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Across India, distributed renewable energy 

(DRE), including solar-powered technologies 

such as solar home lighting, solar water 

pumps, and solar dryers, are improving 

energy access, creating new opportunities 

and supporting sustainable livelihoods. 

Among DRE solutions, rooftop solar systems 

(RTS) represent an opportunity for additional 

value creation through connection to local 

distribution grids. 

Once connected, RTS can reduce electricity 

bills and provide clean and reliable backup 

power for consumers, while utilities can save on 

transmission and distribution losses and power 

procurement costs and alleviate pressure on 

grid infrastructure during peak demand. RTS 

also contribute to renewable energy targets, 

reduce carbon emissions and improve local air 

quality. Moreover, digital technology, real-time 

monitoring and advanced weather forecasting 

allows RTS to further enhance utilities’ grid 

stability and resilience. 

1 MNRE 2026

However, few public utilities recognise that the 

benefits of RTS significantly outweigh the costs 

and challenges of large-scale deployment. As 

such, integration with the Indian grid has not 

been prioritised. For example, the Government 

of India launched the National Solar Mission 

in 2015, with a target of installing 100 GW solar 

capacity, including 40 GW of RTS, by 2022. 

Although this scheme catalysed the solar sector– 

making India the world’s third largest in solar 

capacity at 150.3 GW, RTS capacity remains 

limited at just 25.7 GW as of April 20261, missing 

the target. 

This report identifies barriers to scaling RTS 

and its integration with the grid and examines 

synergies between DRE and grid supply. It 

explores how utilities can work together with the 

DRE industry to better integrate distributed solar 

into their business planning and operations, and 

create benefits for their revenues, sustainability 

and customer experience.

Executive 
Summary
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INR 1.8 – 3.15 
potential saving per unit 

of electricity with RTS 

installation on residential 

consumers unit of electricity 

with RTS installation 



Key Insights

1
 India is moving from off-grid to grid-

connected DRE. Due to increased reach 

of the grid alongside enabling metering 

regulations and generous financial incentives 

for grid-connected DRE from central and state 

governments. India is moving from off-grid 

to grid-connected DRE. Due to increased 

reach of the grid alongside enabling metering 

regulations and generous financial incentives 

for grid-connected DRE from central and state 

governments. For example, the government 

set aside INR 65,700 crore (US $ 7 billion) to 

subsidise roof top solar via the PM Surya Ghar 

Muft Bijli Yojana initiative. 

2
 Grid-connected RTS offer substantial 

benefits for consumers. Incorporating RTS 

into consumer power supply can reduce 

electricity access costs and increase power 

supply reliability, supporting business and 

income generation. 

3
 Utilities benefit by using RTS to provide 

power for loss-making regions and 

consumers. Analysis of regulatory data 

from Uttar Pradesh between 2023 and 2024 

shows RTS installation can save INR 1.80 

– 3.15 per unit of electricity supplied to 

subsidised low-paying consumers. Utilities 

saved on power procurement costs, lower 

transmission and distribution losses, and 

deferment in network investment. DRE 

solutions can also help Discoms manage 

peak demand and fulfil Renewable 

Purchase Obligations.  

4
 Distribution companies (Discoms) active 

engagement is critical to scale grid-

connected DRE. To unlock the benefits 

of grid-connected DRE, Discoms must 

address deployment and integration 

challenges. This involves them taking 

a leading role in identifying their loss-

making distribution transformers and 

consumers and exploring ways to work 

with the DRE industry. Particularly 

promising are utility-led business models 

where Discoms collaborate with a third-

party for installation, operation and 

maintenance of RTS systems - such as a 

DRE company, energy cooperative or self-

help group. In addition, deploying digital 

solutions will enable real-time visibility of 

RTS electricity generation to Discoms under 

a profit-sharing mechanism. The PM-Surya 

Ghar Muft Bijli Yojana provides significant 

incentives for all stakeholders to engage in 

these collaborative business models.

5
 This report proposes that RTS 

deployment can be accelerated via 

a Discom-led DRE Aggregator Model 

that positions Discoms at the centre 

of RTS development, integration, and 

coordination. This model enables Discoms 

to capture value across the RTS lifecycle 

while improving system planning, grid 

management, and consumer engagement. 

The model focuses on the distribution 

transformer (DTR) as the business unit 

and involves three key stakeholders: the 

Discom, consumer and a DRE Aggregator. 

A high-level visualisation of the model can 

be seen in Figure 1, while a full description 

and detailed analysis is shared in Section 4.
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RTS deployment can be accelerated via 

Discom-led DRE Aggregator Model by focusing 

on DTR as the business unit, enabling Discoms 

to capture value across the RTS lifecycle 

while improving DTR profitability, system 

planning, grid management, and consumer 

engagement.
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DISCOM & TECHNICAL CONTEXT DISCOM LED DRE AGGREGATORDTR-Level Consumer & Load Segmentation
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Figure 1: Proposed approach for integrating RTS within the Discom business model
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150.3 
GW
solar capacity

While India has the 

world’s third largest 

solar capacity at over 

150 GW, rooftop solar 

makes up only 17% 

(25.7 GW), lower than 

the government’s 2022 

target of 40GW. 
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Objective

This report identifies issues in scaling and integrating RTS with the grid 

and examines synergies between DRE and grid supply. The objective is to 

explore how utilities can work together with the DRE industry to better 

integrate distributed solar technologies into their business planning and 

operations, and create benefits for their revenues, sustainability and 

customer experience.

Report authors consulted Discom leaders to better understand 

their concerns about integrating RTS, and to explore how emerging 

technologies and business models could increase engagement with the 

DRE industry to support the expansion of RTS. 

Policies and programmes relevant to the expansion of RTS were analysed, 

including the latest policy supporting grid-connected DRE, the ‘Pradhan 

Mantri Surya Ghar Muft Bijli Yojana (PM SGMBY) that provides substantial 

grants for installing grid-connected RTS.

About this 
Report

This report 
explores how 
Discoms can work 
together with 
the DRE industry 
to integrate 
distributed 
solar into their 
business plans 
and operations 
- benefiting 
revenues, 
sustainability 
and customer 
experience.
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Methodology

A three-phase methodology was used to engage with Discoms, understand 

their perspectives, and develop a business model for RTS deployment and 

integration.  

The first phase involved review of relevant literature, secondary data on 

DRE technologies and implemented projects and policy frameworks. These 

included a review of policy and regulatory framework for RTS and analysing 

Discoms perspectives for RTS, which involved:   

 � Tariff order analysis: electricity tariff structures for different consumer 

categories, and their consumption, tariff subsidy, and cost structure for 

electricity supply. The state of Uttar Pradesh was selected for detailed 

documentary analysis.

 � Policy incentive analysis: policy incentives for RTS adoption were 

analysed to understand the cost-benefits, combined with analysis of 

prevalent business models for deployment of RTS, policy and regulatory 

frameworks, focusing on a few selected Discoms/states. 

 � Analysis of global RTS deployment business models. 

 � Analysis of business models that support RTS integration with the grid.

The second phase focused on roundtables and consultations with 

stakeholders active in the RTS space, including Discoms (see Annex I 

for details of stakeholder consultation). Here the key objective was to 

understand stakeholder concerns and identify possible solutions to 

enhance the adoption of grid-connected RTS.  

The third phase included analysis of proposed solutions and identification 

of the required changes in business models and financial modelling.  
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Report Structure

The report is organised as follows: 

Executive Summary and Key Findings

About this Report:  Objectives, structure and methodology

Chapter 1:  An introduction to DRE, RTS and the perspective of key 

stakeholders including Discoms

Chapter 2:  The cost-benefit of RTS deployment and integration 

from the Discoms perspective 

Chapter 3:  Key business models for RTS deployment and 

integration 

Chapter 4:  The Discom led DRE Aggregation Model, a business 

model to help Discoms to benefit from RTS 

Chapter 5:  Conclusions and next steps
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The Role and Benefits of Distributed Renewable Energy (DRE) Systems

DRE refers to small-scale energy generation and storage technologies 

located close to the point of use. This includes established technologies 

such as solar home lighting, solar streetlights, solar irrigation water pumps 

and emerging technologies such as solar-powered agri-processing, agri-

photovoltaics, e-cooking, behind the meter battery storage, and e-mobility. 

These technologies can be implemented in areas without electricity access 

(standalone or off-grid and micro-grid DRE) and in areas with grid connectivity 

(grid-connected DRE). As grid connectivity increases, so does the opportunity 

for grid-connected DRE (Figure 2). 

Figure 2 Evolution of DRE technologies 

DRE technologies offer multiple benefits. Firstly, DRE systems deliver clean 

energy access in off-grid and weak grid areas,2 providing sustainable energy 

2  GOGLA 2022 

Chapter 1:
Introduction
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solutions. In India despite increased grid supply hours and quality, DRE 

deployment can further strengthen supply hours in rural and semi-urban 

regions (Figure 3). Secondly, many DRE light and power technologies are 

used to extend and enhance the working day, while solar water pumps, 

solar dryers, and solar agri-processing systems are specifically designed 

to improve livelihoods through economic opportunities. Thirdly, grid-

connected DRE technologies add green energy to the grid power supply, 

and contribute towards a sustainable energy mix.  

Evolving Policy Landscape for DRE Systems

Recognising the benefits of DRE technologies, global governments have 

promoted the use of DRE through various green policies and energy access 

initiatives. Along with decentralised DRE appliances, rooftop systems (RTS) 

are also receiving significant policy support and have a prominent role in 

India’s future power system. India’s recent Draft National Electricity Policy 

(2026) mentions “…DRE development along with storage installations by 

distribution licensee on behalf of small consumers to get benefit of economies 

of scale and by bulk consumers themselves”. The policy outlines that 

regulatory frameworks shall be created by state regulatory commissions to 

enable aggregation of distributed renewable power generation and micro-

storage to help small consumers, prosumers, and producers reach the 

market. The Power Market Roadmap (2023) and the Indian Electricity Grid 

Code (2022) also highlight the need to accurately estimate deployed DRE 

resources in India and their role in providing ancillary services to the grid.    

Both central and state governments promote the deployment of solar 

energy, resulting in increased solar capacity from 6.7 GW in 2015 to 150.3 

GW in April 2026. Figure 4 shows the key central government policies, 

including two recent DRE policies – PM Surya Ghar Muft Bijli Yojana and PM 

KUSUM (see Box I). 

Figure 3: Grid Supply hours across India

2010 2012 2014 2016

Year

Roo�op Solar Capacity (GW) All India Solar Installed (GW)

C
a

p
a

ci
ty

 in
 G

W

2018 2020 2022 2024

Jawaharlal Nehru National 

Solar Mission (JNNSM) 

Jawaharlal Nehru National 
Solar Mission (JNNSM) Phase II

National Solar Mission

PM Kussum 

PM Surya Ghar Mu�

Bijli Yojna 

0

10

20

30

40

50

60

70

80

90

100

Figure 4: Evolution of rooftop solar capacity with key schemes in India

Source: Parliament Questions (2023). 

Source: Compilation based on MNRE reports



13 | GOGLA THE ROOFTOP SOLAR OPPORTUNITY

Box I: Key DRE Policies of Central Government

PM Surya Ghar Muft Bijli Yojana (PM-SGMBY)

Based on learnings from implementation 

challenges facing the residential rooftop sector, 

the PM Surya Ghar Muft Bijli Yojana was launched 

in February 2024. Its ambitious target is to install 

30 GW of residential RTS by 2026-27, reaching 

around 10 million households. The scheme 

benefits rural and lower-income households by 

providing subsidies of up to 40%. It also uses a 

centralised digital platform to streamline adoption 

and exempts residential systems of up to 10kW 

from the certain approval requirements. The 

policy is supported by various enabling metering 

and accounting frameworks enacted by the state 

electricity regulatory commissions, including net 

metering, virtual net metering, and gross metering. 

