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Abstract — The electricity industry has always been under scrutiny in order to improve the quality of electricity supply,
measurement and billing services to have the at most user transparency, while providing these services with the highest
efficiency. Although many solutions have emerged, of which the smart meter was considered a viable option, it was quick to
perish under the prodigious complications with the real-life feasibilities. El DApp — An electricity power consumption tracking
application solution, harnessing both the IoT and Blockchain utilities to provide a decentralized and secure recording
mechanism, that provides an improved architecture to the smart meter is proposed in this article. The EI DApp provides a high
security and cost efficient decentralized live electricity power consumption recording of the user that is maintained by a
Raspberry Pi based Ethereum network.
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1. Introduction

The electricity sector has been an ever-growing industry, as majority of the economies are adapting
industrialization. The global power consumption is at its peak in the current state consuming over 4000
thousand units of power per capita [1]. This market pave way to smart solutions that efficiently,
accurately and securely measure the usage with minimum man power.
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Fig. 1. Electric power consumption (KWh per capita, country-wise)

The conventional method of measuring electricity, majorly adapted by most of the regions utilizing
domestic electricity are the variations of the mechanical meter that requires extensive manual labor in
measuring and generating electricity bills for every site user [figure 2].

Manual Manual
Collection of | ™= Billing
Data Generation

Electricity
Meter

Fig. 2. Conventional Energy Meter Architecture

One of the major solutions in improving the conventional energy meter system is the smart energy meter
[Fig. 3]. The smart meter takes the advantages of the client server architecture in providing a
modernized solution to the man power inducing energy meter while also providing an architecture that
can measure the electricity accurately.
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Fig. 3. Smart Energy Meter Architecture

While the solution may reduce manual labor in measuring energy consumption accurately, some of the
major drawbacks are as follows.

e Internet resources that educates the masses on techniques to hack into the meter, tampering
with the readings that places the individuals at a liability issue [14,15].

o The unreliability of the smart meter [16].

e The cost of centralization of the user records that includes storage, maintenance and security.

e The problem of a single point of failure that follows a centralized architecture.

These problems are addressed in the proposed model.

2. Proposed Model

In this article a solution combing the competencies of the 10T and blockchain technologies, to smartly
measure the electricity power consumption in the domestic sector. The 21 century is one of the most
pivotal periods of time that utilizes smart devices adapting to integrating with automation solutions to
improve the quality of services provided to consumers. Amongst such solutions, the 10T technologies
emulate majority of the smart solutions by being able to provide inter-networked solutions. According
to Statista, the number of connected devices installed base worldwide will reach up to 42.62 billion by
the year 2022 and to about 75.44 by the year 2025 [2] with a revenue of 3 billion US dollars sectioned
globally for the 10T security solutions by the year 2021 [3].
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Fig. 4. Connected 10T devices world-wide
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Fig. 5. Global spending for loT security solutions

Figure 6 shows the statistics on the market revenue for the adaption and implementation of 10T solutions
in energy meters in the United States [4].
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Fig. 6. Smart energy meter market revenue in the United States

These statistics show the direction in which the automation and the smart solutions market is moving
toward technological advancements by adapting 10T solutions.

According to Statista, Blockchain is one of the most popularly emerging technologies, as it is being
used as a viable solution in commercial solutions in both public and private sector to implement integrity
and security [5]. Figure 7. shows the statistics of the blockchain impact on commercial sector.
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Fig. 7. Blockchain impact in Commercial Sector

The statistics show us that blockchain is being treated as a viable option to keep track of the transactions
in a secure decentralized manner also opens a path for a collaboration of the 10T and blockchain
technologies to provide a cheap and secure connected infrastructure in the business solutions.
Blockchains are being adopted as a trusted solution while being integrated in architectural framework
of several private companies to be tested for a use case that could improve the services provided by
them. Through the utilization of blockchain to secure the 10T network, the drawbacks of a traditional
client server architecture with respect to security can be addressed [17].

