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Abstract: Rooftop solar (RTS) projects have the potential to contribute to climate change mitigation
and sustainable development objectives. In India, grid-connected RTS capacity has been targeted at
40 GW by the end of the year 2022 however, the installed capacity is limited to 8.2 GW only. As a
result, the country missed its 2022 target of installing 100 GW of solar power capacity, largely due
to inadequate uptake of RTS. The prevailing practices of RTS implementation is observed to be
complex, repetitive, tedious, and time-consuming for potential consumers and there is a lack of
coordination among implementing agencies. Therefore, even with vast potential, supportive
measures, dedicated policies, and regulations the penetration of RTS systems is far below their
respective potential. The introduction of information technology (IT) intervention in the RTS sector
would integrate key stakeholder at a single platform so as to reduce the administrative burden of
implementing agencies, optimization of processing time, handling multiple consumers
simultaneously, and connecting the consumers with authentic vendors etc. This would help them
to understand and perform their shared roles and responsibilities and enhance the RTS
implementation across the state. In this study, the scope for IT interventions in the existing RTS
implementation process of the Odisha Renewable Energy Development Agency (OREDA) has been
assessed and a simplistic approach has been developed for the execution of the RTS projects in
relatively lesser time with the least human interface as well as resources. This approach has been
successfully demonstrated with OREDA and a cumulative capacity of around 5 MWp (individual
project of 1-2 kWp) residential grid-connected RTS projects implemented through the web platform.
Currently, other state nodal agencies are also adopting the model for the RTS execution and the
consumer proliferation through IT interventions.

Keywords: information technology; rooftop solar; consumer proliferation; net-metering;
bankability; state nodal agencies; DISCOMS

1. Introduction

Intergovernmental negotiations have been underway for nearly three decades to address climate
change, in which India has been an active player. India’s announcement that it aims to reach net zero
emissions by 2070 [1,2] and to meet 50% of its electricity requirements from renewable energy (RE) sources
by 2030 [3] is a hugely significant moment for the global fight against climate change [4]. India’s first
pledge, to the Paris Agreement also known as a Nationally Determined Contribution (NDC), had one of
the targets to have 40% of installed electric power from non-fossil-based energy resources by 2030 [5]. The
country now stands committed to reducing the emissions intensity of its GDP by 45% by 2030, from the
2005 level, and achieving about 50% cumulative electric power installed capacity from non-fossil fuel-
based energy resources by 2030 [3]. In this context, the National Solar Mission has also been launched by
the Government of India (Gol) in 2010 with an initial target of 20 GW for solar power by the end of the
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year 2022 [6] which was revised and further raised to 100 GW in 2015 [7]. Out of this 100 GW capacity, 60
GW capacity has been targeted through ground-mounted utility-scale solar projects and 40 GW is
envisaged to meet through rooftop solar (RTS) projects [8,9].

To achieve these targets the Indian Ministry of New and Renewable Energy (MNRE) has also
allocated specific capacity targets (see: Table S1 of the supplementary information (SI)) to each state
in India [10]. The states have notified their policies and regulations to encourage end users to adopt
RTS in order to achieve the targets [11-15]. In addition to the federal government policies, almost
every state in India through their respective State Nodal Agencies (SN As) also launched RTS policies
and regulations (see: Table S2). Furthermore, MNRE has also set separate goals to boost the adoption
of RTS in the residential sector and announced the phase-II scheme of grid-connected RTS
implementation [16]. Under this scheme, a 40 GW capacity of RTS installations by the end of 2022 has
been targeted. The target of 40 GW has been divided and allocated to all states in the country (see:
Table S1). Figure 1 presents the year-wise implementation of RTS projects in India a) capacity and b)
targets vs actual implementation [17]. The RTS target of 40 GW does not seem to be approachable on
a set timeframe by end of 2022 as country has only achieved approximately 8 GW of RTS installations.
Since, target set by the Gol on RTS segment (cumulative 40 GW) has not been achieved even till 2022,
the same has been extended up to 2026.

There exists a significant potential for RTS across the country as indicated by several studies [18-
24]. A study carried out by The Energy and Resources Institute (TERI) has estimated about 352 GW
of technical potential and nearly 210 GW of economic potential in urban settlements of India [20]. The
total realistic market potential for rooftop solar PV in urban settlements of India is estimated to be
around 124 GW [20]. Joshi et al. [21] assessed approximately 1815 TWh rooftop solar potential for
India, based on a high-resolution global spatiotemporal assessment. As indicated in Figure 1, the
progress of the RTS sector is very slow compared to the anticipated targets. At the end of 2022, the
total RTS installed capacity in India was approximately 8.2 GW which is about 20% of the total RTS
target of 40 GW by 2022 in the country [25]. Several authors [26-31] analyzed various factors which
affect the growth and development of both the utility and RTS markets in India. These studies
emphasize analyzing RTS policies and various business models adopted for the growth of the RTS
sector [32] and highlighted the key challenges faced by the RTS segment in India [27-29].
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Figure 1. Year-wise implementation of RTS projects in India a) capacity and b) targets vs actual
implementation.

