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Abstract — In recent years, there has been a significant and rapid expansion in the energy sector.
Renewable energy sources have made substantial inroads into the electricity grid, resulting in their
substantial contribution to the overall energy mix. This shift towards renewables has introduced new
complexities into energy estimation and trading, particularly in the electrical energy market, where the
reliance on meteorological conditions is significant. Developing effective energy trading strategies has
become paramount to ensuring the efficient functioning of smart grids, as they play a crucial role in
alleviating system stress. Nevertheless, the burgeoning number of smart grid users has presented
substantial challenges for maintaining stability and efficiency in energy trading operations [1], [12].
Furthermore, amidst the escalating global energy crisis, which has been linked to geopolitical conflicts
and the dominance of powerful nations in fossil fuel reserves, many countries are pivoting towards clean
and sustainable energy sources, accompanied by the implementation of new legal frameworks. One such
legal development pertains to commercial laws in the electrical energy sector [2].

This study, centered on the electricity trading landscape, conducted a comparative analysis within the
Emir community. It was observed that the number of households on the consumer side has a significant
impact on cost escalation. To mitigate this rising cost trend, it becomes imperative to enact legislation that
delineates construction criteria to be adhered to by communities [3], [13].

In this study, the introductory section highlights the importance of electricity trading, followed by an
examination of peer-to-peer energy trading. The research investigates how the quantity of residential units
affects trade dynamics and resulting profitability. The concluding segment of the study presents the
findings and provides recommendations for future directions [4].
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I. INTRODUCTION peer energy trading platforms, which enable energy

Peer-to-peer energy trading has emerged as a producers and consumers to engage in direct,
promising solution to address the challenges posed ~ transparent, and decentralized ~exchanges of

by traditional centralized energy distribution €lectricity [S]. _
systems [17]. In recent years, the growing One of the critical factors that influence the

awareness of climate change and the increasing effectiveness and scalability of peer-to-peer energy

demand for renewable energy sources have spurred ~ rading  platforms is the number of units

the development of decentralized energy systems participating in the_trading network. This number

generate, consume, and share electricity locally individual households with rooftop solar panels to
[18]. This paradigm shift has given rise to peer-to-
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larger commercial and industrial entities with
substantial energy production and consumption

needs. Understanding how the number of units
affects peer-to-peer energy trading is paramount, as
it has profound implications for the economic,
environmental, and social aspects of energy
systems [6], [14].

This innovative study delves into the effect of the
number of units on peer-to-peer energy trading,
aiming to shed light on the various dimensions of
this complex interaction. By investigating the
dynamics of energy trading in networks with
varying numbers of participants, we seek to
provide insights that can inform policymakers,
utility companies, and communities interested in
implementing and optimizing peer-to-peer energy
trading platforms [7].

Il. MATERIALS AND METHOD

Grid Singularity is dedicated to empowering
individuals and the energy community with
unparalleled freedom in choosing their energy
sources, determining their energy's origin and
price, and selecting trading partners. This mission
aligns with the European Union and other
regulatory bodies' support for a market structure
that prioritizes users' preferences and needs. To
achieve this vision, Grid Singularity streamlines
the creation of user-centric energy markets by
facilitating connections between aggregators that
link various energy assets.

Two distinct payment methods are prevalent
within the electricity grid: "Pay-As-Bid" (PAB)
and "Pay-As-Clear” (PAC). These methods diverge
significantly in their approaches to managing
electricity consumption and determining pricing
structures [10].

A. Pay-As-Bid (PAB)

In the Pay-As-Bid system, electricity suppliers
typically participate in an auction or bidding
process where they submit their individual
electricity demands along with their proposed
prices. The responsibility for submitting both the
demand and the asking price rests with each
supplier. To achieve a balance between supply and
demand within the market, the system aggregates
electricity consumption demands, and price offers.
Consequently, the final electricity price is

calculated based on the pricing proposals submitted
by each supplier [8], [9].

B. Pay-As-Clear (PAC)

In the Pay-As-Clear system, electricity suppliers
do not provide individual price quotes; instead,
they accept a predetermined unit price. In this

approach, suppliers express their electricity
demands by specifying a unit price. Subsequently,
the  system  aggregates these electricity

consumption demands and unit prices to establish a
balance between supply and demand within the
market. The resulting electricity price is then
determined based on these unit prices, and all
customers consume electricity at this uniform price
[15].

Using Grid Singularity, |1 conducted simulations
to assess how grid arrangement impacts pricing
under the two methods mentioned earlier.

