THE UNIVERSITY of EDINBURGH

Edinburgh Research Explorer

Call-options in Peer-to-Peer Energy Markets

Citation for published version:

Guerrero, J & Morstyn, T 2021, Call-options in Peer-to-Peer Energy Markets. in 2021 IEEE PES Innovative
Smart Grid Technologies - Asia, ISGT Asia 2021. 2021 IEEE PES Innovative Smart Grid Technologies -
Asia, ISGT Asia 2021, Institute of Electrical and Electronics Engineers Inc., 2021 IEEE PES Innovative
Smart Grid Technologies - Asia, ISGT Asia 2021, Brisbane, Australia, 5/12/21.
https://doi.org/10.1109/ISGTASIA49270.2021.9715613

Digital Object Identifier (DOI):
10.1109/ISGTASIA49270.2021.9715613

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
2021 IEEE PES Innovative Smart Grid Technologies - Asia, ISGT Asia 2021

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN (75 ACCESS

Download date: 27. Oct. 2022


https://doi.org/10.1109/ISGTASIA49270.2021.9715613
https://doi.org/10.1109/ISGTASIA49270.2021.9715613
https://www.research.ed.ac.uk/en/publications/55537277-30a6-4984-aa78-b7125dd49e55

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/356790073
Call-options in Peer-to-Peer Energy Markets

Conference Paper - December 2021

DOI: 10.1109/1SGTAsia49270.2021.9715613

CITATIONS READS
0 279
2 authors:
% Jaysson Guerrero Thomas Morstyn
b=} University of Technology Sydney The University of Edinburgh
14 PUBLICATIONS 523 CITATIONS 92 PUBLICATIONS 3,567 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project A Networked Market Platform for Electric Vehicle Smart Charging View project

Project Oxford Martin Programme on Integrating Renewable Energy http://renewableenergy.ox.ac.uk/ View project

All content following this page was uploaded by Jaysson Guerrero on 06 December 2021.

The user has requested enhancement of the downloaded file.

ResearchGate


https://www.researchgate.net/publication/356790073_Call-options_in_Peer-to-Peer_Energy_Markets?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/356790073_Call-options_in_Peer-to-Peer_Energy_Markets?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/A-Networked-Market-Platform-for-Electric-Vehicle-Smart-Charging?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Oxford-Martin-Programme-on-Integrating-Renewable-Energy-http-renewableenergyoxacuk?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jaysson-Guerrero?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jaysson-Guerrero?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Technology-Sydney2?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jaysson-Guerrero?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas-Morstyn?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas-Morstyn?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/The-University-of-Edinburgh?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Thomas-Morstyn?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jaysson-Guerrero?enrichId=rgreq-fe411cab71814f45dad3d98b2c7799b4-XXX&enrichSource=Y292ZXJQYWdlOzM1Njc5MDA3MztBUzoxMDk3ODkzODEzNDY5MTkxQDE2Mzg3Njk2OTE0MzY%3D&el=1_x_10&_esc=publicationCoverPdf

Call-options 1n Peer-to-Peer Energy Markets

Jaysson Guerrero
Institute for Sustainable Futures,

University of Technology Sydney, Sydney, NSW, Australia

jaysson.guerreroorbe @uts.edu.au

Abstract—This paper proposes the novel application of call-
options for financial loss mitigation in a peer-to-peer (P2P) energy
market. P2P energy markets present the opportunity for end-
users to trade electricity among themselves by managing their
electricity usage and production capabilities. But variability char-
acteristics of renewable resources pose a fundamental challenge
to their integration into the grid as well as participating in emerg-
ing P2P energy markets. The growing penetration of renewable
supply will increase the need for tools to mitigate potential energy
traders’ financial losses. This paper proposes and evaluates the
application of call-option contracts in P2P markets to hedge
against financial losses related to power shortfall in renewable
supply. A case study is presented, showing that P2P traders might
have to bear financial losses when they cannot meet their market
obligations, and how options can be used to mitigate such losses.

Index Terms—Call-options, distributed energy resources, local
energy markets, smart grids, peer-to-peer energy trading, trans-
active energy.

