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Abstract 

Planning and evaluation are crucial for the successful amalgamation power grid and the 

energy sources that are renewable. The tasks posed by intermittency, variability, and 

uncertainty of solar and wind generation can affect the power system's operational economics. 

Therefore, conducting planning and evaluation studies before the actual solar and wind power 

construction can help identify the maximal integration capacity of the renewable source that 

are feasible for a specific power grid. The planning should include an analysis on the power 

systems flexibility and adequacy, that involves the analysis of the resource characteristics, 

reliability analysis and production simulation. This analysis can help identify the technical and 

economic challenges of integrating renewable energy sources and provide beneficial plans for 

independent system operators, investors and government to make operational decisions as well 

as planning towards an advanced dissemination of renewable power. The design of the 

electrical system is also essential and should include the analysis of the power flow and its 

stability, the mode of connection as well as its stability, transmission design, interconnection 

and power quality analysis. These design considerations ensure the stability and the reliability 

while integrating renewable energy sources. Future efforts must also take into account technical 

elements like modelling, methods, and indices used for evaluation that are connected to 

incorporation planning as well as evaluation. Advances in technology and modelling 

techniques can help improve the accuracy and reliability of integration planning and evaluation 

studies, which can help facilitate a higher penetration of renewable power in the power grid. 
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Development of Large-Scale Green Energy Sources with Grid Integration: Practices and Challenges 

ISSN: 2582-3825  76 

 Introduction  

India is one of the countries that have set a high target for renewable energy integration 

into the grid. The country has set a target of achieving 450 GW of renewable energy capacity 

by 2030, with 175 GW coming from solar, 60 GW from wind, 10 GW from bioenergy, and 5 

GW from small hydro power. One of the major challenges faced by India in integrating large-

scale renewable energy into the grid is the intermittency and variability of renewable energy 

sources. Wind and solar power are highly dependent on weather conditions and are not 

available around the clock. Therefore, there is a need to develop a robust and flexible grid that 

can accommodate the fluctuating output from renewable energy sources. Another challenge is 

the lack of adequate transmission infrastructure to evacuate power from renewable energy-rich 

regions to load centers. India has been investing in the expansion of its transmission 

infrastructure, but there is still a need for more investment in this area.  

To overcome these challenges, India has been adopting various practices such as the 

development of a national-level renewable energy plan, the creation of dedicated renewable 

energy zones, and the implementation of policies and regulations to support renewable energy 

development. The government has also been promoting the use of energy storage systems, 

smart grid technologies, and demand-side management to increase grid flexibility and 

reliability. In addition to these practices, there is a need for the standardization of models for 

renewable energy power planning and the evaluation of renewable energy amalgamation. 

There is also a need for standard evaluation-indices for renewable energy integration to ensure 

that the accommodation and the operation level of renewable energy is clearly defined, and the 

evaluation is based on reliable and accurate data.  

One of the primary challenges in planning for large-scale renewable energy grid 

integration in India is the intermittency and variability of renewable energy sources, which can 

lead to grid instability and affect the quality of power supply. To address this challenge, India 

needs to invest in energy storage technologies and demand-side management programs, which 

can help balance the variability and intermittency of energy sources that are renewable. 

Another challenge is the inadequate transmission infrastructure in many parts of the country, 

which limits the capacity of renewable energy sources to be integrated into the grid. To address 

this, India needs to invest in expanding its transmission infrastructure [1], which involves 

building new transmission lines and upgrading existing ones. This will require significant 

investment and coordination among various stakeholders, including government agencies, 

power utilities, and private investors.  
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Additionally, the lack of a clear policy framework and regulatory mechanisms for 

renewable energy integration is another challenge. India needs to develop a comprehensive 

policy framework that encourages investment in renewable energy sources, provides incentives 

for energy storage technologies, and promotes demand-side management programs. It also 

needs to establish clear regulatory mechanisms that promote grid stability and ensure the 

quality of power supply. Finally, India needs to address the challenge of skilled workforce and 

expertise in renewable energy integration. It requires a skilled workforce to design and 

implement large-scale renewable energy integration projects successfully. India needs to invest 

in developing a skilled workforce, providing training and education programs, and attracting 

expertise from other countries to address this challenge.  