C. Scenario 1 (Two-Sided Payment and Payment-
as-Offer Method)

We have conducted an examination of the test
results for peer-to-peer energy trading facilitated
by Grid Singularity. In Figure 1, we can observe
the formation of a community in the Bahgelievler
area of Istanbul, consisting of 5 houses. This test
primarily aims to simulate the functionality of a
peer-to-peer energy community envisioned for
establishment in Turkey. The results clearly
demonstrate the establishment of a dynamic and
evolving community.

Figure 2 provides a map view of the community
from different angles. Within this community,
there are 5 loads with a total electricity demand of
2646 kWh, 3 photovoltaic (PV) systems generating
a combined total of 25 kWh, and 2 batteries with a
total capacity of 10 kWh. Through the simulation
of this community over a span of 7 days, we
observed that the share of electricity consumption
sourced from the community's own renewable
energy assets increased to 82.5%. This reduction in
grid  dependency  signifies a  significant
achievement, although a portion of electricity is
still supplied from the grid.

The electricity generated by the community's
prosumers (those who both produce and consume
electricity) allows most of the residences to operate
independently of the grid. The initial community
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had a diameter of 900 meters, and in subsequent
scenarios, we plan to expand this diameter to
investigate the impact of distance on energy
trading.

Our simulation results indicate that the
community employs the Pay as Offer and Pay Net
market mechanisms for pricing. Information is
collected and evaluated every 15 minutes, which
includes assessing the exchange status of
consumers' electricity demand and the electricity
production levels of generating consumers within
the community.

i@ e ! +© 0o

®

Figure 1. Images of the community on the map (pay as
bid)

Self Sufficiency Self Consumption

Self-consumed 2184 kWh Self-cansumed 2184kWh
82.5% 0.4%
¢ Total Demanded (QPLLIIRULY ® Total Produced

Figure 2. Self-production and self-consumption rate of the
community

Table 1. Energy bills and net energy traded for the
community (Pay as Bid)

Bought Sold Total Balance
Asse En | Pai En | Reve En | Tot
t erg | d erg | nue erg | al

y © y © y ©

(kwWh) (KW h) (k Wh)
Ho 121,25 | 36,0 | 169051, | 72,79 | 168930, | 36,7
me 1 75 5 8
Ho 112 33,0 | 169128 | 49,1 169016 | 16,0
me 3 7
2
Ho 70 20,7 | 169275 | 39,09 | 169205 | 18,3
me 4 5
3
Ho 252 46,0 | 0 0 252 46,0
me 7 7
4
Ho 981,75 | 173, | 36,75 10,24 | 945 163,
me 97 74
5
Grid | 506416, | O 462 138,6 | 505954, | 138,
Mar |5 5 6
ket
Tota | 507953, | 309, | 507953, | 309,8 | 0 0
5 81 1

| 5
i Energy Export (@ Energy Import 6 Neutral

D. Scenario 2 (Two-Sided Payment and Net
Payment Method)

In the second scenario, trading was conducted
using the Net Payment method; however, the
results showed minimal differences. As illustrated
in Table 1, there is a 12 kWh difference in the total
energy sold and purchased within the community
over the course of one week. Additionally, there is
a cost difference of 10 euros.
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Table 2. Energy bills and net energy traded for the
community (Pay as Clear)

Table 3: Energy Invoices and Net Energy Traded for the
Order Community

Bought Sold Total Balance
Asse Paid Reve Tota
t 1) En | (€ 2) En | nue 3) En | 1(€)
erg erg | (€) erg
y y y
(kWh) (KW h) (k Wh)
Ho 1235 36,7 | 169054 | 63,23 | 168930, | 26,4
me 8 5 5
Ho 112 32,9 | 169128 | 51,31 | 169016 | 18,3
me 2 9 1
Ho 70 20,7 | 169275 | 47,07 | 169205 | 26,5
me 3 4
Ho 252 457 | 0 0 252 45,7
me 4 5 5
Ho 991,75 | 177, | 46,75 13,02 | 945 164,
me 5 13 11
Grid | 506416, | 0 462 138,6 | 505954, | 138,
Mar | 5 5 6
ket

i Energy Export 6 Energy Import 6 Neutral

E. Scenario 3 (Multi-Consumer Community with Two-Sided

Payment and Payment-as-Offer Method)

In the third scenario, the number of households
was increased from 5 consumers and producers to
10 households (with the same criteria). The newly
formed community was simulated using the two-
sided payment system and the payment-as-offer
method.