Several policy and regulatory initiatives have been undertaken to promote RTS in India,
including the provision of subsidies for residential consumers and net metering regulations. About
20 states have introduced dedicated solar policies and net metering regulations to facilitate the scaling
up and adoption of grid connected RTS across different consumer categories. However, there exist
critical barriers to the growth and development of RTS in India, prevailing at the grass root level like
lack of awareness about the technology, lack of transparency in implementing the policies, lack of
coordination among different stakeholders or implementing agencies [30-33]. The information
technology (IT) in RE brings with it a set of tools, expertise, insight and support that may prove
invaluable [34]. In fact, the combination of energy and IT innovations and renewable energy’s


https://doi.org/10.20944/preprints202304.0943.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2023 doi:10.20944/preprints202304.0943.v1

growing competitiveness are transforming the landscape of energy services [35]. IT resources
optimize the resources required to support the business and will reduce paper usage [36-38].
Implementing agencies, SNAs, the distribution utilities can work towards demand aggregation as
well and improve the deployment of the RTS through a systematic, non-tedious and least time-
consuming approach through IT interventions that will facilitate execution of RTS programs in large
range of consumers. In this context, the scope for IT interventions in the existing RTS implementation
process of the Odisha Renewable Energy Development Agency (OREDA) has been assessed and a
simplistic approach has been developed in this case study for the execution of the RTS projects in
relatively lesser time with the least human interface as well as resources.

The paper is set out as follows: Section 2 highlights the key barriers to the RTS implementation
in India whereas Section 3 focuses on key Stakeholders in Odisha state for rooftop implementation.
Section 4 discusses the current process for RTS implementation in Odisha state of India whereas
Section 5 summarizes the limitations of the existing approach to RTS implementation in Odisha. A
novel approach highlighted in this study with the use of information technology in the
implementation of RTS projects in Odisha state is highlighted in section 6. Section 7 summarizes
ongoing initiatives for RTS implementation at the Central and State level using IT interventions and
finally, Section 8 concludes.

2. Barriers to the RTS Implementation in India

As mentioned above, the RTS sector faces several barriers viz. rigidness for net-metering by the
electricity distribution companies, bankability, smaller capacities to scale up, limited manpower/skill
within the implementation agencies, and most prominently the conventional approach of project
installation being adopted by the executive agencies [39-42]. The following sub-sections highlight
key barriers those affected the progress of RTS installation in India:

2.1. Lack of awareness among end customers

The lack of awareness, information, and knowledge of solar energy among households in India
is a major barrier to the growth and development of the RTS segment [42—44]. Since the initial cost of
RTS installation is comparatively high, therefore the central /state government is providing 30%1
capital subsidies to the residential RTS systems [44]. In 2020, the average cost of a residential RTS
system in India was US$658 per kilowatt (kW), declining by 73% from the 2013 level. In comparison,
in 2020, the residential rooftop solar cost in leading residential markets, such as Japan, the United
Kingdom, Switzerland and the U.S., was 3.3 to 6.4 times that of India [23].

Due to the lack of awareness about RTS systems [24], lack of education, and poor training and
development mechanisms, people cannot take benefits of capital subsidies and other State support. As
per a survey conducted by Mercom Capital Group, 64% of interviewed households in rural areas and
about 39.5% of the households in urban areas have no idea about renewable energy and government
support [45]. Several authors [28,46,47] highlighted that the government has to prepare a robust
mechanism to educate, aware, and train people about the State support and benefits of RTS technology.

2.2. Lack of clarity in rooftop solar policies

Some states have announced policies for the RTS systems [13,48], but there is a significant lack
of clarity in these policies. There is very slow progress on net metering? policy across the country. It
has been found that the average time to take an RTS connection is as high as 120 to 150 days in some
states [49]. The local implementing authorities or SNAs are facing a lack of appropriate training and
process protocol as a result, they are unable to deliver proper services for installing RTS systems to
the customers. There is no clear roadmap of permit mechanisms, commercial agreements, and
technical requirements and therefore the RTS segment is still largely unexploited. International

1 See: https://www.pv-magazine-india.com/2019/03/13/phase-ii-of-rooftop-solar-scheme-approved/ (accessed on 19 April 2023).

2 Net metering is a billing mechanism that credits solar energy system owners for the electricity they add to the grid.
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examples show that effective net-metering implementation can increase RTS adoption by as much as
50% [49,50]. The solar rooftop policies need an urgent overhaul to make them more user-friendly and
this will be only possible when there is proper coordination between SNAs, State Electricity
Regulatory Commission (SERC), and the DISCOM. In addition, policy and regulatory uncertainties
still remain major barriers to faster penetration of RTS systems [28,51]. For example, initially the RTS
sector was driven by the capital subsidy which was later made sector specific by the respective
central/state governments. Moreover, several changes took place in the RTS segment, especially for
commercial and industrial consumers (gross metering, net metering, FiT, open access etc.) that creates
a lot of communication gaps at the ground level [52-55]. In fact, the SNAs are unable to update their
processes in short time spans.

2.3. Poor technical or commercial skills

In order to achieve the 40 GW rooftop solar target India requires 210,800 skilled plant design
and site engineers and approximately 624,600 semi-skilled and low-skilled technicians for
construction [56]. The lack of access to education, training, and availability of a skilled workforce for
the development of RTS is because of limited institutional capacities for workforce training [57].

2.4. Challenges to implementation agencies and other stakeholders

Figure 2 presents different agencies and stakeholders and their roles in RTS implementation in
India. It's worth mentioning that institutional mechanism is well established in India where every
agency has assigned specific roles and responsibilities as shown in Figure 2, to execute the RTS
projects. Implementation of RTS projects requires mutual coordination of all these agencies such as
the regulatory commissions, DISCOMS (on metering and approvals), SNAs (release of subsidy),
financial institutions (banks for loan), urban/municipal local bodies (building byelaws), the rooftop
owner (access to roofs), Developers/ Aggregators / EPC contractors (project implementation and
maintenance), etc. which mostly delayed the overall process. DISCOMS/Utility also faced challenges
in terms of revenue loss as electricity bills were reduced from paying customers mainly in the
commercial and industrial sectors. There are also Challenges to SNAs and DISCOMS to handle RTS
projects of smaller and medium capacities (residential and institutional sectors), due to lack of
awareness, manual and conventional ways to handle the projects, limited technical manpower,
managing the subsidy disbursement through minimum technical due diligence, etc. Demand
aggregation is challenging on behalf of project developers as it is difficult to identify enthusiastic and
financially capable customers.

