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Introduction

The next phase of the energy transition is not 
only about building more solar and wind farms—
it is about building smarter, stronger, and more 
flexible grids capable of integrating them reliably. 
The future pace of renewable growth will 
increasingly depend on grid readiness.







Challenges Faced by SAARC Countries
• Resource–demand mismatch: The best solar and wind resources are often 

located far from major load centres, requiring substantial investment in long-
distance transmission corridors.

• Insufficient transmission capacity: Existing grids were largely designed 
around conventional, centrally located generation and are not always capable 
of accommodating large volumes of variable renewable energy (VRE).

• Grid congestion and curtailment: Limited evacuation capacity can result in 
renewable-energy curtailment, particularly during periods of high solar or 
wind output and low demand.

• Weak distribution networks: Rapid growth of rooftop solar and distributed 
generation can create voltage excursions, reverse power flows, protection 
coordination issues and transformer/feeder loading problems.



Challenges..
• Limited grid flexibility: Inadequate energy storage, flexible generation, 

demand response and ancillary-service mechanisms can constrain renewable 
integration.

• Protection and operational challenges: High penetration of inverter-based 
generation changes fault-current characteristics, power-flow patterns and 
conventional protection assumptions.

• Planning and investment gaps: Renewable generation, transmission, 
distribution and storage are not always planned as an integrated system, while 
financing constraints can delay critical grid upgrades.

• Cross-border limitations: Although regional power trading could significantly 
improve balancing and renewable utilisation, cross-border transmission 
capacity, market arrangements and regulatory coordination remain limited.



Future Actions
• Develop renewable-energy transmission corridors linking major solar 

and wind resource zones with demand centres.

• Accelerate grid reinforcement and expansion, including high-capacity 
AC/DC transmission, substations and strategically located 
interconnections.

• Modernise distribution networks to accommodate rooftop solar, 
distributed generation, electric vehicles and future prosumers.

• Deploy grid-scale and distributed energy storage, including BESS and 
pumped-storage hydropower, to provide balancing and flexibility.

• Strengthen forecasting, SCADA/EMS, automation and real-time grid 
management for variable renewable generation.



Future Actions..
• Introduce dynamic network tariffs, demand response and ancillary-

service markets to improve system flexibility.

• Upgrade protection and grid codes to address high penetration of 
inverter-based resources and bidirectional power flows.

• Adopt Dynamic Line Rating (DLR), FACTS and other advanced 
technologies to increase the utilisation of existing transmission 
infrastructure before constructing entirely new corridors.

• Promote coordinated regional power trading and strengthen cross-
border transmission interconnections among SAARC countries.

• Establish integrated long-term planning mechanisms in which 
generation, T&D, storage and demand growth are planned together, 
supported by appropriate regulatory frameworks and innovative 
financing.



Why Transmission Corridors?
• Renewable energy is abundant where people are not; 

transmission corridors connect clean energy to consumers.

• Renewable resources are geographically concentrated, while 
electricity demand is dispersed. 

• Dedicated transmission corridors enable large-scale 
integration of renewable energy. 

• They improve grid reliability, reduce renewable energy 
curtailment, and lower system costs. 

• Cross-border interconnections enhance regional energy 
security and optimize resource utilization.



Benefits of Regional Transmission Corridors

• Facilitates large-scale renewable energy integration.

• Enables cross-border electricity trade and regional power 
markets.

• Reduces dependence on imported fossil fuels.

• Improves grid flexibility and resilience.

• Shares balancing reserves among neighbouring countries.

• Lowers overall electricity generation costs.

• Reduces renewable energy curtailment

• Supports national decarbonization goals



Challenges
•High capital investment

• Long approval and permitting processes

• Land acquisition and right-of-way issues

• Environmental and social impacts

•Coordination between transmission operators and 
renewable developers

•Maintaining reliability under variable renewable 
generation



Enabling Technologies

•High Voltage Direct Current (HVDC)

•Flexible AC Transmission Systems (FACTS)

•Dynamic Line Rating (DLR)

•Wide Area Monitoring Systems (WAMS)

•Battery Energy Storage Systems (BESS)

•AI-based Renewable Forecasting









Limited inertia

Modern evacuation systems therefore include:

➢Synthetic inertia

➢Grid-forming inverters

➢Dynamic voltage support

➢Fast frequency response











Integration of HVDC and FACTS Devices for 
Congestion Relief

As renewable energy generation increases, transmission 
corridors often become congested, limiting the transfer of 
electricity from renewable energy zones to demand 
centers. High Voltage Direct Current (HVDC) and Flexible 
AC Transmission Systems (FACTS) enhance the utilization 
of existing transmission infrastructure, improve power 
flow control, and relieve network congestion without 
extensive construction of new transmission lines.





Role of FACTS Devices
FACTS devices use power electronics to control voltage, impedance, and 
power flow in AC transmission systems.

➢STATCOM – Dynamic voltage support and reactive power 
compensation.

➢SVC (Static VAR Compensator) – Voltage regulation and reactive power 
control.

➢TCSC (Thyristor Controlled Series Capacitor) – Controls line impedance 
to increase power transfer capability.

➢UPFC (Unified Power Flow Controller) – Simultaneously controls 
voltage, impedance, and power flow.



















Hosting Capacity and Thermal Limits of Feeders

It defines how much renewable energy a distribution network can accommodate 
without major grid reinforcement.

Key Factors Limiting Hosting Capacity

• Voltage Rise
➢High solar PV generation during low-load periods can raise feeder voltage beyond 

allowable limits. 
➢Requires voltage regulation, smart inverters, or reactive power control. 