The architecture of the proposed model [Fig. 8] utilizes the 10T technology to host the application,
hence rendering a server-less environment along with the blockchain technology to attain data
decentralization thereby circumventing the single point of failure problem.
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Fig. 8. Proposed architecture

3. Related Works

The authors Ahmet Onder Giir et al., in their work “Blockchain Based Metering and Billing System
Proposal with Privacy Protection for the Electric Network” [18] propose a Raspberry Pi based
Hyperledger blockchain network to implement a smart electricity power consumption meter. Their
proposed system aims to solve the cost, privacy and security problems of measurement and billing
systems by using a decentralized system. The Raspberry Pi component is used to obtain values from
the electricity meter, (simulated for the purpose of experiment) that is connected to the Fabric network.
The Hyperledger Fabric, implemented using the SOLO consensus algorithm maintains the blockchain
for each user based on the session keys. Additional tools such as CouchDB were chosen to allow
complex queries which were used during generating reports.

In their works “Privacy-Preserving and Efficient Aggregation Based on Blockchain for Power Grid
Communications in Smart Communities”, the authors Zhitao Guan, et al., [19] propose a smart meter
to measure and record electricity consumption of the users, in a grid infrastructure. By maintaining
separate blockchains for each section of users in the grid, the proposed architecture segregates the
network based on the mining capacity of the network users, that is, the rates at which blocks are
introduced into the network i.e. more blocks for industrial and lesser for domestic sectors. The proposed
model protects the user data using pseudonyms and efficiently mines the network by selecting the
miners that have consumption values close to the average of the particular section of the model. The
billing is processed on the completion of a fixed cycle after successful validation of the blocks for a
period of time.
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Shafig Aiman, et al., in their work “Smart Electricity Billing System Using Blockchain Technology”
[20] propose a decentralized prepaid wallet energy metering with a conceptual cryptocurrency-based
payment system called Wattcoin. The smartphone Wattcoin application retains the cryptocurrencies of
the user, which can be used to deploy configurations to the meter such as on/off operations and power
saving mode. The smart meter consists of Raspberry Pi (2 for purpose of the experiment) computers
connected to the energy meter that stores the meter values in the Ethereum chain periodically. The
Wattcoin application is also used to view the electricity usage read from the blockchain. Sivaganesan
D, et al [36] put forth the internet of things with the BC S. Smys et al [37] performed the "A novel
report on architecture, protocols and applications in Internet of Things (1oT)." Raj, J. S et al [38]
conducted the “Automation Using lot in Greenhouse Environment.” Shadaram, et al [39] discusses the
. "Introduction to the special issue on “Wireless systems: New technologies, resource optimization and
security”." Suma, V et al [40] devised the “Security and Privacy Mechanism Using Blockchain”

4. Techniques and Tools

The experiment consists of one tool and three hardware components to attain distribution and security.
Ethereum Blockchain [6] technology is the tool used and the components used are the Raspberry Pi
computer [7], RPICT3 Pi HAT and the SCT-013-000 Alternating Current (AC) Sensor clamp. The
Interplanetary File System (IPFS) [8] which is an open-source tool that is capable of attaining
distribution, is used to host the EI DApp and devoid the network from utilizing dedicated servers for
the application. Ethereum is an opensource blockchain platform capable of keeping track of the
transactions. The Raspberry Pi computers functions as peers on the network while simultaneously
measuring the power usage using the SCT clamp and updating the blockchain for the users.

4.1. Ethereum Blockchain

The Ethereum is one of the blockchain technologies available, implemented with the application for the
purpose of enhancing the security and decentralization of the application data. A blockchain is a data
structure that records data of transactions in a well-defined double linked data structure. The Ethereum
is an open source blockchain component that allows developers to utilize its several consensus protocols
to implement a secure blockchain backend network. The Ethereum instance is deployed and run on an
Ethereum Virtual Machine on which the Ethereum network deploys and executes the smart contracts
[3.1.1] during transactions. The Ethereum blockchain used in this application performs based on the
Proof-of-Work consensus protocol [3.2.2] while validating the transactions. The ElI DApp using the
blockchain technology utilizes an incentive called Ether, native to the Ethereum platform in order to
initiate and validate the transactions, which serves as a pseudo currency to incentivize the miners for
validating the transactions.

4.1.1. Smart Contract

Similar to a real-life contract, a smart contract is an agreement between the peers using the services, by
following and abiding by the rules of the contract. The contract functions as a micro-service for the
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peers to execute the rules of the contract when a certain criterion is met. But unlike a real-life contract,
a smart contract programmed in solidity [9] is capable of executing itself on the Ethereum platform
without any intervention by the peers to utilize the services of the network. When any new blockchain
is created, the smart contract is deployed at the creation of the chain, such that any block created in the
blockchain should have followed the contract before being added to the chain. The setter function of
the smart contract that records the electricity usage for a user is shown in listing 1.