Govt. of India

| }

Ministry of New and
Renewable Energy

Ministry of Power

CERC/SERC | | biscoMm | | CEA | | SECT | | SNA | | IREDA |
Technical Implementation Policy and Funding
Regulator Off-taker anthority Agency Governance Agency

| Manufacturer |—>| Project Developers }—Pl Cosnumers |

Figure 2. Stakeholders® and their role in RTS implementation in India.

3 CERC: Central Electricity Regulatory Commission; SERC: State Electricity Regulatory Commission; CEA: Central Electricity
Authority; SECIL: Solar Energy Corporation of India; SNAs: State Nodal Agencies; IREDA: Indian Renewable Energy

Development Agency.
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2.5. Miscellaneous constraints at potential locations

Apart from the reason mentioned above, location specific miscellaneous constraints (i.e.,
technical or non-technical) also affect the adoption of RTS. As an example, most of the potential
locations for RTS in India are the cities with high population density and with huge electricity
demand. In 2008, Gol introduced a city specific programme “Development of Solar Cities” [58].
Under this programme 60 cities in India have been identified for the rapid implementation of rooftop
solar. However, this programme does not attain popularity and success. For example, out of the
532,000 properties with RTS potential in Nagpur (a city with adequate solar insolation), only 2,528
(0.47%) have actually installed RTS system, 2,187 residential and 341 non-residential, commercial or
mixed use [59]. As an incentive, the city's municipal corporation offers a 5% discount on property tax
for those using RTS systems but even that has not helped much. Again, the reasons reported for poor
implementation were high costs, tedious application and installation procedures, and tardy delivery
of services. Another constraint is somehow non-technical though well justified. A large share of the
population resides in multi-story buildings in these cities. In these buildings, although each resident
has an identical electricity meter, most of them have limited or no access to rooftop area. As a result,
potential aspirants may not adopt RTS systems due to non-technical reasons.

There is a lag in capacity addition even though most Indian states have comprehensive net and
gross metering regulations (see: Table S2). This could be because these regulations vary across states
and most states not only restrict the maximum capacity of RTS systems [12], but also have a cap on
the amount of power that can be fed back into the grid, which affects the project economics.

3. Key Stakeholders in Odisha for rooftop implementation

As mentioned in the previous section, the implementation of RTS in India is executed through
multiple agencies in an inclusive mode and this is similar in the case of Odisha as well. The multiple
agencies (Table 1) and their role in the implementation of RTS projects in Odisha are described in the
following subsections.

3.1. The State Nodal Agency: Odisha Renewable Energy Development Agency (OREDA)

The SNAs (i.e.,, OREDA for the state of Odisha) are the state-owned bodies, primarily responsible
for the implementation of MNRE policies, targets on the RE mix, and its overall promotion including
RE projects. SNAs implement RE projects in the states by providing policy framework, identifying
and providing monitorial support or incentive to individuals/groups for development and achieving
the Renewable Purchase Obligation (RPO) targets set by Gol [60-62]. Thus, in general, SNAs are the
primary organizations that are leading the RTS program in the states along with the joint contribution
and role of other local agencies such as DISCOMS, SERC, etc.

Table 1. Key Stakeholder in Odisha for Rooftop Implementation.

Stakeholder Role
Odisha Renewable Energy Development e DPolicy program
Agency (OREDA) o Target setting

e Consumer awareness

e  Supporting development

e  Subsidy disbursement

e  Monitoring and evaluation

Urban Local Bodies (ULBs) e  Framing building

e By-laws
e  Setting timelines

e Incentivizing
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e  Consumers

e  Monitoring and enforcement

Odisha Electricity Regulatory Commission e  Defining rules and regulations
(OERC) e  Defining implementation framework
e  Deterring fees and charges

e  Setting timelines

Distribution Companies (DISCOM) e  Feasibility study
e  Providing connectivity
e  Metering and billing
e  Commercial settlement
e  Safety check

e Parodic inspection

Consumers e  Application filing
e  Processing fees
e Vendor selection
e  Project installation
e  Operation and maintenance

e Funding arrangements

3.2. Urban local bodies

Urban local bodies have the responsibility of urban planning, framing regulations of land use
and construction of buildings, planning for economic and social development, and ensuring services
like public health, sanitation conservancy, solid waste management, etc. As a part of urban planning
and ensuring public health, reducing GHG emissions and promoting RE is also a focus area of ULBs.
Under the building byelaws, regulation of land use, etc. the ULBs have the authority to mandate
consumers for installing RE projects and provide incentives (if required) to encourage more
participation. Gol has also designed the Solar City program to support/encourage ULBs to prepare a
roadmap to guide their cities in becoming ‘renewable energy cities” or ‘solar cities’ [63]. For RTS, the
main challenges that ULBs face were identified as a) lack of ULB-focused policies, programs, and
targets; b) lack of consumer awareness; c) lack of amendment, adaption, and enforcement of existing
building byelaws; d) limited PV installations at ULB establishments; e) coordination gap among
ULBs, SNAs and smart cities; and f) lack of financing mechanism.

3.3. Odisha Electricity Regulatory Commission (OERC)

OERC plays the role of state electricity regulator, by laying rules and framing regulations in line
with the Electricity Act, of 2003 [64]. With regards to RTS, the role of OERC is to provide clarity on
the implementation framework, metering mechanism, commercial settlement, technical limitations,
safety standards, fees, timelines, etc. through Regulations/Orders. OERC sets the framework which
is to be followed by other key stakeholders toward the implementation of RTS in Odisha.