I. INTRODUCTION

The electricity energy sector is experiencing a transition
paradigm characterised by decentralisation and the increasing
uptake of distributed energy resources (DER). The emergence
of prosumers, users with DER who both produce and consume
energy, along with advances in information and communi-
cation technology have led to new transactive energy (TE)
frameworks, characterised by proactive users’ participation [1].
This context brings new opportunities to increase the potential
value-stack delivered to users, and the systems as a whole.

Given this context, peer-to-peer (P2P) energy markets have
been proposed as new decentralised energy market platforms
in which users take the role of buyers and sellers in a local
market to trade electricity among them [1], [2]. The energy
surplus of sellers can be seen as an opportunity to trade with
those users who are willing to buy in the local market.

However, there is a growing concern that benefits from
P2P markets can be diminished by emerging challenges [3],
[4]. The inherent variability and limited controllability of
renewable resources, as well as the stochastic nature of end-
users consumption pose a fundamental challenge to deploy
P2P markets [5]. Uncertainty in generation and demand can be
translated to uncertainty in the amount of energy to trade in the
market. In particular, the uncertainty of renewable resources,
such as wind and photovoltaic (PV) systems, make it difficult
to guarantee that the energy committed in a P2P market for
a given time-slot will be actually delivered [6]. Consequently,
P2P traders are likely to face financial losses and end up cash
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negative after they participate in the market due to erroneous
bids and penalty fees. Indeed, the introduction of penalty
mechanisms in transactive energy markets has been suggested
as a tool to force participants to fulfill their contractual
market obligations and avoid unrealistic bids in the market.
Nevertheless, penalty mechanisms in TE markets may lead
to adverse outcomes, including conservative market partici-
pation, blocked DER value and unsafe system operation [7].
Although state-of-art techniques can reduce forecast errors,
reduce potential penalty payments and limit other implications
to a certain extent, additional techniques and tools need to be
developed to manage such uncertainty that can adversely affect
the users’ participation in P2P markets.

Despite the importance of this emerging challenge, so far it
has attracted little attention. Some studies assume that P2P
market agents trade based on their actual generation and
demand, avoiding the need to manage uncertainty and potential
penalty fees. Existing works on P2P markets have mainly
focused their attention on developing new market mechanisms,
evaluating network constraints and blockchain, as reviewed
in [1]. An interesting approach is proposed in [8], in which
forward and real-time network contracts are introduced for
P2P trading. A real-time market allows balancing of supply
and demand requirements, reducing deviations caused by
forecast errors. However, traders cannot adequately hedge
against financial losses when they cannot meet their market
obligations.

Given this context, we focus our analysis on energy trading
in a P2P market, where agents need tools to mitigate po-
tential financial losses when they cannot fulfill their market
obligations. In doing so, the concept of call-options contracts
is introduced as an adequate instrument to hedge against the
financial risk. A call-option contract gives the right, but not
the obligation, to its holder to buy/sell a specified amount of
energy during a certain future period at the so-called strike
price. Whether the holder of a call-option decides to call its
right under the contract depends on the real-time price and
the availability of its production units [9]. Previous studies
have assessed the use of call-options in electricity markets
[9], [10], [11]; however, to our knowledge, call-options have
not been tested under the P2P market framework. In order
to evaluate the economic implications of call-option contracts
in P2P markets, we adopt the P2P market design proposed
in [8]. Thus, this paper seeks to demonstrate how call-option
contracts can be used as an instrument to mitigate potential



financial losses.

The rest of this paper is organised as follows. Section
I describes the different components of the adopted P2P
market design and the proposed call-option market framework.
Sections III presents a case study verifying the operation of
the proposed market design. Section IV concludes the paper.

II. PROBLEM DESCRIPTION

We consider a smart energy system for P2P energy trading.
As this is a preliminary study, we do not yet consider network
constraints, in effect assuming a copper-plate network model.
A full representation will be integrated as part of future work.
The market consists of autonomous agents acting on behalf of
end-users. Agents can behave as buyers or sellers and can trade
energy among themselves in a decentralised manner. Formal
definitions of the adopted P2P market platform and call-option
settlements are described below.