Listing 1: Solidity code of EI DApp Smart Contract

pragma solidity 70.5.0;

Contract dapp
{

function setBill (uint256 bill)
{

if (services[msg.sender].active)

{

services[msg.sender].lastUpdate = now;
services|[msg.sender].bill = bill;
} else

{
throw;

}

}
function setUsage (uint256 usage)

{

if (services[msg.sender] .active)

{

services[msg.sender].lastUpdate = now;
services|[msg.sender] .usage = usage;
} else
{
throw;

}
}

contract Provider is dapp

{

string public providerName;
string public description;

function Provider (string name, string _description)

= name;

_description;
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}
function (uint256 usage, unit256 bill, address
_userAddress)
{
User = User (_userAddress);
.setUsage (usage) ;
.setBill (bill);

}

4.1.2. Proof-of-Work consensus protocol

In the a blockchain structure, a block is validated before it is added to the blockchain. This mechanism
of the consensus is that, at least more than half of the peers on the network must agree to the validity of
the block. This is a function that, if the majority of the vote on the block is agreed upon to be valid, then
the block is considered valid. The Proof-of-Work protocol awards the peer with the incentive (Ether in
this application) based on the computational resource provided in validating the block.

4.2. Raspberry Pi

The Raspberry Pi is a single board mini-computer designed, developed and manufactured by the
Raspberry Pi Foundation in the United Kingdom. This computer has the capability to perform basic
tasks with minimum configuration that a fully- fledged low-end computer is capable of performing.
Considering the fact that the Internet of Things solutions can be efficiently implemented using a
Raspberry Pi, this specific component was chosen in order to test its feasibility of running a private,
fully decentralized application. The Raspberry Pi used for this application is the Raspberry Pi version
3 B Plus, having a Broadcom BCM2837B0, Cortex-A53 (ARMvV8) 64-bit SoC clocking at 1.4GHz
overclocked to 1.54GHz, 1GB of LPDDR2 SDRAM and 2.4GHz and 5GHz IEEE 802.11.b/g/n/ac
wireless LAN, making it suitable for the component to perform as a server for a small numbered cluster.
The Raspberry Pi is operated using Raspbian, a Linux based operating system tailored for the Raspberry
Pi which has an Ethereum client and the IPFS instance running in its kernel instance, which are also
configured to automatically start on the bootup of the Raspberry Pi.
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Fig. 9. Raspberry Pi 3 B Plus
4.3. RPICT3

The RPICT3 is the version 3 of the RPICT Raspberry Pi hats series for the sensing and measurement
of AC currents and temperature. The RPICT3 board connects to the GPIO connectors of the Raspberry
Pi and provides data via the serial port. The Pi hat is configured using the inbuilt Raspbian packages
and calibrated to obtain the correct measurement readings from the AC CT clamp sensor.

Fig. 10. RPICT3 Raspberry Pi HAT

4.4. SCT-013-000

The SCT-013-000 is a 100A Non-Invasive AC Current Sensor Split Core Type Clamp Meter used in
the measurement of the AC current to or from the appliance. A magnetic current transformer inside the
clamp meter senses the magnetic fluctuations and converts the AC current to an induced AC current on
the clamp which is measured by the RPICT3 Pi HAT. The clamp is capable of measuring AC currents
between 0 and 100A. The current measured is used in the calculation of power consumed by the
appliance. The clamp continuously measures the current, which depends the program utilizing the
clamp for readings and the total sum of the current measured per hour is mined to create a block.
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Fig. 11. SCT-013-00 CT Clamp

5. Experimental Setup and Results

The experimental setup consists of 4 Raspberry Pi 3 B Plus operated using the Raspbian Operating
system with the Ethereum and IPFS configured to start at boot. The front-end of the application and the
smart contracts are uploaded to the IPFS to function as a server-less application. The clamp meter
program to measure the current is also run as a daemon process, starting at boot on all the peers along
with the configured bootstrap file for the IPFS to connect all the nodes on the network. The IPFS hosts
the EI DApp application enabling the users to view their live electricity usage. The IPFS is made to
maintain this state and listen to a dedicated port for all the incoming traffic. The SSH request access,
HDMI access and keyboard access are blocked to prevent users from tampering with the Raspberry Pi
components. The EVM is made active by realizing the Geth [10] package utilizing the Go Language,
developed by Google Inc. The Instance is initiated through a custom Genesis file for the EI DApp. The
Genesis file is a set of configurations that the blockchain will follow during its creation. The genesis
file is given in listing 2.

