per cent of total inter-regional transmiss ion capacity of 25050 M W23( cumulative at 

the end of XI Plan) was concentrated along these corridors. (A nnexure 3.3). Audit examination 

revealed the fo llowing: 

(i) Significance of short-tie vis a vis long-tie fo r import of power by NR 

Offiinc simulation studies conducted by an Expert Group constituted by MOP followin g 

the two major Grid disturbances of 30 and 3 1 July 20 12 had shown that the WR-NR link was 

the 'short tie' (Transmission li nk shorter in length and tying/connecting two regions) fo r import 

of power by NR and in the case of loss of the short tie, the longer tic of WR-ER-NR could 

also be lost due to angular separation and power swings24
. This meant that import by NR was 

dependent on the transfer capability of the ·short tic' rather than that of the ' long tie ' (depicted 

ii Forma/(1'. Silig11ri Corridor. a narroll' strip of territory connecting north eastern swte.1 to the rest of India. 
ii Transmission cap11city i.e . . rn111111ati1m of rating.v of imlivid 1111/ lines. 
'' The rotor~ of generaton connected to the grit/ run at the same electrical speed and in case of small disturbance.I' affecting 

the speed. re.1toratil'e force.1 bring back the rotor.1 to the same .~peed. Holl'e1·er, for large tli.\111rbances. the restoratfre 
forces may be unable to bring all the generalllrs to the same speed. If this happens. the angular difference between the 
ge11erator1 goe.1 011 i11crea1ing (A ngular 1eparation) ll'hich rn111e1 large 1•<irilltio11s in 1•0/tage anti poll'er flow i11 li11e1. 
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commiss ioning between February20 I 0 and December20 13. l-lowever, BOD of PGCI Lapproved 

the transmission system assoc iated wi th these generati ng projects only in December 20 I 0 with 

scheduled completion by December 201 3 i.e. coincid ing with the commissioning of the last 

project. The delay on the part of PGCIL to plan the transmission system resulted in congestion 

in evacuation of power from four units of 600 MW each of Sterlite project commissioned 

between October 20 10 and April 201 22x. Also one unit (350 MW) of Kamalanga TPP of M/s 

GMR was commissioned in March 201 3 while execution of the assoc iated transmiss ion system 

by PGCILwasstill in progress (April 2014). 

MOP stated (March 2014) that 

.. - - ..... , . ""' llt\... 

generation project actually got commiss ioned. 

(ii) Under Section I 0 of Electricity Act, 2003, it is the duty of every generating 

company to co-ordinate with the CTU for transmission of electricity generated by 

it; but the generators have submitted the LTA applications late, repea tedly revised 

them and also delayed signing of agreement for payment of transmission charges. 

Generators had not completed their dedicated lines connecting the power stations 

to the pooling substations, though PGCI L had commiss ioned the substations in 

March 201 3. 

(iii) The projects were connected to the grid through interim arrangement and the 

transmiss ion corridors required for evacuation of power were planned to be 

commissioned progressive ly by December 201 4. 

The reply is to be viewed against the facts that: 

(i) The transmission system was not ready even for two projects which were 

commissioned, though it is an agreed principle that transmission should precede generation. 

(ii) As regards the statement that the genera tors had not yet built their dedicated line 

from the generating plant to the pooling tation, it is seen that CEA and PGCIL agreed in the 

meeting held on 15 September 2009 to provide an interim a1Tangement of loop-in-loop out29 

(LILO) of an inter-regional line to prov ide connecti vity from the plant to the pooling substation, 

though as per the Bulk Power Transmiss ion Agreement signed with the generator, it was the 

responsibility of the generator to build the dedicated li ne for bringing electricity from the plant 

to the point of connection in the grid. 

(iii) As per CEA (Technical standards fo r connecti vity to the Grid) Regulations, 2007, 

when a request for connection is received, the CTU shall can)' out interconnection study and 

1' /4 October 2010, 29 December 2010, 16 Augu.~I 2011 and 25 April 2012. 
~" Tlte interim arra11ge111e111 was tit at one circuit of Rourke/a-Raipur - .JOO k V double circuit (illler regional) ll'Ould be 

looped in and looped out al Sterlite poll'er station. 

/ 1s 
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determine modifications required on the existing grids to accommodate the inter-connect ion. 

Interim connectivity through LILO was given in the above two cases, without adequacy of 

transmission system for evacuation of power which was causing congestion in Chhattisgarh 

and adjoining areas 11
' . 

3.1.5 Sub-optimal utilization of transmission lines 

Presently, transmiss ion of electricity in India is carried mainly through. a grid made up 

of 400 kV Alternat ing Current (AC) network (comprising 71505 ckm of PGCIL network). 

PGClL also built 22 transmission lines (4833 ckm) of high voltage level of 765 kV mainly to 

augment the power transfer capabi lity' 1• I lowever, out of these 22 lines, 14 lines were initial ly 

charged1~ at 400 kV PGC ILjustified high capacity lines in the initial stage itself on the grounds 

of future hydro potential and possible Right of Way (ROW) constraints33 that would be faced 

during subsequent upgradation. However, the operational status (March 20 14) of the 765 kV 

lines revealed that two of these lines ( Kishenpur - Moga I and 11) remained undercharged at 400 

kV level for more than th irteen yea rs (yet to be upgraded) while four lines had remained under 

charged at 400 kV for more than five years. (Two of them upgraded during the last one year and 

two lines l'i:., Tehri-Meerut I and II were yet to be upgraded). Two of the 765 kV lines (Satna

Bina-1 and Seoni-Wardha-1) were regularly kept 'open' (taken off the grid through a switching 

mechanism) to control high voltage, indicating inadequate power flow through them. 

The implication of charging 765 kV lines at a lower voltage level of 400 kV is that the 

beneficiaries, who share the capital cost incurred on these transmission lines, pay for 765 kV 

lincs14 though actua l operation of the lines is at 400 kV Based on benchmark cost fixed by 

CERC vidc order dated 27 Apri l 20 I 0, the extra cost incu1Ted on laying of these four 765 

kV lines which arc undercharged at 400 kV lines was ~158.4635 crore (recoverable in the 

tariff period of 35 years). PGC IL, however, does not suffer any revenue loss as it recovers its 

investment, as the 'as built' capital cost is recovered through tariff. 

MOP stated (March 20 14) that PGC IL constructed higher capaci ty lines keeping in mind 

future hydro generation potential and also to overcome right of way and environmental issues; 

CEA's Transmission planning criteria allowed adoption of higher voltage levels for final system 

and operating one leve l below in the initia l stage; investment in capital cost of substations 

'' A.\ per POSOCO '.5 feedback to CEA and PGCI l on \ystem constraim:.. 
11 765 kV line clln cllrry Ol'er 4000 MW of power while 400 kV line clln cllrry llr0t111d 2000 M IV. 
·~ Clwrged mem1s the electric circuit is closed 1111d power is lllfowed to flow through the line. 'Not-clrnrged' 

m eans the line is not connected to the grid, the circuit i.\ kept 'open ' or kept idle on air. Keepi11g the li11e 'not 
clrnrged' (or charged at ll lower l'Oftllge le11ef) i.\ re!>orted to beCllme chargi11g the li11e without correspo11ding 
qull11tum ofe/ectricityftow would lead to 1•oltagej111ctuatio11s mu/ res11ftll11t grid problems. 

11 Rig/rt of ll'ay tlenotes tire rig/rt for placing of electric line5 f1Jr tra11smi.\ .\io11 1Jf electricity along tire patlr tlrrouglr wlriclr 
weir lines paH tlrrouglr: -65 kV trammiHio11 toll'en occupy more !>pace (6.J-69 111) tlra11 .JOO kV tran\mission towers (46-
52111). 

" Trm1sformer llnd a.\ .\ociated bays lit higher l'l>ltage fe1•el are constructe<I later l111d Cllpita/ cost to that exte11t 

is postponed. 
Worked ol/f 011 tire ba'i'· of differeirce in minimum cost of laying 765 k I' line ~ 60. 65 fakir) a11d .JOO kV line ~ 43. 9 7 
fakir) per ckm witlr vfllmlard pon·e/ain insulation. vingle circuit and Aluminium Conductor Steel Reinforced /11oo5e. 
Total lengtlr of four 765 /.. I' lines charged at .JOO /..I ' being 950 km. (i.e. ~ 16. 68 la/..lr ~ 60. 65 fakir less~ .JJ. 9 7 fakir) X 
950 km). 
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was deferred thereby relieving tariff burden lo that extent; and the undercharged lines would 

progressively be brought up lo their full vo ltage leve l. 

The fact remains that out of the useful li fe of 35 years of the transmiss ion projects, there 

are two cases where 13 years went by just waiting for generation to come up. There may be a 

need to achieve a proper balance between capacity creation and operational requi rement so as 

to ensure optimum utili sation of transmission network. 

Despite a network of 1,00,200 circuit kilometres (ckm) of transmiss ion lines in the grid 

(40739J"ckm added during I Apri l 2007 to 31 March 201 3), PGCIL has not put in place a 

mechanism for assess ing utilisation o f transmiss ion lines with the result that, there were pockets 

o f congestion as explained in para 3.1.4 supra and areas of redundancy evident from analys i 

of Line Loading' of 40 of 45 interregional li nes37 in six corridors through a ratio o f average 

power flow and maximum loadabili ty (Annexure 3.4). Average utilisation of 33 out of 40 inter

regiona l lines ranged between 0 to 30 per cent in all inter-regional corridors except WR-SR and 

ER-SR during 2011- 12. 478 (68 per cent) out of 706 intra-regional lines38 in five regions had 

average util isation of 0-30 per cent. Utili sation was especially low in ER and NER regions. 

Absence of mechanism to assess effic iency of network construction results in infirmities 

in system development in the form of skewed power fl ow across lines (WR-N R)w, low line 

load factor, planning 'surprises' such as power flows in directions opposite to those envisaged 

while planning (ER-WR and SR-WR)40 etc. 

Regarding underutil isation of transmiss ion lines, MOP stated (March 2014) that 

transmission serves a public service function and sometimes additional lines may have to be 

buil t41 towards this objective; another aspect of public service is that after interconnection of 

grids, the frequency of the entire system also stabilizes. 

In the Exit Conference (April 2014) also, MOP was of the view that the focus should be 

on availabili ty of transmission system and not on its utilisation. 

This stand is to be viewed against the provisions given in tari ff policy notified by MOP in 

January 2006 which laid down that the overall tariff framework for transmission pricing should 

'" 100200 Ckm (as 011 31.3.2013) 111i1111s 59461 ckm (as 011 3 1.3.2007) = 40739 ckm. 
n For IVhich data 1Vas available. 

'" For 1Vhich data 1Vas available 
" In WR-N R corridor 72 per ce11t of p01ver jfolV 1Vas through one /i11k vi:. Agra-Gwalior li11k 
40 ER- WR corridor 1Vas pla1111etl to carry po1Ver from E R to WR i11 the pla1111ing hori:o11 but ill the operati11g hori:o11, the 

po1Ver jfo1Vs 1Verefro111 WR to ER. Similar is the case/or S R-WR i111erco1111ectio11 
41 This has been explained though an example - The transmission in the Kashmir Valley is connected to 

Jammu region through h110 400 k V lines and two 220 kV lines. During winters due to reduced generation 
at Uri hydro power station and other hydro power stations in the Kashmir valley coupled with heavy power 
demand due lo winters, the Kashmir valley imports a substantial quantum of power from the Jammu region. 
There have been instances in the winter of 2007, 2012 and 2014 when due to heavy snowfall, these lines went 
under breakdown near the Pir Panjal mountain range leading to islanding of Kashmir valley and blackout. 
Due to adverse weather conditions, restoration of the transmission system i.\ also delayed as even helicopters 
find it difficult to lam/. The Kashmir Valley faces a serious power crisis during this period leading to great 
discomfort amongst the public. This situation can be mitigated only if additional lines m•er alternate route 
from Samba lo the Kashmir Valley is constructed. 
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be such as not to inhibi t planned development/augmentation of the transm iss ion system, but 

should discourage non-optimal transmiss ion investment. The policy fu rther states that financial 

incentives and disincentives fo r Central Transmission Utility (CTU) and State Transmission 

utility (STU) should be implemented around key performance indicators (KPI) which would 

include effi cient network construction, system ava ilabili ty and loss reduction. While norms 

had been laid down fo r system ava ilabil ity based on which incentives arc paid to PGCIL, 

norms had not been evolved for assess ing efficiency of tra nsmiss ion network construction 

and loss reduction wh ich prevented an assessment of the impact of sub-optimal utilisation of 

transmission assets. 

3.1.6 Access to transmission corridors 

Transmiss ion service provider is a key intermediary between the generator and distributor 

of electrici ty and unless access to transmiss ion corridor is prov ided, generation capacity is 

bottled up4~ . Access to the transmission system is given to users th rough Long Term Access 

(LTA), i. e., fo r period exceeding 12 years but not exceeding 25 years or through Medium Term 

Open Access (MTOA), i.e. , for periods exceeding 3 months but not exceeding 3 yea rs4
' or 

through Short Term Open Access (STOA), i.e., fo r a period up to one month at one point of 

time. Further, as per CERC Regulations44
, the LTA customer and the MTOA customer shall 

have priority over STOA customer fo r use of the inter-state transm ission system. The STOA 

customer shall be eligible fo r use of inter-state transmission system after LTA and MTOA 

customers by virtue of (i) inherent des ign margins (ii) margins avai lable due to in-built spare 

transmission capac ity created to cater to future load growth or generation addition, and (iii) 

margins available due to variation in power fl ows. 

Examination of the extent of margins in inter-regional transmiss ion corridors revealed 

that the average margins ava ilable under ca tegory (i) and (ii) above for STOA (i. e . margins 

availab le after considering the LTA/MTOA) were in the range of 41 to 85 per cent of Total 

Transfer Capability (TTC) across six inter-reg ional corridors. Based on above margins, there 

were rejections of STOA requests by POSOCO for purchase in NR (657.6 1 MW) and SR 

(898.58 MW) approx imately during April 2007 to November 201 2. Besides, PGCIL curtai led 

(February 20 12) MTOA by 785 MW4
' in respect of 17 applications pertaining to SR, due to 

lack of margins. 

This showed that in some corridors (WR-NR, ER-SR and WR-SR), the margins, despite 

appearing to be large were not suffic ient during peak demand months to cater to open access 

demands. However, substantial quantum of allocated transfer capabil ity remained unutilised 

• 1 A ny con~traint in the trammission drain f rom ge11eratio11 of poll'er to load lead.~ to" 1·itm11io11 where ge11eratio11 ha.1· to 
be backed dow11. Thi.1 i.\ referred to a1 bottli11g of p ower. 

•• Regulatiom do 111Jf en vis" ge g r(J11t of 11cces~ f or period ra11ging from three ye11rs to 12 years . 
.. Gram of LTA and MTOA i1 governed by CERC Regu/(Jtiom dated 7. 8.2009 on 'Gram of Connectfrity, l ong-term Affess 

and Medium-term op e11 A can in inter-~tate tra1mni1 1ion am/ re/(Jfed ma/fen '. Gram of 1hort term open acce\\ is 
go1•em ed by CERC Reg11/11tiom dated 25. 1.2008 (amemled on 20 May 2009) regarding 'Open Acce~.1 in i11te1-Mate 
trammi.~sio11 Regulation ~ 2008 '. The nodal agency fo r gra11t of l TA and MTOA i~ the CTU while the nodal agenq fo r 
gram of S TOA i1 RLDC. 

·" Again.it the MTOA req11e.1t of 18./6.5 Mii for the period / Febmary 2012 w 3 1 May 2012. MTOA gramed "'"·' 1062 
MW 
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as the LTA/MTOA/STOA applicants who had been granted access had not ut ilised it while 

seeking scheduling of electricity (Annexure 3.5). Thus, there was a scope for POSOCO to 

optimally utili se variations in power fl ows and margins arising out of non sch~du l ing of power 

by applicants to reduce rejections of STOA applications. 

MOP stated (March 20 14) that as per the Ind ian Electricity Grid Code, LTA customers had 

the freedom to seek schedule at one and half hour notice; considering this flexibil ity, corridor 

has to be made available fo r long term; in case the same was alloca ted for STOA or power 

exchange transactions assuming that the corridor would not be uti lised by LTA customers, and 

if they later sought schedule, there would be congestion; STOA transactions would then have 

to curtailed; this would make STOA market highly uncertain unless the CERC laid down clear 

ground rules for long term customers under 'Use it or lose it ' approach; POSOCO could do 

little for optimum uti lisation without such an explicit mandate from CERC. 

As the gap between access granted to customers and chedule actua lly ava iled by 

them appeared significant, there might be a need to evolve a system fo r offering such un

requisitioned capab ili ty to others who might uti lise the same. As NLDC had the mandate to 

achieve maximum economy and efficiency in the operation of national grid, POSOCO may 

need to consider moving an appropriate proposal for optimum uti lisation of un-availed transfer 

capabi lity before CERC. 

In the Exit Conference held on 15 April 2014, while MOP stated that there is a need lo 

study the audit suggestion, CERC representati ve stated that they would examine the proposal, 

when received from POSO 0 , in consultation with stake holders. 

3.2 Scope for reducing time taken in planning activities 

As per provisions contained in Works & Procurement Policy and Procedure (WPPP) 

of PGCIL, a time limit of eight weeks has been prescribed fo r approva l of Feasibil ity Report 

(FR) by CMD after in-principle clearance from Central Electri city Authority (CEA). PGCIL, 

however, clarified that projects were finalized after j oint studies with CEA; as such, the date of 

Regional Standing Committee meeting, in which project was approved, had been taken as the 

date of in-principle approval by CEA . 

Examination of 20 se lected projects in Audit revealed that against eight weeks tipulated 

in WPPP for obtaining internal clearance of FR from CMD, time of 11 weeks to 142 weeks 

was actually taken in obtaining such clearance after approva l of 20 selected projects by the 

concerned Regional Standing Committee. 

Whi le assuring that PGCIL would put all efforts to adhere to the ti me limit for preparation 

and approval of FR/DPR, MOP stated (March 201 4) that 

(i) Despite CMD approval in eight weeks, there might be delay due to non-availability 

of RPC approval or GO! approval under Section 68. 
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(ii) In five out of nine system strengthening schemes. FR had been approved before 

either RPC GOI apprm al. Excessive delay in two cases (Sasan/ Mundra Ultra Mega Power 

Projects and Northern regions system strengthening scheme V) was to align the same with the 

concerned generation projects v. hi ch v. ere gett ing delayed. 

The reply, hov .. ever, does not deny the fact that PGCIL did not adhere to the time limit 

for preparation and approval of DPR by CMD as prescribed in WPPP. Moreover, fulfilling 

its own obligations in time would have enabled PGCIL to pursue RPC and GOI for faster 

approvals. Further, in respect of six out of the above 20 projects, approval to FR was obtained 

from CMD, between 7 and 58 weeks after approval of these projects by RPC and sanction of 

these projects under Section 68 of the Electricity Act, 2003. The fact remains that Mundra 

UMPP was commissioned ahead of schedule and three units of Sasan UMPP had also been 

commissioned41
' but the related system strengthening transmission projects were anticipated to 

be commissioned in December 20 14. 

3.3 Submission of proposal for Forest clearance 

PGCI L had not laid down any timelines for submission of applications for forest clearances 

after completion of detailed survey. Out of 164 forest clearance applications submitted by 

PGCIL during January 2005 to May 2012 for execution of 20 projects selected for audit, 8 1 

applications were submitted after 3 to 41 months of completion of detailed surveys. Further, 

in nine4' out of 20 selected projects (A nnexure- 3.6), even the earliest application for forest 

clearance was submitted after investment approval of the respective project. In the remaining 

eleven projects also. applications for forest clearance in respect of all stretches of transmission 

lines were not filed by PGCIL before investment approval. 

MOP stated (March 20 14) that various measures such as advance expenditure for survey 

work in forest and river crossings, targets for submission of forest proposals through internal 

MOU, dedicated forest coordinates in all regions etc. have been initiated to minimise the 

controllable delays on its part. 

Audit appreciates the measures initiated by PGCI L to expedite forest clearance. I lowever, 

there is a need for PGCIL to monitor the situation closely lo assess the effectiveness of the 

measures initiated in terms of minimising delays in obtaining forest clearance. 

~·· As per month(r report of CEA on bruad \tatus of prm·er projec·t.1 in the country - March 20 I./ 
' Ka/10/gaon-J/, S11.1·11n (l 'MPP}, Parbati-lll llEP. Generation Project.\ in Odi.1 /1(/-Part 8 , SRSS- Vll, System Strengthening 

;,, .Vorthem Region for Sa~an & '\111mlra (UMPP). SRSS-111, VRSS-XI 'Ill, am/ 765 kl' System for Central Part of 
orthem Grid (P11rt-lll) project~. 





CHAPTER-4 

Targets and Achievements 

XI Plan (2007-201 2) noted that planning and operation of the transmiss ion system 

had shifted from regional level to national level necess itating the need fo r a strong a ll 

India grid . Towards this aim, XI Plan stipulated target of inter-regiona l transfer capac ity 

of 17000 MW. 

4.1 Performance vis-a-vis targets 

Against the XI Plan target of 17000 MW, PGCIL achieved 13900 MW of inter-regional 

capacity and there was a shortfa ll of 3 l 00 MW. PGCIL prepared an Investment Plan of ~54,982 

crore for constructing inter-state transmission systems during XI Plan which also included 

inter-regional I ines. 

MOP stated (March 2014) that the short fa ll was due to annulment of South- West HVDC 

Back-to-Back Project and delay in forest clearance of Ranchi - WR Pooling point 765 kV 

single circuit line. 

The reply regarding delay in forest clearance is to be viewed aga inst the fact that the 

proposal for fo rest clearance for Ranchi-WR pooling point, 765 kV Single circuit line48 was 

submitted by PGCIL in August 20 I 0 i.e. with a delay of two years from investment approval 

of the project in August 2008. 

4.2 Fixation of Targets in MOU 

PGCILhad been signing Memorandum ofUnderstanding (MOU)49 with its Administrative 

Ministry viz, MOP every year and had secured 'Excellent ' rating (the highest rating) in each of 

the fi ve years between 2007-08 and 2011 - 12. 

Examination in audit revealed scope for refinement in the process of fixation of targets 

for MOU as fo llows: 

(i) MOU Targets for inter-regional capacity addition fixed less than Plan targets 

The Xl Plan target fo r inter-regional capac ity addition was 17000 MW. Against this, 

year-wise MOU targets and achievements during XI Plan (2007-08 to 2011 - 12) are given in 

Table 4.1 

48 Ranclri-Sipat (Jlrarklrand) 756 k V Single circuit line 

-'• Memorandum of Understanding (MoU) as applicable to CPSEs is a negotiated document behveen the 
Government of India (i.e. the concerned administrative Ministry) and the Management of the CPSE specifying 
clearly the objectives oft/re Understanding and the obligations of both parties. MoU is meant to evaluate the 
operating performance of the CPSE which includes the progress of proj ect implementation through fixation 
of targets f or various parameters. 
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Table 4.1 

MOU targets and achievement during XI Plan 

Year MOU Targets (MW) MOU Achievements(MW) 

2007-08 Nil Nil 

2008-09 3300 3800 

2009-10 2600 Nil 

2010-11 Nil Ni l 

2011-12 4200 5600 

TOTAL 10100 9400 

It is noted that: 

:,.. MOU targets for 2007-12 were fixed less than XI plan target by 6900 MW ( 17000 

MW minus 10100 MW). In two years (2007-08 and 2010-11) MOU targets were 

fixed at 'N il ' 

,., Achievements during 2009- 10 were less than MOU target. 

