


 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer: 

This report/document has been supported by Shakti Sustainable Energy Foundation and prepared by 

Idam Infrastructure Advisory Pvt. Ltd., (Idam Infra). The views/analysis expressed in this report are 

based on the research and analysis by Idam Infra, and do not necessarily reflect the views of Shakti 

Sustainable Energy Foundation. The Foundation does not guarantee the accuracy of any data included 

in this publication nor does it accept any responsibility for the consequences of its use.



 
 
 
 

Table of Contents 

1 Introduction .................................................................................................................................. 1 

1.1 Background ................................................................................................................................... 1 

1.2 History of Wind Sector Development in India ......................................................................... 2 

1.3 Advisory Group and Wind Discussion Forum: An Initiative for 200 GW by 2032 ............ 6 

1.4 India‘s Wind Vision 2032 ............................................................................................................. 7 

1.5 Coverage of Theme Paper ........................................................................................................... 8 

2 Legal and Regulatory Framework ............................................................................................ 9 

2.1 Electricity Act, 2003 ...................................................................................................................... 9 

2.2 National Electricity Policy ........................................................................................................... 9 

2.3 National Electricity Plan ............................................................................................................ 10 

2.4 CEA Technical Standards for RE Grid Integration ................................................................ 12 

2.5 CERC Regulations for Connectivity ........................................................................................ 12 

3 Key Challenges for Integration of Wind Energy in India ................................................. 16 

3.1 Need for Integrated Generation and Transmission Planning .............................................. 16 

3.2 Ageing and Inadequate Transmission Corridor .................................................................... 18 

3.3 Managing Resource Intermittency ........................................................................................... 20 

3.4 Non-Uniform Grid Interconnection Process........................................................................... 22 

3.5 Inadequate Fund Availability for Development of Evacuation Infrastructure ................. 23 

3.6 Right of Way Issues .................................................................................................................... 24 

3.7 Lack of Robust Framework for Wind Forecasting and Scheduling .................................... 24 

3.8 Issues Pertaining to Reactive Power Support and Grid Instability ..................................... 25 

3.9 Summary of Key Challenges ..................................................................................................... 25 

4 International Analysis .............................................................................................................. 29 

4.1 Germany ...................................................................................................................................... 29 

4.2 Spain ............................................................................................................................................. 30 

4.3 USA ............................................................................................................................................... 31 

5 Initiatives Taken by India to Facilitate Large Scale Wind/REGrid Integration ............ 35 

5.1 Green Energy Corridor .............................................................................................................. 35 

5.2 Transmission Plan for Renewable Energy by CEA ............................................................... 36 

5.3 Forecasting and Scheduling Regulations, by CERC .............................................................. 37 

5.4 Imbalance Settlement Regulations, by CERC ......................................................................... 38 

5.5 Ancillary Services Market Regulation by CERC .................................................................... 39 

5.6 Extended Market Sessions on Power Exchanges by CERC .................................................. 39 

5.7 Summary of Initiatives So Far on Grid Integration of RE ..................................................... 40 

 

 



 
 
 
6 Addressing Challenges in Wind Integration and Recommendations ............................ 41 

6.1 Planning Stage: Considerations of RE for Power Evacuation   Planning ........................... 41 

6.2 Construction Stage: Interconnecting Wind Power Plants ..................................................... 45 

6.3 Operation Stage: Operating Large Scale Wind Power Plants .............................................. 47 

7 Roles and Responsibilities of Key Entities .......................................................................... 55 

7.1 Electricity Regulatory Commissions ........................................................................................ 55 

7.2 Central Electricity Authority..................................................................................................... 56 

7.3 CTU and STU .............................................................................................................................. 56 

7.4 NLDC/RLDC/SLDC ................................................................................................................. 57 

7.5 Project Developers ...................................................................................................................... 57 

8 Summary and Recommendations .......................................................................................... 59 

 



 
 
 

 

List of Figures 

Figure 1: Wind Sector Prior to EA 2003 ............................................................................................... 3 

Figure 2: Wind Capacity Addition Post EA 2003 ............................................................................... 5 

Figure 3: Approach followed in the Initiative ..................................................................................... 6 

Figure 4: Outline of Key Challenges for Grid Integration of Wind ............................................... 16 

Figure 5: Proposed Interregional Power Transfer Capacities in India .......................................... 20 

Figure 6: Wind Variation in TN and Rajasthan ................................................................................ 21 

Figure 7: Wind Farm Layout ............................................................................................................... 22 

Figure 8: Challenges in Wind Grid Integration ................................................................................ 26 

Figure 9: Overview of Balancing System in Germany ..................................................................... 30 

Figure 10: Perspective Transmission Plan 2030 ................................................................................ 37 

Figure 11: Key Components of Forecasting and Scheduling Regime ............................................ 49 

Figure 12: Proposed Composite Model for F&S ............................................................................... 51 

 

List of Tables 

Table 1: Wind Capacity Target—2032 .................................................................................................. 7 

Table 2: Summary of Facilitative Framework for Grid Integration of RE Sources ...................... 13 

Table 3: Statistics of Rajasthan Transmission Network ................................................................... 17 

Table 4: Summary of Challenges and Potential Measures .............................................................. 27 

Table 5: International Analysis in Managing Large Scale Grid Integration of Wind .................. 32 

Table 6: Highlights of the Green Energy Corridor ........................................................................... 35 

Table 7: Gradient Band for Deviation Charges ................................................................................. 38 

Table 8: Summary of Initiatives .......................................................................................................... 40 

Table 9: Options for Forecasting and Scheduling Mechanism ....................................................... 50 

Table 10: Summary of Recommendations ......................................................................................... 59 

 

 

   



 
 
 

 

Acronyms 

CEA Central Electricity Authority 

CERC Central Electricity Regulatory Commission 

CTU Central Transmission Utility 

DNES Department of Non-conventional Energy Sources 

DSM Deviation Settlement Mechanism 

EA, 2003 The Electricity Act, 2003 

ERCOT The Electric Reliability Council of Texas Inc.  

F&S Forecasting and Scheduling 

FIT Feed-In-Tariff 

FoR Forum of Regulators 

FRT Fault Ride Through 

GW Giga Watt 

GWEC Global Wind Energy Council 

IEGC Indian Electricity Grid Code 

InSTS Intra State Transmission System 

IREDA Indian Renewable Energy Development Agency 

ISTS Inter State Transmission System 

LVRT Low Voltage Ride Through 

MNES Ministry of Non-conventional Energy Sources 

MNRE Ministry of New and Renewable Energy 

MoP Ministry of Power 

MW Mega Watt 

NCEF National Clean Energy Fund 

NIWE National Institute of Wind Energy 

NLDC National Load Despatch Centre 

PGCIL Power Grid Corporation of India ltd. 

QSE Qualified Scheduling Entities 

RE Renewable Energy 

REMC Renewable Energy Management Centre 

RLDC Regional Load Despatch Centre 

SEB State Electricity Boards 

SERC State Electricity Regulatory Commissions 

SLDC State Load Despatch Centre 

SNA State Nodal Agency 

STU State Transmission Utility 

UI Unscheduled Interchange 

WTG Wind Turbine Generator 



 
 
 

1 | P a g e  
 

1 Introduction 

India, the third largest economy in Asia and one of the fastest growing economies in the 

world, has an immense appetite for electricity. India‘s impressive economic growth in the last 

decade has resulted in commensurate rise in the energy requirements of the country. 

Although the total power generation capacity has increased from 1,362 MW in 1947 to 3,02,833 

MW  till April 2016, electricity generation has not been able to keep pace with the country‘s 

rapid industrialization and growth in population. Consequently, shortage in energy has been 

continuing since long. The Load Generation Balance Report (LGBR) published by Central 

Electricity Authority (CEA) stipulates that, the total energy (MUs) and peak (MW) deficits 

were reported at 2.1% and 3.2% respectively during FY 2015-16... According to the World 

Bank analysis, about 22% of India‘s population does not have access to electricity and the 

country‘s per capita consumption of electricity is lowest among the emerging large economies 

(viz. Brazil, China, Russia, and South Africa). Further, the electricity demand is expected to 

rise significantly in the near future.  

 

Considering the fact that India is currently importing nearly 79% of its total petroleum 

requirements and has been relying increasingly on imported coal, it is necessary that India 

develops a propensity towards non conventional domestic sources of energy to meet its 

demand. Though, India‘s per capita carbon emissions (2,340 million tonnes CO2 are amongst 

the lowest, ranking 126th as per Emission Database for Global Atmospheric Research 

(EDGAR), in terms of total emissions, India with 5.7% share in the annual global emissions, is 

fourth largest in the world, only behind China, USA and the European Union. As a result, 

India is subjected to increasing global pressure to reduce its overall carbon emissions. These 

can be most effectively mitigated through adoption of renewable energy (RE) resources to 

meet demand. Wind energy resources, in particular, could play a significant role. 

 

1.1 Background 

With the capacity of 26,867 MW as on April 2016, wind energy accounts for more than 62% of 

the installed capacity in the renewable energy sector in the country. Presently, Tamil Nadu 

leads in terms of installed wind capacity among all wind rich states of India with a installed 

wind capacity base accounting to almost one-third of the total wind capacity of India. 

However, other states with significant potential such as Maharashtra, Gujarat, Rajasthan, 

Karnataka, Madhya Pradesh, Andhra Pradesh and Telangana have been adding to their 

respective wind capacities at a faster rate. 
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The sector is growing rapidly and thus presents substantial opportunities for domestic as well 

as international players. As per Global Wind Energy Council (GWEC), 2014, India ranked fifth 

in terms of wind installed capacity (behind China, Germany, USA and Spain) and fourth 

(behind China, USA and Brazil) in annual capacity growth. However in 2015, India 

superseded Spain to rank fourth in terms of installed capacity of wind, among all the 

countries in the world. India‘s wind equipment manufacturing capacity is over 10,000 MW 

per annum at present and all most all world-class wind turbine manufacturers are present in 

the country. Further, National Institute of Wind Energy (NIWE), has estimated India‘s wind 

potential as 302.25 GW (at 100 m level). With strong political will, continued favourable policy 

environment and low cost financing, wind energy can play a major role in securing a 

sustainable and clean energy future for India. 

 

1.2 History of Wind Sector Development in India 

The first wind power plant of 40 kW was installed at Verawal in Gujarat in 1984. As on April 

30, 2016, out of the total grid-connected renewable energy capacity of 43,086 MW, wind 

energy contributes 62% with an installed capacity of 26,867 MW. The main drivers for growth 

of wind energy sector in India during past few years were conducive policy framework, 

regulatory initiatives, increasing prices of fossil fuel based generation, growing electricity 

consumption, technological advancements, and recognition of environmental concerns. The 

growth of wind power sector can be grouped into three phases of development:  

 

Period Before FY 1994-95  Initial Phase of Demonstration Projects 

 Structured Policy Program of Erstwhile Ministry of 

Non-conventional Energy Sources (MNES) (Now 

MNRE) 

Period Between FY 1994-95 to 

FY 2002-03  

 Period Before Enactment of Electricity Act, 2003 

Period After FY 2002-03  Period After Enactment of Electricity Act, 2003 

 

1.2.1 Period before FY 1994-95  

In the year 1982, an independent Department of Non-conventional Energy Sources (DNES) 

was constituted under Ministry of Energy. DNES constituted the Indian Institute for Tropical 

Metrology to publish the first wind resource assessment in the country. In 1984, DNES 

supported the commissioning of the first grid-connected wind turbine, of 40 kW capacity at 

Verawal, Gujarat. Thereafter, DNES initiated a wind farm demonstration programme, offering 
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grants to five projects of 550 kW. The initiatives taken during this phase laid the foundation 

for wind energy development in subsequent years. Some of the policy initiatives which 

commenced in this phase are: 

a) 100% Accelerated Depreciation on capital investment in equipment in the first year of 

installation.  

b) 5 years‘ Income-tax exemption on income from sale of power generated by wind energy. 

c) Mandatory purchase of electricity by State Electricity Boards (SEBs). 

d) Industry status to wind equipment manufacturers. 

e) Establishment of Indian Renewable Energy Development Agency (IREDA) in 1987, to act 

as a dedicated public sector financing arm for renewable energy projects. 

 

1.2.2 Period between FY 1995-96 and FY 2002-03  

During this period, the renewable energy sector in general and the wind power sector in 

particular, registered significant growth in terms of wind capacity addition. The installed 

capacity of wind increased from 115 MW at the beginning of FY 1994-95 to around 1,908 MW 

at the end of FY 2002-03, out of which more than 50% (viz. around 990 MW) wind capacity 

addition took place in the State of Tamil Nadu only. Most of the wind turbines installed 

during this phase were of 225-500 KW capacity. 

