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1 Introduction 

1.1 PROJECT STATEMENT 

Explain what the project is about. What are you trying to do? 

Our project has two major components: the development of an inexpensive and user friendly smart 
power meter and software to facilitate peer to peer trading of surplus energy. When these two 
stages of the project are complete, individuals using our hardware and software will be able to buy 
or sell surplus energy at significantly better rates than could be obtained going through a utility 
company.  

By allowing homes and businesses to effectively trade energy in a free market environment it will 
create an opportunity for individuals to think broader on how they produce and consume energy. 
By creating a free market there is an incentive to over-produce energy to sell back to the grid until 
the utility cost is at parity with the market value. 

A home or business will buy solar or other forms of energy generation to supply the market 
demand. This allows the market to be decentralized as the energy production will be spread out 
over the homes instead of the bulk being produced through the utility.  

1.2 PURPOSE 

Explain what is driving this project. Why is this work of benefit to the society? 

On a large scale, our project is targeting one of the most significant problems that is affecting the 
world right now: climate change. Renewable energy usage is seen as one of the key ways to target 
this problem, but a large portion of worldwide energy does not come from this “clean” energy 
generation. With our project, we hope to incentivize the generation of renewable energy and make 
it more accessible to individuals and businesses, rather than only those who have the resources and 
capabilities of a large energy company.  

On top of incentivizing clean renewable energy the end solution would tend to decentralize the 
power generation market. By reducing the power generation of the utility company there is a 
reduction of blackout possibility. Even though we live in a society that has seen blackouts far and 
few in between this is because of the interconnectedness of grids. A Chicago grid can pull from a 
Toronto plant if they approach their capacity curve. A more decentralized grid would reduce this 
thereby reducing power losses and surcharges. 

The power loss to move energy a mile up the road will be less than the cost to move that energy 
from Toronto to Chicago.  

1.3 GOALS 
Explain what you hope to accomplish through this particular senior design project. What would you like to achieve? Enlist as many goals as you can envision. 

We anticipate that this project, in the long run, has the potential to be implemented in a large 
scale. Taking into account the time and resource constraints associated with this project, our goal is 
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to have a working prototype that can be tested first on a preliminary level and potentially on a 
network of 400 homes.  

A stretch goal for the project would be to develop a marketplace where these peer to peer 
interactions could be facilitated. We would have to find a way to automate this process so users 
would simply have to say how much power they need at what times and the system would arrange 
for that transaction to take place.  

In addition to our goals related to the application of our solution, we also have some goals 
throughout the process of developing our solution. We hope that this design process will be a 
beneficial experience for us, aiding us in learning how to interact with contacts in industry and 
respond to their feedback in order to tailor our work to most effectively solve the problem at hand.  

2 Deliverables 
These tie in with the goals. What deliverables are necessary to meet the goals outlined in the introduction? 

Blockchain Implementation 

Power transactions will be made and recorded using a blockchain implemented on Ethereum’s 
platform. This blockchain will be the backbone of our project, as it will keep a ledger of all power 
transactions that occur in a network of users. The decentralized-ledger approach of a blockchain 
will ensure all transactions are trustworthy, even though users may remain completely anonymous. 
The blockchain will consist of a set of smart contracts in Ethereum defining our own 
cryptocurrency for power transactions, and logic to initiate and accept transactions.  

IOT Smart Meter 

An internet of things smart meter will need to be installed at a user’s property to control the flow of 
power from that user to their power supplier. This smart meter will be connected to the internet, 
and will interact with the blockchain to physically enact transactions. The smart meter will be able 
to send/receive power over set periods of time, which will be set during a transaction. For this 
project, we will develop a working prototype that is able to send and receive power, and 
communicate with our blockchain to enact transactions. 

Web Application 

Users will manage their power transactions through a simple web application, which will interact 
with our blockchain. Since the focus of our project is on the blockchain and smart meter 
implementations, this application will provide only the basic functionality needed for users to track 
and trade their power. Such functions include login/account creation capability, viewing 
transaction history, and initiating/accepting transactions. In the future, this web application may 
be expanded to better meet the needs of the customers. 
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3 Design 
Describe any possible methods and/or solutions for approaching the project at hand. You may want 
to include diagrams such as flowcharts to, block diagrams, or other types to visualize these 
concepts.  

Software 

1. Ethereum Approach 

Using the open-source ethereum (blockchain) platform to develop our smart contract for buying 
and selling assets (energy). Using ethereum we can utilize their stable Solidity language to 
implement our smart contract. The advantage here is there are many projects built with this stack 
allowing for more resources and support. 

