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EXECUTIVE SUMMARY

This document contains useful information about the obstacles that RE-EMPOWERED project
will face at the demonstration sites and during the development of the tools. Precisely, the report
analyzes the impact and differences in energy policies, regulations and directives in India and
European Union (EU). Further, it discusses how these frameworks tend to influence various other
dimensions at macroeconomic level while imposing corresponding changes in energy sector.
Moreover, this information guides towards the identification of specific obstacles to innovation, in
the energy value chain, across a broad spectrum, which, in turn, provides direction for exhaustive
understanding of the four demonstration sites in India and EU, in the context of microgrid
deployment for clean energy access for residential and commercial purposes. Furthermore, the
work in this document is extended to drivers with a potential of overcoming obstacles or mitigating
risks. This analysis has also been undertaken forthep r oj e c t O6esoTdolg)dy depoling @
multi-criteria decision-making technique.

In conclusion, the findings pertaining to all the analysis, discussions, information has been
recaptured from various perspectives with gap identification and plausible existing and future
provisions for strategic planning and action. Intense examination, extensive discussions with an
attempt to connect relevant dots to highlight the criticality of obstacles in the innovation landscape,
considering the project, makes this document suitable to provide some guidelines to the involved
actors, partners, stakeholders, innovators, project developers and policymakers.

This document aims to highlight findings after in-depth analytical evaluation of the inherent
obstacles and drivers with variable degree of potential impact on the demonstration sites, as well
as developed ecoTools solutions of the project. This report reflects the relevant policies,
regulatory framework, existing obstacles to innovation as barriers and drivers in the four
demonstration sites of India and EU, focusing also on the ecoToolset, which is the innovative
technical solution to be deployed in the demonstration sites, for the operation of local energy
systems, for clean energy access to the remote/ rural communities in India and the optimal
operation of the microgrids existing in the European islands of Kythnos and Bornholm

KEYWORDS:

Energy Policy, Regulations, India, European Union (EU), PESTLE, Obstacles to Innovation,
Stakeholders, Community, Microgrids, Barriers, Drivers, Technical, Social, Environmental,
Financial, Fuzzy TOPSIS, Demonstration site, SWOT, DEMATEL, ecoToolset
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1 Introduction

1.1 Purpose of the document

The Deliverahbl e 2.2 NnObstacl es t o I nnovat.i
fFoundations and | ondes Vaskt2i3.dtmnalptinadlyl dgssribes the obstacles to
innovation and detects barriers and drivers in both the EU and Indian context. It also foresees the
coordination on policy relevant issues (e.g. regulatory framework, technical, social and
environmental framework) with similar India and EU funded projects through the BRIDGE
initiative. The relevant differences between EU and India are captured and analyzed in order to
facilitate further collaboration and knowledge exchanges between the EU-India partners. Among
ot her s, the BRIDGE initiativeos activities
analysis. Its aim is to provide an in-depth innovation landscape in the energy sector, promoting
clean energy solutions which are to be developed, deployed, and demonstrated for local energy
production and consumption in the RE-EMPOWERED project. Moreover, it provides a framework
in the regulatory, technical, social, and environmental perspectives which is imperative for
successful deployment of the ecoToolset in islanded microgrids, small energy systems and
generate insights for informed decision-making process. Further, RE-EMPOWERED will
cooperate with other H2020 Smart grids, Islands and Digitalization projects to exchange
experiences, lessons-learned, best practices through the BRIDGE Cooperation group to ensure
active exchange of knowledge and experiences, to better understand the needs to be satisfied
and the specifications set in the development of REEEMPOWEREDO®s sol uti
sustainability and replicability.

1.2 Structure of the document

This document starts with the purpose of the deliverable document D2.2 of RE-EMPOWERED
project, its objectives and the information about the energy status with electricity access and role
of involved stakeholders in Indian and EU context. This report provides understanding about the
energy policies as well as regulatory framework, highlighting the pertinent issues within the
structural background in Indian and EU context. It provides insights by developing analytical policy
option matrix through a specified instrument to evaluate the identified major policies based on
various criteria. This analysis reports effectiveness of the identified policies providing an
environment and regulation for promoting the penetration of renewables in the energy mix. This
information illustrates reference and strategic action points. The macro political- economic- social-
technological-legal-environment setting is further linked with the issues in the energy market for
recognizing the corresponding obstacles to innovation in energy technologies and systems
through PESTLE (Political, Social, Social, Technological, Legal, and Environmental) framework.

This extends and visualizes the distribution of various barriers which are significantly impacting
the penetration and share of renewables. The range of barriers forms the foundation for a second
layer identification of obstacles, which are though generic in nature but correlated further to
energy projects in a given landscape without considering differentiation across the country
specific context. It characterizes the obstacles at meso level i.e. interactions among different
stakeholders at national/ regional and local level vis-" -vis macro level. Fuzzy TOPSIS (Technique
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for Order Performance by Similarity to Ideal Solution) is used to further analyze these barriers for
prioritization and relative importance.

After the quantification of obstacles to innovation for energy market, renewables and projects,
next exercise is to understand the four demonstration project sites of RE-EMPOWERED which
are selected for the deployment and demonstration of the microgrid involving the innovative
ecoToolset developed in the project. Hence, it is imperative to elaborate upon the technical, social
and environmental barriers operating at the demo sites and hindering the development as well as
deployment of ecoToolset. Not alone the obstacles but also the potential drivers are assessed to
overcome some of the existing barriers. SWOT (Strength, Weakness, Opportunity, Threat)
analysis is done for the demo sites to mark the strengths, weaknesses, threats and opportunity
associated with respect to the project sites for the successful installation, implementation and
operation of the microgrid. Moreover, feasibility and viability is tested and validated through this
exercise for the proposed development of various ecoToolset. DEMATEL (Decision Making Trial
and Evaluation Laboratory) which is a strong analytical technigue is used to decipher the inter-
linkages among the barriers and drivers to source out the cause and effect relationship. This will
act as a guideline for project developers and stakeholders to for pre-planning and organizing the
activities ahead of any similar project deployed along with the road map and an appropriate action
plan for efficacious replication of such projects to realize the heavy investments made to achieve
last mile electrification and decarbonization.

This report presents the documentation of complete analysis of obstacles to innovation using the
funneling procedure whereby filtering is done from a broader perspective to narrowing down to
the micro level at demo sites and ecoToolset.

D2.2 Obstacles to Innovation [13]
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2 Energy Status: India and EU

2.1 Energy Status: India

India has set an ambitious target of achieving 40% share of installed power capacity from non-
fossil fuel based energy resource s by 2030 under Ol ntended National
(INDC) submitted to United Nations Framework Convention on Climate Change [1, 2]. Keeping it
in view, government planned to increase installed capacity of renewable power generation to 175
GW by 2021-22 [1]. Data from previous years reveals maximum installation of renewable power
generation capacity is grid interactive with only 2.5% off-grid installed capacity [3]. Reasons for
such a low installed capacity of off-grid systems are on account of lack of dedicated and favorable
government policies, less awareness for decentralized generation and energy efficient products,
lack of subsidies, less participation from user side, etc. [4]. To meet the desired penetration of
renewable power, off-grid generation needs to be emphasized, as until and unless end user is
aware about the utilization of renewable sources of power and shows adaptability to renewable
power generation and consumption, it is difficult for the nation to achieve the desired goals [5, 6].
These objectives can be met to a certain extent with one of the evolving and consumer-oriented
approach viz. decentralized renewable energy (DRE) model.

2.1.1 Electricity Access in India

Presently about 239 million people in India d o n ave eldctricity, most of them reside in poorer
rural households. Interestingly, 60% of these reside in villages that already deemed to be
electrified, as a village in India is termed as electrified if it possesses basic electricity infrastructure
with electricity connection at public places and minimum 10% of the households electrified [7].
Even households having electricity connection lack reliable power supply, experiencing power
cuts ranging from 4 hours to 20 hours in a day. Only about 7% of the electrified households in
villages report no power outages while 18% report outages up to four hours a day [8]. Poor power
reliability curtails electricity benefits to under privileged communities and makes electricity
connection more expensive. Still, around 70% of electrified households use kerosene as back up
lighting source and spends on an average INR 26 per month on fuel for lighting purpose only. The
amount is nearly equivalent to the cost of 10 units of electricity. However, rural access rates are
increased by 18% in period 2000-2010, with rural and urban residents accounted for 70% and
30% electricity access gains during 2000-2010 [9]. Section one focuses on the energy policies
and schemes for electricity access in India and the other section thoroughly reviews the off-grid
solar microgrids in specific context to selected two states i West Bengal and Odishai under
study.

2.1.2 Off-grid Energy System in India

Off-grid/ Decentralized/ Distributed energy system could be defined as small-scale energy
generation units, at, or near, the point of use, where the users are the producers, whether
individuals, small businesses and/or local communities [9]. These production units could be stand-
alone or could be connected to nearby others through a network to share, i.e. to share the energy
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surplus. In the latter case, they become locally distributed energy networks, which may, in turn,
be connected with nearby similar networks. Previous studies report the suitability of off-grid
initiatives like Decentralized Renewable Energy (DRE) systems in providing last mile energy
access to remote and left over communities where grid extension very often appeared unviable
[10]. These systems are locally administered characterized by products like solar lanterns, home
lighting systems and small scale microgrids providing energy access to cluster of households.
Such systems provide access to clean and reliable energy to off-grid communities and strengthen
the local economy. Few of the reported cases of DRE systems demonstrated the socio-economic
transformation of beneficiaries; however, critical studies are required in this sector to assess the
acceptance and suitability of such systems in off-grid and grid connected households and
commercials.

Solar mini/ microgrids arenodét new to India. Hous e
been installing small off-grid solar photovoltaic (PV) battery storage systems rapidly in recent
years. India has a natural advantage of its tropical topography to generate solar power. Most parts
of country enjoys roughly 300 sunny days in a year. With expected 4-7 kWh solar radiation per
square meter, country is projected to generate about 5000 trillion kWh per year by installing solar
panels over its unused barren lands. Understanding this potential, Govt. of India has revised its
National Solar Mission target of grid connected solar power projects to 100 GW by 2022 from the
original projection of 20 GW [11], which includes 40 GW of rooftop solar and 60 GW of medium
and large scale grid connected power plants [12]. Aggregating and collectively managing these
adds reliability, robustness and resilience to the power supply. It also improves efficiency,
enabling end-users to meet their energy needs, while reducing carbon emissions and
environmental degradation associated with fossil fuel power generation. Further, National Policy
for Renewable Energy based Micro and Mini Grids (2016) was introduced for state subsidies
provisions and proposed the exit options with tariff regulation to promote such projects. In
continuation, a Mini Grid Renewable Energy Generation and Supply Regulations, 2016 was also
notified in 2018 for service standards.

India's high energy demand, import requirement and energy poverty, necessitates high impetus
on solar energy. Tariff for solar power has fallen to an exceptional level of below INR 5 per unit
from INR 18 per unit as continuous innovations makes solar technology economical thus
promoting clean energy [12]. However, numerous challenges still pose threat in achieving this
ambitious target. According to Central Electricity Authority, Indian solar power generation suffers
nearly 40% transmission and distribution loss. Target is to reduce this loss to 18% by improving
the distribution segment through reforms [11]. Moreover, subsidy structure for solar installations
facilitation continues to remain complex. Inappropriate policy mechanisms to check meeting of
Renewable Power purchase Obligations is the pertinent issue for solar power producers.

Renewable energy based mini-grids and micro-grids offer viable, clean and efficient solutions,
however, they have been given residual role in our electricity programs. Based upon availability
of land and solar radiation, the potential solar power in country has been assessed to be around
750 GWp. According to National Solar Mission (NSM) annual report 2018-19 [13], the state-wise
estimations shows that the solar energy potential is highest among Western and Central part of
the country while lowest to moderate in North-east and Eastern region. At this juncture all 29
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states and seven union territories are doing some activity related to production of electricity using
renewable energy. Thus, the focus on Solar Energy is due to its high potential leading to heavy
investments from government and non-government institutions.

2.1.3 Role of Indian Stakeholders

Multiple stakeholders have been associating to spread the technologies on renewable energy
globally. The eminent stakeholder of the sector, i.e., government, non-government, private, and
international organizations besides users are playing a key role in the dissemination and
promotion of technologies on renewable energy. The government is playing the role of a facilitator
as well as a regulator in renewable energy programs in both emerging and developed economies.
The role of private partners is essential as well, especially entrepreneurs. They are the key to the
diffusion of renewable energy technologies through production, marketing, distribution,
installation, and servicing. The most important stakeholders among all are the users. The last few

decadesd experiences revealed that a hgohiofs t i

renewable energy technologies because that ensures absorption of technology over only adoption
considering user requirements.

One more stakeholder who plays a key role in the dissemination of information, awareness
generation, and technology diffusion is the Non-Government Organizations (NGOs). They play a
key role in technology transformation as well as execution at the grass root. Lastly, another
stakeholder who has a great role in the diffusion of technology is the international organizations.
They often play the role of a donor as well as capacity building facilitator besides an advisor.
Mostly they play a bigger role in developing nations, but their innovative approach defines the
success of diffusion of technologies because that defines acceptance and ownership of locals
towards renewable technology. In conclusion, it may be stated that stakeholders working with a
shared vision and common goal increase the chance of renewable energy technology diffusion
and absorption besides adoption.

Organization ‘ Classification Key Roles

State  Nodal | State  Level | 1 Build, operate, manage, monitor micro-grid facilities
Agencies Agency : . .
(SNAs) Identify areas in need of energy projects

Generate and distribute electricity
Collaborate with ESCO supervisors

= -4 —a -—a -

Replace ESCO management in scenario of non-operational,
abandoned, or poorly functioning ESCO

0o Mostly for non-subsidy electricity projects, though
applicable to private ESCOs as well

1 Contribute technical and operational support to SERCs settling
ESCO disputes

9 Ease exit procedures by providing support throughout process
o Provide advice and guidelines on procedures
0 Assists with closures
0 Helps prepare and finalize contracts

D2.2 Obstacles to Innovation [16]




Collaborate with Ministry of Power to generate data for PIA

State Electricity
Regulatory
Commission
(SERC)

State
Agency

Level

Create secure payment methods for exit options and oversees
exit procedure

Set energy tariffs in accordance with National Tariff Policy
Help settle ESCO disputes

Develop clear and measurable metrics of performance

o Encourage domestic electricity consumption

o Promote hybrid solutions to increase reliability of electricity
supply
0 Ensure minimum hours of domestic electricity supply

DISCOMs

Energy
Provider

Buy excess micro-grid energy from ESCOs

To avoid over-competition and interference with micro-grid
market

Not economically viable in rural or low-income areas

ESCOs

Energy
Provider

Abide by state-specific policy and tariffs

Can charge tariff to local community with their consent (if
operating in an open market)

Typically operate in rural areas that cannot access main grid
systems (DISCOMS)

Often eligible for state subsidies

Project
Implementation
System (PIA)

State
System

Level

Developed by stateds | nvest ment Pr omot

Database registered ESCOs must regularly upload data and
metrics of performance to

0 Location of grids

0 ESCO details

0 Quantity of households connected
Data is publically available

Categorizes micro-grids based on kW size
0 Lessthan 10kwWd Category A

o 10 kW to 100 kwd Category B

0 100 kW to 250 kwa Category C

0 250 kW and aboved Category D

Panchayat
(Village Council)

Village
Agency

Level

Organize Village Energy Committee (VEC) to address

community disputes regarding companies
Collaborate with energy providers to set tariffs

Certify No Objection
permission to legally implement new projects

Certi fi

Promote community participation of projects

Village Energy
Committees
(VECs)

Village
Agency

Level

Determine energy tariffs
Recalculate tariffs if surplus energy is sold to DISCOMs

Table 1 Key Stakeholders of State and Local Policy in India [14]
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Therefore, it is critical to identify the group of stakeholders in this project as well at four different
demonstration sites for the deployment of the RE based technologies and innovation. Local
peopled sparticipation with local authorities will be of foremost importance for successful
implementation and functioning of the isolated microgrid in India.

