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PV MARKET TREND - GLOBAL AND SAARC COUNTRIES
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PV market trend – global and SAARC countries

Cumulative solar PV capacity is expected to grow sixfold 
by 2030, with a CAGR of nearly 9% up to 2050 Source: IEA PVPS Trend Report 2025

 Global market outlook for solar power 2025-29
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PV market trend – global and SAARC countries

SAARC Countries Solar Installed caoacity Source
India 162 GW MNRE as of May 2026

Pakistan ~ 38 GW (51 GW) Renewables First, Pakistan Electricity Review, March 2026

Bangladesh ~ 1.51 GW SREDA | National Database of Renewable Energy

Sri Lanka ~1.70 GW The Ceylon Electricity Board (CEB)

Nepal ~0.18 GW (0.96 GW proposed) The Nepal Electricity Authority (NEA)

Afghanistan ~0.18 GW Mostly decentralized and donor-supported projects.

Bhutan ~0.12 GW DGPC/DOE - Utility scale and rooftop 
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CHALLENGES IN SOLAR POWER INTEGRATION TO THE GRID
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Challenges in grid integration of solar power

Technical challenges

Storage

1. Frequency stability
2. Voltage stability
3. Grid failure

Issues due to variable 
power generation

• Impact on system inertia
• Reactive power 
• Harmonics
• DC injection
• Flickering

Issues due to generator 
(Inverter) 

characteristics

• Reverse power flow
• Overloading of grid assets (Conductors, 

transformers)
• Voltage rise

Demand and supply 
mismatch
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Challenges with variable solar energy integration to the grid

Diurnal cloud coverage
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Challenges with variable solar energy integration to the grid

Seasonal variation of solar radiation (Example)
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Challenges with variable solar energy integration to the grid

Daily variation and intermittency (Example) 
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Challenges with variable solar energy integration to the grid

Average generation vs typical daily generation profile of solar power plant 
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Challenges with variable solar energy integration to the grid

Frequency and voltage stability

Storage
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Challenges with variable solar energy integration to the grid

Impact on system inertia

Increasing non-synchronous generation
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Challenges with variable solar energy integration to the grid

Reverse Power Flow – impact and control

The basic equation to define Reverse Power Flow is –

Possible Impact on the grid:

1. Excess heating of Grid Asset (s)

2. Reduced life of Transformers

3. Permanent failure of Power Cables

4. Voltage rise at the point of common coupling
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Challenges with variable solar energy integration to the grid

Illustration/Source credit: NREL

• Integrating PV may cause voltage 
rise in long distribution feeder 
circuits that serve rural or 
developing areas if the load and 
PV generation are not closely 
matched.

• The figure on the right illustrates 
the increased voltage range in 
systems with high PV penetration.

Reverse Power Flow – impact and control
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USE OF BATTERIES FOR POWER MANAGEMENT 
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Use of batteries for power system management 

Consumer level 
(Behind the Meter applications) Grid services at Transmission and Distribution level

1. Power quality management

2. Peak demand management

3. Energy arbitrage for ToD tariff benefit 

4. Maximising self-consumption of solar power

5. Uninterrupted/back-up power supply

6. Diesel genset replacement

1. Stabilise solar power variation

2. Voltage and frequency management

3. Peak demand management

4. Support to reduce network congestion

5. Provide extra capacity to meet demand

6. Spinning and non-spinning reserve 

7. Black start 

8. Minimise thermal unit ramping

9. Reduce renewable energy curtailment

10. Deferral of capital expenditure



© 2026 GSES

Use of batteries for power system management 

Power Demand of a grid-connected PV system without 
battery storage 

BESS for Tariff Arbitrage with RE Integration

Power Demand of a grid-connected PV system 
with battery storage 
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Use of batteries for power system management 

• The electricity generation exceeds the load 
demand between 08:00 to 14:00

• Excessive reverse power flow at the substation 
and resulting in overvoltage issues. 

• BESS system can be charged during this 
period.

• Between 19:00 to 21:00, the peak load causes 
under-voltage issues when BESS can be 
discharged to mitigate undervoltage

Voltage control with battery storage 
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Use of batteries for power system management 

• Frequency regulation needs constant second-by-
second adjustment of power to maintain system 
frequency at the nominal value (50 or 60 Hz).

• If demand exceeds supply, the system frequency 
falls, causing blackouts.

• If utilities generate more power than consumers 
demand, the system frequency increases, possibly 
damaging all connected electrical devices. 

• Battery energy storage can provide regulating 
power with sub-second response times. This 
makes it an extremely useful asset for grid-
balancing purposes. 

BESS for Frequency Regulation
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OPTIMISATION OF THE BATTERY ENERGY STORAGE SYSTEMS
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Optimisation of Battery Energy Storage Systems
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Optimisation of Battery Energy Storage Systems
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KEY FACTORS INFLUENCING BATTERY SIZING
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Key Factors Influencing Battery Sizing
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STRATEGIC PLACEMENT OF BESS WITHIN SOLAR 
POWER SYSTEMS
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Strategic Placement of BESS within Solar Power Systems
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OPTIMIZATION METHODOLOGIES FOR BESS PLANNING 
AND OPERATION
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Optimization Methodologies for BESS Planning and Operation
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ECONOMICS AND BUSINESS MODELS OF BESS DEPLOYMENT
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Global cost trend of BESS

Global Average Lithium-Ion Battery Pack Price Trend (2013–2025)
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Source:  Asian Development Bank.,” Handbook On Battery Energy Storage System”, 2018

Key Factors Affecting the Economic and Financial Viability of BESS 
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BESS Economics Cost Benefit Analysis - Key Components

Source:  Asian Development Bank.,” Handbook On Battery Energy Storage System”, 2018



© 2026 GSES

Business Models for BESS

Source:  Asian Development Bank.,” Handbook On Battery Energy Storage System”, 2018
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QUESTIONS AND DISCUSSION
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Contact Details:
Global Sustainable Energy Solutions India  Pvt. Ltd. | CIN: U74999DL2012PTC241896 |
Address: A-46, Upper Ground Floor, FIEE Complex, Okhla Industrial Area, Phase - 2, New Delhi – 110020
T +91 11 41040534 | M +91 9560550077 | www.gses.in   | info@gses.in

GSES India is an ISO 9001:2015 and ISO 140001: 2015 certified company for renewable energy consultancy & training services

THANK YOU