A. P2P market platform

We adopt the market design proposed in [8], which en-
compasses a forward market and real-time market for energy
trading. A set of contracts describes the potential trading
between agents. Each contract specifies a price and power
amount during a particular time-slot. We assume all contracts
have the same power level and interval duration. Agents
negotiate energy ahead of the delivery of the power in the
forward market. Also, agents can negotiate energy in the
real-time market based on the actual demand and generation.
Nonetheless, any seller who is unable to deliver the quantity
agreed can be subject to penalty payments or have to buy it
from an upstream entity (e.g. aggregator or utility network).

Let A be the set of agents. let § be the set of contracts in
the P2P market, such that the number of potential contracts
(trades) in the market is |Q2] = |Ap| X |As|. The set of
underlying contracts €2, C €, in which a buyer b is involved
is given by Q = {w € Qw(b) = b}. Similarly, the set of
underlying contracts €2, C €2, in which a seller s is involved
is given by Q, = {w € Qw(s) = s}. A contract w € Q is
a four-tuple (b, s, a,, i), which is the underlying matching
between a seller w(s) = s and a buyer w(b) = b. Associated
with each possible trade w, o, € R4 denotes the transaction
price and p,, € R4 denotes the amount of power to exchange.

Each buyer b has a valuation function v, : Ry — R, where
vp(dp) is the value of b for a level of demand, d;, € R, over
a set of contracts €2 in the P2P market. The bid price of a
buyer b for a contract w is denoted by a’,. Formally, we can
define a utility function u; to combine their values and cost
for buying electricity in the P2P market as follows

b : .
up(dy) £ {Bf(db) e, o fﬂﬁﬁ‘f}sf Y

Then, if a buyer b is unmatched in the market, then u; = 0.
Equivalently, each seller s has a valuation function vy : Ry —
Ry, where vs(gs) is the value of s for a level of supply, g; €
R ,over a set of trades ) in the P2P market. The ask price
of a seller s for a trade w is denoted by . Then, we can

define a utility function us to combine their values and cost
for selling electricity in the P2P market as

L EwEQS Oé:;}/j/w - VS(gS)7 if Qs ¢ g,
us(9s) = {07 otherwise. @

Then, if a seller s is unmatched, u,(gs) = 0.

Note that (1) and (2) show that buyers’ and sellers’ decisions
are coupled through their dependence on their utilities on the
trades w. Thus, their interaction results in a game, and since
each agents’ preferences and reward functions are private, it
is a game of incomplete information.

In order to find a stable outcome,” a distributed price-
adjustment process can be used, like an ascending auction.
The ascending auction is an iterative simultaneous auction, in
which the prices in the bidding can only increase. Specifically,
there is a sequence of £ > 1 auction iteration. Each iteration
consists of a price adjustment step, proposals steps, and
acceptance or rejection steps. Each agent bids in the market
and chooses the bids that maximize its utility given their values
and cost. For trades w € Q, let Q* == |J ¢, (2 N Q) be the
set of all optimal matches. Then, the set of trades Q} C 2
that maximize the utility of buyers is given by

O = dy) — by, Vbe A, @
b argr?zix{vb( b) wgbawﬂ} b,  (3)

1

where dy = ) . 5. Similarly, the set of trades Q} C (2
that maximize the utility of sellers is given by

Qf = S 1, — 4
: argrrglz"?{zawuw Vs(gs)}7 Vse A, )

weN,

where g5 = > . b,s. In this process, both buyers and sell-
ers update prices in response to bids in the market, depending
on the set of trades that maximize their utilities, i.e. (3) and
(4). Then, buyers or sellers update their bids in response to
the new prices. As such, private information is only partially
revealed during the iterative process.

Note that the price adjustment is monotonic, with prices
beginning low and rising until a contract w is selected by
both buyer w(b) and seller w(s), then the transaction price
«,, 1is defined, ie. «, = o/:) = «;,. Specifically, in this
model, in which buyers make the proposals, all of the possible
transaction prices, a’ and of, are initialized in zero. Since
buyers would prefer the cheapest value, this is a reasonable
value (this algorithm is buyer-optimal as buyers are making
offers to sellers). Prices stop ascending if both a set of buyers
and sellers are satisfied. Then, the process continues until no
price changes occur during an iteration. The allocation of the
resources is based on the last held set of contracts 2*. Note
that there will be some agents who do not match.