Several Indian states have taken the lead introducing policies to ensure investing environment for
microgrid operators. In India, state governments are responsible for setting official tariffs and
creating state-specific energy regulations. State Nodal Agencies (SNAs) collaborate with Energy
Service Companies (ESCOs) and the State Electricity Regulatory Commission (SERC) to
generate fair tariffs by energy providers, reducing vulnerability to energy monopolization in rural
communities. SNAs often connect private energy providers with the communities in which they
operate, target high priority areas for electrification and innovate ways for financial investment.
SNAs act as intermediaries between ESCOs, Distribution Companies (DISCOMs), and the local
villages they service for new electricity projects implementation, energy generation and
distribution, and settling local disagreements. SNAs are positively embraced by villagers, ensuring
communities respond consensually to the implementation of electrification projects. Additionally,
they monitor the success of ESCOs by creating audit procedures and report outlines that ESCOs
must regularly submit. Their most distinct feature is assisting failing ESCOs throughout shut-down
scenarios or managerial transfer. A contingency fund is available to maintain and continue
operation of stranded or failing micro-grids. States have the ability to regulate and intervene in
micro-grid projects, while their interventions strengthen the viability of energy projects, but they
can also become barrier to production. Contradictory, the heavy role of state regulation competes
with that of microgrid companies to offer energy at minimal and cost ineffective rates sacrificing
potential revenues in order to service larger proportion of low-income customers [14].

SERCs are largely responsible to design the broad contours of the power sector in the country.
They frame regulations for power generators, transmission utilities and the distribution companies
in their areas of jurisdiction. Public companies mostly dominate the power sector across the value
chain, except in the generation sector where private sector is very active. While central
government backed generation companies may supply power to multiple states, generation
companies owned by state governments supply power to the parent state only. Post generation,
electricity is transmitted through government or private transmission utilities. In addition to the
above stakeholders, an important role is played by trading companies and power exchanges to
balance the demand and supply of power. A wholesale electricity market ecosystem has been
created for easy interaction between generators and large consumers at both national and state
level.

At local levels it is the Village Councils and VECs that facilitate for land acquisition, local
approvals, manpower provisions, tariff collection, monitors operation and maintenance (O&M),
and motivates community engagement, while also enable ownership structure. These local bodies
and committees represent the grassroots innovations to address energy poverty and social justice
through inclusive community engagement, equity in benefits distribution, empowerment of
marginalized communities, and networking towards sustainability.

D2.2 Obstacles to Innovation [18]
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2.2 Energy Status: EU

As a result of the ever-growing needs and consumption, t o d aenerdy Be@tsr accounts for

more than 75% o f t he EUOGs gr eenh ¢lb]lsBack gna214, é¢haineed foro n s
decarbonization started becomingeven more prominent and this | ed
climate and energy framework (revised in 2018) wh
gas emissions (from 1990 levels), at least 32% share for renewable energy and at least 32,5%

improvement in energy efficiency for the period 2021- 20300[16]. Furthermore, to deliver on the

EUO s Pari s Agreement commit ment s, i n February
(COM/2015/080) was published as a key priority that targets to build an energy union providing

EU consumers - households and businesses - with secure, sustainable, competitive, and

affordable energy [17]. In November 2016, a new energy rulebook was proposed and was finally
adoptedin2018, t he so call ed #ACI ean e nwhichigalandmark fot | Euro
the implementation of the energy union strategy. The package consists of eight new laws

regarding the Energy performance in buildings, Renewable energy, and Energy efficiency,

Governance of the energy union, Electricity regulation, Electricity directive, Risk preparedness,

and Agency for the Cooperation of Energy Regulators (ACER) [18]. Finally, in 2019, the
AEuropean Green Deal ' ' +Jeansstraegyomiachiwngd catbdnaeutialiyd s | on g
by 2050. The 3 main pillars of the new strategy for the clean energy transition, are the provision

of a secure and affordable EU energy supply, development of a fully integrated, interconnected

and digitalized EU energy market and prioritization of energy efficiency, improvement of buildings

energy performance and development of a power sector largely-based on renewable sources

[15]. The new market mechanisms, business models, technological approaches and regulatory

frameworks promote a consumer-supported network and empower citizens to become fully active

players in the energy transition.

2.2.1 Electricity Access in EU

Apart from the EU6s internal strategies and regul

and partners to combat climate change and promote sustainable development worldwide. In

September 2015, at the United Nations General Assembly, countries from all over the world

singed up to the 2030 Agenda for Sustainable Development and its 17 Sustainable Development

Goals (SDGs) [19]. Some of the most relevant and important goals are the ending of poverty in

all its forms everywhere, ensure availability and sustainable management of water and sanitation

for all, ensure access to affordable, reliable, sustainable, and modern energy for all, and take

urgent action to combat climate change and its impacts [20]. Based on the Energy Progress

Report 2021 [21] which aims to register and assess the global progress on energy access, energy

efficiency, renewable energy and international cooperation, the following are some of the main

messages to be delivered:

0 The share of the worlddés popul ation with access to

percent in 2019. Worldwide, 1.1 billion people gained access between 2010 and 2019. With the

increasing electrification, the number of people lacking access fell from about 1.2 billion in 2010 to
759 million in 2019 during this period. Continuous progress was made from 2017 to 2019, with 130

D2.2 Obstacles to Innovation [19]




million people gaining access to electricity each year, slightly more than the average of 127 million
people who gained access each year between 2010 and 2017 [21].

sufficient to meet the goals of the SDGs by 2030. To achieve 100% access of electricity globally,
the pace growth must be accelerated through the adoption and implementation of appropriate
measures tackling the status quo [21].

0 Rural areas account 84% of the global population living without access to electricity (640 million
people) in 2019, even though the electrification progress in rural areas was faster than in urban,
the last decades.

0 Although progress in rural areas was faster than in urban settings over the 20177 19 period, rural
areas still accounted for 84 percent of the global population living without access to electricity (640
million people) in 2019. For that reason, It is important to address complexities related to
affordability, reliability, and the cost of deploying solutions to reach populations living in isolated or
informal settlements that consume small quantities of electricity.

2.2.2 Off-grid Energy System in EU

In Europe, most of the off-grid systems are Non-Interconnected Islands. In the Clean Energy for

All Europeans Package there is a special reference to the potential of islands to contribute to
Europebds energy transition. Acknowl edging thi
initiative for EU Islands, the Clean Energy for EU Islands Initiative (CE4EUI Initiative), supporting

EU islands in accelerating their transition towards clean energy. The Political Declaration to
establish the CE4EUI Initiative was signed on 18 May 2017 by the European Commission and
Energy Ministers of 14 EU countries, i.e. Croatia, Cyprus, Denmark, Estonia, Finland, France,
Germany, Greece, Ireland, Italy, Malta, Portugal, Spain, and Sweden. The signing of the
Declaration during the Maltese Presidency created the necessary political momentum and
commitment from almost the majority of MS with islands to the establishment of the Initiative. The
Inaugural Forum marked the official launch of the CE4EUI Initiative. In his opening speech, the
European Commi ssioner for Climate Action and
Commi ssi onb6s @ODislandstdecarbomizedby 2030, an ambitious target that requires

a high degree of organizational, technical, and financial innovation to take place on islands.

0 Even the growth in electrification was significant

Ene

The EU I slands Facility is the EUG6s mainthamstr ume

2,000 islands representing 14 different countries. The Facility supports island communities in
planning, designing, and developing a strategically sound set of projects and attracting the
required investments. This will be accomplished by providing islands with technical assistance in
the form of small grants and targeted support from local and topical experts. The Facility
complements the work started by the CE4EUI Initiative. Launched in October 2019 and with a 4-

year duration, the Facility will distr i but e 06 million in smal/l grants

technical support to islands aiming to fund 60 successful energy transition projects, mobilizing
mor e t han 010 Otandoeducingmsigndfisantin@Or»and GHG emi ssi ons

In June 2020, a very significant policy piece reinforcing the support by the EU for the clean energy
transition of islands has been signed by 14 Member States (Croatia, Cyprus, Denmark, Estonia,
Finland, France, Germany, Greece, Ireland, Italy, Malta, Portugal, Spain, and Sweden) and the

D2.2 Obstacles to Innovation [20]
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European Commi ssi on. The MoU set stermafemewdikjferct i v e
cooperation to advance the energy transition for islands adopting recommendations from EU
islands. This cooperation focuses on the promotion of sector integration among energy and
transport, water, heating/cooling, as well as the facilitation of renewable energy communities and
ci t i erengysdmmunities on islands. Finally, the Memorandum of Split recognized the

necessary suppocgdnrnectied atna st meotnati onal grid in
through the increased use of renewables in final use of electricity and of transport, heating and
cooling.

2.2.3 Role of EU Stakeholders

This section focuses on the stakeholders that are relevant to the EU demo sites in Denmark and
Greece. The national frameworks that specify the roles and the responsibilities of the stakeholders
are determined by the European Parliament Directives and their adjustment to the national
frameworks by the governments.

On top of the list of the relevant stakeholders stands the Regulatory Authority for Energy / The
Utility Regulator. Its main role is to monitor the compliance of the energy market stakeholders to
the relevant framework and ensure customers protection. As neutral market facilitators,
distribution system operators (DSOs) and transmission system operators (TSOs) are responsible
for the secure operation of the distribution network and the transmission network respectively.
DSOs must ensure stable and continuous power supply to end customers, as well as plan and
conduct the necessary reinforcements at the low/medium voltage network. TSOs main goal is to
operate, maintain and plan the extensions of a robust network. They must ensure the connection
of generation unit to the network in a non-discriminatory way and the constant energy supply to
the DSOs. TSOs and DSOs have a high level of interaction. Specifically in Greek non-
interconnected islands, DSO also assumes the role of TSO. Directly connected to the energy
market are also the energy/gas supply companies. In general supply companies are private
enterprises that participate in the energy market and provide continuous energy/gas supply the
end customers. The energy supply is achieved through the distribution network.

Except the directly related to the power system, a key stakeholder at the demo site are the local
authorities. As the public institutions closest to citizens, local authorities are responsible for
executing a mandate in |line with their constituenc
services, ensuring inclusive policymaking and inducing sustainable development. They are able
to mobilize all local actors involved in development processes, while acting as catalysts for
change [22]. I n support of | o chehon-gouernmentorganizaiecn®(N@QsYt i vi t i e
could act and increase local engagement in the energy transition process, provide technological
tools/solutions and act as active consultant for both local authorities and citizens. Universities
could also support local communities by providing innovative tools and experience, organizing
wor kshops, and run pilot projects thatomnauinsiet ytbhse
sustainability. Energy Communities (ECs) could also embody that role. It is proven that ECs
enable active consumers, a key role for the energy transition. Last, but not least, locals and local
businesses can patrticipate in the demo site with multiple roles. For example, at Bornholm demo

D2.2 Obstacles to Innovation [21]
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site local farmers and forest owners provide fuel (slurry, straw, waste and manure) for the
production of district heating.

Organization Key Roles

Regulatory 1 Monitor and surveillance of energy market
Authority for 1 Consumer Protection
Energy 1 Monitor DSO & TSO
1 Regulatory measures for the effective functioning of energy markets
1 Monitor regulation of the infrastructure of electricity, gas, heating sector
Distribution i Safe, secure and continuous operation and management of the
System distribution system
Operator (DSO) 9 Distribution network planning and development
1 Ensure access to power for all customers
1 Collection of metering data
9 District heating network management (Denmark)
Transmission I Operate, maintain, plan of extensions of transmission network
System I Provide access to the electricity market stakeholders (i.e. generating
Operator (TSO) companies, supply companies, DSOs, aggregators)
Energy supplier 1 Provide energy to end customers
1 Provide dynamic billing contracts
1 Aggregate flexibility
Gas supplier 1 Provide gas to end customers
Local 1 Basic services to local community
authorities 1 Improvement of local infrastructures
1 Plans towards sustainable development
University 1 Provide tools/experience/material to local community
1 Organize workshops for citizen engagement and awareness
1 Organize and participate in pilot projects that benefit local communities
Non- 1 Local authorities consulting
g?g;?;;;g; 1 Provide tools/experience/materials to local community
(NGO) 1 Raise local awareness
1 Organize and participate in pilot projects that benefit local communities
Energy 1 Enable active customers
Community (EC) 1 Benefit local communities
1 Improve sustainability
1 Minimize energy poverty in local community

D2.2 Obstacles to Innovation [22]
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Locals 9 Act as active customers and prosumers
1 Provide fuel for the production of district heating (Denmark)
Table 2 Key Stakeholders of EU
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3 Energy Policy Analysis: India and EU

Power sector is responsible for 25% of annual global greenhouse gas emissions, with emissions
of about 12 billion tons of CO,. Emissions are expected to grow to nearly 18.9 billion tons by 2050,
comprising roughly 30% of annual greenhouse gas emissions in 2050. Without additional policies,
the power sector will be responsible for 28% of cumulative emissions through 2050. The growth
in emissions is caused largely by growing amounts of coal and natural gas used for power
generation. Reducing power sector emissions is imperative by use of less coal, natural gas, and
oil while replacing them with zero-carbon technologies/ resources to produce power and reduce
the demand for electricity. Significant reductions in greenhouse gas emissions are necessary
to limit climate change and makesd e car boni zat i on t moradéfiautt. EEvideritee 2 AC g
causing potential damage from climate change and its intimidating challenge are visible, however
renewable technologies and strategies exist to overcome it. Ten energy policies have been
identified in past two decades i.e., during the period of 2000 to 2020 which were formulated and
implemented in both India and EU, plus land-use emissions reductions, has potential to reach this
goal. These policies aim diversified industrial targets by accelerating the transition through carbon
free power generation by energy efficiency standards, emissions, renewable portfolio standards
(RPS), feed-in-tariffs (FITS), energy security, carbon pricing, along with the complementary power
sector policies. These policies are essential for decarbonizing the economy in cost effective
manner. Although the effect of carbon pricing is directly related to the price or emission cap used,
yet strong carbon pricing set at the social cost of carbon can achieve 26% of the emission
reductions necessary by 2050 to hit the two-degree target. Similarly, support for research and
development (R&D)/ innovation is critical to lowering the long run costs of decarbonization, and
typically targets technological breakthroughs in the economy. R&D coupled with strong policies
driving deployment, have helped reduce the costs of zero-carbon electricity generation
technologies, including solar photovoltaics and wind turbines. Cost declines coupled with well-
designed policy shows how R&D fits together to accelerate the clean energy transition.

3.1 Major Energy Policy/ Regulations in India

India is the third-largest consumer of electricity in the world. Therefore, for India uninterrupted
source of electricity production is nonnegotiable. Globally renewable energy generation is
experienced from solar, wind, biomass, ocean waves, and geothermal. These energy sources
depend on the topography, global positioning, and the sun-earth geometry of a nation. The nation
ranked 3" in the 2021 renewable energy country attractive index. The country aims to achieve
175 GW renewable energy by 2022 and 500 GW subsequently by 2030. Till 2020, the nation
installed 38.8 MW solar, 38.7 GW wind, 0.2 GW Biomass, 45.7 GW larger hydro, and so forth so
on. Indiadbds Central Electricity Authority in the
electricity from non-fossil by 2030. Based on the fast proliferation of renewable energy sources
and technology in Indian energy market with decarbonization of economy, Government of India
(Gol) enacted for policy formulation and regulation implementation. Present section highlights few
major such Indian Energy Policies (IEPs) in the power sector from a timeline of past two decades
spanning from 2000 to 2020.

D2.2 Obstacles to Innovation [24]
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In 2001, Gol declared a Rural Electricity Supply Technology (REST) mission to electrify India by
2012, thereby significantly increasing engagement within the energy sector. The main objectives
of this initiative were to increase energy access and affordability, transition from fossil fuels, and

mitigating climate change. Because electrification and development are inextricab | 'y | i

rural development goals also drive this effort. To accomplish this scale of electrification, the
Ministry of Power has assumed a larger role in supporting renewable energy projects while
minimizing barriers to entry for businesses through deregulation. Although the Ministry continues
to enforce safety and technology standards, it has reduced regulations for private Energy Service
Companies (ESCOs) [14].