  

Figure 1: Wind Sector Prior to EA 2003 
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The growth of the wind sector in this phase too was driven by policy support of central and 

state governments. The  various fiscal and financial policies of the central government 

provided numerous benefits in the form of capital subsidy, tax holiday, buy-back rate, 

concessional wheeling charges and banking charges, accelerated depreciation, etc. In the same 

period, the Government of India under the aegis of the Ministry of Textiles had introduced the 
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Technology Up gradation Fund Scheme (TUFS). This scheme helped the struggling textile 

sector to modernize its technology and equipment to meet their energy requirement and in 

effect benefited the wind sector as wind mills were set up to meet the electricity needs of the 

textile sector. 

 

The state governments also encouraged wind capacity addition by providing assistance in the 

form of concessional land allotment, electricity duty exemption, deferment of sales tax for the 

industry and so on. The wind resource development and R&D programmes by erstwhile 

Centre for Wind Energy Technology (C-WET); now known as National Institute of Wind 

Energy (NIWE) laid down the foundation for growth of wind sector in subsequent years. The 

growth in capacity addition in wind turbine generator (WTG) installation in India during this 

phase was achieved mainly due to the market development initiatives taken up by the 

Ministry of Non-Conventional Energy Sources (MNES); now Ministry of New and Renewable 

Energy (MNRE), some of which measures are still continuing.  

 

Wind Sector Development Initiatives Prior to EA 2003 

 Analysis, compilation and publishing of wind speed and wind energy data. 

 Setting up of demonstration wind power projects. 

 Guidelines to State Electricity Boards to formulate policies towards grid 

interfacing of wind power, banking and wheeling arrangements and the purchase 

rate of electricity from the wind farms. 

 Policy of accelerated depreciation, concessional import duty, and so on. 

 Encouraging development of indigenous wind turbine manufacturing facilities. 

 Involving multilateral and bi-lateral agencies in setting up demonstration projects. 

 Setting up of IREDA and enabling soft financing to wind farm projects through it. 

 Guidelines for promotional and fiscal incentives by state governments for power 

generation from non-conventional energy sources, popularly known as ―Buy-Back 

Scheme‖. 

 

The favourable policy framework coupled with low manpower cost, raw material availability, 

and vast market potential resulted into significant growth of the wind industry. During this 

phase, the wind turbine manufacturing also started in India by companies like Vestas, NEG, 

and Enercon, which set up their manufacturing facility in collaboration with local 

manufacturers. This era also saw the genesis of the largest domestic wind turbine 

manufacturing company, Suzlon Energy Limited and many more. 
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1.2.3 Period after FY 2002-03 (Post Enactment of Electricity Act, 2003) 

Post enactment of the Electricity Act, 2003, the installed WTG capacity has increased from 

1,909 MW at the beginning of FY 2003-04 to 26,867 MW as on April 30, 2016. This phase may 

be termed as golden phase in the development history of wind sector considering the increase 

in year-on-year capacity additions in the wind capacity. The average annual capacity addition 

during the last 11 years has been approx. 1,700 MW per annum, which exceeds the total 

addition of 1,584 MW during previous phase of 8 years (from 1994-95 to 2002-03). 

 

Figure 2: Wind Capacity Addition Post EA 2003 
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During this period, the wind technology emerged as a mature technology amongst various 

other types of renewable energy technologies. It now contributes to around 9% of total 

generation capacity and its share amongst various renewable energy technologies constitutes 

nearly 62% of the total installed capacity of renewable. During the period between 2003 till FY 

2011-12, the legal clarity and certainty of regulatory principles, coupled with conducive policy 

framework, ensured continued developer interest in wind sector, which resulted in significant 

growth in wind capacity across various states.  

 

However, post FY 2011-12, the growth slide down to half of the growth in previous years, 

mainly due to uncertainty over continuation of Generation Based Incentive (GBI) scheme post 

FY 2012-13, withdrawal of Accelerated Benefit (AD) for wind projects, lack of demand for 
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wind power by utilities, and other state specific issues. The AD and GBI schemes were 

discontinued at the end of 11th five year plan, i.e., FY 2011-12. As a result, the annual wind 

capacity addition dipped from approx. 3.2 GW in FY 2011-12 to 1.7 GW in FY 2012-13. With 

the re-introduction of GBI in FY 2013-14, effective from 01 April 2012 for the entire  period of 

12th Plan i.e. 2012-17, and AD in the budget of FY 2014-15, the capacity addition of wind again 

rose up to 2.1 GW, 2.3 GW and 3.3 GW in FY 2013-14, FY 2014-15 and FY 2015-16 respectively.  

 

With a massive wind potential still untapped, in order to achieve the targets of 60 GW by 2022 

as laid down by the Government, and in furtherance to accomplish the Wind Vision targets of 

200 GW by 2032, there is an urgent need for a renewed vision to re-ignite growth in the wind 

sector. 

 

1.3 An Initiative for 200 GW by 2032 

Shakti Sustainable Energy Foundation initiated a process of – ―Evolving Consensus on 

Thematic Issues in Wind Sector through Stakeholder Engagement‖, and engaged Idam 

Infrastructure Advisory Private Limited for execution of the same. This initiative is an effort to 

establish a broad platform for evolving consensus around certain identified areas for the 

development of wind energy sector in India through open discussions and deliberations 

amongst various stakeholders and evolve development and policy approaches that are 

acceptable to all as well as practically implementable. Following figure illustrates the 

approach followed in the initiative.   

Figure 3: Approach followed in the Initiative 

 

―Wind Vision 2032‖ aimed to provide the impetus by undertaking complete analysis of the 

wind sector in India. This initiative also aimed to create a ―Discussion Forum‖ to undertake 

the brain storming process to evolve solutions for all key challenges being faced by the wind 

sector. The objective was to evolve consensus around such aspects among industry and other 
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key stakeholders through a process of dialogue supported by independent research. This 

initiative ‗Wind Vision 2032,‘ aimed to bring closer focus on all the key challenges related to 

the wind sector and initiate the consensus building on the possible strategies. It aimed to 

identify the bottlenecks and possible policy/regulatory interventions and thereafter define 

idealistic targets for the wind sector by the end of 15th five year plan i.e., till FY 2031-32. 

 

It was proposed to form a unique Advisory Group with around 8-10 members, comprising 

heads of various wind industry associations, regulatory and policy experts and technology 

experts in the sector, to provide continuous guidance during the various stages of the 

assignment. The Advisory Group provided continuous guidance during the various stages of 

the assignment to facilitate the achievement of the collective goal and played a pivotal role in 

evolving consensus on various issues in an efficient manner. In this context, a two-pronged 

structure of the ‗Discussion Forum‘ and ‗Advisory Group‘ was adopted for designing the 

long-term Vision besides conducting theme-specific workshops for wider stakeholder 

consultation.  

 

1.4 India’s Wind Vision 2032 

The Wind Vision envisages a target of 200 GW of wind capacity by the end of the year 2032. 

This is discussed in details in the Main Report—Setting of 200 GW Target and Business 

Opportunities. The following table provides overview of the target of 200 GW by 2032, with 

intermediate cumulative targets identified for each of Five Year Plan (FYP). 

 

Table 1: Wind Capacity Target—2032 

(Capacity in GW) 

Particulars 12th FYP 

(FY 2016-17) 

13th FYP 

(FY 2021-22) 

14th FYP 

(FY 2026-27) 

15th FYP 

(FY 2031-32) 

Onshore capacity 31 54 97 160 

Repowering 1 4 9 20 

Small wind - - - 0.10 

Offshore wind - 6 12 20 

Cumulative Total 32 64 118 200 

 

The above mentioned targets would require average annual wind capacity addition of approx. 

8 GW, 10 GW and 15 GW during 13th, 14th and 15th FYP periods respectively. 
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1.5 Coverage of Theme Paper 

The Government of India has planned for wind capacity addition of 60 GW by 2022. Further, 

our projections till 2032 show that India can deploy 200 GW by 2032. With such  huge capacity 

wind capacity additions  in the upcoming years, it is critical that the framework and building 

blocks required to achieve this are put in place—proactive policy and regulatory regime, 

availability of funds and easy access to financing, availability of basic infrastructure like land 

and approach roads and the capacity to access and evacuate the power. 

 

It is necessary to develop appropriate frameworks for grid planning and operations to ensure 

grid safety which might get affected due to supply-side and demand-side factors. Currently 

the power sector planning, for both generation and transmission, takes only into consideration 

conventional sources of electricity, which are firm in nature. Accordingly, regulatory, policy, 

commercial and institutional frameworks is being designed for an inflexible power system at 

present. Such archaic provisions create operational challenges for the renewable sector since 

renewable power is a variable resource. As a result, grid planners and operators find it 

difficult to integrate RE in the power system, and hence point towards the need for significant 

balancing resources like storage, gas based power plants, etc., which are usually expensive to 

procure. With the future trajectory of the renewable power generation being quite ambitious, 

it is now time to implement frameworks that support a higher share of RE in the grid in a cost 

effective manner. 

 

Scientific analyses undertaken by countries with substantial RE penetrations in their electricity 

mix have shown that an integrated planning process can help address the variability 

challenges with significantly reduced balancing capacity requirements.  

 

This paper highlights the changes required to our existing policy, regulatory, commercial or 

institutional mechanisms, towards achieving cost-effective integration of RE with the grid.  
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2 Legal and Regulatory Framework 

Various policies and regulations formulated in the recent years have recognized the 

importance of integrating the Renewable Energy (RE) sources into the grid. The key 

provisions under various statutes, regulations and policy frameworks that influence the 

aspect of grid integration of renewable sources are highlighted in the following paragraphs. 

 

2.1 Electricity Act, 2003 

The salient features of Electricity Act, 2003 related to Grid Integration of Renewable Energy 

are as follows: 

 Central government to formulate National Electricity Policy for development of power 

system which should also consider optimal utilization of resources including renewable 

sources of energy. (Section 3). 

 Regulatory Commissions to specify percentage of renewable energy to be procured as 

renewable purchase obligation for licensees and other persons. The Act has also 

emphasised on the mandate to State Regulatory Commissions to provide for suitable 

measures for connectivity of RE generators with the grid. (Section 86(1) (e)). 

 

The salient features of Electricity Act, 2003 related to the setting up of power 

evacuation/transmission network are as follows: 

 Central Electricity Authority to specify the technical standards for construction of electric 

lines and plant, grid connectivity standard and installation and operation of meter 

standards. (Section 79). 

 Responsibility on State Electricity Regulatory Commission for promoting cogeneration 

and generation of electricity from renewable sources of energy by providing suitable 

measures for connectivity with the grid. (Section 86). 

 

2.2 National Electricity Policy 

Pursuant to mandate under the Act, central government had formulated National Electricity 

Policy in 2005 and Tariff Policy in 2006. Given below are the relevant clauses of the National 

Electricity Policy which highlights the importance of grid integration of the renewable energy. 

“5.3.2: Keeping in view of the massive increase in generation planned  and also for development of 

power market, there is a need for adequately augmenting transmission capacity. While planning new 

generation capacities, requirement of associated transmission capacity would need to be 
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worked out simultaneously in order to avoid mismatch between generation capacity and 

transmission facilities. 

It is noted that in many states the transmission capacity addition or augmentation has not 

been keeping pace with the renewable energy generation capacity addition and many a times 

this planning exercise at state level has failed to recognize the rapid growth of renewable 

capacity addition into the grid. The policy emphasizes the role of State Transmission Utilities 

(STUs) for meeting the requirements of grid integration of the renewable sources of energy: 

 The Central Transmission Utility (CTU) and STU have the key responsibility of network planning 

and development based on the National Electricity Plan in coordination with all concerned agencies 

as provided in the Act. The CTU is responsible for the national and regional transmission system 

planning and development. The STU is responsible for planning and development of the 

intra-state transmission system. The CTU needs to coordinate with the STUs for achievement 

of the shared objective of eliminating transmission constraints in a cost effective manner. 

 Network expansion should be planned and implemented keeping in view the anticipated 

transmission needs that will be incident on the system in the open access regime. Prior agreement 

with the beneficiaries shall not be a precondition for network expansion.CTU/STU should 

undertake network expansion after identifying the requirements in consultation with 

stakeholders and taking up the execution after due regulatory approvals. 

 

2.3 National Electricity Plan 

The national electricity plan considers the importance of integration of RE generation. The key 

aspects of National Electricity Plan from renewable perspective are highlighted below: 

 

2.3.1 Integration of RE Generation in National Grid 

National Electricity Plan provides insights on various dimensions of the integration of RE 

generation in national grid: 

 Adequate Transmission: It is important that adequate transmission infrastructure is set 

up to evacuate RE generation to load centres from those parts of the country that are 

endowed with concentrated renewable energy sources.  In case of excess renewable 

power, the states must be willing to shutdown/partially run the conventional/thermal 

power stations.  