>- No MOU targets were fixed in the first yea r (2007-08) of XI Plan indicating de lay in 

initial sta1t-up of projects. 

MOP stated (March 20 14) that year-wise targets were not envisaged in xr Plan and that 

at the time of setting targets for MOU, the inter-regional lines which were expected to be 

commiss ioned in the coming year, based on readiness of generation project/system requirement, 

were included. 

The reply is to be viewed against the fact that details of XI Plan targets in terms of year

wise MOU targets would have helped PGCI Lin ensuring effective monitoring of achievement 

of XI plan targets. 

(ii) Decreasing weightage to Non-Financial Parameters 

As per OPE Guidelines, non-financial performance parameters fixed should be 

SMART (Specific, Measurable, Atta inable , Result-oriented, Tangible) and consistent with 

the Annual Plan/Budget/Corpora te Plan of the CPSE. MOU signed by PGCIL included 

ten50 major non- financial parameters. There was dilution of weightage in respect of 

the fo llowing important non-financial parameters related to project implementation and 

network availability over the years in the MOU signed by PGCIL as given in Table 4.2 

(d ilution depicted in bold italics): 

' 0 Quality, Customer satisfaction, Business development, R&D for sustained & continuous inno1•ation, Project 

implementation, Commercial targets, lluman resource developmellf, £1111ironme111 and .\ocial management of new 
projects, Operational targets and ln11e11tory managemellf. 
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Table 4.2 

Details of MOU parameters where weightage was decreased 

Criteria 2007-08 2008-09 2009-10 2010-11 2011-12 2012-13 

Customer satisfaction 4 4 2 I I 0.5 
(no. of trippings) 

Availability of 13 13 13 7 6 5 
transmission system 

Project implementation 20 20 19 20 10 8 

Thus, significant parameters reflecting performance of PGCIL in the core activity relating 

to availability of transmission systems and implementation of projects were progressively 

scaled down. 

MOP stated (March 2014) that weightagc of these parameters were decreased since new 

parameters were introduced under the category of non-financial parameters and the points had 

to be re-al located. 

The fact however remains that higher reduction of points was made from the above 

parameters (which represent the performance of PGCIL in the core areas) as compared to 

reduction from other parameters. e.g. in 2011-12 three new parameters with total weightage of 

15 points were introduced. Against this, 12 points were reduced from the above three parameters 

as indicated in Table 4.2 while balance points were reduced from other eight parameters. 

(Annexure.4.1) 





CHAPTER-5 

Investment Approval and Project Funding 

5.1 Investment approval 

The Report on the Working Group on Power fo r XI Plan inter alia stated (February 

2007) that it is des irable that the project is defined to fi ner deta ils to the extent possible at 

the Feasibili ty Report (FR)/Notice Inviting Tender (N IT) stage fo r effective planning and 

scheduling of proj ect(s) besides min imizati on of resources. The Report further provided that 

detailed survey should be carried out before start o f procurement process to avoid large quanti ty 

variations during execution which could be a cause o f di spute/delay. Works & Procurement 

Policy and Procedures (WPPP) o f PGCIL stipulated that walkover survey be conducted to 

identify the Bill of Quantities (BOQ) 51 and o ther detail s/ information for preparation of FR 

o f the project. WPPP, however, required that deta iled survey of forest stretches and ri ver 

crossings should be carried out before preparation o f BOQ and cost estimates. Thus WPPP 

limits the exerc ise of detailed survey only to forest stretches and not to the whole line route, 

adv ised by the Working Group on Power. 

PGCIL, however, as a practice did not conduct deta iled surveys of forest stretches before 

preparation o f BOQ and cost estimates, as stipulated in WPPP. Quantities for the purpose of 

FR were estimated based on forest atlas, topo-sheet52and walkover survey of the area resulting 

in significant varia ti ons at the time of actual execution of projects. 

In test checked 20 projects, actua l length of 17 transmission lines in 12 projects had 

variations as compared to FR line length (Annexure 5.1). In 11 transmission lines, actual length 

was less while in six transmiss ion lines, the actua l executed length was more. The difference in 

executed length as compared to FR length in four cases was less than I 0 per cent, in four cases 

between I 0 to 20 per cent, in four cases between 20 to 30 per cent and in fi ve cases it was more 

than 30 per cent. 

MOP stated (March 2014) that variati ons in line length considered in FR vis-a-vis actual 

constructed in most cases had been due to (i) change in the sub-station location, since at the 

time of preparation of FR, the locations for new sub-stations were tentati vely identified and 

at the time of execution of projects, due to land acqui sition Right of Way issues, line route 

was required to be changed, which was beyond the control of PGCIL; and (ii) deta iled survey 

in forest area was undertaken as a paralle l acti vity to primarily expedite submission of forest 

clearance proposals; MOP, however, assured that PGCIL was making all efforts to minimise 

the varia ti on, such as more deta iling at the FR stage by use of various too ls like Google map, 

satellite images, topo- sheets, etc. 

11 Bill of Quantities is a list containing all items and their respective quantities, rate, etc. to be supplied by tire contractor, 
under a given colllract 

<i Topo-slreet or Topographic sheet essentially contains information about an area like roads, railways, settlements, lands, 
rivers, electric poles, etc. According to their usage they may be available at different scales. 
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The reply is to be viewed against the fact that variations at the time of execution of projects 

were possible to be minimised by conducting detailed survey before the start of procurement 

process. There is a need to adhere to the advice of the Working Group on Power through 

appropriate modifications in the relevant provisions of WPPP. 

5.2 Non-adjustment of STOA charges from project cost 

Transmission charges for use of inter-state transmission system fa ll under three categories 

vi::. Long term Access (LTA) charges, Medium term open access (MTOA) charges and Short 

term open access (STOA) charges. As per CERC (Open Access in Inter-state Transmission) 

Regulations, 2004 read with CERC order dated 30 January 2004, PGCIL was allowed to retain 

25 per cent and 12.5 per cent of STOA charges collected in intra regiona l and inter regional 

transm iss ion systems respectively and the balance was to be adjusted towards reduction in 

the transmiss ion charges payable by Long-term customers. While allowing retention of 

STOA charges, CERC in its order dated 30 January 2004 stated that, " ... 25% of the revenue 

received from the short-term customers shall be retained by the transmission licensee, which 

is expected to be utili sed in the core activ ity of building new transmission system." CERC 

amended (September 2013) the relevant Regulation relating to collection and disbursement 

of transmission charges (i.e. 75:25 and 87.5: 12.5 ratios for intra-regional and inter-regional 

transmission system usage respective ly) and provided that STOA charges had to be returned 

by CTU (PGCIL) to long term customers through adjustment of monthly transmiss ion charges 

payable by them. 

PGCIL rece i ved~ 906.49 crore between 2004-05 and 2012-1 3 on account of the above 

mentioned 25 per cent ( 12.5 per cent in case of inter regional) component of STOA charges 

but did not maintain project-wise details of inter-regional/intra regional transmission schemes 

where such STOA charges were utili sed. This meant that PGClL had used this as a revenue 

stream for itself instead of using it fo r funding new transmission systems/schemes, which would 

have resulted in reduction of tariff of such schemes to be recovered from customers. 

MOP stated (March 2014) that as per CERC mandate, PGClL had been utilising STOA 

charges in core activities of building new transmission system and for discharging CTU 

activities. MOP furthe r stated that based on the rich experience, experiise, technical knowhow 

and intellectual assets possessed by PGC IL in the power transmiss ion fi eld, certain large and 

important activi ties which were difficult to monetize were performed by PGC!L such as carry ing 

out Transmiss ion System Planning activities in line wi th the National Electricity Plan, capacity 

building of State Utilities and DISCOMs, ATC/TTC declaration, communication planning, 

protection audit carried out for State Utilities, inputs for competitive bidding, coordination & 

support to State Transmiss ion Util ities (STUs) viz. , providing advanced simulation software 

and organizing training programs for their personnel and R & D and Technology Development. 

MOP contended that CERC Regulations did not have any provision for adjusting the project 

cost with STOA charges and added that PGCIL had fi led a review petition with CERC, in 
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respect of the amendment made by CERC in September 20 13 regarding full STOA charges to 

be reta ined by long term customers. 

The reply that the STOA charges were utilized in coreacti vitiesofbuildingnew transmission 

system is to be viewed against the fact that details of projects wherein such charges were 

utilized were not available with PGCIL. In the absence of project-wise accounting/disc losure 

while filing tariff petition for new transmission systems, the condition on which PGCIL was 

allowed to retai n the charges i.e. utilization of the funds in building new transmission systems, 

remained unfulfilled. As regards the claim that the charges were also uti li sed for discharging 

CTU activities, the stand is not in line with CERC Order dated 30 January 2004 which envisaged 

utili sation of charges in the core activity of 'bui lding new transmission system'. Thus, the 

conditions stipulated by CERC for retention of STOA charges were not fo llowed by PGCIL 

which resulted in denial of the benefit of reduction in the cost of new transmission projects to 

the extent o f ~906.49 crore between 2004-05 and 20 12- 13. 

5.3 Non-utilisation of Power System Development Fund 

The "Power System Development Fund" (PSDF) was constituted (June 20 I 0) under 

the CERC (Power System Development Fund) Regulations, 20 I 0 by aggregating the funds 

ava ilable in the following four individual funds/Accounts maintained by RLDCs: 

;... Unscheduled Interchange Charges Pool Account Fund - The fund contained amounts 

that are payable/receivable by generators and discoms, for deviations from schedule, 

depending on whether the deviations has improved or worsened the grid frequency. 

,. Congestion Chmge Account- RLDCs levied Congestion charge on real time, on entities 

causing congestion and the charges are distributed to entities relieving congestion. 

,. Congestion Amount (Market splitting chwge) Levy of congestion amount is a 

methodology adopted by power exchanges for congestion management, by splitting 

the market into a surplus part and a defic it part and adjusting the prices in the two 

markets53
. 

,. Reactive Energy Charges Account Reactive energy charges arc payable by discoms 

and generators who had a net drawal/i njection of reactive energy under high/low 

voltage conditions. 

The above charges are settled between those entities who pay and those who need to 

receive and the surplus amount in the four accounts is transferred to PSDF on a monthly basis. 

The funds are to be utilised for purposes specified in the respecti ve CERC Regulations viz. to 

relieve congestion including but not limited to carrying out specific system studies to optimise 

51 If the jfo111 exceeds the capacity at the common price for the whole market area, it is split in a .rnrplu.\ part and a deficit 
part. The price is reduced in the surplus area (sale > purcltase) and increased in the deficit area (Purdwse> sale). This 
will reduce the sale and increase the purclw.\e in .\11rp/11.\ area. In the !tame way, it ll'ill reduce the purclw.\e and increase 
the ~11/e in the deficit area. Titus, the needed jfo111 i.\ reduced to match the a""i/ab/e transfer capability. This method of 
managing congestion is known as market-.\plitting. 
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the utili sation of the inter-regional links, installation of special protection schemes, installation of 

shunt capacitors, VA R54 compensators, series compensators and other reactive energy generators. 

The fund can also be utilised fo r creation of additional transmission capacity for relieving 

congestion and capacity building measures and training of participants of power exchanges, 

SLDC operators etc. Administration of PSDF was vested with a Management Committee (MC) 

appointed by CERC having Chief Executive Officer, POSOCO as its Chairman and having 

representatives from RPC, RLDCs and independent external members. The amount in PSDF 

as on 3 1 December 201 3 was< 6301 .64 crore. (Annexure 5.2). Apart from nominal utili sa tion 

of < 22 lakh (For meeting trave l expenses, audit fees, si tting fees to Members, etc.), the fund 

remained unuti lised since it was constituted. The accounts of PSDF were kept outs ide CERC 

Account as well as NLDC account and the unuti liscd balance was invested in treasury bills and 

ftexi deposits of Indian Bank. In this connection, it is seen that a document titled ' Procedure for 

disbursement of funds from PSDF' was formulated by the MC and submitted to CERC for its 

concurrence in December 20 I 0. As per correspondence exchanged by administrators of PSDF 

with CERC in September 20 12, non-receipt of concurrence of CERC to the said procedure has 

been ci ted as the reason by the MC for the inability to discharge the functions assigned to it 

under the PSDF Regulations. Examination of the PSDF Regulations, however, revea led that 

the MC is vested with the power to prepare detailed procedure for di sbursement from the Fund 

consistent with the provisions of the regulations but disbursement from the Fund shall not be 

made without the approval of CERC. In other words, it is the disbursement that requires CERC 

approval and not the procedure. 

During the period of three years (December 20 10 lo December 2013), the MC received 

proposals for 16 projects, total estimated cost of which was < 655.02 crorc, for funding from 

PSDF, which were kept pending. 

In January 20 14, a Cabinet Note moved by MOP was approved wherein scheme for 

opcrationa lisation of PSDF including eligible projects, appraisal committee and monitoring 

mechanism, etc, were mentioned. It was decided that the Fund, which hitherto remained outside 

the Government Account Framework55, would be brought under Public Account. 

POSOCO stated (February 20 14) that the MC of PSDF not only submitted the procedure 

for di sbursement from the Fund to CERC for approval, but was continuously pursuing the matter 

with CERC. However, as the procedure was not approved, MC could not start di sbursement 

from the Fund. POSOCO was also of the view that in the regulatory regime, the procedure, 

even though made under CERC Regulation would have weight only if approved by CERC. 

POSOCO's reply indicates that due lo avoidable administrative issues, funds lying in 

PSDF were not utili sed towards rel ief of congestion and system strengthening projects. 

MOP informed in the Exit Conference (April 20 14) that an initiati ve had since been taken 

for proper accounting and utilisation of PSDF. 

5
• VA R - Volt-ampere reactive 
'' All Go1•ernment moneys come under three account~ vi:.. the Consolidatetl Fund of India, ContingemJ• Fund and Public 

Account and all three accounts are audited by the Comptroller'"'" A uditor General of India. 
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CHAPTER-6 

Project Implementation and Execution 

Award of contract involves contract packaging, cost estimation, finalization of quali fying 
requirements (QR) and bidding documents, calling of tenders, evaluation of bids and fina lization 
of award. 

Examination of each of the above stages in respect of 424 contracts pertaining to 20 

projects selected for audit awarded at corporate office and 60 contractss" (relating to construction 
of colony, boundary wall, site levelling, etc.) awarded by Regional offices in connection with 
execution of above 20 projects, revealed areas for improvement as fo llows: 

6.1 Cost estimation 

Cost estimation is a vi tal and important step ensuring reasonableness of cost to complete 

a project or acquire a service. This serves as a benchmark for establishing the reasonableness 

of rates quoted by bidders. Therefore, it is important that cost estimate is worked out in a 

reali stic and objective manner keeping in view the prevailing market rates, last purchase 

prices, economic indices for the raw material/labour, other input costs, I EEMA57 formula and 

assessment based on intrinsic value, etc. 

PGCI L prepares cost estimates using Schedule of Rates (SOR) for different items, based 

on unit rates of three latest contracts. SOR is reviewed every quarter and in the case of conductor 

and tower packages, material price indices arc also considered. 

Examination in audit revealed that at the time of approval of WPPP (September 200 I), 

the Cost Estimate Manual was in the 'draft' stage and WPPP mentioned that 'N IT' cost estimate 

would be prepared by Cost Engineering Department as per the guidelines provided in the Cost 

Estimate Manual which was under approval of the Management at that time. The Cost Estimate 

Manual has, however, not been approved by Board of PGCIL (March 20 14). 

Further, in 2 12 out of 424 contracts pertaining to 20 selected projects reviewed in aud it, 

award values compared with estimated costs vari ed ranging from(-) 70 per cent to(+) 74 per 

cent. In 55 contracts, award value was more than I 0 per cent (ranging from 11 per cent to 74 

per cent) of the estimated cost. 

MOP stated (March 20 14) that (i) though formal approval to Cost Estimate Manual was 

not taken at that time, it was subsequently approved in August 2013. Meanwhile, improvements 

in the methodology of preparing cost estimate had been recorded in the Schedule of Rates 

(SOR) which was being prepared according to the advice of Chief Technical Examiner (CTE) 

of Central Vigilance Commission and were approved by Competent Authority at regu lar 

intervals; (ii) in order to capture the latest market trend, further improvement is done in costi ng 

process viz. frequency of preparation of SOR is now done on bi-monthly instead of qua1terly 

basis, cost of conductor and tower steel parts, reinforcement steel and concreting is worked 

"' NR /: 3. NR 11:7. WR/: 16. WR II: II, SR I: 6. S R II: 5. ER I: 5, ER II: I. NER: 6. 
" Indian Electrical and £/ectronic Ma1111fac111rers A.\sociation 
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out on the basis of material indices published by RBI/IPC/IEEMA etc. so as to capture cost of 

items in line with material price trend. 

The fact however, remains that the Cost Estimate Manual was approved by ED 

(Engineering) and was yet to be approved by the Board of Directors (BOD) of PGC I L. 

6.2 Delay in fi11alisation of contract 

In terms ofWPPP of PGCIL, taking investment approva l date as 'zero date', PGCI L finalized 

Master Network (MNW) of each project, indicating contract wise dates for start and finish of 

various activities such as award, commencement of supply/erection, completion of supply/ 

erection, etc. For ensuring completion of projects in time, it was necessary that various contracts 

requi red for execution of the main project were awarded in such a way that each contract was 

completed by the scheduled completion date. It was, however, noticed in audit that delay in award 

of 57 contracts resulted in extension of scheduled project completion dates of thei r respective 

main projects by four to 830 days and consequently delayed the concerned projects. 

Further analysis revealed that delay was due to: (i) delayed fu nding tie up with World 

Bank (in case of ERSS-158
, East-West Transmiss ion Corridor and WRSS-1159 projects), and (i i) 

excess ive time taken by Management in award of contracts. 

WPPP stipulated timeline for the entire process of award of contracts as per which contracts 

to be executed with domestic funding should be completed within 20 weeks from the date of 

opening of the bids til l issue of Letter of Award. A timeframe of28 weeks is allowed in the case 

of multi-lateral funding for the award process. Against these benchmarks, range of time actuall y 

taken by PGCI L in award of 424 contracts se lected for Audit is shown in Table 6. I. 

Table 6.1 

Time taken in award of contracts 

Projects under Domestic funding Projects under Multilateral funding 
Time taken in No. of contracts Time taken in No. of contracts 
finalisation of Contract finalised finalisation of Contract finalised 
(in weeks) (in weeks) 
Within benchmark of 92 Within benchmark of 28 87 
20 weeks weeks 
20- 30 70 28 - 40 46 
30 - 40 51 40 - 50 11 
40 - 50 26 Above 50 10 
Above 50 31 - -
Total 270 Total 154 

179 contracts (92 plus 87 contracts i.e. 42 per cent) were thus final ized with in the 

prescribed time frame of 20/28 weeks whi le 245 contracts (58 per cent) were fina lized beyond 

the prescribed time frame. 

" Eastern Region Sy.\fem Strengthening Sclteme-1. 
'" Western Region Sy'1em Strengthening Sclteme-11. 
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MOP staled (March 2014) that the timeline stipulated in WPPP for finalisation of contract 

is indicative and aspirational considering the best efforts and presuming that there would be 

no hindrance beyond control in award of contracts; however constra ints were inevitable in any 

project such as acquisition of land for various sub-stations, changes in taxes and duties by the 

Government during evaluation I award process, capacity and capability constraints, change 

in the Transmission Scheme elements and linkage of Transmiss ion system with Generation 

project. Regarding delays in funding tie-up, MOP slated that this was due to more time taken 

during clarifications/assessment/post bid discussions. 

The reply is to be viewed against the fact that delays would result in PGC IL losing 

additional Return on Equity (ROE) of 0.5 per cent and revenue from tariff would be deferred. 

6.3 Delay in commissioning of projects 

Time is the essence of every contract so as to ensure completion of the project as per 

schedule. At the time of seeking investment approval, scheduled timeline for completion of 

project is laid down. From I April 2009 onwards CERC has specified benchmark timelines for 

transmission projects, (from date of investment approva l by the Board of Directors till da te of 

commercial operation) ranging from 24 months to 42 months, depending on plain area, hilly 

tenain etc. and provided that additional Return on Equity amounting to 0.5 per cent would 

be appl icable if these time li nes were met. Hence PGCIL decided to fi x scheduled timel ines 

accordingly fo r projects taken up after I April 2009. 

Out of 20 projects selected for aud it, four projects were approved by PGCIL a fter I April 

2009 when CERC benchmark ti melines became applicable wh ile the remaining 16 projects 

were approved by PGCIL before 1April2009. Status regarding commissioning of these projects 

is given in Table 6.2 (Detai ls in A nnexure 6.1). 

Table 6.2 

S ta tus o f commissio ning o f proj ects 

Range of d elay in Projects a pproved before Projects approved after 
commissioning/anticipa ted 1.04.2009 1.04.2009 
commissioning of proj ects Completed Ongoing Completed Ongoing 
beyond scheduled date I projects (No.) projects (No.) projects (No.) projects (No.) 
CERC benchmark* (in 
months) 

NIL I - - -

I - 10 5 - - I 

11 - 20 2 1 - 1 

21 - 30 3 1 1 I 

31 - 40 0 0 - -

Above 40 1 2 - -
Total 12 4 1 3 

*For projects approved after I April 2009 
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Out of 20 projects selected for examination in Audit, only one was completed within the 

schedu led time. Delay was above 20 months in nine projects. Time taken in acquisition or 
land, handing over site and providing approved drawings to contractors, release of advance to 

contractors and forest clearance had contributed to delays which ''ere possible to have been 

contro lled by PGCIL, with more effective planning and monitoring. 

CERC regulations allow charging tariff for transmission system clements that arc ready 

fo r regular ervi1;e but arc prevented from providing such service for reasons not attributable 

to PGC IL. Accordingly, de lay in commissioning of projects beyond their scheduled date of 

commissioning had financial implications for PGC IL. Revenue (the impact of which \vas not 

poss ible to be quantified in audi t pending issue of fi nal tari ff orders in these cases) was deferred 

fo r the periods of delays in commissioning of projects. 

Further, as per CERC (Terms and Conditions of Tariff) Regulations, 2009, for projects 

commissioned within the scheduled timelinc from April 2009 to March 201 4, an add itiona l 

Return on Equity (RoE) at the rate of0.50 per cent is allowed over the life of the project. Due 

to de lays in four projects approved after I April 2009 (in the audi t sample of 20 projects), 

PGCIL would also have to forego this additional return on equi ty of approx imate ly ~350.28 

crore based on approved project cost (Annexure 6.2) over the project Ii fc of 35 years from the 

date of commissioning. 

MOP stated (March 201 4) that 

• reasons fo r delay were actuall y beyond reasonable/direct contro l of PGCIL as (i) land 

acquisition process invo lved State Governments and res istance from land owners had 

to be handled; (ii ) delay in drawings was due to change in scope necessitated due to 

varying geographical conditions and Right of Way issues; (ii i) forest clearance was a 

cumbersome process leading to delays. 

• CERC timelines were actuall y meant for incentivizing exceptional performance/earl y 

completion because these timelines did not consider the time required for tendering (5-6 

months) and margins fo r right of way, forest clearance, law and order problems, etc. MOP 

had also constituted a Task fo rce on transmiss ion projects which recommended suitable 

time margins depending on the involvement of forest, national park/wildli fe sanctuaries, 

right of way/land acq uisition constra ints, law and order problems, size of the project etc. 

CERC has subsequently increased the timcline by six month considering these practica l 

problems. 

