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Abstract— Microgrids are considered as a potential solution 
for areas in a power system which are experiencing challenges 
with providing reliable power supply. The challenges for 
designing and implementing microgrids are both technical and 
market-oriented. The technical and market designs for 
microgrids need to consider local conditions. To address this 
challenge this paper applies the methodology of ecosystem 
thinking and CSTEP factor analysis to systematically 
investigate stakeholders, value flows, current challenges and 
future trends in a selected national power system. A microgrid 
solution which provides demand response service to the main 
power grid is identified for solving the challenge of increasing 
power demand in the urban areas of India. The co-innovation 
risk analysis and adoption chain risk analysis are conducted to 
investigate the success rate of the identified microgrid solution. 
Simulations with Homer Pro demonstrate that the identified 
solution can improve the value of existing microgrids in the 
Indian market and can help solve the needs in India related to 
the power supply reliability. 

Keywords—Business ecosystem, CSTEP factor analysis, 
microgrid, co-innovation risk analysis, adoption chain analysis 

I. INTRODUCTION 

A microgrid (MG) is a small electricity network consisting 
of both loads, generation and possible storage. It is able to 
operate and provide energy system management within a 
geographically defined area. It is operated at a low to medium 
voltage level and is optimized as an independent unit by an 
internal control system [1]. MG has several benefits such as 
providing lower transmission and distribution losses and more 
secure supply of power. The reliable power supply would have 
high value for companies in urbanized areas or within large 
cities, which today suffer losses due to outages that affect their 
competitiveness and revenues. MG can also increase quality 
of life for people living in villages with bad or no electricity 
access. Therefore, there is a market potential for MG that can 
increase the grid functionality and ensure electricity 
availability. 

There are several developing countries experiencing 
challenges of reliable power supply. MG is considered as a 
potential solution in these areas. For instance, India has had 
the lowest reliability of electricity supply in the past years [2]. 
One of these challenges in India is the increasing population 
[3, 4]. 

From 1950 to 2017 the population has increased 
approximately three times to 1.3 billion people. Increasing 
population demands high power consumption and thus 
deteriorate the already challenged power grid. MG 

implementation could help reduce this problem by having 
generation closer to the consumption. It is easier to adjust the 
production side with respect to the demand in small areas. The 
investment in new transmission or distribution lines can be 
avoided or postponed [5]. Additionally, MG can provide 
electricity access to more people [6, 7]. In India, 79.2% of the 
population had electricity access in 2014 and there is a severe 
issue related to power outages which has not been overcome 
[2]. One solution is to implement MG in the affected areas. 

The challenges for MG can be both technical and market-
oriented. The technical issues are especially the control system 
which is necessary to provide secure energy management 
related to the control parameters of safety, capacity and 
reserves. These parameters should be balanced and optimized 
using the information of weather forecasts, price information, 
demand and generation information, and information about 
the storage level. The market issues are related to the 
interaction between MG and the existing power markets. 
Moreover, risks of new technology adaption is an issue for the 
MG implementation in a market due to standard requirement 
and regulatory control [8].   

The most important challenges in India are the increasing 
population, urbanization and electricity outage. MG could be 
a possible solution for these problems. MG can help to save 
electricity, and control electricity generation and demand in a 
smart way to ensure a cost-efficient power system. The 
benefits of MG implementation can be further increased by 
providing demand response (DR) to the main power grid.  

This paper aims to apply the methodology of ecosystem 
thinking to investigate the current state of the power system 
and MG in India and identify potential MG solutions based on 
Indian needs and challenges. The MG solutions would have a 
large positive impact on the quality of life of the Indian people 
if the challenges in the power system are solved. Furthermore, 
it would improve the competitiveness of Indian companies 
that currently suffer frequent electricity outages. A successful 
MG innovation could solve the electricity supply issues in 
India, and also in other Asian countries where suffer similar 
problems. 

II. INDIAN POWER BUSINESS ECOSYSTEM

Stakeholders in the main power grid in India are shown in 
Table I. Besides the stakeholders in the main grid and MG, 
there are two framework stakeholders: the government and 
electricity exchanges. The electricity exchanges are 
marketplaces for the trading of power and the government set 
up regulations, subsidies, taxes, and legislation. 
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The overall value chain within MG in India can be divided 
into three stages: distributed energy resources, distribution, 
and consumption. There are three MG models in the Indian 
power sector: DSO monopoly, liberalized market model and 

prosumer consortium model. The stakeholders and the value 
flows (power flow, momentary flow and data flow) are shown 
in (Fig. 1-3). 

