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Problem definition 
During one of our field visits to the rural parts of India, we got first-hand experiences                               
in where the problems lie. Yvo explains: ‘I met a man. He was a farmer and he had                                   
invested in a rudimentary but pragmatic irrigation system powered by 6 big solar panels. I                             
asked him what happened to the energy when he was not using his irrigation system. The man                                 
frowned and discarded the thought of utilising it for something else. The solar panels were                             
meant to power the irrigation system and he was considering to use it for something else, at                                 
least he did not know that. Meanwhile, neighbours were lighting their kerosene stoves to                           
prepare dinner…' 
 
“Worldwide there are still 1.06 billion people without energy access, of which 80% lives in rural 

areas. “ 
 
This number has only dropped 2 million since 2012. (1) If all these people are electrified the                                 
traditional, top-down, centralised way, the use of fossil fuels will be embedded in the                           
system, adding to climate problems. It stresses the importance of creating new and                         
innovative solutions to target this problem. Decentralised solutions, such as solar panels in                         
microgrids, appear to be a potential solution in solving this problem. (RISE, 2016) In such                             
decentralised environment, however, no infrastructure is in place that would allow for a                         
decentralised, or local, market to emerge. This prevents people from being ‘prosumers’, a                         
term used to indicate that they are able to sell and consume their own generated energy, or                                 
electricity. If such a decentralised electricity market place would exist, it would increase the                           
incentive for buying solar panels, because the payback period of the panel would reduce. It                             
would also allow people without the means to buy a solar panel to benefit from the                               
electricity from their 'more fortunate' neighbours, who then have someone to sell their                         
excess electricity to. Thereby also increasing electricity access. 
 
However, more problems exist. Balancing the electricity system is a challenge, because                       
energy is produced and used nearly real-time. The responsible actors for balancing the                         
grids are the microgrid operators on the local scale, the distribution companies (utilities) on                           
the regional scale and the transmission companies on the national scale. Without correct                         
and timely information on what is happening in the system, this careful balancing cannot be                             
done by them, where an unbalance in available electricity and the demanded load leads to                             
inefficiencies, power outages and damages to the system. Utilities are not creditworthy in                         
80% of countries, and are thus unable to make necessary investments to expand energy                           
access. Also, 49% of countries lack policies to encourage these types of solutions. (Power                           
for All, 2017) 
 
A platform where Peer-2-Peer energy trading is facilitated, which would also help balancing                         
the grid through availability of information on usage patterns could help solve these                         
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problems, while creating new types of decentralised and bottom-up energy systems. A                       
bottom-up approach, by starting the project in microgrids, could eventually lead to                       
complete transformation of the sector, up to transmission activities. 
 

Why is Blockchain needed to facilitate local energy-sharing in India? 
This section revolves around the assumption that the reader is familiar with Blockchain as a                             
concept. However, when does the use of the blockchain become relevant? Blockchain can                         
be used in transactions of value, where parties do not necessarily have to trust each other.                               
That is why, sometimes, Blockchain is called the ‘trust protocol’ or the ‘Internet of value’. 
 
Energy, or electricity is also an asset with value and with the increasing decentralisation of                             
electricity generation, the trade asks for a decentralised market as well. The Blockchain                         
helps with the so-called double spending problem, where it needs to be prevented that a                             
solar panel owner sells his energy twice. It allows for a distributed accounting of every kWh                               
of energy that is generated and used, without the possibility of altering the numbers by                             
attacks on the system. It allows for all the different players in the system to independently                               
write data onto the ledger and withdrawing data from it. Optimizing a decentralized                         
electricity system requires additional exchanges of information between energy market                   
participants, and blockchain could be the appropriate technology to support these                     
information flows. (Emerton, 2017) With the help of smart contracts, the appropriate fees in                           
the system can be executed automatically, without the need of sending by auditors to                           
control the meters and fill in excel sheets. 
 
Specifically in India, Blockchain will be needed to solve a couple of urgent issues. The                             
removal of the need for trust is an especially important factor. It was shown that there exist                                 
low levels of trust between the population on a local context and institutions on regional or                               
national contexts. (Sriram, 2005) Blockchain P2P electricity trading removes the barrier of a                         
lack of trust, by installing a neutral platform between entities such as consumers,                         
prosumers, microgrid operators and DISCOMs. For example, a recent policy from the                       
Ministry of New and Renewable Energy acknowledges that central grid (DISCOM) extension                       
to microgrid areas is a serious threat to investment in microgrids, because of lower tariffs of                               
electricity due to subsidised DISCOMs. (MNRE, 2016) This prevented acceleration of                     
microgrid deployment, because investors did not take that risk. The new policy requires, at                           
such an event, that a Purchase Power Agreement (PPA) is formed between the two parties,                             
where energy exchange might happen. These agreements are, however, inflexible                   
contracts that do not take into account evolving systems and take a fixed tariff for the                               
exchange of energy. DISCOMs are reluctant, because they need to attach their already                         
failing system to a system of an unknown party that might contribute to more losses,                             
especially if energy theft prevails. A platform is needed that is able to send over the                               
appropriate information for a more dynamic energy system, where better information                     
accessibility about the dynamics of the system helps to detect energy theft or other                           
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corruptions of the system, leading to more resilient systems for everyone. Energy Bazaar                         
will create that neutral ground, where a better agreement between parties can be                         
constructed. 
 
 
 

Market size 
Although many developing countries would benefit from Energy Bazaar’s technology a                     
country should be chosen for the market entry. India is initially identified as the focus                             
market to narrow down the analysis, because with its 244 million inhabitants without energy                           
access is where the most potential impact can be made. In september the Government of                             
India announced a $2,5 billion dollar plan to electrify all household in India by the end of                                 
2018. (Reuters, 2017)  
 

It should be noted that a one-size-fits all solution will not work in a diverse and large                                 
country like India. By concentrating on certain districts a more realistic market size is                           
estimated.  
 
Estimation method 
For the scope of this market size assessment, one district will be evaluated, the state 
Andhra Pradesh. This state is expected to have an progressive attitude towards blockchain 
projects, because its government has joined the Ethereum Enterprise Alliance.  
 
Furthermore, rooftop PV installations will serve as a benchmark for sustainable energy 
penetration, likely leading to a conservative yet more accurate estimate of market size.  
 
It must also be noted that awareness of clean energy products is low in the target markets, 
which is indicated by low solar energy penetration rates and low levels of electrification. 
Keeping this in mind will aid to prevent over-prediction of achievable market shares. 

 
Multiple stakeholders might benefit from a peer-to-peer energy trading platform that has 
the additional advantage of optimisation and control of the grid balancing. They are outlined 
in Fig. 1 below. 
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Figure  1: Overview  of  electricity  market  opportunities 

 
Analysis  
 

Industry  trends 

The installed capacity of rooftop PV is expected to increase significantly in the coming 
years, displayed in Fig. 2, ensuring a market for peer-2-peer energy trading in the 
short-medium term. 
 
 

 
Figure  2:  Projection  of  installed  rooftop  PV  capacity (source:  Bridge  to  India,  2017) 

Furthermore, electrification rates are expected to increase for the coming decades, opening 
currently non-existent markets of 50 million potential users every five years. 
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Figure  3:  Population  without access  to  electricity  and  electrification  rate  in  India in  the New  Policies Scenario  (source: 

International  Energy  Agency,  2015) 

Solar  Panel Owners  (Prosumer) 
The first step entails identification of opportunity markets in the electricity sector. The 
rooftop PV capacity is spread across the various sectors in the following distribution: 

 
 

Figure  4:  Sector  distribution  of  rooftop  PV  installations (source:  Bridge  to  India,  2017) 

The residential segment is identified as primary target group in the light of providing access 
to electricity to rural populations. However, the other markets should not be ignored as they 
are major electricity consumers who heavily invest in solar capacity. Cooperation between 
commercial and residential sectors on the platform might result in fruitful symbiosis. 
Industry could also participate in the network, by delivering excess electricity to the grid or 
offer grid-balancing service, but is left out of the scope of this analysis. 
 
Below the installed capacity for rooftop PV is displayed for Andhra Pradesh, of which 
approximately 11MW is residential, and a larger share of 13MW is commercial- and 
government-owned. 
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 Figure  5: Installed  rooftop  PV  capacity  distribution  across  states  in  India  in  2015   (source: Bridge 

To India, 2016) 
 
 
 

Residential sector 
The magnitude of the residential sector in India does not allow for the simplest top-down 
estimation methods; using percentages of penetration to determine market size induces an 
unacceptable error. Therefore, an extra layer (yellow in Fig.6) is implemented to reduce the 
potential market to a set of viable districts with both reasonable rooftop solar penetration 
and a possibility to expand to adjoining districts. As stated earlier, this analysis limits to 
Andhra Pradesh.  According to the Asian Development Bank, such clusters also exist in Uttar 
Pradesh, Western Bihar, central Maharashtra and several other states.  
 