3.4. Distribution utility (DISCOM)

The role of distribution utilities is to provide connectivity of the RTS system with the utility grid
and to carry out metering/billing activities post-installation. During the process of installation,
DISCOMs also play a crucial role through site inspection, safety approvals,
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synchronization/commissioning approvals, etc. The role of DISCOM becomes more crucial as it is
directly interacting with consumers. Hence, DISCOM also has to ensure connectivity with consumers
through proper communication channels.

3.5. Consumer/applicant

At the end of the process chain, the end consumer/applicant uses the electricity generated by the
RTS system. The role of the applicant is also very crucial, it has to ensure the feasibility of the RTS
system based on its consumption and availability of roof space. The consumer must also be aware of
the key business models, application process, applicable incentive/subsidy from State or Central
government, cost economics, competent vendors, etc. The consumer must also be conversant with
operations and periodic maintenance of the RTS project. Implementation of RTS involves multiple
steps and approval, and coordination from the above-mentioned agencies and stakeholders. A
detailed description of the typical process being adopted by OREDA for RTS implementation is
mentioned in the next section.

4. The existing process for the implementation of RTS in Odisha

The installation of grid-connected RE projects in India typically follows a step-by-step approach,
which is initiated from information collection to project installation and subsidy disbursement
[65,66], if applicable. It is worth mentioning that, only residential consumers of RTS are eligible for
the provision of subsidies in India. The approach is almost similar in each state of the country. In this
section, the existing process in the state of Odisha has been reviewed and considered as a
representative case. Figure 3 presents the steps involved in the implementation of RTS projects in
Odisha.

4.1. Information access

This is the first step of the RTS installation process in which the consumer/applicant collects all
the required information about the RTS, policy (of native state), regulation, application procedure,
information about vendors/installers in the market, tentative investment, subsidy provisions, annual
energy yield, and financial benefits, etc. In most cases, the above information is delivered by the
Customer Relationship Centre (CRC) established by the SNA of Odisha state (i.e., OREDA) to
facilitate the potential applicants on the same. Such information is delivered through the websites of
OREDA or helpline numbers. Sometimes, the applicant also gets the details of empaneled vendors
and channel partners who could be approached for the installations of the RTS projects that were
authorized by OREDA. In addition to this, applicants require to make tedious efforts in collecting
relevant information, forms/formats required for installation of RTS projects from DISCOMS or
OREDA offices.
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Figure 3. Key steps of RTS Implementation in Odisha.

4.2. Application process

After getting all the essential information mentioned in the first step, the applicant decides to
apply for the RTS project and submit an application to implementing agencies. The application along
with other documents goes through the screening process usually at the Division Office of local utility
and DISCOMS. In addition to grid connectivity, if the RTS project lies under the provision of a
subsidy scheme then the applicant has to submit a separate form to avail of subsidy benefits to SNA.
The submission of both the above-mentioned forms for grid connectivity and the subsidy was offline
in Odisha.

4.3. Application screening and system feasibility

The third step after submission of the application is the review by concerned authorities as per
the regulations meant for the installation of RTS projects. Such as applicant name, site/ location, the
capacity of the project, sanctioned load, eligibility of the applicant for subsidy disbursement, etc.
Once the general screening of the application is over, then the application is processed for technical
screening at utility or DISCOMS offices. DISCOMS reviewed the technical parameters such as
connected and contracted load, transformer interconnection, feeder capacity, metering details, etc.
based on the specific regulations of the state where the RTS project is applied. In most of the states in
India, application screening is being carried out by both the SNAs and DISCOMS. While the SNA
performs general screening for subsidy disbursement the DISCOMS performs both general as well
as technical screening. Under general screening, SNA officials verify the roof size, shadow-free area,
proposed capacity, etc. filled in the application form.
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On the other hand, generic screening on behalf of DISCOMS includes, completeness and
correctness of application, and technical screening includes onsite feasibility assessment of the RTS
project. Onsite feasibility assessment ensures the correctness of the application based on technical
parameters such as contracted load, transformer loading, metering details, etc. As per the regulations,
an onsite feasibility assessment must be carried out by the officials of DISCOMS within seven days
of receiving the application. After the completion of the feasibility check a technical feasibility report
is prepared and if it is found sufficient then the applicant gets a no objection certificate (NOC) to
install the RTS project. The entire process of screening is illustrated in Figure 4.

4.4. Project installation

After the completion of application screening and feasibility, the next phase is the installation of
the RTS project. In Odisha, regulators provide a period of 90-180 days for project installation. The
applicant procures project equipment/material directly or empaneled vendors procure the same on
behalf of the applicant and install the project. After completing the project installation, a work
completion certificate is issued by the vendor.

4.5. Grid connectivity

After project installation the most important “grid connectivity” step initiates. Grid connection
ensures safety and quality of power. After receiving the work completion report from the applicant/
project owner, the concerned person from DISCOM conducts the site visit. During the site visit
testing, commissioning, and synchronization of the RTS project are ensured. Further, after successful
commissioning, a letter of synchronization is issued to the applicant.

Application Screening of RTS Projects in India

v

I v
Screening at SNA Level for Screening at DISCOM Level for
Subsidy Disbursement Technical Feasibility
h 4 \ 4
Site Inspection Site Inspection for Technical
Assessment

A

A

Preparation

of Site Visit

Report

A

A

A

y

Issue of NOC for Project

Instal

lation

A

A

SNA inform Applicant about

Result of Site Visit NOC Received by Consumer

A 4 v
SNA Issue Subsidy Applicant Submit NOC to

Approval Letter SNA for Subsidy

Figure 4. Application screening process of the RTS project.

4.6. Subsidy disbursement

The disbursement of subsidies require prior approval of concerned agencies responsible for the
project implementation which are SNA and DISCOMS in most cases. For the subsidy disbursement,
the MNRE allocates the funds to SNAs, and SNAs further disburse the subsidy to the end consumer.
Subsidy disbursement also depends on the policy of the state. The disbursement of subsidies under
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different scenarios of project implementation such as to consumer RESCO* or Financing institutions
is also illustrated in Figure 5.