 Forecasting and Scheduling: It is necessary to have the latest forecasting tools to predict 

injection of wind and solar power, farm-wise and cluster-wise, with greater accuracy so 

that pre-planned action can be taken by the utilities and impact on the grid due to 

variation in renewable energy is minimized. This will help wind/solar farms to schedule 
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their power with more certainty. This is important both from the point of view of inter 

and intra state sale of power.  

 Energy Accounting: It is essential that all the state utilities take urgent measures for 

installation of the interface meters at the interconnecting points and account for the 

energy injection and deviation at the intra-state boundaries.  

 Load-Generation Balance: As penetration level of RE sources (which are inherently 

infirm in nature) in the grid increases, it becomes increasingly challenging for ensuring 

the load generation balance in the grid. A suitable strategy has to be devised to 

accommodate sudden variations and the fluctuations of renewable power through 

interventions such as running storage type hydro stations or gas turbines or operating 

demand management contracts in the event of frequency falling down abnormally. The 

SLDCs of renewable rich states will have to play a proactive role in maintaining load-

generation balance of their state. 

 Energy Storage: Eventually, it will be desirable for the renewable rich states to introduce 

energy storage devices/other alternative options to effectively maintain a reasonable 

load-generation balance. 

 Registry for RES: It is extremely important that a suitable institutional mechanism on the 

principles of a registry is devised which may clearly contain the complete information 

about the renewable capacity, so that any techno-commercial mechanism involving a 

certain type/part of the capacity based on the date of commencing and/or any other 

suitable criteria can be implemented smoothly. 

 

2.3.2 Planning Connectivity for RE Generation with Grid  

The transmission planning for renewable energy generation projects have to be undertaken 

considering various factors such as the total quantum of power to be evacuated, distance of 

generation projects from the nearest grid outlet, strengthening requirements of existing grid 

and so on. In case of large scale renewable generation, it is not possible to locally absorb the 

entire energy generation. In such case, transmission system planning will have to be done 

such that it facilitates connectivity of RE projects with the state transmission grid or directly 

with CTU network. In case of small scale RE projects, connectivity of the same can be planned 

such that RE projects are integrated with the local distribution network available. This will 

also help in meeting the demand of local load centers and lessen the load burden on local 

Discoms. 
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2.4 CEA Technical Standards for RE Grid Integration 

Technical Standards for Integration of RE With National Grid: CEA has issued amendment 

to connectivity standards specifying the technical requirements from wind generators to be 

synchronized with the grid. Generating stations shall be capable of supplying dynamically 

varying reactive power support so as to maintain power factor within limits of 0.95 lagging to 

0.95 leading. Also, the generating stations will have fault ride through capability of not less 

than 300 milli-seconds so that grid is not destabilized due to sudden outage of renewable 

generation in the event of a grid disturbance. Standards for maximum harmonic distortion are 

also specified in the amended technical standards. 

 

In addition, CEA has published Manual on Transmission Planning Criteria (January 2013), 

which recognize the special conditions in case of variable generating sources such as wind 

and solar and outline special planning criteria in case of these sources as under: 

 

16. Additional Criteria for Wind and Solar Projects 

16.1 The capacity factor for the purpose of maximum injection to plan the evacuation system, 

both for immediate connectivity with the ISTS/Intra-STS Manual on Transmission Planning 

Criteria and for onward transmission requirement, may be taken as given in Table-II at 

Annexure – III. 

16.2 The”N-1” criteria may not be applied to the immediate connectivity of wind/solar farms 

with the ISTS/Intra-STS grid i.e., the line connecting the farm to the grid and the step-up 

transformers at the grid station. 

16.3 As the generation of energy at a wind farm is possible only with the prevalence of wind, 

the thermal line loading limit of the lines connecting the wind machine(s)/farm to the nearest 

grid point may be assessed considering 12 km/hour wind speed. 

16.4 The wind and solar farms shall maintain a power factor of 0.98 (absorbing) at their grid 

inter-connection point for all dispatch scenarios by providing adequate reactive compensation 

and the same shall be assumed for system studies. 

 

However, this is not reflected in the planning codes of many SERCs and planning practices 

being followed by many State Transmission Utilities, which is necessary to facilitate grid 

integration of wind and solar energy resources at the state level. 

 

2.5 CERC Regulations for Connectivity 

Regulations for Integration of RES with National Grid: As per CERC (grant of connectivity, 

long-term access and medium-term open access in the inter-state transmission and related 
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matters) Regulation 2009, a group of generating stations using renewable sources with 

capacity between 50 MW and 250 MW can also apply to the CTU for direct connectivity with 

inter-state transmission system. Transmission charges for transfer of power from RES shall be 

as per the applicable CERC tariff norms. In case of solar plants which are to be commissioned 

by 2014, ISTS charges/losses are exempted. Wind and solar generation developers can utilize 

the above provisions and seek connectivity to ISTS for improved reliability of evacuation of 

power from their projects and selling the renewable energy on all-India basis through the 

National Grid. 

 

Table 2: Summary of Facilitative Framework for Grid Integration of RE Sources 

Agency Notifications Salient Features and Limitations of 

Existing Framework 

Central 

Government 

 National Electricity Policy. 

 National Tariff Policy. 

 National Electricity Plan. 

 Emphasis on the planning of 

transmission lines for facilitating RE 

development, however the levels of 

development of corridors is poor mostly 

at the state level and therefore specific 

emphasis should be laid on the role to be 

performed by State Transmission 

Utilities (STU)s. 

 Recognises the importance of accuracy of 

forecasting and scheduling, building 

energy storage capacities which should 

be implemented in a time bound manner 

to facilitate inter-state transfer of clean 

energy. 

Central 

Electricity 

Authority 

 Technical standards for 

construction of electrical 

plants and lines. 

 Manual for transmission 

planning criteria. 

 Regulations for 

decentralised and 

distributed generation 

from RE sources. 

 Low Voltage Ride Through (LVRT) has 

been mandated; though applicability of 

such condition on old wind farms is to be 

reviewed considering significant 

commercial implications. 

 Design of evacuation system takes into 

account variability in wind generation 

and reactive power compensation; 

however, such practises are not reflected 

in the state level planning and 
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Agency Notifications Salient Features and Limitations of 

Existing Framework 

implementation.  

 Mandates the generating stations to have 

fault ride through capability of not less 

than 300 milli-seconds and being able to 

supply reactive power (both lagging and 

leading). 

 In addition to technical standards for 

conventional generating plants, 

connectivity and construction standards 

for ―RE Projects‖ need to be specified by 

CEA. 

 

Central 

Commission 

 Regulations for 

connectivity, long term, 

medium term and short 

term access. 

 Sharing of transmission 

charges. 

 IEGC 2015: Framework for 

forecasting, scheduling 

and deviation settlement 

for regional entities. 

 Enabling connectivity to ISTS network 

for RE generators with installed capacity 

of 50 MW and above. 

 Relaxation of Point of Connection (POC) 

charges for access to Inter State 

Transmission System (ISTS) network by 

wind and solar generators 

 Considering low capacity factor, the long 

term/medium term transmission charges 

for RE should be denominated in 

INR/MWh. 

Central 

Transmission 

Utility (CTU) 

 National transmission 

perspective plan. 

 

 

 

 Green energy corridor. 

 High capacity hybrid UHV/EHV AC 

and HVDC transmission system in 

transfer of power from renewable rich 

states to other deficit states and 

strengthening of the transmission system 

to be part of the plan. 

 Facilitating the evacuation of clean 

energy through strengthening of Intra as 

well as interstate transmission systems. 

State Electricity 

Regulatory 

 RPO and REC regulations. 

 Preferential RE tariff 

 Facilitates usage of clean energy in a time 

bound manner by specifying RPO targets 
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Agency Notifications Salient Features and Limitations of 

Existing Framework 

Commissions (Feed-in Tariff) 

regulations. 

 Approval of transmission 

investment plans. 

and penalises in the event of 

non-compliance. However, enforcement 

of the same need further strengthening. 

 Suitable tariff for off take of clean energy 

to promote investment in cleaner forms 

of energy. 

 Periodic planning for swift off take of 

clean energy especially wind by setting 

realistic goals. 

State 

Transmission 

Utility 

 State transmission system 

plans and connectivity 

framework. 

 Does strengthening of intra state 

network for evacuating clean energy, by 

adopting proper interconnection 

practises following grid code to integrate 

RE especially wind into the grid.  

 As mandated under section 39 of the Act, 

it is the primary duty of STU to develop 

evacuation infrastructure at the state 

level. Thus, in the process of 

development of infrastructure for 

RE/wind evacuation, STU has to ensure 

that RE/wind generators are less 

burdened. 

Source: Idam Analysis 

 

 



 
 
 

16 | P a g e  
 

 

3 Key Challenges for Integration of Wind Energy in India 

The challenges in the grid integration of the wind energy sources can be categorized in three 

phases such as planning stage, construction stage and operational stage of any wind energy 

project. It is important to understand these challenge along with the associated risks so that 

appropriate policy, regulatory or utility interventions can be identified. Various key 

challenges pertaining to grid integration of wind are elaborated in this section. 

 

Figure 4: Outline of Key Challenges for Grid Integration of Wind 

 
Source: Idam Analysis 

 

3.1 Need for Integrated Generation and Transmission Planning 

3.1.1 Planning of Transmission Networks to be in line with the overall Demand-Supply 

Projections considering generation from Conventional and RE Sources. 

The activity of transmission planning has been aligned with the provisions of the Electricity 

Act of 2003, the national electricity policy, the tariff policy and regulations, and with the 

prevalent market structure of the electricity industry. The CEA formulates a National 

Electricity Plan, of which the National Transmission Plan is a crucial component. State level 

transmission plans are formulated by state transmission utilities in accordance with 
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provisions of the State Grid Code. The present process of planning transmission capacity is 

based on planned conventional generation and projected load growth. However, what is 

required is an approach wherein, transmission capacity is planned keeping in view the 

balancing mechanism of future demand and supply scenario that takes into consideration 

variation in  local, regional demand and conventional generating sources  and variable RE 

sources.  At present, such an integrated approach is not being followed and transmission 

plans rarely takes into account the evacuation requirements for renewable energy generators.  

 

A quick review of the existing transmission infrastructure at the state level shows that the 

capacity available for RE evacuation is limited compared to the overall transmission 

infrastructure in place. The following table provides details of transmission capacity in 

Rajasthan. 

 

Table 3: Statistics of Rajasthan Transmission Network 

Transmission Line Length 

Voltage Level 

(kV) 

Total Line 

Length 

(Ckt km) 

Transmission 

Line for RE 

(Ckt km) 

765 426 - 

400 9,000 360 

220 13,211 700 

132 15,599 358 

 

Transmission Substation Capacity 

Voltage level 

 (kV)   

Total SS 

Capacity 

(MVA) 

SS Capacity for 

RE  

(MVA) 

400 17,875 2,075 

220 7,640 960 

132 3,755 1,001 

Source: SLDC, Rajasthan 

 

From the above table, it is observed that that the transmission infrastructure available for RE 

is limited on one side but on the other, the state has planned for a RE capacity addition of 

around 27,000 MW by end of 2022 from the present level of RE installed capacity of around 



 
 
 

18 | P a g e  
 

4,000 MW. This calls for planning for commensurate increase in transmission infrastructure in 

the state. 

 

It is worth highlighting that, various scientific analyses undertaken by countries with 

substantial RE penetration in their electricity mix has shown that an integrated planning 

process can help address the variability challenge with significantly reduced balancing 

capacity requirements. Variable RE projects, including that based on wind, can be 

accommodated by integrating the planning of generation, transmission, and system 

performance; ensuring institutions and markets are designed to enable access to physical 

capacity; and building from local and regional planning to better integrate and coordinate 

information across jurisdictions. 

 

3.1.2 Negligible or No Representations/Involvement of the Renewable Generators in 

Transmission Planning Committees/Meetings 

The transmission planning agencies such as CEA/CTU/STUs are not informed about the RE 

potential areas and the potential capacity that may come up for power evacuation from such 

regions. This eventually results in neglect or non-consideration of off-take infrastructure from 

the prospective wind projects. The approach of the state transmission utilities in developing 

the power evacuation infrastructure has been perpetually reactive. Adding to this, there is no 

proactive coordination among CTU/STUs as State Nodal Agencies regarding RE potential 

sharing in the state, so as to enable consideration of RE in the transmission plans made by 

these utilities.  

 

3.2 Ageing and Inadequate Transmission Corridor 

Useful life of transmission lines and transmission systems is considered to be around 35 years. 