 
Figure  6:  Top-down  approach  (not on scale) 
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The per-capita expenditure on energy can be used to estimate the revenues of a fee-based 
business model, which charges  a 1% fee over energy transactions. Andhra Pradesh is 
estimated to be a D6 area, with an average per capita income of 11000 INR per year. The 
urban area per-capita electricity expenditure in area D6 is approximately 50 INR per month. 
Multiplied by the population of 53 million, this amounts to a monthly electricity spending of 
2.65 billion INR (34 million euros).  

 
Figure  7:  Per-capita  energy  expenditure  by  location  and  income  in  India  (Ministry  of Statistics and Programme 

Implementation  (2012) 

Assuming an initial market penetration of 200.000 people this yields an electricity spending 
of 130.000 Euros/month. A fee-based business model with a fee of 1% yields an incoming 
cash flow of 1.300 Euros/month.  
 
For comparison, a market penetration of 1% (5 million people) yields an incoming cash flow 
of 3,2 million Euros/month 
 
The current commercial and industrial rooftop PV projects already show a high internal rate 
of return compared to the grid tariff. It is expected that the residential segment will cross 
the 15% IRR threshold mid-2019 (Figure 8). The peer-2-peer energy trading platform could 
increase the IRR of residential rooftop PV systems, hopefully contributing to faster adoption 
of the technology.  

 

  11 



 

 
Figure  8:  Projected  IRR’s  for  typical  new  net  metered  rooftop  solar  systems  compared to  grid  tariff by  year in  Andhra 

Pradesh   (The Climate  Group, 2015) 

 
 
Microgrid  Operators 
To realise market penetration in the residential sector, cooperation with micro-grid 
operators is essential. The increase of IRR is an incentive for consumers and microgrid 
operators to use the P2P platform, leading to a higher market penetration and faster 
adoption of the technology. 
 
According to Markets and Markets, an Indian market research company and consultancy,  
the market for microgrids – grid-connected, off-grid or hybrid – will expand at a 10.9% 
compound annual growth rate to an estimated $34.94 billion from 2016-2022. Even at very 
low penetration levels,  the potential is huge.  
 
 
DISCOMs 
Another potential market segment are the distribution companies (DISCOMs). Utilities are 
not creditworthy in 80% of countries, and are thus unable to make necessary investments to 
expand energy access (Power for All, 2017). To operate, many utilities rely on subsidies from 
government. For example, in India, government expenditure on electricity subsidy is $2.8 
billion a year, while in Africa subsidies for utilities and kerosene are $21 billion a year. (Power 
for All, 2017) It shows that currently the utilities are draining the national funds because of 
their inefficient operations. The average Transmission & Distribution (T&D) losses in 2015 in 
India were 25.57% (Niti Aayog, 2015), largely due to theft and unmetered usage and is the 
highest in the world. For the state of Andhra Pradesh, it is a below average of 17.90%. 
Usually, these losses are between 6-8%. (EIA, 2015) This is a big amount of wasted energy 
that could also be distributed to the population. And this does not even take into account 
yet the inefficient billing operations, which often means someone coming to houses in order 
to read the electricity meter. 
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It is difficult to say how much this percentage can actually be reduced, by switching to a 
blockchain based sensor network that helps in grid optimisation and control, by leveraging 
batteries in homes and/or vehicles. Our technology also helps in identifying the areas of 
theft and to reduce metering mistakes by installing smart meters that don’t have to be 
physically read. However, for the market size, let’s say this is as small as 1 percent. The 
following back-of-the-envelope calculation attempts to provide an indication. 
 
The total amount of energy consumption in India amounts to 1,066,268 GWh. (CEA, 2017) 
Taking the losses of 25.57%, would mean that 1,066,268/(1-0.2557) = 1,432,578 GWh had to 
be generated to reach that amount of consumption. Retracting a normal loss (10%) from that 
would amount to 1,432,578*0.9 = 1,289,320 GWh. It means that 1,289,320-1,066,268 = 223,052 
GWh is wasted to a failing distribution system. With an electricity price of an average 
0.037$/kWh (Ministry of Finance, 2014), which becomes 37,000$/GWh. This shows the 
utilities lose more or less 37,000*223,052 = $8,252,924,000.  
 
This number verifies the business case for looking at increasing the efficiency of the utilities, 
who have seen their debt relieved recently by the policy scheme Ujwal DISCOM Assurance 
Yojana (UDAY). It is the financial turnaround and revival package for electricity distribution 
companies of India (DISCOMs) initiated by the Government of India with the intent to find a 
permanent solution to the financial mess that the power distribution is in. It allows State 
government to take over 75% of the debt of the DISCOMs. With this debt relief, there is now 
a strong incentive for DISCOMs to start innovating into making their grids more reliable and 
robust. The influx of fluctuating energy resources, such as solar panels, only makes this 
more difficult, stressing the need for a well-working control system, that is based on 
real-time information. 
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Who are your clients? 
A schematic overview op potential clients is given in Fig. 9 below. 
 

 
 

Figure  9:  Overview  of electricity  market opportunities 

Residential  

This is a client type without commercial interest, like home owners. 
a. Consumers 

This target group is generally a low-income household with a basic electricity need. It can 
be inhabitants of rural villages that are connected to microgrids, but also urban inhabitants 
connected to the central grid. An example of potential customers was found during a field 
visit in the Indian state of Bihar, where shop owners had received a smart meters from the 
local utility. The most used applications for their electricity needs are lightning, electric fans, 
refrigeration and television. 

b. Prosumers 
Increasingly, solar rooftop powered households are emerging in India. They produce 
electricity and can sell excess energy to neighbours, which gives them the opportunity to 
generate extra revenues. It is expected that the incentive for prosumers to join the platform 
is the highest, since the payback time of their solar panels gets reduced significantly 
because of the Energy Bazaar platform. 

Non-residential 

 This is a client type with a commercial driven interest. 
c. Consumers 

These are most likely companies with buildings that have an unfavourable position towards 
to sun or no opportunity to install solar panels. They need energy to power their value 
generating activities and are benefited by a fair price of electricity, which could also be 
off-peak, helping to balance the system. 
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d. Prosumers 
Excess energy trading can provide extra revenues for prosumers, e.g. farmers who do not 
use their irrigation system at the time electricity is produced by their PV panels. 
Furthermore, it can be expected that so-called solar farmers might emerge, not simply 
trading energy, but installing solar panels with the goal of making money with it. It becomes 
important for Energy Bazaar to set the boundaries of when someone becomes a 
non-residential prosumer. 
 

Microgrid operators 

Microgrid operators experience difficulties with balancing the grid and energy exchange 
with utilities causes trouble. Our service can alleviate the grid balancing problems and 
improve the energy exchange with utilities using dynamic Purchase Power Agreement, that 
fluctuate according to demand and supply, while maintaining grid stability. Furthermore, at 
present the operators have to collect energy bills in person. Our platform can digitize this 
process, leading to an increase of payback, faster collection and easier administration. 

 

Utilities/DISCOMs 

Utilities, or Distribution Companies (DISCOMs) as they are called in India, also have difficulty 
with grid balancing, although on a larger scale than microgrid operators. It is mainly because 
of lack of information on demand and supply and energy theft. This issue will become more 
important with growing number of intermittent renewable energy inputs in the system, 
creating a dynamic influx of electricity in the system. The Energy Bazaar helps smooth out 
several threats to solar panel introduction in the grid, as defined in a recent report. (Deloitte, 
2016) Furthermore, they have trouble expanding their infrastructure due to high losses in 
the system, limiting the financial possibility and incentive to do so. Connecting to microgrids 
is a potential threat, because of lack of trust of a stable system. Our platform can deliver 
insights in grid balancing and improves overall efficiency due with game-theory algorithms, 
while also creating a neutral platform between microgrids and DISCOMs where energy 
might be shared with grid balancing in mind. 
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Transmission companies 

One step higher on the geographical scale are the transmission companies. Also here, huge 
losses in the system exist. Upon expansion of the Energy Bazaar platform towards multiple 
DISCOMs, it might become relevant to create a distributed ledger between DISCOMs too. 
The transmission company, however, is already responsible for this. Energy Bazaar could 
simply deliver the service to transmission companies for a better visualisation of the 
dynamic electricity network of the future. This potential part of the project needs to be 
considered a task in the far future, because it is important to handle this on the local scale 
first. 
 

Government 

Government doesn’t have insight in reliable data to govern the sector, what the latest 
scandal of the Rural Electrification Corporation showed. Our platform can produce reliable 
data that gives specific insight in electricity consumption and production of various actors. 
This can be used for effective policy analysis, taxing and demographic insights. Moreover, 
our platform aims support increase of electricity access and stimulates the use of 
renewable energy technologies. This will aid the government in achieving their sustainability 
goals.  
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What is your product value proposition? 
 