• indemnification process fo r matching transmission project timelines with that of 

generation proj ects provides for compensat ion to be paid by the generator to the extent of 

IDC60of Transmiss ion Projects equi va lent to transmission component for a period of six 

months. Therefore, wherever the generation project was li kely to be delayed more than 

"'' Interest during co11str11ctio11 
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six months, it was generally fe lt prudent to de lay completion of transmiss ion lines so as 

to match the completion with that of an ticipated generation schedule, as fa r as poss ible. 

• there has been no incidence of bottling up of generation due to delay in transmission 

projects for transfer of pov. er under Long Term Access. 

MOP, however, assured (March 20 14) that PGCIL had initiated certain measures like 

negotiated/consent purchase of land, simpl ify ing of forest clearance procedure through 

intervention of MOP, etc. which were expected to help in faster implementation of projects in 

fu ture. 

Reply needs to be viewed aga inst the fo llowing: 

(i) While considering the views of stakeholders at the time of fin ali sation of Tari ff 

Regulations 20 14- 19, CERC did not accept the plea of PGC I L that land acquisition 

and Right of Way issues were factors beyond control of PGCIL. Accordingly, Tari ff 

Regulations 20 14- 19 stipulated only fo rce majeure events and change in law as 

uncontrollable fac tors. 

(ii) Task Force was constituted (February 2005) by MOP fo r identifying ways and means 

to implement transmission projects within 24 months' time frame. Task fo rce in its 

Report (August 2005) recommended suitable margins fo r ROW/forest clearance etc. 

However. subsequently CERC rationalised the ti melines wi th effect from I Apri l 

2009 considering views and submiss ions of various stakeholders. PGClL did not 

complete three out of four projects in the Audit sample61
, even with in the extended 

period of six months allowed under the new Tari ff Regulations (2009- 14). 

(iii) the general principle in commissioning of transmission system is that transmission 

has to precede generation and CERC Regulations permit earning of revenue by 

PGC I L even if the associated generation project is not ready. 

(iv) As regards the claim that there was no bottling of power, the fac t remains that pending 

commissioning ofOdisha Part B transmission project, power was evacuated through 

interim arrangements leading to congestion in the network as brought out in para 

3. 1.4 supra. 

• 1 Otlisha Part B. Kri.,/mapat11a111 , Sa.rn11 & l'lfu11tlra a11cl 65 k V cel/fral part of orthem Grid Part-Ill 





CHAPTER-7 

Grid Management 

Electrici ty is produced at lower vo ltages ( I 0000 volts to 25000 volts i .e. I 0 kV to 25 kV) 

at generating stations and is stepped up to higher voltagcs"2 (220,000 vo lts to 765,000 volts i.e 

220 kV to 765 kV) fo r transporta tion in bulk over long distances through transmiss ion lines. 

Transmission lines arc interconnected at switching stations and sub stations to fo rm a network 

cal led the power 'Grid'. 

7.1 Organisation of Power Grid 

Power Grid or National Grid in the country is di vided into fi ve regional Grids namely 

Northern, Western, Eastern , North Eastern and Southern Grids. While fi rst fo ur Grids operated 

in synchronised"' manner since August 2006, the Southern Grid has also been synchronously 

connected to the rest of the Grid through commissioning of single circuit of Raichur-Sholapur 

765 kV line on 31 December 20 13. The Western, Eastern and North Eastern Grids are together 

ca lled the 'Central' Grid . The 01thern and Southern Grids were subsequent addition in August 

2006 and December 20 13 respectively to the Centra l Grid. An overview of the components of 

National Grid is given in Annexure 7.1. Operation of National Grid is a coordinated activity 

among various interfaces/agenc ies with MOP at the apex policy level at the Centre and PGC lL/ 

POSOCO through Load Despatch Centers (LDCs) at the operational level of the hierarchy 

(Block diagram given in Annexure 7.2). 

7.2 Grid Management 

Electri city fl ows at close to the speed of light (2,97,600 kms per second) and must ideally 

be used, the instant it is produced. Electricity flows free ly along all available paths from 

generators to the loads in accordance with the laws of Phys ics - di viding among all connected 

flow paths in the network, in inverse proportion to the resistance to such flow. Power fl ow 

in the Grid is managed through a process ca lled ' Load Despatch', which involves balancing 

the loadM and generation through a 'Schedul ing' mechanism. Under th is mechanism, power 

stations and distribution utilities in form their intended quantum of generation and drawal 

respectively for the next day to LDCs of their control arcaM. LDCs match the generation and 

drawal of all uti li ties in the ir control area with reference to the power transfer capability66 and 

•·~ Operating transmission lines at high 11oltages reduce.\ transmission losses due to heating and allows power to be shipped 
econo111ical(1• tll'er long distance\·. Further it is economical to transport electricity than transport fu el for generating 
poll'er. 

•• Synd tro11i:atio11 is the process of 111atchi11g the speed amlfreque119• of a generator or other source of electricity generation 
to a ru1111i11g network. 

''"' Load - The r111wu11t of electric p11111er deli1•ered or required at rmy specific p11im or p11ims 011 a system. The requirement 
originates at the energy co11s11111i11g equipmellf of the c1m.rnmers. 

•< An electrical system bounded by interconnections (tie-lines), metering and telemetry, where it controls its 
generation and I or load to maintain its interchange schedule with other control are<1s whenever required to 
do so and contribute to frequency regulation of the ."iynclumously operating system. There are 150 control 
areas in the country. 

'"' Transf er capabili~1· refer.\· to the amount of electric power that can be pa.\·.ved thr11ugh a tra11.rn1issio11 network from one 
place to another hl/\•ing regard to reliabili~I' considerations. 
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prepare the schedule each day, for Lhe nexl day. For scheduling, a day is divided inlo 96 time 

blocks, each of 15 minutes duration and revisions are carried out in the schedule in rea l Lime 

depending on network conditions and feedback from the utilities. Thus, th: 'Schedule' is a 

program drawn for the generating stations and distribution utilities. However, \\hen power 

actua lly ftows through the Grid , it may differ from the Schedule due to va rious reasons such 

as vari ation in energy suppl icd by the generating stations, variation in load from the forecast 

va lues, frequency and vo ltage ftuctuations in the Grid, etc. Such variations in ftows arc cal led 

'Unscheduled Jn,erchangc' or UI. LDCs, organized in hierarchical form (flow chart given in 

Annexure 7.3) fo r smooth functioning of the Grid, monitor the power ftows within thei r control 

areas through power system visualization tools and give necessary instructions to utilities 

through telephone cal Is and fax messages. Control of power ft ow across the Grid under normal 

operating conditions is achieved th rough phys ical action by utilities i.e. increase/decrca e 

in generation by generating stations and connection/disconnection of feeders by distribution 

utilities as well as switching operations such as taking in/out a line. As these actions take 

some time, emergencies arc handled by automatic actions th rough 'Special Protection Systems' 

which would instantaneously trip identified loads whenever a specific contingency occurs. 

7.3 Classification of Grid Disturbances 

A Grid Disturbance (GD) is a state of the power system under which a set of generating 

units/transmiss ion clements trip in an abrupt and unplanned manner affecting power supply 

in a large area and/or causing the system parameters to deviate from normal values in a wider 

range. CEA is mandated with the responsibility of prescrib ing Grid Standards. As per CEA's 

Grid Standards, GDs are class ified on a scale of one to fivc"7 depending on the cverity of the 

antecedent generation or load lost. There were 816 instances of GD between Apri l 2007 and 

September 2013. Analys is of region-wise and year-wise break-up ofG Ds for the period revealed 

that GDs of higher category (G D-3 and above) occurred on 69 occasions (8.46 per cent of lota l 

816 instances). Number o f GDs showed a mixed trend i.e. increase in numbers from 2008-09 

(83 GDs) to 2009- 10 ( 124 GDs); marginal decrease in 20 I 0-1 l ( 112 GDs); increase in 20 11 - 12 

(144 GDs) and decrease in 201 2- 13 (1 27 GDs). However, during 2013- 14, up lo September 

20 13 itself, number ofGDs increased sharply to 176 as aga inst 127 du ring 2012-13. WR had 

no higher category GDs and had only GD- I disturbances. ER had the highest number of GDs 

(276 including 34 ungradcd68 GDs), fol lowed by NR (233). Highest number (59) of GD-3 to 

GD-5 categories ofGDs occurred in NER, out of which 19 were ofGD-5 category. 

Examination in aud it revealed that the classificatio:i fonnat of grid disturbances had a 

further scope for improvement as detailed below: 

•' Category GD- I - When less tlian JO per cent of tlie antecedent generation or load in a regional Grid is lost; 
GD- 2-Wlien 10 per cent to less tlian 20 per cent oftlie antecedent generation or /o(l(I in a regional Grid is lost; 
GD-3-Wlien 20 per cent to less than 30 per cent of the tmtecedent generation or load in a regional Grid is lost; 
GD-4-When 30 per cent to less than 40 per cent of the antecedent generation or load in a regional Grid is lost; 
GD- 5-Wlten 40 per cent or more of the antecedent generation or load in" regional Grid is lost. 

0
" GDs prior to 11otificatio11 of Central £/ectricityA 11tliority (Grid Standards) Regulations 1010 were not graded. 

I 4o 
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(a) There was no system/requirement to capture 'ncar-miss"9
' situations, though early warning 

of a major GD could be a near-miss before that70
. 

(b) Grid standards did not capture seriousness in cases where load is lost in more than one 

region or cases where a region gets isolated from inter-connected regions indicating 

failure of synchronisation. 

(c) Reporting framework did not mandate estimation of energy not served due to GD and 

revenue loss to users of the Grid. 

PGCIL appreciated (March 20 13) the audit observat ions and stated that these would be 

referred to CEA. 

In the Ex it Conference held on 15 April 20 14, CEA agreed to consider the audit suggestion. 

7.4 Major Grid Disturbances of 30 and 31July2012 

There was a major GD in Olthcrn Region at 0233 hours on 30 July 20 12 leading to 

disturbance of the Northern Grid. Subsequently, there was another GD at 1300 hours on 31 July 

2012 resulting in disturbance of Northern, Eastern and North-Eastern regional Grids71
. Estimated 

population of 30 crore in eight States and one Union Territoryn and estimated population of 60 

crore in 21 States and one Union Tcrritori' were affected respectively. The total load affected 

was 36000 MW on 30 July 2012 and 48000 MW on 3 1 July 20 12. 

CERC, in exercise of its power to regulate inter-State transmission of electricity under 

Section 79 (I) (C) of the Electricity Act, 2003, in its s110-111oto order dated I August 2012 

directed CEO of POSOCO and CMD of PGCIL, to investigate these Grid disturbances and 

submit a report within a week from the date of issue of its order. POSOCO/PGCI L submitted 

their report to CERC on 9 August 2012. CERC conducted four hearings on this report with 

the last hearing on 23 April 2013. CERC Order on the GD was issued on 22 February 2014 

wherein violations of CERC Regulations by various entities were identified and action was 

proposed against them. 

Besides, in order to investigate the reasons for the above two GDs and to suggest remedial 

measures, MOP also constituted (3 August 2012) a four member Enquiry Committee. The 

Committee in its report (GOI Report) dated 16 August 20 12 opined that no single factor was 

responsible for the disturbances. The Committee attributed the disturbances to weak inter

regional corridors due to multiple outages. high loading on 400 kV Bina - Gwalior-Agra link 

''' •\ear miH 'may be comidered "' <111 e1·ent thflt 'ig11al\" \)'.\fem ll'eflkne.\.\ tlwt, if nut reme<lied, could lead tu ~ignijicant 
co11ffq11e11ce.\ in the future. 

' The mfljor GD of 30 <111tl 31 J11(1• 2012 were preceded by fl near-mi.\ ,\ \it11ation 011 29 July 2012. 
1 h per CEA\ (;rid Standard\, the di,t11rhance 1111 30 Ju(r 2012 fall.\ under category GD-5 (GD 5 per((lim w tlw.\e 
di\t11rbance.~ II' hen .JO per ce/lf or mu re uf the 11/lfecedent xeneration ar load in " regional Grid i' lo,t). On 31 Ju(r 2012 
the diwurbance.\ ll'ere of GD 5 in three regions 1•i;:. NR. ER and NER and GD I in WR. 

Del/ii, l'P, Haryana, Rajastlian, Himaclrnl Prade\li, Punjab, J & K. Uttaranclrnl and C/iandigarli. 
' Delhi. UP. /Iarywra, Rflja.\f/ran, llimac/1111 Prade\h, Punjab, J & K, L1tarak/u111d, Sikkim, A .\ .\llln. Trip11ra, Mi:ort11n, 

Ma11ip11r, Armwclwl Prade\h, .Vagaland, Meglwlflya. Bilwr, Jlrnrklumd. West Bengal, Oris.'·" find pflrt\ of Mfldhyfl 
Prade\/i all(l l nion Territory of C/u111diJ.:flrl1. 
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and subsequent loss of the Bina-Gwalior link and inadequate response by State Load Despatch 

Centres (SLDCs) to RLDCs' instructions to reduce over drawal by power utilities of NR and 

under drawal/cxce generation by util ities of WR. 

Examination in aud it of occurrence and management of GDs of 30 and 3 1 July 20 12 

with reference to above two reports, relevant records of proceedings and order of CERC74 and 

the report (April 2004) of the US-Canada Power system Outage Task Force on the causes and 

recommendations of the US-Canada blackout of August 2003 revealed the fo llowing: 

7.4.J Deficiencies in planning shutdown of trunk line 

POSOCO/PGC IL's report to CERC slated that transmiss ion links between WR and R 

got depleted progressive ly starting wi th planned outage on the high capacity Bina-Gwalior

Agra link. Power demand scenario of NR vis-ci-vis ava ilability of transmiss ion links from WR 

to NR indicated that: 

• Power consumption in NR genera lly increased during June-August every year during 

2007- 12 (Graph in Annexure 7.4) main ly due to 'weather beating ' and agricultura l loads. 

However, demand in WR remained lower during this period. This led to increased power 

flow from Western region towards Northern region during this period. 

• Nine lines with a total transfer capability (TTC) of 2400 MW were ava ilable for flow of 

power from WR to NR. 72 per cent of fl ow (A nne.xure 7. 7) during 20 11 -12 was th rough 

400 kV Gwal ior-Agra link (double circuit), which showed that this was the trunk line 

between WR-NR75. 

• Actual power flow through WR-NR corridor in July 2011 was 229 1 MW which exceeded 

TTC of 1900 MW ava ilable at that time, underscoring the WR-NR transmission constraints 

in July. Existence of congestion in this corridor was fu rther evidenced by the fact that 

RLDCs LDC levied congestion chargcs76 on two occasions for the WR- R corridor in 

July 2011. 

PGCIL sought (e-mail/fax dated 23, 25 and 26 July 2012) shutdown of the Bina-Gwalior

Agra link from POSOCO for upgrading this li ne from 400 kV to 765 kV. De pite being aware 

of the cri tica li ty of this line for importing power to NR in peak season, the shutdown was 

allowed by NLDC from 26 to 29 July 20 12 after reducing TTC ofWR-N R from 2400 MW to 

2000 MW77
. 

The procedure laid down in I EGC for transmiss ion outage envisaged a three stage outage 

planning process. Jn the first stage, annual outage plan i to be finalized by Regional Power 

74 As displayed 011 website of CERC. 
'' Bina-Gwalior link (double circuit) is the f eeder li11k in WR/or tire Gwalior-Agra i11ter-regio11al li11k. 
''' CER C Regulatiom 011 'Measures to relie11e co11gestio11 in real time' permit RLDCs/NLDC to le1y co11gestio11 charges 01•er 

a11d above e11ergy charges if demand for power exceeds TTC. 
" Slrutdown of Agra-Gwalior I line was allowed fr11m 0800 hours w 1900 hours of 26 July 2012 for preparatory work. For 

Bi11a-G111alior l I upgradatio11, shutdown was allowed from I 000 Ir ours of 27 July2012 to 1800 hour~ of 29 July2012: for 
Agra-Gwalior II, s/111tdo 11111 was allowed from 1000 hour.\ o/28 July 2012 to 1800 hours of 29 J11(1• 2012. 
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Committee (RPC) in coordination7x with all parties concerned and in consultation with RLDC/ 

NLDC. In the second stage, month ly review or transmission outage planning is required to 

be carried ou t at RPC level through the Operation Coordination sub-committee (OCC) or 

RPC. In the third stage, any outage approved by RPC is actua lly avai led only after RLDCs 

permit the same depending on system conditions. Further, outage of inter-regional lines and 

all outages necessitating reduction in TTC and/or curtai lment of transactions arc availed only 

after concurrence orNLDC, which conducts system studies to identify precautions required to 

be taken for the same. 

In the subject shut-down of July 2012, the first two stages were not followed and PGCI L's 

request was directly handled by Northern Regional Load Despatch Centre (NRLDC) and 

NLDC. NLDC reduced TTC from 2400 MW to 2000 MW to accommodate the shutdown in 

high demand period at a time when the users needed it the most, which was not in line with its 

role to ensure optimum util ization of power resources, as stipulated in Para 1.2.2 of 'Operating 

Procedures fo r National Grid'. Thus the shutdown was sought and availed at short not ice 

without timely notice to the constituents, which was agai nst the principle of advance planning 

envisaged under IEGC through a three stage coordinated process. Moreover, reduction of TTC 

due to the shut down was uploaded on NLDC web-site at I 000 hours on 26 Ju ly 20 12 though 

the actual shut down started at 0825 hours on 26 July 20 12. 

MOP stated (March 20 14) that the shut down became urgent in view of large power 

exchange requirements of NR through NR-WR interregional links and was planned for 

commissioning ahead of the Sasan UM PP whose anticipated completion schedu le was December 

20 12; as such all civil and electrical works of line and sub-station were expedi tiously completed 

and up-gradation work was planned fo r commissioning in July 2012; through various fo rums 

and meetings of the RPCs, beneficiaries are made aware of all projects under various stages 

of execution which is suffice to say that the beneficiaries were kept updated about th is shut 

down also. MOP, however, assured that a fter the GDs, there has been improvement in outage 

plann ing at RPC level and the outage plan is di scussed a day in advance of the OCC meeting. 

The reply needs to be viewed aga inst the fo llowing facts: 

Reply does not add ress why up-gradation work of the line was not scheduled during 

lean season; further, the work fo r up-gradation which was intended to increase the transfer 

capability was ultimately completed in March 201 3 and LDC allowed higher TTC of 5700 

MW in May 20 13; however, the increased TIC of 5700 MW was rolled back in October 

2013 due to reliab ility issues encountered in the WR-NR corridor after upgradation. Moreover, 

knowledge of projects under various stages of execution to constituents cannot be construed 

as information on outage plann ing of a crucial transmission element; in this case NRLDC and 

NLDC not only did not insist on RPC approval i.e. first and second stages of outage planning 

" Tlie ad~·antage of rnch coordination is that tlie 11.\ ers of tlie 11et ll'ork are aware of transfer capability tliat ll'011ld be 
affected by the shut doll'n and can seek deferment of slim doll'ns if it affecb their req11ire111e111s and the R PC can wke a 
considered decision. 
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but also consciously approved a long outage of an inter-regional trunk line during peak season; 

presence of the antecedent loading upto 2900 MW which was more than the ATC of 2200 MW 

on the WR-N R corridor on 25 July 20 12 (prior to the outage) gave an indication of what was in 

store if an outage was allowed on the trunk line of the corridor; it is een that the first stage of 

the outage planning process Fi::. annual outage plan has not yet been initiated. 

7.4.2 Handling of the disturbance by System Operators at NLDCIRLDCs 

In system operator's parlance, a power system can be in any of the five states79 (as shown 

below in diagram) and can traverse to any of the states as per the arrows indicated. 

NORMAL 

RESTORATIVE ALERT 

/ ~ll 
~------

IN EXTREMIS EMERGENCY 

(States of Power System80) 

The sy tern operators have their best chance of contro l in the 'Normal' and ·Alert' tates 

though damage control method arc ava ilable for each state81• During the Grid disturbace on 

30 and 3 1 Jul y 20 12 also, the system went through these states but RLDCs/NLDC allowed the 

system to deteriorate to the 'in extremis' (uncontrollable cascade) state a explained below: 

(a) Deficiency in declaring TTC and scheduling transfer of power 

TTC8~ fo r inter-regional corridors is declared by NLDC on its web site, based on which 

RLDCs 'schedule' power. Northern RLDC (NRLDC) was thus expected to ensure that the 

quantum of power scheduled to be despatched lo NR was not in excess of the Ava ilable Transfer 

Capability (ATC)10 declared by NLDC. While assessing TTC, a principle ca lled 'N- 1 criterion' 

is fo llowed for maintaining reliabi lity which ensure that the system remains in secure condition 

·o /11 the '11ormal 'state, all system variables are 111ithi11 the 11oml(lf range aml 110 equipment is being 0 11erloaded. 
The 'A lert ' stage denotes onset of i11stability, the 'emergency' stage denotes abnormal but co11trollable phase 
a11d the 'i11 extremis' stage refers to the 1111co11trolfllble cascade phase. The 'restorati11e' stale represents a 
condition i11 which co11trol action is being taken to reconnect all the facilities and to restore system load. 

'' Source: A\' prm•ided by POSOCO. 
'

1 'A lert' - Generation re-despatch: 'Emergency · - fa ult dearinJ:. excitation collfrol. fa\t l'0/1•ing. generation tripping. 
generation runbacl., 1-1 VDC modu/atio11 and load shedding: '/11 extremis' - load ~heddi11g and co11tro//ed .\eparation. 

'
1 Total Transfer Capability of a trr111.rn1ission network means the amount of electric power that can be 

lra11sferretl reliably 011er the inter-co111rol area transmissio11 system under a g i11en set of operating condition.~ 

considering the effect of occurrence of the worst credible co11ti11ge11cy. Here credible co11ti11ge11cy means 
the likely-to-flllppe11 co11ti11ge11l'.)', which would affect the Total Transfer Capability of the i11ter-co11trol area 
tra11smissio11 system. 

1
" A1•ailable Transfer capability (ATC) i ' equal to TTC mimo trammiHion reliability margin fixed corridor wise by N LDC 

to ensure that the illferco11nected network i\ secure under a rea\fmab/e range of 1111certai11tie' i11 system comlitiom. 
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even after loss o f the most importan t generator or transmission fac ility (single eontingency)x4 . 

CERC regulations X) provided that NLDC might revise TTC on day-ahead basis depending 

upon system conditions. 

Wh ile permill ing shutdown of Bina-Gwalior-Agra line- II , NLDC had reduced TTC of 

WR-NR from 2400 MW to 2000 MW from 27 to 29 July 20 12 ( 1900 Hrs) which stood restored 

on 29 Ju ly ( 1900 Hrs) to 2400 MW. NLDC, however, did not consider the need fo r restrict ing 

TTC of WR-N R to 2000 MW for 30 July 20 12 on 29 July 20 12 itse lf, though cont ingencies 

began to pile up, as explained below: 

• Wh ile assessing the transfer capabil ity for the WR-NR corridor as 2000 MW on 26 Ju ly 

2012, the worst credible contingency considered was outage of Gwalior-Agra line I, the 

most heav ily loaded line in the WR-NR corridor. All other lines were assumed to be 

ava ilable. However, after the beginning of shut down on 27 July 20 12, threex6 of the 

remaining seven lines (exc luding HVDC) tripped and a 'near-miss' situation happened at 

15 10 hours on 29 July20 12, indicating onset of instability and the need to review TTC. 