The development of utility-scale wind power gained momentum only after 2006 with 

advancement in WTG technology.. However, the existing sub-stations and transmission 

network have been operating for more than two decades. Since a significant portion of the 

present upstream transmission would have lived their useful life, it is necessary to strengthen 

and augment the existing transmission network along with establishment of new transmission 

network so as to cater to the grid requirement by then. This would necessitate to adopt an 

integrated planning of transmission system for RE. Such an integrated planning approach will 

entail an optimised network expansion plan wherein both older and the new assets are used 

in the best possible manner. 

Considering the wind capacity additions to the tune of 200 GW planned for by 2032, there will 

be requirement of significant transmission capacity to be available both at the state level for 
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last mile connectivity as well as at the inter-state and inter-regional level for seamless off-take 

of wind power. It is therefore advocated to develop an integrated planning approach to 

facilitate off-take of wind power that is based on optimisation of network that in turn will 

reduce cost of grid integration of wind. The reduced cost of grid integration will have 

cascading effects, thereby paving way for smooth grid integration of wind. 

 

3.2.1 Backing Down of Wind Generation Due to Absence of Transmission Corridors 

(Intra and Inter-State Corridors) 

Owing to surplus generation during high windy season, coupled with lack of commensurate 

evacuation infrastructure, wind generators are at times backed down to facilitate evacuation 

of conventional power and hydro power. This impedes the wind generation despite their 

ability to generate power. Further, it may be noted that, if the wind rich states are not in a 

position to absorb the clean form of energy, there are also no mechanism for exporting surplus 

energy to energy deficit states owing to poor intra-state and inter-state grid connectivity.  

 

3.2.2 Lack of Interstate Flow of Renewable Power 

Most wind farms are located in southern and western states of India where the land and   high 

quality wind resources are abundantly available. Further, most of the future wind capacity is 

envisaged to be installed in the southern and western states of India. However, it is observed 

that the transmission corridor interconnecting states and the regions as well, are inadequate 

for transfer of surplus power outside the state/region. The CEA report on perspective 

transmission plan for creation of corridors, envisages the development of   65,000MW of inter-

regional capacity to the southern region by 2032.  
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Figure 5: Proposed Interregional Power Transfer Capacities in India 

 

Source: CEA Perspective Plan 

 

The transmission corridor for the southern region as per the perspective plan by CEA is only 

planned for 40,000MW of interregional capacities with power export capacity from the 

southern region. Considering the 100 GW or so wind capacity that will get added in the region 

by 2032, transmission evacuation infrastructure need be set up capable exporting 

commensurate capacities, particularly in conditions where host region cannot absorb the wind 

energy generated in the region during high windy seasons. Hence, it is worth revisiting the 

proposed evacuation corridors construction by CEA. 

  

3.3 Managing Resource Intermittency 

3.3.1 Significant Variations of Wind Both on Intraday as Well as Annual Basis 

The wind energy generation are subjected to vagaries of nature wherein the velocity of wind 

fluctuates on a daily basis as well as seasonally over the period. In view of above, meeting the 

requisite demand and undertaking load-generation balancing with variable resources pose 



 
 
 

21 | P a g e  
 

certain difficulties presently. Following graph depicts the sample variations in wind 

generation in the states of Tamil Nadu and Rajasthan. 

 

Figure 6: Wind Variation in TN and Rajasthan 

 
Source: PGCIL, Green Energy Corridor Report 

 

The variations are of the order of approximately 1,500 MW in a single day in Tamil Nadu. 

Similarly, the variations are of the order of 800 MW in a single day in Rajasthan. Managing 

this variability in the grid would be a daunting task today.  However, there exist various 

strategies globally including wind forecasting techniques & weather prediction tools, etc., 

which are being developed in Indian context, to effectively manage power system with higher 

penetration of variable resources.  

 

3.3.2 Need for Improving Operation Coordination with Conventional Generators as Well 

as SLDC 

It is important to maintain a safe and reliable grid operation while managing conventional 

and variable renewable generators simultaneously. At times of higher renewable generation 

and in low demand regime, the conventional generators need to be backed down and vice 

versa. However, restrictions beyond the ‗technical minimum‘ of operation of conventional 

generators pose threats to the grid security. These challenges need to be tackled through 

effective coordination among SLDCs and generators. Today, most of the RE generators are 

embedded into the distribution network and therefore SLDCs do not have direct visibility. 

Hence, understanding the behaviour of these sources and taking immediate recourses to 

maintain grid stability has become difficult. The scenario is becoming increasingly complex 
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with more and more RE generators getting added to the grid. SLDCs thus, either resort to 

ramping down of conventional generators or tend to restrict the power flow from the RE 

pooling substations thereby restricting RE generation. Further, the rapid ramping up and 

down may result in wear and tear impacts. This can lead to higher capital and maintenance 

costs and degraded performance over a period of time for conventional generators. Heat rates 

and emissions from fossil fuel generators will be higher during cycling and ramping than 

during steady state operation. An ancillary market with various such conventional generators 

as participants can however provide the required support to the grid during times of 

fluctuations. A well defined ancillary market in turn can also provide necessary compensation 

to participants for such support extended to grid operations.    

 

3.4 Non-Uniform Grid Interconnection Process 

3.4.1 Ambiguity in interconnection point, metering point and Connection Voltage 

One of the major barriers encountered by wind generators and developers is the non-uniform 

approach and diverse set of practices followed by utilities across states for interconnection of 

wind power projects to the grid. Numerous differences exist with regard to interconnections, 

such as the definition of an interconnection point, applicable charges for interconnection, 

permissions and clearances and the contractual framework for an interconnection agreement. 

In addition, practices vary depending upon the type of renewable energy project (e.g., wind or 

solar) and this often results in significant delays in implementation. There is an urgent need to 

devise a standard methodology that will be followed across states and the protocols that 

institute uniformity in interconnection processes.  

 

Figure 7: Wind Farm Layout 
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Level of Metering Description 

0 Individual WTG level 

1 and 2 33 kV feeder level 

3 EHV side of pooling S/S 

4 Grid substation 

 

Source: Suzlon Energy 

 

For example, in Karnataka, it is the responsibility of the wind power project developers to 

construct evacuation infrastructure till the grid substation, whereas, in the states of 

Maharashtra and Tamil Nadu, the development of evacuation infrastructure beyond the 

pooling sub-station is the responsibility of the state transmission entity. Similarly, the voltage 

level at which inter-connection and metering is done also varies from one state to another.  

 

3.5 Inadequate Fund Availability for Development of Evacuation Infrastructure 

The development of transmission evacuation for 200 GW of wind power projects will require 

funding support of around US$ 30 Billion (conservative estimates at the current price levels). 

However, poor financial health of the state transmission utilities may hold back investment in 

up gradation and augmentation of the transmission networks by STUs. Consequently, the 

wind power development is likely to be adversely affected.  

 

The ―Green Energy Corridor‖ report prepared by PGCIL has estimated an investment of 

approximately INR 42,557 crore for the development of transmission corridor by 2017. Out of 

this amount, approximately INR 20,466 crore and INR 21,867 crore are likely to be invested in 

strengthening the intra-state grid network and the inter-state transmission system 

respectively. It is envisaged that this quantum of investment may not be possible to be funded 

by STUs/CTU alone. There is a need for encouraging private participation in setting up the 

transmission system dedicated for renewable energy evacuation. It is worthwhile to note that 

out of the total INR 2,50,000 crore investment earmarked during the 12th five year plan for 

transmission infrastructure, around INR 1,80,000 crore is expected to be made by CTU/STUs 

and the rest INR70,000 crore from private participation. Lack of right kind of 

State AP  GJ KN MH MP RJ TN 

Billing 
Meters 
Position 

3&4 3 4 2&3 1 2&4 0&1 
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avenues/instruments for attracting private entities has been a challenge in the transmission 

sector.  

 

Looking forward up to a horizon of 2032, huge amount of investment will have to be put in 

and a significant contribution has to come from private participation. Unlike other businesses 

in the value chain of the power sector, transmission has seen less number of private players 

who are capable of setting up high capacity transmission systems, which adds to the 

challenge.  

 

3.6 Right of Way Issues 

Transmission project development in many states face challenges with the right of way issues 

wherein it is tedious to construct transmission lines in farmland and forest areas. The 

construction of the power evacuation infrastructure is opposed by the locals and is an 

impediment for the construction of the transmission lines. This, in turn, hinders the 

evacuation of power from the already commissioned wind projects. Generally the gestation 

period for setting up evacuation infrastructure is 2 to 3 years. However, owing to the right of 

way, land acquisition related issues; the commissioning time of such infrastructure gets 

prolonged causing adverse delays to evacuate power from wind power projects. 

 

3.7 Lack of Robust Framework for Wind Forecasting and Scheduling 

Increased predictability of injection of generation from wind power projects shall enable grid 

operators to plan for despatch of such generation. Thus, more accurate predictions of wind 

generation from wind plants shall facilitate to improve acceptability of wind generation in the 

grid. However, implementation of a forecasting and scheduling mechanism and the related 

deviation settlement mechanisms at the state level and regional level requires concerted 

efforts from regulatory authorities, grid operators (SLDCs & RLDCs) and wind developers. 

Further, no forecasting and scheduling (F&S) regime will be adequate without addressing 

associated issues of load-generation balancing rules, despatch mechanism, deviations 

settlement mechanism, mechanism for payments to generator and institutional framework to 

operationalize the same. Many wind rich states have state specific grid codes but differ in 

eligibility criteria for generators to participate in the scheduling process. In fact, in most states, 

payments for intra-state transmission of power are linked to actual generation whereas 

payments for all inter-state transactions are linked to scheduled generation. This calls for 

operationalization of state imbalance pool to facilitate state level aggregation of deviation, 

thereby minimising net errors due to renewable and minimising financial bearing on states 

due to renewable. However, except in a few states, state imbalance pool and intra-state 
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ABT/DSM mechanism has still not been implemented. Many states have inadequate IT 

infrastructure to track real time generation at pooling stations and visibility of wind farms 

(embedded or otherwise) is still a challenge. This calls for developing standardised practises 

and protocols that can be adopted across states as well as setting up of a robust institutional 

framework at the state level for buoying up the grid integration of wind generators. 

 

3.8 Issues Pertaining to Reactive Power Support and Grid Instability 

Most of the older fleet of wind generators installed are asynchronous generators that inject 

active power into the grid, however, draw reactive power from the grid. The reactive power is 

especially important to maintain prescribed voltage levels of the grid. Since, conventional 

generators produce reactive power, proximity to conventional generators or any reactive 

power source helps in meeting the reactive power requirements of the wind generators.  

However, this issue is not as severe in case of new class of wind turbines that are LVRT 

compliant. Besides, the wind power project scheme can be developed with mandatory 

requirement of reactive compensation at the level of wind farm pooling substation. These 

issues need to be addressed from overall reactive power management of the grid. 

 

3.9 Summary of Key Challenges 

The following figure summarises the key challenges, present and future ones in terms of 

integration of wind energy generators to the grid. 
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Figure 8: Challenges in Wind Grid Integration 

Inadequate 
planning for 
transmission 
Infrastructure

Non Uniform grid 
Interconnection 

practises

Right of Way 
Issues

Evolving forecasting 
and scheduling 
practises with 

variability within states

Lack of Inter-
State, Inter-regional 

corridor from wind rich 
states

Coordination of 
operations with 

conventional generators 
and SLDC

Managing resource 
Intermittency

Instability in Grid and 
reactive power Issues

Present Challenges Future Challenges

Backing down on wind 
farms

 

 

Source: Idam Analysis 

 

The table below summarizes the various challenges and potential intervention measures for 

mitigating issues with large scale grid integration of wind projects in the Indian grid. The 

potential intervention measures have been further elaborated in the subsequent chapters of 

this theme paper.  
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Table 4: Summary of Challenges and Potential Measures 

Development 

Stage 

Key Challenges for Grid 

Integration 

Potential Intervention Measures 

Planning Stage  Inadequate transmission 

planning for renewable 

sources. 

 Inadequate representation 

of RE, especially wind 

during transmission 

planning. 

 Lack of flexibility in plans 

to further augment 

RE/wind. 

 Adopt integrated approach for 

planning of transmission, generation 

and load demand at national and 

state level with due focus on grid 

integration of RE/wind  

 Amendments to State Planning 

Codes by SERCs and insistence for 

adoption of special planning criteria 

as per CEA manual by STUs. 

 Active involvement and 

participation of wind 

generators/wind associations in the 

grid 

coordination committees. 

 Annual review and revisions of the 

transmission plans for RE. 

Construction Stage  Non-uniform grid 

interconnection processes. 

 Lack of adequate RE 

transmission development 

model. 

 Addressing right of way 

and other local issues. 

 Poor quality of 

construction of evacuation 

corridors. 

 Development of standard 

interconnection process manual 

under aegis of Forum of Regulators 

(FoR). 

 Exploring Private Public Partnership 

(PPP) model or Independent Private 

Transmission Company (IPTC) 

model for development of RE 

transmission schemes. 