A summary of the P2P market mechanism adopted is
outlined in Fig. 1. For the sake of compactness, a detailed
explanation of the adopted P2P market platform is not pro-
vided, but interested readers are referred to [8].

IStable outcome is an agreed set of contracts no group of agents wish to
mutually deviate from.



Price adjustment process

Initialisation

if we Q} and w € Q; \ QF then
if ¥ > o, then
al « af + okt
else
ab + ab + gktt
end if
end if

O

—

Stable
Matching?

kab! koS

Fig. 1. Schematic of the price adjustment process in bilateral matching contracts configuration.

B. Call-option contracts

Network contracts in the forward market involve a commit-
ment to sell the agreed amount of power during the delivery
time-slot. Hence, an agent may need to buy the non-available
power from the utility, if the agent cannot fulfill its contract
commitments. When the utility import price is higher than the
negotiated price, financial losses will be incurred. These losses
can be exacerbated when penalty fees are incorporated.

Given this context, we propose introducing call-option
contracts into the market framework. A call-option is an
agreement that gives the buyer the right, but not the obligation,
to buy or sell a particular amount of electricity during a certain
future time at a specified price [9]. It is worth noting that
buying a call-option represents an additional cost, which has
to be paid even if the option is not called.

Fig. 2 shows the timeline of the proposed market design.
Thus, call-options contracts are negotiated between the for-
ward and real-time market. In this way, agents can use the
forward market outcome to decide on purchasing call-options.
Moreover, agents can purchase options prior to the real-time
market, so the agent can strategically avoid potential financial
losses. How call-options are negotiated is out of the scope of
this paper, but the adopted P2P market mechanism can also
be used to trade options among agents.

With option contracts in place, the market platform allows
agents to negotiate options before delivering the negotiated
power. Note that we only consider call-option for sellers in
this paper, option contracts for all agents will be assessed in
future research. Formally, the profit of a seller s with call-
option contracts 0® € O is given by:

Ud(gos 13 3) = uy(gs) — > pisa — (I(@")ay(a*)), (5)

0€EO,

where o is the option strike price, 15 is the amount purchased
with call-options, «, is a penalty fee, = is the difference be-
tween the power shortfall and the amount of power purchased
with call-options, defined by = =3 o > co. (@l —gs —
us), and I(-) equals 1 for positive arguments and 0 otherwise.
Note that the penalty fee oy, can take the value of the utility
import price, or a penalty payment for power shortfall, or
incorporate both. Also, note that Us(gs, 15, a3) = us(gs) if
O, € @ and o, > gs.

ITII. CASE STUDY AND DISCUSSION

Case study simulations were carried out to assess the pro-
posed P2P market framework with call-options. In particular,

Forward market - Call-option settlement : Real-time
I—————_—;———————i———————»
L AN L J
P2P matching Call-options Options called
negotiation if needed

Fig. 2. Timeline of the proposed market design.

we divide our analysis into two parts. First, we simulate a P2P
market platform to examine the operation of the forward and
real-time markets. Second, we present a comparative analysis
to evaluate the implications of call-options in the market.

A. P2P market simulations

Specifically, we consider a smart grid system for energy
trading at a local level, which comprises six agents for trading
and one utility agent who acts as an intermediary between the
agents and upstream entities such as generators or network
operators. In more detail, our case study considers:

e Two agents as solar generation sources, which are rated
at 200 kWp and 180 kWp;

e Two agents as EV parks of 25 EVs, each with 36 kWh
batteries. It is assumed that EV arrivals and departures
are uniformly distributed between 6 am to 10 am, and
3 pm to 9 pm, respectively; and

e Two agents as aggregators, one combines a set of con-
sumers and behaves as a large uncontrollable load, and
the other aggregates PV systems, loads and a community
electricity storage (CES) of 130 kW and 232 kWh.