The scheme has led to a tenfold increase in monthly 

installation rates, which now stand at around 70,000 

installations per month, significantly surpassing 

pre-scheme levels. Table 1 shows the targets 

achieved as of 13th March 2025.  

Table 1: PM Surya Ghar Muft Bijli Yoyana: Targets 

versus Achievement 

Target of PM 

SGMBY

Achievement 

after one year, 

as on 13th 

March, 2025

Percentage 

target 

achieved, as 

on 13th March 

2025

Install RTS for 10 

million household 

0.97 million 

households

9.7%

Provide central 

financial 

assistance of Rs. 

65,700 crores

Rs 4,770 crore 7.2%

Install residential 

RTS of 30 GW 

capacity

3 GW 10%

While RTS installations under PM-SGMBY have 

surpassed previous records, achieving its ambitious 

targets will require significant additional efforts. 

Current adoption rates need to increase tenfold to 

13 GW per year to achieve the 30 GW residential RTS 

target by 2027. 

Pradhan Mantri Kisan Urja Suraksha evam 

Utthan Mahabhiyan (PM-KUSUM)

The Government of India launched another major 

policy initiative in 2019. the Pradhan Mantri 

Kisan Urja Suraksha evam Utthan Mahabhiyan 

(PM-KUSUM). It aims to increase solar energy for 

irrigation, reducing dependency on conventional 

electricity and diesel systems. The scheme is 

divided into three components: 

 � Component A: establishment of 10,000 MW 

of decentralised ground / stilt-mounted grid-

connected solar or other renewable energy-

based power plants. 

 � Component B: installation of 20 lakh standalone 

solar-powered agricultural pumps. 

 � Component C: solarisation of 15 lakh grid-

connected agriculture pumps.

Achievements under each component of the 

scheme to date are shown in the Figure 11. Despite 

its potential benefits, the scheme faces numerous 

implementation challenges (CSE 2024). 

Figure 11: Percentage installation against 

sanctioned targets under components A, B and C 

of PM KUSUM, as of April 2025

Source: PM KUSUM web site, April 2025
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Despite policy support, the share of grid-

connected DRE i.e., RTS remains low (Figure 6). 

Further analysis of consumer categories reveal 

that residential consumers have the lowest RTS 

installation (Figure 7).

Discoms are the first point of contact when DRE 

systems such as RTS interact with the power 

system. Studies emphasise the benefits that 

Discoms gain from playing a key role in the 

adoption of RTS. Discoms were designated as the 

primary agency to implement phase II of India’s 

Grid Connected Rooftop Solar Programme, rather 

than the state renewable energy department. 

Two recent DRE policy initiatives from 

Government of India, PM Surya Ghar Muft Bijli 

Yojana (SGMBY) and Pradhan Mantri Kisan Urja 

Suraksha evam Utthan Mahabhiyan (PM-KUSUM) 

offer opportunities for Discoms to engage with 

and benefit from these schemes.  

These schemes target residential customers and 

farmers with lower purchasing power, whose 

grid electricity access is often subsidised. While 

the state government’s subsidy burden has 

increased, Discoms receive subsidies irregularly, 

reducing overall investment available for grid 

infrastructure, and resulting in reduced grid 

reliability. Increasing the success of these 

schemes creates an opportunity to overcome this 

cycle and can directly benefit Discoms. Both PM 

SGMBY and PM KUSUM can reduce the amount of 

subsidised electricity used by these consumers, 

ultimately reducing the Discom’s losses. 

However, to date, Discoms are rarely involved 

in the active promotion and implementation of 

these schemes which do not follow standard 

business models they have adopted – where 

electricity is generated by large infrastructure, 

transmitted, and then sold to consumers. A lack 

of awareness of how DRE and utility business 

models can collaborate has resulted in the slow 

uptake of RTS, despite significant policy and 

regulatory incentives. Addressing this issue will 

create significant economic and social benefits, 

Figure 6: Share of different solar systems in 

India

Figure 7: Consumer category wise rooftop solar installation across India from 2018 to 2023
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 � Consumers of various categories, many have subsidised electricity access and pay tariffs at 

different rates. Key questions to consider from their perspective include: How can they use DRE to 

reduce their power bills? How can they use their spare roof space to earn money or improve their 

livelihoods?

 � Discoms which have diverse consumer segments and capabilities to pay for electricity. Discoms 

have an elaborate network of distribution lines which are at times overloaded and at other times 

underutilised. Discoms also struggle to meet renewable purchase obligations (RPOs) set by the 

government. Key questions to consider from their perspective include: Can they earn additional 

revenue and improve reliability of electricity supply with DRE? Is it possible for Discoms to leverage 

DRE to meet their RPOs?

 � DRE developers that provide technological innovations and services to consumers. Key questions 

to consider from their perspective include: Can DRE create innovative business opportunities for 

the deployment of renewable technologies and infrastructure? 

 � State governments which subsidise electricity for different consumer segments. Key questions to 

consider from their perspective include: Can DRE help them to reduce their subsidy burden?

 � Regulators who develop regulations for grid-connection, safety standards and remuneration for 

DRE. Key questions to consider from their perspective include: How can DRE support their efforts 

to strengthen the grid in a safe and cost-effective manner? 

Key Stakeholder Perspectives for DRE Systems

There are five key stakeholders in DRE deployment: consumers, Discoms, 

DRE developers, regulators and government (state/central). The first 

three play a particularly crucial role in an enabling policy and regulatory 

environment. 
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Understanding the challenges and opportunities related to RTS deployment 

from a Discom’s perspective is fundamental to increase the consumer DRE 

uptake, and ensure the success of policies that foster sustainable, efficient, 

and equitable energy systems (see Figure 8).

Figure 8: Comparative of challenges and opportunities of RTS from a 

Discoms perspective 
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Challenges involved in rooftop solar 

deployment and integration  

While there are significant benefits, Discoms 

perceive the integration of DRE and RTS 

generation within their business model as 

challenging. 

1. Financial challenge of RTS for Discoms:

 � Perceived revenue loss: When Discoms’ 

consumers meet a significant part of 

their power demand from their installed 

RTS there is a perceived loss of sales for 

Discoms. The exact amount will depend 

on the consumer category, tariff design 

and RTS metering regulations (see Box II). 

 � Loss of cross-subsidy from high paying 

consumers using RTS: Besides direct 

revenue loss, Discoms may lose cross-

subsidy depending on retail tariff design. 

Traditionally, commercial and industrial 

(C&I) customers are the high tariff payers 

for Discoms. The high tariff amount from 

C&I customers allows Discoms to provide 

electricity to residential and agricultural 

customers on subsidised tariffs. When C&I 

customers adopt RTS and their energy 

demand is fulfilled outside the grid, 

Discoms lose high-paying customers. 

The burden of cross-subsidy becomes 

increasingly high for the remaining grid-

reliant C&I customers. C&I customers 

increasingly adopt solar rooftop systems 

due to continued government support, 

decreasing solar systems costs, and 

increasing the cost of the grid.

 � Fixed cost recovery: A significant share of 

Discoms’ fixed costs is recovered through 

energy charges. RTS installation reduces 

consumers overall energy consumption. 

Hence Discoms are unable to recover their 

fixed cost.

2. Technical challenge of RTS for Discoms: 

Increased adoption of RTS can be a challenge for 

Discoms as integrating intermittent distributed 

energy resources has many dependencies and 

can prove unviable. Integration issues include:

 � Managing variability of RTS power: voltage 

fluctuations and intermittency.

 � Power quality from RTS: harmonics and 

flickers; lack of reactive power. 

 � Infrastructure quality to accommodate 

bidirectional flow.

 � Lack of real-time data and monitoring for 

optimising operations and scheduling.

 � Managing daytime peak generations: as RTS 

increases, demand for grid electricity could 

decline during certain times of the day (Figure 

9), which could lead to issues for Discoms 

accustomed to steady, predictable demand 

patterns.

Box II: Metering Mechanism for RTS

The State Electricity Regulatory Commission (SERC) 

set the rules for settlement of electricity generated 

from RTS. Broadly there are three metering 

mechanisms – gross metering, net metering, 

and net billing. In gross metering, the entire RTS 

generation is fed into the grid and remunerated at 

a predetermined tariff determined by SERC, known 

as the feed-in-tariff. In net metering, RTS generation 

primarily meets consumer demand and only excess 

energy is fed into the grid. Excess generation is 

remunerated at the applicable retail tariff rate. 

The net-billing mechanism is like net-metering, 

differing only in the rate at which excess energy is 

remunerated. This rate, known as the net-billing rate, 

is generally slightly higher than the average power 

procurement cost of a Discom.  

A few SERC permit two additional metering 

arrangement – group net metering and virtual 

net metering. The virtual net metering (VNM) 

arrangement is applicable for consumers who do 

not have a roof but want to benefit from solar, for 

example, apartment dwellers. VNM allows such 

consumers to own solar capacity in a collectively 

owned solar system and benefit from a net metering 

facility. Group net metering (GNM) arrangements, 

allow a consumer who cannot consume all the RTS 

energy generated in one premises to offset the 

consumption of other premises owned by same 

consumer.
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 � Quality checks and safety issues: sub-standard RTS components may lead to 

improper islanding that can be dangerous for utility workers.

Besides technical expertise, managing these issues requires investment in grid 

infrastructure, energy storage solutions, and balancing mechanisms to ensure a 

stable and reliable power supply.  

3. Operational challenges of RTS for Discoms:

The daily workload of Discom staff increases with RTS as they coordinate various 

installation activities such as inspection, connectivity, metering and billing 

accounting. The daily variability and intermittency of RTS power poses additional 

operational challenges for Discoms, including the shortage of skilled personnel 

to manage, maintain, and troubleshoot issues with RTS installations. Discoms are 

often left to handle the complexities of these systems without adequate expertise.

4. Administrative, policy & regulatory challenges of RTS for Discoms:

Discoms administrative procedures are often misaligned with the latest policy and 

regulations supporting RTS. For example, to date, the highest priority of Discoms’ 

field staff is to address supply-related issues, revenue collection and maintenance 

of distribution infrastructure. RTS is not a prime focus. Similarly, in Discoms’ 

current regulatory procedures and filings, higher weighting is given to other 

performance indicators such as loss reduction and increased revenue collection. 

These administrative procedures and key performance indicators (KPIs) need to be 

aligned with updated policy and regulatory measures supporting RTS.

Table 2 summarises these challenges and describes existing mechanisms to 

address them.   

Figure 9: RTS generation profile versus consumers load profile

Source: ERRI 2014 
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Table 2: Key challenges perceived by Discoms from rooftop solar system

# Challenges perceived by 

Discoms 

Description Existing/proposed mechanism to address the challenge 

A Financial

1 Revenue loss The adoption of net metering schemes 

can result in significant revenue losses 

for utilities, as consumers produce their 

own power.

Under phase II of grid-connected rooftop solar programme MNRE has 

provided performance-based financial incentives to Discoms. It included 

a yearly payment of 5% of the benchmark RTS costs for capacity addition 

above 10% of a Discom’s total RTS capacity in the preceding financial year, 

and 10% of benchmark costs for achievement of more than 15% of the 

installed capacity. 

In addition, service charges of up to 3% of the central financial assistance 

(CFA) are being provided to Discoms for implementation of solar rooftop 

projects in residential sectors.

Many Discoms consider the offered support as insufficient to cover the 

decrease in revenue due to growing self-consumption

2 Cross-subsidy recovery Adoption of RTS by the highest paying 

consumers result in an increase in cross-

subsidy deficit besides revenue loss.