 According to the priority 

infrastructure status for RE 

transmission projects and 

monitoring project progress. 

 Technological innovations. 

 Use of standardised materials and 

goods for construction of 
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Development 

Stage 

Key Challenges for Grid 

Integration 

Potential Intervention Measures 

transmission lines. 

Operations Stage  Backing down and 

curtailment of wind 

generators. 

 Managing resource 

variability and 

intermittency. 

 Grid instability. 

 Reactive power 

management issues. 

 Establishing visibility and 

communication links between wind 

farm pooling stations and SLDCs.  

 Developing procedure and protocol 

for backing down and curtailment in 

case of emergency and transmission 

constraint and documentation of 

procedure manual and event 

recorder thereof. 

 Establishment of 

REMCs/coordinating agencies. 

 Development and operationalization 

of Ancillary services market 

mechanism and inter-state and inter-

regional coordination frameworks. 

 Undertaking reactive compensation 

requirements at Pooling S/S and 

grid and developing pilot schemes 

including storage – active/reactive.  

 Developing reactive energy pricing 

framework and pricing signals to 

address reactive energy 

management issues. 

Source: Idam Analysis
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4 International Analysis 

In 2015, China with an installed capacity of 104,910 MW and USA with an installed capacity of 

67, 870 MW, are the two biggest wind power generating nations, while Germany remained the 

largest annual market for wind power in Europe with a cumulative installed capacity of 

38,115.74 MW. In Europe, 11 GW of new wind power was added during 2013, bringing the 

total installed capacity to 117 GW and generated about 257 TWh of electricity that accounted 

for about 7.8% of the EU‘s electricity consumption. Further, the EU is moving toward 

accomplishing target of 20% electricity through renewable energy sources by 2020. 

 

With 24 GW of installed wind generation capacity, India is in the top four countries of the 

world in terms of installed wind generation capacity. However, countries like China, US and 

European countries like Spain, Germany and Denmark, have undertaken significant efforts in 

integrating large scale renewable energy into their electricity grid operations. In comparison 

to these countries, India still has a long way to go in integrating large scale renewable energy 

(India‘s present share of renewable is only around 6% of overall energy mix). Wind being the 

major contributor in RE, the challenges associated with grid integration of wind are closely 

related to the penetration level of RE in   Indian system. 

 

4.1 Germany 

Germany has a wind installed capacity of around 40 GW out of a total renewable energy 

capacity of 75 GW. This renewable energy capacity along with the conventional generation is 

evacuated by four TSOs operating in the country. They are Amprion, Transnet BW, TenneT 

and 50Hertz. 

 

This large constellation of RE generation has caused several operational challenges in the 

control areas, especially when the actual wind power in-feed exceeds the demand such as 

during low load conditions. During these times, the excess wind capacity has to be 

transmitted to neighbouring TSOs, where the electrical demand is higher. This transmission 

requires a very close coordination between the four TSOs which is ensured by the strict 

adherence of balancing settlement framework in Germany. 

 

The German ―Renewable Energy Sources Act‖ amendment introduced a new mechanism for 

wind power balancing, which requires each system operator to contribute to balancing the 

whole country's wind power output in proportion to the size of its regional grid. Verband der 
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Netzbetreiber (VDN) is an independent association, founded in 2001, which represents the four 

TSOs.  With a time-block of 15 minutes, Germany has a three step mechanism for grid 

balancing. The primary, secondary and the tertiary reserves are the three tools available for 

secure and reliable grid operations while managing the variable generation.This mechanism 

allocates wind power and the associated fluctuation to each system operator in real time. It is 

more equitable in the distribution of balance services and related costs. The four system 

operators have developed a real-time wind power monitoring system to determine the wind 

power balancing capacity that every system operator should be responsible for. In fact, with 

regard to the variable wind power generation, the regional grids have integrated into a single 

large grid in Germany. 

 

Figure 9: Overview of Balancing System in Germany 

 
Source: TenneT, Amprion GmbH, 50Hertz Transmission GmbH 

 

4.2 Spain 

Spain has a wind installed capacity of 23 GW out of a total capacity of 184 GW.  The wind 

penetration level is 22.3% and it is growing. Red Eléctrica de España, S.A.(REE) is dedicated to 

the transmission of electricity and the operation of electricity systems including scheduling 

and forecasting of wind energy in Spain. Red Eléctrica, the Spanish TSO, started up a Control 

Centre of Renewable Energies (CECRE) in 2006, a worldwide pioneering initiative to monitor 

and control renewable energy. CECRE allows the maximum amount of production from 
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renewable energy sources, especially wind energy, to be integrated into the power system 

under secure conditions.   

 

According to Royal Decree-661/2007, after, 30 June 2007, all wind production facilities with a 

total installed power greater than 10 MW must be controlled by a control centre that is directly 

connected to the CECRE. Later, by another new law, i.e., Royal Decree-413/2014, it has been 

mandated that wind generation facility over 5 MW capacities has to be scheduled as per 

norms of CECRE. These wind generation control centres must have enough control over the 

plants so that they can execute CECRE‘s orders within 15 minutes under all conditions. By 

means of 23 control centres of the generation companies, which act as interlocutors, CECRE 

receives, every 12 seconds, real time information about each facility regarding the status of the 

grid connection, production and voltage at the connection point. This data is used by a 

sophisticated tool which makes it possible to verify whether the total generation obtained 

from renewable energies can be integrated at any moment into the electricity system without 

affecting the security of supply. For power system security reasons, if necessary, it has the 

right to curtail wind generation as and when required. On one hand, it can determine the 

maximum RE which the entire system can accommodate while still guaranteeing system 

security. On the other hand, using an optimization method, it can calculate the maximum 

output of each wind farm. The resulting setting thus calculated is sent to every control centre. 

Although wind farms are declaring their forecasted generation, REE is also involved in wind 

forecasting separately.  

 

4.3 USA 

Due to different grid composition, rules and wind power penetration, the various regional 

grids of the USA have developed mechanisms that widely vary across regional grids in terms 

of wind power scheduling, dispatch and operational mechanisms. For example, the California 

Independent System Operator (CAISO), as a leader in state-of-the-art mechanisms, has 

developed a Participating Intermittent Resource Program (PIRP) that allows individual wind 

facilities to self-schedule according to the shared forecasting technologies. One tool the ISO 

uses in managing the grid is the ancillary services market. Power suppliers offer special 

energy products that ―stand by‖ and are ready to act in case of sudden loss of a power plant 

or transmission line. There are four types of ancillary services products: Regulation up, 

regulation down, spinning reserve and non-spinning reserve. The New York Independent 

System Operator (NYISO) requires wind farms to behave like conventional power in order to 

participate in real-time electricity markets in certain circumstances. The wind farm must 

reduce output power or be fined if it exceeds the value specified in scheduling instructions.  
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Similar research on grid integration of wind energy in USA reveals that The Electric 

Reliability Council of Texas Inc. (ERCOT) is one of the most progressive independent system 

operators (ISO) of USA. ERCOT is one of the 10 regional reliability councils in the North 

American Electric Reliability Council (NERC). Each utility has its own scheduling and 

dispatch procedures according to the peculiarities of its generation mix and energy trading 

between utilities is difficult and dominated by long-term power-purchase agreements. 

Nevertheless, many utilities integrate renewable into day-ahead, hour-ahead, and real-time 

scheduling procedures, much like the open markets of USA. 

 

As an operator of the single control area, ERCOT is responsible for insuring the reliable 

supply of electricity to all customers within its region. The key functions of ERCOT resolve 

include: 

 Ensure right amount of generation available to support the amount of load on the power 

system. 

 Ensure there is enough transmission capacity to deliver the power being generated to the 

points in the network where the load is situated and hence balance the grid accordingly, 

by curtailing down generation during low load conditions. 

 Compute quantum capacity and energy that needs be procured to support real-time 

balancing of energy supply and demand in the region and to relieve transmission 

constraints. 

 Instruct participants to support reliable system operations. 

 

ERCOT relies on the availability of generation capacity to provide balancing energy to 

maintain the electric system within allowable reliability limits. Capacity and energy 

procurement, needed by ERCOT to perform reliability role, are competitively garnered from 

power generation companies (PGCs). Generation units that can be on standby and available to 

be called upon to provide energy or loads to relieve the need for additional energy may 

provide these services upon meeting ERCOT qualification requirements. 

Table 5: International Analysis in Managing Large Scale Grid Integration of Wind 

Parameters Germany Spain USA(Texas)–ERCOT 

Wind Installed 

Capacity  

(Total Installed 

Capacity)  

40.5 GW 

 

(184 GW) 

23 GW 

 

(210 GW) 

13 GW 

 

(74 GW) 
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Parameters Germany Spain USA(Texas)–ERCOT 

Wind Penetration 

Level  

(Energy Terms)  

28% 22.3% 40% 

Forecasting 

Technique  

Centralized Centralized Centralized 

Agency 

Responsible  

Transmission 

system 

operators(4) and 

Balancing groups 

(independent 

forecast 

provided). 

Transmission 

system operator-

Red Eléctrica de 

España (REE) 

generator 

(Independent 

forecast 

provided). 

ERCOT- Independent 

system operator 

generator/Qualified 

Scheduling 

Entities(QSE) 

(Independent forecast 

provided). 

Gate Closure  Scheduling starts 

from 2:30 p.m. on 

day ahead, but 

parties are allowed 

to revise schedule 

up to 1 hour before 

gate closure. 

Day ahead market: 

Qualified 

producers and 

consumers can 

place bids between 

midnight and 11:00 

a.m. for 24 hours of 

the following day. 

 By 11:15A.M. - 

ERCOT matches the 

schedules of all QSEs 

to verify that inter-

QSE trades match. 

 By 1:00P.M. – QSEs 

submit adjusted 

schedules in response 

to the information that 

ERCOT published. 

 By 6:00 P.M. - Day-

ahead market 

operation is complete. 

 By 6:00 P.M. to 

00:00 hours– QSE 

submits adjusted 

energy and ancillary 

service schedules 

based on resource 

plan. 

Scheduling 

Techniques 

Centralized Centralized/ 

De-centralized 

De-centralized 
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Parameters Germany Spain USA(Texas)–ERCOT 

Agency 

Responsible  

Independent system 

operator-Verband der 

Netzbetreiber (VDN). 

Transmission system 

operator-Red Eléctrica 

de España(REE). 

QSE registered under 

ERCOT. 

Time Block  15 minutes 15 minutes 15 minutes 

Grid Balancing 

Provision  

 Three step 

procedure: 

• Primary. 

• Secondary. 

• Tertiary. 

 Strong 

Interconnection to 

international 

market. 

 Availability of 

ancillary market. 

Mechanisms include 

bringing variations to 

generation, linkage to 

international market 

and use of spinning 

reserves. 

 ERCOT moves closer to 

the real-time interval in 

which the energy will 

actually be delivered. 

  It continuously gets 

additional information 

that improves its ability 

to forecast system 

conditions. 

Generator 

Payment –Actual/ 

Scheduled  

Actual Actual Actual 

Penalizing 

Imbalance  

Yes Yes Yes 

Key Takeaways from International Experiences: 

 

1. Large scale integration of wind energy is being well managed by international markets 

and they are poised for further integration of RE with their grid.  

2. Many countries utilises hydro resources as balancing generation to enable large scale RE 

integration 

3. Strong cross border interconnections have enabled countries to have larger balancing 

areas, thereby resulting in aggregation and reduction in impact of variability over a 

larger area. 

4. Power system planning to be undertaken considering the capacity value of wind 

projects 

5. Forecasting, scheduling and DSM has been practiced in international markets 

successfully. 

6. Wind generators participate in the market and are exposed to market risks. 

7. Considering Indian context and evolution of electricity market operations, scheduling 

and forecasting responsibilities may be decided. 

8. With efficient ancillary services market, grid balancing is possible. 

9. It is necessary that adequate institutional mechanism and framework is put in place to 

operationalize any model of forecasting and scheduling of wind power. 
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5 Initiatives Taken by India to Facilitate Large Scale Wind/RE Grid 

Integration 

5.1 Green Energy Corridor 

Recognizing the criticality of large scale development of RE capacity and its integration with 

grid, MNRE and Forum of Regulators (FOR)/CERC have entrusted Power Grid Corporation 

or India Limited (PGCIL) to carry out studies to identify transmission infrastructure and other 

control requirements for renewable energy capacity addition during the 12th Plan period and 

prepare a comprehensive report with estimation of capital expenditure requirement and 

financing strategy. After extensive consultations with various stakeholders including the State 

Nodal Agencies, the final report ―Green Energy Corridors‖ was prepared in 2012. 

