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ABSTRACT The progress of ICT technologies, day-ahead forecast, home energy management systems, implementation
of smart meters, and Distributed Energy Sources (DER) enables new business opportunities for prosumers to locally trade the
surplus via blockchain platforms leading to considerable advantages at the community level. The current research handles
settlement similar to a centralized market that it is not necessarily the best solution for blockchain. Nonetheless, the settlement
is essential as sellers and buyers perceive the attractiveness of the local trading through the market results. In this paper, we
propose two novel and efficient settlement mechanisms (Global Balancing Settlement GBS and Splitting Settlement SS) for
Peer-to-Peer (P2P) electricity exchange enhancing the performance of the classic Pairwise Settlement PS. These will be written
as stored procedures embedded into the smart contracts along with auctioning procedures. The simulations are performed using
a small residential community with 30% of the electricity that can be locally traded to lower the bills and unstress the public
grid. The performance of the two proposed settlement methods is proved by the 14 scenarios that thoroughly indicate that GBS
and SS provide better results for both sellers and buyers than PS. In the reference scenario, with GBS, sellers have the highest
encashments with almost 4% more, whereas buyers encounter the lowest payments with almost 5% less than in case of the
classic settlement. Starting from reference scenario, alternative scenarios are envisioned to extend the analyses and assess the
performance of the settlement mechanisms. The highest gain is recorded with GBS mechanism: almost 8.8% for sellers and
6.5% for buyers. Another interesting outcome is that GBS is providing better results than SS. When deviations are small, SS
provides almost 6% gain for both sellers and buyers, but when they increase, the gain is exceedingly small or none.

INDEX TERMS market settlement, blockchain, local trading, peer-to-peer, auction, smart contract.

1. INTRODUCTION

Nowadays, most of the consumers do not trade, interact or
have smart meters being supplied by a retailer at a standard
tariff. However, the new advancement in Renewable Energy
Sources (RES), smart meters and other sensors technologies,
intelligent systems, including blockchain application on
bitcoin, will allow in the near future electricity exchanges at
the local communities of residential consumers or
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prosumers. Already, several projects are emerging [1]
offering incentives to continue the investigation and research
in this area. The surplus of prosumers could be efficiently
traded to the neighbors and not to the grid considering the
difference of the tariff rates. Thus, the residential consumers
will benefit from direct exchange due to more advantageous
rates and elimination of intermediaries. Also, they perceive
the transfer of trading control from central authorities to their
level and change the paradigm [2] of transmitting and
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distributing electricity over long distances with considerable
losses. Moreover, the prosumers that receive a better revenue
due to local trade will encourage RES local integration at
larger scale, enhancing investment in new RES facilities.

Ideal trading is performed on market basis, clearing the
bids and offers similar to stock exchanges, but there will be
always differences between bidding quantities and actual
ones, especially when generation is based on RES, requiring
rigorous settlement based on the smart meters records. To
enhance trading, several intra-day auctions will reduce the
imbalance penalties as the auctions take place closer to the
delivery time. These auctions enable consumers and
prosumers to adjust their bids and offers according to a better
forecast that is performed for 24 hours and then is repeated
at shorter intervals.

Therefore, P2P transaction settlement reconciles
differences between bids and smart-metered generation/
consumption. The smart meters can measure both the energy
consumed or generated over a period that is previously
configured to serve the settlement purpose. This offers the
opportunity to perform the settlement process more precise
(compared with the profile approach), timely and better
integrate EV and smart appliances [3].

A multi-settlement market consists in electricity surplus or
deficit that are bought/sold on forecast basis and initially
settled on a forward basis and then resettled considering the
actual production and consumption. The blockchain forward
market could be organized in a intraday time frame. The bids
and offers cleared in the intraday market are contractually
binding.

The objective of this paper is to propose two novel
settlement mechanisms for a market-based trading system
that enhances the local transactions at the blockchain
platform level using stored procedures included into the
smart contracts that govern the P2P transactions.