Project is owned and financed by
»> Consumer the consumer
. Project is owned and financed by
_ Subsidy > RESCO > RESCO
disbursement

The project is financed by the
banking institute (subsidy
transferred to the loan account)

Financial institution

Figure 5. Subsidy disbursement of RTS project under different scenarios.

In order to avail of the benefits of subsidy, after post-installation of the RTS project applicant,
submits a copy of the work completion report to SNA and requests for site inspection. On a
satisfactory result of the site inspection, SNA releases the subsidy to the applicant’s account. The
steps involved in the overall process along with the time consumed are illustrated in Figure 6.

Start 03 day 05 days by 50 days
Applicatl
R:;I;g:;t;;:: Review of Application Installation & Subsidy Project Installed
for RTS to by = Approval Letter from by
SNA & DISCOM ENA & DISCOM DISCOM & SNA Consumer or RESOO
End 10 days I days a5 days
Y
Subsidy Released io — Subsidy Approval by e Jolwt Inspection Report Sharing or Work
Consumer Account SNA SNA & DISCOM Completion Report to SNA

< >

Start o End 90 days
Figure 6. RTS projects Subsidy disbursal mechanism in SNA.

4.7. Grievance redressal

This is the final step of RTS installation that incorporates the entire steps and provides support
to the applicant concerning any grievance arising in the whole execution process. SNA’s established
customer relationship centers, helpline numbers, etc. to help the applicant in order to resolve their
grievance. In most of the states in India, consumer grievances are addressed through helpline
numbers. However, if the consumer is not satisfied then he/she may approach the nodal person at
local SNA offices.

4 A Renewable Energy Service Company (RESCO) provides energy to consumers from renewable energy sources, usually
solar photovoltaics, wind power, or micro hydro. RESCOs include investor-owned, publicly owned, cooperatives, and

community organizations.
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5. Limitations of the Existing Approach of RTS Implementation in Odisha

The steps involved in the above Section 4 seem to be very simple and systematic however these
are very chaotic and time-consuming requiring the involvement of different agencies even for a single
project installation. Moreover, the subsidy scheme seems to reduce the financial burden on the
potential customers of RTS projects and make these projects financially attractive, however, availing
the subsidy is quite a tedious task by itself. As it again involves the role of several government
agencies such as MNRE, SNA (i.e,, OREDA), local DISCOM, etc. Therefore, subsidy disbursement
into the account of the applicant usually takes approximately six months to a year. The key gaps in
the existing process of RTS implementation in India and recommendations provided to

improve/replace the same are summarized in Table 2.

Table 2. Gaps and Recommendations on existing consumer proliferation of RTS in India .

Parameters Limitations Recommendation(s)
Information e Limited information about e Information should be provided about project
Access the installation of RTS planning, resource assessment, key components
projects. (their standards and specifications), financial
attractiveness,  project financing, and the
government schemes list of empaneled project
installers with a price quotation.

e As a best practice, there should be an online web
portal to facilitate the consumers regarding the
above-mentioned information which may help them
in decision-making.

Application e Online  submission of e A single web platform should be introduced where
Process applications is available the applicant can get all the relevant forms and can
only in a few states in India. submit the same along with payments as well.

e In the current practices, the e Agencies of RTS implementation such as SNAs and
applicant has to fill out a DISCOMS must have access to the online platform
separate application to SNA where they can download the submitted
as well as DISCOM for applications and take further decisions without
availing of subsidy benefits human interference.
and connectivity. ¢ Online fee submission should be encouraged.

¢ No online provision for fee
submission

Application e Under current practices, o To reduce time and simplify the process, SNAs may
Processing SNAs carry out site consider a NOC from DISCOMS as proof of the

inspections twice before and
after the installation of the
project. This is
consuming and delays the
entire process.

¢ In the existing framework,
there is no provision for
online approvals.

time-

feasibility of the RTS project and can release the
subsidy approval letter.

e Site inspection should be carried out jointly with
DISCOM during connectivity and commissioning of
the project to release the subsidy.

e Adoption of the above practice may reduce the
application processing time and will also overcome
the administrative burden.

Feasibility Study e As per the current practice,
the feasibility of grid
connectivity and feasibility

the RTS
project is carried out twice
by the DISCOM officials
even before and after the
installation of the project.

assessment of

e The project feasibility study and interconnection
study can be carried out without site inspection
based on the application filled and onsite assessment
could be done after the installation of the project.

e DISCOMS may omit the requirement of a feasibility
study for those consumers who are installing
projects through selected/ empaneled vendors.

Interconnection e In the current practice, an
Agreement interconnection agreement
has to be signed between the

applicant and DISCOM

e This agreement should a part of the application form
(especially for small consumers) so that the time and
requirement of signing the interconnection
agreement can be omitted.
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before the project

installation separately.
Subsidy e No provision for subsidy e Subsidy should be transferred directly to
Disbursement disbursement through beneficiaries” accounts.

online mode.

Metering and e Current metering and e DISCOM needs to upgrade its billing software to
Billing billing practice is not in line make it compatible with the Net Metering Scheme.
with the net metering
scheme, which is creating a
huge confusion among RTS
consumers regarding the
settlement of excess power.

Vendor e In the current practice, e The best practice in this should be to seek price
Empanelment empaneled vendors are not quotations from empaneled vendors based on a
required to quote the price capacity range of the project such as (1-10 kW), (10-
of the RTS system and the 100 kW), (100-500 kW) as per MNRE guidelines, or

key component key components (Modules, Inverter, Meter, etc.)
manufacturers  will  be every six months.

provided in a given price

range.