“A clear, simple statement of the benefits, both tangible and intangible, that the company will 
provide, along with the approximate price it will charge each customer segment for those benefits” 
(Michael Lanning and Edward Michaels, McKinsey & Co). 
 
Energy Bazaar develops a peer to peer energy trading platform, which creates trust for all 
interacting entities involved. The platform enables consumers, prosumers, microgrid operators 
and DSOs / DISCOMs to send over the appropriate information and exchange and trade energy 
against a fixed tariff. The platform is suitable for the future decentralised and distributed energy 
system, leading to a more resilient and efficient supply and usage of energy. Not only does it 
serve the needs of the already electrified population, it also aims to accelerate the electrification 
of the 254 million people currently deprived of electricity access.  
 
The figure below illustrates the position of Energy Bazaar in the Indian electricity market: 
 
 

 
 
 
Figure 10: Value proposition (green spheres miss grid stabilisation value) 
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Customer Validation 
“Customer validation is the phase of the Customer Development model where you obtain hard 
evidence regarding the possible success of your business model. You cannot just assume that 
customers will buy your product – even if they tell you they might! Dealing in hypothetical 
scenarios does not help you affirm whether you have a solid business plan. This is why you 
must validate all of the information that you think you know.” 
https://www.cleverism.com/customer-development-customer-validation/ 
 
Three main steps 

1. Validate the Market → done in market size exercise 
2. Validate the Problem → done during field visits Yvo & experience Rob in India 
3. Validate the Product → will be the focus below. 

Customer Validation Process 

The following outline is based on 
https://www.marsdd.com/mars-library/develop-your-value-proposition-and-business-mo
del-using-customer-validation/  
 
Phase 1 of customer validation: Preparing to sell 
This first phase is about using the insights generated in the customer discovery process, 
starting with our value proposition; 
 
Energy  Bazaar  develops  a  peer  to  peer  energy trading  platform, which  creates  trust  for all  interacting  entities 
involved.  The  platform  enables  consumers, prosumers, microgrid  operators  and DSOs /  DISCOMs to  send  over the 
appropriate  information  and  exchange  and  trade  energy  against  a  fixed  tariff. The  platform  is suitable  for the future 
decentralised  and  distributed  energy  system,  leading  to  a  more  resilient  and  efficient supply  and usage of energy. 
Not  only  does  it  serve  the  needs  of the  already  electrified  population, it  also  aims to  accelerate the electrification of 
the  254  million  people  currently  deprived  of  electricity  access. On  top  of that, grid  balancing  and optimisation 
happens. 

 
We potentially identify six main customer segments: Urban households, Rural household, 
Non-Residential: industry, commercial units etc, Microgrid Operators and DSO/DISCOMS 
and Government. We require both a general approach and a specific as well for these 
segments; 
 
We need sales materials to present to customers; 

● Website with an overview of the general vision: www.energybazaar.org  
● Knowledge presence online via https://medium.com/energy-bazaar  
● Offline presence in relevant stakeholder meetings like INDUS Forum, CLEAN 

gatherings, State gatherings etc 
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● For each customer type we need a landing page or portal on the website that 
addresses their specific need to use the platform 

● We need an (offline and online) product offer with a data sheet and explanation of 
benefits and advantages of using the platform and how to subscribe to it and/or buy 
coins. 

 
Urban households 

● Marketing approach: Making the customers aware of the cost reduction and profits 
to be made by efficiently trading energy. 

● Channel strategy: via rooftop solar providers, welfare neighbourhood associations, 
local government 

 
Rural household 

● Marketing approach: access to reliable energy and reduced energy bills 
● Channel strategy: via existing rural energy players like Rural Spark, Simpa, MGP and 

Frontier Markets 
 
Non-Residential: industry, commercial units 

● Marketing approach: energy efficiency arguments, reducing base load costs and 
insight in usage to optimise production processes or any other commercial process 

● Channel strategy: reach out via stakeholder events like Indian Smart Grid forum 
 
Microgrid Operators 

● Marketing approach: optimised energy supply and cost reductions 
● Channel strategy: approach existing operators like the ones of Smart Power India 

(Rockefeller Foundation) 
 
DSO/DISCOMS 

● Marketing approach: grid balancing, sustainable business case, allowing for 
(renewable) decentralised sources, optimised and efficient grid  

● Channel strategy: reach out via stakeholder events like Indian Smart Grid forum, 
Local and State Governments, Dutch Embassy 

 
Government 

● Marketing approach: selling data, insights in electricity usage and demand, able to 
plan and create effective energy policies 

● Channel strategy: introductions via high level fora, Dutch government, Dutch 
embassy 

 
For each customer segment we need a sales road map based on information learned 
during the customer discovery process. Furthermore we need to keep improving and make 
agreements between the software developers of the energy bazaar platform and the 
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business (read: customer) development team. Weekly insights and feedback from the initial 
customers need to be incorporated in the product design. 
 
Phase 2: Selling to visionaries 
In phase 1 we identified the customers but to really test whether we are correct in our 
hypothesis, we need initial deals to validate the value proposition. We need to approach 
“Earlyvangelists” or “Visionaries” i.e. people or organisations that believe in Energy Bazaar 
and want to take a leap forward in this experiment.  
 
 

● Urban households: a welfare association in one of the better neighbourhoods of 
Delhi, Mumbai, Kolkata and/or Bangalore 

● Rural households: use an established off-grid energy party / NGO to reach out to a 
rural establishment 

● Non-residentials: use Tata, Mahindra, Jio or any other very large commercial 
organisation in India 

● Micro-grid Operators: approach Rockefeller Foundation 
● DSO/DISCOMS: find the state with the most progressive mind set. The state of 

Andhra Pradesh has mentioned blockchain as potential solution 
● Government: rather go for state governments than central government in India 

 
Besides the aforementioned suggestions, a particular interesting visionary party is Auroville. 
We could do a pilot with that community. See www.auroville.org  
 
Any failures are an opportunity to learn more and improve the process. 
 
Phase 3: Determining our positioning 

● The validation achieved in phase 2 will provide us with information that can be used 
to develop our positioning statement i.e. where and how do we exactly fit in with 
energy bazaar and what could be improved about the platform?  

● We need test our positioning statement with the ecosystem for comments and 
constructive criticism and keep on improving the product and business model for 
phase 4 

 
Phase 4: Verifying your validation process 
In this phase we will validate our hypothesis and incorporate our learnings. The following 
questions will help you gauge the response of the energy bazaar platform;: 
 

1. Did we sell enough to validate the value proposition? 
2. Have we identified a profitable and sustainable sales and business model? 
3. Did we develop sufficient insights to scale the business? 

 
The outcome of phase 4 can take us in one of the three directions: 
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● If you answered “yes” to all the questions above, you achieved the objectives of the 

customer validation process. You are ready to move to the start your activities to 
generate demand for your product. 

● If you answered “yes” to only the first question, but “no” to either of the other two, 
change your sales approach and do another round of the customer validation 
process (starting with phase 1). 

● If you answered “no” to the first question, likely something in the customer discovery 
step was not quite right. Start that process again or consider exiting the business at 
this stage. 

 
The output of the customer validation process is a sales roadmap that has been validated. 
The sales roadmap answers questions such as: 
 

● Who are the stakeholders involved in the customer’s buying process? 
● Who typically plays the roles of influencer and economic buyer? 
● What are the stages and the length of the sales cycle? 
● What is the profile of the typical buyer? 
● What is the best sales strategy? 

 
The insights developed as part of the customer validation process, can in turn be used to 
populate your Business Model Canvas. 
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Who can you partner with? 

Approach to partnerships 

Partnering is essential to reach Energy Bazaar’s objectives. To guide partnerships and 
activities, the thesis project of Yvo Hunink, developed within TU Delft for the master 
programme Sustainable Energy Technology, lights a path. (Hunink, 2017) During the thesis a 
framework was created to assess and guide the responsibility of an innovation system. The 
framework was created with the Quadruple Helix (Government-Industry-Acadia-Civil 
Society), but it stresses the possibility of extending to the Quintuple Helix theory (Carayannis 
and Campbell, 2014), in order to assess and guide systems on their sustainability.  
 