• NLDC did not revise TTC (from 2400 MW to 2000 MW) though the line under shut 

down (Bina-Gwalior-Agra- li ne II ) was not returned to service87. Consequently, NRLDC 

allowed import of power ranging between 1941 MW and 2139 MW in I 0 ti me blocks 

from 0000 hours to 0230 hours on 30 July 20 12, against actual ATC of 1800 MW. 

Similar inadequacies in declaring TTC of WR-NR corridor by NLDC after the Grid 

disturbance at 0233 hrs on 30 July 201 2 were al so observed. NLDC's assessment ( 11 00 hours 

on 30 July 20 12) of TTC of WR-N R as 2000 MW (ATC- 1800 MW) for 30 and 31 July 20 12 

based on ava ilability of all lines (except the under shutdown line of Agra-Gwalior-II and Agra

Gwalior-1 Linc on N- 1 criterion), was on the higher side8x as two more lines (i.e. Badod-Kota 

and Zerda-Kankroli ) were also not availab le at that time. According ly, overloading of WR-N R 

links persisted on 3 1 July 201 2 also and ultimately led to the second Grid disturbance at 1300 

hours on 31 July 201 2 when actual load of WR-NR co1Tidor reached 189 1 MW. 

Further, NRLDC scheduled 2442 MW to 2629 MW of power through WR- N R corridor 

on 30 July 20 12 from 0000 hrs to 0230 hrs prior to GD as against the already higher declared 

TTC of2400 MW (ATC of2200 MW). Thus, even the schedule was higher by 642 MW to 829 

MW when compared with the ATC of 1800 MW fi xed during planned shutdown of lines (26 to 

29 July 201 2). 

"' Single com ingency mean.\ the worst single 0111a;.:e e1•ent of tr<msmi.\.\ion line, generawr, tram.former, or substation bus 
bar. 

« CERC (Meas11res to relie1•e congestion in relll time opemtion) Reg11llllions. 2009 
'" (i) 400 k V Zerda-Ki111kroli. (ii) 200 kV Badod-Morllk and (iii) 200 kV Blldod-Kotll 
'' The probllbility of extension ofslrnt down wlls 1•ery hi;.:h in this cm e bect111se llgllinst three days sh11t down req11ested by 

PGC/Lfor 11p gmdlltion 111ork at Gwlllior end. two days sh11t down was llllowed. 
" A .\ per the bllsis m ed by NL DC for declllring TTC, effect of the 011tllge of Blldod-Kotll wul Zerda-Kankroli links on TTC 

would ha1•e been to the extem of 200 MW reducing tire A TC to 1600 Mii '. e.g. while declaring TTC for 15.9.2012 to 
25. 9.2012, TTC ll'll\ enhanced by 100 MW due to re.\toration of 400 k I' Zerdll-Kankroli line. Similarly. while declllrin;.: 
TTC fo r 16. 1.201 J to 1- .1.20/ J, TTC ll'llS red11ced by 100 MW d11e to \hllldown of 220 k I' Kolll-Badod line. 
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Thus, there were weaknesses in due diligence by NLDC and RLDCs in declaring TTC/ 

ATC and scheduling of power across WR-NR corridor on 29 and 30 July 2012 which contributed 

to GD on 30 and 31July20 12. 

MOP stated (March 20 14) that TTC/ ATC did not matter for reliability (as per US/Canada 

Blackout Report) and added that TTC reduction involved detai led si mulation studies wh ich 

would have taken at least two hours, curtai ling STOA would have taken another 2 hours and 

thereafter phys ical act ion of restricting over drawal/ under drawal would have taken further 

time. PGCIL argued that it resorted to the last step as it consti tuted affirmative physical action. 

Regarding higher scheduling of power, MOP stated that the operators faced dilemma in such 

cases; if the operator did not curtai I the transactions beyond the planned outage hours and if 

the transmission system was not restored, there could be a compromise on grid ecuri ty and 

the operator would get the blame. If he curtai led the transactions for the entire day and if the 

transmission system was back, the market players would counter the system operator; either 

way, the system operator function was tight roped. 

The reply needs to be viewed against the fol lowing facts: 

(i) Power Aows through a corridor may be scheduled and unscheduled. While scheduled 

power flows are planned and regulated by RLDCs on ' day ahead basis' depending 

on TTC of the corridor, unscheduled power Aows happen in real time and need to be 

control led through coordinated and phys ical action by power utilities. Unlike in the 

USA, where TTC was arri ved at a week before, (as mentioned in the USNCanada 

blackout Repo11), in the Indian contex t, it is on a day ahead basis. Therefore, TTC has 

relevance in India so far as regulating scheduled power Aows is concerned. 

(ii) Actual power fl ow data for 0000 hrs to 0230 hrs on 30 July 2012 just prior to GD 

at 0233 hrs on 30 July 20 12 revealed that overloading on WR-NR corridor beyond 

2000 MW (TTC at which the WR-NR corridor was operating during 26 to 29 July 

20 12 when the Agra-Bina Gwalior- II line was under planned shutdown) was 26 MW 

to 2 18 MWK9 indicating that it was possible to relieve overloading through proper 

scheduling of power wi thin TTC of2000 MW. Even with Bina-Gwa lior-Agra-II line 

remaining unavailable till 8 August 2012, any further Grid disturbance was averted 

by reducing TTC to I 250 MW. 

(iii) POSOCO clarified that in real time operation, the system operator had little control 

as actions were genera lly automatic th ro ugh relays and System Protection Schemes 

(SPS). Therefore, day ahead planning called for more diligence, which was not 

observed in this case. 

(iv) The argument regarding operator's dilemma did not stand to reason because in terms 

of the ' Procedure for scheduling of collecti ve transactions' approved by CERC, the 

"" Exc/ll(ling loading on M 111ulra- Mohimlergarh line for which TTC anti scheduling is <lone !teparately. 
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timeline fo r scheduling co llecti ve transactions did not end at 1300 hours. NLDC 

could have revis ited the same ti ll 1800 hours (i.e. by the time the status of Bina

Gwalior-Agra line r1 not coming back to service on 29 July 20 12, was clear). 

(h) WRLDC's role in. the grid disturbance 

As per report of POSOCO to CERC, the main strategy to contro l the overloading of WR

NR lines was to back down generation in WR, reduce under-drawal by WR utilities and reduce 

overdrawal by NR util ities. These three acti vities were required to be carri ed out simultaneously 

for the desired resul t. Voice recordings o f conversations between the control room staff of 

RLDCs and messages issued by them provide the record of steps taken in implementing the 

strategy. Examination of the vo ice recording revealed that WRLDC was unwilling to order 

generators to back down and suggested that NLDC should try to reduce over drawal by NR. 

(Excerpts from NLDC control room telephonic conversations in Annexure 7.5) 

WRLDC did not instruct the State power utilities (SPUs) to stop under-drawal which was 

as high as 50 per cent of their scheduled drawal till 2 137 hours on 29 July 201 2. Thereafter, 

till 00 I 0 hours of 30 July 201 2, the messages did not mention specific action required on the 

part of SPUs. Generating stations including over- injecting ones were not asked to back down 

except Si pat unit of NTPC which was injecting 660 MW of infirm power (i.e. power generated 

by a power station prior to its date of commercial operation). Another Generating Station in 

the private sector vi::. Coastal Gujarat Power Limited, Mundra having 800 MW capacity was 

injecting infirm power into the Grid but was not asked to back down. Finally, at 002 1 hours 

of 30 July 201 2, WR LDC endorsed a copy of NLDC ' fax' asking the WR States to reduce 

under drawal, which was the first clear message to SPUs about the action required on their 

part. Further, WRLDC did not direct Indira Sagar Hydro Power Plant</() to reduce generation , 

though specifica lly instructed by NLDC, in the same message. Thus, GD could not be averted 

as WRLDC neither ordered generation back down nor issued proper instructions to SPUs in 

WR to reduce under drawal. 

MOP stated (March 2014) that under drawal could be controlled through different 

methods such as removing load restri ctions on consumers so that more load could be served 

within the State, reducing State's own Generation or reducing State 's requisition from central 

sector plants or IPPs coming under RLDC's jurisdiction. SLDCs were best placed to take a 

holistic view else it would lead to frequent disputes between the State utilities and generating 

stations. 

The argument that instructing generation back down would have invited commercial 

di sputes is not convincing as I EGC has provisions {Clause 6.5 (27)} empowering RLDCs to 

order generation back down to protect Grid security. Further, WRLDC did instruct tripping of 

hydro power station of MPSEB91 at 0257 hours of30 July 20 12, i.e. after the GD. 

... Hydro power plant.\ had the ad1•a11tage of abrupt tripping 1111/ike thermal xe11erators which are gradually backed down. 
'" Madhya Pradesh S tate Electricity Board 
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(l~ Hierarchical differences 

NLDC was responsible for monitoring inter-regional lines and though NLDC was al 

the apex leve l of LDCs, its control room team was manned by junior staff as compared to 

those manning RLDCs. Review of voice recordings of telephonic conversa tions among NLDC 

and RLDCs revealed that RLDC and ERLDC had inkling about the impending collapse and 

ERLDC alerted LDC about the need to issue firm instructions to WRLDC which was not 

cooperating in the exerci se of relieving loading on WR- R corridor. However, NLDC operator 

wa not able to a crtively convey instructions to his counterpart in WRLDC and there was 

hesitation in the manner in which the serious subject of under drawa l was broached/handled by 

LDC operator, with WRLDC. (Excerpts from NLDC control room telephonic conversations 

in Annexurc 7.5) 

MOP stated (March 2014) that taking suggestions of Audit in a positive manner, POSOCO 

had already further strengthened posting of staff in LDC Control Room. 

(d) Inadequate off-line sim ulation study 

Off-I inc simulation studies<!~ arc undertaken a ftcr majorG Ds to evaluate various alternatives 

that could have helped in averting the disturbance. One of the sub-groups of the GOI enquiry 

committee constituted to investigate GDs was assigned "Analys is of Grid di sturbance on 30 

and 31 Jul y 2012 and simulation of the event". The sub-group stated that for specific answers 

to the di sturbance of the Grids, a detailed load now and transient stability simulation of the 

R, ER- NER and WR Grids was requ ired. The required study was not undertaken by the Task 

Force which was constituted by MOP in December 201 2 for power system analysis. 

MOP stated (March 20 14) that POSOCO has since conducted the detailed omine 

simulation study and prepared a Report. MOP agreed that simulation as part of the Enquiry 

Committee findings would have been a more transparent and credible way rather than any 

in-house study by one agency considering the significance of assumptions invo lved in any 

simulation study. 

7.4.3 Role of other agencies which aggravated the disturbance 

Ensuring integrated operation of the Grid is a col lective responsibi lity of various agencies. 

There was scope and need for clearly delineating the responsibi lities of other agencies involved 

in Grid operation, as discussed below:-

(a) Hec1vy Undertlrawal/Overdrmval by State power utilities 

As per the hierarchical sy tcm in which LDCs operate, the LDCs at the late level arc 

requ ired to comply with the instructions of the respective RLDCs. While RLDCs give verbal/ 

written instructions, phys ical action by way ofreducing load can be achieved only ifthe SLDCs, 

92 J>ower SJ'S fem engineer.,· use " technique c(ll/ed power jfo111 ·'·imulation to reproduce k nown operating COl/(litions at a 
specific time by calibrating an initial simulation to ob.\erved 1•(Jlfages and line flow\. The calibrated \imulati()n can then 
be used to a11.~wer 'whm-if' que.\tions to determine ll'hether the system u•a\ in a Mtfe operating state at that time. Jn the 
offline simulation study, the sequence of ei•ents as they occurred during the Grid disturbance i., . . ~imulated to corrob()rafe 
the findings of a1u1lysi., done ab1111t the event. 
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in turn, go for manual load shedding i.e. S\\ itching off pom.;r supply to areas depending on the 

quantum of load shedding required. category of consumer etc. RLDCs issued fax messages and 

made phone ca lls lo SLDCs during the night of29 July 2012 (two messages were also issued on 

31 July 2012) to furth er instruct NR utilities to reduce over drawal and WR utilities to reduce 

under drawal. Despite this, fi\c statcs'11 in R and SC\Cn States/UTs9~ in WR did not comply 

wi th RLDCs' instructions and resorted to over drawal and under drawal respectively, as shown 

in Annexure 7.6, which further contributed to Grid di sturbance on 30 and 31 July 20 12. 

PGCIL confirmed (March 2013) the above position. 

(b) Non-implementation of Special Protection Scheme 

NRLDC moved a proposal (August 20 I 0) to Northern Regional Power Committee 

(NRPC) for implementation of a Special Protection Scheme (SPS) to handle contingency 

arising due lo sudden interruption of import by NR from WR through 400 kV Agra- Gwalior 

line. The proposal indicated that tripping of Bina-Gwalior circuits (in Agra-Gwalior-Bina 

line) resulted in rush of power flow through other interconnections of NR with WR and ER 

leading to overloading of networks with a potential lo cause cascade tripping in large part of 

Grid . SPS envisaged shedding of loads in NR to be achieved within 500 milliseconds in such 

a contingency. This particular contingency had actually occurred thrice i.e. 28 November 

2009, 7 December 2009 and I July 20 I 0. NRPC approved (November 2010) the proposal 

and directed that PGCIL should implement it on priority. However, the target dates for 

implementation of the SPS were postponed by NRPC with the result that PGCIL did not 

implement SPS until after two GDs of 30 and 31 July 20 12. SPS was part ly implemented by 

PGClL in August 20 12. 

MOP stated (March 20 14) that generation back down in WR was to be identified and 

finali sed by NRPC in coordination with Western Region Power Committee (WRPC); however, 

locations of generation back down were not identified; locations of load shedding were also 

al tered many times by state uti lities, last in the series was 24 July 2012. MOP, added that NRPC 

intimated, locations for generation back down in WR on 15 July 20 13 and SPS had since been 

implemented by PGCIL. 

The fact remains that timely action on implementation of SPS would have acted as a 

protective mechanism to avert GDs on 30 and 3 1 July 201 2. 

7.4.4 Restoration procedure 

'Power System Restoration Procedures' of NLDC recognised that a weaker system that 

had a well-tested plan for emergency procedures for restoration might be more reliable than 

a stronger system with no such plan. These procedures further indicated that in the event of a 

blackout, the initial moments were extremely precious and it required the right decision to be 

taken at first instance for speedy restoration of the system. Though both the 'Bottoms up' and 

'" Uttar Prmlesh. Punjab. f/aryana, Raja\tlum and Uttaraklumd 
'" Gujarat, Madhya Pradesh. Malrnraslttra, Clwui.,garlt, Goa, Dtulra and ,\agar Ht11•e/i and Daman am/ Diu. 
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' Top down' approaches95 were adopted whi le restoring power supply during GDs of 30 and 31 

July 2012, 13.27 hours and 2.45 hours to 5 hours were taken for full restoration in different 

regions, on the two days respective ly. Priority was given to restore traction (Tran mission lines 

feeding Railway loads) which took one to eight hours on 30 July 2012 and 17 minutes to ten 

and half hours on 31 July 20 12. In th is connection, GO I enqui ry found that after extending 

start-up power, most of the generating units took considerable time in 'lighting up'l". 

Hydro Stations, which were required to play a significant role in restoration97 as they had 

to produce power first, which was then extended through the lines to thermal stations, took time 

to black start9
K. There was a gap of one hour between the Grid disturbance (0233 hours on 30 

July20 12) and the time when the first Hydro Station black started (0340 hours on 30 July 20 12) 

indicating loss of precious time. The other Hydro Stations took more time in black starting and 

took more than seven hours <1<i to begin generation. 

MOP stated (March 20 14) that the restoration involved coordination among various 

groups (power stations, sub-stations, RLDC, NLDC etc.) and added that on 30 and 31 July 20 12, 

the restoration time had been much less, as compared to other international grid disturbance 

incidences. 

The reply is to be viewed against the fac t that the restoration on 30 July 20 12 turned 

out to be 'temporary' as the system co llapsed in a bigger way the next day, on 31 July 20 12. 

This would underline the need for putting in place clear benchmarks to assess the status of 

restoration of the system after a GD. 

7.4.5 Long term a11d systemic issues relati11g to Grid M a11agem e11t 

Examination in audit revealed that there was a scope for eli minating systemic inadequacies 

such as absence of warn ing system, weak inter regional connections and so on, in Grid 

management. These are di scussed below: 

(a) Warning System 

Indian Elect ricity Grid Code (IEGC) has put in place a system of 'event reporting' as 

part of Grid management. However, an ea rly warning mechanism by way of dec laration of 

emergency status was not envisaged in I EGC. Report on the US-Canada blackout of August 

2003, which offered a case study, had inter alia, mentioned that a transmission emergency 

existed when the system's line loadings and vo ltage/reactive levels were such that a single 

"' Bottoms up approach - Use 'Black start facility (Building the grid after a grid di.\lurbance) al'llilable ll'ithin the region 
among hydro, gas and .1ome thermal power stations to start producing power, add loads step by step and build blocks of 
restored areas; 
Top down approach - Take power from other regions which remain connected to initiate restoration in the affected 
region. 

"" lighting up is used in the context of coal fired generating 1111its and refers to the starting up of the boiler.1 using oil (could 
be either light Diesel Oil or low Sulphur l/ea11y Stock or Heavyfimwce Oil) depending 011 the boiler design. Only after 
thi~ process is complete, the steam turbine can be rolled and the generator sync/1roni:ed to the main grid. 

•
7 As they can begin generation almost immediately since no 'lighting up ' of boiler was invoh•ed. 

•& Building the grid after a grid disturbance 
.. Cltamera Unit II started at 10 17 hours i.e. 0744 hours after the blackout at 0233 hours. 

I so 
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contingency could threaten the reliability of the interconnection. The Report further stated that 

the North American Electrical Reliabi lity Council (NERC) Operating Manual defined various 

types of emergency such as 'capacity emergency' and 'energy emergency'. There would appear 

to be a need to introduce similar provis ions in the IEGC to deal with situations of GD with 

potential cascading effect. 

MOP noted (March 2014) the observation for taking up the matter with appropriate 

regulatory authoriti es. 

(b) Inter-connection of NR with neighbouring Regions 

One of the indicators of strength of bonds between regions is the distribution of power 

flow among various links during real time operation. fnter-se distribution of power flow among 

inter-regional links indicated that power transmission to and from NR depended on two trunk 

lines viz. 400 kV Agra-Gwalior (for WR-NR) and 400 kV Muzaffarpur- Gorakhpur (for ER

NR). Regular heavy power flows during the last three yea rs (A nnexure 7. 7) indicated high-risk 

of isolation ofN R in the event of outage of these lines. 

PGCIL went in for a planned shutdown of one of the circuits of the 400 kV Agra-Gwal ior 

link. The power flows, however, could not be handled by other links which tripped/went on 

forced outage much before their loadable limits and the system eventually collapsed on 30 

and 31 Ju ly 20 12. There is thus, a need to strengthen the bonding of N R with the connecting 

regions which would ensure more di spersed power flow across existing links. 

MOP stated (March 2014) that to address the issue many additional li nks have already 

been planned between NR and WR viz. Gwalior(WR) Jaipur(NR) 765 kV 2x single circuit 

line, Champa (WR) - Kurukshetra (NR) ±800 kV, 6000 MW HVDC bipole line, Jabalpur(WR 

Orai (NR) 765 kV D/c line which were under different stages of implementation. 

MOP may consider advising PGCIL to expedite the commissioning of proposed linkages 

and review the adequacy thereof to ensure a reasonably dispersed power flow. 

(c) Regulatory tools to deal with congestion 

CERC (Measures to relieve congestion in rea l time operation) Regulations, 2009 define 

'congestion ' as a situation where the demand for transmission capacity exceeded ATC. NLDC/ 

RLDCs have been empowered to levy congestion charge 100 to relieve congestion in rea l time 

for which CERC approved ' real time congestion management procedure ' under clause(2) of 

Regulation No. 4 ibid. On 30 and 31 Ju ly 20 12, NLDC/NRLDC did not kick- in congestion 

charges though the WR-NR and ER-NR corridors faced congestion. NLDC attributed this to 

limiting provisions in CERC Regulations. In this connection , GOI enquiry report had pointed 

out that there was no provis ion in regulations that restrained NLDC from applying congestion 

111° Congestion charge may be imposed 011 a regional entity or entities causing congestion and paid to any 
regional entity or entities relieving congestion. The rate of co11gestio11 charge is ~5.45 per unit which was in 
the nature of a commercial deterrent in bringing t/011111 congestion. 
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charges but detailed procedure on ' real time congest ion management' did restrain NLDC from 

applying congestion charges. The GOI enquiry report added that the procedure was inconsistent 

with the regulations. 

There \\as a scope for further improvement in levy of congestion charges proposed in 

'Detailed Procedure for relieving congestion in real time operation' as discussed below:-

(i) NLDC proposed that congestion charges would be appl ied simultaneously on 

all en.itics in the upstrcam10 1 and downstrcam 10~ areas. The approved procedure 

indicated that at frequency below 50 Hz congestion charge would be levied for over 

drawal or under injection in the importing control area and at frequency above 50 

I lz congestion charge would be levied for under drawal or over injection in the 

exporting control area. 

(ii) As per NLDC's proposal, if congestion is caused by forced outage, open access 

transactions shall be curtailed first fo llowed by revision of TTC. However, as per 

approved procedure, no congestion charge was to be applied in such cases. 

Application of congestion charge differently for frequen cies above and below 50 Hz 

could give an impression that congestion was a problem linked to frequency. This notion had 

an adverse impact in controlling congestion on 30 July 20 12 as one of the SLDCs, (SLDC, 

Maharashtra), in response to the line loading message of WRLDC, stated that below 50 Hz 

overdrawing constituents were responsible (for congestion). The actua l situation was that the 

underdrawal by WR utilities was causing congestion o f the WR-N R corridor. The second 

condition mentioned above prevented RLDCs from levy ing congestion charge on 30 and 31 

July 20 12 as there were forced outages. 

Apart from the above, clause 5.4.2 oflEGC enjo ined upon States to resort to load shedding 

if the frequency fell below 49.5 Hz. However, problems arising from under drawal and thei r 

impact on line loadings needed to be addressed more adequately in IEGC. The focus of the 

provisions in IEGC was main ly to di scourage overdrawal by benefic iaries. Amendments to 

address the problems aris ing out of under drawal were introduced in IEGC only after the GDs 

of30and31 July2012. 

PGCIL stated (March 20 13) that they had taken up procedural difficulties in levying 

congestion charges with CERC wh ich had since amended (April 20 13 ) the procedure accepting 

the earlier stand ofNLDC. In the Exit Conference (April 20 14) representative of CERC stated 

that necessary changes had been carried out in the regu lations. 

(d) Unscheduled Interchange of power flows 

Financial settlement of energy exchanges across the Grid is carried out through a 

mechanism ca lled Avai lability Based Tariff (ABT). ABT comprises three components: (a) 

capacity charge, towards reimbursement of the fi xed cost of the plant, linked to the plant's 

01 Exporting region 
0~ Importing region 
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declared capaci ty to supply MWs 101, (b) energy charge, to reimburse the fuel cost for scheduled 

generation, and (c) Unschedu led Interchange (UI) 1114 charge, a payment for deviations from 

schedule, at a rate dependent on the system frequency. While 'Scheduled' power is supported 

by contracts between buyers and sellers, UI f! O\\S arc settl ed subsequen tl y by RLDCs which 

maintain the Ul Accounts. 