Not yet addressed; needs regulatory intervention; although cross-subsidy 

is being reduced by the regulator as mandated in the tariff policy; 

Discoms need to build strategies e.g. active movement of more low 

paying customers to RTS will reduce the need for cross-subsidy. In the 

case of Uttar Pradesh, there is no cross-subsidy element in the low paying 

consumer’s segment. 

3 Fixed cost recovery As discoms have long-term PPAs, 

contracted power can’t be surrendered, 

and they need to pay for the fixed 

charges   

No existing provision, needs regulatory intervention.
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# Challenges perceived by 

Discoms 

Description Existing/proposed mechanism to address the challenge 

B Technical 

4 Integration of variable RTS 

power and grid stability

Challenges in maintaining grid stability 

and managing power quality due to 

the variable nature of solar power 

generation.

As penetration is low, this may not be a significant challenge in reality. 

Studies have shown RTS capacity of up to 75% of distribution transformer 

rating can be handled. Use of on-load tap changing transformers.

Limited real-time monitoring and lack of grid-interactive centralised data 

monitoring systems for solar generation. High cost of such systems like 

Supervisory Control and Data Acquisition is a major issue, however this 

can be addressed by policies financing distribution system upgrades. 

Lack of standards technical specification 

to enable real time operations and 

control by Discoms.

Initiatives such as ‘Distributed Generation Registry’ being prepared by 

India Smart Grid Forum, aim to provide visibility for distributed generation 

which may be useful. In addition, regulations mandating data reporting 

requirements. Use of inverter communication devices / dongles / data 

loggers having machine to machine (M2M) SIM communication protocol.

Forecasting of RTS generation for 

accurate scheduling of power

Availability / use of advanced AI-ML based tools for generation forecast 

and procurement optimisation. 

5 Power quality issues Lack of reactive power / reactive power 

burden on Discoms / harmonics & flicker

Connect RTS to distribution system through a smart inverter; Periodic 

checks on power quality by Discom officials or third-party (including 

arranging consent and access).

6 Infrastructure capacity 

constraints and 

maintenance 

Existing distribution infrastructure may 

not be equipped to handle the increased 

bi-directional power flows from 

distributed generation sources. 

As penetration is low, this may not be an issue. May require network 

upgradation, smart inverters, battery storage etc. on a case-by-case basis. 

In addition, RTS will lead to load reduction on the network, which in turn 

may improve life of assets and helps defer capital expenditure on network 

augmentation. 

7 Lack of proper quality check Quality of components and system to 

ensure quality and durability

Central Electricity Authority and MNRE have specified design and quality 

standards for RTS and associated equipment.  
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# Challenges perceived by 

Discoms 

Description Existing/proposed mechanism to address the challenge 

C Operational

8 Daily operational burden RTS is additional work for Discom 

staff as they need to do inspections, 

connectivity, metering, billing and 

energy accounting. 

Provision of incentives to Discoms / Discom staff. Status of incentives 

received by Discom staff is very low, not sufficient to motivate them.

Need for performance-based incentives, that can be combined with other 

performance-based targets like distribution losses.

9 Lack of technical expertise Discoms may lack the expertise to 

effectively integrate and manage 

distributed energy resources on the grid.

Provision of training / capacity building under the latest policy namely PM 

Surya Ghar Muft Bijli Yojana and Revamped Distribution Sector Scheme. 

10 Lack of awareness among 

the consumers and lower 

Discom officials 

Provision of ‘awareness and outreach’ under the latest policy, PM Surya 

Ghar Muft Bijli Yojana.

D Administrative, Policy, & Regulatory 

11 Inadequate policy and 

regulatory frameworks

Regulatory policies may not provide 

sufficient incentives or mandates for 

utilities to support RTS integration.

Needs regulatory intervention aligning ambitions policy targets with 

regulatory and administrative procedures.

Source: Analysis of referred literature and stakeholders’ consultations. 
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The Advantages of RTS for Discoms

Despite the challenges associated with RTS, there are significant 

advantages for Discoms to leverage the RTS opportunity. Often these 

benefits are strongly context dependent, based on underlying demand 

patterns, the generation mix of the utility and tariff structure. Yet early 

movers have begun to realise the potential benefits of distributed solar 

and now support RTS deployment through their own initiatives (see Box 

IV). These benefits include:

1. Strategic RTS deployment that can financially support Discoms 

To understand how RTS deployment can financially support Discoms, it 

is important to review current financial models underpinning Discoms 

operations, including the average cost of supply and average billing 

rate. The average cost of supply (ACS) is the cost Discoms incur to serve 

consumers. This includes the cost of electricity, employee cost, interest, 

depreciation, associated transmission costs and distribution losses. For 

Discoms in Uttar Pradesh (UP), ACS is around Indian Rupee (INR) 9.20 per 

kWh. After accounting for distribution losses (16.39 %), the cost increases 

to INR 10.95 per kWh (Figure 10). The residential consumer tariffs set 

by the regulator is INR 6.5 per kWh (see Box III). This is part-paid by the 

government of UP as subsidy and a part-paid by consumers as energy 

charges, depending on their consumption/category (Figure 11). Due to the 

higher ACS per kWh than tariff rate, on average, the net result is a loss of 

INR 4.45 per kWh for a Discom.

Figure 10. Grid supply cost structure (on energy sold basis), recovery 

and net profit/loss in UP.
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Box III: Domestic electricity tariffs, tariff-subsidy and RTS adoption

Based on supply voltages electricity tariff has fifteen categories in UP. Domestic 

consumers fall under the category Low Medium Voltage-1 (LMV-1). This is divided 

into three sub-categories and further, based on units consumed (i.e., slabs) by a 

consumer. Tariffs charged on a household therefore depend on its sub-category 

and slab. The tariff has two components – fixed charges and energy charges. 

Figure 11 shows energy charges for the domestic category of consumer and the 

share paid by state government as a subsidy. Consumers with a connected load 

of 1kW and monthly consumption of 100 units (known as life line consumers) are 

the lowest tariff paying consumers as they receive the maximum state subsidy. 

Figure 11: Tariff structure applicable to different domestic customers of UP

a. Energy charges for domestic consumers under rural supply

0

1

2

3

4

5

6

7

8

3.5 3.3 3 1.85 1.35

3.35 3.85 5 5.53

Subsidy Cross Subsidy Tariff Payable

Life Line Consumers 

With contracted load 

of 1kW , energy

 consumption upto 

100 kWh/ Month

Other than 

Life Line

( Upto 100

kWh/ Month )

Other than 

Life Line

( 101-150

kWh/ Month )

Other than 

Life Line

( 151-300

kWh/ Month )

Other than 

Life Line

( Above 300

kWh/ Month )

Source: UPSERC Tariff Orders 

b. Energy charges for domestic consumers other than rural supply
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Subsidized grid tariffs weaken the economic incentive for these consumers 

to adopt RTS as they do not provide meaningful financial saving. Therefore, 

subsidized or low-paying consumers continue to reply on grid supply, leading to 

slow RTS uptake despite generous financial support. 

RTS adoption is currently concentrated to high tariff consumers, such as 

domestic consumers with higher slabs or commercial and industrial consumers. 

Evidence emerging from the implementation of the PM Surya Ghar: Muft Bijli 

Yojana indicates that a majority of rooftop solar installations are being adopted 

by consumers with relatively high electricity consumption and larger connected 

loads. Despite enhanced capital subsidies, low-consumption and highly 

subsidized consumer categories show lower participation. This trend highlights 

the continuing influence of tariff structures and consumption profiles on rooftop 

solar adoption patterns.
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The average billing rate (ABR)3 includes all amounts 

received from consumers including energy charges, fixed 

charges and subsidy. The gap between ACS and ABR is a 

key determinant of Discoms financial viability. Discom 

operations will be profitable if the ABR exceeds ACS each 

year of operation, where revenue from selling power to 

different consumers categories covers the cost of service, 

plus a profit margin for the Discom. 

Figure 12 has three parts and shows the ACS and ABR 

for Discoms in UP. Figure 12a and Figure 12b show ACS 

and ABR trends for last two financial years (2024-25 and 

2023-24) for all 15 consumer categories. These highlight 

that supplying customers in categories LMV1, LMV5 and 

LMV11 is loss making. Figure 12c focuses on domestic 

consumers where the ACS is INR 7.84 / kWh but the ABR 

ranges from INR 3.47 / kWh to 7.48 / kWh in the financial 

year 2024-25, demonstrates an under-recovery for most 

domestic supply4 and that Discoms cannot recover the 

cost of operations by selling power to certain consumer 

categories. For these categories, installation of RTS by 

the consumer may be financially beneficial for Discoms, 

while in others, such as for commercial and industrial 

consumers, it may negatively affect Discom revenues. 

Discoms should carefully target consumers with a 

segmented approach for each category (see Table 3 and 

Section 3.1). 

3  ABR = (Revenue from sales of power +subsidy received)/ Total sales (MU).  Thus, 

ABR is based on the net collection form a particular consumer category. 

4  This is even more concerning as the share of domestic consumers is the highest 

in UP’s consumer mix, moreover their consumption share is increasing annually. 

For example, in 2019-20, domestic consumers consumed 42% of total electricity 

supplied by UP‘s Discoms. This increased to 52% by the year 2023-24 (PFI 2026).  

Figure 12: Average cost of supply & Average billing rate of UPPCL (MVVNL) for (a) FY 

2024-25 (b) FY 2023-24 (c) Domestic sub-categories and slabs

a. ABR and ACS for FY 2024-25 
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c. ABR and ACS of domestic sub-categories and slabs in 2024-25
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The cost of rooftop solar systems has decreased substantially, resulting 

in the levelised cost of generation in the range of INR 4.5 per kWh without 

government subsidy support, and INR 3.15 per kWh with central financial 

assistance under PM SGMBY. Uttar Pradesh Discoms’ average power 

procurement cost is INR 6.61 per kWh. Therefore, Discoms stand to gain 

additional revenue from the procurement of RTS power. Using these 

cost figures, two scenarios are analysed below to understand how RTS 

impacts Discoms’ profitability.  

 � Without central financial assistance (CFA) for the installation of 

rooftop solar: In this scenario, it is assumed Discoms will procure 

RTS-generated power at INR 4.5 per unit of electricity and avoid 

additional costs such as employee costs.5  Further assumptions are 

that tariff charges remain the same i.e. INR 6.5 per unit of electricity, 

out of which the consumer pays INR 3.0 and the Government of 

UP pays INR 3.5 as a tariff subsidy. The scenario indicates a profit 

of INR 1.80 for Discoms. Alternatively, savings in the tariff subsidy 

paid by the state and Discom assets can be utilised to cater to future 

requirements, saving new investments in infrastructure, Figure 13.

 � With 30% CFA for the installation of rooftop solar: In this scenario, 

the parameters are the same as in scenario a. However, central 

financial assistance (CFA) of 30% is included for RTS installation. A 

profit of INR 3.15 can be earned by the Discom in the existing tariff 

structure, Figure 14. 

5  These costs will reduce considerably as power is procured locally so many costs will not be incurred 

e.g. those relating to labour, upstream assets and depreciation. However, fixed costs will not be stopped 

altogether, so we assume a reasonable value of INR 0.05 per unit for these in the analysis.   

Figure 13: Cost structure for discoms with no central financial assis-

tance (CFA) for the installation of the rooftop system

-4.50

-0.05 -0.05 -0.05 -0.05 0.00

3.00

3.50 1.80

Power

Procurement

Cost

Employee

Cost
Interest

Cost
Depreciation Other

Costs
Losses Tariff paid

by Consumer
Tariff substidy

given by
Govt.

Gap

CostRecovery Gap

-6.00

-4.00

-2.00

0.00

2.00



26 | GOGLA THE ROOFTOP SOLAR OPPORTUNITY

Figure 14: Cost structure for discoms with 30% CFA for installation of 

the rooftop system
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The above analysis demonstrates that deploying RTS for subsidised consumers can enable Discoms to profitably serve this consumer segment. Adoption 

of RTS could also generate benefits for state governments, as once RTS is deployed, it could reduce the need for state subsidies for these consumers6. 