The Quintuple Helix is an evolutionary model representing the relevant institutions 
that should contribute to the collective innovation process before sustainable innovations 
can emerge. Each institution acts as a selection mechanism, incorporating its values and 
accountability structures within the innovation. Industry, Civil Society, Government, 
Academia and Nature create economic, social, political, human and natural capital 
respectively. An open knowledge network is promoted between these institutions, so that 
decision making processes can be done with the inclusion of all, while creating consensus 
on the required innovations. If the innovation activities are combined with the Responsible 
Innovation dimensions of anticipation, reflexivity, inclusion and responsiveness (Stilgoe et al., 
2013), the most responsible and sustainable innovation process is followed, creating robust 
solutions for future societies, by filtering out unfavourable outcomes. Energy Bazaar aims to 
partner with organisations from each institutional sphere, in order to ensure such a process. 
The importance of the process is embodied in the logo of Energy Bazaar, which represents 
each institution, and will allow for differentiating of activities. 

 
Figure 11: The 5 elements of the Quintuple Helix Theory at the core of Energy Bazaar 
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Potential partners 

During the research of Yvo Hunink, an initial case study was performed with the created 
framework for responsible innovation systems. A number of organisations, mainly social 
enterprises and research institutes, were interviewed. A mapping of their partnerships could 
be done, all with keeping the characteristics according to the framework. It led to the 
following figure, where G, I, P and U respectively mean the institutions of Government, 
Industry, Public (Civil Society) and University (Academia). It represents the exposed 
innovation system of actors working on rural energy technology and from this system, a 
number of partners can be found compassing each institution. For example, CLEAN and GIZ 
represent themselves as central actors with a large network and varying knowledge, 
making them interesting potential partners for Energy Bazaar.

 
Figure 12: Map of stakeholder relations 

  24 



 

What is the impact of your solution? How will it be 
measured? 
The impact of our efforts is broader than the technical implementation of the decentralised 
energy trading system. The latter will likely lead to acceleration of electrification in 
developing countries, which has a widespread (social) impact on several levels of society. It 
allows currently non-electrified people to board the train of fast development and thus 
limits further segregation of society.  
 
The figure below shows what gaining electricity access means to a household by indicating 
basic appliances and the resulting gains by using them. Examples include food preservation 
by using refrigerators and more productive day-use by facilities such as lighting, stoves and 
water pumps. The aggregate intermediate outputs lead to improved large scale effects, 
although they become increasingly hard to measure and verify. The long term vision of 
Energy Bazaar does not exclude evolving into creating services for such sectors as 
education, health etc. 

 
Figure 13: From electricity to increased living standard in two steps. (ESMAP, 2002) 

 
Several leading organisations have proposed (and are currently developing) methods to 
measure the impact at the final output level. Since multiple quantitative and qualitative 
approaches are available and the project is in an early stage, this document will not discuss 
in detail the most suitable methods. An example of indicators that could be used can be 
found in a paper by Ilskog et al. (2008), setting out specific sustainability indicators for rural 
electrification on social, economic, institutional and environmental issues. 
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However, in a broader context, the process to get to the final outputs involves 
creating political-, social-, economic-, human- and natural capital, according to the 
sustainable innovation systems framework used by Energy Bazaar. In contrast to the 
widespread availability of impact assessment tools to the theme of increasing electricity 
access, little is known about impact on the sectors involved in the process. Therefore, the 
impacts of Energy Bazaar’s operations and suggestions for measuring this impact will be 
discussed in line with those five institutions. 
 

Educational/Academic impact 

What is the impact? 
Not only technological innovations are required to develop the energy trading platform, but 
also regulatory-, (socio-) economic- and policy framework need to be addressed. Ongoing 
research at academic institutions contribute significantly to sustainable innovation 
processes, and have impact on the final result.  
 
Currently, Energy Bazaar is building on 3 MSc theses conducted at the TU Delft. A 
game-theoretical application to a peer-to-peer electricity trading system, modelling of the 
influence of local-level policies on the increase of prosumers in communities and the 
creation of the Responsible Innovation Systems framework were all subject to research 
from which the Energy Bazaar project emerged. 

In the future, internship positions, student jobs, PhD positions, and any other 
involvement that creates so called ‘human capital’ will be promoted and facilitated by 
Energy Bazaar. Although this concept is not often incorporated in analysis of development 
or progress, Human capital is an important aspect and contributor to sustainable innovation; 
it indirectly impacts the final outcomes and thus social- and economic indicators. 

It must not be forgotten that there lies an important educational aspect for the end 
users of the Energy Bazaar system too. Most of the rural customers have not got a grasp of 
what ‘electricity’, actually entails. For an optimal exploitation of the system, they should be 
as informed as possible about its functionalities, for which some basic educational material 
should be created, such as information videos, all with their current knowledge base and 
cultural position in mind. 
 
How will it be measured? 
Since the creation of human capital is not explicitly measurable, this is difficult to quantify. It 
might be recorded how many students graduated with the help of Energy Bazaar, how 
many research projects have included data obtained through Energy Bazaar or how many 
scientific papers were written about the technical system. The number of people watching 
educational videos or booklets distributed can also help visualise this. Ironically, this 
measurement of human capital creation should be further researched and conceptualised 
by research on the sustainable innovation framework, which itself helps to create more 
human capital again. 
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Social impact 
What is the impact? 
Measuring social capital or impact is a critically important aspect to sustainable 
development. For instance, evidence of impact as a result of the company’s efforts 
enhances involvement of stakeholders, improves fundraising opportunities and allows to 
evaluate the outcome, compare with initial goals and adjust the strategy if needed. Ilskog 
(2008) presents a table of indicators (section 4.3) in an attempt to assess the contribution to 
social and ethical impact from which several of these are derived. 
 
The following definition of social impact is used:  
“Social impact is the share of the effect on the social fabric and cooperation of the community 
and well-being of the individuals and families, that occurred as a consequence of the activity 
of an organisation, above and beyond what would have happened anyway.”  
 
How will it be measured? 
Crucial to this question is the last phrase of the definition: “above and beyond what would 
have happened anyway”. Although many indicators are presently available to measure 
social impact, it is difficult to trace it back to Energy Bazaar’s activities due to its 
service-based nature. This issue will need to be addressed in future work.  
 
However, some social indicators can be used, whenever measure before and after 
introduction of the platform. Percentage of people with access to energy being the most 
important one. For now, it is also assumed that a correlation will be found between 
introduction of the platform and increase of entrepreneurial activities, electricity 
consumption.  

It can be expected that through the introduction of energy sharing abilities, other 
activities arise that rely on this energy, as was observed by Smart Power India in their 
microgrids (2017). Such a correlation would indicate that Energy Bazaar is an essential 
element in facilitating electricity access which paves the path towards a more cohesive 
social structure. A simple ‘total amount of energy traded on the platform’ is therefore 
somewhere also an indicator of the social cohesion. 

Also, other social indicators relating to the operations of Energy Bazaar can be 
introduced, such as share of women in the workforce, in what degree the locals are owners 
of the platform (e.g. community owned storage) and level of satisfaction with the 
organisation. 

The real social impacts of electricity access however, as displayed in Fig.1, are far 
more difficult to validate, but can surely be measured. Data on social indicators can 
therefore be collected at the start of projects, whereafter several years in the project the 
new data can be compared.  
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Economic impact 

What is the impact? 
Energy Bazaar’s operations have effects on the microeconomic level in the villages where it 
operates, offering a marketplace for energy trading where prices are subject to change due 
to its presence. Prosumers will generate additional income and consumers have the 
opportunity to lower their energy usage costs, opening capital for small investment 
opportunities in other goods or services. It is expected these effects will be relatively easy 
to measure. 
 
On the other hand, difficulty with measurement increases at the macro-economic scale 
which Energy Bazaar attempts to influence with policy advocacy. Energy Bazaar leads to 
the creation of Economic Capital, defined as:  ‘A nation’s current production of valued goods 
and services plus its capacity to produce them in future.’ The effects on this scale will be 
negligible in first stages and only becomes significant at very large levels of technology 
adoption into society.  
 
How will it be measured? 
Ilskog presents a list of economic indicators in section 4.2 of the report (Ilskog, 2008) that 
can give insight into economic development. For example, she proposes to measure the 
share of households using electricity for income-generating activities to indicate how 
electrification contributes to an improved economic situation. However 
 
On a microeconomic scale, the income and expenditure patterns of households can be 
relatively easily retrieved in small scale pilots and at regional level. Difficulty increases when 
scale increases, since it will be more difficult to assign a saving in electricity expenditure to 
Energy Bazaar’s operations. However, when the platform spreads from region to region in 
manageable steps it is possible to monitor the impact quite accurately. On a 
macroeconomic scale it becomes very controversial to relate an increase in productivity or 
production of valued goods to Energy Bazaar, this level of impact measurement will not be 
attempted.  
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Political impact:  

What is the impact? 
The following link goes to the scorecard for regulatory issues on renewable energy, energy 
access and energy efficiency. http://rise.esmap.org/ It gives an indicator for the 
accordance of the policy environment around energy access, energy efficiency and 
renewable energy, with the help of an extensive list of checkpoints and an assigned score 
to each. 