In the monopoly model (shown in Fig. 1) the MG operator 
is a distribution company (DISCOM). The DISCOM owns 
and operates the generation and storage units in the MG and 
is responsible for purchasing power through the power 
exchanges if needed. In this case, electricity is distributed to 
the MG through the DISCOM in the main grid.  

 

Fig. 1. Business ecosystem for the monopoly model 

In the liberalized market model (shown in Fig. 2), the MG 
operator is the intermediary between consumers and 
distributed energy resources (DERs). The power trading 

between DERs and consumers is done through the MG 
operator, while the actual power flow is through the DISCOM. 
This DISCOM can be the same as the DISCOM in the main 
grid in the same area. As the same in the monopoly model, the 
MG operator is responsible for purchasing power from the 
main grid if it is necessary or beneficial. 

 
Fig. 2. Business ecosystem for liberalized market model 

TABLE I.  STAKEHOLDERS IN THE MAIN POWER GRID [9-11] 

Stakeholder Role - Power flow Role - Money flow Role – Data flow 
Central generation 
stations (CGSs)  

Deliver power to RLDCs Receives payment through RLDCs Inform RLDCs of expected production 

Independent power 
producers (IPPs)  

Deliver power to SLDCs and 
DISCOMs - either directly or 
through power exchanges 

Receive payment from SLDCs and 
DISOMCs - either directly or through the 
power exchanges 

Inform RLDCs of expected production 

State-owned 
generators  

Deliver power to SLDCs and 
DISCOMs - either directly or 
through power exchanges 

Receive payment from SLDCs and 
DISCOMs - either directly or through the 
power exchanges 

Inform SLDCs of expected production 

National Load 
Dispatch Centre 
(NLDC)  

Acts with RLDCs and handles the 
exchange between those  

Receives payment from tariffs Receive information from RLDCs 
regarding trading between different 
RLDCs 

Regional Load 
Dispatch Centres 
(RLDCs)  

Distribute power from CGSs to 
SLDCs. Also responsible for 
balancing transactions between 
SLDCs  

Receive payment from SLDCs for 
delivered power and from tariffs 

Send information to NLDC regarding 
trading with other RLDCs.  
Receive information from SLDCs 
regarding trading between different 
SLDCs 

State Load Dispatch 
Centres (SLDCs)  

Distribute power from IPPs, 
CGSs and state-owned generators 
to DISCOMs  

Pay for delivered power from independent 
power producers and state-owned 
generators. Also receives payment for 
delivered power and from tariffs. 

Send information to RLDCs regarding 
trading with other SLDCs 
Inform RLDCs of expected consumption  

DISCOMs  The distribution companies 
facilitate the power transport to 
consumers in the main grid and 
the MG  

Receive tariffs from consumers. 
Sell power to consumers and MG  

Receives information from MG regarding 
demand for power from the main grid  

Consumer (in the 
main grid)  

Receive power through 
DISCOMs  

Pay DISCOMs for received power. 
Furthermore, they pay taxes to the 
government and tariffs to DISCOM 

 

Government  Receive taxes from consumers in both MG 
and the main grid and give out subsidies to 
MG projects 

 

Power exchanges 
(PEXs)  

 Intermediary for power trading between 
different stakeholders 

Receives bids regarding both consumption 
and production and finds market clearing 
price  

Note: CGSs: Central generation stations RLDCs: Regional Load Dispatch 
Centres 

IPPs: Independent power producers PEXs: Power exchanges 

 SLDCs: State Load Dispatch Centres DISCOM: MG distribution company NLDC: National Load Dispatch Centre 

 



In the prosumer consortium model (shown in Fig. 3), the 
consortium is the MG operator which owns and operates the 
entire MG. Therefore, there is only one stakeholder inside the 
MG which is the prosumer consortium. The MG operator in 
this model is responsible for trading with the main grid. 

 
Fig. 3. Business ecosystem for prosumer consortium model 

A. Microgrid Challenges in India 
To understand the Power business ecosystem, it is 

necessary to identify challenges and unmet needs in the 
ecosystem. A method for identifying these is the use of 
CSTEP factor analysis. CSTEP factor analysis developed by 
Ma [12], is a method for systematic analysis of influential 
factors and unmet needs related to the five categories; 
Climate, Society, Technology, Economy , and Policy. The 
influential factors and unmet needs are analyzed related to a 
specific geographical limitation that has been chosen for the 
target domain. Based on the CSTEP factor analysis, the 
highest needs for power sector in India are summarized in 
Table II.  

Currently, renewable sources contribute about 12.25% of 
the total electricity generation. Coal is the main resource for 
electricity production, and oil and gas have a high share [13].  