Potential benefits to Discoms, by consumer group, can be seen in Table 3. 

Table 3: Potential benefits to Discoms of switching to RTS, by consumer category

Consumer category Characteristics of 

consumer category 

ABR-ACS (Rs./kWh) Potential benefits to Discom Recommended action 

Agricultural

(LMV – 5) 

Highly subsidised and 

often loss making. 
-1.74 

As they get highly subsidised 

electricity, switching these 

consumers to RTS/DRE would 

benefit Discoms. 

Promote use of solar pump sets / 

agricultural solar feeders. 

Domestic (life line 

consumers)

Highly subsidised often 

have high AT&C losses. 
-4.11

As they get highly subsidised 

electricity, switching these 

consumers to RTS would benefit 

Discoms.

Discoms should expand use of 

RTS using Discom-led models as 

piloted in the states of Kerala and 

Vishakhapatnam.

Domestic (high 

consumption, more 

than 301 units per 

month)

Revenue depends largely 

on energy charges.
-2.06

As they are on the margin, they can 

be promoted to RTS using discom-

led RESCO models (see section 3).

Need to promote with innovative 

technologies and business model 

like P2P (see section 3).

Commercial 

High paying, cross-

subsidise other consumer 

categories.

+

Need to engage with them, by 

providing discom-led capex 

models (see section 3). 

Promote RTS on gross metering. 

Advocate for regulatory measures 

including grid balancing charges.

Industrial 

High paying, cross-

subsidise other consumer 

categories.

+

Need to engage with them, by 

providing discom-led capex 

models (see section 3).

Promote RTS on gross metering, 

Advocate for regulatory tariff 

restructuring etc. 

6  For example, agricultural consumers solarization can reduce both power procurement cost and T&D losses. Maharashtra has rolled out India’s largest distributed solar project of 9 GW to supply daytime electricity for agriculture 
across the state. This DRE capacity will help the Discom to reduce its power procurement by 45% and lead to the reduction of INR 1 trillion in power purchase costs over 25 years, while reducing the subsidy burden and transmission 
losses (RMI 2024).    
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Box IV: Key initiatives of states for the promotion of solar energy in different 

consumer categories 

A few states have launched schemes targeting specific consumer categories. 

Discoms have taken advantage of these schemes to promote solar energy for 

example for agricultural and village regions and government building. For 

example: 

Agricultural consumers & village level solar initiatives:

Maharashtra’s Solar Agricultural Feeder Initiative: As of February 2025, 

Maharashtra’s Mukhyamantri Saur Krushi Vahini Yojana 2.0 aims to solarize 30% 

of agricultural feeders by December 2025, targeting 7,000 MW of decentralized 

solar projects to provide daytime power to farmers. The state cabinet has 

sanctioned over Rs 10,000 crore to enhance solar power capacity to 16,000 MW 

by 2025, ensuring 100% daytime electricity for all agricultural pump customers.

Solarization of Villages in Gujarat: Gujarat has successfully solarized 

three villages—Modhera, Dudhala, and Masali—each serving as a model 

for sustainable rural energy. Modhera, known for its Sun Temple, became 

India’s first fully solar-powered village with a 6 MW plant and battery storage. 

Dudhala, in Amreli district, was solarized in 2022 through a 450kW rooftop 

system benefitting 350 households. Masali, near the Pakistan border, became 

India’s first border solar village in 2024, with 117 homes generating 225.5 kW 

of electricity. These projects, backed by government subsidies and private 

initiatives, aim to provide reliable power and promote renewable adoption.

Solarization of government building:

Solarization of Government Buildings in Kerala and Gujarat: Both Kerala and 

Gujarat are undertaking ambitious projects to solarize government buildings, 

aiming to reduce energy costs and promote renewable energy usage in public 

infrastructure. Gujarat has allocated ₹177.4 crore for installing 48 MW of solar 

rooftop systems on government buildings in the current financial year, as part 

of a broader renewable energy strategy. Kerala, while lacking a specific budget 

announcement, is steadily expanding its solar capacity, adding 30-35 MW of 

on-grid solar installations monthly These efforts reflect a strong commitment to 

sustainable energy transition and reduced dependence on conventional power 

sources.

Residential consumers:

Gujarat’s Rooftop Solar Promotion by Discoms: As of February 2025, Gujarat’s 

Distribution Companies (DISCOMs) are actively promoting rooftop solar 

installations to harness the state’s significant solar energy potential. By March 

2024, a total of 3,023 solar rooftop systems, generating a combined capacity 

of 56.8 MW, had been installed across various government departments. In 

the current financial year, the state has allocated ₹177.4 crore to install an 

additional 48 MW of solar rooftop systems on government buildings. 
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2. Recovery of cross-subsidy loss from high 

paying consumers 

To some extent, third-generation business models 

(i.e. Discom-led business models, detailed in 

section 4) address some of these concerns. 

However, uptake by Discoms is very rare. A 

detailed analysis of RTS installation on Discoms 

financial health is required to clearly demonstrate 

the cost-benefit of them integrating RTS 

installation and garner their support to enhance 

adoption rate of RTS.    

3. RTS can reduce transmission and 

distribution (T&D) losses  

RTS generates electricity closer to the point of 

consumption, which reduces the need for long-

distance transmission. This minimises energy 

losses during distribution. During the 2023-2024 

financial year, average Discom losses across India 

were 16%. This varied across major states from 

10% to 22% (PFC 2023-24). 

4. RTS helps Discoms meet Renewable 

Purchase Obligation (RPO) targets  

The regulatory framework under the Renewable 

Purchase Obligation (RPO), mandates that 

Discoms purchase a certain percentage of their 

total electricity demand from renewable sources 

or purchase equivalent renewable energy 

certificates. Regulators often impose penalties on 

Discoms for non-compliance with RPO targets. 

For example, in 2021, regulators imposed a 

penalty of INR 1459.34 Cr. and INR 2373 Cr. on 

Discoms operating in UP and Madhya Pradesh 

respectively7. As of 2023, 25 states had reached 

less than 30% compliance, and only four states 

had more than 60% compliance.

7 A comprehensive review of state RPO framework and regulations 

(Prayas 2024). 

Since April 2024, a DRE component is included 

in the RPO, see Table 4. Discoms need to meet 

this target by procuring renewable energy 

from renewable projects less than 10 MW in 

size under all configurations of (net metering, 

gross metering, virtual net metering, group net 

metering, behind-the-meter installations and any 

other configurations).8 

8 The compliance for DRE obligation shall be considered in KWh and 

in case of non-availability of generation data, the reported capacity 

shall be transformed in terms of energy by a multiplier of 3.5 units 

per kilowatt per day (KWh/KW/day). 

Table 4: Renewable Purchase Obligations & share of DRE for discoms

Year Total RE Components of total RE

Wind RE Hydro RE DRE* Other RE

2024-25 29.91 % 0.67% 0.38% 1.50% 27.35%

2025-26 33.01% 1.45% 1.22% 2.10% 28.24%

2026-27 35.95% 1.97% 1.34% 2.70% 29.94%

2027-28 38.81% 2.45% 1.42% 3.30% 31.64%

2028-29 41.36% 2.95% 1.42% 3.90% 33.10%

2029-30 43.33% 3.48% 1.33% 4.50% 34.02%

*For hilly & north-eastern states, the DRE component shall be half of that given. 

Source: MoP notification dated 20th October 2023
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Box V: Peak demand challenges faced during summer

During the summer of 2024, India experienced a severe heatwave that 

significantly impacted the power grid’s reliability. The combination of high 

temperatures and increased electricity demand posed substantial challenges to 

the country’s energy infrastructure.

To cope with the heatwave, India significantly increased its coal-fired and gas-

fired power generation. Coal-fired output reached a record 233 billion kWh, while 

gas-fired generation increased to 10 billion kWh, both significantly higher than 

previous years. This surge in fossil fuel-based generation was essential to ensure 

grid stability and minimize frequency drops. 

The heatwave also affected the transmission and distribution systems. Higher 

ambient temperatures reduced the thermal capacity of transmission lines, 

leading to increased sag and a higher risk of tripping. Additionally, the increased 

load on transformers and lines resulted in overloading, causing congestion in the 

system. 

The increased demand and reliance on fossil fuels during the heatwave had 

economic implications. Adani Power reported a significant 55.3% drop in its 

first-quarter profits, largely due to a rise in fuel costs despite the surge in power 

demand. 

These reports highlight the multifaceted challenges India faced during the 

summer of 2024, emphasizing the need for robust infrastructure and strategic 

planning to enhance grid reliability amid extreme weather events. RTS/DRE can 

support the grid during such peak demand periods.

Figure 15: Load curve of Delhi discoms on 10th June 2024 representing a typical 

summer day

Source: Delhi SLDC 

Discoms can leverage RTS and DRE to meet 

their RPO targets, reducing their purchase of 

renewable energy certificates, and avoiding 

penalties for non-compliance. Recent regulatory 

changes such as ‘sunset on the waiver of the 

interstate transmission charges’ for interstate 

procurement of renewable energy in June 2025 

could also boost the comparative benefits of RTS. 

5. RTS can help manage peak demand, 

modernise the grid and support ancillary 

services  

Many Discoms experience peak demand 

during the daytime due to the rising use of 

air-conditioning in offices and commercial 

complexes. For example, Figure 21 shows the 

load curve for Delhi, with a daily peak occurring 

at around 14:30hrs. This peak demand occurs in a 

relatively limited number of hours throughout the 

day.

To meet peak demand, Discoms must collaborate 

with a generation capacity provider and pay for 

its fixed costs in addition to the actual energy 

costs. RTS generates electricity during the 
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daytime, meets local demand and exports 

surplus to the grid (see Figure 9). If Discoms 

can strategically integrate RTS in future power 

portfolios, they can offset the fixed cost of 

investment and possibly defer investment in 

traditional peak capacity or avoid expensive 

peak power procurement from exchanges and 

costly generators (Figure 16).  

Digitisation of RTS using inverter 

communication devices having machine to 

machine SIM communication protocol will 

enable real-time visualisation, data monitoring, 

and control of installed RTS from the Discom’s 

control centre through state-of-art Supervisory 

Control and Data Acquisition (SCDA) and 

Advanced Distribution Management System. 

If RTS consumers are adequately incentivised, 

they can allow the Discom’s control centre 

to control RTS generation flexibly as per 

grid requirement to maintain power quality, 

reliability and grid security. However, this may 

require new business models that include 

aggregators for distributed renewable energy. 

Pilot initiatives by distribution utilities in 

Delhi and Bengaluru have demonstrated 

how centralized monitoring of prosumer 

systems improves feeder visibility and 

enables controlled response during grid stress 

conditions.
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Managing energy supply and demand 

fluctuations requires investment in grid 

infrastructure, energy storage solutions, and 

balancing mechanisms to ensure a stable and 

reliable power supply. Modern RTS are equipped 

with sophisticated inverter technology, advanced 

reactive power support, and harmonics filtering 

to ensure seamless integration with the grid. 

However, adherence to technical standards is 

required.

6. Organisational restructuring may address 

programme administration costs

Programme administration challenges may 

not be as complex as imagined and may be 

outweighed by the benefits of modernisation. 

Restructuring Discoms’ organisational structure 

by creating separate DRE/RTS departments and 

creating adequate knowledge pool similar to the 

level of expertise of international utilities and 

select Indian Discoms, may address this.  