The UI mechanism was based on the philosophy that the 'Schedule' was meant to serve 

as operational and commercial datum and the parties were perpetua lly encouraged to deviate 

in the direction beneficial for the interconnection i.e. towards enhancing overa ll optimization 

and/or improving frequency. UI was, thus, meant to be a so11 of 'Seesaw' to keep the frequency 

~ ithin range through commercial incenti ves and disincentives 1115
• The broad frame work was 

that the over drawing Discoms and ' under injecting' generators compensated monetarily the 

under drawing Discoms and over injecting generators respectively. The UI mechanism found 

wide acceptance among the stakeholders in view of its various benefi tsw" and the National 

Electricity Policy, 2005 stated that the ABT mechanism (Ul was a component of ABT) has 

enabled a credible sett lement mechanism for intra-day power transfers from licensees with 

surpluses to li censees experiencing defic its. 

Analysis of power nows across major inter-regional corridors during 2009-10 to 2011-12 

revealed that the quantum of Ul formed a significant portion of the total fl ows and was even 

more than scheduled flows in some months, as can be seen from A 1111ex11re 7.8. However, 

congestion arose when the cumulative fl ows i.e. Scheduled and UI outstripped the TTC of the 

corridors (illustrated in Annexurc 7.9). 

Though UI mechanism had beneficial resu lts on certain fronts such as frequency control, 

better utili sation of transmission and generation resources etc., there were areas which posed 

challenges in Grid management as di scussed below: 

(i) Need for due regard to N-1 principle 

Power system operation is based on a principle called the -I criterion according to which, 

transfer capability is assessed considering outage of the most important clement. Thus, while 

/11 C{lse the {ll'er"ge "''"i/{lbility actually ad1ie1•ed Ol'er the year is higher than the .\pecified norm for plant 
""ai/ability, the ge11erati11g company gets " higher P"J'me11t. /11 c{lse the {111erage {111aihlbility "chieved is 
lower, the payment is also lo111er. Hence the name '.~1•(li/ability 8(1.\ed Tariff'. 

10
' V I in a time block i.1 the difference betll'ee11 actual and .1ched11fed generation or actual and ~cheduled drall'al for a 
generator or a be11ejicillfJ' re.\pectfrely. 

11" The fi11ull1mel//llf pllrameter thllt measures the 1tllbility of the grid is it.1 frequency 111hich depends 011 the 1111111ber 11f 
rel'()/11tio11~ per minute (RPM) 11fthe ge11erutor1 that lire c<mnected to the Grid. Freq11e11q• remlli11~ the mme thro11glw111 

a11 AC electrirn/ .1y\·tem and ifthefreq11e11c:r is 50 II:. it mea11.1 that all the generators C't11111ected to the grid are operllti11g 
at the \lime 1peed. Clo1er the freq11e11c:r i1 to 50 I h. the heifer it i~ both for the poll'er ge11ernti11g equipment~ at the p11ll'er 
1tllli1111s and tire appliance~ at tire co11.H1111er end. If per1i\/e11t 1111der freq11e119• occ11r.1 it m ea11.1 tlr11t ~omell'lrere there i1 
'leaning 011 tire grit/' i.e. drawal of 11111ched11/ed electricity from the grid ll'hich tlepre\\'e~ 1y1te111freq11e11q'. Tire graded 
V I table i~ designed i11 .111clr a way that in c·11se of lo11• freq11e119'. tire Di.H·om1 are e11c1111raged to 1111derdru ll' ll'lrile tire 
ge11erutor1 11re e11co11rl/ged fll r11•er inject. 011 the mher hand, when the freq11e119• is higher tlrcm the permilled range. it 
means that tire re i\ les.1 demand fi>r p11ll'er or the tem/e/l(J' to detach from the grid. Under s uch co11ditio11s. tire l I charges 
encourage tire Di1com1 to 01•erdrall' and the ge11erator1 to bac/.. t/011•11. 

' Grid operator.\ - V I brought about frequency col/fro/ """promoted grid \U1bility; Di~com~- Commercial i1u·e11tfres 
for 1111derdra111l/l1 and tire fllcility of 1werdrawi11g from the grit/ depending 011 the freq11e11q; Generators- Commercilll 
i11cel/ffre.\ for 01•er-i11jectio11 depending 011 freq11e11q: /111•e1t11n (Be11eficiarie1. C TU. GO/) - Optimum wili:atio11 of 

resources. 
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preparing to schedule energy exchanges across the Grid, a reserve capability is maintained to 

take care of the worst single contingency in real time operation. Additional reserve by way of 

a reliability margin is also kept to handle any unforeseen contingencies/errors in assumptions, 

etc. However, both these reserves could get depleted depending on the quantum of Ul flows and 

occurrence of contingencies during real time operation. For example, during GD on 30 and 31 

July 201 2, the worst single contingency actually happened (outage of Bina Gwalior- I line) and 

reliability margin of 200 MW for WR-NR proved inadequate to handle additional contingencies. 

With the depletion of all reserves, the corridor faced a 'cascade ' oftrippings. Thus, UI mechanism 

did not factor in the N-1 criterion which is fundamental to power system operation. 

(ii) Commercial considerations by Discoms 

It may be economical for a Discom to draw power through Ur, even at penal slabs, rather 

than purchase power through organised sale channels like power exchanges or bilateral trade. 

This is because Unscheduled Interchange (UJ) charges arc levied at rates stipulated in CERC 

Regulations (rates notified in April 20 I 0), while short term sale prices are market determined and 

vary according to demand-supply gap. In majori ty of the months during April 2011 to October 

20 12, the average UJ rate was lower than the short term sale price for power sold through 

bilateral trades. Test check of two overdrawing States viz. Uttar Pradesh and Haryana, during 

April 20 11 to September 2012, indicated that out of 14 months when ovcrdrawal was made by 

these states, UI rates were less than bilateral trade rates in 11 and 10 months respectively. 

Commercial considerations of Discoms to purchase power through UI instead of power 

exchanges/bi lateral trades which are part of scheduled flows, may have the tendency to 

escalate congestion in the Grid. Therefore, there is a need for POSOCO to take up with CERC, 

the desirability of linking UI prices with exchange prices. It is also relevant to note, in this 

connection that, though as per CERC Regulations, UI rates were required to be notified by 

CERC every six months, the rates were not notified for more than two years, until September 

20 12, which was after the GD on 30 and 3 1July20 12. 

(iii) Demand-supply gap of States 

Electricity being a concurrent subject under the Constitution of India, ensuring power 

supply involves combined efforts of the Central and State Governments. State Governments have 

their own generating stations and undertake efforts like capacity addition, bilateral procurement 

from surplus states, buying power from power exchanges etc, to meet the increasing demand 

for power. While States can avail entire power generated from the power plants owned by their 

respective SPUs, power generated by central sector power plants located in States is allocated 

as per fixed guidelines which stipulated as fo llows:-

• Up to 2010: 

I s4 

(a) 15 per cent capacity was kept at the disposal of GOI 

(b) l 0 per cent was allocated to the State in which the project was located (Home State) 

(c) 75 per cent of power was allocated to the States in the region including Home State 
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• From January 20 11 

Modified gu idelines, as below. for application in respect of thermal power plants of TPC 

and Nuclear Power Corporation of India were approved by Cabinet in January 201 1. 

(a) 15 per cent capac ity is kept at the di sposal of GO I 

(b) 50 per cent allocated to the State in which the project is located (Home State) 

(c) 35 per cent of power is allocated to other States in the region excluding Home State. 

Analys is of demand-supply data in N R during 201 1- 12 in audit revealed that: 

• Demand-supply gap was not uniform among States. In eight States and one Un ion 

Territory in NR, demand supply de ficit in Delhi , Haryana and Chandiga rh was less than 

I 00 MUs during the year while the same was significantl y high ranging from 305 MUs 

to 9223 MUs in remaining six states. Normally a power deficient State might tend to 

overdraw from the Grid while a power surplus talc might tend to under draw. This trend 

was seen in six out of eight States and one Union Territory ofN R (Annexure 7.10). Delhi 

had consistently under drawn and earned UI revenue of~l 26 1.44 crore du ring April 20 11 

to October 20 12 whi le Uttar Pradesh had consistently overdrawn duri ng 20 11-1 2 and 

dues on account of UI had accumulated to ~974.42 crorc as on 31 March 20 12 and fu11her 

increased to ~2529. 71 crorc as on 31 March 20 13. 

• It was poss ible for Discerns of power surplus States to seek a higher schedule of power 

and actua ll y draw less power than the schedule in real time. Through under drawal of 

power as compared to the power scheduled for them, it was poss ible for power surplus 

States to earn UI revenue. As large inequalities in ava ilabi lity of power have the potentia l 

of increasing U I which may contribute to congestion in the Grid, it is necessary fo r MOP 

to address thi s issue duri ng the process of allocation of power to States from centra l 

sector power plants. 

• Over dues of UI payments aggregating ~ 2570.86 crore as o f March 2013 indicated that 

States were able to overdraw from the Grid without immediately payi ng fo r it. There is 

thus, a need for MOP to curb the practice through appropriate penal provisions10-. 

(iv) Inter play between VJ and congestion mitigation measures 

UI mechanism is focussed on frequency based control wherea 'li ne loading' may or 

may not be dependent on frequency. There may be situations when the frequency is within 

the operating range but one or more critical elements of the transmiss ion system may be 

overloaded. I lowever, UI mechanism remunerates under dra\\ ing and over injecting SPUs 

for al l frequencies with in the prescribed frequency band. This may run counter to congestion 

mitigation measures being tried by RLDCs to bring down ' line loading'. 

" CER C ha.\ /e1•ietl (.l lay 2006) a t11ke11 pe11al~I' of~ 011e lat.Ii 011 l 'PPClfi1r i11-di1cipli11ed m•er drawal from the Grit!. 



Report No. 18 of2014 

During the GD of 30 July 2012, the frequency was within the prescribed band. It was thus 

favourable for SPUs in WR to earn UI income through under drawals and O\ er injection and 

they were reluctant to reduce under drawals or over injection as is e' iden t fron communication 

received (at 22.33 I !rs on 29 July 20 12) from SLDC. Maharashtra. Such reduction could ha' e 

relieved the heavy loading of WR-N R corridor. UI Regulations did not have provisions to 

suspend UI mechanism during times of congestion and emergency which may affect the efforts 

of RLDCs to ease congestion aggravated by under drawals. 

WR Utilities {Generating Stations (Regional) and State Discoms) had earned UI income 

of~73.05 core during the four day from 27 July 2012 to 30 July 2012, though under drawal and 

over injection by WR utilities wa causing congestion in the WR-NR corridor. It was possible 

for an SPU lo earn UI income either by seeking a higher schedule than what was required or 

through load shedding and both the strategies were being adopted by Discoms in WR. I lencc 

under drawal and over injection got rewarded in the UI mechanism even as it had the potential 

to aggravate congestion and threaten Grid security. This anomaly needs to be addressed. 

POSOCO stated (Junc20 13) that they had taken up the issue of rest riction of UI volumes 

with CERC. 

In the Exi t Conference (April 20 14) CERC representative stated that the new Regulations 

have been notified recently which limit UI irrespective of the frequency of the system and that 

time may be given to see their impact. 

(e) Inadequacies in human resource management 

RLDCs/N LDC operate a shi ft system while deploying personnel for manning the control 

rooms. Review of the procedures in this regard revealed the fo llowing: 

,. long night shifts 

The duration of night shift is 11 hours 20 minutes as against six hours 40 minutes 

for morning and afternoon shifts. Long night shi fts arc likely to cause fatigue and loss of 

concentration among personnel. Duration of night shift needs to be reviewed l'is-a-1•is time 

duration of day shi fts so as to reduce the possibility of errors due to fatigue. 

-,. Capacity building of system operators 

Broad requirements of training/capacity building prescribed for system operators were 

' three' level certification of system operators (basic, specialist and management level); renewal 

of certifi cate every three years and continuing professional development through various 

refresher courses and advanced level training courses. A comparison of the status of fulfilment 

of the requirements by the system operators employed in RLDCs/N LDC indicated that 58 per 

cent of the control room staff had not undergone the basic level training (Short term course of 

power system operators). Advanced level training was yet to be imparted to operators (March 

2013). Non-executives were also deployed in the control rooms (nearly 50 per cent in shift 

groups) and no mini mum requirement of certifi cation was prescribed for them. 

I sG 



Report No. 18of2014 

PGCIL appreciated (March 20 13) the audit observations. 

7.4.6 Impact of Grid disturbances on 30 and 31July 2012 

Grid disturbances cause economic loss to Generating Stations, Distribution Utilitie , 

Trading agencies and end users such as households, industrial units, etc. who have to incur 

ex tra expenditure on alternati ve sources to produce power during the outage period. These 

also have an unquantifiable adverse impact on maintenance and delivery of essential services 

including medical treatment and emergencies. Neither GO I Enquiry Report of August 2012 

nor PGCIL/POSOCO's report dated 9 August 20 12 to CERC mentioned about these losses. 

In rep ly to an Audit query, POSOCO informed that energy not served i.e. energy that would 

have been served to consumers on a normal day of the same period, due to two GDs was 390 

million units on 30 Ju ly 201 2 and 366.80 mi llion units (MUs) on 31 July 201 2. Th is works out 

to around one third of total average energy produced in a day (average energy per day is 2400 

MUs whi le the energy not served for the two days was 757 MUs). 

Thus, a large part of the country had to go without electricity for hours due to G Ds on 30 

and 3 1 Ju ly 20 12. As discussed in the preceding paragraphs, the situation was possible to have 

been avoided if 

( i) PGCI L had carried out outage planning during lean season, 

(ii) LDC had reviewed TTC and contingency status timely and conveyed instructions to 

WRLDC asserti vely, 

(iii ) SLDCs had acted upon the instructions of RLDCs promptly to reduce over drawal/ under 

drawal/ over injection. 

Systemic improvements by way of introduction of warning system to convey emergencies 

to constituents, strengthening of interregional corridors, effecti ve regulatory tools to deal wi th 

congestion and UI mechanism would further improve Grid Management. 

MOP stated (March 20 14) that the high level Technical Enqui ry Committee constituted 

by the Government of India after the GDs had already analyzed the incident in depth and 

came to the conclusion that no single fac tor was responsible for grid di sturbances on 30th and 

31st July 20 12. Simi larly, POSOCO and CTU's report to the CERC had also highlighted the 

systemic issues which needed serious attention. MOP was of the view that highl ighting issues 

such as approval of 400 kV Bina-Gwalior-Agra outage during peak season, non-revision of 

TTC and lack of actions in real time by RLDCs/ LDC as the reasons for the grid disturbances 

would resu lt in the larger issues getting lost. 

MOP however as ured that the observation by Audit had been taken note o f and efforts 

were being made to continuously improve the system by all concerned. 

The fact remains that the GDs were initiated by the outage of the Bina-Gwalior-Agra link 

during peak season which was planned without fo llowing the due procedure (Para 7.4. 1 ). This was 

further compounded by non-revision ofTTC and higher scheduling of power (para 7.4.2 (a)) . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 57 \ 
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During discuss ion in the Exit Conference (Apri l 20 14), MOP accepted thatthe happenings 

leading to GDs or 30 and 31 Ju ly 20 12 as brought out by Audi t point to the need for bringing 

out systemic changes and a tighter contro l over TTC. 

7.4. 7 Remedial measures taken after GDs of July 2012 

POSOCO and PGCIL have, however, taken remedial measures to improve grid operation 

after the two GDs of 30 and 3 1 Ju ly 20 12,which included the following: 

(i) Senior officials were deployed on control room duty. 

(ii) Special Protection Scheme was implemented for the contingency of outage of 

Agra-Gwalior circuit. 

(i ii ) Permissible frequency band was tightened from 49.5 - 50.2 Hz to 49.7- 50.2 Hz. 

(iv) The procedure for congestion management was amended to give more operational 

freedom to RLDCs to handle congestion. 

(v) An advanced version of software was procured to improve the quality or power 

system simulation stud ies. 

Apart from the above, petitions filed by POSOCO in CERC to improve real time data 

avai lability (called ' telemetry') at RLDCs, amendments to Indian Electricity Grid Code, 

new deviation settlement mechanism, automatic demand management by SLDCs, etc were 

under various stages of consideration by CERC. These are expected to furiher improve Grid 

Management. 

I ss 



CHAPTER-8 

Monitoring System 

8.1 Project Monitoring 

PGCIL monitors projects thro ugh a two tier monitoring system at both pre-award and 

post-award stage of contracts. For corpora te level monitoring, Corporate Monitoring Group 

(CMG) and fo r Regional level monitoring, Planni ng Environment & Social Management 

(PESM) Departments of the concerned regions are the responsibility centers. 

8.2 Pre-award monitoring 

While WPPP prescribed monthly pre-award meetings at the level of Executive Director 

(Contract Services) and review meetings at the level of Director (Projects) once in two months, 

the same were held after an average gap of four months during March 2007 to April 201 2. 

Minutes of meetings were not maintained. 

During these meetings, Execut ive Direc tor (Contract Scrvices)/Direc tor (Projects) 

had instructed that ea rly suppl y of inputs/ fi nalisa tion of qualification requirements fo r 

timely fl oating of NIT, etc be examined. A review of 47 cases where spec ific dates 

were targe ted in meetings held during April 2007 to March 201 2 to compl ete pre-award 

activities revealed that in 16 cases, compli ance was de layed by one to 13 months Further, 

details o f foll ow up action on decisions taken, if any, in prev ious meetings were not on 

record. 

8.3 Post-award monitoring 

8.3.1 Monthly Progress Reports 

WPPP laid down that Regional PESM Department was required to submit Monthly 

Progress Report (M PR)108 to the Corporate Centre. Corporate Monitoring Group at corporate 

level was thereafter, requi red to submit a region-wise summarized Management Info rmation 

System (MIS) report to CMD and all Directors. 

The format o f MPR was, however, not standardized and different formats were used 

by different Regions for sending the information. A test check of 2 1 MPRs'09 o f all nine 

Regions pertaining to March 20 I 0, March 20 11 and March 201 2 revealed that status in respect 

of various relevant issues, such as sub-vendor approva l, PGCIL's obligations, site acti vities etc. 

were not included, though it was required as per WPPP. Moreover, CMG at corporate level did 

not furnish summarized MIS as requi red to be submitted to Di rectors/CMD. 

"" containing complete information relating to projects along with exception reports ide111ifring uitical areas and action 
taken report i11 respect of action plan decided in previous meeting. 

11"' Out of 27 M PRs (three each for nine Regions) six M PRs (SR-I f or March 2011. SR-I I for March 20 I 0, ER-I f or March 
20 I 0 & March 2012 all(/ NR-1 f or March 20 I 0 & March 2011) were not furnished by the Management. 
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8.3.2 Proj ect Review Meetings 

WPPP of PGCIL provided that, for better coordination amongst various departments at 

Corporate Office and Regions as well as smooth execution of projects, Region-wise Project 

Review Meeti ngs (PRMs) shall be held and chai red by the Executi ve Director of respective 

Region, once in two months. 

Review of records, however, revealed that PR Ms were not held at prescribed intervals as 

meetings ranging between three and 12 were held110 by Regions against 30 meetings required 

to be conducted by each Region during 2007-2012. 

8.3.3 Quarterly Performance Review at MOP level 

In addition to project monitoring system at PGCI L's level as discussed above, MOP 

also moni tored the perfom1ancc of PGCIL projects every quarter. However, status of quarterly 

performance review meetings held during 2007- I 2 revea led that such meetings were not held 

for two quarters (third quarter of 2007-08 and fourth quar1er of 2011- 12) and 14 meetings 

were held with delays ranging from th ree months to six months. This needs to be viewed in the 

context that only one out of 20 projects se lected for audit, was completed within the scheduled 

time. 

8.4 Project completion reports 

PGCIL did not have the system of prepari ng project completion reports after completion 

of projects to bring out at one place all technical and fi nancial detai ls of the project, major 

problems faced du ring implementation and specific initiati ves/actions taken to solve them. 

Such reports could be used to bring on record any special process or methodology adopted 

and its experience/ac hievement as well as any important aspects to be kept in view in fu ture 

projects. 

MOP noted (March 20 14) the audit observations contained in paras 8.2, 8.3 and 8.4 and 

assured that these would be suitably addressed in rev ised WPPP/ERP. 

1111 WR 1-12, WR 11-09, R 1-09, NR 11-07, NER-07, S R 1-05, S R 11-03. ER 1-03 amt ER 11-03. 
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CHAPTER-9 

Conclusion and Recommendations 

9.1 Conclusion 

One of the major objectives of formation of PGCIL was to bring about integrated 

operation of the regional transmission systems by undertak ing construction of inter-regional 

links. This was to fac ilitate the growth of economic exchange of power (replaci ng costly energy 

transactions within a reg ion with cheaper ones from another region to reduce the cost of power) 

which would ultimately lead to formation of a ' National grid ' and ensure better utili sation of 

avai lable generation resources. The process of integration of regional grids was progressively 

taken up from 1990s and with the synchronisation of Southern Grid with the rest of the grid 

on 31 December 20 13, the entire Indian power transmission grid is now being operated at 

the same frequency and load generation balance is ach ieved at a national level, completing 

the technical process of formation of 'National Grid'. However, when viewed in terms of 

congestion scenario and low level of inter-regional power transfer capabi lity, the objecti ve of 

fo rmation of 'National Grid' remains to be fully achieved. 

Power exchange data showed that percentage of time congestion occurred above 75 per 

cent increased from two months in 20 10- 11 to all the 12 months in 20 12- 13. Similarly, vo lume 

of electricity that could not be cleared due lo congestion (as a percentage of the actua ll y cleared 

volume), went above 75 per cent for 3 months in 2011-12 and increased to five months in 

201 2-1 3. Impact of congestion was visible in large variations in the electricity prices over the 

regions. Compari son of Market Clearing Prices (price for cleared transactions in the whole 

country, if there is no congestion at all) with the Area Clearing Prices 111 in Indian Energy 

Exchange showed that buyers in S I and S2 bid areas (States of Tamil Nadu, Kera la, Andhra 

Pradesh, Karnataka, Goa and Union Ten-itory of Pondichcrry) paid higher prices during 20 11-

13 (~ 5. 1 to 7.3 per unit as aga inst Market Clearing Price of~3.5 per unit) to procure power. On 

the other hand, se llers in W3, EI and E2 bid areas (Chhattisgarh, Orissa, West Bengal, Sikkim, 

Bihar and Jharkhand) received lower prices(~ 2.8-2.9 per unit as against Market Clearing Price 

of~ 3.5 per unit) due to transmiss ion constraints. Thus, there remains a need for strengthening 

WR-SR and ER-SR links (W3, EI , E2 to SI and S2 i. e. generation surplus to power deficient 

states) to fully achieve the benefits ofa 'National grid '. 

XI Plan (2007-2012) noted that planning and operation of the transmission system had 

shifted from the regional leve l to the national level necessitating the need for a strong all- India 

grid. Towards thi s end, XI Plan stipulated target of inter-regional transfer capacity of 17000 

MW. Against the XI Plan target of 17000 MW, PGCIL achieved 13900 MW of inter-regional 

capacity leaving a short fa ll of 3100 MW in achievement. While short fal l to the extent of I 000 

MW was due to annulment of one of the projects, the remaining shortfall of 2 100 MW was 

11 Jn case of congestion acro.\s a transmission corridor. tlte cleared pril·es in differelll areas i.e. Area Clearing Prices 
(ACP) are adjusted w tltat tlte jlo11• of pmver aero.' ·' tra11s111i.u ion corridor i., .\'{/me a.\ m•ai/able transfer capability. 
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due to controllable factors li ke de lay in submiss ion of proposal for fo rest clearance and land 

acquisition issues. MOU targets for PGCIL for 2007- 12 were fixed at 10 I 00 MW which fel l 

short of XI plan target by 6900 MW ( 17000 MW minus 10100 MW). In two yea rs (2007-08 

and 20 I 0- 11 ) MOU targets were fi xed at ' ii '. 