Large-scale renewable energy grid integration is a significant challenge for India, 

requiring significant investment in energy storage technologies, transmission infrastructure [2], 

policy frameworks, regulatory mechanisms, and skilled workforce and expertise. Grid 

integration studies and planning refer to the process of analyzing and assessing the ability of 

the electricity grid to absorb and manage Renewable Energy (RE) sources such as solar, wind, 

and hydropower. These studies are critical to ensuring that the power grid can handle the 

variability and intermittency of RE sources and maintain a stable and reliable supply of 

electricity. The overall study helps in planning recommending the customized capacity as well 

as production cost according to the goals evolving in relation to time. The input data form 

various entities are used to perform the modeling and develop data-driven plans for large-scale 

RE integration. The availability of high-quality data is essential to the success of these efforts, 

and it is critical that stakeholders work together to ensure that the necessary data is collected 

and shared. 

The research is structured into several sections, each with a specific focus on different 

aspects of the best practices and challenges. Section 2 seems to highlight the planning methods. 

Section 3 provides new requirements and trends in technology. Section 4 elaborates the concept 

of evaluation index. Section 5,6 & 7 describe the challenges, practices and remedies for the 

planning of RE grid integration. Conclusion and the future work are summarized in section 8. 

 Planning methods 

Integrating RE sources into the grid on a large scale requires careful planning to ensure 

a reliable and stable power supply. Few planning methods that can be used are tabulated in 

Table I. 
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                Table I. Planning methods to integrate RE sources into grid 

S.No Planning methods 

1  Resource assessment 

2 Grid analysis 

3 Capacity planning 

4 Transmission planning 

5 Energy storage 

6 Policy and regulatory framework 

 

2.1. Resource assessment 

The first step is to assess the potential of renewable energy resources in the area. This 

involves analyzing data on wind speed, solar radiation [3], hydrology, and other relevant 

factors to determine the best sites for renewable energy projects. 

2.2. Grid analysis 

A detailed analysis of the existing power grid is necessary to determine the capacity of 

the grid and identify potential constraints. This will help in identifying the most appropriate 

locations for renewable energy projects and the necessary upgrades to the grid to accommodate 

the increased power supply. 

2.3. Capacity planning  

Capacity planning involves determining the optimal mix of renewable energy sources 

that can be integrated into the grid to meet the demand for electricity. This involves analyzing 

factors such as the availability of renewable energy resources, the capacity of the power grid, 

and the demand for electricity. 

2.4. Transmission planning 

Transmission planning involves designing and building transmission lines to transport 

power from renewable energy projects to the grid. This requires identifying the most efficient 

routes and locations for transmission lines and determining the necessary capacity. 

2.5. Energy storage 
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 Energy storage is an important aspect of integrating renewable energy into the grid. It 

helps to balance supply and demand and ensure a reliable power supply. Different types of 

energy storage solutions, such as batteries and pumped hydro storage, can be used depending 

on the specific needs of the grid [4]. 

 

2.6. Policy and regulatory framework 

The policy and regulatory framework play a crucial role in promoting the integration 

of renewable energy into the grid. This includes setting targets for renewable energy, providing 

financial incentives, and establishing regulations and standards for the development and 

operation of renewable energy projects. 

Overall, a comprehensive and coordinated approach is needed to effectively integrate 

renewable energy into the grid on a large scale. The planning methods mentioned above can 

help ensure a reliable and sustainable power supply while reducing greenhouse gas emissions 

and promoting energy security. 

 

 Technological Trends and Requirements  

New requirements and technologies are emerging in the field of planning as well as in 

evaluation of RE integration. Some of these are tabulated in Table II. 

                             Table II. New requirements and trends in technology to integrate RE 

sources into grid  

 

S.No New requirements and trends  

1 Digitalization 

2 Energy storage 

3 Demand-side management 

4 Power electronics 

5 Interconnection 

6 Cyber security 
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3.1. Digitalization 

The use of digital technologies like AI, machine learning, and big data analytics is 

becoming increasingly important in planning as well as in evaluation of RE integration. These 

technologies can help optimize the operation of RE systems and improve their efficiency. 

3.2. Energy storage 

 The integration of energy storage technologies, such as batteries and pumped hydro 

storage, is becoming increasingly important to help balance the intermittency of renewable 

energy sources and improve the reliability of the power grid. 

3.3. Demand-side management 

 The integration of demand-side management technologies, such as smart grids and 

demand response systems, is becoming increasingly important to help balance the supply and 

demand of electricity in real-time. 

3.4. Power electronics 

 The use of power electronics, such as power inverters and power converters, is 

becoming increasingly important to help integrate renewable energy sources into the power 

grid and to improve the efficiency and stability of the power grid. 

3.5. Interconnection 

The development of interconnection technologies, such as high-voltage DC 

transmission lines, is becoming increasingly important to help integrate renewable energy 

sources across larger geographic areas and to reduce the cost of renewable energy. 