 

Key highlights of the Green Energy Corridor scheme are as presented below: 

 

Table 6: Highlights of the Green Energy Corridor 

 

Source: PGCIL 

5.1.1 Integration of RE Sources: REMC 

Keeping in view the expected increase in renewable penetration, there is a need to equip the 

power system operators with state-of-art tools along with the real time data monitoring for 

renewable generators. Establishment of Renewable Energy Management Centre (REMC) 

equipped with advanced forecasting tools, smart dispatching solutions, real time monitoring 

of RE generation, closely coordinating with Regional Load Dispatch Centres(RLDCs)/State 
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Load Despatch Centres (SLDCs) is envisaged as a primary requirement for grid integration of 

large scale renewable. REMC was recommended by Working Group on Power for 12th Five 

Year Plan and PGCIL through its report ―Green Energy Corridor.‖ Information exchange 

amongst REMCs at State, Regional and National level should be well connected through 

proper communication link and protocol for information sharing with respective Load 

Dispatch Centres (LDC) should be formulated. Besides, there should be a hierarchical 

relationship between the REMC, State Load Dispatch Centre, Regional Load Dispatch Centre 

and National Load Dispatch Centre. 

 

While it is observed that communication infrastructure exists between installed RTUs at grid 

substation and SLDC-SCADA at many places; however, additional IT/communication 

infrastructure are to be established for pooling station visibility at SLDC. A robust 

communication infrastructure is a prerequisite for successful implementation of REMCs. 

Following are the key issues in this respect to be addressed: 

 Establishing communication link between pooling substation and SLDC/REMC. 

 Uniformity in communication protocol and integration with SLDC system. 

 Clarity on responsibility and cost sharing of establishing communication infrastructure. 

 

5.2 Transmission Plan for Renewable Energy by CEA 

Central Electricity Authority has developed a perspective plan till year 2030 for evacuation of 

power from renewable rich states viz. Tamil Nadu, Andhra Pradesh, Karnataka, Maharashtra, 

Gujarat and Rajasthan to deficit states. 
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Figure 10: Perspective Transmission Plan 2030 

 
Source: CEA 

5.3 Forecasting and Scheduling Regulations, by CERC 

Considering the importance of renewable energy augmentation and with a view to integrate 

them into the grid on a large scale basis, the CERC very recently (August 2015) amended the 

grid code  wherein provisions for mandatory generation forecasting by Wind and Solar 

generators and their scheduling were included  to be practiced at the regional level. This is 

expected to pave way for the easy grid integration and scheduling of renewable generators.  

 

While these amendments by CERC have been made applicable for regional entities at the 

national level, yet it is envisaged that state electricity regulatory commissions will amend their 

respective grid codes, as appropriate, to facilitate the forecasting and scheduling of renewable 

generators and increase the proponent of grid penetration as mostly the renewable generators 

supply electricity to the state. The national level scheduling is a way forward toward 

facilitating interstate flow of renewable power. However, it is also necessary to enable 

scheduling/forecasting of wind power through networks of the STU/CTU both within and 

beyond the state boundaries. 

 



 
 
 

38 | P a g e  
 

5.4 Imbalance Settlement Regulations, by CERC 

The renewable generators being wholly dependent on the nature for their generations are 

ought to deviate from the forecasts. These deviations from the scheduled are challenging 

particularly from the grid security point of view. Keeping such grid issues, the central 

commission unveiled amendments to the Deviation Settlement Mechanism (DSM) 

Regulations, 2014. The deviations from the renewable generators were delinked from the 

frequency in cases of under injection and over injection of the renewable power.  The salient 

features of the Imbalance settlement DSM Regulations by CERC is summarized as given 

below: 

• Forecasting Responsibility: Forecasting shall be done by wind and solar generators 

which are regional entities as well as by RLDC. 

• Scheduling Responsibility:  The responsibility of providing generation schedule lies with 

wind and solar generators. They have the option of accepting the concerned RLDC‘s 

forecast for preparing its schedule or they can prepare schedule based on their own 

forecast. 

• Revision of Schedules: 16 revisions permitted. 

• Error Calculation: The formula for error calculation is: 

 Error (%)=100*(Actual Generation-Scheduled Generation) /(Available Capacity). 

 

• Payment as per schedule @ Power Purchase Agreement (PPA)rate. 

• Deviation settlement within tolerance band (+/- 15%). 

• Beyond 15%, a gradient band for deviation charges is proposed as follows: 

Table 7: Gradient Band for Deviation Charges 

S No. Absolute Error in the 15 Minute Time 

Block 

Deviation Charges Payable to 

Regional DSM Pool 

1.  Within +/- 15%  No commercial implication  

2.  >15% but <= 25%  10% of PPA rate  

3.  >25% but <=35%  20% of PPA rate  

4.  > 35%  30% of PPA rate  

Source: CERC 

 

These regulations are to be applied for inter regional transfer of renewable energy. Such 

imbalance settlement mechanism also needs to be developed at the state level keeping in view 
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of the fact that most renewable generators operate within the state. Further, FoR has initiated 

discussion on developing model DSM framework and forecasting and scheduling regime at 

the state level. 

 

5.5 Ancillary Services Market Regulation by CERC 

CERC has notified the Ancillary Services Market Regulations, 2015. The objective of these 

regulations is to restore the frequency at desired level and to relieve the congestion in the 

transmission network. These regulations have laid down the roles and responsibilities of 

various entities and the procedural layout for the settlement and dispatch of the reserve 

regulatory ancillary services to meet the above objectives. As per the said regulations, the 

Ancillary Services Provider shall inject or back down generation as per the instruction of the 

Nodal Agency for Regulation Up and Regulation Down respectively. Besides, for the services 

provided by ancillary generators, it shall on monthly basis submit details of fixed charges and 

variable charges and any other applicable statutory charges, to the Regional Power 

Committees. 

 

5.6 Extended Market Sessions on Power Exchanges by CERC 

CERC issued an order in April 2015 on Extended Market Session on Power Exchanges, with a 

view to provide the grid-connected entities with measures to respond optimally and in 

pursuance of development of the market. CERC had initially considered following options for 

operating additional contracts on the power exchanges: 

 24x7 intraday/contingency contracts — Operating day ahead contingency contracts in 

remaining hours after gate closure of day ahead market on power exchanges and 

operating intraday contracts on 24x7 basis. 

 Evening market — Operating day ahead auction based on collective transaction in the 

evening on power exchanges and operating intraday contracts on 24x7 basis. 

While intraday/contingency contracts were approved by the Commission, the evening 

market based collective transaction was kept in abeyance, for further scrutiny/study. The 

24x7intraday/contingency contracts will benefit generators and beneficiaries in 

contingency conditions and facilitate transition of Unscheduled Interchange (UI) volumes 

to a scheduled market.  
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5.7 Summary of Initiatives So Far on Grid Integration of RE 

 

Table 8: Summary of Initiatives 

Sl. 

No. 

Initiatives  Implication 

1 Green Energy Corridor. Upon implementation, it shall enable 

hassle-free inter-state flow of RE power 

and thus maximum off-take of RE sources 

to load centres, thereby minimizing 

backing down scenario. 

2 Transmission plan for renewable 

energy by CEA. 

Structured grid planning for over a larger 

time horizon for RE. 

3 Forecasting and scheduling 

Regulations, by CERC. 

Facilitate despatch of RE power at regional 

level at the same time giving visibility of 

RE to grid operators to do real-time 

despatch of RE power. 

4 Imbalance settlement Regulations, by 

CERC. 

With increasing RE penetration and 

multiple off-take market models, a clear 

framework of settlement is a must for 

complementing the F&S regime. 

5 Ancillary services market regulation by 

CERC. 

Development of a framework for regional 

level ancillary market, which can act as a  

guideline for adoption at state level.  

6 Extended market sessions on power 

exchanges by CERC. 

Envisaged to benefit generators and 

beneficiaries in contingency conditions 

and facilitate transition of UI volumes to a 

scheduled market. 

Source: Idam Analysis 
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6 Addressing Challenges in Wind Integration and 

Recommendations 

As detailed in the above sections, there are challenges which need to be addressed for 

successful integration of wind energy in to the grid. Several initiatives have already been 

initiated at various levels (MNRE/CERC/CEA) to tackle these issues. However, considering 

the various present and futuristic challenges, it is necessary that adequate intervention 

measures are planned to address these issues. Accordingly, several initiatives, both in the 

short term and long term need to be identified. This section deals with specific 

recommendations and solutions to address grid integration challenges of wind energy from 

the perspective of the present scenario as well as the future scenario by year 2032. The same 

have been organized in a manner to reflect the recommendations for three phases of planning, 

construction and operation in the development of wind power projects.    

 

6.1 Planning Stage: Considerations of RE for Power Evacuation   Planning 

6.1.1 Transmission Planning must consider all supply-side and demand-side resources  

Keeping aside the very recent developments of green energy corridor and perspective 

transmission plan by CEA, it is well known that the transmission planning process followed 

so far, either at the central level or at the state level by CEA/CTU/STUs respectively had 

never considered the wind generation capacity which contributes to almost 70% of the RE 

installed capacity in the country. This has resulted in adverse situations of curtailment of 

generation and commercial implications thereof to the generators. However, with the kind of 

wind capacity addition planned and wind being the major RE source that is going to be added 

to the grid in significant quantum in the coming years, an integrated transmission planning 

principles need to be developed and implemented, with RE and wind in particular at the core 

of the system.  

 

In this context, we have made the following recommendations/suggestions towards 

streamlining the transmission planning process giving due consideration for wind energy 

capacity addition planned. 
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Short Term 

 

Long Term 

 

 

6.1.2 Amending Central and State Grid Code 

Planning code is one of the integral parts of the exiting Indian Electricity Grid Code as well as 

the State Grid Codes of respective states. The same, today, act as guiding regulations for 

preparation of central level and state level transmission plan for CEA/CTU and STUs 

respectively. However, the planning code stipulates the consideration of only conventional 

generating sources and there is no mentioning of consideration of RE generators for the 

purpose of preparing Inter-State and Intra-State transmission plan. Amendment of regulations 

to the extent of including provisions for RE specific consideration in transmission plan shall 

ensure focused transmission infrastructure development within and outside states.  However, 

while doing such amendments; sufficient care should be taken such that similar provisions are 

inbuilt in all state grid codes to ensure uniformity in implementation.  

 

6.1.3 Perspective Transmission Plan by CTU and STUs in Coordination With SNAs 

Wind resource is mainly concentrated in six or seven states in the country. Proper evacuation 

plan should be chalked out to enable last mile connectivity of such upcoming RE generation 

capacities, which are generally in the remote locations of the state. CTU level planning should 

ensure that any excess RE power after consumption in the state, should have free access to 

inter-state transmission corridors such that there is a seamless flow of RE power from wind 

rich states to power deficit states assuring maximum utilisation of available wind resource in 

the state.  
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Following aspects can be considered while formulating the perspective plan by 

CEA/CTU/STUs:   

a) Short term and long term perspective transmission plan to be prepared in order to meet 

immediate requirements as well as long term RE capacity addition. 

b) Consider annual RE capacity addition and prepare evacuation plan accordingly 

considering short gestation period of RE/wind power plants (gestation period of wind 

power plants are less than 12 months, while setting up transmission infrastructure takes 

more than 2 years). 

c) Plan should give priority to setting up of RE evacuation infrastructure over providing 

connectivity for other generators. 

d) Plan should have clear timelines specified that are based on the RE capacity addition 

targets of the central/state policy. 

e) New infrastructure to be set up as well as strengthening schemes should be considered 

under the plan so that future capacity addition (owing to re-powering), in the already 

connected locations are taken care of.   

 

The MNRE/SNAs have a significant role to play in the preparation of these transmission 

plans. Transmission utilities/planning agencies should be informed about the wind energy 

potential in various pockets of the states based on which evacuation plan can be prepared for 

state level and inter-state level corridor building upfront.  

 

6.1.4 Representation of the Renewable Sector in Transmission Planning Stage 

Improved coordination among RE generators, Discoms and planning agencies can lead to 

better planning of evacuation infrastructure for renewable energy evacuation. Therefore, due 

representations of RE generators in the planning committee or alike bodies formulated at the 

central level and state level responsible for transmission planning is advocated in formulation 

of the central and state level plan. The designated committee should have representatives 

from varied facets of power sector ranging from conventional, through load dispatchers to 

renewable project developers. Periodic review of suggestions and a holistic view of the 

constraints will help to chalk out the constraints associated to evacuation of power from wind 

sources. Further due representation of this sector and coordinated effort put in by all members 

of the planning committee will lead to development and adoption of innovative ideas at 

planning stage itself. Such an approach when put into practice will enable timely 

establishment of evacuation infrastructure for wind projects. This would also enable crashing 
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the timelines required for development of the wind farms and enable wind farms to be put in 

operation well in time, thus saving on the overall timelines and cost for project development.       