We have identified 30 checkpoints in the energy access segment that are relevant to 
Energy Bazaar. The effort to get those policies changed or enforced will be generated 
within the activities. An increase in RISE score will be, therefore, become an impact 
indicator. Energy Bazaar realises that an increase in RISE score is not solely an influence of 
its activities, but rather from the complete set of actors trying to influence these policies. 
However, it rather shows what is left to tackle on the policy agenda. 
 
How will it be measured? 
Each changed policy in favour of our stated perspectives regarding the policy will be seen 
as an accomplishment. See the Appendix of the RISE Indicators on the each of the policies 
that Energy Bazaar wishes to see installed or changed. 
 

Natural impact 

What is the impact? 
Natural impact can be seen as creation of natural resources but also as a prevention of 
destruction. E.g. decrease in fossil fuel use for energy consumption leads to an improved 
environment. There are several direct influences from the introduction of our platform, as 
well as indirect influences. Ilskog (2008) presents a table of indicators (section 4.4) in an 
attempt to assess the contribution to environmental sustainability from which several of 
these are derived. 
 
How will it be measured? 
Directly, the introduction of the platform will increase the use of electricity for lightning, 
preventing the use of kerosene. Every traded kWh that is used by consumers with no 
possibility of electricity generation can therefore be calculated into prevented use of ‘liters 
of kerosene/diesel’. Similarly, prevented emission of tons of CO₂ can be used as an impact 
indicator in the case of firewood. Also the number of sustainable kWh traded on the 
platform can be appointed a natural capital indicator. 

More indirect influences come from the effects of the platform on society. Its 
introduction will increase the amount of solar panels and electricity lines, which are made 
from scarce material, as also became clear from the environmental risks of the project. 
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Therefore, potentially a solar panel recycling system might be introduced and used and the 
number of recycled solar panels could be used an indicator for natural capital. 

What is your distribution and go-to-market 
strategy?  
 

 
Figure 14: Timeline of Energy Bazaar’s development 

Go-to-market strategy 

Above timeline where: 
● MVP/Pilot 1  with rural/urban microgrids. 
● Pilot 2 on the exchange between a microgrid and DISCOM/utility.  
● Pilot 3 taking the complete DISCOM/utility area. 

 
For more information, go to the section of the “Ideal Setup of Pilot Sequence” on page 41. 

Distribution strategy 

Preferably, the Energy Bazaar platform is rolled out with microgrids and utilities that already 
operate with smart grids. However, this is not always the case, in which event the 
components necessary to make the platform work, namely smart meters, need to be 
introduced as well.Smart meters for rural contexts are manufactured by various companies 
such as SolShare (MEI) and Rural Spark. These firms have extensive experience with 
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distribution strategies for low-income areas. A summary of challenges and solutions they 
encounter is presented below: 
 

  Challenges  Currently Available Solutions 

Acceptance  Poor system utilization 
Theft & Vandalism 

1. Remote Monitoring 
2. Local Security 

Payment  Poor collection efficiencies  1. Effective tariff communication 
2. PAYG Metering 
3. Mobile Payment Integration 

Maintenance  Premature component 
failure 

1. Performance based contracts 
2. Detailed handover procedures 

Financing  Limited capital available  1. Microfinance 
2. Remittances 
3. Crowd funding 

Table 1. Operational challenges and solutions (Adapted from Micro Energy International (MEI))  

 
The financing model and distribution strategy with Micro Finance Institutions (MFIs) can look 
as in Fig.17. In words, it works as follows: the MFI pays the Installation company for their 
services and smart meters. The installation company installs the smart meters and ensures 
maintenance is carried out. Lasty, the end-user pays the MFI in several installments. 
Currently there are about 56 MFIs active in India. (EY, 2016) 

:   
Figure 17. Technology financing structure 
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What are the risks associated with your solution? 

Providing a platform for peer to peer trading is dependent on its software, the integration 
and availability with physical energy generation and transport and the users being able to 
use the system in their best interest without cheating. Based on this, we can derive the 
following risks; 
 
General Risk 

● Lack of maturity of the blockchain technology itself (PwC, 2016) 
 
Environmental Risk 

● Blockchain technology should contribute to a more efficient future. A risk is that 
running the Energy Bazaar turns out to be very energy-inefficient and will result in an 
unviable product for rural, energy poor areas. (The Guardian, 2017) 

● Copper that is used for electricity lines is increasingly becoming scarce, meaning 
that lower value ores are mined with a higher requirement of energy for subtraction 
of the same amounts of copper. (Harmsen et al. , 2013 ) 

● Solar panels or batteries are made from scarce materials that in any way need to be 
extracted (Tao et al. , 2011 ), for which potentially many landscapes are altered to an 
unrecognisable state. (SONG and ZHOU , 2001) 

● Energy Bazaar platform will be used to connect Fossil-Fuel generators instead of 
Sustainable resources 

 
Technology Risk 

● No technology standards to smoothly integrate the platform with the grid 
technologies 

● No compatibility with other energy trading platforms 
● Maximum number of transactions throughput should be very high for low value high 

rate trade-deals in an microgrid. 
● Technical problems with initial applications possible to start with (PwC, 2016) 
● Power networks must cope with greater flexibility, which needs changes to 

infrastructure. 
 
Legal / Regulation / Legislation / Policy Risk 

● Incapability of DISCOM or other non-local grids to comply with the technology. 
● No deviation possible from fixed tariffs of feeding energy back in the grid. 
● No authority in the case of disputes, no direct possibility of escalating conflicts (PwC, 

2016) 
● Insufficient or inadequate functionality and security risks due to lack of 

standardisation (PwC, 2016) 
● Blockchain does not fit in regulatory frameworks by governments, sudden bans 

might prevail, such as with China. 
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● Privacy issues; open source is OK, open data of people is NOT OK. “Profiles and 
energy consumption patterns need to be protected and well encrypted. Sharing 
privacy-sensitive data (such as consumptions, locations, financial transactions) 
probably would not comply with the GDPR regulations that come into effect in the EU in 
2018.” (European Commission, 2016) 

 
Financial Risk 

● High transaction costs for public blockchain systems. (PwC, 2016) 
● Risk of fraudulent activities at the interface between the real world and the digital 

blockchain world (e.g. the smart meter/blockchain interface) (PwC, 2016) 
● Underlying trading coin too low in value → no price signals, unlimited trading 
● Underlying trading coin too high in value → less to no trade. 
● Heavy fluctuations in coin value → high uncertainty in trading, could lead to no 

trading at all and/or speculation. 
● High risk financial vehicles for energy trading could lead to market meltdown (like 

we saw in the financial crisis). 
● Storing a lot of data may raise data storage costs significantly. 
● Due to long timeframe of project, investments might not generate the expected ROI 

within time, causing investors to back out. 
 
User Risk 

● Possibly lack of acceptance on the part of consumers/residents. (PwC, 2016) 
● Consumers/residents do not understand the system, or trust in the blockchain. 
● Fraud: “More fundamentally, sometimes centralisation can be a good thing: a 

fraudulent credit card transaction can be reversed by the card company, but stolen 
bitcoins are gone forever”. (The Guardian, 2016)  

● While optimising best responses for a optimal storage profile of all batteries, 
information between smart-agents has to be exchanged. This information includes 
consumption patterns, past and anticipated. Malicious intent might expose privacy 
sensitive data of users. 

● Cheating because of rational selfish behavior in non-cooperative optimisation. 
Possibly mitigated by placing the optimisation-algorithm in a side-chain governed by 
pBFT (practical Byzantine Fault Tolerance) consensus. 

 
Market / Competitor Risk 

● Better or more popular performing platform becomes status quo (like google, 
facebook or microsoft back then) 

● Initial Coin Offering (ICO) does not return enough funds to be a viable start-up. ICO’s 
lost reputation due to loss of credibility involving scams, slimming down the chances 
of a successful ICO. 

● Another coin than ours becomes status quo. Since Energy Bazaar is, for now, the 
only project focussing on rural and underdeveloped areas, we should be quick to 
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get boots on the ground and earn credibility and learn about the societal factors 
involving project development in India. 

 
Operational Risk 

● Current team of Energy Bazaar consists of people doing this in the free time. 
Although very committed at the moment, occupation is not clear for the future, 
making it unclear of current team is able to continue w.r.t. time management and 
future plans.  

● Competencies and skills in team do not yet spann the complete skillset that would 
be necessary for such a complex project. 
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Technical Overview 
This section will summarize the technical features of the proof of concept, specifically 
highlighting the role of the smartmeter. For an overview of the code written visit: 
https://github.com/sencorp/energybazaar It contains: 

- Smart contracts 
- Market simulation 
- Web3 interface connection smart meters and blockchain 

 
For the BSIC Hackathon, a few assumptions are made to make a proof-of-concept that is 
realisable within the given time-frame;  

1. All participants in the microgrid are also participants in the Energy Bazaar platform, 
number of participants is the bare minimum: 2. 