2. Hyperledger Approach 

Using the open-source hyperledger (blockchain) platform which is newer compared to the tried 
and true ethereum approach. Hyperledger is supported by larger organizations such as IBM. We 
believe this will allow the technology to stabilize long term with the backing of a large company 
compared to the burn-out many open-source projects that lack an organization have seen. 

Hardware 

1. Arduino + Wifi Shield Approach 

Using GPIO to continuously calculate available energy and control the power management system. 
The data will then be used for buying and selling. A wifi enabled shield will provide IoT capabilities 
to support transactions.  

The arduino will be linked to a two-way meter and work as a smart meter. Current and power usage 
will be tracked and data will be transmitted to the marketplace. 

2. Microcontroller/custom PCB Approach 

Functionally identical to the arduino approach, only the built from a different set of components. 
Both will record and send data for buying and selling.  

3.1 PREVIOUS WORK/LITERATURE 
Detail any similar products or research done on this topic previously. Please cite your sources and include them in your references. All figures 
must be captioned and referenced in your text.  

Previous work has been done by pwr.company an organization that prototyped the energy 
blockchain software. Their github repo shows the current strategy for buying and selling a utility 
such as energy.  

In 2016 there was a blockchain energy implementation in New York City, specifically the Brooklyn 
borough. Two companies LO3 Energy and Consensys teamed up to form TransActive Grid. The pair 
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wired up two Brooklyn residences and traded energy on the blockchain. The details of this 
transaction were left out due to IP implications from the organization. 

3.2 PROPOSED SYSTEM BLOCK DIAGRAM 
For most groups you can include a flowchart of how the system will work. In case your project is not about putting together some sort of a system, you may describe 
the process that you will follow to achieve your deliverables.  

 

Figure 1: A rough diagram of our proposed system. Each property will use a smart power meter 
to control the flow of power from the property (and any power-generating devices, such as solar 
panels or wind turbines) to their power company. Each smart meter will be linked to the 
blockchain via an internet connection, and will have a copy of the transaction ledger. A user for 
any given property may access the ledger and their transactions through a web application, 
which we will design. All power is passed through the power company for any given transaction. 
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3.3 ASSESSMENT OF PROPOSED METHODS 

Provide a short discussion about the different approaches available and the approach you want to 
follow in your work.  

It is to be determined which approach we will follow for the blockchain software, which will make 
up a sizable portion of the time and effort put into this project. We will have to weigh the stability 
and previous usage of Ethereum against the potential benefits of a newer platform that had the 
opportunity to learn from the mistakes of its predecessors. In the end, our decision will come down 
to what will be the most useful in the long run, both for our team of developers and individuals 
who could potentially work on this project in the future.  

As the project progresses, we will have to work to narrow down the scope of the project. The 
problem that we are attempting to tackle is far too large to handle in this amount of time or this 
number of people. At this point, we anticipate that our approach will be to focus on the core 
functionality that is required for a proof of concept. There are many long term goals for this project 
that would be need to be met if our solution is to be implemented on a large scale such as: power 
equipment for this distribution, interfacing with the existing system used by the power company, 
and refining an open marketplace for energy transactions. Realistically, the approach that we want 
to follow will be to aim for the fundamentals that would allow us to test if our system would be 
feasible in reality, and then follow up with the rest when the time comes.  

There are numerous options currently available on the market for smart meters, and with them, 
various design approaches that are followed. While it would be possible for us to built our own 
from the ground up, it is likely that it will be easier to avoid “reinventing the wheel” and use some 
type of device with basic functionality built in like an Arduino or a Raspberry Pi. While this 
approach would allow us slightly less flexibility in the exact layout of our hardware, it would allow 
us to dedicate more time to polishing the smart meter and the interface between it and the 
software side of our project.  

3.4 VALIDATION 

How will you confirm that your solutions work? 

The simplest way for us to confirm that our solution works is testing it. Because our project is 
broken into two parts (smart meter and blockchain software), there will be multiple stages of 
testing. We will test the functionality of the smart meter to determine that it is able to serve as an 
accurate and non-intrusive method of reading power input to a house. Concurrently, we will be 
testing the functionality of the software to make sure we can reliably and securely process 
transactions. When the unit testing stages are completed, we will move on to integration testing to 
make sure the entire system works together cohesively. If we have the opportunity, it could also be 
beneficial to work on testing in a system with a large number of points (houses) to make sure that 
everything is scalable.  
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4 Project Requirements/Specifications 

4.1 FUNCTIONAL 
List and explain the functional requirements of the project. This would include all the technical requirements you fulfil 
during your senior design project. 