• Thermal Loading
➢Conductors, transformers, and switchgear have maximum current-carrying capacities. 
➢Excess generation can overload distribution assets. 

• Protection Coordination
➢Reverse power flows and increased fault currents may affect protection settings. 
➢Existing relay coordination may require modification. 



Key Factors Limiting Hosting Capacity
• Power Quality Issues

➢Voltage fluctuations and harmonics from inverter-based resources. 

➢Flicker due to variable renewable generation. 

• Reverse Power Flow

➢Distribution feeders traditionally designed for one-way power flow 
may experience power export toward substations. 

• System Stability

➢High penetration of inverter-based resources may affect voltage 
stability and fault response.



Methods to Increase Hosting Capacity

• Upgrade conductors and transformers.

• Install voltage regulators and capacitor banks.

• Deploy smart inverter functions(Volt–Var control,Volt–Watt 
control, Frequency support)

• Install Battery Energy Storage Systems (BESS).

• Implement Advanced Distribution Management Systems 
(ADMS).

• Use demand response and flexible loads.

• Apply Dynamic Line Rating.



Why Protection Upgrades are Required
1. Reverse Power Flow

➢Distributed generation can export power back toward the distribution substation. 

➢Conventional overcurrent relays may not detect faults correctly due to changed fault 
current direction. 

➢Protection coordination between upstream and downstream devices can be affected. 

2. Changed Fault Current Levels

➢Inverter-based resources provide limited and controlled fault current. 

➢Fault currents may be lower than expected, making traditional overcurrent 
protection less effective. 

➢Contribution from multiple sources can complicate fault analysis. 

3. Protection Coordination Challenges

➢Existing relay settings are based on one-way power flow assumptions. 

➢Direction and magnitude of fault currents can vary depending on generation 
availability. 

➢Risk of unnecessary tripping or delayed fault clearing increases.



Protections for Inverter-Based Resources

Modern renewable plants require:
➢Low-voltage ride-through (LVRT) protection. 
➢Frequency ride-through capability. 
➢Anti-islanding protection. 
➢Coordination between grid protection and inverter 

controls. 
➢Fast fault detection despite limited inverter fault current 

contribution. 









Feeder automation and advanced metering

High penetration of rooftop PV, wind, batteries, and EVs makes 
distribution networks more variable and bidirectional. Feeder automation 
provides real-time control of the network, while advanced metering 
infrastructure (AMI) provides detailed measurements from customers 
and distributed-energy resources.

• Feeder automation uses remotely controlled switches, reclosers, voltage 
regulators, capacitor banks, sensors, and distribution-management 
software.

• AMI consists of smart meters, communication networks, and utility 
data-management systems. Unlike traditional meters, smart meters 
measure energy at short intervals and support two-way communication.



Feeder automation
• Monitoring voltage and power flow: Sensors detect voltage rise, reverse power flow, 

overloads, and phase imbalance caused by distributed PV.

• Automatic voltage regulation: Tap-changing transformers, voltage regulators, 
capacitor banks, and smart inverters are coordinated to keep voltage within limits. 

• Feeder reconfiguration: Automated switches transfer loads or renewable generation 
between feeders, reducing congestion and improving voltage profiles.

• Fault detection and restoration: Faulted sections are isolated automatically and 
healthy sections are resupplied, reducing renewable-generator disconnection time. 

• Managing reverse power flow: Control systems identify when power flows from 
customers toward the substation and adjust protection and voltage-control settings. 

• Increasing hosting capacity: Better visibility and control allow more rooftop PV to 
connect without immediate conductor or transformer upgrades.



Advanced metering infrastructure
• Measuring import and export separately: It records electricity taken from and 

injected into the grid. 

• Identifying local PV surplus: Utilities can locate feeders and phases experiencing high 
reverse power flow. 

• Detecting voltage violations: Smart meters provide customer-level voltage 
measurements, helping identify overvoltage and undervoltage locations. 

• Supporting remote reading, disconnection and reconnection: It saves a lot for the 
utility.

• Improving forecasting: Historical PV generation and consumption data improve load 
and renewable-output forecasts. 

• Enabling demand response: Flexible loads such as water heaters, air conditioners, 
batteries, and EV chargers can be shifted to periods of high renewable generation. 

• Detecting phase imbalance and losses: Meter data helps redistribute single-phase PV 
systems and loads across the three phases. 

• Supporting dynamic tariffs: Electricity prices can encourage customers to consume 
energy when solar or wind production is high.



IoT Solutions for Real-Time Monitoring

IoT solutions are essential for managing modern 
electricity networks with increasing:

•Rooftop solar PV.

•Utility-scale renewable plants.

•Battery Energy Storage Systems (BESS).

• Electric vehicle charging infrastructure.



Key Applications

•Real-Time Asset Monitoring

•Distribution Network Monitoring

•Renewable Energy Monitoring

•Smart Metering and Consumer Monitoring

•Predictive Maintenance

•Grid Automation and Control



Key Technologies
• IoT sensors and smart devices.

•Wireless communication (5G, LoRaWAN, RF mesh).

• Edge computing for rapid local processing.

•Cloud-based data platforms.

•Artificial Intelligence (AI) and machine learning 
analytics.

•Digital twins for network simulation and optimization.



Challenges

•Cybersecurity and data privacy risks.

•Requirement for reliable communication 
infrastructure.

•Large volume of data management.

• Integration with legacy utility systems.

• Initial investment cost.
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