It is evident from Table 2, that the complex and repetitive process of RTS implementation results
in a delayed response from distribution utilities, SNAs, and other concerned agencies and impacting
as a huge gap in the envisaged targets and present status of RTS implementation. To overcome these
gaps, there is a strong need for the adoption of an effective framework that could be well designed
by analyzing the overall process of RTS implementation. The proposed framework in the next Section
(i.e., Section 6) integrates all key stakeholders involved in the implementation of RTS projects under
a single platform. However, such intervention would first require defining the role, and
responsibilities of each stakeholder and finally standardizing the existing process. Thus, IT
interventions could be well applied to resolve the above-mentioned challenges and to develop a novel
framework for RTS implementation in Odisha, which could be further replicated in the other states
of India as well.

6. IT-based RTS Implementation Approach

As mentioned in the previous sections, to boost the implementation of RTS projects and to
achieve clean energy goals, especially the RPOs, stakeholders involved in the execution need to adopt
state-of-the-art, and least time-consuming practices. In addition, consumers also need awareness and
enhanced technical knowledge about the sector, along with cost-benefit assessment which may help
them in decision-making further on the implementation of the project without hassle. These
statements are well strengthened, from the barriers quoted for RTS implementation in India in the
section above and concluded from the assessment carried out for the state of Odisha. Thus, to bring
more efficiency to the system, it is envisaged to introduce IT interventions in the sector and to
integrate all the implementing agencies in a web platform so that the whole process of applying for
a project, getting approvals, connectivity, and finally disbursement of subsidy would be completed
with lesser timelines and human resource.

In view of the above, this section provides an IT-based approach that will optimize the time, and
the role of individual agencies and makes the process/steps of RTS implementation more efficient.
The proposed approach will be a combined process of all required approval and subsidy availing
through a single window and several processes described in the previous sections will run in parallel.
In brief, the IT-based approach will be multi-ended allowing access to different parts of project
information to different stakeholders integrated into one master platform. The proposed, IT-based
approach to RTS implementation in OREDA is presented in the following subsections.

6.1. Registration and application process, support on decision making
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Under the proposed approach, interested customers are required to register themselves under
the specified category in which they are applying for registration. In order to make an initial level of
techno-commercial due diligence the IT platform may contain a solar calculator which gives the
minimum technical requirements viz. annual solar irradiance, energy generation, shadow aspects,
sun path, financial parameters (payback period, internal rate of return, etc.), greenhouse gas emission
reduction, project cost estimates and recommendations of the key products (modules, inverters,
cables, etc.) along with a high-level bill of quantity, based on few input parameters from consumer
viz. geographical location, roof area, orientation, tariff, connected load, etc. This is also linked with a
mobile application that consumers can directly use to make decisions.

Further, the applicant will assess the relevant information corresponding to the site, technology,
sanctioned load, key equipment, solar resource at the proposed site, cost economics, business models
that prevailed in the market, project developers/empaneled vendors, etc. After assessing the above
information, the applicant may fill out the form. Further applicants may deposit the essential fee of
SNAs online mode as a preferred option. An acknowledgment receipt of fee deposition could be
downloaded from an online web platform. Further, after uploading the payment receipt, to the
DISCOMS window in the web platform applicant will receive an application form for the official
work of DISCOMS. In the same way, the applicant will get a subsidy application form from SNA.

6.2. Application screening and system feasibility assessment

After completion of the registration process, the application will get forwarded for technical
screening. An e-mail, as well as SMS notification, could also be sent to the authorities to inform them
of the same. During the screening process, both DISCOMS and SNA will screen the application to
evaluate the feasibility of the RTS project. In the application screening, the implementing agencies
has to review the duly filled application forms as per general requirements for RTS such as applicant
name, address, site location, project capacity etc. Whereas, for technical screening, application will be
examined on the basis of technical parameters such as inter-connection study, rooftop area
availability, anticipated capacity, high level performance assessment (i.e., energy generation), system
impact studies etc. Technical screening has been performed by distribution utilities with an objective
specifically check whether the proposed RTS system is technically feasible and safe for the utility grid
and connected load limits for connectivity and the scope of the subsidy respective to the information
provided in the application. It is worth mentioning that the screening of applications on behalf of
DISCOM, as well as SNA, will run in parallel.

After completing the screening, the applicant will get the go-ahead to sign an interconnection
agreement with local DISCOMS and a feasibility report will be prepared by the authorities. On the
completion and submission of the feasibility report, an online “No Objection Certificate” for grid
connectivity will be forwarded to the applicant on its registered e-mail address or mobile number.
The applicant will submit the same NOC to SNA and accordingly SNA will approve the subsidy and
release the sanction letter. The subsidy sanction letter will also be forwarded to the applicant at
his/her registered e-mail address and mobile number.

6.3. Project installation

After getting grid connectivity and subsidy approval the next step is the installation of the
project. Meanwhile, the applicant may have limited knowledge of project vendors and channel
partners empaneled by the SNA. Therefore, the online web platform will contain detailed information
about the channel partners/vendors authorized with the SNAs along with the standards and
regulations described for the equipment of the RTS system. The web platform will also be made
available for such vendors so that they can even quote the price of installations which may create
competition in the market. By selecting the appropriate vendor applicant can start the project
installation. After the installation of the project, a work completion report has to be uploaded on the
web platform. The overall time recommended for the entire process of project installation will be 45
days as compared to 55 days in the absence of the IT-based system.
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6.4. Site inspection and commissioning of the project

As mentioned in the previous section, the applicant will submit the work completion report and
request officers of DISCOMS for site inspection so that project will be commissioned. Working on the
same, DISCOM authorities will conduct the site inspection where they will examine the project as per
their regulation and requirements. To be satisfactory, the finding of the same officials from DISCOM
will prepare a site inspection report which will again be uploaded on the web platform. Based on this
report higher authorities will issue a project commissioning certificate and the same will be
forwarded to the applicant on his registered e-mail address and SNA for their reference. On receiving
the information about the commissioning of the project SNA officer will also schedule a site visit. The
objective of this site visit is to ensure the compliance and standards set by the MNRE standards for
subsidy disbursement. On satisfactory findings, the same SNA will issue a certificate to the applicant
as well as the system installer.