Code

(\[oB

Policy/
Scheme

Date

Notified

Description

Major focus is on framing of National Electricity Policy and Tariff plans with
promotion of renewable energy sources. This act exempts local community,
Panchayat Institutions, Cooperative societies, user associations, NGOs and
other franchisees to obtain license for electricity distribution in their respective
area by recommendation of respective government. It directs regulatory

Electricity Act . . - R o .
IEP1 2003 y 2003 commissions to specify obligations for distribution utilities to procure certain
amount of renewable energy out of the total electricity consumption in their
respective areas. There was an amendment in the act in 2018 with 24-7 energy
supply, initial reduction of cross subsidy by 20%, eventual elimination of cross-
subsidies within three years, penalties or removal of license if failure to supply
quality power.
Aimed to provide electricity access to un-electrified rural households with per
capita availability of electricity to be increased to over 1000 units by 2012. It
stipulates the creation of Rural Electrification Distribution Backbone to provide
. electricity connections to rural households either by extending centralized grid
National . . S . . .
L or by setting up Decentralized Distributed Generation (DDG) systems involving
IEP2 | Electricity 2005 o . -
Polic renewable energy production in a cost effective manner. Government facilitates
Y intended beneficiaries by providing capital subsidy and soft long term loans to
set up rural electrification projects to provide electricity to rural community at
cheaper rates. Special focus is given to promote non-conventional sources of
energy in a cost effective way.
Aimed to accelerate electrification of rural households with provision of
" . providing free electricity connection to BPL households. Primary focus on
Rajiv Gandhi . . . . . . .
installation of Village Electrification Infrastructure either by grid extension or
Grameen e . .
. . standalone systems. The scheme covered electrification of 97759 villages with
IEP3 | Vidyutikaran 2005 . . e o . .
Yoaana intensive electrification of 202865 already electrified villages along with free
(RgGVY) electricity connections to 16.5 million households till 2015. RGGVY
recommended standalone electricity generation systems where grid
connectivity is either not reachable or economical.
Remote Focus is to provide basic lighting/ electricity requirement to un-electrified
Village villages/ hamlets by utilizing renewable sources of energy. It aimed to cover un-
IEP4 L 2005 o . . . .
Electrification electrified hamlets of electrified villages having population more than 300
Programme people.
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Mandates Regulatory commissions to fix RPOs on energy service providers to
promote renewable energy. It directs regulatory commissions to fix minimum
share of energy purchased through renewable sources by distribution licensee
IEP5 National 2006 which is in accordance with the availability of renewable resources in particular

Tariff Policy region. Under this, mechanism of Renewable Energy certificate (REC) is
evolved under which renewable energy based company could sell power to
local DISCOMS at the tariff equivalent to conventional power generated tariff
and the balance cost would be adjusted by selling REC to obligated entities.
Aimed to electrify all villages either by grid extension or off grid systems with

Rural '([jarget of proviQing nc;inbimum Iif(;l(i)nle2 C?Jnsdumpéigr; of 1 .:nit pgr gouseh(;)ld pber

e ay as a merit good by year . Under , a village is deemed to be
EPS Elef:trlflcat|on 2006 electrified if at least 10% of the total households in village are electrified. Policy

Policy . - . . .
provides special dispensation to stand alone system with rating not greater than
1 MW.

Aimed to provide continuous power to rural India with electrification of all census
villages by 2018 and connections to all households by 2022. Primary focus is

Deendayal on grid extension with provision of installing decentralized system wherever grid

Upadhyaya extension is not feasible. Under this scheme financial assistance provided by

IEP7 | Gram Jyoti 2015 centre as grant is 60% and remaining 40% of project cost is arranged by

Yojana DISCOM by loan (30% of project cost) from financial institutions and its own

(DDUGJY) contribution (10%). By June 2017, out of 597,464 census
villages, 595,690 villages (99.7%) have been electrified leaving behind 1774
villages to be electrified.

It is aimed to turn around the precarious financial position of state power

Ujjwal distribution comp.anies. (DISCOMS). The . scheme envisages finan.cial

DISCOM turnaround, operational |mprovement,. reductlon of cost of power generation,

IEPS | Assurance 2015 development of RE, _gnd energy efficiency and con;ervatlon. The scheme
) resulted in some positives. Out of the 28 states that implemented UDAY, 10

Yojana . . .

(UDAY) stat.es have shown elthgr r.edu.ced losses or increased p_roflts in 2019._Instead
of just focusing on distribution, UDAY focused on interventions in coal,
generation and transmission sectors as well.

Pradhan

Mantri Kisan It is aimed at ensuring energy security for farmers in India, along with honouring

Urja I ndi ads commi t ment to increase the ¢

Suraksha from non-fossil-fuel sources to 40% by 2030. The scheme is divided in three

IEP9 | evam 2019 components: Component A is focused on installation of decentralized grid

Utthaan connected RE power plants by individual farmers and cooperatives. Component

Mahabhiyan B is aimed on installation of 17.50 lakh solar agriculture pumps. Component C

(PM- is focused on solarisation of existing grid connected agriculture pumps.

KUSUM)

Grid

Connected It is aimed to achieve cumulative capacity of 40GW from Rooftop Solar projects

IEP10 Solar 2019 by year 2022. The scheme is providing financial assistance for setting up of

Rooftop 4GW of Rooftop Solar in residential sector as well as incentives to DISCOMS

Scheme to first additional 18GW of capacity addition across the country.

(RTS)

Table 3 Description of Indian Energy Policy

To economically incentivize private investment, the need for policy reform as well as sustainable
partnerships is recognized to meet national electrification goals. Further policies like the Pradhan

D2.2 Obstacles to Innovation

[26]




Mantri Gramodaya Yojana (PMGY) in 2003 promoted electrifying villages by 2012 through
decentralized renewable sources and introduced multiyear tariffs with open access. Similarly,
Accelerated Rural Electrification Programme (AREP) enacted in 2003 aimed to provide interest
subsidy of 4% on loans to extend rural electrification. However, a recent household electrification
scheme implemented by Gol like Saubhagya scheme addresses grid-based household
connectivity which competes and conflicts by exacerbating pressure on microgrids as grid
extension may act as a threat to microgrids operation and sustenance.

Multilateral collaborations are facilitated to enhance public-private partnerships with a range of
stakeholders for augmenting microgrid sector by jointly designing sustainable energy projects.
Government works with institutions in public sector domain like the Solar Energy Corporation of
India (SECI), National Bank for Agriculture and Rural Development (NABARD), Indian Renewable
Energy Development Agency (IREDA), state government agencies, and local governance
(Panchayats). New tariffs effective in 2016 facilitated federal ESCO partnerships, incorporating
minigrids as Rural Energy Service Providers (RESPs). This partnership increases private sector
investment in microgrid projects through financial incentives and benefits. The Ministry of Power
prioritizes empaneling ESCOs in underserved communities while ESCOs operating in all rural
regions are eligible to apply for these benefits [14].

3.2 Major Energy Policy/ Regulations in EU

European Union (EU) energy policy is centered on three key objectives: security of supply,
sustainability, and competitiveness. Energy infrastructure is top priority of the EU energy policy
strategies; electricity transmission, gas and oil pipelines, smart grids, storage of energy and
CO, transport are essential elements of EU present and future energy systems. Therefore, the
EU has adopted the Energy Infrastructure Package for 2020 and beyond. The necessary
investments need to happen for this, whereby a stable and harmonized regulatory framework is
a must. In an attempt to offer this stability to investors and to facilitate the integration of national
markets in the region, EU is establishing cooperation in regional markets for developing new
sustainable energy technologies, removal of the current barriers in infrastructure, regulatory
environment and investment. Integration of regional markets creates access to cost efficient
investments and boost security of energy supply. Furthermore, the establishment of regional
groups enhances regional cooperation among EU Member States. Projects of common interests
are selected for finding the best value added investments from EU funds with an accelerated
permitting procedure reducing the risks of delays.

Date
notified

Code No. Policy/ Scheme

Description

This is directive on the promotion of cogeneration based on a useful
heat demand in the internal energy market. It encourages the use of
cogeneration in order to promote energy efficiency and energy supply
security. The desired condition is expected to be accomplished by
establishing a framework for promoting and developing high-efficiency
cogeneration. Member States are required to provide reports on the
state of CHP in their respective countries, as well as promote CHP and
demonstrate what is being done to promote it without obstacles.

EUEP1 | CHP Directive 2004
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EUEP2

European  Union
Energy Policy

2005

It legally includes solidarity in matters of energy supply and changes
to the energy policy within the EU. It focuses on three main goals:
supply security, sustainability, and competitiveness. It actually defines
sustainability as the development of competitive renewable energy
sources (RES) and all other carriers of low-carbon energy by reducing
energy consumption and concentrating on comprehensive efforts on
stopping climate change and improving local air quality.

EUEP3

European
Ecodesign
Directive

2009

It establishes a framework to set mandatory ecological requirements
for energy-using and energy-related products sold in all 27 member
states. It shows a novel way to incorporate environmental concerns
into product design and work towards reducing environmental effects
across the productés | ife cycle
affordability. ltds an i mportan
strategies in production and consumption systems.

EUEP4

Energy Efficiency
Directive

2012

This directive mandates energy efficiency improvements  within
the EU. It was introduced in December 2012. It considers multiple
measurements, namely, legal compulsions to institutionalize energy
saving schemes, public sectors setting anecdotes, energy
assessments, metering, consumer behaviour, funds for energy
efficiency, etc.

EUEP5

Energy Union
Strategy

(COM/2015/080)

2015

The Energy Union Strategy is made up of five closely interrelated
dimensions, designed to bring energy security, sustainability, and
competitiveness inacost-e f f ect i ve way . strategyfer
a Resilient Energy Union with a Forward-Looking Climate Change
Policy. The main objective is to ensure - secure, sustainable,
competitive, and affordable energy.

EUEPG6

Clean Energy for
All Europeans

2016

It consists of eight legislative acts and brings considerable benefits
from the end-user (consumers and prosumers) perspective, the
environmental and economic perspectives. The package attains the
continuous, uncoordinated inception of the capacity process in EU
member states.

EUEP7

Clean Energy for
EU Islands
Initiative

2017

It provides a longt er m framework to help
inhabited islands generate their own sustainable, low-cost energy. It
was introduced in May 2017 to provide a longstanding framework to
quicken the shift towards clean energy.

EUEPS

Renewable Energy
Directive Il (REDII)

2018

RED Il defines Renewable Energy Communities (RECs) as a legal
autonomous entity allowing open and voluntary participation of
members in ownership and control of renewable energy projects
located in the proximity of members. The revised directive moves the
legal framework to 2030, sets a new binding EU target for renewable
energy by 2030, and includes the possibility of an upward revision by
2023.

EUEP9

Electricity Market
Directive Il (EMDII)

2019

EMD II defines Citizen Energy Communities have no limitation on the
geographic location of controlling members as in the case of RECs.
As per the directives, member countries had to take at least minimum
measures within a stipulated time frame to liberalize their national
markets.
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It will pave the way towards a fully decarbonized, more efficient, and
interconnected energy sector. Sector integration means linking the
various energy carriers - electricity, heat, cold, gas, solid, and liquid
fuels - with each other and with the end-use sectors, such as buildings,
transport, or industry. The integration of the sectors will facilitate the
optimization and modernization of the entire EU energy system.

EU Strategy on
EUEP10 | Energy System 2020
Integration

Table 4 Description of EU Energy Policy

Early EU policies targeted the reduction of energy consumption growth or the improvement of
energy intensity. The Energy Performance of Buildings Directive and the Ecodesign Directive,
targetthe o6t echnical 6 efficiency through leynngrogng
technical equipment and increasing building insulation and energy related end-use equipment.
Focus was on changing the consumers6purchasing behavior towards more efficient equipment
via mandatory energy labelling scheme for appliances and later with the energy performance

perf o

certificate for buildings. Another actionin EU EnergyPolicy ( EUEP) t o changre end u

is regular information on real energy consumption, based on metered heating consumption bill
than on estimated consumption. Recent emphasis is on Energy Efficiency Directive, with the
implementation of smart meters and smart billing, end userséfeedback and match energy bills
with real consumption. This reinforced the need of targeted and effective consumer information
prompting consumer behavior change. Likewise, the EU R&D financial programme H2020
introduced several calls and supported many projects to understand consumer behavior dynamics
from an economic, social, and psychological outlook.

EU commission and its research departments are important actors for microgrid development.
Further, some communities themselves have been active in initiating microgrid projects. Utilities
are involved in community microgrid development in the EU with varying approaches. There are
examples of utilities which are proactive in one market, but resistant in another. Many European
countries have a history with several renewable energy incentives such as feed-in tariffs, net
metering schemes, green certificates and energy origin guarantees. In addition, numerous
microgrid development projects have been run within EU research frameworks. However,
regulations and legislation still favor traditional structures and change processes are considered
slow. Recently, a carbon neutrality ambitious climate target for 2050 is proposed but the current
set of policiesc a n 6 t the goal ofhParis Agreement to stabilize temperature increase below
2A CEU energy efficiency and energy conservation policies must focus on inducing behavior
change in relation to energy consumption.i Cean ener gy for all o pa
energy directive of EU commission which requires removal of all regulatory and administrative
barriers to the development of community microgrid energy projects and to regularly assess
progress focusing on consumer or prosumer. Microgrids are more complex than only distributed
resources, implying that a number of regulations and legislation needs to be redefined to remove
barriers for community microgrids in Europe. Critical to this development is whether the
community is viewed as a utility and regulated accordingly, or if they are exempt from the general
utility regulation.

National and regional policies on the energy transition and decarbonization of the islands stem
mainly from the National Energy and Climate Plan (NECP), which promotes a radical
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transformation of the countrybds electricity secto
final electricity consumption by 2030. The plan envisages the promotion of electro-mobility with
the recent Law 4643/2019 establishing the regulatory structure for its further development.
Specifically, for the islands the NECP in accordance with the ten-year development plan of the
Greek TSO foresee the interconnection of most isolated islands with the mainland grid. Grids in
Non-Interconnected Islands (NIIs) have been judged to be congested by the Regulatory Authority
for Energy (RAE Decision 2016/616), which has set specific limits on the maximum available
power for the installation of such units. On the contrary, measures to enhance the installation and
permitting of RES stations and the adoption of solutions that combine RES and storage in Nlls
are also foreseen by the NECP. For example, Law 4495/2017 contains provisions for Specific
Pilot Projects in Nlls.

3.3 Policy Option Analysis and Insights

Policy Options Analysis is a structured way to invent, evaluate, and choose alternative courses of
action. It involves predictions of outcomes due to different actions and recommending actions
leading to the best outcomes. Policy analysis is to inform and support policy choices, it also
requires attention to a communitybds val ueesgqd goal s
through a strictly objective process. Result will be a policy outcome matrix that shows the
projected outcomes for different policy solutions. It introduces a comprehensive classic approach
which represents the overall goal. A complete policy options analysis may include: exploration;
review of existing knowledge; or program assessment. It is one framework in which project takes
on a broader significance. The criteria is selected against which the projected outcomes for each
of the alternative solutions constructed is tested. The identified criteria has been identified from
the review process whereby the policies are assessed and evaluated from the performance
metrics like effectiveness, regulatory standards, political acceptability, implementation, efficiency,
cost, externalities, sustainability and equity. Targeted questions are designed in the form of an
instrument to record the responses of the experts to derive policy analysis option scores and

matrix.
Criteria Target Questions
Effectiveness How effective is the policy in reducing emissions and de-carbonization?

How stringent are they to achieve necessary climate change goals?

Does the policy stimulate the market for renewable generation?

Regulatory Standards [How the policy regulate replacement of fossil fuel with zero carbon resources?

Does the technology efficiency standards reducing fossil fuel consumption?

Political Acceptability |Does the policy designed to maximize their beneficial interactions to accelerate power sector
transformation and ensure compliance?

How the power-sector and cross-sector policy play a complementary role in de-carbonization of
economy?
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Implementation How long does policy take to create compensation mechanism for renewable energy generation
and expediting deployment?

How long does policy take to motivate growth across all technologies and minimize developer
risks?

How long does policy take to set fixed procurement targets for load-setting entities of their
generation from a defined eligible renewable sources?

Efficiency Is the policy efficient?

How well public and private resources are utilized?

\What is the balance between the policy's aggregate costs and benefits?

Cost Is the policy implementation leading to affordable and cost effective energy solutions?

Does low-cost options accelerate renewable clean energy transition?

How does the policy support R&D targeting technological breakthrough for lowering long-run
costs of de-carbonization?

Externalities \What will be the second order effects of implementing the policy?

How will it influence the operation of other govt. programs?

To what degree will it distort markets for competing or complementary products?

Sustainability Does policy impact sustainability from economic, social and environment perspective?