6.1.5 Updating Green Energy Corridor to Consider Higher Target and Longer Time 

Horizon Till 2032 

The Green Energy Corridor initiative CERC/MNRE was prepared during the year 2012 with 

the time horizon up to the year 2017. The said report was prepared considering a RE target of 

mere 40 GW. However, after it was prepared, the RE capacity addition target including that of 

wind, was revised many a times. The new target by Govt. is 175 GW of RE by 2022. Further, 

based on wind vision 2032, the expected capacity addition is 200 GW by 2032. In this context, 

it is required that the Green Energy Corridor report be revisited in order to arrive at the 

physical transmission infrastructure requirements for RE evacuation and the above should be  

prepared at least till year 2032. Further, necessary projections may be done till 2032 regarding 

the funding requirement to meet the infrastructure plan projected till 2032. This will enable 

various activities/efforts of MNRE, CEA and SERCs to be streamlined to accomplish the 

ambitious capacity addition targets set. It will also enable the developers and investors to 

mobilize adequate resources to plan and set up RE projects.    

 

6.1.6 Need for integrated planning of Generation and Transmission 

Investment in transmission network should be just as to avoid unnecessary cost implication 

on its user. Also, planning of transmission network cannot be done in isolation, but has to be 

necessary linked to the upcoming generation sources and load requirements of the system. 

Accordingly, the apt way of doing planning for transmission infrastructure is to do the same 

as part of an integrated Generation-Transmission-Load planning in the system. The planning 

agencies, whether it is CEA, CTU or STU, thus should adopt an integrated approach for 

power system planning, within which an effective transmission plan should be formulated. 

However, as highlighted above, RE generation sources/pockets of RE potential were 

neglected in the past while preparing transmission plans. Thus, going forward, considering 

the huge RE capacity addition planned, integrated Generation-Transmission-Load planning 

should give due focus to evacuation of RE generation plants.    

 

In addition, the transmission plan for a region should not only take into account the immediate 

evacuation requirement, but also should envisage the additional generation capacity that will 

come up in the future from the same region. These additional capacities may come up in a 

region because of reasons such as wrong or under estimation of wind potential (wind 

potential in India has been revised many times owing to reasons including improvement of 

technology, 50 m hub height machines to 80 m hub height and so on, which was not initially 
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envisaged) or because of the new possibilities like repowering of existing wind farms. In this 

context, it will be an intelligent practise to design transmission lines with certain buffer 

capacities to cater to the future expansion in project capacities of the same region in the 

planning stage itself.  

 

6.1.7 Integrated Power System Plan at National and State Level 

In order to have focused efforts toward transmission planning for RE, the planning authority 

at national level which is CEA, at present should perform the additional activities including 

the following.  

a) Prepare five year rolling plan for integrated power system plans with due focus on RE at 

inter-state and intra-state level. 

b) Consolidation of state level integrated power system plan and aligning the same with the 

requirement of meeting RE evacuation. 

c) Coordination with CTU, STU, SNAs, project developers in formulating as well as 

calibrating the central and state level and transmission plans. 

d) Review the status of implementation of transmission plans and facilitate timely execution 

of plans. 

 

6.2 Construction Stage: Interconnecting Wind Power Plants 

Construction of evacuation infrastructure of RE projects involves numerous activities 

including laying of transmission line from the project site till the nearest grid substation, 

strengthening of grid substation and installation of export-import meter. Alike the planning 

stage, the construction phase too has several challenges that needs to be addressed in the short 

as well as long run. The following recommendations/suggestions have been made for 

addressing various existing and futuristic challenges pertinent to constructing 200 GW of 

wind installations across the country till the year 2032. 

Short-Term 
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Long-Term 

 

6.2.1 Interconnection/Grid Connectivity Norms Bringing Uniform Approach Across State 

Level and Inter-State Level 

As discussed in the earlier sections, one of the major barriers encountered by wind generators 

and developers is the non-uniform approach and diverse set of practices followed by utilities 

across states for interconnection of RE projects. Numerous differences exist such as the 

definition of an interconnection point, applicable charges for interconnection, permissions and 

clearances and the contractual framework for an interconnection agreement. Practices vary 

depending upon the type of renewable energy project (e.g., wind or solar) and this often 

results in significant delays in implementation of interconnection. A standard methodology 

and protocol that institute uniformity across states should be formulated. Accordingly, the 

following are suggested: 

 SERCs have to develop a standard or model interconnection procedure(s) for 

interconnection of various RE technologies at the national level, for similar voltage levels 

(low, medium, high). 

 Appropriate model for sharing responsibility among RE developers and transmission and 

distribution utilities has to be specified by SERCs, for development and construction of 

evacuation infrastructure. It is suggested that responsibility within the ―interconnection 

point‖ and below be with the developer and the responsibility of setting up evacuation 

infrastructure beyond ―interconnection point,‖ STU/utility to be responsible. Such 

practices are to be followed uniformly across states. 

 

6.2.2 Define ―Connectivity and Construction Standards for RE Projects‖ 

With increasing penetration of RE in to Grid and wind energy in particular, there is an urgent 

need to define ―Connectivity and Construction Standards for RE Projects‖ that should take 

into consideration specific requirement of setting up large wind power plants: 

a) Active power control. 

b) Frequency control. 

c) Voltage control. 

d) Tap changer. 

e) Wind farm protection. 

f) Modelling and communication requirements. 
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CEA should immediately initiate the process for formulation of such standards for enhancing 

the practise of standardised connectivity of renewable projects to the grid. This will streamline 

the connectivity and construction process for wind projects and thereby averting issues of 

unnecessary delay and confusion. Such standardization will play a vital role in timely 

completion of wind projects particularly in the context of accelerated deployment of wind 

capacity envisaged to achieve by 2032.      

 

6.2.3 Addressing Right of Way Issues 

The execution of the transmission infrastructure in India is plagued with the right of way 

issues that hinder the swift execution of the evacuation infrastructure both at the central and 

state levels. Going forward, the issues are expected to aggravate. Following are the suggested 

options to avert the delays due to the right of way issues: 

 Construction of Multi Circuit Towers: These towers entail more than two circuits on the 

same tower, thereby enabling greater evacuation of power. This not only saves tower cost 

but also helps in overcoming the right of way issues to a great extent. 

 

 Reconductoring of Old Conductors with High Current Carrying Capacity Conductors: 

Ageing transmission infrastructure diminishes the reliability of operation. The older 

conductors too have lower current carrying capacity. During contemporary times, when 

the execution of transmission infrastructure is encountered with the right of way issues, 

one of the novel ways is reconductoring of the old evacuation infrastructure with new and 

high current carrying conductors which enables large quantum of power to be evacuated. 

 

 Tackling Right of Way Issues in Urban Areas: Owing to the increased infrastructural 

development in urban regions, possibilities of utilising the already existing infrastructure 

of roadways, bridges, flyovers, subways, railway corridors, and so on should be explored 

for drawing transmission lines/cables. Such options should be jointly explored by STUs 

and the agencies involved.     

 

6.3 Operation Stage: Operating Large Scale Wind Power Plants 

The Indian grid is plagued with issues like wide variation in grid frequency, voltage 

fluctuation, variable loading of transmission network and negligible transmission margin in 

comparison to international standards. Further, though wind generation is predictable to a 

great level of accuracy using latest forecasting tools, India is yet to see wider deployment of 

such tools. Operation of large scale wind farms in the grid pose challenge to this extent. 
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However, going forward, with deployment of appropriate solutions, it is possible to 

successfully integrate large scale capacity of wind to the tune of 200 GW planned by 2032, 

with minimum impact on the grid operations.  

 

Following are some of the suggested solutions for successful integration of large scale wind to 

the grid: 

 

Short-Term 

 

Long-Term 

 
 

6.3.1 Encouraging Wind Energy Forecasting and Scheduling, Both at the State and 

Central Level 

Increased predictability of injection of generation from wind power projects shall enable grid 

operators to plan for dispatch of such generation. Thus, more accurate predictions of wind 

generation from wind plants shall facilitate to improve acceptability of wind generation in the 

grid. The Central Commission after numerous rounds of iterations has recently notified the 

regulations pertaining to forecasting and scheduling of renewable generators at the central 

level. However, in the present day scenario almost all renewable generators operate within 

the respective states and none are scheduled for interstate transactions. It is therefore 

imperative to formulate rules and regulations of forecasting and scheduling at the state level 

in a well defined manner. Though, state like Gujarat has already laid down renewable specific 

scheduling and forecasting rules, yet they need up gradation in line with the recently specified 

regulation by the Central Commission or in a different manner which is more implementable 
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at the state level. The development of comprehensive regulations will enable system operator 

to foresee what is expected to happen a few hours ahead and correspondingly enable them to 

take appropriate measures. The following figure shows the key components of forecasting 

and scheduling regime to be implemented at the regional and state levels. 

 

Figure 11: Key Components of Forecasting and Scheduling Regime 

 
Source: Idam Analysis 

 

Following are the key features to be considered while framing an appropriate scheduling and 

forecasting framework at the state level: 

a) Encouraging scheduling discipline. 

b) Ease of implementation (simplicity). 

c) Compatible with state/regional/national framework. 

d) Scalable and flexible. 

e) Uniform application across states. 

f) Minimal commercial implications for participants. 

g) Enforceable. 

h) Continuation of existing transactions without significant modifications. 

 

There exist two models for scheduling and forecasting which has been adopted 

internationally—the centralised model and the de-centralised model. Each has its own distinct 

features which have been tabulated as below: 
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Table 9: Options for Forecasting and Scheduling Mechanism 

Parameters Option-1 

―Centralized‖ Model 

Option-2 

―De-Centralized ―Model 

Responsibility 

of F&S 

SLDC is responsible for: 

 Doing forecasting. 

 Preparing schedule. 

Generator is responsible for: 

 Doing forecasting. 

 Preparing schedule. 

Deviation 

Settlement 

Net deviation at state level is 

redistributed/de-pooled to 

individual pooling substation/ 

generators or absorbed in state 

imbalance pool. 

Deviation at each pooling 

substation/generator level is to be 

borne by respective pooling 

SS/generator. 

Degree of 

Deviation 

State level net deviation to be lower 

due to larger control area. 

Pooling SS/generator level deviation 

to be larger due to smaller control 

area. 

Commercial 

Implication 

Commercial implication on 

generators will be lower, as 

percentage error due to aggregation 

effect will be lower. 

Commercial implication for 

generators will be significant, as 

percentage error will be high. 

Risk Involved 

for 

Generators 

However, the degree of deviation 

and consequent commercial 

implication is dependent on 

efficiency of forecasting tools used 

by SLDC and schedules prepared. 

Generator is solely responsible for its 

deviation and forecasting 

models/tools deployed by generator. 

Impact on 

SLDC/Utility  

SLDCs and utilities may not be 

willing to take up risks associated 

with centralized model.   

Model is not compatible with 

existing load-generation balancing 

framework. 

SLDC relies on generator schedules 

and pass on the entire risk to 

generators. 

Source: Idam Analysis 

 

However, it is observed that in either of the models, commercial risk of generators is not 

covered adequately. Hence there is a need for evolving another model—a composite model 

involving decentralized forecasting and centralized scheduling. This involves forecasting at 

pooling station (decentralized forecasting)and scheduling by SLDC (centralized scheduling). 
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Figure 12: Proposed Composite Model for F&S 

 
Source: Idam Analysis 

 

The key features and advantages of this model are: 

Features: 

 Pooling substation level forecast to be prepared and sent to SLDC. 

 SLDC to aggregate forecast and prepare schedule for state as a whole. 

 Deviations to be depooled based on ratio of actual generation. 

Advantages: 

 Minimal deviation due to state level aggregation. 

 Consequently, commercial implication to be lower. 

 Risk of forecast error at one pooling station gets socialized as deviation is arrived at 

aggregate level. 

 Ease of depooling of penalty/incentive with individual generator. 

 

Metering at pooling station level, establishing telemetry between SLDCs and wind generator 

pooling substations and consequent amendment of state level grid codes are prerequisites for 

successful implementation of the above suggested model for scheduling and forecasting.  

 

6.3.2 Need for Institutional Structure: Coordinating Agency 

In case of wind energy projects, it has been observed that the ownership is quite fragmented 

and large capacity of WTGs is owned by small investors. However, as far as operation and 

maintenance (O&M) and other day-to-day activities are concerned, it is observed that in most 

of the cases, the wind farm developer is providing the common services to all the WTGs in 

that particular wind farm and is coordinating/discharging most of the responsibilities on 
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behalf of the individual owners. However, with regard to the legal provisions, whether the 

developers are supposed to act on behalf of individual WTG investors are not clearly covered 

in regulations/governing legislation. In large number of cases, it has been observed that such 

an arrangement is carried out on informal basis. Institutional gap/uncertainty and ambiguity 

of regulatory treatment exist in the present practice of depooling below the common bus at 

the Pooling Sub-station. 