Community Settings

Figure 3: Visual Representation of the Community on the
Grid Singularity Map

Self-sufficiency Self-consumption

|
Self-consumed T2.275kWh
1% 100%
# Total Demanded 7129 375kWh

Figure 4: Self-Generation and Self-Consumption Rate of the
Community (Grid Singularity)

Self-consumed 71275 kWh

# Total Self-Pro LEC TH‘.’SM

Bought Sold Total Balance
5 o| B4 | B4 o
2 5o ¥ 59 2 _| & g e
(’) —
i) 88 3 8229 83 3
~— n_4 ~ D: ~ F
Hom | 1669.6 | 5005 1669,1 | 5004
el 7 5 0.5 | 014 7 1
Hom | 13336 | 3997 | o | 13336 | 3097
e2 7 4 7 4
Hom | go967 | 2485 | ¢ 0 | 82067 | 2489
e3 3 3
Hom 201,2 2012
| 672 : 0 0 652 :
Hom 2520 755,7 0 0 2520 755,7
eb 2 2
Heogn 956 | 287 | 308 | 046 | 647 | 24
Heo;“ 956 | 287 | 308 | 046 | 647 | 24
Zoé" 168 | 493 | 0 0 | 168 | 493
105" 956 | 287 | 308 | 046 | 647 | 24
Hom | 956 | 287 | 308 | 046 | 647 | 24
e 10
Ia;'ri 0 o | 70672 | 2120, | 70672 | 2120,
o 3 17 3 17
70800 | 2122, | 7080.0 | 2122,
Total 6 16 6 16 0 0

i Energy Export . Energy Import 6 Neutral

F. Scenario 4 (Multi-Consumer Community with Two-Sided

Payment and Net Payment Method)

In the fourth scenario, trading was conducted
using the Net Payment method, but the results
showed very minimal changes. When compared to
Table 3, it is evident that although there is a higher
volume of energy traded, this energy is obtained at
a higher cost. This can be attributed to the
increased energy demand resulting from the higher
number of households and energy loss due to the
community sourcing its energy from the external
grid.
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Table 4: Energy Invoices and Net Energy Traded for the
Order Community

Bought Sold Total Balance
51 o| B8d s | B34 o
g 58§ 2| §89:5 8§ 3
! = TR =
< (5 E = A5 E Pl 15 ~ ‘g
Hom | 1669,6 | 5005 1669,1 | 5004
el 7 5 05 | 014 ) 7y 1
Hom | 13336 | 3997 | o | 13336 | 3997
e2 7 4 7 4
Hom | go967 | 2485 | ¢ 0 | 82967 | 2489
e3 3 3
Hom 201,2 201,2
or | 672 ; 0 0 652 ;
Hom | o0 [ 7557 | . 2500 | 7557
eb 2 2
Tg" 956 | 287 | 308 | 046 | 647 | 24
"LO;“ 956 | 287 | 308 | 046 | 647 | 24
"('eog‘ 168 | 493 0 0 168 | 493
Tg‘ 956 | 287 | 308 | 046 | 647 | 24
Hom | 956 | 287 | 308 | 046 | 647 | 24
e 10
S;'rdk 0 o | 7067.2 | 2120, | 70672 | 2120,
o 3 17 3 17
7080,0 | 2122, | 70800 | 2122,
Total 6 16 6 16 0 0

O Energy Export . Energy Import . Neutral

I11. RESULTS

For example, in the first scenario, Residences 1,
2, and 3 have made a profit from energy trading,
while in the fourth scenario, other residences have
obtained their energy from the grid within seven
days, meaning that the community has not been
able to generate its own energy. This shows that
the community is at a loss. Looking at the overall
figures, when the community had a demand for
7,129.375 KWh of energy, it was only able to
supply 72.275 KWh. These figures are quite
different from the first scenario, where the
community produced 508,600 KWh of energy
when the demand for energy was 2,646 KWh,
indicating that the community is efficient and
profitable at a high level [20].

IvV.DISCUSSION

According to the reviews, as the number of
residences increases, the volume of energy trade
naturally rises, leading to higher costs. At the same
time, an increase in the number of residences also
leads to a higher dependence on the external
grid[5],[19]. In other words, more residences
require the community to obtain energy from
external sources, reducing the community's profits
and making it more dependent on external sources.
Additionally, it indicates an increase in energy loss
due to transformers and other conversion
devices[4], [16].

V. CONCLUSION

According to the results of the research, there
needs to be a certain number of residences in the
electricity markets. This implies the need to
progress towards achieving reasonable profits and
reduced dependence on external sources. Peer-to-
peer energy trading is a method that enables less
reliance on the main grid and higher profitability.
In order to achieve these goals, the number of
residences for communities engaging in trading
should be determined from an engineering
perspective.
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