Figure 16: Illustration from RTS injection during peak periods deferring investment in new 

generation capacity

Source: NREL 2021
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Delhi’s Discom BSES Rajdhani Power 

Limited (BRPL) has a separate division for 

Renewables, Battery Energy Storage Systems 

and New Initiatives to cater to increasing RTS 

installations, electric vehicles, and renewable 

energy integration management. This division 

promotes renewable energy adoption, 

particularly RTS, through net metering and 

initiatives aligned with Delhi’s solar policy 

and PM Surya Ghar Muft Bijli Yojana. It also 

deploys Battery Energy Storage Systems (BESS) 

to manage renewable intermittency, improve 

peak load management, and enhance grid 

stability. Community initiatives like Solarise 

Dwarka, encourage bulk solar adoption for cost 

savings and optimised energy distribution, and 

the online savings calculator allows consumer 

to make informed decisions on solar uptake 

and costs. BSES also partners with approved 

vendors, conducts awareness drives, and 

facilitates financing to boost adoption.

Similarly, major power sector company Tata 

Power has a dedicated rooftop division that 

provides turnkey solutions for residential, 

commercial, and industrial consumers. 

The company specialises in system design, 

installation, financing, and maintenance, to 

ensure solar adoption is simple and seamless. 

With over 1,900 MW of rooftop capacity 

commissioned, it is a market leader in India’s 

distributed solar sector. Key offerings include 

grid-connected systems, hybrid setups with 

battery storage, and innovations like solar 

carports. Customers benefit from remote 

monitoring, EMI-based financing, and 

government-backed subsidy support for cost-

effective installations.

Outside of India, Brazil’s Companhia Energética 

de Minas Gerais (CEMIG) established CEMIG SIM 

to tap into the growing RTS market. The state 

of Minas Gerais leads Brazil in RTS capacity, but 

CEMIG faced revenue losses due to increased 

energy self-consumption. CEMIG SIM installs 

solar PV systems and offers competitive contracts 

via virtual net metering, enabling customers to 

access solar energy while generating additional 

revenue for its parent company CEMIG. Indian 

Discoms can undertake similar initiatives to 

mitigate RTS administrative challenges.
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Chapter 3:
RTS Business Models: 
Deployment and 
Integration Focused 

Existing business models focus either on RTS deployment or RTS integration 

with the grid.  

Business models focusing on RTS Deployment  

Ownership of the solar PV system and building rooftop are crucial factors 

in creating a viable income model for all stakeholders engaged in RTS 

expansion. Based on these two variables, multiple business models have 

been designed and implemented across countries, broadly classified into 

three groups:   

The first generation is a self-owned system where building / rooftop 

owners directly own their RTS systems. This model requires upfront capital 

expenditure from the owner to cover the installation cost of the solar 

panels. Banks or financial institutions may provide finance to the owner. 

The power generated from the system can either be used directly by the 

owner or sold back to the grid through net metering or feed-in tariffs. 

Source: IEA, 

Snapshot of 

Global PV Markets 

2026.

A wide range of RTS 

business models 

have catalysed the 

expansion of RTS 

around the world, 

with decentralised 

PV reaching 286 GW 

globally in 2025.
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The second-generation business model involves a third-party known as a 

Renewable Energy Service Company (RESCO), that finances, installs, owns, 

and operates the solar rooftop system on the building owner’s rooftop. The 

building owner then purchases the electricity generated from the system 

at a predetermined rate through a power purchase agreement. The power 

generated from these systems is fed into the grid and becomes part of the 

utility’s supply mix. 

To date, most RTS installations are built using these first- and second-

generation business models, as shown in Figure 17. However, these models 

have associated challenges. For example, the RESCO model has a high 

level of off-taker risk due to issues around rooftop access for cleaning, 

operation and maintenance of the RTS system, and Discoms’ approach to 

providing connectivity, clearances and contract sanctity issues, especially 

for low-income residential consumers. The self-owned RTS model faces 

performance risks where householders may not fully understand how to 

size the right RTS, clean and provide appropriate maintenance, and due to 

the limited availability of finance, particularly for low-income households. 

The third-generation business model, known as Discom-led business 

models, has been developed as Discoms address some of the challenges of 

previous models and find new ways to contribute to the RTS value chain. 

Discom-led business models for RTS deployment 

In the Discom-led business models, Discoms play an active role either as 

a facilitator or/and investor.  As a facilitator, Discoms stimulate consumer 

interest in RTS, aggregate interested consumers via websites and mobile 

applications, screen applications, perform feasibility assessments, and 

provide vendor information and engagement. As an investor, Discoms also 

invest, own and operate the RTS. Such business models allow utilities to 

capture more benefits from RTS deployment and expand their generation 

Figure 17: Business model split of installed RTS capacity

Source: Based on MNRE and JMK reports 
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capacity. Globally, different forms of Discom-led 

models have been implemented depending 

on their consumer mix, market conditions, 

prevailing regulations. These business models 

are summarised in Figure 18. These models vary 

in terms of Discoms’ investment, and level of 

risk and return. The suitability of these business 

models also depends on the target consumer 

category.

A. Discom-led Community Solar Model

In this model, community members collaborate 

to fund RTS, either through upfront payment or a 

subscription fee. The installation, operation and 

maintenance of RTS is managed by the Discom 

against a facilitation fee, to ensure quality. 

In turn, the Discom can have a back-to-back 

contract with an engineering, procurement and 

construction (EPC), who installs RTS in a shared 

space such as a common rooftop, publicly or 

privately owned spaces, or even outside the 

city. The ownership of assets remains with the 

community. 

Under the virtual net metering agreement, 

generation share is credited to beneficiaries’ 

electricity bills based on their electricity 

contribution. Discoms can leverage the strength 

of existing decentralised democratic governance 

institutions like the village panchayats and urban 

municipalities to mobilise consumer interest in 

RTS. Similarly, cooperatives, self-help groups 

(SHGs) and residents’ welfare associations (RWAs) 

can also be sensitised for RTS deployment. 

Depending on the context, community-based 

renewable energy can align with improved 

livelihoods for local communities.

Community-based RE projects have been 

successful in countries where the cooperative 

framework has a historical presence, such as 

in Germany where total installed capacity of 

community-owned projects is around 1 GW, or 

1% of the country’s total capacity. Under the 

Uttarakhand Solar Policy 2023, community 

solar may receive a subsidy of Rs 8,000/kW for 

5 to 500 kW. A cooperative-based solar project 

was established in Nainital, where residents 

pooled resources to install rooftop solar panels 

on several community buildings. The project 

helps power local streetlights and water pumps, 

with savings on the electricity bill shared by the 

cooperative members.

B. On-Bill Financing Model

In this model, utilities mediate between the 

consumers and financial institutions to raise 

cheaper debt for customers to purchase RTS. This 

reduces the cost of finance through economies 

of scale, lower transaction costs, and lower 

risk profiling. As Discoms can aggregate RTS 

consumers, it lowers the acquisition cost for 

the vendor, which may result in lower system 

costs for consumers. The consumer repays the 

loan to purchase the RTS in equated monthly 

instalments (EMI), usually through electricity 

bills. EMIs are passed to the financial institution 

by Discoms for a small service fee. This business 

model is preferred for consumers with low credit 

worthiness and low access to financing. 

Several US utilities have on-bill financing 

programmes and legislation to support their 

adoption. For example, New York has dedicated 

on-bill financing for low-income communities 

and homeowners. The New Jersey Public Service 

Electric & Gas Company provides customer loans 

for RTS installation, which can be repaid in the 

form of energy certificates. In India, a few states 

have introduced similar schemes. For example, 

in Uttarakhand the Sahaj Solar Yojana scheme, 

implemented in partnership with the Uttarakhand 

Renewable Energy Development Agency (UREDA), 

allowed residents in remote areas to install small-

scale rooftop solar systems with on-bill financing 

or subsidies for group-based installations. 

Another utility, Andhra Pradesh Eastern Power 

Distribution Company collaborated with Andhra 

Bank to arrange financing for low-income groups 

with a marginal energy consumption of less than 

200 units monthly. More than 100 RTS of 1kWp 

have been installed under the programme. 

Other Indian states have begun to initiate similar 
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programmes. The Gujarat Solar Rooftop Policy enabled the integration 

of on-bill financing options for consumers. Under this policy, the state 

encourages financial institutions to offer solar loans with the repayment 

included in their electricity bill, making it more convenient for consumers 

to adopt RTS. The Tamil Nadu Generation and Distribution Corporation 

has launched schemes for residential consumers to install systems with 

easy payment options and integrated into their electricity bills. These 

programmes allow repayment of the installation cost through monthly 

instalments added to their electricity bills. Some Discoms in Maharashtra 

are exploring pilot projects that incorporate on-bill financing for RTS 

installations for consumers, particularly under government-supported 

schemes like Pradhan Mantri Sahaj Bijli Har Ghar Yojana (SAUBHAGYA), 

which aims to provide electricity to all households.

C. Discom-led RESCO models 

Under this model, Discom’s act as a super-RESCO. They aggregate RTS 

demand and select a RESCO based on a reverse bidding process. The 

payment is routed through Discoms, using a power purchase agreement 

(PPA) for the energy generated. Both RESCO and Discom sign the PPA and 

the utility purchases the power generated from the RTS. Discoms charge a 

trading margin for facilitating the trading options.

This model is suitable for low-consumption, low-paying consumers as it 

requires no upfront investment from them and the low tariff discourages 

consumers from investing in RTS, as RTS electricity is more costly than grid 

electricity for them. In addition, they receive compensation for leasing out 

their premises for RTS. 

D. Discom-led CAPEX model / Energy-as-as-Service

In this model, Discoms fund RTS installations on consumers premises. 

 Consumers lease the rooftop for the useful life of the RTS (25 years) 

and agree to buy RTS-generated electricity. This model is suited to high-

Box VI: Utility led solar service models 

Solar AMC Models in India: Financial Benefits Across Stakeholders

In Delhi, analysis of Discom’s solar meter and billing data revealed many 

RTS experience performance degradation or fail to generate altogether, 

due to inadequate maintenance, inverter failures, and monitoring issues. 

This may increase consumers payback period and create other damages. 

Ensuring sustained performance of installed RTS has therefore emerged as a 

critical challenge, even in urban centres like Delhi. To address this, Discoms 

empanelled specialized RTS operation and maintenance vendors and started 

offering its consumers an Annual Maintenance Contract (AMC) models for 

RTS through these vendors. For example, BYPL has offered RTS AMCs of over 

700 kW through Bridgeway Power in East Delhi. For this Discoms charge 

consumers a convenience fee which provides Discoms an additional revenue 

stream while enhancing consumer satisfaction. It also provides real-time 

visibility of RTS performance to both Discom and end consumer, ensuring 

prompt interventions when needed. Discoms are uniquely positioned to offer 

RTS AMCs, leveraging their existing relationships with consumers and their 

deep understanding of local energy needs (Source: Bridgeway Power 2024).

Solar-as-a-Service

SolarCity (now a Tesla subsidiary), SunRun, and Vivint Solar are prominent 

examples of companies that offer the solar-as-a-service model. Vivint Solar 

offers both a solar lease option and a solar PPA for residential customers. 

The solar lease involves a fixed monthly payment for use of the panels, 

and the solar PPA is payment for the electricity that the system generates 

at a predetermined price per kWh, which is lower than the utility’s retail 

rate and thus provides savings for the customer. In both plans, Vivint 

retains ownership and has the responsibility of installing, maintaining, and 

monitoring the solar system throughout the 20-year contract, while the 

customer enjoys energy savings and the benefits of solar without purchasing 

the system outright (Source: Resources for the Future: 2019).
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consumption, high-paying consumer categories such as medium and small 

scale commercial and industrial consumers with high energy charges 

for grid electricity. As RTS electricity costs less than grid electricity, C&I 

companies benefit and utilities benefit from retaining C&I customers.  