2. Communications in the grid, between smart-agents running on smart-meters, is 
synchronous. 

3. The microgrid is islanded; there is no connection to the macro-grid, simplifying the 
billing situation. 

 
Introduction  to  the  PoC 
The BFSI-Hackathon Proof-of-Concept is meant to confirm the establishment flow of 
information between front-end, a dynamical model and the blockchain. The 
game-theoretical trade algorithm has not been included. 
 
When supply and demand is not matched, power grids fail. In the nation-wide macro-grid, 
the emergence of a mismatch between supply and demand is more predictable and can be 
caught-up more easily due to the infinite bus of synchronous generators (e.g. 
steam-turbines). The drive for Energy Bazaar is the fact that load-balancing in a micro-grid is 
of the same extreme importance while controlling this load-balance is much more complex, 
since dependence on easily ramp-able power generation (again; steam-turbines) is much 
lower, relying much more on Distributed Generation from solar and wind; highly intermittent 
and capricious power production. To solve this, pro-active coordination between nodes in 
an isolated micro-grid is needed. In the face of decentralisation, this load-balancing should 
be distributed as well.  
 
A very suitable way of optimization is by using game-theory to drive load-balancing through 
a financial incentive, connecting grid-stability with energy-entrepreneurship. Higher demand 
means higher prices, higher supply means lower prices. If all households banter for their 
surplus of generated energy, prices will find an equilibrium and with that, supply and 
demand will find an equilibrium;  the marketplace named Energy Bazaar achieves its goal. 
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Proof-of-Concept context 
A day in the life of two (imaginary) neighbouring families, respectively the Household Singh 
and Household Chopra are shown with respect to their energy behavior pattern. The day is 
split up in slots of 1 hour. The two households A (=  Singh) and B (= Chopra) make up the 
entire micro-grid and the only interaction is between A and B. With this simple model, we 
can show energy transfer and value transaction among peers in a decentralised energy 
marketplace. The PoC is made up of 3 part. 
 
Index.html 
This file sets-up the front-end of the demo. The user of the demo can define initial values to 
A and B to influence the simulation, activate the test blockchain network and afterwards run 
the simulation. The user is able to read off what the current energy-capacity is of household 
A and B, witnessing a match between supply and demand governed by the dynamical 
model. What is measured is capacity of the household batteries. Once totally drained, the 
house will demand energy from the grid. Once totally filled-up, the household will make its 
surplus of energy available to the grid. A match is found if one household is demanding 
from the grid and the other is supplying to the grid. A transaction of the set amount of 
traded energy is made for each time slot. 
 
Market_simulator.js 
The dynamical market model is a heavily simplified version of a real-world micro-grid. Aim 
is to show an transfer of energy from A to B. Market_simulator is activated by Index.html, 
where the demo-user initialises both households A and B. With initial values pulled from 
Index.html defining the hardware capabilities present at A and B, the simulation proceeds 
by performing 24 time-steps. Both A and B can be producing, consuming and storing 
energy. We chose not to focus on the development of this model, and it is left very 
rudimentary. Research on a sophisticated load-balancing algorithm is on-going but for this 
PoC it is only interesting to show that a dynamical market simulator is able to output values 
to trigger a smart contract. 
 
To get an understanding of the lay-out of the trading-algorithm, please be referred to Lee, 

J., Guo, J., Choi, J.K. and Zukerman, M., 2015. Inspiration has been taken during design of the 
trade-algorithm, which is still in its development phase. 
 
Smart_contract.js 
This file represents a simple smart-contract containing 4 functions. The functions in the 
smart-contract are triggered by output values of the file Market_simulator.js. Aim is to show 
a  transaction of value among A and B. Smart-meters are the main agents triggering the 
smart-contract. Market-simulator.js models the measurements of the smart-meters of A 
and B and according to the influx or outflux measured by smart-meters, coins are minted or 
burned. 
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Function  Description 

transferTokens()  A function to transfer coins from address A 
to address B. This function is not used by 
the smart meters of A and B but is a more 
trivial function to enable a stand-alone coin 
trade. 

mintTokens()  Coins are minted by smart-meters A and B 
according to the amount of energy flux into 
the grid, effectively yielding coins for 
energy; a payment. 

smartMeterExpense()  Once energy received through the 
smart-meter, the smart-meter will have to 
make a burn transaction of coins in its 
wallet, effectively burning coins for energy; 
a transaction. 

smartMeterApproval()  An expense limit is set to each smart-meter 
to enable an allowance to a device, 
preventing from spending all coins and 
allowing saving of coins.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Simple tech stack of the PoC. 
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Simple trading example: 

 

Initialisation  Household A, 
Singh 

Household B, Chopra  Description 

Initial  4  10  Starting amount of energy 
in Batteries 

Capacity  10  10  Battery total possible 
capacity of each 
households 

Consumption 
rate 

3  8  Consumption of energy by 
household by using 
appliances 

Production rate 
 
Surplus  = 

6 
 
3 

2 
 
-6 

Production of energy by 
generation through e.g. 
solar panels 

 
Using the initialisation settings described above, the following scenario will play out.  
 

Time Step  Capacity A 
/ Coins A 

Capacity B 
/ Coins B 

Functions used 

0 
(initialization) 

4 / 0  10 / 8  8 initial coins for Household B: transferTokens() 
for example from a savings account 

1  7 / 0  4 / 8   

2  10 / 0  0 / 6  Household B: smartMeterExpense burning 2 
coins 

3  10 / 3  0 / 0  Household A: mintTokens exchanging 3 (kWh?) 
for 3 coins 
Household B: smartMeterExpense burning 6 
coins 

 
Since B has a negative surplus, initial buy-in of 8 coins will give him 3 hours of consumption 
on given rate since at time step 3, B has no energy and no coins left. B could buy the coins 
from A that has positive surplus so probably already a bit of savings in coins. If B is a tomato 
farmer, it could, for example, trade tomatoes for coins. Household A is producing a surplus 
of energy, at the end, it fills up its energy and then starts supplying to the grid.  
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Take note that no financial incentives are given in the system and load balancing is not yet 
enabled; the Households are not computing the best time to buffer-up on energy or sell 
energy according to supply and demand prices in the grid. They simply fill up the battery 
and afterwards hope that someone in the grid wants to buy their surplus. This is due to the 
simplicity of the Market_simulator model. As a proof-of-concept it is sufficient to show 
interaction between various models. For a MvP, the next step,, the actual game-theory 
algorithm should be included. 

 
Proof-of-Concept of Energy Bazaar with rudimentary smart-grid and market models  

 

 

Smart Meters 

A smart-meter is an internet-enabled device that will leverage the power of the public 
Ethereum blockchain network and will be designed in a way that won’t require a high 
degree of technical aptitude. Smart Agent, installed on the smart-meter will be powered by 
EBZ tokens to automatically read from the household smart meter, pay for the electricity 
usage, and control the transfer of tokens. It is the identity of the end-user within the system. 
 
Smart meters will be installed at grid-entrance of each household.  Bidirectional flow can be 
measured and communicated throughout the peer-2-peer network comprising out of all 
nodes participating in Energy Bazaar.  
 

Game-theoretical approach of energy trade on the Platform.  
 
Energy Bazaar smart-contracts will run on Ethereum. Smart-contracts are triggered by 
underlying dynamics. For now, underlying dynamics are modeled in JavaScript, but for 
more extensive research, the microgrid will be modelled as an Agent-Based-Model (ABM), 
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using for example Anylogic. Within an ABM, more complex dynamics can be included. Of 
possible dynamics, necessary features to include in the short-term are: 

● Human behaviour: optimization of the grid incentivised by an economic profit utility 
function maximisation. This optimization algorithm will be the backbone of Energy 
Bazaar’s trade mechanism and finds its roots in the well researched field of Game 
Theory. Temporal load-distribution through Peak-to-Average-Ratio (PAR) balancing 
will contribute to efficiency in the grid while the same mechanism matches  supply 
and demand over the day; the origin of profit maximization. The availability of energy 
storage systems within microgrids will make this play of an optimisation game 
possible.  