Listing 2: EI DApp Genesis File

"config":

{
"chainId": 1947,
"homesteadBlock": O,
"eipl55Block": O,
"eipl58Block": O,
"byzantiumBlock": O

}I

"difficulty": "1",
"gasLimit™: "90000",
"alloc™":
{
"ef94ae58179a476£22151a63d51df510df4a1385": {
"balance": "100000000000000000000000" 1},
"91758a 7a0d265becbaeldldl1830b7843d6e0b": {
"balance": "100000000000000000000000" 1},
"7€915414c5cad72d0da%9a705a4bac696dec7022b" : {

"balance": "100000000000000000000000"}
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}

After instantiating the Genesis Block by executing the Genesis file, a new blockchain instance is
created, with all the peers connected to this instance from static-nodes.json file in the Geth directory
and the accounts in the Genesis files are provided with the mentioned ether balances. Since the mining
time increases gradually during the mining process of blocks in the blockchain with the increase in
chain and network size, the consensus time must be kept at constant, to avoid memory overload on the
Raspberry Pi. This is achieved by editing the consensus file of the Raspberry Pi Ethereum instance and
setting the time (in milliseconds) of the difficulty to a low value. Listing 3 shows the consensus file for
the Ethereum instance of a Raspberry Pi.

Listing 3: Difficulty function in Consensus file

func (config *ChainConfig, time, parentTime uint64,
parentNumber, parentDiff *big.Int) *big.Int
{

return big.NewInt (1)

}

The Geth instance is initiated on bootup with the auto DAG generation disabled to avoid the Raspberry
Pi running out of memory. The JavaScript console, native to the Ethereum platform is a tool, utilized
in obtaining details of the current Geth blockchain instance. The peers connected to the current network
can be found from the console, using the command admin.peers. The number of peers connected to a
particular peer can be found from the console, using the net.peerCount command.

When a new transaction is initiated and must be validate i.e. mined, the Ethereum network requires the
peer to provide a certain amount of incentive to validate the transaction. This incentive is called Gas,
which is a fraction of Ether. It is measured in Gwei. Gas is the measure of the incentive, based amount
of computational power required to process a block, whereas Ether is the standard currency measure in
the Ethereum platform.

1 Gwei = 10°° Ether

Gwei is the standard used in the Genesis configuration file [Listing 2]. A fraction of this Ether (Gas) is
used, depending on the Gas price set by the Genesis File, for every transaction throughout the network
whenever the smart contract is executed. The ether balance for any peer account can be found in the
JavaScript console using the function eth.getBalance(eth.coinbase). These ethers amount shown in the
account do not represent the main network ether and can only be transferred to any account on the
private network.
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The smart contract for the blockchain is instantiated using the Truffle Blockchain Framework [11] after
the creation and initiation of the Genesis block. This process is done only once and the blockchain
follows the current smart contract throughout the execution cycle. Once the contract is executed on the
blockchain, the block returns an Application Binary Interface (ABI) and the address of the contract on
the blockchain. The two factors are utilized using the Web3.py package [12] to execute the contract
directly and avoid recompilation. This process is given in the Fig. 12.

@ Smart ‘ Contract @

contract Block AP
— Y — o
TROTELE ethereum LY

Truffle Framework @

l I Blockchain

Admin
Account

Fig. 12. Smart Contract initiation using Truffle

Once the smart contract is deployed, Metamask [13], an Ethereum bridge tool that manages accounts
of the configured Ethereum RPC, is capable of interacting with the Ethereum RPC instance and is

utilized to initiate transactions.

The CT clamp, used to measure the electric current of an appliance, is connected to a SAMSUNG
AR18KV5HBTR 1.5 Ton Inverter Split Air Conditioner without a stabilizing unit for the purpose of
this experiment. The clamp measures the current at a range between 6.23A to 6.91A in the operating
environment. The power utilized by the appliance can be found from the obtained current value using

equation 1.