The paper is structured into 6 sections. The first section
briefly introduces the P2P transaction and settlement
concepts. In the second section, some of the most recent and
relevant scientific research papers are discussed. The third
section depicts blockchain technology, whereas the proposed
two methods for settlement are presented in the fourth
section. Simulations, results, and comparisons are performed
in the fifth section, and conclusion is drawn in the sixth
section.

2. LITERATURE REVIEW

The blockchain technology has been investigated recently in
correlation with local electricity markets. An electricity
market that consists in two producer and one consumer in
chemistry industry operates via a blockchain platform [4]
focusing on the technical aspects of the blockchain
implementation especially the consensus mechanism. Also,
a generation transfer from utility companies to consumers
from Perth, Australia, becoming citizen utilities using a
blockchain platform is described in [2]. The benefits of the
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city by large deployment of solar and storage facilities
encouraged this transformation and inspired other cities.

To our knowledge, there are not many explorations of the
designing, improving, and implementing the settlement
mechanisms at the blockchain level or most of the
approaches handle the settlement as in centralized markets.

Seven components for a microgrid electricity market were
identified in [5], stating that C3, C4 and C5 are the main
component for local trading: Cl1 microgrid setup that
involves the setting of the trading objectives; C2 connection
points or physical balancing point between the microgrid and
public grid; C3 information system to manage the local trade
using a blockchain protocol as a software application that is
assimilated with smart contracts; C4 market mechanism
(implemented by C3) that includes allocation and payment
rules; C5 pricing mechanism implemented by C4 setting the
auction pricing and limits; C6 energy management trading
system that forecasts generation and consumption, decides
the trading strategy and automatically performs electricity
transactions so that the user interaction to be minimized; C7
regulation that could further enhance the local trading
opportunities.

An architecture of blockchain protocol based on smart
contracts and associated with market clearing price, energy
allocation and settlement mechanism is proposed in [6].
Smart contracts can be written in Solidity, Pact or Liquidity
[7] and are designed to secure the transaction data and
specific functions and to calculate the clearing price and
energy allocation. The settlement is very briefly presented as
a simple mechanism of penalizing sellers and buyers that fail
to deliver or consume. The penalty is calculated based on
individual transaction as difference between the retailer price
and auction price. Also, the local settlement is envisioned via
smart contracts in [8] considering the meter readings and
trading results, the liability being linked with a crypto wallet
or a standard bank account.

A distributed transaction mechanism including settlement
into smart contracts is also proposed in [9] that allows P2P
trading among prosumers and consumers. Moreover, a two-
blockchain-layer is proposed in [10] for Balancing
Responsible Parties (BRP) and system operator settlements
allowing a higher automation for balancing market and new
business models for BRP. Moreover, a review of blockchain
technology, a mechanism for distributed power trading
considering security constraints and a trading method using
Ethereum blockchain and smart contracts are provided in
[11] to allow the transparency of the trading.

[12] propose a design and implementation of a blockchain
decentralized uniform price market with rules written in
smart contracts emphasizing three implementations of
electricity market using the Ethereum. Also, a smart contract
model is proposed in [13], implementing a Vickrey second
price auction for electricity market based allocation using the
Ethereum blockchain proving the effectiveness of the
auction mechanism.
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Auction models for P2P electricity exchanges using
Ethereum blockchain in local deregulated and decentralized
markets could alleviate the major grid issues such as
congestion, losses, etc. [14]. The models are built upon smart
contracts as an essential part of the blockchain technology.
Also, an auction mechanism is applied [15] to locally trade
the electricity using blockchain leading to several
advantages, such as: market-based efficient transactions,
minimum losses and computational overhead. The gaps
between the P2P electricity exchanges and market
mechanisms exist, thus a comparative investigation of
bidding policies including game theory and discriminatory
and non- discriminatory or uniform price auction
mechanisms for trading the electricity at the local level is
performed in [16]. In addition, a continuous double auction,
that can be implemented for a local ancillary service market
[17] to solve imbalances with smart contracts, and a
settlement process for decentralized electricity transactions
using blockchain are proposed in [18], and its feasibility is
proven with a microgrid case study. A pricing model and
trading solution architecture are investigated [19], offering
suggestion to settle the conflicts between the existing market
mechanism and blockchain.