How does it impact?

Equity Does the benefits and costs of policy be shared out fairly among stakeholders'?

Does the policy considers inclusion of all the secluded segments of people?

Table 5 Target Questions for Energy Policy Analysis

The 7 point Likert scale is utilized to record more informed and profound insights for more accurate
computation of the scores. Respondents are the domain experts with significant working
experience who can be policy makers and implementers, renewable energy industry experts,
energy innovators, academicians with significant experience in energy research, energy
consultants, local authorities, other experts working in energy domain like investors, VCs,
incubators, corporates, legal experts. Here, responses from 10 such experts have been collected
from both the country i.e., India and EU via mail and further discussion over virtual conferencing/
telecommunication as required. The range of the scale is from minimum 1 (very low/ too short/
very poor/ very negative) to maximum 7 (very high/ too long/ very good/ very positive). Mean
score computation is done for each of the policy and based on the value, final sentiment is
obtained from a range within minima and maxima for each of the stated level of scale. Estimation
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highlights that for level 1 the minimum value is 1.00 while maximum value is 1.85 (similarly for
level 27 minima is 1.90 while maxima is 2.70; level 3 - minima is 2.80 while maxima is 3.55; level
4 - minima is 3.60 while maxima is 4.40; level 5 - minima is 4.50 while maxima is 5.25; level 6 -
minima is 5.30 while maxima is 6.10 and level 7 - minima is 6.20 while maxima is 7.00).

Based on the analysis the Heat maps have been derived to better understand the overall policy
option evaluation which clearly depicts that on which criteria the policies have performed well and
what are the strategic areas to further strengthen the impact and achievement of the set goals in
energy sector. Heat map for Indian energy policy analysis option matrix demonstrates that the
majority of the identified policies have an under-rated performance for the criteria.

Mean Score
Criteria
IEP7 IEP8 IEP9 IEP10
4.4 4.2 3.8 4.0 4.0 3.6 4.4 3.6 3.6 4.4
Effectiveness 4.8 5.0 3.2 48 4.0 6.0 4.0 5.0 3.0 4.0
5.6 6.0 4.0 4.2 5.2 5.0 4.0 3.2 5.0 3.0
Regulatory 3.4 3.2 5.0 4.4 3.6 4.2 4.2 4.0 4.2 34
Standards 3.8 4.4 5.0 4.0 5.0 4.0 3.2 3.0 4.0
Political 4.4 2.6 3.6 5.0 4.8 5.0 6.0 5.6 3.0 4.0
Acceptability 4.2 4.0 5.8 3.8 3.4 3.4 3.4 5.0 4.2 4.4
4.4 4.2 4.6 5.0 2.4 5.0 4.4 5.4 5.0 6.0
Implementation 3.8 3.6 4.6 3.0 3.8 4.8 6.0 2.8 3.8 5.0
2.8 3.6 6.0 5.0 3.4 4.0 4.0 4.0 5.2 4.4
5.2 6.0 5.2 5.4 5.2 5.0 3.4 5.8 6.0 4.0
Efficiency 5.0 5.0 6.4 - 5.2 5.2 6.0 3.4 2.8 3.0
4.0 4.0 4.4 4.6 4.4 5.6 4.4 5.0 4.0 4.2
3.8 4.0 3.6 4.4 5.0 4.0 4.8 3.0 3.0 4.0
Cost 5.4 46 4.4 438 - 34 6.0 4.8 3.8 5.0
4.8 5.0 3.0 5.4 4.0 4.4 3.6 6.0 5.2 4.8
3.0 2.8 5.6 5.6 3.0 2.8 4.0 4.6 5.6 4.0
Externalities 2.8 3.0 3.0 3.6 6.6 5.4 3.0 4.4
4.2 4.2 4.0 4.0 2.8 4.8 4.4 3.0 2.8 3.8
Sustainabilty 3.6 3.6 4.0 2.6 5.0 4.0 4.2 3.2 4.4 3.2
2.6 2.8 4.4 4.4 4.0 3.2 2.4 4.6
3.6 4.6 2.4 3.6 3.8 4.8 4.6 3.6 34
Equity
3.0 4.8 4.2 2.6 5.6 5.2 4.8 4.2 2.4
Table 6 Heat Map for Indian Energy Policy Analysis
Green coding with i ts gradi ent are the ones pel
represented by the yellow color and its gradient &
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between orange to red. On observation, overall IEP6, IEP8, IEP3, IEP5 are the best performing
policies followed by IEP7, IEP4, and IEP9 medium while IEP1, IEP2 and IEP10 are worst
performers. Majority of the policies scored high on two criteria parameters of efficiency followed
by cost justifying the purpose as well as intent, on the contrary sustainability, externalities and
equity emerges to be of critical concerns while among others are regulatory standards. Hence,
the policy implementation process needs to be more aligned towards providing robustness.
Government agencies and policymakers need to chart clear resource outlining which energy
policies can put India on the path to a low-carbon future, and how to best design those policies.
Further, this clearly calls for a systematic planning for diversified stakeholder s & engagement
operating non-optimally currently. Sustainability being the most crucial criteria to be achieved is
guestioned by ineffective implementation and desired impact creation for the majority of the Indian
energy policy. Non-aligned regulatory standards further bring complexities for building systematic
channel for innovation in renewable technologies under intense competitive environ. This further
weakens the scope of commercialization of such technologies which in turn deters the investment
from private players and pose concerns for public funding and subsidies.

Heat map for EU energy policy analysis option matrix demonstrates that highest performing
policies are EUEP10, EUEP1, EUEP5, EUEP7, EUEP2 closely followed by EUEP9 while others
have manifested medium to worse scenario. However, overall performance remains much
satisfactory in most of the criteria with top most being equity, efficiency, sustainability followed by
parameters on externalities and political acceptability while areas of concern being regulatory
standards, implementation along with cost. This explains for the well placed policies across EU in
trickling the benefits to all due to strong political will and right interventions.

Mean Score
Criteria EUEP EUEP | EUEP EUEP EUEP EUEP EUEP EUEP EUEP EUEP1
1 p) 3 4 5 6 7 8 9 0
4.4 4.6 3.2 4.0 4.4 3.8 4.4 3.2 4.8 5.0
Effectiveness 4.6 4.4 3.2 4.2 5.6 3.6 4.0 3.0 4.2 3.6
4.0 5.2 3.8 4.6 4.0 3.4 4.2 3.8 4.0 3.6
Regulatory 3.6 3.8 4.6 5.0 3.4 3.8 4.8 4.0 5.0 5.2
Standards 2.8 4.2 4.4 3.2 4.8 4.6 3.4 5.0 3.4
Political 5.0 4.6 4.8 4.0 5.0 5.0 5.2 3.8 4.0 5.6
Acceptability 3.8 5.8 3.8 3.8 3.6 4.2 4.4 4.2 4.4 5.2
3.8 4.6 3.8 3.2 2.6 3.6 3.2 4.6 5.0 5.2
'nmp'emema“o 5.2 4.8 38 4.0 5.0 3.0 34 36 48 4.4
5.0 5.6 4.0 4.0 4.4 3.8 4.2 4.4 4.4 4.6
5.6 5.0 6.0 3.8 4.8 3.8 5.8 4.0 4.6 4.4
Efficiency 5.4 4.6 4.8 4.4 4.8 4.8 5.2 4.2 4.8 3.8
5.2 3.8 3.8 3.4 5.4 3.8 5.0 5.4 3.6 5.6
Cost 5.0 4.2 2.8 4.4 4.8 4.4 4.0 3.8 4.6 5.2
3.4 3.4 3.8 5.2 4.2 5.2 3.4 5.2 3.2 -
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3.8 4.2 4.6 3.2 5.0 4.0 4.8 3.6 4.8 5.2
3.6 4.0 5.0 4.6 4.8 5.4 5.4 5.2 4.4 4.4
Externalities 4.6 4.8 4.6 6.0 5.2 4.2 4.2 3.8 4.8 4.2
3.6 3.6 3.2 3.6 4.0 5.0 2.4 3.2 4.0 5.4
4.6 4.8 4.8 4.4 5.2 4.4 4.0 4.6 3.2 5.6
Sustainability
4.8 3.6 5.0 4.6 4.0 4.0 5.8 4.6 4.8 5.8
) 5.4 5.4 4.6 5.2 5.6 3.2 5.0 4.6 3.8 6.0
Equity
6.0 5.0 5.0 5.6 3.6 5.8 5.4 3.8 4.4 4.2

Table 7Heat Map for EU Energy Policy Analysis

There seems to be a contrast in both Indian and EU energy policy high performance metrics
whereby expressing more or less commonality with respect to issues. Energy markets in EU are
relatively more matured than emerging renewable market in India, therefore they tend to be more
focused on achieving the equal level for energy players, cohesive integration with other gowt.
departments for better planning and execution. The practices in EU pivoted and were oriented
towards achieving faster sustainable development goals earlier due to the stages of development
and industrialization.

Long term certainty is a central element while applying policy design principles compensating for
renewable generators providing investors to receive reasonable return over investment. Aligning
guaranteed payback periods with the projected lifetime of the generation technology allows long-
term risk reduction for the off-taker. Wind and solar plants typically have lifetimes of 20 years, so
compliance of power purchase agreements with RPS requires fixed prices formulation of per unit
energy for 10 - 20 years. Likewise, FITs should provide a consistent payment for each technology.
Each measure lowers the financing risk, reducing the cost of capital and risk of default or poor
performance. Using an appropriate price finding mechanism with elimination of unwarranted soft
costs supports the siting, transmission access and transaction cost. In mature energy markets
|l i ke EU, the | oad serving entities (LSEs) tend to
in two ways viz. reverse auctions and spot markets.

Moreover, the policies discussed in previous section can be contrasted with capacity targets on
one hand and investment incentives on the other. Investment incentives on a capacity basis can
be effective stimulants for clean energy investors. However, investment incentives may not
guarantee or even incentivize system performance along the lines of developer projections. For
example, although investors may receive an incentive to build a wind farm, the off-taker may still
bear the risk of maintenance issues, under-generation or over-generation, and inaccurate wind
forecasting. Country with immature renewable energy markets may benefit more from policies
which minimizes developer risks and stimulates growth of all renewable technologies while as the
market matures, allowing the lowest-c o st t echnol ogy to meet a country
deems appropriate. Each policy can be tweaked to compensate for its perceived weaknesses and
can be used successfully together.
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3.4 PESTLE Framework and Generic Obstacles to Innovation

The current approach by the Government of India (Gol) in decarbonizing its energy supply is
characterized by centralized mega-grids and large-scale solar and wind projects. However, this
approach does not create a solution f oicityaeedsi evi ng
are decentralized, so they need decentralized energy solutions. An alternative approach to

achieve both universal electrification and decarbonization would include several self-sustaining

electricity projects which can be used if there are ever power shortages. Such an approach would

i mprove reliability and accessibility to ladlal | ndi &
has installed solar microgrids providing around 2 MW of electricity so far while the earlier plan of

constructing microgrids to provide 500MW worth of power by 2022 was shelved. Large private

investments are flowing in too, such as the partnership between Tata Power and Rockefeller

Foundation to set up 10,000 microgrids by 2026. This project is expected to support 100,000 rural

enterprises, create 10,000 new green jobs and provide irrigation for over 400,000 local farmers.

Despite this, many barriers to electrification still remain. Only 9 out of 28 states have reached

more than 90% electrification, meaningIndiai s st i |l | very far away from me
for Al | Oas bsyablishddl Iin2its 2001 REST mission. While the cost of implementing

renewable energy technology has fallen dramatically in recent years i enough to make it

competitive with the fossil fuel industryd the renewable energy sector is emerging, relatively

unexplored, and generally perceived as highly risky. Further complicating issue is the plethora of

different business models employed by different renewable companies. To navigate diverse

energy needs, these companies have become highly tailored and location specific to better serve

their own, niche clienteles. Consequently, this makes it difficult to compare impact and success

across microgrid companies, which can discourage investors who are unable to adequately

project future cash flows and the true potential behind each individual opportunity. Coupling this,

many electricity companies face high Aggregate Technical and Commercial (AT&C) losses and

uncertain returns on investment in rural areas. Often, this is because of poor management

practices, off-grid ineligibility to cross-subsidy benefits, and flawed economic models that have

difficulty matching energy supply to demand. As for policy-specific limitations, many argue that

the govern ment 6 s ent husiasm to electrify India has be
Because they have created many programs oriented around increasing electricity, less funding

has been allocated to each one and there is a need for quality over quantity in their efforts.

In this section, the external factors have been discussed leading to the emergence of context/
project specific corresponding factors creating potential obstacles or barriers in energy sector.
Therefore, the approach is generic to identify and map the sources in addition to the energy sector
specific barriers operating on its own as well as created as secondary effect. For this, the
obstacles are studied in-depth using the framework with respect to the barriers determined by the
PESTLE aspects. PESTLE analysis is an audit of six external influences on the decisions and
strategy. By analyzing the six factors, researchers can gain insight into the impact assessment,
to assess any risks specific to the sector and use that knowledge to inform the policy maker
decisions. It considers impact of external forces on a range of plans/ policies for change. It can
also highlight the potential for additional costs. A PESTLE analysis can be a powerful activity for
understanding the context for change, and the potential areas of focus to make change
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successful. In this situation, PESTLE is most effective when used in association with a SWOT
analysis. PESTLE analysis can be used to monitor the macro-environmental or external factors
that play a role in impacting on that environment.

Political analysis looks at the extent and impacts of state power on the economy. Economic factors
encompass direct impacts on economic capacity, for an organization, industry sector/ market, or
nation. Social factors examine the social context of these institutions including population
analytics, demographics and cultural trends. Technological factors are related to technological
advancement, including R&D, niche technologies and automation. Legal factors take into account
laws and policies, including consumer protection laws, safety standards, and labor laws. Critical
environmental factors are conditioned by environmental issues, geographical location, climate
changes etc. PESTLE analysis is used to expose issues and discourse qualitatively, particularly,
to analyze and break down various problems more holistically. PESTLE analysis has recently
been applied to conventional, fossil-fuel as well as renewable energy industries. By using
PESTLE analysis, new strategic policies can be developed to replace and renew policies that are
no longer effective or efficient. PESTLE analysis undertaken suggests that the development and
utilization of renewable energy faces multifaceted barriers from different contexts and aspects.