6.5. Subsidy disbursement

The inspection report of SNA and certificate issued to the installer and applicant will then be
forwarded to the higher authorities for final approval of the report. Further, the accounts department
will be informed to release the subsidy on the satisfactory outcomes of the report. Finally, the
accounts department of SNA will release the subsidy to the applicant or project installer based on the
regulation of the state. In brief, the time will be targeted to complete these for the above
administrative approvals will be 15 days only. The entire proposed process is illustrated in Figure 7.

Application registration Review of Application Installation &Subsidy Project Installed
for RTS to > by —»  Approval Letter from [— by
SNA & DISCOM SNA & DISCOM DISCOM & SNA Consumer or RESCO

End

Subsidy Released to Subsidy Approval by Joint Inspection Report Sharing or Work
Consumer Account SNA SNA & DISCOM Completion Report to SNA

A 4

< D

Start fo End 60 days

Figure 7. Proposed IT-based consumer proliferation and RTS implementation process.

7. Consumer Proliferation

To date, most of the states in India have been following the conventional approach to RTS
proliferation as described in Section 4 above. A few initiatives for IT interventions have been reported
at the central level by MNRE and in the states summarized below:

MNRE has launched an online platform - Solar Photovoltaic Installation (SPIN) to monitor the
progress of the RTS sector in India [65]. The platform is available for all executive agencies and the
public. The platform incorporates several features to ensure the transparent implementation of RTS
in India. Some of these features include (i) empanelment of stakeholders of RTS such as channel
partners, project developers, etc.; (ii) managing and ensuring timebound achievement of targets of
RTS with involvement of empaneled agencies; (iii) monitoring of installed RTS projects; (iv)
awareness raising for the public; and (v) creation of a Geo-referenced database of all RTS projects
[66].

The MNRE, World Bank, Asian Development Bank (ADB), German Corporation for
International Cooperation (GIZ), European Union (EU), and the United States Agency for
International Development (USAID) have also jointly worked on a program envisioning to provide
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technical assistance and support for RTS implementation in India [66]. A PV Rooftop Cell has been
established at MNRE under technical cooperation with the EU to expedite RTS implementation and
to support stakeholders. Under the PV Rooftop Cell, the provision of technical support has been
meant for DISCOMs and SNAs for faster deployment of grid-connected RTS projects in the country.
This support will cover; the following aspects of the RTS project:
e  Gap assessment and action plan to boost the RTS installations in the country.
e  Establishing a dedicated RTS program that will act as a platform for technical experts and will
also assist in the handholding of technologies as well as in training/capacity building.
e  Development of dedicated web portals at the national and state levels which will aware, assist
and support potential customers on RTS installations.
A brief description of activities conducted by these organizations is summarized in the following
subsections.

7.1. IFC Interventions on Web-based Consumer Proliferation

The International Finance Corporation (IFC) has supported the SNA of Odisha state - OREDA,
on the development and launching of an IT-based consumer proliferation platform to accelerate the
penetration of RTS in the residential sector of the state under the Eco-Cities initiative of EU [67]. After
reviewing the existing mechanism of RTS proliferation in the state, an optimized approach has been
recommended that internalizes the use of IT in the overall process of RTS implementation at small
(residential sector) to large capacity ranges (commercial and industrial sectors). A web platform and
mobile application “OREDA Solar” has been created and made available in the public domain [68].
In the absence of the web portal, the applicant has to apply differently for both connectivity approval
from DISCOM and subsidy approval from SNA. With the new IT-based arrangement several
modifications have been made and repetitive steps have also been eliminated. The whole process of
application submission to subsidy disbursement reduces approximately 60 days (based on the RTS
model) compared to the earlier process which used to take 90 days to avail the connectivity as well
as subsidy. After the launch of this IT platform around 5 MW of the RTS, implementations have been
reported in the state. Under the same program of eco-cities, IFC has also assisted the Maharashtra
Energy Development Agency (MEDA) and SNA of the state of Maharashtra in developing such an
IT-based consumer proliferation platform [67].

7.2. IGEN- GIZ Initiative

A dedicated program, the Indo-German Energy Program (IGEN) to support the growth of the
RTS sector in India through skill transfer and capacity development is running since 2015 [69]. The
program focuses on the capacity building of the various stakeholders of the RTS sector on policy and
regulations drafting, ground implementation, and accelerated diffusion of RTS projects. To achieve
the above objectives, IT-based consumer proliferation platforms have been developed for the selected
SNAs of a few states/UTs in India viz. Himachal Pradesh, Jharkhand and Daman, and Diu. As an
example, a web platform for online submission of applications and subsidy disbursement has been
developed for the state of Jharkhand, India which is hosted on the website of the respective State
Nodal Agency of Jharkhand.

7.3. EU- MINRE Initiative

The EU-India Technical Cooperation Program is operational since September 2014 [66]. The
program provides beneficiaries and participants with the opportunity to enhance their technical and
institutional capacity. In line with the objectives, a project team is closely working with the rooftop
cell of MNRE and assisting the SNAs of different states in India on the development of an IT-based
consumer proliferation approach for RTS implementation. Under this program, a web-based
platform for consumer proliferation has been successfully developed for the SNAs of Uttar Pradesh,
Punjab, and Delhi states of India. Mobile applications for facilitating consumer proliferation and RTS
installations have also been developed for these states. In addition to IFC work in Maharashtra, the
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EU team has also assisted MEDA in the development of the Mobile application for RTS consumer
proliferation.