Though this project will be difficult, the requirements are rather simple. The requirements will 
include: 

1. A blockchain software implementation  
2. An IoT Smart Meter device 
3. Web app for management of transactions 
4. API for communication between the smart meter and the blockchain 

The requirements could grow and change as progress is made but these requirements are the core 
of the project and will dictate our goals over the coming months. 

4.2 NON-FUNCTIONAL 
List and explain the non-functional requirements of the project. This is where you would enlist non-technical requirements. 
This may still be a fundamental deliverable that your client needs at the end of the semester. 

The project must meet certain standards that we as a group agree on. We want the platform for the 
blockchain to be robust and have the ability to expand on it if desired. Our goal is to end up with a 
product that we can be proud of and have it be something that we are eager to present to the client. 
Each group member will strive to put their best work forward and each contribute their own 
unique values to the project.  

4.3 STANDARDS 
Discuss the standard protocols that you follow in your lab or for writing code. Are these approved by standard organizations like IEEE, ABET etc.  Will any of your 
practices be considered unethical by such organizations? Discuss how standards are applicable to your project.  

Project development will follow a structured model for Git version control. We will use pull 
requests that’ll require at least one other member’s approval. Each task will have it’s own branch 
and those branches will be appropriately named based on their task. All commits will have will 
have sufficiently descriptive comments. All code will include descriptive objects and class names. 
Each method and class will be sufficiently commented except obvious getters and setters. 

5 Challenges 
Include any concerns or details that may slow or hinder your plan as it is now. These may include anything to do with costs, materials, 
equipment, knowledge of area, accuracy issues, etc.  

1. Most blockchains, especially with cryptocurrencies, deal with instant transactions, unlike 
sending electricity.  The problem we face is figuring out a way to prevent either side from 
scamming the other while the energy is being sent. 

2. Does a user have to put energy into the system at the same rate that it is being consumed? 
Will there be any timing issues? More research still needs to be done. 
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3. We will need to figure out the optimal way to connect the IoT device to the Blockchain. 
4. None of the group members have ever worked on a blockchain system, so the lack of 

experience could be a potential problem. 

6 Timeline 

6.1 FIRST SEMESTER 

Class Deliverables 

1. Project Plan 
2. Design Document 
3. Team Website 

Hardware Team (Jack, Joe, Arun) 

1. Research pars and determine platform to be used 
2. Create tentative parts list with pricing 
3. Finalize parts list 

Software Team (Brendon, Noah, Alec, Arun) 

1. Experiment with Ethereum and creating smart contracts 
2. Web app user interface mockups 
3. Component diagram for web app 
4. Component diagram for blockchain implementation 
5. Component diagram for smart meter API 

6.2 SECOND SEMESTER 

Class Deliverables 

1. Working prototype smart meter 
2. Basic functional web application 
3. Working blockchain cryptocoin implementation 
4. All components successfully interact 

Hardware Team (Jack, Joe, Arun) 

1. Create board prototype and order it 
2. Program data acquisition and transmission capabilities 
3. Program user interface 

Software Team (Brendon, Noah, Alec, Arun) 

1. Smart contract defining cryptocoin on Ethereum 
2. Smart contract for initiating a transaction 
3. Smart contract for accepting a transaction 
4. API components for communicating between blockchain and smart meter 
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5. Create account functionality through web app 
6. Login functionality through web app 
7. View transaction history functionality through web app 
8. Initiate and accept transaction functionality through web app 
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7 Conclusions 
Sum up your project plan.  Briefly re-iterate your goals for the project and the plan your team has put in place to achieve 
these goals. 

If we complete our goals, our project has the potential to have important implications on the future 
of the energy market. We believe that with our team, we can make this project reach its full 
potential. By the end of the second semester of the project, we hope to have a functional prototype 
that we can use as a proof of concept in order to gain the traction to apply our solution at a large 
scale. Between the smart meter and blockchain free market trading software, all of the vital 
components will be present to show the benefits that this approach to distributing surplus energy 
has over the existing methodology.  

8 References 
List all the sources you used in understanding your project statement, defining your goals and your 
system design. This report will help you collect all the useful sources together so you can go back 
and use them when you need them. 

http://pwr.company/ 

https://github.com/bgeils/pwr-blockchain/ 

https://www.bitfinex.com/ 

http://gridsingularity.com/ 

http://www.solarcity.com/sites/default/files/SolarCity_Distributed_Grid-021016.pdf 

https://www.fastcompany.com/3058201/this-new-york-project-fuses-energy-microgrids-with-block
chain-technology 

9 Appendices 
If you have any large graphs, tables, or similar that does not directly pertain to the problem but 
helps support it, include that here. You may also include your Gantt chart over here. 
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