External/ policy Corresponding factors| Corresponding factors causing

related factors affected by external/ | obstacles to innovation in energy
policy related factors sector

Political Political instability Lack of adequate Conservative risk-averse corporate
Tax government policies culture in mature energy sector
Industry regulations
Global trade agreements/
restrictions Institutional issues
Tax Conflict between central and [Administrative and bureaucratic

state government complexities

Industry regulations Overlapping of schemes Lack of energy policies and schemes

between Centre and State  [aimed to focused research and
innovation in energy sector

Global trade agreements/ Lack of cooperation among |Lack of standards and certifications for

restrictions institutional issues [agencies renewable energy products and
technology
Limited private sector Lack of coherence among generation,
participation transmission and distribution sector
Innovation landscape Discrimination against big power

companies, incumbents and early stage
R&D start-ups
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Subsidies

Lack of proper institutional framework for
getting open market licenses and
registering new energy products

Economic

Import

Indigenous manufacturing
technology

Lack of investments in private energy
enterprises

Exchange rates

Local infrastructure and
capacity building

Very high switching costs (loss aversion)
from switching old technology to new
technology

Globalization

Upfront cost and increased
lequipment cost

Insufficient allocation of funds for
renewable energy development and
innovation

Economic growth/ decline

Supply of RE equipments

Significant technology development costs

Inflation

Longer payback period

Lack of seed funding for energy start-ups/
incubators

Interest rates

Low investments and
accelerated depreciation

Higher import of expensive technological
equipment especially RE products

Cost of living

More market players

Lack of subsidies and tax benefits for
small scale energy innovators

Labor costs

International pricing

Micro-financing and lending

Increased competition

Private and Public
investments

Market uncertainties

Tariff determination

Operation and maintenance
planning
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Social

Quality of Life

Energy demand and usage

Lower rate of social acceptance for new
energy products

Empowerment Energy generation and Public reluctance to utilize renewable
supply energy technologies
Inclusion Consumption level Lack of community awareness towards

clean energy

Consumer asset creation

Community awareness to
technology

Community non-involvement from
planning to ownership

Lifestyle factors

Community reluctance to
new technology

Unwillingness to pay

Population demographics

Power quality

Perceived technology performance
uncertainty and risk

Social networking

Capacity building

Social safety net

Migration Installation planning
Rehabilitation controversies
Technological JAutomation Installation process Lack of Indigenous manufacturing
technology for in-house development of
energy appliances
Innovation Manpower requirement Lack of proper technology transfer

mechanism from laboratory to industry for
innovative energy products

Disruptive technologies

Ease of deployment and use

Lack of trained people for understanding
and utilizing new technology pertaining to
RE sources

Upgradation

Efficiency and reliability

Lack of infrastructural framework and
state of the art laboratories for designing
innovative energy products

Artificial Intelligence

Mass production

Lack of fabrication facilities for electronic
devices
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Security Low manufacturing cost Higher technology complexity in
renewable energy integration
Block chain Focused research and Lack of data and privacy protection
development mechanisms
loT Commercial activities

High quality and enhanced
performance

Technology complexity

Better management of assets

Less human interference with
high precision

Power theft

Grid stability

Cyber security and Data
privacy

Legal/
Regulatory

Employment law

Lack of appropriate sectoral
land cross-sector policies

Complex regulatory framework for
registering new energy efficient products

Local labor law

Minimum wages and
loccupancy of regional labor

Lack of regulatory framework for
prosumers in smart grid environment

Safety regulations

Ensuring safe working
conditions

Tedious legal procedures for licensing
new technology and patents

Tendering processes

Risk of unethical practices

Lack of co-integration among policies and
allied sectors

Complex national and international
tendering processes for vendor selection
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Environmental[Environmental restrictions Renewable energy Lack of mandate for clean energy
imposed by country govt. consumption consumption in commercial sector

Sustainable resources Procurement of green energy|Lack of reliable data for forecasting and

certificates effective utilization of natural resources

Procurement, transportation [Transportation of equipments|inconsistency for green energy

and supply chain land machinery procurement in different industries

management

Natural Resource Depletion |Clean energy and Climate
change

Utilization of solar, biomass,
and hydro resources

Transportation Cost

Procurement of fuel, RE
equipments

Material acquisition

Maintaining fuel supply

Power transmission and
distribution

CO2 and GHG emissions

Table 8 PESTLE Framework

Some of these barriers are core to the implementation of energy policy and legal framework while
others are arising as a cause-effect outcome. A better understanding of the interconnectedness
of these ostensibly different aspects are juxtaposed and highlighted. The analysis illustrates some
of the salient features extracted in view of the identified obstacles to innovation specific to energy
sector on a larger scale and perspective.

0 Energy law: Intends for energy management; optimal management and availability of energy
resources, integration; efficient utilization of energy; ensuring public access to energy; improving
industry capacity and domestic energy services; and environmental sustainability. Other laws and
regulations related to specific sectors complement foreign investment. The increasing dependence
on imported fuels has burdened the financial sector further. An increase of renewable energy can
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reduce price fluctuations, as well as spur the diversification of energy sources and stabilize the
trade balance.

0 Economic prospect of renewable energy projects: They are able to generate returns adjusted
to risk yet energy subsidies act as obstacles to fulfill renewable energy targets. Partnership for
market readiness to support mitigation activities are formulated for attaining new equilibrium.
Reductions in energy subsidies are allocated to price externalities for energy consumption viz.
carbon dioxide emissions. Therefore, carbon prices from energy production and energy price usage
can potentially make renewable energy sources more competitive and increase their absorption.

0 Access to financing: Investment realization will not happen due to insufficient profit from
renewable energy projects and lack of capital. Financing with fair levels of interest, access to
financial services, and consistent risks tolerance, underlies investments. | t adspecific challenge,
where many financial institutions are unwilling to invest in what is perceived as new and risky
technologies.

o Political economic environment: Investors in renewable energy projects must possess
confidence for policies that facilitate strong economic prospects for projects as well as access to
financing. Volatile price changes has made current policy frameworks less transparent, sustainable
and consistent. This has caused investors to be uncertain about investments. A larger framework
also needs to be supportive of private investors.

0 Economic feasibility of renewable energy technologies is essential to promote fiscal sustainability
and price ranges by comparing generation prices from renewable energy technologies vis-"-vis
conventional technologies. Consequently, ignoring renewable energy opportunities from the energy
supply side. Pricing strategy fulfils rational targets for internal rates of return and payback period of
efficiently operating generators. Financial models supporting price estimations can evaluate
existing assumptions for the stakeholders.

6 Green jobs help decrease energy consumption, raw materials, catalyze decarbonization process
of the economy, protect and improve the ecosystem and biodiversity and minimize the production
of waste and pollution. International Labour Organization declared that a green job characterizes
to be adequate, productive, and contains the opportunity to receive ample wages, social protection
and social security for workers and their families, as well as the right to conduct social dialogue.
National labor conditions promotes underlying factors. Many green jobs are associated to the
installation and assembly of renewable energy power plants which are labor intensive and bear
short term costs like training, skilling, etc.

0 Technologies: Renewable energy sector requires reliable and cost effective technologies. For this,
the network of government and business actors with support from financial sector need to build
capital intensive high risk infrastructures for renewable energy. Technology developers and
manufacturers express the lack of incentives towards sustainable energy solutions. Despite,
uncompetitive value in comparison to fossil fuel energy, prevailing technical constraints causes
extended and uncertain period of profit for developers and innovators. Moreover, emergence of
automation and smart technologies induces the integration, optimization, flexibility, energy use
pattern, data logging, etc. to further diminish demand and supply side barriers. However, this also
makes the technology in use to become complex on account of lack of indigenous components
manufacturing, lack of proper mechanism for technology transfer, scarcity of state-of-the-art
infrastructure and design laboratories, and skilled manpower.

8 Emissions: Several renewable energy options can reduce emissions with relatively low costs and
contribute to the improvement and advancement of environmental and human health. Greenhouse
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gas emissions and various particles discharged from fossil fuel combustion have negative impacts
on human and environmental health. Poor air quality as specified by World Health organization has
surpassed the limit across many countries.

6 Supply chain management: Renewable energy development also encompass supply chain
capacity impacts which translates into hypothesising the flows of renewable energy and resource/
material into modular yet robust upstream-to-downstream planning. As electronic devices play an
important role in the development of innovations, chip shortage is causing shortage in
microcontroller boards, various electronic components, and communication devices, which may
delay or provide obstacles. Such a supply chain management serves to take into account the
various stakeholders involved in the entire sector and accommodate social and ethical issues as
well.

0 Social effects: Advancement towards low carbon economy requires inclusion of all stakeholders
in a sustainable manner. Creation of safety nets for vulnerable communities with utilization of social
capital generated form cohesive and resilient society helps reduce socio-economic barriers for
adoption of innovation in energy sector.

Basic purpose is to increase efficiency of the energy sector through market competition.
Numerous policy measures aims at restructuring the energy sector, introducing competition and
removing other controls. Specific policies intends in creating separate entities for generation and
distribution, allowing private sector entry and diluting/ removing controls on energy pricing, fuel
use, fuel import, and capacity expansion etc. Institutional measures such as setting up
independent regulatory bodies may be needed for success of these policy actions. Pertinent issue
is the lack of an overarching law or regulation dedicated for all subsidiary regulations on
renewable energy. PESTLE analysis undertaken suggests a need of framework whereby
development and utilization of renewable energy requires comprehensive assessment from the
aspect of stakeholders and the ability of policy makers to identify the discussed obstacles having
risks with a mitigation plan for the same. In addition, through PESTLE analysis, it is possible to
better highlight the intersecting and overlapping sectoral interests within the energy sector as a
whole.

3.5 Fuzzy TOPSIS for Prioritization of Generic Obstacles to Innovation

Generic barriers have been extracted from numerous project reports, energy literature, policy
analysis and PESTLE framework (section 3.3 and 3.4). It is revealed that there are 35 generic
obstacles to innovation that exhibits and manifest antagonistic impact on either development of
energy innovation or in adoption/ implementation of such novel technologies as local solutions in
general. These have been analyzed and prioritized by using fuzzy TOPSIS method.

Although conventional quantification methods present exact solutions, they are not useful to
resolve people-centered problems due to the complexities arising from human factors [58].
Therefore, the concepts of fuzzy set theory commonly used in these types of real-world problems
where there is uncertainty and fuzziness related with the environment. In real world applications,
decision making problems need to be carried out under uncertainty because goals, constraints
and possible actions are ambiguous.

The TOPSIS method is a multi-criteria decision making method which uses the distance of
alternative from positive and negative ideal solution in decision making. The alternative with
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smallest distance from the positive ideal solution and largest distance from negative ideal solution
is considered as the best solution alternative. If the problem is solved in fuzzy environment, then
the method is called as Fuzzy TOPSIS. In this method, the experts provide their responses using
the linguistic variable and based on that the numerical operations are performed. Experts have
rated the set of alternatives against the specified criteria in the form of linguistic variables ranging
from Very Low (VL) to Very High (VH). This technique is applied on the identified barriers based
on the preferences/ opinion of experts. The criteria selected for rating alternatives i.e. generic
obstacles to innovation are Cost to remove the barrier (C1), Level of effort required to create
awareness about the obstacle (C2), and Level of political/ bureaucratic effort required to remove
the obstacle (C3). The respective weightages considered for C1, C2 and C3 were 0.45, 0.25 and
0.30.

Inputs are gathered from eight partnering institutions in the project with responses from multiple
experts with diversified background having significant work experience in energy policy
formulation or implementation; deployment of energy projects; energy service companies; and
academic institutions. Experts are selected for this study by taking into account the participation
of private, public, and for profit entities directly involved in the development and deployment of
the microgrid for providing local energy solutions with demonstration of innovative tools and
technol ogies. The exper ttiemaxhmmpossible stakah@aderp in the
energy local system.

Expert 1 Expert 2 Expert n Linguistic Fuzzy
® ® ® vables oot FUZZY TOPSIS STEPS
C:l:) C:‘f) CjD Very High [7,9,9]
High [5,7,9)
l l l Moderate [3,5, 7] Find the rank or priority of Higher value of
Low [1,3,5] alternatives according to CC, indicates
| Linguistics variable to fuzzy number | Very low  [1,1,3] the CC; value higher priority
y
HIRIE € e BIelE fuzzy incident matrix Calculate closeness CC; is calculated based
7 a x from individual coefficient (CC;) on the d}' and d} value
! B * responses ‘I
\ / Calcul imilarity d " d} is the distance
Y Fuzzy number average alculate similarity degree of | panyeen the Fpis and
PRPEIE calculation each alternative to FPIS and each alternatives and d;
Combined FNIS to calculate dif and d; | is the distance between
fuzzy incident the FNIS and alternatives

matrix L 3 5
Criteria weight matrix also calculated

based on the combined response of the

{ Fuzzy Normalization J experts FPIS
l’ bl M N — ENEIENEN Identify set of fuzzy
5 Normalized positive idle solution
Nor. ‘malized fi uzzy| = weighted fuzzy (FPIS) and fuzzy negative
incident matrix incident matrix idle solution (FNIS)
Fuzzy multiplication

Figure 1 Fuzzy TOPSIS Methodology

There is a range of technical, policy level, social/ community level, financial barriers which pose
potential risk towards embracing renewable energy penetration and energy market creation.
These exhaustive enlisted obstacles are active and influential across the entire range of
renewable energy solutions in different country context however, with some degree of variation.
The identified obstacles are ranked from first to seventeenth with a mean value of 0.3614. Overall
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theLackveafsidtiyd i s top 6Raked vbdttaedcnaowho gy perfor
and riskd has | owest r Eharknkiagmamnespoftapien abstacleslisfigharc | e s .
vis-" -vis the mean score which projects that these are the most crucial barriers operating in any

energy market derived through Fuzzy-TOPSIS. Itincludes-6 Lack of diversityod, o]
regarding reliability of renewable innovationé, 0°
of community awar enes s t owar ds 6 Sd tetainn ge nrea agdynda withoatn d pl a
community p a mdreased poattof the @rpject &nequired for permits, contracts,
community relations and negotiations) 0, 0Digital
di l emmad, O6Asset | ongevi ty éadingaodidparate and disjointddtonlo bust t
S et ©16to O4 illustrates dominance of community risks for adoption of renewable energy

innovation/ technology which are fundamental for successful deployment and demonstration of

any community energy project. It also manifests that despite high value creation and awareness

still the predicament among communities could not be resolved effectively by various engaged

stakeholders. Further, from O5 to 022, the ranking reveals that more of socio-technical issues

pose risks. Conflicting interactions among social fabric and innovative technical solutions are not

appropriately mapped and positioned for realization of immediate benefits rather long term

welfares which in turn inhibits the sustainability of the microgrids as a whole.

Generic Obstacles to Innovation Ranking Score Rank
01 1
02 | Misconceptions regarding reliability of renewable innovation 0.8050 2
O3 | Technology usage disconnecting community 0.8050 2
04 | Lack of community awareness towards clean energy 0.7181 3
O5 | Setting roadmap and planning without community participation 0.3977 4
06 | Increased cost of the project (required for permits, contracts, 0.3977 5
community relations and negotiations)
O7 | Digital exclusion of energy communities 0.3666 6
08 | Government dilemma 0.3666 6
09 | Asset longevity 0.3666 6
010 | Lack of robust technology leading to disparate and disjointed toolsets 0.3659 7
O11 | Lack of accentuation on modern innovation, critical thinking, 0.3499 8
configuration and experimentation
012 | Mind-set barriers i grass-root movements, culture shift 0.3499 8
013 | Poor comprehension of community needs and business sector 0.3499 8
elements
014 | Lower rate of social acceptance for new energy products 0.3499 8
015 | Weaknesses in IPR administration 0.3499 8
016 | Lack of collaboration 0.3499 8
017 | Technological capabilities providing basic functionality rather 0.3493 9
competitive advantage
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018 | Security and privacy concerns 0.3493 9
019 | Performance inefficiencies and access speed 0.3104 10
020 | Missing innovation strategy 0.3104 10
021 | Equity structure of assets and ownership structure 0.3104 10
022 | High investment 0.3104 10
023 | Technical debt (technology implemented for short-term benefit) 0.3098 11
024 | Technical complexity and management 0.3098 11
025 | Selecting appropriate location for sitting project 0.3020 12
026 | Lack of seed funding for energy start-ups and incubators 0.3020 12
027 | Societal and civic innovation lags technological innovation 0.2978 13
028 | Transmission infrastructure and power lines 0.2903 14
029 | Unequal play field for renewables 0.2760 15
030 | Skill deficiencies and talent gap 0.2444 16
031 | Underqualified workforce and manpower 0.2444 16
032 | Conservative risk-averse corporate culture in mature energy sector 0.2444 16
033 | Incorrectly measuring and benchmarking innovation 0.1106 17
034 | Missing connections with community while innovating new toolsets 0.1106 17
035 | Perceived technology performance uncertainty and risk 0.1106 17

Table 9 Fuzzy TOPSIS for Prioritization of Generic Obstacles to Innovation

Analysis provide clear indication of the barriers which are operating at micro, meso and macro

level of the economy. Majority of the top ranking obstacles are related at the micro level which

are the inherent issues within the community or networking glitches with other agents in the
society at meso | evel i . e. interaction with ot he
presence of some technical barriers arising firstly due to non-alignment of focus and goals of

users and the technology developers, secondly due to lack of an ecosystem for acceleration in

awareness and adoption of innovations and lastly due to certain innate social as well as cultural

factors which tends to inhibit diffusion of such technologies for daily transactions.
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Figure 2 Radar Chart for Obstacles to Innovation from Fuzzy TOPSIS
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At the third or the macro level is the govt. dilemma, lack of appropriate dedicated policies, missing
co-integration for bringing agreement into diversity. There is a set of 16 obstacles ranging from
rank score in between 0.35 to 0.30. Majority of these mid-level obstacles are dominated by
creativity, experimentation, behavioral aspects, need of community and social acceptance,
collaboration and IP issues followed by technical functionalities, security concerns, inefficiencies,
innovation strategy, equity and ownership structure, technical complexity and debt, high
investment and seed funding. Next level issues are more from innovation and IP subjects,
technical aspects and cost perspective. Finally, the remaining obstacles have score less than
0.30 depicting infrastructure requirements, skilled manpower, corporate culture etc. Such barriers
are more of operational related which may be addressed at an individual or corporate level by
pivoting strategies, providing training component and alleviating awareness, knowledge sharing
and transfer through national and international knowledge partners.