In India, 84.9% of Indian villages have electricity lines, 
but only 46% of rural households have access to electricity 
[14]. A lot of companies have problems to find workers with 
qualified skills, and this can be an issue for new technologies 
and infrastructure implementation in small villages. 
Furthermore, the urbanization in India can be a major issue 
that causes additional stress on the grid [15]. Moreover, There 
are technological issues in India related to power outages and 
lack of electricity infrastructure in rural areas [14]. 

Smart metering will offer power distribution companies 
the ability to address billing inefficiencies, that have 
contributed to their losses and debt burden [16]. Furthermore, 
the electrical losses during transmission and distribution in 
India are extremely high, which indicates, that electricity 
transport is not efficient. 

It is common in India for power companies to have long-
term-contract binding. Companies need to pay a fixed charge 
to generation companies even though the generation is not 
used [17, 18]. Distribution companies have bad financial 
situation due to inefficient long-term contracts with generation 
facilities [19].  

In India, there is a low GDP per capita, and it could imply 
that a large share of Indian citizens is not able to pay their 
electricity bill. There is an issue in India related to its 

electricity policy and regulation. Transparency is a major issue 
according to a survey performed before the election in 2017. 
It influences the whole economy and hinders competitiveness, 
growth, and development in India [15]. 

 

TABLE II.        CSTEP FACTOR ANALYSIS FOR POWER BUSINESS 
ECOSYSTEM IN INDIA 

CSTEP-factors Details 
Climate and 
environment 

Low share of renewable energy 
Fuel shortage 

Society, culture and 
demographic  

Increasing population 
Off-grid population 
Struggle to find qualified workers 
Urbanization 
Commercial losses in transmission and 
distribution 

Technology 
(Infrastructure, 

technological skills, 
relevant technology 

readiness) 

Power outages 
Smart metering 
Lack of electricity infrastructure in rural areas 
High technical losses in transmission/ 
distribution 

Economy and 
finance 

Low GDP per capita 
Poor financial s for distribution companies 
Long term contracts binding DISCOMs 

Policy and 
regulation 

Transparency issues 

III. SOLUTION IDENTIFICATION 
Based on the investigation of the power business 

ecosystem in India and CSTEP factor analysis, several 
solutions are identified (shown in Table III). This paper finds 
out that one urgent need is the increasing population in urban 
areas. This leads to a challenge of the overload of the grid. A 
solution of MG with DR service to the main grid can alleviate 
the load on the electricity grid in urban areas. 

TABLE III.       IDENTIFIED SOLUTIONS 

DR type Microgrid area Microgrid model 

Implicit DR 

Rural 
Monopoly model 

Liberalized market model 
Prosumer consortium model 

Urban 
Monopoly model 

Liberalized market model 
Prosumer consortium model 

Explicit DR  
with 

aggregator 

Rural 
Monopoly model 

Liberalized market model 
Prosumer consortium model 

Urban 
Monopoly model 

Liberalized market model 
Prosumer consortium model 

 

The identified solution is better implemented in the 
monopoly model compared to other two market models. 
Because there will be more MG in the future, both in India and 
in other parts of the world, and it is expected that the 
monopoly MGs will dominate the urban MG in India. 
Solutions for the liberalized market model cannot enter the 
current market. Comparatively, the monopoly model fits well 
into the current ecosystem since the trading can be done 
directly with DISCOM in the main grid, so solutions for 
monopoly model have lower risks. Furthermore, the 
incitement in the monopoly model gives DISCOMs a greater 
value. 

There is no DR market currently, and MG operators would 
have to trade directly with DISCOMs in the main grid. Thus, 



both power and money flows would be between MG operators 
and DISCOMs in the main grid. MG operators and DISCOMs 
in the main grid may be the same in this MG model. 
Furthermore, an extension (indicated with light blue in Fig. 4) 
is identified, and it implies that MG in the future will trade 
through the PEXs, but the actual power flow will still be 
through DISCOMs in the main grid.  

In this solution, DISCOMs operate and control the MG. 
DISCOMs will stop purchasing electricity from the main grid 
when issues occur and thus help to relieve the demand to the 
main grid. Therefore, DISOCMs may see additional value in 
the identified solution. 

Communication both inside MG and between MG and the 
main grid is important for the identified solution. It is 
necessary to receive information from the main grid regarding 
the need for DR and from inside MG regarding available DR 
resources. Furthermore, it is necessary to monitor the DR 
process. This information can be achieved through advanced 
metering infrastructure (AMI). AMI is a two-way 
communication network which can gather information and 
transfer energy usage information in real-time [20].  