P =VIwatt @

According to the Tamil Nadu Electricity Board, the voltage in the domestic sector ranges between 220V
and 240V. Using the equation 1, the calculated power consumed, ranges between 1370.6W and

1520.2W, which is in accordance with the appliance specification of 1520W input power.
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The python program that calculates the power consumption and the amount to be paid for the power
units, directly communicates with the Ethereum instance using python Web3 to execute the contract
without any intermediate APIs. The Raspberry Pi components are configured to mine the value of the
total power consumed every hour, calculating power in kWh, also known as units of power or units.
The total power consumed every hour is stored in the blockchain and a list that stores the total power
consumption per day in the contract, is updated at the end of an Indian Standard 24-hour period, which
is shown as a usage graph in the application [Fig. 15,16]. The Ethereum interaction process with the

energy meter program is given in listing 4.

=

Calculated Power

|

Contract ‘ Block $®@
Execution Mining A

—) N —) ffrﬁifé
ethereum el

Python Web3 EVM Blockchain

Access
Ether

User Account

Fig. 13. Block creation process

Listing 4: Block creator (Python Web3) program.

import sys
import json
from web3 import Web3

# Set up web3 connection with Geth instance
geth url = "http://127.0.0.1:8545"
web3 = Web3 (Web3.HTTPProvider (geth url))

# Set a default account to sign transactions
web3.eth.defaultAccount = web3.eth.accounts[0]

# contract ABI

abi=""

with open("abi.json") as file:
abi = json.loads (file)

# contract address

address =
web3.toChecksumAddress ('0x78b3fd39a49%9eafe44504763e906999da0810de2cl4
469ac27b5e210aff59917a3")
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# get contract from chain instance
= web3.eth.contract ( =address, =abi)

# Read the current usage
= contract.functions.getUsage (web3.eth.defaultAccount) .call ()
= sys.argv[l] #latest used energy amount

= + # calculating total energy used

# Read the current bill amount
= contract.functions.getBill (web3.eth.defaultAccount).call ()
=0

#bill calculations
if total energy <= 100:
total bill = curr bill + new used*2.96
elif total energy > 100 and total energy <= 300:
total bill = curr bill + new used*5.56
elif total energy > 300 and total energy <= 500:
total bill = curr bill + new used*9.16
elif total energy > 500:
total bill = curr bill + new used*10.61

#round up the values
= round(total energy)
= round(total bill)

# Set the new values

contract.functions.setDebt (total energy,total bill,web3.eth.defaultA
ccount) .transact ()

# Wait for transaction to be mined
web3.eth.waitForTransactionReceipt (tx _hash)

The back-end algorithm of the EI DApp and the Ethereum instance is given in Table. 1.

Table. 1. Pseudo code for Back-End Algorithm

Pseudo code for Back-End Algorithm

Back-End Algorithm
Begin
Instantiate Ethereum with smart contract.
Repeat
if (Time elapsed==1 hour and IST day not completed)
Deploy contract with calculated power and amount to pay
Mine Block
if (mine==successful)
Add block to blockchain
if (Time elapsed==1 hour and IST day completed)
Deploy contract with calculated power and amount to pay
Update usage list in contract
Mine Block
if (mine==successful)
Add block to blockchain
if (El DApp request==GET values)
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Read values from blockchain using smart contract
if(values)
Display contents on the application
End
End

The user logins in to the account with which the Raspberry Pi of the user mines the power usage, using
the Metamask Ul and the private key given for that particular account. The user is prompted to approve
the access for the account used by Metamask initially, after connecting the Geth RPC [Fig. 14]. This
allows the El DApp to utilize the contract read function and show measurements statistics. Once the
page is loaded, the index page [Fig. 15,16] shows the power consumptions statistics based on the IST
time at which the user views their account.

Connect Reguest

® o @

El DApp Account 2
El DApp would like to connect to your
account

This site is requesting access to view your current account
address. Always make sure you trust the sites you interact
with.

Learn more.

Fig. 14. Metamask Account access prompt
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Fig. 15. EI DApp Air Conditioner power usage statistics from 1/Jan/2020 to 12/Jan/2020
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Fig. 16. EI DApp Air Conditioner power usage statistics from 1/Jan/2020 to 12/Jan/2020

The EI DApp utilizes Metamask to access and show the power consumption statistics for a particular

account on the Ethereum network. The Metamask serves as an account manager for the EI DApp. This
mechanism is shown in figure 17.
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Fig. 17. Account management in EI DApp

The blockchain state is changed based on the consensus that majority of the network peers must agree
with an occurrence of an event. Hence any peer trying to tamper with the blockchain must alter at least
51% of the peers to cause liable alteration in security, which is exponentially increased in difficulty as
the size of the network increases. Deeming this network to be secure and tamper-proof. The sequence
of operations of the EI DApp working mechanism is given in figure 18.