However, the topic is emerging and under research in
numerous studies and projects. The blockchain itself is not a
mature technology and has many facets and implications. A
systematic survey regarding the performance of smart
contracts application in terms of security and privacy is
provided in [20]. Transaction privacy with smart contracts is
discussed in [21], [22] using cryptographic protocols.
Applications of smart contracts using a systematic mapping

are proposed in [23] emphasizing challenges regarding
privacy and security of the P2P trading platforms,
programmability of smart contracts and scalability of
blockchain. A smart contract-based framework with multiple
access control, judge and register contracts in an Internet of
Things environment are implemented using an Ethereum
platform [24]. Fog computing processing and blockchain
technologies provide a secure architecture with encryption
and authentication for practical applications in the smart
cities to diminish the latency and enhance improved security
of the blockchain [25]. A comprehensive description and
architecture of the blockchain concept are provided in [26],
underlining the following aspects among others: types and
features of blockchain, consensus algorithms, proof-of-
work, proof-of-stake, proof-of-activity, proof-of-burn, and
blockchain applications that will transform the society in the
near future.

3. BLOCKCHAIN TECHNOLOGY

Blockchain is a storage and transparent data sharing
technology at the node level of a network of
consumers/prosumers. Transactions are stored in data blocks
that have a hash codes generated by a function. Each block
is chained with the previous block hash as in Figure 1
preventing transaction misleading and distortion. Yet
blockchain has numerous obstacles and challenges [1], [27].
[28] mentions settlement issues, asynchronous bidding, and
smart metering system missing data, but it is yet a promising
technology for P2P trading that is already implemented at
small scale projects.

( \ ( N\ ( \
Block 0 Block 3 Block 6
Genesis Block Hash: 00000076as4set23 Block Hash: 00000099er1kt|98
Previsous Block Hash: Previsous Block Hash:
Block Hash: 0000057ec2fda78 00000045rg6srd81 00000079ad5ddd77
Smart contracts: Transaction data: . .
. . N Smart contracts: Transaction data: Smart contracts: Transaction data:
timestamp, price, quantity timestamp, price, quantit timestamp, price, quantit
Procedures: auction, settlement P, price, q v P, price, q v
L ) Procedures: auction, settlement ) Procedures: auction, settlement
4 N\ N\
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Block Hash: 00000089rf3sed87 Block Hash: 00000099rr4srt88 Block Hash: 00000029fh9slk23
Previsous Block Hash: Previsous Block Hash: Previsous Block Hash:
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Smart contracts: Transaction data: Smart contracts: Transaction data: Smart contracts: Transaction data:
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J

FIGURE 1. Blocks of data and procedural auction and settlement

Through smart contracts, the blockchain establishes the
conditions under which a transaction or asset exchange can

occur. The business rules, auction mechanism, settlement
that govern transactions are agreed upon by members and
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encapsulated in stored procedures into smart contracts.
Proof-of-Work (PoW) is the consensus algorithm in a
Blockchain platform [26]. This algorithm is implemented to
confirm transactions and append new blocks to the chain
[29]. PoW was popularized by Bitcoin and other
cryptocurrencies, in which miners compete to generate
blocks. Proof-of-Stake (PoS) is also used as consensus
algorithm for blockchain.

The security of the trading platform is given by authorized
access and encryption of the stored procedures for auctioning
and settlement. The data is stored in json files that could be
loaded as collections of a NoSQL database (such as:
MongoDB, Couchbase) or indexed in searching engines such
as ElasticSearch. Data flow and interactions between
consumers/producers/retailer and blockchain are presented
in Figure 2.