Capac ity augmentation in inter-regional corridors was assessed by PGCIL based on 

addition of phys ica l capacity o r indi vidual lines connecting two regions without taking 

into account its tota l power transfer capability (TTC). Cumulative transmission capacity 

at the end of XI Plan arri ved at by add ing phys ical capacity of all inter-regional lines 

was 25050 MW aga inst which the cumulative tran fer capability wa only 11530 MW. In 

fact , inter-regional TTC showed a decline from 12280 MW in 20 I 0-1 1 to 11530 MW in 

2011-1 2. TTC of a corridor, i.e. the ab ility or a transmiss ion corridor to move power from 

one region to another, is o ften less than the phys ica l transmiss ion capacity due to sy tern 

limitations. Thus, for better appreciation of abi lity of transm iss ion network to transfer 

power across regions it is necessary that TTC is a lso declared and disclosed a longwith 

transmiss ion capac ity. 

Import or power by NR is mainly through WR-NR and WR-ER-NR corridors. Import 

by R is dependent on the tran lc r capability of 'short-tic ' of WR- R rather than that of the 

' long tic' of WR-ER-NR. However, bulk of the inter-regional augmentation (63 per cent of 

tota l inter-regional transmiss ion capacity of 25050 MW (cumulative at the end of XI Plan) \\as 

concentrated along the long-tic. I lcnce, high level of augmentation of the longer tic i.e. ER- R, 

ER-WR and NER-ER-WR would not yield desired results fo r transmiss ion or increased power 

to the R as the sho11 tic i.e. WR-NR is not adequate ly augmented. 

PGC IL has not put in place a mechanism for assess ing utilisation of transmiss ion line 

with the result that there were pockets of congc Li on, as well as areas of redundancy. As 

an illustration , in Odisha region, there was congest ion in the transmission network due to 

interim ' Loop in Loop out ' arrangements made fo r evacuation of power from Independen t 

power producers without ensuring adequacy o r the transmission system. On the other hand, 

out of 22 high vo ltage 765 kV lines, six lines remained undercharged at 400 kV for more 

than 5 yea rs out of which two lines remained unde rcharged for more than 13 years. During 

20 11-1 2, average utili sation of 33 out of 40 inter-regional lines ranged between 0 to 30 per 

cent in all inter-regiona l corridors except WR-S R and ER-SR. In case of intra-regiona l 

lines, 478 (68 per cent) out of 706 lines in five regions had average utilisation of 0-30 per 

cent onl y. 

The Count1y faced a severe Grid di sturbance (GD) on 30 and 31 July 2012 which resul ted 

in 757 million units of energy not being served (compared to total generation of 2400 million 

units per day) to users. The proximate cause for the major GD of 30 July 20 12 (involving R) 

and 3 I July 20 12 (involving orthcrn, Eastern and orth-Eastern Regions) was ill-timed shut 

down of the trunk line (400 kV Bina - Gwalior-Agra) between WR and NR for four days (26 to 

; 62 
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29 July 201 2) in peak season due to construction work. While the shutdown initially planned 

for four days got extended due to non-completion of work , TTC on WR-NR corridor that was 

curtailed from 2400 MW to 2000 MW during initially planned shutdown was not restri cted 

to 2000 MW by NLDC in the extended shutdown though the system had faced a near miss 

situation on 29 July 201 2. TTC was not reviewed on WR-N R corridor on 30 July 2012 which 

led to scheduling of power by RLDCs beyond the capacity of system. Over scheduling coupled 

with over-drawals by NR SPUs and under-drawals/ovcr- injection by WR SPUs overloaded the 

system beyond control , which ultimately led to 'cascade tripping' of alternate paths. WRLDC 

did not instruct WR generators to back down power generation and did not convey proper 

instructions to SP Us to reduce under drawal of power, which was a major cause fo r GD. SP Us 

in NR and WR did not comply with RLDCs' instructions which contributed to over- loading 

of lines. 

Systemic issues such as absence of earl y warning mechanism by way of declaration of 

emergency status, fragil e interconnection of NR wi th connecting regions due to skewed inter

se distribution of power flow among the links, heavy vo lume of Unscheduled Interchange (U I) 

flows due to commercial consideration, demand-supply gap and inter-play between UI and 

congestion mitigation measures contributed to GD in July 201 2. 

Works and Procurement Policy of PGCIL limits the exercise of deta iled survey of 

transmission line route only to forest stretches, contrary to advice of Working Group on power 

for XI Plan constituted by Planning Commiss ion, which suggested that detailed survey should 

be carried out before start of procurement process. 179 contracts (42 per cent) were finalized 

within the prescribed time frame of20/28 weeks while 245 contracts (58 percent) were finalized 

beyond the prescribed time frame. Thus, contracts could not be fi nali sed within the stipulated 

time frame in majority of the cases. Delay in award was due to delayed fund ing tie up with 

World Bank (in case of ERSS-1112
, East-West Transmission Corridor and WRSS-11 113 projects), 

and excessive time taken by PGCIL in contract finalisation. 

Out of 20 projects selected for Audit, only one was completed within scheduled time 

and delay was above 20 months in nine projects. Time taken in acquisition of land, handing 

over site and providing approved drawings to contractors, release of advance to contractors 

and forest clearance had contributed to delays which were possible to have been controlled by 

PGCIL, with more effective planning and monitoring. 

PGCIL also lost the opportunity of earning <'350.28 crore during the project li fe towards 

additional return on equity, which could have been earned in terms of CERC Regulations, 

fo r commissioning of projects within the prescribed timeline in case o f projects approved 

after I April 2009. 

112 Eastern Region System S tre11g the11i11g Scheme-I 
111 Western Region System S tre11gthe11i11g Scheme-II 
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Monitoring mechanism for implementation of transmission projects, though in place, 

needed f u11her strengthening as the project re\ iev .. meetings \\ere not held as per the prescribed 

frequency of once in t\\O months. Against 30 meetings required to be held during 2007-12, 

meetings ranging between three and twelve were held in \arious regions. Minutes of the pre 

award meetings as well as follow up action on the decisions taken in the previous meetings 

were not recorded. 

Between 2004-05 and 2012-13, PGCIL received ~906.49 crore as part ofSTO/\ charges 

that were required to be used for bui lding ne\\' transmission systems as per regulations and 

orders of CERC. However, PGCIL did not maintain project-wise details of transmission 

schemes where these STOA charges were utili sed\\ ith the result that nev. transmission systems/ 

schemes were deprived of reduction of capital cost. 

9.2 Recommendations 

Based on the audit findings discussed in the foregoing chapters, the following 

recommendations are made to facilitate improvement in the planning, implementation of 

transmission projects and management of Grid:-

I 64 

(i) CEA and PGCIL may enhance capacity of interregional corridors appropriate ly 

based on analysis of data regarding power transfer requirements between regions to 

fully achieve the objective of formation of 'National Grid'. 

(ii) PGCIL may disclose and monitor the key parameter ofTTC in the long and medium 

term as per CERC regulations and for better appreciation of the transfer capability 

of the system. 

(ii i) MOP may evolve norms for assessing efficiency of transmission network and loss 

reduction in accordance with the tariff pol icy. 

(iv) POSOCO may study the poss ibility of developing a system for offering un

requisitioned inter-regional transfer capabili ty to needy users and consider making a 

proposal in this regard before CERC. 

(v) To expedite project execution, PGCI L may initiate advance action to conduct detailed 

survey of forest stretches and submit forest clearance proposals before investment 

approval of the project. 

(vi) Since long shut down to carry out construction work was the starting point for two 

major GDs, POSOCO may stipu late tolerance limits for antecedent line loadings 

and 'no-go' periods for key corridors for allowing long shut downs to prevent GDs. 

POSOCO may also consider taking up with CERC an appropriate warning system 

that specifies responsibility centres that would be tasked with informing constituents 

about state of emergency of the system. 
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(vii) In order to improve diligence in declaring TTC and scheduli ng power, POSOCO 

may critica lly review the existing practices in this regard to ensure secure grid 

operation. 

MOP was generally in agreement wi th the audit recommendations. 

New Delhi 

Dated : 14 July 2014 

New Delhi 

Dated : 15 July 2014 

Deputy Comptroller and Auditor General 

and Chairman, Audit Board 

Countersigned 

(SHASHI KA}~ 
Comptroller and Auditor General of India 
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Annexure- 2.1 

(As referred to in Para 2.5) 

(A) List of projects selected for Performance Audit 

s I. Project Name Date of Investment Approved cost Scheduled date of 
No. Approval ~ in crore) completion 

Ge11eratio11 linked projects 

I Kahalgaon Stage-I I (Phase- I) Transmission October 1772 July 
System 2004 2007 

2 Transmission ystem Associated with December 3779 September 
Barh 2005 2009 

3 Common Scheme for 765kV Pooling August 7075 August 
Station and et work Associated with DVC 2008 20 12 
& Maithon RB Project, etc. and lmpon by 

R & WR via ER. 
4 Transmission System Associated with September 4824 September 

Mundra Ultra Mega Power Project. 2008 20 12 

5 Transmission System Associated with November 7032 ovember 
asan Ultra Mega Power Project. 2008 20 12 

6 Transmission System Associated with July 557 January 
Parbati-1 11 I IEP. 2006 20 10 

7 Kaiga 3 & 4 transmission system (Balance March 588 December 
lines). 2005 I 007 (Revised) 2007 

8 Transmission System for Phase-I December 2743 December 
Generation Projects in Odisha Pt. B. 2010 2013 

9 Common System associated with ISGS August 1637 August 
Proj ects in Krishnapatnam area or Andhra 20 11 2014 
Pradesh. 

System stre11gt/ie11i11g projects 

I 0 System Strengthening-V II or SR. April 279 July 2009 

2005 
JI System Strengthening in onhern Region December 1217 August 

for SASA &MU DRA (UMPP). 2009 2012 
12 Western Region System Strengthening July 5221 July 

Scheme-II . 2006 20 10 
13 onhern Region System Strengthening June 2006 72 1 June 2009 

Scheme-V. 
14 East-West transmission corridor June 2006 804 June 2009 

strengthening scheme. 

15 Western Region System Strengthening January 665 January 
cheme-X. 2009 20 12 

16 System Strengthening Scheme Ill of October 285 April 2007 
Southern Region (SRSS- 111) 2004 

17 Eastern Region System Strengthening October 976 October 
Scheme-I (ER S-1) 2006 2009 

18 on hem Region System Strengthening February 510 O\ ember 
Scheme-XVII. 2009 201 I 

Other projects 

19 765kV System for Central Pan of orthern October 1075 April 
Grid (Part-II I). 2009 20 12 

10 onh East/Nonhern Western February I I 130 August 
I nterconnector-1. 2009 2013 
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(8) Deta ils of sample selected for Performance Audit 

De cription of Completed Ongoing Tota l 
projects No. of Approved No. of Approved No. of Approved 

projects cost projects cost proj ects cost 
(~ in cro re) ~ in crore) ~ in 

cro re) 

Tota l population: 

Generation Linked 34 43,903 30 49,9 11 64 93,8 14 

System 4 1 17.279 19 13, 118 60 30,397 
Strengthening 

Other projects 8 1,929 12 18.692 20 20,621 

Tota l 83 63, 111 6 1 8 1,72 1 144 1,44,832 

Sample selected : 

Generation Linked 5 24,483 4 5,945 9 30,428 

ystem 7 9, 192 2 1.486 9 10.678 
trengthening 

Other projects I 1.075 I 11 ,130 2 12.205 

Tota l 13 34,750 7 18,56 1 20 53,3 11 

Percentage of total 16% 55% 11 % 23% 
population 

Overall percentage 14% in terms of number and 37% in terms of value 
of money valu e 
being covered 

I 10 
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Annexure - 3.1 

{As referred to in Para 3.1. I} 

Details of installed capacity within region and transfer capability of the respective 

inter-regional corridor 

Corridor Export Region Installed capacity TTC (MW)** TTC as a % age of 
(MW) in export region Installed Capacity 

(as on 31-03-2012)* 

WR-NR WR 64394 2000 3.1 1 

WR-ER WR 64394 1000 1.55 

ER-NER ER 26286 500 1.90 

WR-SR WR 64394 1000 1.55 

ER- R ER 26286 4200 15.98 

ER-SR ER 26286 2830 10.77 

Source: • CEA monthly report on Installed capaci ty for March 201 2. 

** Higher ITC (zero revision) declared by NLDC in any month during 20 11 - 12 considered. 
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Annexure 3.2 

(As referred to in Para 3. 1. l) 

Details of Congestion in Power Exchanges 

Percentage of volume of electricity that could Percentage of the time congestion occurred 
not be cleared due to congestion to the actual during the month 

cleared volume 

Month Indian Energy Power Exchange of Indian Energy Ex- Power Exchange of 
Exchange India Limited change India Limi ted 

2010- 20 11- 20 12- 2010- 201 1- 20 12- 20 10- 2011- 20 12- 2010- 2011- 20 12-
II 12 13 II 12 13 II 12 13 II 12 13 

Apri l 2 16 24 8 52 243 35 79 IOO 34 79 100 

May I 2 4.09 3 7 38.58 7.53 28 99.97 8.06 36 100 

June 3 2 4. 84 2 8 32.02 15.83 18 76.67 15.69 2 1 80.42 

July 0.6 4 5.07 1.2 9 49.80 5. 11 42 79.77 5.24 44 84.7 1 

August 6.9 3 9.90 2.7 14 118.72 8.06 39 98.96 16.26 47 99.44 

September 0.0 I 18.04 2.7 4 172.7 1 10.56 30 98.7S 11 .25 40 100 

October 7 5 7.66 16.5 11 128.08 45.43 72 9S.97 49.17 76 97.41 

ovember 5.4 9 17.0 1 5 1.7 12 122.2S 47.50 47 IOO 55.83 50 100 

December 1.7 16 17.43 18 33 IS6.S9 34.14 78.6 99.97 38.7 1 79.2 98.S9 

January 2 2 1 20.94 7 124 63.14 53 94 99.60 57 93 98.76 

February 8.5 38 2 1.42 22 .4 2S6 74.93 88.69 99.57 100 84.23 100 100 

March 10 42 25.19 58 274 6 1.41 9S 100 100 96 IOO 100 

ote: Source of data: CERC web site - Monthly Report on short term transaction of electricuy by Market monitoring cell of 
CERC. 

Comparison of market clearing prices (MCP) and area clearing prices (ACP) in Indian 

Energy Exchange 

(figures in ~) 

MC P 
ACP > MCP 

Year (Rs. Per 
(by SO paise) 

ACP < MCP (by SO paise) 
kWhr) 

SI 2 Al A2 E l E2 Wl W2 W3 N I N2 N3 

2010- 11 3.6 4.4 4.5 - - - - - - - - - -
2011-12 3.5 5. 1 5.3 - - - - - - - - - -

2012-13 3.5 6.9 7.3 - - 2.9 2.9 - - 2.8 - - -

Note: The above amounts are the charges per unit of electricity. Other charges such as transmission charges, losses and other 
levies are payable extra. 

·-·indicates the difference between ACP and MCP was less than 50 paise per unit of electricity. 

I n 
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Annexure 3.3 

(As referred to in Para 3.1.1 and 3.1.3) 

Details of C umulative Inter Regional transmission capacity at the end of XII Plan 

Corridor Transmission Capacity Expected addition Cumulative transmission 

expected at the end of XI during XII Plan capacity at the end of 

Plan XII Plan 

(i) (ii) (iii) (iv) = (ii)+(iii) 

ER-SR 3630 0 3630 

ER- R 10030 7900 17930 

ER-WR 4390 8400 12790 

ER-NER 1260 1600 2860 

R-WR 4220 10200 14420 

WR-SR 1520 6400 7920 

ERJER-NRJWR 0 6000 6000 

TOTAL 25050 40500 65550 
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Annexure 3.4 

(As referred to in para 3. 1.5) 

Average utilisation of Inter-regional lines during 2011 - 12 

Corridor Total No. Utilisation range 
of Lines 0-30% 31 % -50% 51% -75% 76% -100% 
analysed 

No. of % age No. of %age No. of % age No. of % age 
Lines of lines Lines of lines Lines of lines Lines of lines 

to total to total to total to total 
lines of lines of lines of lines of 
region region region region 

WR-N R 9 8 89 I 11 - - - -
ER-N R 9 7 78 I 11 I 11 - -
WR-ER 7 7 JOO - - - - - -
ER-SR 4 3 75 - - - - I 25 

ER-NER 8 8 100 - - - - - -
WR-SR 3 - - - - 2 67 I 33 

Average utilisation of intra-regional transmission lines during 2011-12 

Name Total No. Utilisation range 
of of Lines 

Region analysed 0-30% 31 %-50% 51%-75% 76% - 100% > 100% 
(excluding 

lines 
No. of %age No. of %age No. of %age No. of % age No. of % age having 

0 power Lines of lines Lines of Lines of lines Lines of lines Lines of lines 

flow) to total lines to total to total to total 
lines of to lines of lines of lines of 
region total region region region 

lines 
of 

r egion 

NR 176 125 7 1 39 22 11 6 I I 0 0 

ER 111 87 78 15 14 5 4 4 4 0 0 

WR 173 95 55 30 17 36 2 1 8 5 4 2 

NER 11 8 95 8 1 22 19 I I 0 0 0 0 

SR 128 76 59 42 33 6 5 I I 4 3 

I 14 
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Year/ 
Month 

2009-10 

Apr-09 

May-09 

Jun-09 

Jul-09 

Aug-09 

Sep-09 

Oct-09 

No\-09 

Dec-09 

Jan-JO 

Feb-JO 

Mar-10 

2010-11 

Apr- I 0 

May-10 

Jun- I 0 

Jul- I 0 

Aug-I 0 

WR-NR 

LTA& STOA TTC MTOA granted 

1300 0 1100 

1300 0 1100 

1300 0 1100 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1500 0 1300 

1800 0 1600 

1800 0 1600 

1900 0 1700 

Annexure-3.5 

(As referred to in Para 3.1.6) 

Comparison of unused access with STOA rejected 

ER-NR 

Total Unused LTA& STOA Total 
Acess Schedule access TTC Acess 

granted (I) 
MTOA granted granted 

(A) (B) A-8* (C) 

1100 -16 1100 1800 914 586 1500 

1100 205 895 2000 111 0 590 1700 

1100 611 489 2500 1291 909 2200 

1300 994 306 2500 1482 718 2200 

1300 1079 221 2800 1478 1022 2500 

1300 1048 252 2800 1512 988 2500 

1300 907 393 2800 1700 800 2500 

1300 883 417 2800 1414 1086 2500 

1300 869 431 2900 1398 1202 2600 

1300 1030 270 1800 1058 542 1600 

1300 789 511 2300 1061 939 2000 

1300 455 845 2400 1009 1091 2100 

1300 533 767 2900 1226 1374 2600 

1300 721 579 2900 111 8 1482 2600 

1600 1219 381 3200 1315 1585 2900 

1600 1365 235 4000 11 24 2576 3700 

1700 1490 210 4300 1331 2669 4000 

Unused 
Schedule access 

(2) 

(0) C-0 

:wo 1300 

966 734 

1083 1117 

1361 839 

1795 705 

1664 836 

1523 977 

1628 872 

1484 1116 

1427 173 

1167 833 

674 1426 

446 2154 

927 1673 

1914 986 

2148 1552 

1990 2010 

(Figures in MW) 

Total 
Unused Rejected access for 

NR import STOA 

(1+2) 

2416 0 

1629 99 

1606 391 

1145 507 

927 364 

1088 1220 

1370 343 

1289 67 

1547 10 

443 123 

1344 28 

2271 0 

292 1 52 

2253 14 

1367 7 

1787 I 

2220 0 

~ 

~ 
~ .... -
~ 
...... 
Co 

~ 
l'-J 
~ .... 
""' 
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en 

WR-NR ER-N R 

Year/ LTA & STOA 
Tota l Unused 

LTA & STOA Total 

Month 
TTC 

MTOA granted 
Acess Schedule access TTC 

MTOA granted Acess 
granted (I) granted 

Sep-I 0 1900 0 1700 1700 959 741 4300 133 1 2669 4000 

Oct-10 1900 0 1700 1700 383 1317 3500 1111 2089 3200 

Nov- IO 2000 0 1800 1800 70 1730 3500 1050 2150 3200 

Dec-10 1900 0 1700 1700 305 1395 3500 957 2243 3200 

Jan- I I 1900 0 1700 1700 1038 662 3500 1258 1942 3200 

Feb-I I 1900 0 1700 1700 790 910 2500 1007 11 93 2200 

Mar-I I 1900 0 1700 1700 670 1030 3000 950 1750 2700 

2011 - 12 

Apr- I I 1900 0 1700 1700 593 II 07 3000 979 172 1 2700 

May-I I 1900 0 1700 1700 872 828 3000 1199 1501 2700 

Jun- I I 1900 0 1700 1700 11 81 519 3500 1027 2173 3200 

Jul- I I 1900 0 1700 1700 1576 124 4000 1027 2673 3700 

Aug- I I 1900 0 1700 1700 1480 220 4200 1027 2873 3900 

Sep-I I 1900 0 1700 1700 1045 655 4100 1014 2786 3800 

Oct- I I 1900 0 1700 1700 270 1430 4100 1049 2751 3800 

Nov- I I 2000 0 1800 1800 -345 1800 3500 944 2256 3200 

Dec-I I 2000 0 1800 1800 3 1797 3500 944 2256 3200 

Jan- 12 2000 0 1800 1800 505 1295 3400 977 2123 3100 

Feb-12 2000 0 1800 1800 436 1364 3400 977 2123 3100 

Mar- 12 2000 0 1800 1800 -143 1800 3100 977 1823 2800 

*negative figure in schedule has been ignored 

Note: I.(-) sign denotes EXPORT from NR and(+) sign denotes IMPORT to NR 

2. The abO\ e analysis shows broad trend regarding unutilised capability. There may be intra day anamolies in the trend. 

Unused 
Schedule access 

(2) 

1228 2772 

1414 1786 

1348 1852 

1452 1748 

1298 1902 

757 1443 

631 2069 

726 1974 

1316 1384 

1536 1664 

2116 1584 

1803 2097 

880 2920 

628 3172 

11 07 2093 

1323 1877 

1572 1528 

1481 1619 

1330 1470 

Total 
Unused 

access for 
NR import 

(1+2) 

35 13 

3103 

3582 

3143 

2563 

2354 

3100 

3081 

22 12 

2183 

1708 

231 7 

3575 

4602 

4239 

3673 

2823 

2983 

341 3 

Rejected 
STOA 

0 

16 

0 

0 

0 

0 

0 

0 

0 

66 

428 

11 6 

29 

66 

0 

0 

5 

3 

0 

~ 

~ 
<:::> 

~ 

~ 
...... 
Oo 

~ 
~ 
~ ...... 
~ 
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Annexure-3.6 

(As ref erretl to in Para 3.3) 