Power Caleulator Python Web3 Transaction _

1: Power Statistics

2 Set values in Contiact_ | :
5 - Transacl tion Approval |

4 : Power Statistics
|5 - Smart Coniract Values Write

; & : Block Mining
71 Mine Wait State ! B: Transaction Complete

0 Power Statistics Read Request

i : : -
H : : . 0 : Smar Contract Values Read
i 11 : Power Stalistics |

Fig. 18. EI DApp sequence of operations

During the validation of the blocks for a transaction, as the size of the network increases the
computational time and the computational difficulty decreases. Since the difficulty to mine the block
remains constant for the network chain, the mining pool increases the computational utilization thereby
optimal block validation. Table 2. shows the CPU usage and the time taken to mine a block by the
Raspberry-Pi peers.
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Table. 2. Mining CPU usage and Time taken per Block

No. of Peers CPU Usage % Avg. Time/Block
(Raspberry Pi) (Geth) (seconds)
2 12 9
3 7 5
4 4.2 3

The mining operations can be improved significantly by utilizing ASIC machines for the network and
an adaptive difficulty should implemented for the same to improve security.

5.1. Results

5.1.1. Security Analysis

The blockchain technology is considered to be one of the most secure methods of storing data in a
decentralized as opposed to the centralized method of data storage. Some of the security benefits that
follow this solution are as follows.

e The data of a user, stored in the blockchain is retained even if the component of the user gets
damaged, as the distribution of data eliminates the problem of single point of failure.

e Any mal-practice performed by the user is annulled, as the data in the blockchain cannot be
changed once set. Even if the user tries to tamper with their component, the Raspberry-Pi is
configured to block all physical connections and repeated non-administrative SSH connections
to configure the mining process.

e The blockchain technology is reliable, as the chain follows the consensus protocol before
altering the state of the chain, thereby making the system devoid of inconsistency.

5.1.2. Cost-Benefit Analysis

The smart meter architecture costs significantly high with the smart meter component itself costing
between the range of X 4,000 and X 10,000 by the manufacturer. Along with the component additional
functionalities such as database maintenance, security programs cost would increase the initial cost.

On the other hand, the proposed model costs approximately % 5,000, which is a database and a security
solution inclusive method that has comparatively lower maintenance cost than the traditional client
server architecture.
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6. Performance Analysis

Although the performance of the configured proposed model has a performance advantage over the
traditional database solution, when deployed as a real-life solution with adaptive difficulty and more
powerful machines to mine the network, the performance degrades with respect to the difficulty of the
blockchain. The time taken to update the chain by adding a block is given by equation 2.

difficulty (D) x 232
hash rate (H)

(2)

time (t) =

This degradation in performance is a trade-off for the security and cost-benefit.

7. Conclusion

In this paper, the deployment and the mechanics of EI DApp, a decentralized Electricity power
consumption tracking application using blockchain, is demonstrated utilizing a Raspberry-Pi network.
This article provides an insight on the following functionalities of the EI DApp.

e  The feasibility of a decentralized application to track power consumptions.

e  The security and automation benefits of the application such as, a fool-proof energy meter
and the ease in tracking power consumption.

e The feasibility of a Raspberry Pi network to maintain a blockchain network state.

This solution also prevents and concurrently assists in voiding the claims of users on swindled
electricity bills and usage records on the user by the respective electricity providers.

7.1. Limitations

Although the Raspberry Pi nodes are able to host and maintain the blockchain network and only mine
the network in intervals of 1 block an hour, one of the most fundamental requirements of the network
is that the peers must be online and synchronous with the network which requires a dedicated network
connectivity. The solution also does not address the physical security, such damage to the Raspberry-
Pi components.

7.2. Future Works
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This article proposes a private decentralized application utilizing the Ethereum blockchain.
Consequently, currency based on the regulated system of exchange is immoral to use on this private
network as the only mode of payment. Hence, this solution can be improved by offering an ICO for the
network with regulated exchange currency with which the users will be able pay for the electricity
consumption via the application.
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