There are primary, secondary and tertiary set of barriers which may be balanced by some drivers
while others may not be addressed and therefore there is a need to develop a guideline for the
innovators, project developers, private players, beneficiaries, regulators and policy makers to
apportion the efforts in which direction and to what extent to eliminate the internal as well as
external barriers.
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Two local energy systems will be used for deployment and demonstrationof t he pr oj ect 6s ¢
in India, one is Ghoramara Island in West Bengal and other is Keonjhar in Odisha. Electricity

profile of both the states is discussed below to understand the potential of renewables and

solutions at the identified demo sites. The two demo sites have been selected considering

diversity including isolated villages in rural areas of Ghoramara and Keonjhar. Integrated local

energy systems can be used to create economically attractive conditions to boost local energy

sources and activate local demand-response building a low-carbon, climate resilient future.

Policy Brief: West Bengal, India

West Bengal (WB), one of the most populous states, consumes 4.38% of total energy consumed
across India. As per the state utility West Bengal State Electricity Distribution Company Limited
(WBSEDCL), there is transmission availability of 99.9%. The demand is mostly metby St at ed s
own sources which contribute to more than 64% of total capacity installed in the State. Altogether,
16069.8 mega-watt (MW) electricity in WB is produced by various institutions. Out of 16069.8 MW
generated electricity, 10.5 MW gets generated from Small IIP/CCP, and 29 MW from WBSEDCL.
In both the cases electricity gets generated from Solar Energy. Setting large power plant is a
constraint due to limited arid land. As a result, going by rule of thumb, 1 MW of solar power
generating projects were established in 4-5 acres of land [23]. Government of West Bengal
(GoWB) initiated their journey towards renewable energy with establishment of West Bengal
Renewable Energy Development Agency (WBREDA) followed by creating a separate institute,
West Bengal Green Energy Development Corporation Limited (WBGEDCL), in Public Private
Partnership (PPP) mode for promoting renewable energy [24, 25]. The main objective was to
ensure investment of private sector in renewable energy [26, 27]. First Renewable Energy Policy
was notified by the State in 2012. The policy aimed to attain generation of 2,706 MW capacity
from renewable energy sources including co-generation by the year 2022 [28]. But now, as per
the revised Energy Policy 2016, GoWB was notified a target of 5336 MW by 2022 for solar power
generation through grid connected projects and through roof top in the state. The target was
notified through Centre as per the perspective plan of action of Centre. Later Centre revised the
target to 4500 MW solar energy by 2022 [29]. However, in 2018, GoWB took the decision to

achieve own target a sangpracticabilitye WBSERCL précsredfreaeavabieb i | i t vy
energy from other sources to fulfill its Renewable Energy Purchase Obligations (RPOs) as
mandated i n 6Cog ecraton of Electricity feom RRendvalte Sources of Energy

Regul ati ons 013.mib July 20il8 WB hadinstalled 80 MW of solar power and it was
expected that within a year the state would have ramped it to 200 MW with utmost importance to
participation of private stakeholders [27].

Policy Brief: Odisha, India

One of the front runners of Renewable energy installation, Odisha installed 474 MW on-grid solar
power plants solar and 0.244 million biogas in 2021-22. The state has aimed to produce 1500
MW by 2022. Odisha has a per capita electricity consumption of 1563.6 kwWh compared to the per
capita consumption of India, i.e., 1181 kWh in 2018-19. Green Energy Development Corporation

D2.2 Obstacles to Innovation [47]



)=

RE-EMPOWERED
er GwERing

of Odisha Limited (GEDCOL) and Odisha Renewable Energy Development Agency (OREDA) are
well-recognized organizations that have promoted and installed renewable energy in the state.
The state is also aiming to sell electricity at INR. 2.71 per unit which will be extremely competitive
for 96.4 lakhs households under Odisha Government. The state is considering the above steps
to reduce the emission of more than 30 tons of carbon dioxide per year. One of the front runners
of Renewable energy installation, Odisha installed 474 MW on-grid solar power plants solar and
2.44 lakh biogas in 2021-22. The state has aimed to produce 1500 MW by 2022. Odisha has a
per capita electricity consumption of 1563.6 kwWh compared to the per capita consumption of India,
i.e., 1181 kWh in 2018-19. Further, Odisha is also eying to achieve 50 MW of wind energy. The
state is considering above steps to reduce the emission of more than 30 tons of CO; per year.

4.1 Ghoramara Island: West Bengal

Ghoramara Island is located 92 km south of Kolkata, in the Sundarban Delta complex of the Bay
of Bengal. The island is roughly 5 km? in area and as of 2016 has 3000 inhabitants. The residents
live in very poor conditions while the island is affected by severe cyclonic storms every 5-10 years
which leave the people in distress due to snapping off electricity (roof-top PV panels) and
unavailability of other livelihood items. This fact makes it very difficult to restore normality after
any such situations.

The project aims for development of a local microgrid system to cater electricity in Ghoramara
Island, to create sustainable energy community for the island and to improve quality of life for the
people residing in the island.

Existing Infrastructure

Regarding the electrical infrastructure, the area is isolated from the utility grid and the residents
mostly use Kerosene lamps, while in some houses roof-top PV panel-based electricity is
available, but these are far unable to cover the demand. The people residing in this island are
very poor and their source of income mainly comes from fishing. The island is away from the
mainland and people mostly use paddle-boats as a mode of transportation. This consumes more
time but also requires significant physical effort. Since the area is inside the sea, the available
wind speed may be utilized to generate electricity that may make the local electricity generation
more reliable as PV and Wind may complement each other.

Renewable penetration and citizen engagement

Utility grid is not reached to the area, so an isolated dc/ac microgrid based on renewable energy
sources is considered to cater electricity to the island. Moreover, a solar based water desalination
plant will be installed. Solar power driven electric boats will be used for waterway communication
and electric four wheelers will be considered for ground communication. However, integration of
renewable generators is quite challenging because the area is prone to cyclonic storms. Cyclone
resilient structures will be developed for PV and wind technologies to enable the successful
integration of RES. Building the energy island will be accompanied by community involvement
and familiarization with various state-of-the-art tools. Tools and solutions to be demonstrated in
this pilot are:
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0 ecoEMS: Load and RES forecasting will be incorporated within the supervisory control. A web-
based GUI will be integrated with smart meter to exchange data between users and microgrid
system

0 ecoMicrogrid: This tool will be integrated with supervisory control to dictate the required actions like
load scheduling, RES power curtailment according to the desired optimization goals

0 ecoDR: Smart meters linked with mobile based Android apps will be used for GUI based payment
gateway system. It will also help to get data from the users for load control (critical and non-critical
load) and dynamic pricing

0 ecoMonitor: This solution will be installed at different locations across the Island to continuously
measure water and air quality parameters and display it for visual feedback so that necessary
corrective actions will be taken accordingly

0 ecoCommunity: Using this mobile app-based tool, the residents will be able to monitor their energy
consumption data, get update regarding dynamic tariff, switching-off non-critical loads as and when
required, pay electricity bills online, etc.

0 ecoResilience: PV panels will be mounted on a cyclone resilient mechanical structure so that
damage would not occur during high cyclonic storms

0 ecoConverter: Power electronic converters and their control methodology will be used to develop
microgrid at pilot site, for PV integration

0 ecoVehicle: Electric four-wheeler and electric boat will be developed with indigenous electric motor

and associated control system to provide easy mobility for transportation purposes and is a critical

energy carrier to exploit for synergy

An isolated dc/ac microgrid will be built to cater electricity to each of the houses of this island.
Layout of the electrical network which comprises a central dc-grid surrounded by ac grids. At the
initial stage, it is estimated that around 300 houses will be given electricity and the similar model
may be utilized for future upgradation to cater electricity to rest of the houses. Both single-phase
and three-phase options will be provided to the end-users. There would be a total of four ac
microgridseac h o f whi ¢ h pr ¢hofithe kosses)whieteisapprorimately 75 houses.
Two PV-arrays each of 50kWp will be installed for power generation. A small wind turbine (total
10 kWp) will also be installed to generate electricity. Both PV-array and wind-turbine will be
connected to the dc-grid through Power Electronic Converters (PEC) with appropriate power
ratings. Various control algorithms will be incorporated within the converter control for reliable and
efficient operation of the microgrid. Partial Power Converters (PPC) will be used for PV integration
with dc grid to improve power capture during partial shading.
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Figure 3 Ghoramara Island, West Bengal: Indian Demo site

Smart meters will be deployed in few houses and other important locations so that data from
customer-end can be communicated to the control centre for better coordination between
generation and consumption. The smart metering technigue will be coordinated with protection
technique for reliable operation of the grid. App based GUI enabled payment gateway system will
be established which not only serves customers to pay bills, but also allow them to choose various
options related to dynamic pricing. Electric four wheelers and electric boats will be developed with
indigenous electric motor and associated control system to provide easy mobility on and around
the island. A PV based charging station will be installed at some convenient locations within the
island from where both electric boat and electric four wheeler can charge their own storage
systems. Both conventional and fast charging options will be provided complying various system
requirements and standards.

4.2 Keonjhar: Odisha

Kanheigola, Nola and Ranipada are small Villages/hamlets in Harichadanpur-Tehsil reserve
forest in Keonjhar District of Odisha State, India. They are located 54 km towards South from
District headquarters Keonjhar and 180 km from state capital Bhubaneswar. At present these
villages are not connected to the main utility grid. The proposed site is ideal as a test bed and
demonstration site as it already has some basic renewable energy facilities. These will be
upgraded and coupled with various available energy vectors to improve the living standards of
the community. A total of 77 kWp (Kanheigola 30 kWp, Nola 25kWp and Ranipada 22 kWp). Solar
PV installations are supplying approximately 1000 villagers, living in 306 households. Every house
is provided with 100W that allows basic facilities, like two tube lights and a fan. These solar PV
installations are completely isolated. These solar PV installations are completely isolated and
commissioned by the Odisha Renewable Energy Development Agency (OREDA) in 2017-18.

The project aims to develop and demonstrate various energy production vectors integration via
high energy efficient converters and their control, promote off-grid systems in selected remote
villages to create support ecosystems to promote income-generating energy uses in agriculture
and small businesses and increase of population awareness and customer engagement, such
that rural to urban migration is minimized in Keonjhar.
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Existing Infrastructure

No. Village/ Nature of Kind of Plant AC/DC No. of
Block/ microgrid: Grid source in capacity system household
District connected/ each in kW connected
Isolated microgrid
1 Kanheigola, | Isolated Solar 30 21 AC system | 126
Keonjhar
2 Nola, Isolated Solar 25 175 AC system | 105
Keonjhar
3 Ranipad, Isolated Solar 22 154 AC system | 75
Keonjhar

Table 10 Existing Infrastructure at Keonjhar, Odisha, India

Since all the villages are part of reserve forest, solid biomass from the forest trees can be
converted into energy. The optimized and efficient operation of the various energy vectors is
highly recommended in order to reduce the high cost, to better manage the energy demand and
finally increase livelihood activities of the villagers. In this demo site various energy vectors such
as solar PV, biomass, storage, e-mobility and water purification will be integrated with the existing
PV system. The main challenge is to design power converters with high efficiency at low power
range. The field test is anticipated to demonstrate optimized use of renewable PV solar and
biomass power by means of stiff DC-link control capability in standalone mode. The demonstrated
solutions, tools, strategies, business models in Keonjhar will enable the development of a socio-
economically sustainable model which can be easily replicated in other remote villages in India.

Renewable penetration and citizen engagement

All the three villages in Keonjhar are isolated from the main grid and in the view of financial viability
to connect these villages to the main grid is very difficult. The proposed 40 kWp microgrid system
as shown in figure will be primarily used for livelihood activities apart from household supply. This
will give an ample opportunity to have higher penetration of the renewable energy sources in
these remote places. The development in technology and efficient power converter system at low
power levels, optimizing the various available energy vectors will increase renewable penetration
to greater extent. The proposed microgrid will control various energy vectors, metering, billing and
differential tariffs for business, livelihood activities, and household. It schedules demands of
microenterprises, irrigation pumps, street lights, etc. The anchor loads are scheduled to match
the solar generation profile. A village micro enterprise zone (MEZ) will be created to develop

micro-industries for livelihood activities like ir r i gat i on  t-Distributed-hu niipFsice | an d

mobile pumps, small enterprises such as agro processing, electric four wheelers, ice factories,
cold storage, workshops, water purification stations, telecom towers, petrol stations, commercial
banks and community services like schools, govt. buildings. Tools and solutions to be
demonstrated in this pilot are:
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0 ecoEMS: This tool will be used to optimize and manage various available energy vectors available
in the Keonjhar pilot case (e.g optimal utilization of the available PV, BioMass resource and battery
storage)

0 ecoMicrogrid: The controllers developed as part of this tool will be deployed in the Keonjhar pilot
site for efficient operation of the available energy vectors

0 ecoPlanning: The software developed as part of the tool will be used for studying the planning
operations of new renewable energy sources integration of the microgrid in Keonjhar

0 ecoDR: The hardware developed (e.g. Smart meter) will be deployed in every household in
Keonjhar for pricing purposes and further studies on demand response techniques

0 ecoMonitor: Keonjhar Pilot location is close to the mining area sensors will be placed to monitor
the water quality and air quality

0 ecoCommunity: The digital platform developed will be used for community engagement and
consumer energy consumption updating (e.g. Pricing, usage etc.). Workshops and training to local
communities

0 ecoResilience: The Keonjhar pilot location is a cyclone prone area, the design of structures
developed as part of this project will be implemented in this pilot case

0 ecoConverter: Modular plug and play converters developed as part of this tool will be deployed for
Keonijhar pilot case

0 ecoVehicle: The solar powered four-wheeler developed as part of this tool will be used for rural
transportation in Keonjhar
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Figure 4 Keonjhar, Odisha: Indian Demo site

4.3 SWOT Analysis for Technical, Social and Environmental Framework

The demand from some sparsely populated regions, where the capacity to pay bills is low, does
not justify the investments on the supply side, as building a complete transmission and distribution
system takes up immense land and money. The generation costs in a microgrid depend on
location, capacity, installation costs, etc., and so it is difficult to generalize the price per kwh from
a microgrid. Although microgrids have their benefits, the electricity is not cheap. Combining with
storage to counter the intermittent nature of renewable sources often makes them costlier than

D2.2 Obstacles to Innovation [52]




Oet!

RE-EMPOWERED
Renewoble Energy EMPOWERIng

provision from the main grid electricity. For example, in a 2016 study at Stanford, it was concluded
that the average price of grid electricity in village in Gujarat is $0.06/kWh; however, the integration
of a solar-battery microgrid would cost the village up to $0.38/kWh. Nevertheless, renewables
would still be a good replacement against diesel-only power generation that can cost up to
$0.57/kWh. Some believe that the benefits outweigh the additional cost. The electricity eventually
enables local shopkeepers to stay open for longer, as they no longer depend on the daylight. In
a nation with agriculture as the dominant source of livelihood, electricity from microgrids has also
promoted a shift to solar pumps.

Despite all benefits, setting up a formal network of microgrids in India is not without its
own challenges. There are regulatory and bureaucratic hurdles to cross, with the challenge of
educating people who are receiving electricity for the first time, and encouraging them to adopt a
non-wasteful behavior. From a business perspective, there are challenges around scalability,
power theft and an eventual extension of the central grid. States often do not disclose how the
central grid will expand, making microgrid investments tricky for developers. In many cases,
microgrids also face high O&M costs due to little availability of local technicians to look after the
systems.

To achieve the objective, this section begins with the identification of obstacles and drivers related
to two demonstration sites in India through a set of questionnaire capturing the expert responses
from the involved partners who are leading the deployment and demonstration as demo leaders.
Evaluation was performed to classify barriers and drivers using SWOT analysis with help of the
expertsd assessments.