Statement indicating delays in submission of proposals for forest clearances after 

investment approval in respect of 20 projects selected for audit 

S.N. Project Name Investment Scheduled date Forest proposal application dates (First & 
Approval date of completion of Last indicated in bold) 

project 

I Kahalgaon-11 October 2004 July 2007 29. 10.05/09.09.05/ 16.0 1.06/29. 11 .05/ 

(October 2008) 14. 11 .05/30.07.05/24.01.05/09.09.06/ 

30.09.05/ 18.02.06/26. 12.06/08.05.06/ 

30.01.07/ 18. 11.06 

2 Barh December 2005 September 2009 15.02.07/08.03.07/22.0 1.07/02.1 1.06/ 

(June 20 12) 29.0 1.07/23.05.07/22.05.07/08.06.07/ 

05.06.07/28.04.07/28.02.07/08.0 1.07/ 

27. 11.06/09.02.08/0 1.04.07/25.06.05 
.., 
.) DYC Maithon August 2008 August 25.09. 10/25.09. 10/07.06.1 0101 . 12.09/ 

2012 04.05. 10/03.08. 1011 5.03.08/24.03.08/ 

(Project not yet 20.0 1.09/29.03.08117 .08. 10/22.02. 11 I 
complete) 

19.04. 11/11.08. 1011 4 .1 1.09/ 14. 11.09/ 

06.09. I I/04.05. l l/0 1.04. 11 / I0.06. l l/ 

06.09.11/ 18.02. 10/27.08. 10/ 17.02. 10 

4 Sasan UMPP November 2008 November 14.05.09/22.07.09/28.05. I 0/24. 12. 10/ 

20 12 09.04. 12/ 16.07. 12/07.05. 12/31.08.12 

5 Mundra UMPP September 2008 September 20 12 2 1.07.08/21.07.08/23.02. 10/ 11 .07.09/ 

02.09.11/24.02. 10 

6 Parbati-111 HEP July 2006 January 20 I 0 26.02.07/ 17.03 .07/20 .10.08/30.06.09/ 

23 .03 .09 

7 Kaiga 3 & 4 March 2005 December 2007 17.05.05/07.08.04 
lines) 

8 Ge n e r at i o n December 20 I 0 December 20 13 07.01.12/24.05. 12/24.09.12/26.07. 12 
Projects In 

Odisha -Part B 

9 !SGS Projects in August 20 11 August 20 14 04.08. 11 
Krishnapatnam 
area of A P 

IO SRSS-Yll Apri l 2005 July 2009 03.06.08/09.06.08 

11 SS in N R for December 2009 August 20 12 11 .5. 12/30.4. 12/ 11.5.1 2/ 14. 12. 10 
SAS AN & 

/15.11.10 
M UN DR A 
UMPP 

12 WRSS- 11 Ju ly July 04.0 LI 0/30.10.09/30.07.09/ 13.07.09/ 

2006 2010 12. I 0.07/0 1. 12.06/23.02.06/ 17 .05.06/ 

19.06.06/ 19.06.06/ 17.03.06/ 19.04.06/ 

23.01.06 
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S.N. Project Name Investment Scheduled date Forest proposal application dates (First & 
Approval date of completion of Last indicated in bold) 

project 

13 RSS-V June June 2009 29.05.08 21.06.08 04.03.06 18.05.07 , 

2006 08. 10.07 05. 12.06 11 . 12.06 07.12.06 

21.08.07/06.3.06/04.03.06106.03.06 

03.03.08/08.10.07 

14 E/W Tr. June 2006 June 2009 03.01 .06/07 .02.08 
corridor SS 

15 WRSS-X January 2009 January 20 12 -
16 SRSS-111 October 2004 April 2007 16.09.05 

17 ERSS-1 October 2006 October 2009 20.12.06/08.09.07/05.05.08/02.09.06/ 

15.07.06/28.02.0812 1.01 .09 

18 RSS-XV lll February 2009 ovembcr 2011 20.08.10118. 12.10/23.06.10/12.3.11 

19 765kV System October 2009 April 2012 01 .05.11 07.07 .1 1 '27.06.11 02.06.11 
for Central Part 

01.08. 11 /30.08.10 
or orthern 
Grid (Part- II I) 

20 N E I N w February 2009 August 2013 20.09.10/21.09. 10/09.07 .11130.04.09/ 
I ntcrconncctor-1 

25.05.09/07 .0 I. I 0/ 19. 10.10/22 .10. 101 

20. 12. 10 '27.08. IO 21.07.11 31. 12.09 

/30.07.10 16.07.09 27.09.07/ 12.05.09 

17.07.08/3 1.07.09/05.06.08/ 13.4.09/ 

02.03 .10 

Note: Date in bracket in third column ind icates date of commissioning of last element of transmission project 

I 1s 
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Anncxure 4.1 
{As referred to in Para 4.2 (ii)} 

Non Financial Performance Evaluation Pa rameters fi xed in MO U 

S. No. Parameter 2008-09 2009-10 2010-11 2011 - 12 2012-13 

Weightage given in the MO U 

I Quality 2 2 I I 0.5 

2 C ustomer Satisfaction 4 2 2 I 0.5 

3 Busi ness Development 2 2 2 2 I 

4 R & D for Sustained & continuous in- 2 2 2 5 5 
novation 

5 Project I mplcmentation 20 19 20 10 8 

6 Commercial Targets Re' enue from tele- 2 2 3 
com Business 

7 I luman Resource 2 - - 5 5 
De\ elopment( Management) 

8 Environment and Social Management 2 2 2 

9 Availability of Tra nsmission system 13 13 7 6 5 

10 Ratio of Inventory to Gross profi t I I I 

II Rajil• Gandhi Gra111een Vidy11tikara11 5 5 5 5 
Yojna 

12 Corporate Social Respo11s ihility 5 5 5 

13 Compliance of C01porate Gowmance 5 5 

14 Sustainahle Developme/11 5 5 

15 Compliance of DPE G11ideli11e:. 5 

Tota l 50 50 50 50 50 

Obscrva11ons: 

I. Only one Non-mandatory Parameter ' Raj iv Gandhi Vidyutikaran Yoj na' was included 

in the year 2009-1 0 with weightage of 5 points. Out of 5, 3 poin ts were reduced from 

crucial parameters, customer satisfaction and Project Implementation. 

2. In the year 20 I 0-11 one mandatory parameter i.e. 'Corporate social responsibility' was 

included with a weightage o f 5 points. However, 6 points were reduced from the important 

parameter ' Availabili ty of transmission system' alone. 

3. In the year 20 11-1 2 three new mandatory parameters were included (Human resource 

Management, Compliance of Corporate Governance and Sustainable Development) with 

a weightage of 5 each and for one parameter ' R&D for sustainable development' points 

were increased from 2 to 5. Out of these 18 points, 12 points alone were reduced from 

the parameters Project implementation ( I 0 points), Customer satisfaction ( I point) and 

Availability of transmission system ( I point). 

4. In the year 201 2-1 3 one new mandatory parameter 'Compliance of OPE Guidelines' has 

been included with weightage 5 points. Out of these 3.5 points has been reduced from the 

above mentioned three important parameters. 



Report No. 18 of2014 

Annexure- 5.1 

(As referred to in Para 5.1) 

Statement showing variation in lengths of transmission lines as per FR and as actually 

constructed. 

S.N. Name of project Name of Transmission Line FR Line Executed Percentage 
length Line Variation 
(km) length 

(km) 

I Transmission System Barh-Balia 400 kV D/C(Quad) 195.00 242.66 (+)24.44 
associated with Barh 

2 Transmission System Kahalgaon-Patna-Balia 400 kV DIC 368 452.50 (+)22.96 
associated wi th (Quad) 

3 
Kahalgaon (stage- fl) Biharsharif-Balia 400 kV DIC 166 24 1.79 (+)45 .66 

(Quad) 

4 Balia - Mau (UPPCL) 400 kV DIC 20 9.12 (-)54.40 

5 Transmission System LILO of Kolar-Sripcrumbudur 400 40.00 30.67 (-)23.33 
associated with Kaiga kV SIC line at Melakotta iyur 
3&4 

6 East-West transmission Ranchi- Rourkela 400 kV DC 170 144.94 (-)14.71 
Corridor strengthen ing 

7 NRSS V 400 kV DIC Bhiwad i - Agra line 2 16 209 (-)3.20 

8 System strengthening LILO of both circuits of Nathpa- 5 1 49 (-)3.90 
for Sasan & Mundra Jhakri-Abdullaur 400 kV DIC 

(Tripplc Snowbird) Line at 
Panchkula 2 x 25 km) 

9 DVC & Maithon Right Lucknow 7651400 kV new 80 2.86 (-)96.42 
Bank substation - Lucknow 4001220 kV 

existing substation 400 kV Quad 2 
X DIC line 

10 Ranchi 7651400 kV new substation II 0 144 (+)30.9 1 
- Ranchi 4001220 kV existing sub-
station 400 kV Quad 2 X DIC line 

II Sasan UM PP Indore- Indore (M PPTL) 60 49.73 (-)1 7. 12 

400 kV D/C line at Sasan 

12 Mundra UMPP Mundra-Jetpur 400 kV DIC (Tripple 328 336 (+)2.40 
Snowbird) 

13 Gandhar-Navsari 400 kV DIC 134 102.15 (-)23.77 

14 LILO of both circuits of kawas- 50 40.49 (-)1 9.02 
Navsari 220 kV D/C at Navsari 

15 WRSSX LILO ofSipat-Seoni 765 kV SIC line 40 7.91 (-)80.23 
at WR Pooling Station near Sipat 

16 SRSS-lll Neelamangla -Somanhally 400 kV 50 42 (-) 16 
D/CT/ L 

17 ERSS-1 Jamshedpur-Baripada 400 kV DIC 135 14 1 (+)4.44 
(ACSR) 

Source: Feasibili~v reports of respective projea~ and il?fonna1io11 regarding lmns111issio11 li11es.f11mis/ied hy 1he Ma11age111e111 
o.f PGC!L 1•ide le11er da1ed 08.01.2013 and 31.03.1014. 

I so 
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Annexure 5.2 

(As referred to in Para 5.3) 

Statement showing year wise details of unutilisecl balance in Power System Development Fu nd 

(Rs. In crore) 

Date Unscheduled Congestion Congestion Reactive Total In terest Amount Investment 
In terchange Reven ue Charges Energy income Utilised of PSDF 

C ha rges C harges amount 
(Including 
cumulative 

Interest 
a mount) 

31.03.2011 1340.28 457.04 2. 13 25.9 1 1825 .36 40.25 0.03 1825.29 

3 1.03.201 2 2067.02 11 43.07 7.74 27.4 1 3245.24 199.05 0.05 3425.77 

3 1.03.20 13 2496.25 1765.41 7.9 29.22 4298.78 307.59 0.05 47 16.07 

3 1.1 2.201 3 3585.52 1922.27 10.32 30. 1 5548.2 1 306.98 0.09 630 1.64 
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Annexure- 6.1 

(As referred to in Para 6.3) 

Statement showing scheduled dates of completion as per Investment Approval, dates of 

actual/anticipated completion and delay with reference to Investment Approval 

S.N. Project Name Investment Scheduled date Actual/ Delay in completion Delay 
approval of completion as anticipated (actual/anticipated) range (in 

date per Investment date of with reference to months) 
Approval completion scheduled date of 

completion as per 
Investment approval 

(1) (2) (3) (4)=(3) - (2) months 

Generation linked projects 

I Kahalgaon Stage- October Jul) December 5 I 10 
II (Phase-I) 2004 2007 2007 
Transm ission 
System 

2 Transmission December September December 15 11 - 20 
System Associated 2005 2009 20 10 
with Barh 

3 Common Scheme August August March 19 11 - 20 
for 765kY Pooling 2008 20 12 20 14 
Station and DYC & 
Maithon RB Project, 
etc. 

4 Transmission September September June 21 2 1 30 
System Associated 2008 20 12 20 14 (ongoing 
with Mundra Ultra project) 
Mega Power Project 

5 Transmission ovember ovember September 10 I - I 0 
System Associated 2008 20 12 20 13 
with Sasan Ultra 
Mega Power Project 

6 Transmission July January October 45 Above 40 
System Associated 2006 20 10 20 13 
with Parbati-111 HEP 

7 Kaiga 3 & 4 March December Mysore- More than 40 Above 40 
transmission system 2005 2007 Kozikhode (ongoing 
(Balance lines) T/L project) 

uncertain 

System strengthening projects 

8 System April July August I I -I 0 
Strengthening-VJ I 2005 2009 2009 
of SR 

9 Western July July December 29 21 - 30 
Region System 2006 20 10 20 12 
Strengthening 
Scheme-II 

10 Northern June June March 9 I - I 0 
Region System 2006 2009 20 10 
Strengtheni ng 
Scheme-V 

I s2 
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S.N. Proj ect Nam e Investment Scheduled d a te Actual/ De lay in completion De lay 
approval of completion as a nticipa ted (actual/anticipa ted) r ange (in 

da te p er Investment date of w ith reference to months) 
Approval completion scheduled date of 

completion as p er 
Investment approval 

(1) (2) (3) (4)=(3) - (2) months 

JI East-West June June June 24 2 1 - 30 
transmission corridor 2006 2009 201 1 
strengthening 
scheme 

12 Western January January March 2 I - I 0 
Region System 2009 20 12 20 12 
Strengthening 
Scheme-X 

13 System October April Apri l - N IL 
Strengthening 2004 2007 2007 
Scheme 111 of 
Southern Region 

14 Eastern October October May 55 Above 40 
Region System 2006 2009 2014 (ongoing 
Strengthening project) 
Scheme-I 

15 Northern February ovember December 25 2 1 - 30 
Region System 2009 201 1 20 13 
Strengthe ning 
Scheme-XV III 

16 orth East/ February August June 12 11 -20 
Northern Western 2009 20 13 20 15 (ongoing 
I nterconnector-1 project) 

Projects approved a fter of CERC Regulations 2009 

s. Proj ect Nam e Completion Da te of Actual/ Actual/ Delay Delay 

No tim e as Investment anticipated an ticipa ted beyond range (in 
perCERC Approval da te of t ime ta ken in b enchmark months) 
Regula tions completion completio n completion 
(in m onth s) from investment period (in 

approval months) 
(in months) 

I 765kY System 30 October Jan 2014 51 2 1 2 1 -30 

for Central Part or 2009 
Northern Grid (Part-
II I) 

2 SASAN & 32 December December 60 28 2 1 -30 

MUNDRA (UMPP) 2009 20 14 (ongoing) 

3 Generat ion Projects 32 December December 48 16 11 -20 

in Odisha -Part B 20 10 20 14 (Ongoing) 

4 ISGS Projects in 32 August August 36 4 I 10 
Krishnapatnam area 2011 2014 (Ongoing) 

ofAndhra Pradesh 
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Annexure- 6.2 

(As referred to in Para 6.3) 

Statement showing loss of incentive of 0.5 per cent additiona l Retu rn on Equity due to 

la te commissioning of projects with reference to scheduled completion period as per 

CERC Regulations. 

s I Project Name Date of Approved Scheduled Equity CERC 
No. Investment cost date of Capita l Incentives 

Approval 
~ in crore) completion ~ in crore) (0.5 %) -

~ in crore 

I Generation Projects in December 2743 December 822.9 4 . 1145 
Odisha Part B 2010 201 3 

2 Krishnapatnam area o f August 2011 1637 August 2014 491 . 1 2.4555 
Andhra Pradesh 

3 System strengthening December 121 7 August 201 2 365. 1 1.8255 
o fNR for SASAN & 2009 
MUNDRA (UMPP) 

4 765kV System for October 1075 April 201 2 322.5 1.61 25 
Central Part of Northern 2009 

Grid (Part-111) 

10.008 

Total of additional Return on Equity of 0.5 per cent forgone over the project li fe of 35 years: ~I 0.008 crore X 35 years = ~ 

350.28 crore. 

I 84 



Annexure - 7.1 

(As referred to in Para 7.1) 

Overview of Indian Power Grid 

Integration and Evolution of the Grid 
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Annexure - 7.2 

(As referred to in Para 7. 1) 

Indian Power Sector - Institutional Arrangement 

• GI! Al! rati ns Utilities, 

NTPC, NHPC, NEEPCO, 

NPCIL,SJVN l, TH DC 

• Trans./S.O . Utilities 

POWERGIUD 

PO.SOCO 

• Finance, PFC 

• Rural Electrificafon 

REC 

Oil~ NPTI, PSTI, 

MOP, State Gort. 

rl -..•,,. 

Appellate 
Tribunal for 
E lec:t ricity 

C..ntral 
Electricity 
Resulatory 

Commi•ion 

State Electricity 
Regulatory 

Commission 

Forum of 
Rejulators 

S..SedllW 

• Generation Pvt. 
DISCOM 

• Transmission ---• Di.sanbution 

Source: A.1 pr<Jl'ided by POSOCO 1·ide e-mwl da1ed 2., December 2012 
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Annexure - 7.3 

(As referred to in Para 7.2) 

Typical Flow chart showing hierarchical form of Load Despatch Centres 
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Annexure 7.4 
(As ref erred to i11 para 7.4. I) 

Graph showing Average energy consumption in Northern Region during 2007-08 to 2011-12 
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MONTHWISE AVERAGE ENERGY CONSUMPTION IN NORTHERN REGION 
(From 2007 to 2012) 

-lOOI~ loot 10 2010-11 - lOll · ll 

MONTHWISE AVERAGE ENERGY CONSUMPTION IN NR 
(From 2007 to 2012) 

(All figures are in MUs per day) 

2007-08 2008-09 2009-10 2010-1 1 2011-12 

504 480 548 591 634 

555 534 612 652 723 

600 569 662 680 758 

611 612 692 702 822 

617 599 679 709 779 

576 586 644 659 712 

514 563 593 667 669 

490 527 55 1 587 642 

491 53 1 586 627 658 

497 542 605 660 68 1 

502 543 593 632 714 

506 545 605 659 692 
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Annexurc- 7.5 

(As ref erred to in para 7.4.2 (b) and (c)) 

Table showing excerpts of telephonic conversa tion between NLDC a nd RLDC staff on 

29 July 20 12. 

29 July 2012 at 2243 (ERLDC at/vising NLDC to order WRLDC to back down generation 

ER LDC Toh ye paanch line <Jl'erloaded hai toh agar koi ek trip karega toh kt!fi musihat ho jayegi . 

. VLDC Achha. achha. 

ER LDC Toh aap WR ko thoh ek dam extreme~1· aap ek dam immediately aap bol~re ki 11·0 back down 
kare apna generation. 

NLDC Aclilw. achha. 

ER LDC >Ci 11ahi to WR ap11a NR ke through power pass 011 kare agar kar sakta hai. 

NLDC NR se 11ahi kar sakta lwi. Gwalior-Agra ek 0111 /wi. 

ER LDC I la agar 11ahi kar sakta toh he has to back doll'n. 

NLDC A chlw, achha. theek lwi. 

ER LDC Theek hai na. 

NLDC Ok. ok. 

ERL DC Or NR ko over drall'al band kama lwi. 

NLDC I la. ha theek theek. 

ER LDC Toh ye !oh nahi toh bilkul system aajjayega. 

NLDC Theek. theek sir karte /win. 

ERLDC Toh cwp ise serio11s~1· lij~1 ·e. 

29 July 2012 at 2328 (ER LDC advising N LDC to be firm with WRLDC) 

ERLDC Janab WR se to /111111ko koi.farak nahi. lag /a hai ki badh gaya hai unka 

LDC WR toh ... 

ER LDC Aap unke pechhe thoda lagz1•e ki 11·ha1 are they doing? 

LDC Aree bada bekar hai sir unko ... 

ER LDC Ji sir aap unko bar har message dij(l'e. 11·0 aise chhodne se nahi hoga. 

NLDC Theek hai mai bat karta /111. 

ERL DC Nohi nahi bilk11/ h i bat nahi, aap har har unko msg dijz1•e. 

NLDC Nahi nahi mai de raha /111. 

ERL DC Ka he )aha )aha 11nderdra1ral hai usko kam karaye. 

. VLDC Nahi, theek hai. Theek hai . 

29 July 2012 at 233 1 (N LDC askin g W RLDC to red uce u nde r drawal in a rather timid way) 

NLDC '/la Sit; ye thoda ye apna Sir under drall'a/ control kar sakthe ho Sir Aap '. 

WR LDC / /111111. 

NLDC Kyonki Sir >e WR-NR ki Sir Vo G1mlior Agra ek shutdoll'n pe hai. Us pe overloading 
ho rahi hai Sir aur \'e ER corridor ki sari lines 01•erload ho rahi /win. 

WR LDC Frequen(\' bhi to ka111 hai, aapki ... 