Another Discom-led capex model involves Discoms’ direct investment in 

RTS as with all distribution infrastructure (such as distribution transformer, 

lines) in common spaces, with costs included in Discoms’ regulatory bases. 

This RTS investment cost is thus socialised among all Discom consumers 

and recovered through tariffs. However, this may require regulatory 

changes.  

Energy-as-a-Service (EaaS) is a further extension of the Discom-led capex 

model. EaaS models see utilities deploy information communication 

technologies, IoT devices and smart metering analytics, and offer 

consumers energy-related services, such as energy advice, management 

solutions, asset installation and financing solutions. 

To ensure sustained performance of installed 

RTS, Discoms in Delhi have patnered with 

specialized RTS operation and maintenance 

vendors and are offering its consumers 

Annual Maintenance Contract (AMC) models 

for RTS through these vendors.
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A review of business models for RTS deployment globally, with a particular focus on Africa, is summarised in Table 5.

Table 5: A review of business models for access to affordable and clean energy in Africa

Business 

Model

Description Value Proposition Key Features Challenges Examples

Pay-As-

You-Go 

(PAYGo)

Rent-to-own 

consumer financing 

for low-income 

households, 

offering solar home 

systems (SHS) to 

allow customers to 

buy their system 

through incremental 

payments.

Provides energy 

access to low-

income households 

with flexible 

payment plans. 

Ownership is 

transferred once 

payments are 

complete.

 � Incremental payments via mobile 

money platforms.

 � High risk of default due to 

seasonal incomes.

BBOXX Smart 

Solar platform 

in Kenya 

and Rwanda 

monitors system 

performance and 

facilitates PAYGo 

repayments.

 � User-centric financing with rent-

to-own mechanisms.

 � Users may revert to traditional 

energy sources like kerosene 

during financial difficulties.

 � Smart systems for remote 

monitoring and repayment 

tracking.

 � Some users resist due to 

unfamiliarity with repayment 

plans.

 � Reduces barriers for upfront 

costs.

Leasing 

and 

Renting

Use-oriented 

model where 

energy systems are 

installed, and users 

pay regular fees 

for access (leasing) 

or temporary use 

(renting).

Eliminates upfront 

cost barriers, 

enabling energy 

access for users 

without requiring 

ownership.

 � Two approaches: leasing 

(energy systems installed at 

user premises) and renting 

(portable energy kits provided 

temporarily).

 � Costlier than traditional fuels like 

kerosene in some markets.

Energy kiosks 

powered by 

solar mini-grids 

in Zambia offer 

portable battery 

kits on a rental 

basis.
 � Regular payments based on 

energy consumed or system 

uptime.

 � Increases household energy 

expenditure in low-income 

markets.

 � Maintenance and support are 

included in the service.

 � Financial sustainability depends 

on user base size and consistent 

payments.
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Business 

Model

Description Value Proposition Key Features Challenges Examples

Pay-Per-

Service-

Unit

Results-oriented 

model where users 

pay based on the 

amount of energy or 

services consumed, 

such as electricity or 

productive uses.

Offers flexibility for 

first-time energy 

access, productive 

applications, 

and grid 

decarbonisation 

by selling surplus 

energy back to the 

grid.

 � Focus on electricity generation 

and sale, including productive 

applications like agri-processing.

 � Technical constraints limit 

viability in sparsely populated 

areas.

Swarm 

electrification 

models 

interconnect SHS 

to form micro-

grids in Sub-

Saharan Africa.

 � Supports prosumers who sell 

surplus electricity to the grid or 

neighbouring users.

 � Requires anchor clients to 

ensure consistent demand and 

profitability.

 � Includes electrification needs to 

stimulate productive energy use.

 � High capital costs for initial mini-

grid setup.

 � Enhances demand stimulation 

through provision of energy-

using appliances.

Outright 

Purchase

Customers make a 

one-time payment 

for energy products, 

such as solar panels 

or cookstoves, 

without ongoing 

commitments.

Provides energy 

solutions directly 

to high-income 

users who can 

afford upfront 

costs.

 � Direct ownership of renewable 

energy systems.

 � Prohibitive upfront costs for low-

income households.

Direct sale of 

SHS or biomass 

cookstoves in 

urban markets.
 � No long-term payment plans or 

maintenance obligations.

 � Limited market penetration in 

underserved regions.

 � Suitable for markets with strong 

purchasing power.

Hybrid 

Models

Combination of 

PAYGo, leasing, 

renting, and pay-

per-service-unit 

approaches to meet 

diverse user needs.

Customisable 

energy solutions 

to cater to a variety 

of user preferences 

and financial 

capabilities.

 � Integrates multiple business 

models to offer flexible energy 

access options.

 � Operational complexity in 

managing different models 

simultaneously.

A mix of PAYGo, 

leasing, and 

renting solutions 

for SHS and 

mini-grids in East 

Africa.

 � Increases reach across various 

income segments.

 � Risk of overlapping user bases 

and unclear value propositions.

 � Offers energy appliances and 

services alongside basic access.



40 | GOGLA THE ROOFTOP SOLAR OPPORTUNITY

Need for business models for RTS 

integration 

Discom-led business models demonstrate 

greater involvement of Discoms and may 

address their concerns related to RTS 

deployment. However, from a Discoms’ 

perspective, this creates a greater need to 

integrate RTS with the grid. For example, the 

latest policy from the PM-Surya Ghar Muft 

Bijili Yojana could see solar prosumers reach 

1 crore in two years. With high penetration 

of RTS, its integration may be a challenge for 

Discoms (see Box VII). 

Key solutions for RTS integration include:

 � battery storage, 

 � smart inverters providing voltage and 

frequency support, 

 � advanced metering infrastructure together 

with real-time monitoring and settlement, 

 � appropriate incentives (i.e., time of day-

based tariff design) to shift demand to 

solar hours, and 

 � local load balancing. 

A business model needs to incorporate some 

or all these solutions to address RTS grid 

integration challenges. Emerging business 

models include: 

Box VII: RTS Integration issue faced by Discoms

Kerala has emerged as one of the leading states in RTS 

deployment under supportive state programs such 

as ‘Soura’ and high consumer participation. About 

2% of its 10 million households have installed RTS, 

aggregating to 1.5 GW. Even such a small percentage 

penetration of RTS has raised financial and operational 

concerns for the state Discom, Kerala State Electricity 

Board Limited (KSEB). In August 2025, KSEB claimed 

that due to low daytime demand, prosumers consume 

only 36% of the power they generate, while the 

majority goes to the grid. At night, they draw back 45% 

of the power they supplied to the grid. Since, nighttime 

(peak) hour power costs more and is difficult to get, 

this power banking arrangement caused a financial 

loss of INR 5000 million in the financial year 2024-25 

(TOI 2025). This in turn is causing problems for other 

consumers in state as their tariff burden has been 

increased by INR 0.19 per unit to recover the losses. 

Day time low demand can also cause high voltage on 

the grid and damage household appliances. To ensure 

the safety of the distribution networks the RTS may 

need to be turned off in future. The state regulator 

has mandated storage for upcoming RTS installations, 

thereby becoming the first state to explicitly link RTS 

with storage. 

One of the Gujarat Discoms, Uttar Gujarat Vij Company 

Limited (UGVCL), together with other stakeholders, 

undertook a novel initiative to install RTS on all 

117 household in the border village of Masali. The 

initiative was supported by a combination of central 

subsidy (51.56%), public contribution (17.67%), 

and corporate social responsibility funds (30.7%). 

It resulted in reduced consumer bills and enhanced 

affordability for basic appliances like refrigerators 

and dairy processing. However, soon the installed 

RTS generation exceeded the village’s daily needs 

and consumers started experiencing high voltage 

issue and power quality problems. As the existing 

infrastructure in remote border areas was designed for 

one-way power flow, a high concentration of RTS led 

to two-way flow. After technical audits and analysis, 

UGVCL officials realized village infrastructure required 

significant upgrades in transformers and feeders to 

manage two-way flow and prevent overvoltage. UGVCL 

changed the village distribution transformer from 

100kVA to an on-load tap changing transformer of 

200 kVA. On-load tap changing transformers actively 

manage voltage in real time, dynamically adjusting 

to low-load/high feed-in or high-load/low feed-in 

situations, thereby mitigating voltage issues. Thus, 

the Discom incurred additional capital expenditure to 

mitigate RTS integration issues (Source: UGVCL 2025).
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A. Peer-to-Peer electricity trading business 

model (P2P model) 

Peer-to-peer (P2P) electricity trading enables 

local energy exchanges, allowing DRE owners, 

prosumers and consumers the ability to buy 

and sell excess renewable electricity in a secure, 

transparent, and efficient manner by leveraging 

blockchain technology. P2P reduces the burden 

on central grids by balancing local generation 

and demand and reducing peak demand and 

grid congestion through better utilisation of 

distributed RTS. This can improve grid stability 

and efficiency and can help to reduce investment 

in generation and transmission capacity needed 

to meet the peak demand. Research suggests that 

blockchain-enabled P2P trading can reduce grid 

congestion by 15-20%9.  

Direct P2P energy trading also eliminates 

middlemen, allowing consumers to purchase 

power at reduced costs, with potential savings 

of INR 1,500 crore (USD 180 million) annually.10 

In 2017 Power Ledger in Australia, implemented 

P2P trading that has saved USD 424 per year for 

its energy consumers in electricity bills.11 In New 

York, P2P start-up company Drift, has helped 

9  IRENA 2020 

10  Singh R, IRENA 2020

11  Enpowered. Weblink: https://enpowered.com/understanding-peer-

to-peer-p2p-energy-sales. Accessed March 2026.

consumers save 10% of their electricity cost 

compared to local utilities.12 

When P2P trading is linked with wholesale grid 

operation, it can provide ancillary services13 

to the grid. A P2P trading platform can allow a 

household with a solar panel and a battery to 

either store excess energy or direct power back 

to the grid when demand surges to stabilise 

frequency. Through smart meters and automated 

demand-response systems integrated with a P2P 

platform, participants can adjust their energy 

usage in real time. They can choose to delay 

non-essential consumption, like charging electric 

vehicles or running appliances, during peak 

demand. For example, in the UK, Piclo (formerly 

Open Utility) developed a P2P platform that 

allows distribution system operators to identify 

flexibility options to meet their grid needs. 

In the context of isolated mini-grids, the P2P 

model can allow excess generation from 

consumers with solar home systems to serve 

those without electricity supply. This was piloted 

by the company SOL share, in Bangladesh, 

where a blockchain-powered microgrid for rural 

12  IRENA 2020

13  Ancillary services refer to the services that support the reliable 

operation of the grid by ensuring the stability and quality of 

the power supply. These services include things like frequency 

regulation, voltage control, and reserve capacity, which help 

maintain balance between electricity generation and consumption.

electrification showed 50% fewer power outages 

and 20% efficiency improvement in distributed 

energy networks. 

Indian utilities have also piloted P2P models. 

Uttar Pradesh Power Corporation Ltd. (UPPCL) 

conducted a pilot together with India Smart 

Grid Forum (ISGF) and Power Ledger, Australia 

in Dec 2020, with 12 participants (9 prosumers 

and 3 consumers) in Lucknow city. The platform 

allowed prosumers to sell excess electricity at 

INR 5.6/kWh instead of putting into the grid a net 

metering tariff of INR 2/kWh. 

In January 2021, another pilot at Tata Power 

Delhi Distribution Ltd in collaboration with 

ISGF and Power Ledger, involved 55 prosumers 

(39 domestic, 2 non-domestic, 14 industrial 

and 14 TPDDL offices and sub-stations) and 62 

consumers (29 domestic, 12 non-domestic, 20 

industrial and 41 TPDDL offices and substations). 