Ghoramara Island, West Bengal: Indian Demo site

Strength (S) WEELGESY)
1 No Grid availability 1 Lack of specialized workforce
1 Small scale of operation 1 Financial viability issues
9 Partial solar panel infrastructure for 1 Integration with industrial grade
street lights components
1 Availability of land for microgrid 1 Lack of transmission and distribution lines
installation 1 Stakeholder6és mi ssi
1 Ideal test bed for the developed 1 Backup generation issues
ecoTools and solutions 1 HHs skewed in two distinct pockets
1 Installation of smart meters leading to integration, cost issues (two
partially microgrids)
1 Demonstration of EVs T boats, four 1 Community is very poor and vulnerable
wheelers with charging station due to very limited income generating
sources
1 Multiple infrastructure development 1 Prone to adverse climate changes
avenues (charging stations, remote 1 Geographically remote and distant
monitoring system, wind turbines) location
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T Community participation and
willingness to pay, local authority
support

1 Scope of energy usage for
business operations

9 Potential of high positive impact on
socio-economic and environment
sustainability

1 Scope to define dedicated policy
for easy replication in other regions

Logistic issues due to difficult topography
for deployment and equipment transfer
Real time data streaming challenging due
to lack of internet infrastructure

Potential risk of damage to assets created
due to extreme weather

Poverty energy nexus causing vicious
cycle which in turn negatively impacts
financial viability and socioeconomic
sustainability of the microgrid

T New business modelling and

strategies to develop virtuous cycle
Table 11 SWOT Analysis of Ghoramara Island, West Bengal, India

Ghoramara is an islanded community away from the mainland and only mode of transportation
being ferry, so the mobility is highly constrained creating logistic issues. It is also characterized
by severe weather conditions posing a threat to the microgrid and the assets. Access to clean
electricity will definitely enhance the welfare and quality of life of the people however, the
impoverished population requires handholding for income generating avenues through the
acquired electricity. Any intra business activity may not support the community sustainably as the
money rotation will happen within the community itself and no overall growth will be visible. Hence,
targeted business and transaction models for diverse groups/ individuals need to be designed to
promote business activities and develop channels with the mainland and other small to medium
enterprises. High scope and opportunity to test and benchmark niche approaches for consistent
financial anchoring of the microgrid coupled with the demonstration of innovative technical
solutions in the project site.

Distribution and transmission lines depend on the distance which raises the costs measurably.
Wiring and pole infrastructure including the pre-paid or smart meters costs are substantial without
factoring in the operation and maintenance costs on wiring etc. In such circumstances, for
microgrids a viable option can be to ensure low consumption such that even at a high per unit
rate, the monthly total cost billed to consumers remains manageable. Many microgrid operators
aim for $0.651 $1.30 per home per month. Microgrid design at Ghoramara assume limits on loads
which keeps costs down but limits energy usage growth and also mandates oversight.

Keonjhar, Odisha: Indian Demo site

Strength (S) Weakness (W)

Small scale of Operation

Capacity enhancement capability

Ideal testing site for multiple sources

Citizen engagement methodology

Pre-existing transmission and distribution
infrastructure - lines, poles, wiring, etc.

Opportunity (O) Threat (T)
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Lack of local participation

Post project completion issues

Less financial opportunities
Willingness to pay only for business/
commercial activities
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1 Infrastructure of microgrids 1 Installation, transportation cost, ROI

1 Ability to achieve synergy issues, ownership issues

1 Local area participation 1 Regulatory framework

1 Mutual agreements with governments 1 National standard codes compatibility

1 Stakeholder engagement 1 Environmental clearance

1 Achieve financial sustainability and revenue 1 Disposall/recycling of components
from commercial energy usage 1 Lack of specialized manpower

1 New business modelling and strategies 1 Geographically remote issues

1 Smart meter deployment 1 Integration with rest of RES

Table 12 SWOT Analysis of Keonjhar, Odisha, India

The main issue in these remote villages in Keonjhar is lack of stable electric power. The present
installed capacity of 30 kWp is barely serving the household activities and a major challenge is
the higher tariff of electricity. Another issue is to design power converters with high efficiency at
low power range for livelihood applications. The field test is anticipated to demonstrate optimized
use of renewable PV solar and biomass power by means of stiff DC-link control capability in
standalone mode. The demonstrated solutions, tools, strategies, business models in Keonjhar will
enable to develop a socio-economically sustainable model which can be easily replicated in other
remote villages in India. Also by coordinating and engaging the village community, local livelihood
activities need to be developed, which in turn will enable to build sustainable and profitable local
energy systems. Smart meters will be deployed to gather energy consumption data from the
villagers to be used for further development of demand side management algorithms. Conversely,
lack of community participation and stakeholder engagement act as constraints for the
deployment which must be overcome by sensitizing the community for the short term as well as
long term benefits of microgrid. Ostracizing the responsible consumption and generation of clean
energy results due to comparative financial burden from microgrid vis-"-vis grid electricity.

Some common challenges are observed in microgrid installation at both the Indian demo sites
which are common outcome of both fuzzy and SWOT analysis. The accurate siting and precise
sizing of a RE based microgrid is very challenging, especially since almost all costs are fixed
leading to reduced flexibility from both demand and supply diversity. Over sizing means unmet
costs while under sizing means the system lacks scalability or meet sporadic higher demand.
Such events will be countered by incorporating safety measures with load options. Microgrids
need explicit planning for the energy supply and for system diversity. Battery sizing design with
over discharge prevention is yet another issue considering the lifespan, savings and steady solar
supply. Another real challenge is the chain of proper supply procurement, allocation, accounting,
enforcement, control, and focus on quality service provision.

Set power prices (tariffs) for the grid at least equal to the variable cost of supply at a fossil fuel
level. More than creating a culture of paying, this overcomes utility resistance to serving such
users, and also improves the benchmark for microgrids (but not enough for viability). For the truly
poor, even at low consumption, a separate subsidy as direct benefit transfer can be provided for
this electricity. A flat rate billing mechanism though simple but inefficient in capacity and risk
allocation. In continuation, cross subsidies can help microgrid operators or third party rural
provider to support upfront costs along with low tariffs.
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At both the Indian demonstration sites the major barrier to overcome is the financial sustainability.
Concerns regarding the practicality or feasibility of microgrids further adds to reservations of
project developers. High upfront capital cost restrains serving underprivileged rural consumer
without access to electricity despite being a potential market with no/ shortage of electricity supply.
Another major issue is that deployment of these microgrids is location specific and will be tailored
to fulfil the needs of distinct community, thereby leading to high variance across business models.
Unless return over investment (ROI) can be proactively predicted for the microgrids, varying
returns will continue to drive off potential benefits. In addition, acquiring government subsidies are
very difficult, and usually do not cover the entire demonstrated need of projects. The rural
communities do not have networking with formal institutions and agencies and are not capable
enough to build business/ commercial channels hence setting sustainable pricing becomes an
integral issue.

Further, weather and human intervention based outages or failures are not uncommon, and a key
issue is keeping spares accessible. A single village-sized microgrid becomes a very costly
proposition in terms of inventory. In addition to billing and collection (rates being poor), physical
maintenance of lines is a key challenge especially with leakages and theft of energy, battery and
other assets. Many a times unmetered irrigation pumpset loads are politically sensitive issues in
view of free agricultural power, hence the aggregate quantum of support needs to be modest for
microgrid operations.

In addition to ongoing and fixed deployment costs, there are some costs associated with the social
aspects such as training or local manpower. Estimations are difficult on account of scale of the
project and varying past experiences of project developers, with other costs like cost of surveying,
planning, stakeholder engagement, obtaining permissions and approvals. These barriers,
however, have not kept companies from successfully implementing microgrids. While microgrid
financing in India does not look to become streamlined any time soon. Cost of payment collection
for some Indian microgrid companies has fallen by 60% due to new payment methods such as
cell phone collection strategies. Companies have used varying methods of repayment and
financing including vendor financing, direct ownership, energy service contracts, power purchase
agreements, debt financing, and other alternative energy financiers.
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A non-interconnected Kythnos island which also includes an off-grid system Gaidouromantra, and
three villagesinagrid-c onnect ed Bornhol m island are selected
solutions in EU. Kythnos island demo site includes residential consumers, an industrial facility
(desalination plant) and small and medium size commercial buildings while the Bornholm demo
site includes households, a public building (swimming pool) and a private school. Novel
approaches are deployed to optimize network architecture, planning and development based on
the opportunities offered by integrated local energy systems and enabled by digitalization and
power electronics to contribute in addressing the challenge, as can storage of electricity in all
energy vectors e.g. electricity, heating, cooling, water, wastes, etc. Innovative approaches, based
on Renewable Energy Communities, in line with the recently adopted Renewable Energy
Directive (EU) 2018/2001, can result in attractive business cases for local investments in smart
integrated energy systems with weakly or non-existing grid connections.

Policy Brief: Greece, EU

RES operation and remuneration and RES tendering schemes are described in Law 4414/2016

adjusting Greek legislation to the provisions of decision 2014/536/EE. In 2014, a net metering

system for autonomous producers was for the first time introduced in Greece. The net metering
process is described in FEK B6&6 3583/2014. Further
2016 as an amendment to Law 3468/2006. Especially city/regional councils, schools, universities,

farmers and farming associations will be allowed to develop PV and wind power projects located

at a considerable distance from the place of the actual power consumption.

Responsibility for operation and management of Nlls has been assigned to the Greek DSO
(HEDNO S.A.), which also acts as the island generation, transmission system and market
operator in full a clotercorthected IslandvRowen Systdme Mahdgenment
Codeo, which is issued by the Regul atoucgdth®ut hor it
concept of energy communities in Greece as a step towards energy demaocracy. The law aims to
enable local actors (citizens, municipalities, local businesses, universities etc.) to get actively
involved in the clean energy transition with some special provisions for islands. The Greek
government announced in the summer of 2020 the National Plan for E-mobility. This new initiative
for cleaner mobility is in line with the EU Green Deal growth strategy and is expected to help
Greece achieve transition towards climate neutral economy by 2050. The plan includes extensive
subsidies to foster electric mobility in the country. The goal is to achieve one in three new vehicles
in Greece to be electric in 2030.

Policy Brief: Denmark, EU

The Danish government has set a number of goals in terms development and transition of the
entire energy sector, with a focus on low-carbon technologies and systems. The long term plan
for Denmark is to be carbon neutral and self-reliant on renewable energy by 2050. The agreement
signed by the parliament in 2012, termed The Energy Agreement, established the policy on the
energy framework up to 2020 and provided direction Denmark will take until 2050. By the year
2027, all the electricity in Denmark will be generated by renewable energy sources. The 2018
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Energy Agreement was agreed upon in the Danish parliament, defining policies and trajectories
for the years after 2020. The government allocated the funding for a goal of reaching a share of
renewables in the total energy consumption of 55% by 2030. In June 2020, the Danish Parliament
passed the Climate Act that states that Denmark will reduce emissions of greenhouse gases by
70% in 2030, in comparison to 1990.

Current trends and trajectories indicate that Denmark will reach 54% share of renewables by 2030
without any major changes to the existing energy policies. Additional policies that need to be
implemented to reach the 70% carbon emission reduction may affect the level of penetration of
renewable energy sources. Renewable energy in Denmark is being subsidized through multi-
technology tenders for wind power and solar PV. The projections show that the offshore wind will
continue to increase, while the number of onshore wind turbines is expected to decrease as per
the Energy Agreement from 2018. Main driving factor behind the policy is the reduction of cost of
offshore wind. The Energy Agreement also stipulates a plan for building two energy islands in the
North Sea, and if realized it will result in surplus of generated electricity in comparison to
consumption by 2030. Danish Energy Regulatory Agency regulates the Distribution System
Operators in Denmark, and from 2018 it will operate under a newly developed regulatory model
focused on efficiency improvements and possibly on apply time-of-use tariffs for all customers.

The district heating system is a major el ement

all Danish homes are connected to the district heating system. Use of renewable energy for
heating supply became a major priority in the 1990s, and specifically after the Biomass Agreement
was passed in the parliament in June 1993. Prior to 2018, the decentralized combined heat and
power plants received subsidies for generating electricity. However, policy introduced in 2018
limited the subsidies to those plants that generate electricity using renewable sources. Future
trends in terms of district heating indicate that this sector has a big advantage due to the flexibility
of fuel usage and heating generation technology.

5.1 Kythnos Island: Greece

Kythnos is a Greek island, (99.4 km? i 1608 inhabitants) part of the Cyclades complex in the
Aegean Sea with a long history in sustainable energy installations. It hosts the first wind farm in
Europe constructed in 1982 and the first microgrid in Europe in 2001, in Gaidouromantra, a small
valley next to the coast, in the southern part of Kythnos. Kythnos has been a versatile live testbed
for smart grid technologies, which have been developed in the framework of several European
projects. Based on this past experience and since it is non-interconnected to the mainland
electrical grid, leading to constraints in RES penetration, Kythnos provides an ideal demonstration
site and for high TRL applications. The Gaidouromantra islanded microgrid electrifies a settlement
consisting of 14 houses with 100% renewable energy coming from PVs and batteries since 2001.
Besides being the first microgrid in Europe, in the Kythnos settlement advanced decentralized
techniques for DSM techniques were demonstrated for the first time.
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Existing Infrastructure

Kythnos island ‘ Gaidouromantra Microgrid
T 5x33kW + 1 x 500 kW = 665 kW wind | 7 distributed PV arrays
turbines*’f f Two Lead-Acid (FLA) battery banks, one with
I 3 PV stations of 238.25 kW 1000Ah/48V (main), and one with 539Ah/60V
1 5920 kW installed capacity of fossil fuel (secondary)

generation Three-phase, 9kVA diesel back-up generator

** Currently the wind turbines are out of order

but there is an ongoing effort for repowering Loads (refrigerators, lamps and dwelling pumps)

Load Controllers for protection against
overloading or extreme battery discharge

Table 13 Existing Infrastructure at Kythnos Island, Greece, EU

The project aims to increase of energy efficiency by the synergy of electricity with other energy
carriers, increase of RES penetration by efficient generation and demand management and
increase of population awareness and customer engagement. Tools to be demonstrated in the
project are viz. ecoEMS, ecoMicrogrid, ecoPlanning, ecoDR, ecoPlatform, ecoMonitor,
ecoCommunity and ecoResilience.

At Kythnos, the energy production system consists of 5,920 kW capacity of fossil fuel generation
and 238.25 kW PV. Moreover, 665kW wind generation is currently out of order, but there is an
ongoing effort for repowering. Further, Gaidouromantra Microgrid consists of seven distributed
PV arrays, two lead acid battery banks, a three-phase 9kVA back-up diesel generator, specific
flexible loads and load controllers for protection against overloading or extreme battery discharge.

Available energy vectors such as cooling during summertime plays a critical role in the operation

of Kyt hnoso energy Ssystem. Mor eover, water treas
desalination plants with high operational costs and energy consumption. The optimized and

efficient operation of the three energy vectors, cooling, water, and electricity is highly
recommended for the island in order to reduce energy costs, to better manage the energy demand

and finally increase RES penetration. Additionally, in Gaidouromantra Microgrid each house is

equipped with a water pump, which is responsible for replenishing a water tank and in this way

supplying water to the household. The residents use the water for some small-scale agricultural

activities and gardening. The two energy carriers will be combined and co-optimized for the

efficient operation of the local energy system.