NLDC .fi"equen(\' kam lwi 1•0 to baa/ hai lekin thoda .1yste111 constraint hai na ab kya karain 
sah ER kee lines 

WR LDC Ol'<!tdrall'/ kam karai\'e 1w NR ka 

NLDC NR ka OD, 11sko hhi 111sg kzre /win, Sir aap bhi kar sakte /win to aap bhi dekh(1•e 
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Annexure- 7.6 

{As ref erred to in Para 7.4.3 (a)} 

Overdrawal by NR states and Underdrawal by WR states during 30 & 3 1 July G rid 

Disturbances 

Name of the Over- No. of time blocks (Out of 18 time blocks No. of time blocks (Out of 12 time blocks 
State drawal between 2200 hours of29 July 2012 and between 1000 hours to 1300 hours of31 

or 0230 hours of30 July 2012) in which July 2012) in which overdrawal/under-
Under- overdrawal/underdrawal was made by drawal was made by States 
drawal States 

< 100 MW 100<500 500<1000 > 1000 <100 100<500 500<1000 >1000 
MW MW MW MW MW MW MW 

Northern Region 

Punjab 0 6 11 0 0 3 9 0 

Haryana 0 0 13 5 0 2 8 2 

UP 0 0 0 18 I I 0 0 

Rajas than Over- 7 0 0 
drawal 

0 0 4 8 0 

Uttarakhand 10 I 0 0 0 11 0 0 

Western Region 

Gujarat 0 I 15 I I 2 2 0 

MP 0 14 3 I I 11 0 0 

Maharashtra 0 11 7 0 0 0 11 I 

Chhatt isgarh 9 7 0 0 0 12 0 0 

Goa Under- 16 0 0 0 I 0 0 0 

Dadra and drawal 18 0 0 0 12 0 0 0 
Nagar 
Haveli 

Daman and 18 0 0 0 12 0 0 0 
Diu 

I go 
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Annexure-7.7 

{As referred to in Para 7.4.5(b) & 7.4. I} 

NR Imports- Statement showing inter-se distribution of power flows among the links 

Inter-regional links 2009-10 2010-11 

Power flow (in Share within Power flow Share within 
MUs) the corridor (in MUs) the corridor 

(%age) (%age) 

ll VDC Vindhyachal back to back line 1541.33 14.63 1573.78 15.59 

220 kV Auraiya-Malanpur 2.16 0.02 4.21 0.04 

220 kV Ujjain-Kota 1238.58 11 .75 388.49 3.85 

400K V Agra-Gwalior 5990.96 56.85 7001.37 69.35 

400 kV Kankroli-Zerda 1764.83 16.75 1128.01 11.17 

400 kV Bhinmal-Zerda 0.00 0.00 0.00 0.00 

Sub-total 10537.86 100.00 10095.86 100.00 

400 kV Barh-Balia 0.00 0.00 0.00 0.00 

HVDC Sasaram back to back (Bypass 
w.e. f. I December 2008) 1511.65 9.93 1359.09 9.2 1 

400K V Muzzafarpur-Gorakhpur 6127. 18 40.27 5830.16 39.51 

220/ 132 kV lines 678.64 4.46 527.32 3.57 

400 kV Patna-Balia 3733. 13 24.53 4050.99 27.45 

400 kV Biharshariff-Balia 3164.98 20.80 2988.67 20.25 

Sub-total 15215.58 100.00 14756.23 100.00 

2011-12 

Power flow Share within 
(in MUs) the corridor 

(%age) 

1427.39 15.5 1 

34.23 0.37 

244.49 2.66 

6622.30 7 1.98 

294.65 3.20 

577.02 6.27 

9200.08 100.00 

782.72 5.61 

929.77 6.66 

5491.16 39.36 

11 38.56 8.16 

2746.95 19.69 

2861.70 20.51 

13950.86 100.00 
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Annexure - 7.8 

{As ref erred to in Para 7.4.S(d)} 

Proportion of Unscheduled Interchange a mong tota l power flows th rough key Inter-regional Corridors du ring 2009-10 to 2011 -12 

W R-NR W R-ER WR-SR ER-N R 

No. of months in which UI as a No. of months in which UI as a No. of months in which UI as a 
No. of months in which UI as a 

Year 
percentage of Actual Power Flow percentage of Actual Power Flow percentage of Actual Power Flow 

percentage of Actual Power Flow was 
was was was 

0- 10% 
11 %- 3 1%-

> 50% 0- 10% 
11 %- 3 1%-

> 50% 0-10% 
11%- 3 1%-

> 50% 0-10% 11%-30% 
3 1%-

> 50% 
30% 50% 30% 50% 30% 50% 50% 

2009- 10 I 5 4 2 0 0 0 12 6 0 I 5 I 10 I 0 

201 0- 11 I 3 4 4 0 0 0 12 10 2 0 0 3 6 2 I 

201 1- 12 2 4 2 4 0 2 2 8 12 0 0 0 6 4 I I 
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Annexure- 7.9 

(As referred to i11 para 7.4.5 (d)) 

Extent of Utilization of Power Transfer Capability 2012-13 

WR-NR ER-NR 

Actual Surplus Percentage Month- Actual Surplus Percentage Month-
Flow Capacity (Surplus wise ATC Flow Capacity (Surplus wise ATC 

(ATC - Capacity I (ATC - Capacity I 
Actual ATC)XIOO Actual ATC) XIOO 
Flow) Flow) 

69 1.57 11 08.43 6 1.58 2500 1366.83 1133.17 45.33 400 

1152.61 847.39 42.37 2700 1983.53 716.47 26.54 450 

1472.63 527.37 26.37 2800 1900. 18 899.82 32. 14 465 

1809.38 190.62 9.53 3700 2400.5 1299.5 35.12 455 

1265.42 734.58 36.73 4700 1782 29 18 62.09 455 

1253.43 746.57 37.33 4700 1816.64 2883 .36 61.35 525 

13 11.9 888. I 40.37 3700 2072.86 1627. 14 43.98 565 

892 .46 1307.54 59.43 3200 1548.26 1651.74 51 .62 465 

852.82 547. 18 39.08 2700 1789. 17 9 10.83 33.73 455 

2004.64 - - 2050 17 15.87 334.13 16.30 41 5 

1339.57 160.43 10.70 2400 1305.52 I 094.48 45.60 41 5 

1602.69 - - 2200 1332.66 867.34 39.42 365 

Surplus Month = 9 Surplus Month = 12 

Congesuon Month - 3 Congestion Month = 0 

(Figures in MW) 

ER-NER 

Actual Surplus Percentage 
Flow Capaci ty (Surplus 

(ATC - Capacity I 
Actual ATC) XlOO 
Flow) 

342.1 1 57.89 14.47 

311.68 138.32 30.74 

173.31 291.69 62.73 

116.17 338.83 74.47 

141.72 313.28 68.85 

125.38 399.62 76. 12 

94.76 470.24 83.23 

299.82 165.18 35.52 

357.53 97.47 21.42 

345.43 69.57 16.76 

327.38 87.62 21.11 

422.04 - -
Surplus Month = 11 

Congestion Month = I 
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Month 

Month-wise ATC 

Apr-12 700 

May-12 700 

Jun-1 2 700 

Jul-12 700 

Aug-12 700 

Sep- 12 700 

Oct- 12 700 

Nov-12 400 

Dec-12 400 

Jan-1 3 1100 

Feb-13 1100 

Mar-1 3 1100 

1. Sign'-' denotes excess of Actual Flow over ATC. 

2. Percentage less than I 0% considered as congestion. 

4. ER - SR and WR-SR not included as these are mainly HYDC Links. 

Actual Flow 

587.03 

619.5 

902.18 

964. 11 

583.97 

396.71 

41.16 

25.72 

2.69 

52.42 

23.36 

22.85 

WR-ER 

Surplus Capacity (ATC -
Actual Flow) 

11 2.97 

80.5 

-
-

11 6.03 

303.29 

658.84 

374.28 

397.31 

1047.58 

1076.64 

1077. 15 

Surplus Month = I 0 

Congestion Month = 2 

Percentage (Surplus Capacity /ATC) 
XlOO 

16.14 

11 .50 

-

-
16.58 

43.33 

94.12 

93.57 

99.33 

95.23 

97.88 

97.92 
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Annexure - 7.10 

{As referred to in Para 7.4.5 d(iii)} 

Energy Requirement vis a vis Energy Availability of Northern States and Net 

overdrawal or underdrawal during 2011-12 

State Name Requirement Availability Deficit(-) No. of Months Remarks 
in which there 

was Net 

(MUs) (MUs) (MUs) (%) Over Under 
drawl drawal 

Chandigarh 1,568 1,564 -4 -0.3 3 9 omi nal deficit. 
Generally in Under 

drawl mode. 

Delhi 26,75 1 26,674 -77 -0.3 0 12 om inal deficit. Always 
in Under drawl mode. 

Haryana 36,874 35.541 - 1,333 -3.6 10 2 Deficit and Over drawl 
in most of the month . 

Himachal 8.16 1 8.107 -54 -0.7 5 7 ominal deficit. Under 
Pradesh drav. l in majority of 

months. 

Jammu & 14,250 10,889 -3,36 1 -23.6 6 6 11 igh defici t. Equal 
Kashmir pallern of Over drawl 

and Under drawl 

Punjab 45.191 43. 792 - 1,399 -3. 1 4 8 Deficit. Yet Under dra\\ 1 
in majority of month . 

Rajasthan 5 1.474 49.49 1 - 1,983 -3.9 12 0 Deficit. Over drawl in all 
the months. 

Uttar Pradesh 81.339 72, 11 6 -9,223 - 11.3 9 3 II igh Deficit. II igh Over 
drawl. 

Uttarakhand 10,5 13 10.:w8 -305 -2.9 10 2 Deficit. Generally in 
Over drav. l mode. 
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List of abbreviations used in the Report 

SI. No. Term used in Description 
Report 

A 

I. AC Alternating Current 

2. ABT Availability Based Tari IT 

3. ACP /\ rea Clearing Price 

4 . ATC Available Transfer Capability 

B 

5. BOD Board of Directors 

6. BOQ Bill of Quantity 

7. BPTA Bulk Power Transmission Agreement 

8. BSE Bombay Stock Exchange 

c 
9. CEA Central Electricity Authority 

10. CEO Chief Executi ve Officer 

11. CERC Central Electricity Regulatory Commission 

12. CSGS Central Sector Generating Station 

13. Ckm Circuit Kilometer 

14. CMD Chairman-cum-Managing Director 

15. CMG Corporate Monitoring Group 

16. CPCC Central Project Coordination and Control Cent re 

17. CPS Es Central Public Sector Enterprises 

18. cs Contract Services 

19. CTE ChiefTechnical Examiner 

20. CTU Central Transmission Utility 

D 

2 1. DC Double Circuit 

22. DOCO Date of Commercial Operat ion 

23 . DPR Detailed Project Report 

E 

24. ED Executive Di rector 

25. ER Eastern Region 

26. ER LDC Eastern Region Load Despatch Centre 

27. ERP Enterprise Resource Planning 

28. ERSS Eastern Region System trengtheni ng Scheme 

F 

29. FPO Follow-on Public Offer 

30. FR Feasibility Report 
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SI. No. Term used in Description 
Report 

G 

31 GD Grid Disturbance 

32 Go! Government of India 

H 

33 1-IVDC High Voltage Direct Current 

I 

34. IDC Interest During Construction 

35. IEDC Incidental Expend iture during Construction 

36. IEEMA Indian Electrical and Electronic Manufacturers Association 

37. IEGC Indian Electricity Grid Code 

38. JEX Indian Energy Exchange 

39. llT Indian Institute of Technology 

40. IPO Initial Public Offer 

41. IPPs Independent Power Producers 

42 . ISGS Inter State Generating Station 

43. IT Information Technology 

K 

44. kV Ki lo Volt 

45. KPI Key Performance Indicators 

46. kWh Ki lo Watt Hour 

L 

47 . LO Liquidated Damages 

48. LDC Load Despatch Centre 

49. LILO Loop In Loop Out 

50. LTA Long Term Access 

M 

51. MCP Market Clearing Price 

52. MC Management Committee 

53. MIS Management Information System 

54. MNW Master Network 

55. MoEF Ministry of Environment and Forest 

56. MoP Mini stry of Power 

57. MOU Memorandum of Understanding 

58. MPR Monthly Progress Report 

59. MPS EB Madhya Pradesh State Electricity Board 

60. MT Metric Ton ne 

61. MTOA Medium Term Open Access 
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SI. No. Term used in Description 
Report 

62. MUs Million Units 

63. MYA Mega Vol t Ampere 

64. MW Mega Watt 

N 

65. EP ational Electricity Plan 

66. ERC North American Electrical Reliabi lity Council 

67. ER North Eastern Region 

68. ER LDC orth Eastern Region Load Despatch Centre 

69. IT otice Inviting Tender 

70. LDC ational Load Despatch Centre 

7 1. NPTI Nati onal Power Training Institute 

72. R Northern Region 

73. RLDC orthern Region Load Despatch Centre 

74. RPC Northern Regional Power Comm ittee 

75. RSS Northern Region System Strengthening 

76. NSE Nati onal Stock Exchange 

0 

77 occ Operation Coordination sub-committee 

p 

78. PAT Profi t After Tax 

79. PESM Plann ing Environment and Social Management 

80. PGCIL Powergrid Corporation of Indi a Limited 

8 1. POSOCO Power System Operation Corporation Limited 

82. PSDF Power System Development Fund 

83. PRM Project Review Meeting 

84. PX IL Power Exchange India Limited 

Q 
85 QR Quali fying Requirement 

R 

86. RLDC Regional Load Despatch Centre 

87. RM Reliability Margin 

88. RoE Return on Equity 

89. ROW Right of Way 

90. RPC Regional Power Committee 

91. RPM Revolutions Per Minute 

92. RTU Remote Tenninal Unit 

93. R&D Research & Development 
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I. No. Term used in Description 
Report 

s 
94. SC Single Circuit 

95. CADA Supervisol) Control and Data Acquisit ion 

96. SC PSP Standing Committee for Power System Planning 

97. SOR Schedule of Rates 

98. SLDC State Load Despatch Centre 

99. SPS Special Protection Scheme 

100. SPU State Power Utility 

I 0 I. SR LDC Southern Region Load Despatch Centre 

102. SRSS Southern Region System Strengthening 

103. SR Southern Region 

104. STOA Short Term Open Access 

105. TU State Transmission Ut il ity 

T 

106. TPS Thermal Power Station 

107. TTC Total Transfer Capability 

u 
108. Ul Unscheduled In terchange 

109. UMPP Ultra Mega Power Project 

II 0. UPPCL Uttar Prade h Power Corporation Limited 

w 
111 . WPPP Work and Procurement Policy & Procedure 

11 2. WR LDC Western Region Load Despatch Centre 

11 3. WR Western Region 

11 4. WRSS Western Region System Strengthening Scheme 
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Glossary of Technical Terms 

s. Technical Terms Description 
No 

I Availabi lity Based Tariff Financial settlement of energy exchanges across the Grid is carried out 
(ABT) through a mechanism called Avai lability Based Tariff. ABT comprises 

th ree components: (a) capacity charge, towards reimbursement of fixed 
cost of the plant, lin ked to the plant 's declared capacity to supply MWs, 
(b) energy charge, to reimburse the fuel cost for scheduled generation, and 
(c) Unscheduled Interchange (UI) charge, a payment for deviations from 
schedule, at a rate dependent on the system frequency. 

2 Alternating C urrent (AC) Alternating Current: or AC changes periodical ly with time. 

3 Area Clearing Price Area clearing price is the clearing price for electricity transacted through 
(ACP) power exchanges. for the rcspecti\ e bid areas. 

4 Available Transfer Available Transfer capability is equal to Total transfer capabil ity minus 
Capability (ATC) transmission reliabil ity margin fixed corridor-wise by National Load 

Despatch Centre to ensure that the interconnected network is secure under 
a reasonable range of uncerta inties in system conditions. 

5 Angular separation The rotors of generators connected to the grid run at the same electrical 
speed and in case of small disturbances affecting the speed, restorative 
forces bring back the rotors to the same speed. However, for large 
disturbances, the restorative forces may be unable to bring al l the generators 
to the same speed. If this happens, the angu lar difference between the 
generators goes on increasing (Angular separation) which causes large 
variations in voltage and power flow in lines. 

6 Bottling of power Any constraint in the transm ission chain from generation of power to 
load leads to a situation where generation has to be backed down. This is 
referred to as bottling of power. 

7 Black start Building the Grid after a grid collapse is termed as 'black start ' of the 
Grid 

8 Bottom up approach Under this approach used in restoration of power follow ing partial or 
total grid collapse, black start facility available within the region among 
hydro, gas and some thermal power stations is used to start produci ng 
power, loads are added step by step and blocks of restored areas are built 
progressively. 

9 Congestion CERC Regulations define congestion as a situation where the demand for 
transmission capacity exceeds the available transfer capabi lity. 

JO Circu it kilometer (ckm) Product of the number of circuits form ing part of a transmission line and 
the length of transmission line in ki lometre. 

I I Cascade tripping Uncontrolled successive loss of system elements triggered by an incident. 
Cascade tripping results in wide spread service interruption which cannot 
be restra ined from sequentially spreading beyond an area pre-determined 
by appropriate studies. 

12 Central Transmission Clause 2( I 0) of the Electricity Act, 2003 defines Central Transmission 
Utility Utility as any Government company which the Central Government may 

noti fy under sub-section (I) of section 38 of the Act. 
PGCIL has been notified by the Central Government as Central 
Transmission Uti lity. 

13 Contingency Unexpected fail ure or outage of system components, such as a generator, 
transmission line, circuit breaker, switch, or other electrical element. A 
contingency also may include multiple components. v. hich are related by 
situations leading to simultaneous component outages. 

14 Direct Current (DC) Direct Current or DC is steady and does not change with time. 

15 Double Circuit (DC) A double-circu it transmission line has two circuits. 
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s. Technical Terms Desc ription 
No 

16 Element An} electric de\ ice'' 1th terminals that may be connected to other electric 
de\ ices. such as a generators, transformer, circuit, circuit breaker, etc. 

17 Energ) Emergency A condition'' hen a system or power pool does not have adequate energy 
resources to supply its customers' expected energy requirements. 

18 Feasibili ty Repor t (FR) Feasibi lity report is a document containing evaluation and analysis or 
the potential of proposed project based on extensive investigation and 
research to support the process of decision making. 

19 Frequency The number of complete alternations or cycles per second of an alternating 
current measured in hertz. The standard frequency in India is 50 Hz. 

20 G rid disturbance A Grid Disturbance (G D) is a state of the power system under which a set 
of generat ing units transmission elements trip in an abrupt and unplanned 
manner affecting the power supply in a large area and/or causing the 
system parameters lo deviate from the normal values in a wider range. 

21 High \'oltage Direct I IVDC !>ystem comprises of point-to-point lines through which system 
Current (HVDC) system operators can regulate flow of electricity. 

22 Infirm power Power generated by a power station prior to its date of commercial 
operation. 

23 Inter Regional lines Line connecting two regions arc ca lled Inter Regional lines. 

24 Intra Regional lines Transmission lines connecting locations within the region arc called Intra 
regional lines. 

25 Long Term Access Long Term Access (LTA) means the right to use the inter-stale transmission 
system for a period exceeding 12 years but not exceeding 25 years. 

26 Long tic Long tic means Transmission link longer in length and tying /connecting 
two regions. 

27 Load Shedding The proccs of deliberately removi ng (either manually or automatically) 
pre-selected customer demand from a pov. er system in response to a 
abnormal condition. to maintain the integrity of the system and minimize 
overall outages. 

28 Lighting p Lighting up is used in the context of coal fired generating units and refers 
to the starting up or the boi lers using oi l (could be ei ther Light Diesel Oil 
or Lov. Sulphur I leavy Stock or Heavy furnace Oil) depending on the 
boiler design. Only a fter this process is complete, the steam turbine can be 
rolled and the generator synchron ized to the main grid. 

29 Load The amount or electric power delivered or required at any specific point or 
points on a system. The requirement originates at the energy-consuming 
equipment or the consumers. 

30 Ma rket clearing Price The market clearing price is the cleari ng price for cleared tran actions in 
(MC P) the whole market when there is no congestion. 

31 MNW Master ct work ( M W) of the projects ind icating contract '"ise dates 
for start and fini sh or various activities such as award, commencement of 
supply/erection, completion of supply/erection, etc. 

32 M\'A MVA i.e .. mega volt ampere is a uni t of measurement of apparent power 
in an electrical circuit. This unit of measurement can be used only in AC 
circuits. Transformers used in power transmission are rated in MVA. 

33 Million Unit (MU) K ilO\\ att-hour (kWh). i.e. one kilowall of power expended for one hour of 
time, is called a 'U nit '. A collection of one million units is called 'MU'. 

34 N-1 Criterion Power system operation is based on a principle called · N-1 criterion 
as per which transfer capabi lity is assessed considering outage of the 
most important clement. This ensures that the system remains in secure 
conditi on even after loss of the most important generator or transmission 
facility. 
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S. Technical Ter ms 
No 

35 Open Access 

36 Open li ne 

3 7 Offlin e Simulation 

38 Over clrawal 

39 Outage 

40 Power swing 

41 Power Utility 

42 Rating 

43 Reliabil ity 

44 Reliability Margin (RM) 

45 Right of Way (ROW) 

46 SCADA 

47 Single Contingency 

48 Synchronization 

Description 

Open access means the non-discriminatory provision for the use of 
transmission lines or distribution system or associated facilities with 
such lines or system by any licensee or consumer or a person engaged in 
generation in accordance with the regulations specified by the Appropriate 
Commission. 

Open line means a line taken ofT the grid through a swi tching 
mechanism. 

Power system engineers use a technique ca lled power flow simulation to 
reproduce known operating conditions at a specifi c time by calibrating 
an init ial simulation to observe voltage and line flows. The calibrated 
simulat ion can then be used to answer ·what if' questions lo detem1ine 
whether the system was in safe operating state at that time. 

Over drawal means utilizing more than their share of central sector 
generation by discoms. 

The period during which a generating unit, transmission line, or other 
facility is out of service. Outages are of three types (i) Planned outage: 
It refers to outage for carrying out maintenance work, construction 
related activities etc.( ii ) Forced outage: a condition in which the element 
is unavailable due to unanticipated fa ilure. (iii ) Emergency outage: the 
element is taken out of service to carry out urgent repairs etc. 

Rotors of synchronous machines interconnected by AC lines tend to 
run at the same electrica l speed in steady state. When the power system 
experiences small disturbances, restorative torques bring back the 
machines to synchronism (i.e. same electrical speed). This response is 
characterized by an osci llatory behavior since the underlying equations 
which determine the transient behavior are like those of a spring-mass 
system. The oscillations are called 'swings' and are seen in practically 
all parameters including line power flows. The osci llations die do\\n if 
damping is adequate. 

The entity that owns or operates faci lit ies for generat ion, transmission, 
distribution, or sale or electric energy primari ly for use by the public. 

The operational lim its of an electric system fac ility or clement under a set 
of specified condi tions. 

Reliability refers to the degree of performance of the elements of the bulk 
elect ric system that resul ts in adequate and secure delivery of electricity 
to the consumers. Electric system reliabil ity can be assessed th rough two 
indicators vi::., adequacy and securi ty. 

Reliability Margin (RM ) means the amount of margin kept in the total 
transfer capability necessary to ensure that the intercon nected transmission 
network is secure under a reasonable range of uncertainties in system 
conditions. 

Right of Way (ROW) with reference to transmission projects means right 
for placing of electric lines fo r transmission of electricity along the path 
th rough which such lines pass through. 

Supervisory Control and Data Acquisition System: a system of remote 
control and telemetry used to monitor and control the electric system. 

Sudden, unexpected fai lure or outage of a system faci li ty or clement 
(generating unit, transmission line, transformer, etc.). 

In an alternating current electric power system, synchronization is the 
process of matchi ng the speed and frequency of a generator or other 
source of power to a running network. 
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s. Technical Terms Description 
No 

49 Scheduled Power Pm\er stations and distribution utilities inlcxm their intended quantum 
of generation and drawal respecti'vely for the ne.\t day to LDCs of their 
control area. LDCs match the generation and dra\\al of all utilities in their 
control area with reference to the po" er transfer capability and prepare 
the schedule each day, for the next day. For scheduling. a day is di' ided 
into 96 time blocks. each of 15 minutes duration. Thus, the 'Schedule' 
is a program drawn for the generat ing stations and distribution utilities. 
Energy exchanges as per the schedule is referred to as scheduled power. 

50 Short tie hort tic means Transmission link shorter in length and tying /connecting 
two regions. 

51 Short Term Open Access Access provided to a generator or seller of power for transmission of 
power for a short term period ( i.e. for a period up to one month at a time). 
PO OCO is the octal agency for grant of short term open access under 
CERC Regulations. 

52 Single circuit A single circuit transmission line has only one circuit. 

53 Special protection scheme An automat ic protection system designed to detect abnormal or pre 
(SPS) determined system conditions. and take correcti\ e actions other than and/ 

or in addi tion to the isolation of fa ulted components. 

54 Transfer Capabili ty Transfer capability refers to the amount or electric power that can be 
passed through a transmission network from one place to another having 
regard to re liabil ity considerations. 

55 Transmission Capacity Transmission capacity is equal to summation of ratings of individual 
lines. 

56 Transmission Corridor An interconnected group of lines and associated equipment for movement 
or transfer of electric energy between points or supply and points at which 
it is transformed for delivery to customers or is delivered to other electric 
system. 

57 Transient Stability The ability of an electric system to maintain ynchronism between its 
parts when subjected to a disturbance and to regain a state of equilibrium 
following the disturbance. 

58 Trip Refers to the automatic opening of the conducting path provided by a 
transmission line by the circuit breaker. These openings or "trips" are to 
protect the transmis ion line during faulted condi tions. 

59 Total Transfer Ca pability Total Transfer Capabili ty of a transmission network means the amount o r 
(TTC) electric power that can be transferred reliably over the inter-control area 

transmission system under a given set of operating conditions considering 
the cfTect of occurrence of the worst credible contingency. Here credible 
contingency means the I ikely-to-happen contingency, which would 
afTect the Total Transfer Capabili ty of the inter-control area transmission 
system. 

60 Top down approach Top down approach adopted in restoration of power fo llowing a partial or 
total grid collapse involves taking power from other regions which remain 
connected to initiate restoration in the affected region. 

6 1 Unscheduled Interchange Unscheduled Interchange (U I) is the under Drawal/Over drawal or under 
injection/over injection when compared to the scheduled power 

62 Underdrawal Under drawal mean taking less than its share of central sector generation 
by state discoms. 

63 Voltage The electrical force , or "pressure:· that causes current to flow in a circuit, 
measured in volts. 
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