 
Fig. 4. Business ecosystem with an innovative solution in a monopoly 
model MG 

A. Co-innovation Risk Analysis 
There are three potential co-innovation risks in the 

identified solution. Based on the co-innovation risk analysis, 
the overall success rate of the co-innovation is 51% (shown in 
Fig. 5). 

One co-innovation risk is the establishment of MG since 
the identified solution is an addition to existing MG. This co-
innovation is assumed to have a high chance of success of 
90%. The high value is based on an expectation that this type 
of MG will be established to a large extent, due to problems 
with power supply in India.  

It is essential in the identified solution that a part of the 
load in MG can be moved to another time and that is 
physically possible via control signals. It is possible to supply 
DR to the main grid in other ways than by moving 
consumption, but it would be the cheapest DR resource. In 
existing MG, it is expected to have a high degree of 
information and control between stakeholders, therefore the 
chance of success for this parameter is estimated to be 70%.  

AMI in the identified solution can manage MG and the 
interconnection with the main grid. If AMI fails and no other 
methodology is available to manage metering from devices in 
the MG, it will be difficult for the identified solution to 

succeed. The AMI metering is assumed to have a high chance 
of success of 80%.  

 
Fig. 5. Co-innovation risks for identified solution in a monopoly model MG 

B. Adoption Chain Risk analysis 
For the success of an innovation, it is essential that related 

stakeholders adopt the solution. The adoption chain breaks if 
one of the stakeholders does not accept the solution, and the 
innovation will not succeed. This paper uses three (-) and three 
(+) to indicate if stakeholders in the adoption chain can see a 
value in the identified solution and thus is willing to accept the 
solution. The adoption chain breaks and the solution cannot be 
realized if the any value is negative. 

The adoption chain for the identified solution in the 
monopoly model MG can be seen in Fig. 6. The first chain 
represents DISCOMs in the main grid. In the monopoly 
model, DISCOMs that operate the main grid can see a great 
value by adopting this solution, since the use of DR from MG 
can benefit the main grid. The next chain is MG operators that 
DISCOMs operate and own MG in the monopoly model. As 
in the previous chain, DISCOMs can see a great value by 
adopting this solution due to flexible electricity MG can 
deliver through DR. The last chain in the adoption chain is 
consumers in MG that can deliver DR. Consumers must be 
willing and be ready to adopt AMI in order for this model to 
be able to deliver DR to the main grid. The relatively low 
surplus for consumers is based on the expectation that single 
consumer will not be able to earn a noteworthy amount of 
money by selling DR.  

The average value of the adoption risk is 2.33 and the 
minimum score is 1. There is no negative value, so the 
adoption chain risks do not prevent the solution from being 
realized.  

 
Fig. 6. Adoption chain risks of the identified solution in a monopoly model 
MG 

C. Ego-system Analysis 
Ego-system analysis can help to investigate stakeholders’ 

involvement in the identified solution. The center of the ego-
system (shown in Fig. 7) is the core business which is explicit 
DR in a monopoly MG. In the inner circle, stakeholders with 



the closest relation to the identified solution are presented. In 
this part of the ego-system, there are both stakeholders from 
in- and outside MG. MG operators which would be customers 
of the solution, DISCOMs in the main grid and the power 
exchanges outside the MG are in the inner circle.  

The remaining stakeholders in the business ecosystem 
who are less importance to the core solution are in the outer 
circle. The stakeholders outside MG including all power 
generators (CGSs, IPPs and state-owned generators), load 
dispatch centers (NLDC, RLDCs, and SLDCs), consumers in 
the main grid and regulatory authorities CERC and SERC are 
in the outer circle. 

 
Fig. 7. Ego-system of MG with explicit DR in a monopoly model MG. 

IV. SOLUTION SIMULATION WITH HOMER 
The solution identified in this paper includes both 

determinization of an amount of the load that can be used for 
DR and DR resources, and the optimization with the grid 
connection. To investigate if this solution can provide 
additional earning for MG, this paper applies the Microgrid 
simulation tool- Homer Pro to illustrate the value of a MG 
with and without the identified solution. The MG is assumed 
to consist of residential loads, solar panels, storage, generator 
and a grid connection. 

In the simulation, the MG is assumed to consists of 100 
residential consumers located in Delhi. This location is chosen 
since the grid in this area suffers a severe outage problem [21]. 
Consumers in this state have average consumption per capita 
of 1561 kWh/year [22]. This gives average daily consumption 
in the MG of 428 kWh. An average consumption of a 
residential consumer in the state of Delhi and a load profile 
from India is used to implement the load in Homer (shown in 
Fig. 8). Components in the MG are PV panels, lithium-ion 
batteries, a converter, and a diesel generator. 