FORECAST and ENERGY
MANAGEMENT SYSTEM

Blockchain platform: hash, smart
contracts with Data: bids, offers,
transaction result and Procedures:

auction, settlement

DSO & Retailers

Offers/Bids|
Block0 pr| Blockl p| Block2 Feed-in-.tariff& Grid info

| :> - : ToU tariffrates | Retail prices for

generation and
Block3 p>| Blockd | Blocks |:> consumption
— T Settlement
Local

Blocké | Block7 || Blocks trade info

FIGURE 2. Data flow and interactions between consumers/producers/retailer and blockchain

4. PROPOSED SETTLEMENT MECHANISMS

Local trading is performed on market basis clearing the bids
and offers, setting the market price (as in uniform auction) or
prices, that will be paid/received by the buyers/sellers (as in
pay-as-bid auction), and quantities from orders that will be
executed. However, the auctioned quantities are calculated
with several forecasting algorithms or home intelligent
systems such as [30], [31] that are prone to errors. To reduce
imbalances, intraday auctions are implemented that are

Forecast 24h (day Forecast 18h

Forecast 12h

similar to day-ahead auction, the only difference is the time
horizon that is shorter implying smaller errors. Basically, in
an intraday auction, the forecast is repeated for a shorter
interval and if there are differences, these could be auctioned
to diminish the mismatch between the consecutive forecasts
(Figure 3). Nevertheless, imbalances will exist even if the
intraday market will be implemented, but they are smaller
and could be settled using a settlement mechanism.

Forecast 6h

' Delivery time

> ahead) WW (intraday) . (intraday) (intraday)
HhourdO: Daty' ) Hour 6: Intraday Hour 12: Intraday Hour 18: Intraday Call Settlement
ahead auction: auction: . auction: procedure:
Bids&offers 24h : auction: :

Bids&offers 18h Bids&offers 12h Bids&offers 6h calculate

tors of ;
vec vectors of £ vectors of penalties,
quantities and - d vectors o - d d
! quantities an quantities and quantities an payments an

prices prices, prices prices, encashments

corrections of
previous bids and

offers offers

corrections of
previous bids and

corrections of
previous bids and
offers

FIGURE 3. Intraday markets for blockchain

However, settlement is important as it reflects the
differences between forecast and actual generation or
consumption, making the bidding process financially
binding. As sellers’ and buyers’ offers and bids directly
influence the auctioning results, after the delivery time, they
are responsible for the wundelivered or unconsumed
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quantities. Therefore, the way the differences between actual
values and forecasted values are settled is also significant as
it ends with the trading payment or encashment that incentive
the local sellers and buyers to continue to trade.

Thus, we propose two novel settlement mechanisms that
will be described in the following paragraphs, and compare
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them with the classic Pairwise Settlement (PS) that is
implemented in electricity markets and presented in [6]. It
consists in a settlement performed in pairs: buyer-seller. The
settlement mechanism is the following: if a seller i fails to
deliver the auctioned quantity or a buyer j fails to consume
the auctioned quantity, they will pay a penalty that is related
to the price difference between the auction price and retailer
price for sellers (feed-in-tariff) or buyers (Time-of-Use

(ToU) tariff). This settlement mechanism could be written as
a procedure embedded into smart contracts implemented at
the blockchain level as well. The pseudocode of the PS
mechanism is provided in Table 1.

TABLE 1
PS MECHANISM PSEUDOCODE

Seller imbalance

Buyer imbalance

rP; retailer price for sellers

aP auction price

asQ; auctioned selling quantity of seller i
dQ; delivered quantity of seller i

ndQ; non-delivered quantity of seller i

n number of sellers

Sipen penalty of seller i

S¢™ encashment of seller i

1Py, retailer price for buyers

aP auction price

abQ; auctioned buying quantity of buyer j
cQj consumed quantity of buyer ;

ncQ; non-consumed quantity of buyer ;
m number of buyers

ijen penalty of buyer j

ijay payment of buyer j

Pairwise settlement mechanism algorithm

FOR i IN RANGE(1,n):
IF dQl < aSQi:
ndQ; = |asQ; — dQ;l
SP" = ndQ; x (rP, — aP)
S¢™ = dQ; x aP — SP°"
ELIF dQ; > asQ;:
S = (asQ; x aP) + (dQ — asQ;) X rh,
ELSE: S = asQ; X aP