● Grid dynamics: stability in the microgrid is managed by a hierarchical control 
structure. Primary and Secondary control are operating within the microgrid and 
govern the faster dynamics. Ancillary services provide energy-reserves, or buffers to 
provide the control systems with needed impact strength. An demand-side 
management system such as Energy Bazaar its profit optimization/PAR-balancing 
algorithm should never endanger reliability of the grid. For this, control within the 
system should always be able to stabilise essential parameters such as the 
distribution of active/reactive power, frequency (droop control) and power 
oscillations. For this, the optimization should be constrained by grid dynamics, or 
stability damaging behavior should be punished. On the other side, batteries can 
greatly contribute to the reliability of the grid, able to provide energy buffers to 
primary/secondary control. Conclusively, the impact of batteries in the grid should 
be included in the optimisation to truly make Energy Bazaar improve both reliability 
and economical benefits: 

 
Battery_best_response [i] = optimisation (economical profit + grid stability) for all players i 
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MVP & Pilots Strategy 

Ideal Set-Up Pilot Sequence 
 
Pilot 1 (MVP) - Stand alone system in rural / urban areas. 
Pilot 2  - exchange between rural / urban microgrid and DISCOM 
Pilot 3  - DISCOM system integration of platform 
 
Setup for pilot strategy: 

 
Figure 19: Pilot strategy  

 
Above figure shows the strategy to the pilot projects of Energy Bazaar. Each pilot will get 
two versions, in order to generate best practices and speed up the validation process. Pilot 
sequence A focusses on rural areas, where in pilot 1 stand alone microgrids shall be 
targeted. Pilot sequence B comes from the urban perspective, looking at commercial 
entities in pilot 1 that have enough room for several solar panels on their rooftops, being 
able to supply neighbouring households with electricity. 
 
Pilot 2 will look for the connection to the DISCOM grid of those stand alone entities. Here 
exchange of energy will take place with the utility, which can be coordinated through the 
platform too. 
Pilot 3 is the merge of both urban and rural towards an integration of the platform in the 
complete DISCOM system, allowing for grid balancing, autonomous asset management, 
market management and peer-to-peer energy trading. 
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The expectation is that revenue can be created from the first pilot on, but only in pilot 2 
sufficient to become financially stable, whereas DISCOMS  shall have financial benefits to 
this system and more to spend on integration of such a platform. 
 
The basic needs for the physical system infrastructure are: 

- Every participating node has a smart meter, connected to a communication protocol 
(e.g. Wifi, LoRaWAN, Zigbee, BLE, RF etc.) 

- There are a number of distributed energy generation assets. 
- Every node is physically connected through electricity lines in a distribution grid. 
- Interface for the prosumer/consumers (e.g. smart phone app/integrated in smart 

meter) 
- Optional: distributed storage for better visible benefits of platform. 

Minimum Viable Product - Pilot 1 
The MVP will be tested in two settings. One rural and one urban setting. Both can run on the 
same digital system, as described above in the proof-of-concept, however the physical 
infrastructure for the two is different. 

MVP A - Rural microgrid 
 

 
This version of the minimum viable product will take place in a rural microgrid, where every 
household has a smart meter and is connected to a community battery. Some of the 
households have solar panels, providing the necessary energy. With the smart meters the 
balance is taken over the houses. The houses without solar panels should top up their 
‘wallets’ with credit, after which the electricity can be bought. 
 
The material costs of such a pilot are relatively small:  

5 smart meters of 50$ each = 250$ (link) 
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2 40W solar panels of 26$ = 52$ (link) 
1 battery 630$ = 630 (link) (probably oversized) 
Total estimated material costs= 832$ (excluding electricity lines) 

 
The aim of Pilot 1 (MVP) is to Expand the market mechanism with game-theoretical 
incentives for grid optimisation. It will take place in cooperation with a microgrid operator, 
where we will partner with a company looking for the same set of objectives as Energy 
Bazaar.  Energy Bazaar will deliver the market algorithm, containing grid optimisation, and 
the infrastructure for value exchange.. The microgrid operator will deliver the customers, 
that should have smart meters with a connection to the internet, or any other 
communication protocol connecting with the algorithms.  

MVP B - Urban microgrid 
 

 
 

The urban MVP is similar to the rural MVP, apart from the solar panels which will be 
exploited by the commercial entity. Neighbouring households will get a connection to the 
building, where the energy is generated. It will be necessary to partner up with both a 
DISCOM and a company with sufficient rooftop space, before such a pilot can be conducted 
 

Pilot 2 - microgrid exchange with grid. 
The exchange of energy between microgrid and the DISCOM will become essential in a 
transformative process of decentralisation of the energy sector. A safe, stable and 
information rich exchange between microgrid and DISCOM shall help the dynamic power 
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flows of the DISCOM system, making it resilient to increased distributed and intermittent 
generation capacity. A DISCOM partner is needed for this project to happen, while at the 
exchange points (voltage transformator) a smart metering system is build in as well. 
 

 
 
 
 
 

 
 
 

Pilot 3 - Scale-up / Final integration 
The last phase of scale up, will only need a few adjustments to the digital system, 
especially in data representations and control. However, the digital infrastructure remains 
largely equal to the MVP, whereas it is merely a scale up of the nodes interacting with smart 
meters. Also for this system to work 24/7 reliably, there needs to be sufficient storage 
capacity in the system to cope with the intermittent nature of the sun. 
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Compliance, regulatory standards, legal issues 
Compliance with regulations and standards is important. However, without going into full 
detail, there can be refered to the Appendix of the RISE indicators,, where a broad range of 
political impact indicators have been set up that show policy and standards on energy 
access subjects. This is the first legal analysis of Energy Bazaar for a country. Many shall 
follow 
 
However some more on peer-to-peer energy trading can be said. Currently, peer-to-peer 
energy trading is not possible in DISCOM operated areas. However, microgrids are free to 
operate as they want. The pilot structure is not only for scalability reasons, but also for 
policy reasons, whereas the successful pilots in stage 1 will give proof for the policy 
advocacy tools that will be used to lobby with government. 
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Financial Highlights 
 
Energy  Bazaar  is  seeking a  funding requirement  of  306.250  EUR. 

 
The  funding is  required  for  establishing the company, initial R&D projects, setting up 
the  three  pilot  plants  and  a  payroll for the  first  two  years. 
 
The  company  is  seeking  funds  from public  grants  and  investors, which will be used 
as  follows:  
 
Table  2:  Expenditure  overview 

Source  Scope  Total cost (EUR)  
1  R&D  Activities  100.000 
2  Pilot  1    

            equipment  1.000 
            Permits  1.500 
            Installation  Cost  500 
            Insurance  100 

3  Pilot  2   
            Equipment  5.000 

            Permits  2.000 
            Installation  Cost  3.000 
            Insurance  250 

4  Pilot  3   
            Equipment  8.000 

            Permits  5.000 
            Installation  Cost  1.000 
            Insurance  400 

5  Travel  9.000 
6  Payroll  127.500 
7  Office Space  26.000 
8  Sales  and  Marketing  5.000 
9  Legal  10.000 

10  Insurance  1.000 
11  Intellectual property 

payments 
100.000 

     

     

     
  Total cost  (EUR)  306.250 
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A  first  estimate  of revenues  is  based  on an aggregate of  client  types  and 
corresponding  revenue-model.  The customer current  energy expenditure and 
cost-saving  due  to  our platform  was  taken as  a  reference to provide a  projection of 
revenues  for  the  next  six years,  together with  the  assumption of a  conservative 
obtained  market  share.  It  should  be noted that  the  revenues  are more difficult and 
uncertain  to  predict  than costs. An  overview is  given in  Table 3 below,  with a  graphic 
representation  in  the  figure below: 
 
Table  3:  Income  statement  and  profitability  (in  EUR) 

Income  statement 
and  profitability 

2018  2019  2020  2021  2022  2023 

Revenues  1.700  4.500  12.100  142.900  284.500  576.900 

Expenses  150.350  155.900  170.000  200.000  200.000  250.000 

Profits  -148.650  -151.400  -157.900  -57.100  84.500  326.900 

 
 
 

 
 

Figure  2: Timeline  of costs  in  Year  1 &  Year 2 

Project Planning 
A Gantt chart is added in the Appendix to illustrate the project planning and cost scheduling. 
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Appendix - Policy Impact - RISE indicators 
The following checkpoints from the RISE impact indicators of energy access  (in the boxes) 
were deemed important for Energy Bazaar in the context of India. Energy efficiency and 
renewable energy are yet to be determined. 
 
Energy Access 

When was the last update of the electrification plan? 2014 
The last electrification plan is from 2014. Innovative technologies such as blockchain, 
Internet of Things and artificial intelligence were at that time not considered as disrupting 
for the energy sector as they are today, making them not considered in the latest plan. 
Energy Bazaar will advocate for the introduction of discussions on these topics, including 
the creation of standards and regulations. 
 