3.6. Cybersecurity 

 With the increasing digitization of the power grid, cybersecurity is becoming an 

increasingly important consideration in planning as well as in evaluation of RE integration. 

 

 Evaluation index  

Control value refers to the ability of renewable energy to provide flexibility and support 

to the power system, such as providing frequency and voltage support. Cognitive deficits value 
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describes the potential to shorten the lifespan and lessen the deterioration of conventional 

generators. Grid investment value refers to the ability to reduce the investment in transmission 

and distribution infrastructure. Emission value refers to the ability to reduce greenhouse gas 

emissions and improve the environment. The evaluation of the value of RE should take into 

account the local energy structure, resource endowment, environmental protection 

requirements, and other factors. 

  Practices 

5.1. Conducting comprehensive grid modeling 

 This involves creating detailed models of the grid to evaluate the potential impacts of 

large-scale renewable energy integration. These models can help identify potential problems 

and help plan for solutions. 

5.2. Implementing flexible grid management strategies 

 This involves implementing strategies to manage the variability and uncertainty of 

renewable energy sources. For example, using energy storage systems, demand response, and 

flexible generation can help balance the grid and maintain reliability. 

5.3. Coordination with stakeholders 

 Planning for large-scale renewable energy integration requires collaboration between 

utilities, regulators, and other stakeholders. Regular communication and collaboration can help 

identify potential issues and ensure everyone is working towards a common goal. 

 Challenges 

Planning for large-scale renewable energy grid integration requires careful modeling, 

flexible grid management strategies, and collaboration among stakeholders [5,6]. However, 

challenges such as grid stability, planning and investment, and policy and regulatory barriers 

must be addressed to ensure successful integration. 

6.1. Grid stability and reliability 

 The variability and uncertainty of renewable energy sources can make it challenging 

to maintain grid stability and reliability. This can lead to voltage fluctuations, frequency 

variations, and other issues. 
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6.2. Grid planning and investment 

 Integrating large amounts of renewable energy into the grid may require significant 

investment in transmission infrastructure, energy storage, and other technologies. Careful 

planning and investment are necessary to ensure the grid can handle the increased renewable 

energy capacity. 

6.3. Policy and regulatory barriers 

Policy and regulatory barriers can make it difficult to integrate large-scale renewable 

energy into the grid. For example, grid interconnection standards may need to be updated to 

accommodate renewable energy sources, and regulatory barriers may hinder the deployment 

of energy storage systems. 

 Remedies 

Planning for large-scale RE grid integration presents several challenges that need to be 

addressed to ensure a smooth transition to a cleaner energy system. Here are some remedies 

for these challenges: 

7.1. Grid stability 

The variability and intermittency of RE sources can affect grid stability. Remedies 

include investing in grid infrastructure to balance supply and demand. 

7.2. Transmission constraints 

Transmission bottlenecks can limit the delivery of renewable energy to the grid. 

Remedies include expanding and upgrading the transmission network and building new 

transmission lines to connect remote renewable energy sources. 

7.3. Planning uncertainty 

The long-term planning of renewable energy projects is subject to regulatory and policy 

changes, which can impact project viability. Remedies include establishing clear and stable 

policies and regulations that provide a supportive environment for renewable energy 

investments. 
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7.4. Integration cost 

Integrating large-scale RE into the grid can be expensive. Remedies include adopting 

innovative financing models, such as green bonds and energy efficiency funds, to reduce the 

cost of capital for renewable energy projects. 

7.5. Public acceptance 

 Large-scale RE projects can face opposition from local communities. Remedies 

include engaging with local communities early in the planning process, providing information 

about the benefits of renewable energy, and addressing concerns about visual impact and land 

use. 

 

8. Conclusion 

The successful integration of RE into the electricity grid requires careful planning, 

analysis, and collaboration among stakeholders. By using tailored models and high-quality 

data, India can achieve its RE integration goals while ensuring a stable and reliable supply of 

electricity. Successful planning for large-scale RE grid integration requires addressing these 

challenges through a combination of policy and regulatory frameworks, technological 

solutions, and stakeholder engagement. By implementing these remedies, a smooth transition 

to a more sustainable energy future can be ensured. 

Future scope 

Standardization of models and evaluation indices is important to ensure consistency 

and accuracy in renewable energy power planning and evaluation. The lack of clear standards 

for describing the production and operation of power systems with renewable energy 

integration can make it difficult to compare different systems or to ensure that planning and 

evaluation results are reliable. Inconsistent or flawed indices can also lead to misinformation 

and misguided policy decisions. Therefore, efforts to establish standardized models and 

evaluation indices for renewable energy integration should be encouraged. 
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