FOR j IN RANGE(1,m):
IF CQ]' < abQ]-:
ncQ; = |aij — cQj|
ijen =ncQ; x (aP —rF,)
B = cQ; x aP + B*"
ELIF cQ; > abQ;:
B = (abQ; x aP) + (cQ; — abQ;) X P,
ELSE: B"* = abQ; x aP

However, other mechanisms could be envisioned
considering the fact that participants can compensate and
alleviate their deviations in a global settlement. This
approach enhances the results of the settlement procedure
that is profitable for blockchain participants that form a
microsystem and incentive them to trade locally. The
microsystem is internally balanced by participants and

Pairwise settlement
mechanism
Each Seller i vs. Each Buyer j

externally by the retailer that indicates a price for sellers and
buyers. In this sense, we propose two settlement mechanisms
that better reward the participants. Compared with classic
settlement, the proposed settlement mechanisms have a
global approach considering all participants and the
microsystem status (deficit or surplus) as in Figure 4.

Global settlement mechanism
Total Sellers i vs. Total Buyer j

FIGURE 4. Classic vs. global settlement mechanism

The first proposed settlement mechanism is inspired from
the activity of the balancing responsible parties. The
participants k are balanced taking into account their
individual deviations that can be locally compensated. This
approach leads to the improvement of the retailer price for
sellers and buyers improving the results of the settlement
process. The Global Balancing Settlement (GBS)
pseudocode is presented in Table 2.
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TABLE2
GBS MECHANISM PSEUDOCODE
aQy — auctioned quantity rP; — retailer price for sellers
Qy — delivered or consumed quantity 1Py, — retailer price for buyers
nQj — non-delivered or non-consumed quantity r7P; — rectified retailer price for sellers

nQV, — value of non-delivered or non-consumed quantity — r7P;, — rectified retailer price for buyers
nQV, — total value of non-delivered or non-consumed EPj, —encashment or payment (+ encashment, - payment)

quantity inQV,— value of non-delivered or non-consumed quantity
k — participant (seller or buyer) as individual
| — number of participants G gain
rnQV,, —rectified value of non-delivered or non-consumed  uG unit gain
quantity
Global balancing settlement mechanism algorithm

Read: aQy, Qx
FOR k IN RANGE(1,1):

nQy = Qr — aly

IF nQy > 0: nQVy, = nQy X rPs ELSE: nQV, = nQy X 1Py
l

nQv, = ZnQVk,Vk =1,1
k=1
IF nQV, > 0: inQV, = nQV, X rP, ELSE: inQV, = nQV, X rP,
IF nQV, x inQV, > 0:G = ||nQV,| — |inQV;|| ELSE: G = [nQV,| + |inQV,|
G
uG = o———
k:lankl
7Py = 1P + uG
7P, = 1P, —uG
IF nQp < 0: ™nQV), = nQy X rrPy, ELSE: TnQV), = nQ) X rrP;
EPk = an X aP + TdQVk

The second proposed settlement mechanism consists in two parties internally balancing the surplus and deficit. The
splitting the seller and buyers into two groups of participants calculation of encashment or payment first considers the
and defining a coefficient for each group that reflects the surplus or deficit of the total sellers or buyers and then
contribution of participants to the imbalance. The Splitting verifies the deviation of each participant.

Settlement (SS) mechanism handles the deviations for the

TABLE 3
SS MECHANISM PSEUDOCODE
Sellers settlement Buyers settlement
E; — encashment of seller i P; — payment of buyer j
asQ; — auctioned selling quantity of seller i abQ; — auctioned buying quantity of buyer ;
dQ; — delivered quantity of seller i ¢Q; — consumed quantity of buyer

ndQ; — non-delivered quantity of seller i

ncQ; — non-consumed quantity of buyer j
ndQ, — total non-delivered quantity of seller i

ncQ; — total non-consumed quantity of buyer j

indQ, — total non-delivered quantity of seller i as incQ, — total non-consumed quantity of buyer j as
individual individual
a; — imbalance coefficient of seller i B; — imbalance coefficient of buyer j
i — seller N
Jj —buyer