Is there an institution responsible for tracking progress of the electrification plan? Yes 
Yes, the Rural Electrification Company (REC), under the DDUGJY programme. The REC 
target for rural electrification was due this last May 2017. Their governmental data tells that 
on June 11th a number of 3863 villages still needed to be electrified out of 128,432, 
according to the garv dashboard maintained by the REC. (Rural Electrification Corporation , 
2017)  

However, other sources outside of government mention that only 60% of the target 
has really been met, due to false numbers. IndiaSpend reports that out of the 10,072 villages 
that were added to the electrified list, 92% do not have electricity. (Newsbytes Desk, 2017 ) 
When senior officials of the REC were presented with the miscalculations, they said: ”We 
put a lot of emphasis on photos. If there is a pole and distribution line visible in the photos, 
we call it electrified.” There is a clear evidence that somewhere along the ’supply chain’ 
from village to top-level government a corruption of data has taken place. It could suggest 
that the distance of the government from the public is too far for reliable data to emerge. 
Energy Bazaar will advocate to the REC that new monitoring processes should be installed. 
 

Are there geospatial maps conveying the timeframe of planned grid extension? No 

Are these geospatial maps made publicly available? No 
 
The geospatial maps are necessary, because it will allow for an assessment of the areas 
where DISCOM and microgrid interaction will become necessary. When available, 
microgrids are able to plan the necessary interventions in their system to cope with what it 
means to have an interconnection with the DISCOM grid. For Energy Bazaar, it will help in 
targeting potential customer that could benefit from the platform, by creating a neutral 
ground for exchange between the microgrids and DISCOMs. 
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Are there consumer financing mechanisms (i.e., utility loans, on bill financing, micro-loans, etc.) 
and/or direct subsidies available to support the payment of connection fees by consumers? No 
Smart meters can be an expensive. Who owns the smart meter should be discussed with 
the relevant stakeholders (microgrid operators, DISCOMs, end users) but in order to 
democratise the energy market to the fullest, this should be the end user. To help them 
purchase such meters, micro-financing can assist. The increased revenue from their solar 
panels will help pay back the smart meter. Therefore Energy Bazaar will advocate for such 
mechanisms. 
 
 
Do regulations clarify what will occur when the interconnected grid reaches a mini-grid? No (yes 
in draft) 
To convert from a power producer to a power distributor that buys electricity from the 
interconnected grid and resells to its local customers. No (yes in draft) 
To sell electricity to the interconnected grid operator and no longer sell electricity to retail 
customers. No (yes in draft) 
To sell its distribution grid to the interconnected grid operator and receive compensation for the 
sale of the asset. No (yes in draft) 
The RISE indicator states that this is not the case and effectively this is true. However in the 
latest draft national policy on renewable energy based micro & mini-grids from the Ministry 
of New and Renewable Energy (MNRE), these four issues are tackled. (MNRE, 2017) The 
policy acknowledges the parallel existence of microgrids and the central grid and offers an 
three options for microgrid operators at the time of interconnection with the central grid.  

Firstly, the microgrid operator can charge a fee for the DISCOM to make use of its 
infrastructure. Secondly, the microgrid operator can decide to sell all its assets to the 
DISCOM, under a State Electricity Regulatory Committee (SERC) decided framework, and 
transferring all its operations to it, therefore providing a full exit possibility. Lastly, the two 
parties can enter into a Purchase Power Agreement (PPA), where energy is exchanged at 
the boundary of the two systems.  

This latest option is a start, but not yet an optimal solution, from the perspective of 
Energy Bazaar. The PPA, as proposed, is a static agreement that does not allow for dynamic 
pricing and needs to be changed with every addition of a solar panel in the underlying 
microgrid. Energy Bazaar will advocate for a more dynamic PPA, incorporated in a smart 
contract, that will guide the exchange of energy and value between the two entities 
according to the game-theoretical market mechanism we are developing, while 
incentivising stability in the network. 
 
 

Minigrid and microgrid  materials 

Do subsidies or duty exemptions exist for energy storage systems? No 

Do subsidies or duty exemptions exist for distribution systems? No 

Do subsidies or duty exemptions exist for monitoring systems? No 
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Do subsidies or duty exemptions exist for other equipment related to minigrids? No 
 
The impulse that is needed for microgrid infrastructure cannot only come from private 
investment and expected efficiency increase. Several barriers are yet to be overcome and 
subsidies or duty exemptions can assist with that, of which the above are not yet available 
according to RISE. Energy Bazaar aims to advocate on behalf of all potential subsidies or 
duty exemptions, because it will lead to a more rapid development to a distributed energy 
marketplace. However, the system must be resilient against the sudden eradication of such 
incentives and therefore must be researched and argued sufficiently before an incentive 
should be imposed. 

Costs for storage are decreasing, but not enough yet to spawn widespread adoption 
in the system. For Energy Bazaar, the optimal market dynamics will be achieved if sufficient 
storage capacity is available in the system. A subsidy for storage systems introduction 
would accelerate the potential revenues that users of the platform might gain, while making 
control and operation more complex. This gives a larger incentive to connect to a platform 
such as Energy Bazaar, with which storage systems can be integrated into the controls of 
the networks stabilisation. 

For distribution systems, subsidies should also be in place. Especially for the physical 
infrastructure that would connect microgrids (e.g. low voltage and DC) to the DISCOM grid 
(e.g. high voltage and AC). The traditional grid is designed as a top-down system, rather than 
a dynamic decentralised distribution grid and should therefore be altered to reach 
standards that can handle this. 

Monitoring systems subsidies could help make the Energy Bazaar platform more 
affordable, since it can be used for monitoring of the system. It is in the direct interest of 
Energy Bazaar that the necessity of these monitoring systems is acknowledged by 
providing a subsidy scheme for its accelerated implementation. 

Other equipment to minigrids shall be smart meters, since this is not specifically 
mentioned, despite the possibility of putting this under monitoring systems too. 
 
 

Stand alone systems materials 

Do subsidies or duty exemptions exist for solar modules? No 

Do subsidies or duty exemptions exist for batteries? No 

Do subsidies or duty exemptions exist for charge controllers? No 

Do subsidies or duty exemptions exist for power conditioning equipment? No 

Do subsidies or duty exemptions exist for safety equipment? No 

Do subsidies or duty exemptions exist for other equipment related to stand-alone systems? No 
Energy Bazaar takes the household as a central player in the platform and the appropriate 
materials that are needed to help balance the system (while using the platform market 
model to incentivise this) are shown above. Currently none of them is eligible for subsidies 
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or duty exemptions. If these would be introduced, there would be an increased incentive for 
Indians to purchase stand alone system and use their solar panels, batteries and controllers 
to help balance the system of the microgrid it operates in. However, the system must be 
resilient against the sudden eradication of such incentives and therefore must be 
researched and argued sufficiently before an incentive should be imposed. 
 
Are there specific financing facilities available to support operators/consumers to 
develop/purchase stand-alone home systems? 
Are there specific market financing facilities available to support operators to develop 
stand-alone systems? 
Are there specific government financing facilities available to support operators to develop 
stand-alone systems? 
Are there specific market financing facilities available to support consumers to purchase 
stand-alone standalone systems? 
Are there specific government financing facilities available to support consumers to purchase 
stand-alone standalone systems? 
Again a set of financial incentives are presented by the RISE indicators. Energy Bazaar 
realises that not every financial incentive should be created, but rather advocates for 
enough financial incentives to accelerate adoption, without implosion of the system when 
such incentives are removed. Above incentives might be imposed instead or together with a 
combination of subsidies or tax exemptions. Energy Bazaar will advocate the change of 
policy for any incentive that seems wise and sustainable. 
 

Does the government implement certification programs for minigrid installers? No 
Does the government provide or endorse certification programs for one or more components or 
equipment required for minigrids? No 

Is there a governmental certified program for solar equipment installers? 

The Energy Bazaar platform benefits from a steady physical infrastructure beneath it. Any 
malfunctioning component of a microgrid or stand alone system that was caused by 
incompetent system operators or installment errors is undesirable for the trust in the 
system, of which Energy Bazaar will become an inherent part from the perspective of the 
end user. A certification programme for microgrid operators and solar equipment installers 
would increase the technical know-how and the overall quality of the system. Energy 
Bazaar will advocate for certification programmes that does not impose too much costs on 
the people taking the certificates, but nevertheless helps them become better operators. 
 
Are there environmental regulations on the disposal of solar devices and standalone home 
system products or components? 
Energy Bazaar explicitly includes the institution of Nature in its activities, promoting the 
creation (or preventing destruction) of natural capital. An environmental friendly process 
that recycles the valuable materials in solar panels is therefore desirable. Energy Bazaar will 
advocate for the introduction of regulations on the disposal of solar devices and standalone 
systems. 
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Is the bill collection rate published in a primary official document (by the utility, regulator or 
ministry and/or government)? 
Problems with bill collection is one of reasons for the high transmission and distribution 
costs in the system. An overview of such numbers could emphasise the need for a solution 
for automated billing systems, such as Energy Bazaar hopes to install for DISCOMs and 
microgrids. It is therefore on the policy agenda to uncover such numbers, so that the impact 
of the Energy Bazaar platform can be better evaluated. 
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