Renewable penetration and citizen engagement

Studying the operation of Ga dettdedissoaisthatithe batiesiesMi cr o g r
are frequently overloaded because of the concurr
Based on that and according to earlier studies, the users of the microgrid have shown a grid-
oriented energy culture and not a culture of autonomous energy supply. Technical Demand
Response in combination with behavioral demand response technigques adapted to small scale
energy systems will be applied and demonstrated for optimized and efficient energy management.
In addition, Microgrid Management System will be developed and demonstrated for optimal
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microgrid operation taking advantage of the flexible loads and the available energy vectors. Tools
and solutions to be demonstrated in this pilot are:

0 ecoEMS: Optimization of the energy system operation in Kythnos Island, exploiting the synergies
of the energy vectors (e.g. optimal dispatch based on forecasting, economical and technical criteria)

0 ecoMicrogrid: Optimized and efficient operation of Gaidouromantra, exploiting the synergies of the
energy vectors (e.g. optimal dispatch of the generation units of the microgrid)

0 ecoPlanning: For optimizing the mix of energy technologies

0 ecoDR: Load Shedding based on Flexible Loads in Gaidouromantra Microgrid and behavioral
Demand Response techniques

0 ecoPlatform: The platform will be used to keep a consistent database and an integration interface
for the used tools

0 ecoMonitor: Sensors will be placed to monitor the water quality of Gaidouromantra

0 ecoCommunity: To facilitate active involvement of the stakeholders in energy system

0 ecoResillience: Local manufactured residential wind turbine for Gaidouromantra, workshops and

training to local communities. The goal will be to increase the power capacity of the wind turbine

5.2 Bornholm Island: Denmark

The Danish island of Bornholm has embraced the green agenda for over 30 years, aiming to
become a CO; neutral island in 2025, and a zero-emissions and climate-friendly community by
2035, while it had been awarded with the 1st Prize of RESponisble Island. Bornholm (40000
inhabitants i 589 km?) is a whole community consisting of one municipality with hospital, police
force, court of justice, educational institutions and utility companies. All sectors of society are
engaged in a penta-helix model, bringing together science, public institutions, business and civil
society aiming at co-creating and empowering stakeholders, as a means to uphold i and hand
down a sustainable island for future generations. The Bornholm energy system development is
headed by its municipality and multi utility company. Bornholm has a total energy demand of 900
GWh per year including power, heat and transportation. Bornholm connects to the Scandinavian
electricity grid through a submarine power cable to Sweden, but is also capable of running the
electric system off grid. Energy production system consists of a wood chip fueled combined Heat
and Power plant, and decentralized district heating grids fueled with 100% local produced
biomass. The energy system combines proven technologies and innovative solutions, system
integration, local biomass and an advanced simulation model.

The objective is creating synergies and integrating the energy vectors: Electricity, district heating,
biomass - forecast, balancing and integration of increasingPV-pr oducti on t hr o
grid. This field test will demonstrate local services of power control, peak shaving and optimizing
use of renewable biomass and solar power, by means of intelligent control capability. Forecast of
production from a PV plant by means of meteorological data of irradiance, will be used for the

control of electrical boilers in Tsterlars
electricity production and store it as heat in the district heating system. The District heating
consumers in the Isterlars grid all have re

data about consumption, temperatures, and flow in the grid. The consumers are also equipped
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with identical HAheat watérstaage tankspandeDanfossiEGL cantptes! i t er
controlling the charging of the tanks, and temperature level of incoming water to the household
radiator system.

Existing Infrastructure

Bornholmisland-power 1 st er | airs isterlars Heat P

heat (Demo)

1 37 MW from 35 larger wind turbines. Private and
public owned

1 8 MW from app. 1000 rooftop PV stations

1 15 MW from two private PV production plants

1 3 MW from Biogas plant Central Heat & Power

MW straw fueled boiler (with condensation)
2.4 MW electric boilers (backup)

1-2 MW wood pellet fueled boiler (backup)
80 MWh in hot water storage tank i 1500

= =4 —a -

m3
plant 93 kW f ftop PV
1 35 MW from woodchip fueled boiler power from rooftop o
1 58 MW capacity of fossil fuel generation 1 Loads: households, trade, institutions, and
L . a public swimming pool i totally 600
1 60 MW capacity import/export via sea cable consumers.

Table 14 Existing Infrastructure at Bornholm Island, Denmark, EU

Electricity production assets integrates 37 MW wind turbines, 23 MW PV, 3 MW biogas plant, 58
MW capacity of fossil fuel generation and 60 MW capacity import/export via sea cable. The
optimized and decarbonized operation of four energy vectors - district heating, electricity, biomass
and transport - is highly recommended for the island, so it will be possible to integrate and fully
use increased RES capacity from new PV-plants and wind turbines (offshore). Biomass (local
woodchips, straw, and manure) is vector for heat (primarily) and electricity production in district
heating, CHP, and Biogas-plant. Electricity is a vector for district heating via electric boilers, heat
pumps, and in the future waste heat from P2X production.

Renewable penetration and citizen engagement

Bornholm already has a very high penetration of RES presently. District heating is based on local
renewable biomass, and a little waste incineration. Local electricity production is based on
biomass, wind and sun, and covered 70% of the electricity consumption in 2019. Citizens on
Bornholm have invested in energy production for the last 30/ 40 years. At present there are about
1000 households with rooftop PV panels with an effect of approximate 8 MW. There are 50
households with their own wind turbines of up to 25 KWH. Both PV and wind turbines are grid
connected. An important local impact is the local fuel supply to district heating and CHP - straw
and woodchips. Current consumption in the heat and power plants of locally produced biomass
is approximately 20000 tons/year straw and 50000 tons/year woodchips. With the current price of
straw at approximate 75 U/ t wopodahd ps a t45% vGaten) the value of tre tocally
produced fuels are app. 4, 500, d & caldabor anmlved inf ur t her
production and transportation of straw and woodchips. A newer 50 kW PV installation at the public
indoor swimming pool has been raised by crowdfunding among local citizens. Tools and solutions
to be demonstrated in this Demo are:
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0 ecoEMS: Optimization of the energy system operation in Bornholm Island, exploiting the synergies
of the energy vectors (e.g. optimal dispatch based on forecasting, economical and technical criteria)

6 ecoMicrogrid: Optimized and efficient operationofthe T st er | ar s h e grit, explbitngpt and h
the synergies of the energy vectors (e.g. optimal dispatch of the integrated generation units for the
grid)
O ecoDR: Creating f 1l exi bidbyiDergandRespansed¢echhigueser | ar s heat ¢
0 ecoPlatform: The platform will be used to keep a consistent database and an integration interface

for the used tools

0 ecoMonitor: Sensors will be placed to monitor irradiation, enabling forecast and control of electric
boilers in Tsterlars heat plant

0 ecoCommunity: Workshops/ training of the participating consumers in local communities. The goal
will be to increase the knowledge and engagement in the local communities
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Figure 5 Bornholm Island, Denmark: EU Demo site

5.3 SWOT Analysis for Technical, Social and Environmental Framework

Despite the fact that Kythnos has a long history in renewables and low-carbon applications, still it
is quite dependent on diesel generators and fuel oil, making the variable cost of energy in the

island very high, like most of the Non-Interconnected Islands (NIIs) . By applying @sm
efficient techniques and technologies for energy management, there is a lot of headroom for
renewabl es i nt egfEdMPIOIMEREW/Ot raidivai®BEd Energy Manag

applying the technical restrictions and economic criteria, capitalizing on the available energy
vector synergies, will be demonstrated to optimize the operation of the local energy system,
allowing further renewable energy integration and cost reduction of energy production. In addition,
innovative Demand Response techniques will be implemented for even better energy
management through the engagement of local energy consumers and producers, leading in the
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development of new attractive business cases. The case of Kythnos can pose the prototype and
can be replicable in all the NIl of Greece.

To achieve the objective, this section begins with the identification of obstacles and drivers related
to two demonstration sites in EU through a set of questionnaire capturing the expert responses
from the involved partners who are leading the deployment and demonstration as demo leaders.
Evaluation was performed to classify barriers and drivers using SWOT analysis with help of the
exper t s ass.essments

i REMPOWEREDO cwillelratte the digitization and energy
system. Building on the existing experience and proven technologies developed within past EU

projects, the tools and business models that will be upgraded and demonstrated in the framework

of ERPOWEREDO wi |l l ead to higher technol ogical a
increase the maturity level to develop a structured energy community with active engagement in

its core. The demonstrated solutions, tools, strategies, business models in Kythnos will synthesize

an economically sustainable and attractive multi-layer architecture that will be replicable in all
non-interconnected islands in Greece and elsewhere.

Kythnos, Greece: EU Demo site

Strength (S) Weakness (W)
1 Successful testing of multiple innovations for the 1 Lack of specialized local workforce
specific site 1 Insufficient participation of local
1 Ability to achieve synergy from existing community in decision making
infrastructure process

1 Small scale of operation
1 Several complementary projects ongoing

Opportunity (O) Threat (T)

1 Operating constraints of thermal generators 1 High transportation cost, installation
1 Existing multiple solutions for Smart grids in the cost, economies of scale
market 1 No Regulatory framework for
1 High emission cost of fossil fuel demand side
1 Network stability issues 1 Challenging weather conditions for
1 Acceptability of innovative solutions by equipment - high salinity and humidity
customers 1 Clean energy transition issues for
1 Early mutual agreements local community (e.g. gas stations)
1 High environmental awareness
9  Strict Legal provisions for emission standards
1 New business modelling and strategies

Kythnos Gaidouromantra MG, Greece: EU Demo site

Strength (S) WEELGESEY)

=

Microgrid operation expertise at specific site
Sufficient data regarding usage

1 Involvement of local community at planning
phase

Components failure

Ensuring adequate maintenance
Customer dissatisfaction issues
Inadequate business Model
Citizen engagement issues

=
= =4 & —a -2
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1 Lack of backup generation
Opportunity (O) Threat (T)
1 Good morphology for installing PV 1 Environmental licensing complexity
1 Great solar potential concerns due to the proximity to
1 Availability of a Distribution network shoreline
f A fully functional infrastructural part f Land and infrastructure ownership
issues
i Site specific resource utilization
concerns

Table 15 SWOT Analysis of Kythnos Island, Greece, EU

The demonstration in Bornholm Island in Denmark will provide means of integrating more
electricity from RES, in a community that already have a high penetration of RES. On Bornholm
a group of citizens, with support from the municipality, are now developing a 100 MW wind turbine
park (offshore) based on local funding, to be ready in 2025. New PV-parks are also planned. This
means that in the near future the sea cable to the mainland will not have enough capacity to
export electricity from RES on Bornholm, when the production from wind and sun is high, so ways
to integrate electricity with other energy carrying vectors, e.g. district heating and transport, has
to be found, or else it will be necessary to curtail RES in periods and thus waste the energy. All
communities will face this problem at some point of time in the future, and it is essential to develop
a multitude of solutions for different energy systems and communities.

Bornholm Island, Denmark: EU Demo site

Strength (S) Weakness (W)
1 IT and SCADA infrastructure 1 Limited participation
1 Presence of different energy vectors with scope 1 Financial obstacles
of co-optimization 1 Employee skills

Opportunity (O) Threat (T)

1 Reduced Carbon-emission legislation 1 Extreme Seasonality

1 Increase in sensor deployment 1 Cyber Security

1 Control and forecast opportunities 1 Long term viability

1 Sector coupling of district heating and electricity 1 Integration of district heating into

1 Community  engagement  through new demand management framework
technologies and business models 1 Disposal/ recycling of components

1 New business modelling and strategies
Table 16 SWOT Analysis of Bornholm Island, Denmark, EU

Citizens have expressed some degree of willingness-to-pay (WTP) for renewable energy. This
could be attributed to the wider EU energy policy framework, consistent in promoting the diffusion
of RES through the provision of subsidies, incentives and the funding of large scale investments.
Liberalized markets consumers can choose renewable energy providers, contracts and tariffs
suggesting their absolute will to support renewables. Hence, what induces individuals to actually
pay for renewables is the positive relationship with pro-environmental attitudes by strategically
raising public environmental awareness. Citizens here, are paying for renewable energy, which
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is produced by local energy projects or offered by utilities owned by local bodies in comparison to
large investor owned companies. Therefore, this has increased the share of individuals who pay
for renewable electricity in the EU demo sites.

In the EcoGrid projects it is shown, that it is possible to engage the citizens and create flexibility
in the power grid by controlling household electricity consumption i in this demo attempt will be
to expand the scope to create flexibility and synergy in both power grid and heat grid, and engage
citizens and community to participate in the project. A number of consumers in Gudhjem (energy
community) will be recruited for the demonstration, and upgraded with remote controls, to provide
access to demand-response in the grid, for balancing heat input from PV via electric boilers. Two
consumers are already recruited, the public indoor swimming pool in Gudhjem, and the local

school in Tsterlars. On the pr oduwupresumed20ViWPY
plant will enable peak shaving and avoids reinforcement of the weak electrical grid, by means of
controlling the 2.4 MW water boiler at the
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6 Evaluation of Obstacles to Innovation and Drivers:
ecoTools

Experts now argue that technologies such as solar, wind, and small-scale hydropower are not
only economically viable but also ideal for rural areas. Renewable Energy Technologies (RETS)
are cost-competitive with conventional energy sources in applications such as solar water heating,
off-grid electrification with solar photovoltaics (PV), small-scale biomass power generation,
biofuels, grid connected/ off-grid wind power. Despite technological developments and economic
viability for several applications, there is existence of numerous types of barriers for renewable
energy penetration. These barriers to renewable energy may vary across technologies and
countries. This section focuses on identification of these barriers and possible ways to overcome
them for exploration and exploitation of innovations in RETSs.

Innovation diffusion depends upon the RETs technological, techno-economic, or economic
potential. Technological potential refers to the highest order of possible usage level universally,
without any constraints (cost, reliability) followed by techno-economic potential observed when
technology is universally used in competitive markets in absentia of market related barriers and
lastly economic potential attained in an environment free from market failures and distortions.
Scientific and technological progress in terms of improved technology and reduction in costs can
continuously improve all three types of potentials. The objective of this section is the determination
and evaluation of the obstacles to innovation and drivers from three aspects i technical, social
and environmental of the innovative solutions ecoTools that will be deployed and demonstrated
in the identified four demo sites in India and EU for local energy system.

6.1 DEMATEL Analysis based Technical, Social and Environmental Framework

In the project RE-EMPOWERED, efficient tools and economic solutions will be developed aiming
to increase renewable energy penetration in local energy systems and foster decarbonization.
The ecoToolset to be demonstrated in the pilots are jointly developed by involved European and
Indian partners. Several solutions with innovative characteristics will reach high TRL during the
project implementation, aiming to reach the EU and India markets shortly after the completion of
the project. Industrial partner will lead the commercialization of several products - ecoEMS,
ecoMicrogrid, ecoPlanning, ecoConverter, ecoVehicle, ecoDR, ecoMonitor - will license the tools
to Indian companies as members of the stakeholder group for commercialization. The tools have
high innovation potential and include aspects not existing in the EU and Indian markets in view of
the current market status. Most notably, four solutions will reach TRL 8 (ecoEMS, ecoConverter,
ecoPlatform, ecoVehicle), three solutions will reach TRL 7 (ecoMicrogrid, ecoDR, ecoMonitor),
while one solution (ecoPlanning) is already at TRL 9. Tools will be installed in the four demo sites
selected considering diversity. 1 t & t®chnological and financial challenge for the electricity
network to integrate more renewables, but it is also an opportunity to optimise the electricity
system operation in synergy with other energy carriers/ vectors to increase the hosting capacity
for renewables, not just for electricity but also for heating/ cooling, transport and/or industry in a
sector coupling approach. Target objectives include the increase of RES penetration in energy
mix, advanced optimization algorithms, optimal operation of multi-energy systems to achieve cost
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minimisation, new types of flexibility, improve efficiency and power quality with hardware
ecoTools. Besides, digital ecoTools solutions for innovative network architecture and planning,
multi energy carrier integration, allow interoperability, system integration and community
engagement will be developed. Several solutions with innovative characteristics will reach high
TRL during the project implementation, aiming to reach the EU and India markets after the
completion of the project. Moreover, knowledge, results and additional insights will feed into the
pr oj ect Grderaciomst mchvities, stakeholder engagement, active prosumers, training,
special requirements of energy disadvantaged communities, monitoring Internet of Things (IoT)
and Information and Communication Technology (ICT) based technologies, and dissemination
and communication activities to foster adoption of community based energy solutions.
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Figure 6 DEMATEL Methodology

In this section, analysis begins with identification of the barriers and drivers related to the ecoTools
through a set of questionnaire capturing the expert options from the involved partners who are
leading the innovation development as ecoTools leader for the ten solutions 7 hardware as well
as software/ platform. After that, evaluation was performed to find key barriers and drivers with
help of the exper t s 6 a s s. Eisallynilee DEMATEL method is used to analyze the causei
effect relationships between these key barriers and drivers. The motivation for conducting
DEMATEL analysis comes from the earlier analysis of fuzzy TOPSIS and SWOT. Both of the
earlier techniques focus upon the macro and meso to micro (specific to demo sites) level barriers
posing risk and uncertainty for the development and deployment of the microgrid local energy
system. However, DEMATEL specifically examines the identity of a barrier with respect to the
entire system in which it is hindering along with the influential inter-relationships for the developed
ecoToolset. Hence, DEMATEL is one step deeper analysis for the ecoTools i.e. the innovations
driving the deployment of microgrid at four different demo sites in the project RE-EMPOWERED.
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