 

Further, for successful implementation of scheduling/forecasting and deviation settlement 

mechanism, it becomes necessary to frame a proper institutional structure for passing on the 

impact (penalty or incentive) of deviation. In this context, it is essential that at the 

legal/regulatory provisions are made to recognise institutions to act as ‗co-ordinating agency‘ 

which can provide de-pooling service and discharge the functions on behalf of the individual 

investors. This will protect the interest of both the parties and the developer/coordinating 

agency will be able to perform the responsibilities on behalf of the individual investors in a 

smooth and dispute free manner. 

 

6.3.3 Faster Scheduling and Dispatch Routines —Close to Real Time —to Increase 

Predictability and to Reduce Cost of Balancing  

The accuracy of wind forecasts increases appreciably closer to real time. There are two 

primary mechanisms for improving scheduling practices to take advantage of this 

phenomenon: Shorter gate-closure periods (the time before the operating period when 

generation schedules become final and binding) and shorter commitment periods (the length 

of time the generator is committed to produce).These will indeed help counter the variability 

and uncertainty of wind forecasts. Shorter operating periods allow schedules to roll over more 

smoothly and forecasters to refresh their forecasts more often, which reduces the magnitude 

of forecast errors and associated scheduling errors. This precisely calls for multiple intra-day 

revisions of the generation schedules. CERC, in the recently notified mechanism has allowed 

16 intra-day revisions of schedules. Similar provisions should be adopted while formulating 

the state level framework. However a better proposition would be to allow revisions in 

schedules as close to gate closures. 

 

6.3.4 Expansion of Balancing Areas or Greater Coordination between Balancing Areas 

The aggregate load must equal the aggregate supply while accounting for imports and exports 

of electricity particularly to maintain the grid frequency (which is an indicator of grid 

stability) within prescribed limits. Expanding the balancing areas for greater coordination is 

motivated for reaping benefits of economies of scale, benefits of aggregation thereby reducing 
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net error and the benefits of sharing various ancillary services. Large balancing areas include 

contingency reserves, which consist of extra unloaded capacity and consequently demand 

response can be called upon quickly in case of emergency, such as a critical loss of a line or 

voltage disruption.  

 

Larger balancing areas can capitalize on geographic diversity and aggregation of varied 

resources, thereby helping to smooth the variability of total power and increase forecast 

accuracy. In addition, larger balancing areas can aggregate greater amounts of variable 

generation and load. They can also provide access to the response capability of a large utility-

scale generation fleet. Because each balancing area has to compensate for the variability of 

aggregate net electric demand and because random variations in the demand of individual 

customers partially offset each other, the total regulation requirement for larger balancing 

areas is reduced as compared to the total regulation requirement of individual areas. Larger 

balancing areas can be created through the physical combination of individual balancing areas 

or virtually through balancing area cooperation. Such balancing area cooperation can help 

share load and generation variability, and lower the costs of integrating variable energy 

sources. 

 

6.3.5 Spinning Reserve 

Variability in wind generation obligates for consideration of the spinning and operating 

reserves. The idea is to accommodate the fluctuations in renewable generation which may 

require a modest increase in fast-responding regulating reserves to restore normal operations. 

 

It is worthwhile to note that National Electricity Policy mandated 5% spinning reserve by the 

year 2012. However, yet there are no spinning reserve as on date. Preserving some of the 

available power generation units for spinning reserve is considered as equivalent to the loss of 

generation in power deficient scenario till present day. There is a need for the change in 

outlook. 

 

In India, primary response is mandated through the IEGC and is based on a frequency linked 

UI mechanism. However, the actual response is much less than the ideal response or the 

desired response, which has led to grid outages and black outs many times. Keeping apart the 

issues of outage of transmission corridors or its unavailability at times, the major reason 

behind this inadequate response is the generators not keeping sufficient reserves from their 

maximum capacity. Secondary control has not been implemented in India as yet. To 

implement secondary control, some infrastructure is needed. Units have to be wired under 
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Automatic Generation Control (AGC) and necessary communication between control room 

and generators has to be provided. 

 

In terms of National Electricity Policy, spinning reserves at 5% of the installed generation 

capacity of around 280 GW works out as 14GW. With an increase in installed capacities, the 

level of spinning reserve should also be gradually increased. It is suggested that spinning 

reserves are operationalized at regional level first and various such reserves are made 

available at the state level in order to provide decentralized support to curb any local 

variations in the grid, attributable to wind generation. Such a practise will aid to smoothened 

operation of grid with higher penetration of variable energy resource. 

 

Further, a framework need to be evolved which provides clarity on what is the capacity of 

spinning reserve required, which are the stations that should be identified for such reserves, 

and appropriate compensation mechanism, energy accounting and commercial settlement for 

such reserves needs to be developed.  

 

6.3.6 Ancillary Services 

Addition of large amounts of variable renewable energy can impose heavy burden on the 

system operators who must be prepared to obtain power from other sources of generation 

(mostly pumped storage, battery storage, open cycle gas-based plants, combined cycle plants, 

demand response and other ancillary services. Ancillary services can enable the grid operators 

—RLDC and SLDC to utilise these resources in real-time to accommodate for the net load 

forecast errors and compensate for the variation in generation from RE sources. CERC has 

recently come out with ancillary services market regulations. The salient features of the same 

have been presented in the earlier chapter. NLDC has also laid out the detailed procedures for 

implementation of ancillary services. 

 

From the perspective of integrating large scale wind generation into the grid in the coming 

years, it is imperative that ancillary markets are operational at the regional level as well as at 

the state level. The present notifications by CERC will only enable ancillary market at the 

regional level and only regional entities will benefit. Considering that wind energy and other 

variable renewable energy solutions are connected mostly at the state level network and the 

imbalance has to be managed by SLDC, enabling state level framework/regulations should be 

formulated to make available ancillary services at the state level in addition to the currently 

proposed ones at the regional level.    
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7 Roles and Responsibilities of Key Entities 

7.1 Electricity Regulatory Commissions 

7.1.1 Central Electricity Regulatory Commission 

The central commission has already come up with new regulations such as ancillary services 

regulation, amendments to the Indian electricity grid code and deviation settlement 

regulations to enable forecasting and scheduling of renewable generators at the national level. 

The irony at this stage is the presence of the renewable generators at the state level and they 

are regional entities. The following are the recommendations to the central commission: 

a) Facilitate development of inter-state, inter-regional transmission corridor for seamless 

flow of RE power to deficit states and enable recovery of cost through its transmission 

pricing mechanism. 

b) Monitoring operation of ancillary market at the regional level. 

c) Enable the state electricity regulatory commissions to come up with state specific 

forecasting and scheduling regulations for renewable within a stipulated time period and 

in a specified format. 

 

7.1.2 State Electricity Regulatory Commission 

The state electricity regulatory commissions have been developing regulations conducive to 

renewable energy development at the state level.  The support has been mostly on tariff and 

RPO side. However, a proper mechanism for scheduling and despatch of wind projects at the 

state level needs to be formulated. In addition, it should be ensured that due priority is given 

to wind projects under state level transmission planning.  

The following are the recommendations for the state electricity regulatory commissions: 

a) Developing a grid code with provisions of scheduling and forecasting of renewable 

generators for state level. 

b) Laying a robust mechanism for deviation settlement and depooling. 

c) Developing ancillary services regulation at the state level. 

d) Amending grid codes of states to include wind planning on priority.  

e) Ensure state level regulations to be in line with regulations/model regulations at the centre 

to maintain uniformity. 

f) Standardizing interconnection, metering and energy accounting practices. 
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g) Strengthening SLDC operations and facilitate implementation of REMCs. 

 

7.2 Central Electricity Authority 

CEA is entrusted with the onus of laying down the technical standards of operation of the 

grid. The following should be the additional efforts by CEA for facilitating large scale grid 

integration of wind energy: 

a) Periodic revision in transmission plans with priority to wind energy evacuation. 

b) Transmission plans to facilitate seamless integration of RE and RE flow from RE rich states 

to deficit states through adoption of an integrated generation and transmission planning, 

with due focus on RE evacuation.  

c) Develop interconnection standards for RE generators with special criteria for wind 

integration to grid. 

d) Amending its regulations to address the issues related to applicability of LVRT to wind 

turbines.  

e) Enable expansion of balancing areas to mitigate resource intermittency 

f) Develop protocols pertaining to reactive power management and integration of energy 

storage devices 

g) Regulations for active/reactive power control and those pertaining to grid stability. 

h) Regulations mandating the maintenance of the spinning reserves to provide grid support 

during contingencies both at the state and central level. 

 

7.3 CTU and STU 

One of the major impediments in the grid integration of RE has been the non-availability of 

adequate evacuation infrastructure, both at the State level and Central level. This impedes 

evacuation of wind projects and undue backing down. Having realised the intensity of the 

problems, following should be the responsibilities of the CTU/STU at the central and state 

level, as the case may be: 

a) Strengthening of inter-state and regional transmission capacity. 

b) Coordination with SNAs/NIWE/representation from RE generators to identify RE pockets 

in the state and prepare evacuation plans accordingly. 

c) Augmentation of the transmission infrastructure and utilisation of modern                  

techniques that elongates life and reliability of the evacuation infrastructure.  
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d) Innovative methodologies to mitigate right of way issues by embracing concepts of multi-

circuit towers and usage of high capacity conductors. 

e) Practising the benchmarked asset management practises to reduce probability of failures 

and down time. 

f) Planning for dynamic reactive power management with installations of SVC (Static VAR 

Compensator)/STATCOM at strategic locations with a view to maintain voltage stability. 

 

7.4 NLDC/RLDC/SLDC 

The system operators at the central and state level have a larger and crucial role to play in 

ensuring large scale integration of wind energy in the grid: 

a) Formulation of detailed procedures for implementing scheduling and forecasting and 

deviation settlement mechanism at the central and state level respectively. 

b) Formulation of detailed procedures for implementing ancillary market regulations at the 

central and state level respectively. 

c) Coordination with the pooling station level entities. 

d) Forecasting wind generation and preparation of ‗day ahead‘ schedules for respective 

balancing areas. 

e) Ensure balancing of grid at respective balancing areas.  

f) Operationalizing ancillary market. 

g) Continuous capacity building to manage large scale RE integration in the grid. 

 

7.5 Project Developers 

It is the responsibility of the project developers to perform their part so as to enable smooth 

grid integration of the renewable:  

a) Ensure representation even at the planning stage so as to inform and ensure sufficient 

evacuation infrastructure development in pockets with high wind potential. 

b) Advocate for and usage of standardised modern WTGs that aide to grid stability and are 

FRT capable. 

c) Installations of reactive power supporting equipment at the point of connectivity or 

financially assisting the STUs/CTUs for installation of reactive power compensating 

devices at strategic locations. 
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d) Installations of energy storage devices at the generation site to counter the variability of 

generation. 

e) Ensure adoption of innovative and robust forecasting models. 

f) Provide generation forecast at pooling station level through qualified agencies which can 

coordinate with SLDC/RLDC. 

g) Promote research of innovative forecasting model with highest level of accuracy that 

promises better optimization of generation resources.  
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8 Summary and Recommendations 

Following table summarises the various recommendation and the responsible entities in 

implementation of such recommendations.  

 

Table 10: Summary of Recommendations 

Key Recommendations Responsible Entities 

 Amending Central and State Grid Code - Planning Code in Line 

With CEA Transmission Planning Manual 

CEA 

 Coordination With State Nodal Agencies to Prepare Perspective 

Plan for RE Evacuation (Short Term and Long Term) 

STUs/SNAs 

 Ample Representation of the Renewable Sector During 

Transmission Planning Stage (Central and State Level) 

CTU/STU/SNA/Project 

Developers 

 Updating Green Energy Corridor to Consider Higher Target and 

Longer Time Horizon Till 2032 

PGCIL/MNRE 

 Adopt Integrated approach for Transmission-Generation-Load 

Planning at National and State Level 

MoP/CEA/STU 

 Interconnection/Grid Connectivity Norms Bringing Uniform 

Approach Across State-Level and Inter-State Level  

FoR/SERC 

 Define ―Connectivity and Construction Standards for RE 

Projects‖ 

CEA 

 Addressing Right of Way Issues CTU/STU 

 Encouraging Wind Energy Forecasting and Scheduling Both at 

the State and Central Level 

CERC/SERCs 

 Need for  Institutional Structure: Coordinating Agencies CERC/SERCs 

 Expansion of Balancing Areas or Greater Coordination Between 

Balancing Areas 

NLDC/RLDC/SLDC 

 Integration of More RE Sources Through Use of Spinning 

Reserve 

CERC/SERCs 

 Development of Ancillary Markets CERC/SERCs 

Source: Idam Analysis 