 
Fig. 8. Average demand during a week in India [23] 

A. The Reference System 
The reference system is a MG without the implementation 

of the identified solution, and the MG can only use the grid-
connection for import. The prices are defined as prices in the 
IEX from 2016. A tariff of 5 INR is added which is the average 
tariff in India [24]. The prices are multiplied by two in an 
attempt to simulate the fact that MG operators in a monopoly 
MG seek to reduce the use of the main distribution grid. The 
average price is 0.23 $/kWh. Furthermore, outages are 
simulated in the simulation. Based on [21], the frequency of 
electricity outages in Homer pro is set to be 500 times a year 
and at a duration of an average of 3 hours.   

The composition of the MG is optimized in Homer pro 
based on the above-described conditions. The main results of 
this optimization are presented in Table IV (the reference 
part). The distribution of monthly average electricity 
production with system configuration (along with the weather 
and load conditions) is illustrated in Figure 9. 

It can be seen in Fig. 9 and Table IV (the reference part) 
that a significant amount of power consumed in the MG is 
imported from the main grid. The amount is equal to more 
than 50% of the yearly consumption in the MG. The 
production prices in a MG is difficult to compete with the 
prices in the main grid. However, due to outages in the main 
grid, it is feasible to invest in some generation units in the MG. 

TABLE IV.   OPTIMIZATION FOR THE REFERENCE SCENARIO AND THE 
SCENARIO WITH THE IDENTIFIED SOLUTION 

 Reference With identified 
solution 

PV [kW] 49,3  49,3 
Storage [1,02 kWh] 30 30 
Gen [kW] 22,0  22,0 
Converter [kW] 24,4  24,4 
COE [$/kWh] 0,218 0,202 
Purchased from grid [kWh/year] 81.680 77.539 
Sold to grid [kWh/year]  3.323 
Initial capital [$] 102.889 102.875 
NPC [$] 439.557 416.436 

 
Fig. 9. Distribution of electricity production in the reference system. 

B. Scenario with the Identified Solution 
Homer pro is used to simulate the operation of the MG 

with the same capacities as presented in the reference system. 
The only change is that a part of the load is defined as 
deferrable, and it provides the possibility of selling power to 
the main grid. In this scenario, 40% of the load is set to be 
deferrable. It corresponds to the share of the load that is used 
for cooling and heating, and it is assumed that this 
consumption can be postponed if it benefits the system [25]. 
Since there is no DR market currently, there are no reference 
regarding the payment for providing DR resources. Therefore, 
prices for selling DR to the main grid in the simulation are 
setup as the same prices for purchasing electricity from the 
main grid. The main results of this simulation compared to the 
reference system is presented in Table IV. 



Since the generation capacities are the same in the 
reference system and the scenario with the identified solution, 
the electricity production is also quite similar. However, the 
PV resources are utilized better by exporting excess 
production to the main grid. 3,323 kWh is sold to the main 
grid and 77,539 kWh is imported from the main grid. This 
result in a net import of 74,216 kWh corresponding to 47.5% 
of yearly demand. By adding DR to the main grid, the net 
present cost (NPC) of the system with a lifetime of 25 years 
and a discount rate of 8% is reduced by 23,121$. This 
corresponds to a reduction in the cost of energy (COE) from 
0.218 $/kWh to 0.202 $/kWh or by 7%.  

The NPC of the MG is reduced by 23.121$ with the initial 
sell-back prices. This is the core value for the MG. 
Furthermore, the main grid can gain additional value that MG 
can improve the quality of supply. The value of this benefit is 
not accounted here. Meanwhile, the CO2 emissions in the MG 
are reduced from 65,039 kg/year to 59,122 kg/year, but this 
value is not quantified either.  

All in all, the simulations show that the identified solution 
provides additional value to the MG, and it reduces the NPC 
of a MG with 23,121 $. 

V. CONCLUSION 
This paper applies the ecosystem thinking to identify 

possible microgrid solutions for power challenges in India. 
The solution identified in this paper is a microgrid with DR 
service to the main grid. The identified solution can add more 
value to existing microgrids in the Indian market and can help 
solve the challenges in India related to power supply 
reliability. The simulations with Homer Pro show that the 
identified solution provides additional value to the microgrid 
that can reduce the NPC of the microgrid with 23.121 $. Some 
issues could be a barrier for the implementation of the 
identified solution. For instance, the identified solution relies 
on relevant stakeholders to establish urban grid connected 
microgrids. 
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