In August 2022, CESC Kolkata, ran a 6-month 

pilot with 1001 C&I customers. Power Ledger 

and Delhi based utility BRPL, undertook a P2P 

project with 300 kW solar prosumers in a gated 

society in Dwarka region. Here prosumers were 

able to trade solar power with their neighbouring 

apartment and buildings rather than feeding into 

the grid. About 25 MWh of electricity was traded 

among the peers. The key benefits to involved 

stakeholder in a P2P pilot in India is summarised 

in Table 6. 
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Table 6: Benefits realized to different stakeholders in P2P pilot projects

Project Cost savings 

for consumers 

Revenue for 

prosumers 

Discoms benefits 

Uttar Pradesh 

P2P Pilot

INR 1-2/kWh 

savings 

INR 1-2/kWh extra 

revenue

Reduction in grid 

dependency

Tata Power-

DDL P2P Pilot

INR 1-3/kWh 

savings

INR2-3/kWh 

additional 

revenue

Revenue generation 

from transaction fees

CESC P2P 

Pilot

INR2-4/kWh 

savings 

INR3-5/kWh 

additional 

revenue 

Improved grid 

stability, revenue 

from trading model

India Energy Stack has a built a P2P energy trading app that allows 

consumers and prosumers located across three different Discoms of 

Delhi and Uttar Pradesh, to directly buy and sell RTS electricity with each 

other in a secure digital marketplace. In a recently launched pilot, around 

1000 consumers in each Discom’s areas will transact on this platform at a 

mutually agreed rate. Consumers regular billing will remain unchanged, 

while P2P energy trades will be incorporated as cumulative adjustments in 

their electricity bill.

B. Discom deploying battery storage at grid, distribution transformer 

and pole mounted    

A Discom in Delhi – Tata Power DDL – has piloted deploying battery storage 

solutions are three levels – grid level storage, distribution transformer 

level and pole mounted level. Together with AES and Mitsubishi, a 10 MW 

grid level battery energy storage system was installed at Rohini. Storage 

of 150KW / 528kWh at Ranibagh Substation was installed with Nexcharge 

to improve the supply reliability at the distribution level and to mitigate 

peak load on Distribution Transformers. Further, to address localized DER 

integration, a compact energy storage system rated at 20 kW / 20 kWh has 

been designed for installation on a standard distribution network concrete 

pole. The system supports peak demand management at the distribution 

transformer level, thereby improving local grid stability and enhancing 

supply reliability for consumers.
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Current RTS business models remain largely deployment-centric, with 

primary emphasis on capacity addition targets, capital mobilisation, and 

project execution. However, comparatively limited attention has been given 

to system integration challenges, particularly the operational and financial 

implications for Discoms. Discoms with a higher share of subsidized 

agricultural and residential consumers face markedly different integration 

challenges compared to utilities with strong industrial demand bases, 

underscoring the need for differentiated approaches.

Therefore, there is a growing imperative to design next-generation 

business models that simultaneously address: RTS / DRE deployment, grid 

integration and flexibility requirements, Discoms financial sustainability, 

and evolving consumer demand structures. Such integrated frameworks 

are essential to ensure that DRE / RTS expansion strengthens, rather than 

unintentionally weakens, distribution sector viability — which remains the 

cornerstone of India’s power system transition.

Chapter 4:
Innovative Discom led 
DRE-Aggregator Model 
for DRE Deployment 
and Integration 
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DISCOM & TECHNICAL CONTEXT DISCOM LED DRE AGGREGATORDTR-Level Consumer & Load Segmentation
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Figure 19: Discom led DRE-Aggregator model 
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The ‘Discom led DRE-Aggregator’ model 

proposes, adopting a ‘value chain approach for 

RTS / DRE from a Discom’s perspective’. In this 

value chain approach, a Discom’s organisational 

unit, preferably a distribution transformer 

(DTR) is selected to make RTS deployment 

and integration profitable for the Discom (see 

Figure 19 and Box VIII, describing the structure 

of Discom and relevance of a DTR). Considering 

most Discoms’ weak financials, it is proposed 

that the Discom partner with a local agent such 

as a DRE-Aggregator. This may be a private RTS 

developer, cooperative society, or self-help 

group. This aggregator enters into a contract with 

Discom for deployment, operation-maintenance 

and integration of a minimum (or breakeven) RTS 

capacity which ensure the DTR is profitable. This 

breakeven RTS capacity is calculated based on 

analysis of the metering and billing data of the 

DTR. 

The RTS deployment cost is shared among all 

three stakeholders. Consumers contribute 10% of 

the installed RTS capacity cost, Discoms facilitate 

for the subsidy/CFA under the ‘Utility Led/State 

Led Aggregation Models’ of PM SGMBY schemes, 

while DRE-Aggregators invest the remaining 

capital cost for RTS deployment. 

The RTS integration cost, includes first, 

digitisation and, second, storage / trading, both 

incurred by the DRE-Aggregator. Digitisation 

of deployed RTS is most crucial, which 

involves providing visibility of the operation 

and generation of deployed RTS not only to 

consumers and the DRE-Aggregator but also   

Discoms (i.e. area load dispatch centre), to allow 

Discoms to include this information in short-term 

power procurement planning, and long-term 

resource planning. Digitization may be done using 

inverter communication devices / dongles / data 

loggers having Machine-to-Machine (M2M) SIM 

communication protocol that provides real time 

measurement and transmission of generation 

data. Thus, the DRE Aggregator, can aggregate 

smaller RTS capacities for different consumers 

(and DTRs) and collectively provide day-ahead 

forecasts and generation information to the area 

load dispatch centre of the Discom.

As the second step of RTS integration, the DRE-

Aggregator, deploys solutions such as storage (at 

the DTR / Sub-station) or promotes local trading 

mechanisms, such as P2P electricity trading with 

an objective to promote local consumption of 

excess solar generation, to avoid grid imbalances.

This may require appropriate incentives 

and profit-sharing mechanism for all three 

stakeholders to benefit (consumers, DRE-

Aggregator, and Discom) and creates market 

uptake for RTS / DRE. 
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Box VIII: Organisational Structure and Field Operations of a 

Typical Discom

A typical Discom in India follows a hierarchical organisational 

structure, wherein strategic planning and regulatory functions 

are centralized at the headquarters or holding company level, 

while operational responsibilities are decentralized for effective 

field-level implementation. The service territory is divided into 

Zones and Circles, with each Circle headed by a Chief Engineer 

and comprising two to three Divisions led by Superintending 

Engineers. Divisions are further subdivided into Sub-divisions 

managed by Sub-Divisional Officers (SDOs) or Assistant 

Engineers. 

At the operational level, the SDO oversees technical, commercial, 

and maintenance activities associated with distribution 

substations. From these substations, 11 kV feeders distribute 

power to distribution transformers (DTRs), which step down 

voltage for supply through low-voltage lines to consumer meters. 

Depending on capacity and load density, a single DTR typically 

serves multiple consumers across different tariff categories.

Field officials — from Chief Engineers to SDO — are primarily 

accountable for supply reliability, loss reduction, and revenue 

recovery. However, targets for RTS and other DRE, like solar 

irrigation pumps, are often set centrally without adequately 

considering the local consumer mix or the technical and 

financial performance of service areas. With declining costs and 

modular deployment of DRE / RTS and storage, planning must 

shift toward the distribution transformer (DTR) level, enabling 

field units to use distributed energy solutions to improve 

financial viability and enhance consumer satisfaction.

Figure 20: Four Key steps in the Discom led DRE aggregator model 
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A. Roles and Responsibilities of stakeholders 

Table 7 presents the roles and responsibilities of various stakeholders in the Discom-led DRE Aggregator model.

Table 7: Roles and responsibilities of stakeholders 

Consumer Utility DRE-Aggregator (DA)

(i) Contribute a minimum share of 10% 

of RTS capex cost.

(i) Identification of suitable DTR (i) Consumer mobilisation for installation of RTS 

system.

(ii) Ensure availability of roof space. (ii) Metering and billing data analysis and sharing 

with DRE-Aggregator. 

(ii) Design, supply, installation, metering, testing and 

commissioning of RTS systems 

(iii) Enters into an interconnection 

agreement with the Discom.

(iii) Avail and facilitate subsidy/CFA from central/state 

government schemes.

(iii) Operation and maintenance of RTS system.

(iv) Ensure safety and security of installed 

RTS system.

(iv) Facilitate DRE-Aggregator in digitization of RTS 

system and sharing of generation data. 

(iv) Invest the remaining capital for RTS deployment 

and integration (digitisation and storage/trading). 

(v) Facilitate DRE-Aggregator in installation of 

storage at DTR/sub-station level.

(v) Ensure RTS generation data is provided to the area 

load dispatch centre of Discom.

(v) Monitors deployment and integration of RTS to 

ensure quality.

(vi) Facilitate DRE-Aggregator in securing funding 

from financial institutions.  

(vi) Ensure adequate storage capacity is installed to 

avoid any grid imbalance/reverse power flow. 

(vii) DRE related business development to promotion 

of economic activities in the local region.

B. Metering and billing data analysis and 

calculation of breakeven RTS capacity

For illustration, a DTR is selected from a Discom 

in Uttar Pradesh. The DTR capacity is 630 

kVA, supplies electricity to 294 consumers, 

predominantly residential / domestic, with 

sanctioned load 1 kW, 2kW, 3kW and 4kW, 

accounting for a total connected load of 884 kW 

(Figure 21).

Based on average monthly electricity 

consumption, consumers are mapped to different 

tariff slabs applicable in the Discom, namely 

lifeline (connected load 1 kW and monthly 

consumption up to 100 units), slab 1 (monthly 

consumption up to 100 units), slab 2 (monthly 

consumption 101 – 150 units), slab 3 (monthly 

consumption 151-300 units) and slab 4 (monthly 

consumption above 300 units) (Figure 22). The 

tariff rate charged to each slab is shown in Box III 

(see Section 2).  
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Consumers’ monthly and annual electricity consumption and tariff bill are 

as shown in Table 8.  Electricity consumption is higher from May to October, 

with peak consumption in the month of June. This consumption pattern 

coincides with high solar irradiation months.  

Table 8: Monthly electricity consumed and tariff amount billed to 

consumers on a 630 kVA DTR  

Month Billed / Consumed (kWh) Billed Amount (INR)

Jan-24 58,496 502,086

Feb-24 71,882 577,104

Mar-24 48,508 397,682

Apr-24 59,958 491,844

May-24 107,109 826,548

Jun-24 161,950 1,174,822

Jul-24 153,376 1,140,809

Aug-24 156,333 1,101,030

Sep-24 127,222 968,502

Oct-24 118,279 852,843

Nov-24 81,989 648,187

Dec-24 50,067 413,650

Annual 1,195,169 9,095,108

Annually, the DTR supplies 1.195 million units (MU) electricity and bills an 

amount is INR 9.09 million to consumers. There may be certain shortfall in 

collection of this billed amount as for various reasons as few consumers 

may not pay the bills. Assuming this DTR has a collection efficiency14 similar 

to those observed across the state (i.e. 98.93%), the amount collected at 

14  Collection efficiency is defined as the ratio of amount collected to amount billed. In UP, collection efficiency 

is 98.93% as reported in PFC (2025). 

Figure 21: Consumer mix and load mix of a 630 kVA DTR

Figure 22: Number of consumers in different tariff slabs at the 630 kVA 

DTR
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the DTR is calculated at INR 8.99 million. The cost incurred by Discoms to 

supply this DTR equals an average supply cost of the Discom of INR 9.20 

per unit, from which cost of power procurement alone is INR 6.61 per unit. 

Considering these values for the electricity consumed by the DTR, the DTR 

makes a loss of INR 4.01 million annually as calculated in Table 9. 