n — number of sellers m — number of buyers

Splitting settlement mechanism algorithm

Read: asQ;, dQ; Read: abQj, cQ;
FOR i IN RANGE (1,n): FOR jIN RANGE(1,m):
ndQ; = |dQ; — asQ;| ncQ; = |cQ; — abQ;|
_ ndQl an-
*= indQ j = —
0 incQ,
dQ:=Zin CQtzchj
i=1 j=1
6 VOLUME XXVII, 2020
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n
0= st
i=1
ndQ; = dQ, — asQ,
IF ndQ, > 0:
IF asQ; < dQ;:E; = dQ; X aP
ELSE:E; = dQ; X aP — (| ndQ,| X a;) X (rP, — aP)
ELSE:
IF asQ; < dQ;:E; = asQ; X aP + (dQ; — asQ;) X rP;
ELSE: E; = dQ; X aP

m

abQ, = Z abQ;
=1
ncQ, = cQy — abQ;

IF ncQ; > 0:
IF abQ; < cQj:P; = cQ; X aP
ELSE: Py = cQj x aP — (| ncQ,| x B;) x (aP —rPy)
ELSE:
IF abQ; < cQj: Py = abQ; X aP + (cQ; — abQ;) X 1P,
ELSE: P; = cQ;j X aP

5. SIMULATIONS AND RESULTS

For simulations, the input data represents the results of a
uniform auction. The executed orders belong to three sellers
(S1, S2, S3) and four buyers (B1, B2, B3, B4) and the aP
can vary between 9.01 and 13.99 c€/kWh, and we suppose it
is 11.4 c€/kWh. The retailer price for sellers is 9 c€/kWh,
whereas for buyers is 14 c€/kWh. The results for the classic
PS are provided in Table 4.

asQ/abQ  dQ/cQ  Penalty Encashment(+)/
(kWh) (kWh) (c€) Payment(-) (c€)
B3 75 90 0 -1065
B4 25 15 24 -195

The proposed mechanisms, GBS and SS, require more
input data and additional calculation that are provided in
Table 5, but the output brings more gain for both sellers and
buyers.

TABLE 5
TABLE 4 INPUT AND ADDITIONAL CALCULATION FOR GBS
PS RESULTS rPs rrPs aP  rPb rrPb G uG
asQ/abQ  dQ/cQ  Penalty Encashment(+)/ (c€) (c€) (c€) (cE) (c€) (c€) (c€)
(kWh)  (kWh) (c€) Payment(-) (c€) 9 11.10526 114 14 11.89474 200 2.105263
S1 100 110 0 1230
S2 100 80 52 860 According to the proposed mechanisms described in
S3 100 90 26 1000 section 4, encashments and payments are calculated. The
Bl 100 110 0 _1280 results of the GBS and SS are provided in Table 6 and
Table 7.
B2 100 80 48 -960
TABLE 6
GBS RESULTS
asQ/abQ dQ/cQ ndQ/ncQ ndQV/ rndQV/ Encashment(+)/
(kWh) (kWh)  (kWh)  ncQV (c€) rncQV (c€) Payment(-) (c€)
S1 100 110 10 90 118.9473 1258.9473
S2 100 80 -20 -280 -222.1052 917.8947
S3 100 90 -10 -140 -111.0526 1028.9473
B1 -100 -110 -10 -140 -111.0526 -1251.0526
B2 -100 -80 20 180 237.8947 -902.1052
B3 -75 -90 -15 =210 -166.5789 -1021.5789
B4 -25 -15 10 90 118.9473 -166.0526
TABLE 7
SS RESULTS
asQ/abQ dQ/cQ ndQ/ncQ Encashment(+)/
(KWh) (kWh) (kWh) 2IPhabeta o ent(-) (c€)
S1 100 110 10 0.250000 1254.000
S2 100 80 20 0.500000 886.000
S3 100 90 10 0.250000 1013.000
Bl 100 110 10 0.181818 -1254.000
B2 100 80 20 0.363636 -916.363
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B3 75 90