7.4. World Bank Initiative

The World Bank is supporting the MNRE’s mandate on the widespread installation of grid-
connected RTS installations by lending US$ 625 million to the State Bank of India (SBI) [70]. The
MNRE and the World Bank have also launched a joint special program named SUPRABHA
(Sustainable Partnership for Rooftop Solar Acceleration in Bharat) to address the barriers to the RTS
sector [71]. It is a solar technical assistance five-year program. The activities under SUPRABHA are
structured within the five thematic areas - policy and regulations, capacity building, raising consumer
awareness through media outreach campaigns, process streamlining, and aggregation of demand for
RTS. IT support is provided to the state nodal agencies for developing digital portals for streamlining
the rooftop application process. The state governments are supported with the necessary support to
update the policy and regulations for facilitating RTS growth. Finally, there is a comprehensive
capacity-building program implemented for bankers, distribution utility officials, project developers,
and entrepreneurs. These IT Interventions broadly involve streamlining the RTS application process
through unified web portals (UWP). It is a common integrated platform at a state level, for consumers
to apply for the RTS system, track the progress of their application, and access subsidies if any.

So far, 17 states of India, have been identified to receive technical assistance as per this program.
The program envisaged supporting the faster adoption of grid-connected RTS. Meghalaya and
Sikkim governments have already engaged in formulating their RTS policies. The scheme has been
successful in stirring demand aggregation support for bidding by partner states such as Delhi,
Madhya Pradesh, and Chhattisgarh for more than 120 MW [72]. The SUPRABHA scheme covers a
wide range of stakeholders including consumers, regulators, distribution companies, financial
institutions, and entrepreneurs. Under the same program, the SBI had also imparted solar training to
its employees recently, to better understand the concepts and approve solar loans. Overall, 150 SBI
officers have been trained so far. It is expected that in the next three-four months, all 17 states under
the technical assistance program will have these portals operational. Several hundred applications
have been processed through the operational portals.

8. Conclusions

Rooftop solar power is a key tool in the fight against climate change. India missed the 100 GW
solar target of 2022 and RTS is the biggest reason for that. This study critically analyzed the
conventional approach to RTS project installation and reviewed the existing practices of RTS
installation adopted by the executive agencies. The scope for IT interventions in the existing RTS
implementation process of the OREDA has been assessed and a simplistic approach has been
developed which focuses on the execution of the RTS projects in relatively lesser time with the least
human interface as well as resources.

The intervention of IT in the RE sector for enhancing the implementation process is a unique
solution with multiple benefits. From the hands-on experience of Odisha states in India, it has been
observed that the conventional approach to consumer proliferation and implementation of RTS
projects in India is tedious and time-consuming for consumers as well as for implementing agencies.
It has been noticed and identified that multiple agencies responsible for the implementation of
projects were engaged in the repetitive process of issuing clearance and approvals which
unnecessarily consumes their effort in terms of manpower and time. Therefore, even with vast
potential and policy-supportive measures, most of the states in India are lacking far behind the
assigned targets of RTS installations. It is observed that the case study of Odisha state can effectively
reduce the time of execution and enhance the process.

Within the existing practices, potential consumers do not have access to a single platform that
may guide or aware them of the potential benefits of RTS implementation based on cost-benefit
assessment. Moreover, they don’t have awareness as well as access to the technical information of
RTS systems, especially on the quality of products, equipment standards set by the implementing


https://doi.org/10.20944/preprints202304.0943.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2023 doi:10.20944/preprints202304.0943.v1

17

agencies, etc. IT platform of consumer proliferation incorporated with site-specific energy yield
assessment and financial calculator may provide information access. Detailed information on
vendors empaneled channel partners under such platforms may also assist the consumer in choosing
EPC contractors as well.

It has been noticed that most of the State nodal Agencies (SNAs) do not follow competitive
bidding as only benchmark cost is followed for project installation and subsidy disbursement. IT
interventions may help empaneled vendors to quote their prices in the platform which could further
be well evaluated by the potential consumers thus competitiveness among several vendors may
reduce the cost of installations and further subsidy load on the Central/State government, and finally
the cost of energy generation through solar implementation. In brief, IT intervention may provide a
single platform for such mutual interaction between project developers and consumers.

In the example of Odisha State, it has been explicitly reported that the use of IT-based
interventions only after 6-8 months of launching facilitated the installations of around 5 MW of RTS
projects in the state out of the envisaged 8 MW through the same in a residential segment where
system size is of 1-2 kW only. The platform is managing the data processing for more than 2000
consumers. Thus, necessitating and strongly supporting the adoption of an IT-based consumer
proliferation approach to meet the desired targets and boost the diffusion of RE technologies/systems
in the country.

Due to the COVID-19 pandemic, almost all the economies of the world are facing difficulties
sustaining their growth. In addition, the pandemic has even restricted human interaction. Therefore,
it becomes highly desirable to adopt such an IT-based mechanism, which is robust, secure,
interactive, and required the least man-to-man interactions. The approach described as the outcome
of this study thus will integrate key stakeholders such as SNAs, DISCOMS, applicants, project
developers, vendors, etc. on a common platform and will facilitate them on the entire process of RTS
implementation even by ensuring the least physical interface. Moreover, the adoption of an IT-based
approach will also reduce the administrative burden on implementing agencies and will boost the
proliferation of RTS projects across the states of India and achieve the envisaged targets of the
updated nationally determined contributions. This approach of RTS implementation may be
replicated in other developing countries in order to accelerate the penetration of RTS systems.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org., Table S1: Capacity allocated to states for rooftop solar implementation in India;
Table S2: Rooftop solar policy and regulations in India.
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