Table 9: Annual profitability analysis of a 630 kVA DTR 

Electricity Billed kWh 1,195,169

Billing Efficiency % 84.52%

Input Energy kWh 1,414,066

Average Cost of Supply INR 9.2

Cost of Power Procured INR 13,009,412

Amount Billed INR 9,095,108

Collection Efficiency 98.93%

Amount Collected INR 8,997,790

Net without Subsidy INR (4,011,621)

With the aim of improving profitability of DTR, the installation of RTS 

systems on DTR consumers is proposed, through the Discom-led DRE-

Aggregator model. To determine the optimal RTS capacity for making the 

DTR financially viable, a mathematical optimisation model is prepared. 

The profitability is influenced by two key factors: RTS capacity installed, 

and the level of subsidies available to consumers, which help offset the 

costs of installing the systems. Figure 23 shows how the profitability of 

the DTR varies with increasing RTS capacity, depending on the amount of 

subsidy received by the consumers, for RTS installation as part of central/

state rooftop schemes. The analysis suggests that 250 kW15 of RTS capacity 

15  The analysis shows that on supplying around 372088 units from RTS, the DTR can achieve breakeven. 

Assuming a CUF of 17%, and that the consumer receives central financial assistance (CFA) / subsidy under 

is the breakeven point for the DTR system, meaning that once this level of 

RTS is installed, the DTR no longer incurs losses and potentially becomes 

profitable. 

C. Investment Plan 

All three stakeholders, consumer, DRE-Aggregator and Discom/Government 

invest in the project. Consumers invest 10% of the installed RTS system 

capex cost. Discoms arrange subsidy/CFA from government schemes. The 

DRE-Aggregator invests the remaining amount for RTS deployment and 

integration costs (digitisation and storage costs), through debt funding from 

a financial institution. For illustration, Table 10 quantifies stakeholders’ 

contribution for installation of a 250kWp RTS system.

PM-SGMBY, the per unit electricity cost of RTS is INR 3.15. Depending on local needs, DRE aggregator may 

also consider providing solar PV based DRE equipment such as solar pumps, solar dryers, solar refrigerators 

etc to reduce the load on DTR.   

Figure 23: Profitability of DTR with different percentage of rooftop solar 

capacity and different subsidy amount

Source: NTPC School of Business analysis 
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Table 10: Stakeholders contribution in the project for deployment and integration of 250kWp RTS 

Stakeholder Remarks  Amount (INR Lakh)

I. RTS Deployment Costs

Total cost of RTS deployment @ INR50.000 per kWp. (Total number of systems is 

calculated in Table 11)

373.25

Consumer contribution 10% Capex cost of installed RTS system, as per PM-SGMBY 

guidelines

37.32

Subsidy/CFA/Discom contribution As per PM-SGMBY guidelines 164.40

Debt (arranged by DA) Remaining amount 171.52

II. RTS Integration Costs

a. Digitization Costs

DA contribution @INR 2000 per system 2.30

b. Storage cost at DTR level

DA contribution For 30% storage capacity, @INR 16,500 per Watt 12.38

Total cost for RTS Integration (arranged by DA) 14.68

Total investment by DA 186.21

It is assumed four sizes of RTS units (i.e., 1 kW, 2 kW, 3 kW and 4 kW) are installed on a total of 115 residential consumers, as shown in Table 11. Assuming 

these consumers avail of the subsidy under the PM-Surya Ghar Muft Bijli Yojana, the total subsidy amount for each system is calculated.

Table 11: RTS unit size, subsidy amount and discoms investment for installing RTS 

Connected Load Consumer Distribution RTS Capacity to be installed in 

each consumer category

Total no. of RTS units to 

be installed 

Unit cost Subsidy as per CFA

1 KW 18% 45 KW 45 INR50,000 INR30,000

2 KW 20% 50 KW 25 INR1,00,000 INR60,000

3 KW 30% 70 KW 25 INR1,44,999 INR78,000

4 KW 32% 85 KW 20 INR2,40,000 INR78,000

Total 100% 250 KW 115
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Key considerations for viability analysis of the model are as follows:

Solar rooftop components 

Solar Rooftop Capacity planned (Breakeven 

capacity) 250 kWp

Capacity Utilisation Factor (CUF) 18%

Average unit generation per kW per day 4.32

Average generation days in a year 365

Annual degradation in unit generation 1%

Annual unit generation (kWh) 394200

Cost components 

RTS deployment cost (INR Lakhs) 373.25

RTS integration cost i.e., digitisation and storage 

(INRLakhs) 14.68

Annual operation and maintenance cost (1% of RTS 

deployment cost) (INR Lakhs) 3.73

Digitisation cost (INR per system) 2000

Storage cost for 30% generation (INR per Watt for 

four hours storage) 16500

Based on above assumptions and financing at a rate of 7.40 percent 

per annum for a period of 15 years, the cost of generation from RTS 

project (i.e. levelised cost of electricity generation) is calculated at INR 

3.58 per unit. The Discom can now supply at INR 3.58 per unit instead 

of its average power purchase cost of INR 6.61 per unit. Considering the 

average revenue realised by the Discom is INR 6.80 per unit, the Discom 

saves INR 3.05 per unit (see Figure 24).

Figure 24: Benefit to Discom on supplying RTS electricity to DTR con-

sumers 
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Based on above consideration, the viability analysis for the project provided 

in the Table 12.

Table 12: Viability analysis of project to install 250kWp of RTS 

Project Viability Parameter Value 

Payback Period 4 years and 302 days

Net Present Value (NPV) INR Lakhs 139.25

Internal Rate of Return (IRR) 22%

Levelized Cost of Electricity (LCOE) INR 3.582
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D. Financial impact on stakeholders and assessment of cost-benefit for consumers, Discom and DRE-Aggregator 

Figure 32 illustrates the cost-benefit analysis for the consumers, Discom and DRE-Aggregator.

Figure 32: Cost-Benefit analysis for consumer, Discom and DRE Aggregator 

Consumer Discom DRE-Aggregator

Costs 1. Contribute for 10% of capital 

cost of installed RTS system.

1. Facilitate CFA from MNRE

2. Provide rebate on consumer bills equivalent to 

share of installed capacity.

1. Invest remaining capital for RTS deployment 

and its integration costs (digitisation and 

storage)

2. Invest for operation and maintenance of 

system 

Benefits 1. Rebate on utility bill - 

equivalent to installed RTS 

capacity or lease rent. 

2. Reliable power availability.

1. Saving in the cost of power purchase 

2. Avoided losses in transmission and distribution 

3. RPO benefits 

4. Avoided cost of grid imbalance and reverse power 

flow.

5. Incentives and service charges under PM-SGMBY

6. Visibility of RTS generation and provision to include 

it in its power procurement planning 

1. Benefits on investment  

To quantify the Discom benefits, power purchase savings are calculated assuming the average cost of supply is INR 9.20 and there are losses of 16.39% in 

transmission and distribution. The overall benefits derived from the project over its lifetime is presented in Table 13.

Table 13: Benefits (INR) to stakeholder form the project 

Year Consumer Benefit (30%) DRE Aggregator Benefit (20%)  Discom Benefit (25%) System Development Fund (25%)

1 571071 380714 475892 475892

2 563550 375700 469625 469625

3 556239 370826 463533 463533

4 549140 366093 457616 457616
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Year Consumer Benefit (30%) DRE Aggregator Benefit (20%)  Discom Benefit (25%) System Development Fund (25%)

5 542253 361502 451878 451878

6 535583 357055 446319 446319

7 529131 352754 440942 440942

8 522899 348599 435749 435749

9 516889 344593 430741 430741

10 511105 340737 425921 425921

11 505549 337033 421291 421291

12 500224 333483 416854 416854

13 495133 330089 412611 412611

14 490279 326852 408566 408566

15 485665 323776 404720 404720

16 1110190 740126 925158 925158

17 1106066 737377 921722 921722

18 1102193 734795 918494 918494

19 1098574 732383 915478 915478

20 1095213 730142 912678 912678

21 1092115 728077 910096 910096

22 1089284 726189 907736 907736

23 1086723 724482 905602 905602

24 1084438 722959 903698 903698

25 1082433 721622 902028 902028
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India’s distributed renewable energy landscape is undergoing a transition. 

Evolving demand patterns, declining technology costs, and changes in 

the electricity business environment present Discoms with a strategic 

opportunity to engage more proactively with rooftop solar and the broader 

DRE sector.

RTS offers Discoms a collaborative pathway to align with DRE industry 

stakeholders around shared objectives. By actively facilitating the 

deployment and operational integration of RTS, Discoms can enhance 

consumer service delivery while strengthening their own financial and 

operational performance.

This report highlights several key findings:

 � For Discoms, the risks of not integrating DRE are significant and growing. 

In contrast, effective integration of RTS can reduce power procurement 

costs, improve supply reliability, and enhance energy security through a 

more sustainable and diversified electricity portfolio.

 � Central and state governments are actively supporting the expansion 

of RTS. This policy momentum creates an enabling environment in 

which RTS can deliver multiple system-wide benefits, including lower 

Chapter 5:
Conclusion and 
Way Forward 
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electricity costs for consumers, improved electricity 

security, accelerated renewable energy adoption, 

stronger utility balance sheets, and a gradual 

reduction in energy access subsidies.

 � Existing business models often treat RTS deployment 

and its implication on grid operations as separate 

domains, whereas a sustainable decentralized energy 

transition requires integrated models that align RTS 

deployment with grid flexibility, revenue adequacy, 

and consumer mix considerations of Discoms.

 � To fully realise these benefits, Discoms should 

adopt a value-chain-based approach to DRE and 

RTS deployment. The report proposes a Discom-led 

DRE Aggregator Model that positions Discoms at 

the centre of RTS development, integration, and 

coordination. This model enables Discoms to capture 

value across the RTS lifecycle while improving 

system planning, grid management, and consumer 

engagement.

Backed by the data and analysis presented in this 

report, the proposed business model represents a 

viable pathway for Discoms to integrate RTS into their 

operations. It offers a structured approach for improving 

financial sustainability, particularly in regions with low-

paying consumers, while simultaneously strengthening 

electricity supply, advancing national renewable energy 

goals, and supporting the growth of India’s distributed 

renewable energy industry.
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Annex
Annex 1: Details of stakeholder consultations 

Table 1: List of stakeholder consultations  

# Location for stakeholder consultation  Name of participating organizations Number of 

participants

A Roundtable consultations 

1 Noida

(29th August 2024)

Uttar Pradesh Power Corporation Limited (UPPCL), NTPC Ltd., Uttar Haryana 

Bijli Vitran Nigam, BSES Rajdhani Power Limited, BSES Yamuna Power Limited, 

Tata Power Delhi Distribution Ltd., United Nations Development Programme 

(UNDP), International Solar Alliance, Council on Energy, Environment and Water, 

Collaborative Labelling and Appliance Standards Program, World Resources Institute 

India, Thirdwave Power, Bridgeway Power, D LIGHT, Deenbandhu Chhotu Ram 

University of Science and Technology, Gateway College, Sonipat.

30

2 Virtual

(12th Nov. 2024)

Madhya Pradesh Madhya Kshetra Vidyut Vitran Co. Ltd, Andhra Pradesh Southern 

Power Distribution Company, Punjab State Power Corporation Limited, TATA Solar, 

KMPG.

11

3 Shillong 

(31st Jan. 2025)

NEEPCO Ltd, MNREDA, MSRLM, MBMA, Sauramandala Foundation, Sustain Plus 

Energy Foundation.

17

4 Lucknow 

(6th March 2025)

Uttar Pradesh Power Corporation Limited, Madhyanchal Vidut Vitran Nigam Ltd., 

SIDBI, BDO.

10

B One on one consultations

1 Virtual EESL, MP DISCOM, BRPL, HP DISCOM, AP DISCOM, HIMURJA, EY, Customized Energy 

Solutions, Trilllectric.

18
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