15

0.272727 -1026.000

B4 25 15

10

0.181818 -173.181

For comparison, the encashments and payments for the
three settlement mechanisms that can be implemented in
blockchain as encrypted procedures embedded in smart
contracts are graphically represented in Figure 5.
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FIGURE 5. Comparing the results of three settlement mechanisms

It is obvious that the GBS and SS outperform the classic
settlement mechanism (PS), leading to better results in terms
of encashment and payment.
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FIGURE 6. Improvement of the results compared
with classic settlement in percentage

With GBS, sellers have the highest encashments with
almost 4% more, whereas buyers encounter the lowest
payments with almost 5% less than in case of the classic
settlement (as in Figure 6).

Starting from this reference scenario, thirteen alternative
scenarios are envisioned to extend the analyses and assess
the performance of the two settlement mechanisms in
comparison with the classic approach. The thirteen and
reference scenarios are depicted in Table 8.

20

For building the alternative scenarios, we started from the
assumptions that other deviations from the day-ahead or
hour-ahead schedules are also possible. Therefore, we build
these deviations by modifying the generation and
consumption in both directions (surplus or deficit) to assess
the outcome of the proposed methods. The gains for sellers
(S) and buyers (B) are summed up for the two settlement
mechanisms in each scenario. The highest gain is recorded
with GBS mechanism when both sellers and buyers deviate
with -20% from the reference scenario, that means sellers
and buyers deliver and consume 20% less than in the
reference scenario. It can be noticed that GBS and SS
mechanisms always provide better results for sellers (S) and
buyers (B) in terms of encashment and payment compared
with classic settlement. Another interesting outcome is that
GBS is providing better results than SS as in Figure 7. When
deviations are small, SS provides up to 5% gain for both
sellers and buyers, but when they increase, the gain is very
small or none.

TABLE 7
COMPARISION OF SCENARIOS

Scenarios Gain GBS [%] Gain SS [%]

Both -20% 15.2612 0.0000
S=-5%, B=5% 11.4219 2.7598
S=10%, B=20% 10.3193 1.6142
Both -10% 9.4094 1.3129
Both 20% 8.8424 0.9072
Both -5% 8.7659 3.8530
Reference scenario 8.5129 5.9104
Both 5% 8.2880 4.2520
Both 10% 8.0869 2.2755
S=30%, B=20% 8.0694 0.6279
S=20%, B=10% 6.5843 1.5685
S=30%, B=10% 5.8161 1.2892
S=5%, B=-5% 5.6466 5.3451
S=5%, B=-10% 4.3698 3.8918
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FIGURE 7. Results of reference and alternative scenarios

Similar gains or closer gains are obtained for the two
proposed settlement mechanisms in S=5%, B=-5% or B=-
10% scenarios meaning that sellers deliver 5% more and
buyers consume 5% or 10% less than the reference scenario.
Also, more iterative scenarios were built in Python to proof
the gain limits that can be provided by GBS and SS.
Therefore, we can state that GBS and SS outperforms the
classic settlement approach.

6. CONCLUSION

New business opportunities for prosumers and consumers
arise to locally trade the electricity surplus at better prices
using blockchain platforms. In this paper, we propose a
market-based trading mechanism that includes intraday
auctions and settlement embedded as stored procedures into
smart contracts that govern the electricity exchanges. The
researchers treat the settlement similar as in centralized
markets, but it is not the best solution for blockchain. Thus,
we propose two novel settlement mechanisms (GBS, SS) that
improves the results of the classic settlement. The
simulations showed that GBS and SS mechanisms always
outperform the classic approach. The encashments are
increased by almost 4% and payments and reduced by 5% in
the reference scenario. However, the gain of sellers and
buyers can be up to 15% with GBS mechanism or almost 6%
with SS mechanism as resulted from the alternative
scenarios. As future scope, we will continue to adapt and
enhance the two settlement mechanisms with the real-time
implementation of smart contracts. For this purpose, we
intend to extend the performance of trading and settlement
mechanisms using a programming language for writing
smart contracts, such as: Solidity, Pact, Liquidity, etc. that
can be handled to implement smart contracts.
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