Load and PV generation profiles are obtained from a dataset
[12]. Fig. 3 shows the total base load and PV generation of
the agents. Note Fig. 3 does not include the flexible load
related to EVs and battery storage systems, which are defined
through energy management systems and trading preferences.
The price of energy imports is 0.15 $/kWh and 0.05 $/kWh
is paid for energy exports.

Energy trading occurs at each hour over a day, with 5 kWh
energy trades, and a price increment of 0.05 $/kWh. It is
assumed that agents may export more energy to the grid
than the amount traded in the P2P market. Note that in this
case the energy is paid at the export price. Additionally, the
proposed market design considers a forward market and real-
time market for each energy trading interval during the day. In
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Fig. 4. Power traded in the forward market and power imported/exported
from/to the utility.

the forward market, agents buy/sell energy based on the import
and export price and their individual electricity consumption.
Note that PV generation forecast errors are introduced in order
to evaluate the proposed method on a challenging yet realistic
scenario. For this study, the forecast errors are assumed to
follow a normal distribution A/(0,0.2) per time interval [3].
Hence, agents must generate energy, or buy it from the utility,
to meet their P2P market obligations from the forward market.
Fig. 4 shows the power traded in the forward market, the
total power exported to the utility, and the total power imported
from the utility during one day. The results show that most of
the energy traded in the P2P market occurs around midday,
when PV generation peaks. A close observation of the results
in Fig. 4 reveals that the EV parks bought in the market from
8 am to 4 pm, taking advantage of the lower prices that can
achieve in the P2P market in comparison with purchasing
energy at the utility import price. Following a similar trend, the
aggregator with uncontrollable loads purchased energy from
7 am to 5 pm, obtaining affordable prices in the P2P market.
The traded energy in the real-time market and the power
imported/exported from/to the utility is presented in Fig. 5.
Note that the output of the real-time market presents some
differences in comparison with the forward market output.
This stems from the fact that PV generation forecast errors
result in changes in the energy traded in the market. Also,
Fig. 5 shows that there is an extension on the trading periods.
In other words, there are P2P trades before 8 am and after
4 pm, in which the agent with the CES behaves as a seller.
To complement our analysis, Fig. 6 shows the total power
deficit. That is, the amount of power that agents committed
in the forward market that could not be meet in the real-time

450
—— Imported-utility
Exported-utility
=< 300 1 —— P2P
=
@
3
& 150 /\
\/ N/

12:00 16:00 20:00
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0 1 T
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Fig. 5. Power traded in the real-time market and power imported/exported
from/to the utility.
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Fig. 6. Total traded power deficit due to forecast errors.

market due to their energy production shortfall. Specifically,
two agents have to purchase energy from the utility or other
agents to meet their P2P forward market obligations.

B. Comparative analysis

Now, since our interest is to evaluate the operation of the
proposed call-option contracts and their financial implications,
we compare five potential scenarios that may occur to agents
who cannot meet their forward market obligations. Specifi-
cally, the scenarios considered in this study are:

e Scenario I: The negotiated power deficit is covered by
the utility and agents do not have to buy power from the
utility, nor are penalised (i.e. o, = 0 $/kWh);

e Scenario 2: Agents have to purchase the traded power to
the utility (i.e. o, = 0.15 $/kWh);

e Scenario 3: Agents are charged with a penalty fee;

e Scenario 4: Agents buy power from the utility and pay a
penalty fee (i.e. a mix of Scenarios 2 and 3); and

e Scenario 5: Call-options contracts are considered. In this
scenario, agents have purchased options and are used to
cover any power shortfall if they need. The assumed call-
option price is «, = 0.05 $/kWh, which is lower than
the import utility price 0.15 $/kWh. Thus, agents would
prefer buying options instead of buying from the utility.

Fig. 7 shows how the revenue of an individual P2P trans-

action is affected when an agent cannot meet their market
obligation. For the sake of demonstration, we assume the price
of the individual transaction is equal to the average transaction
price in the simulated P2P market in Section III-A, which was
0.1 $/kWh (i.e. 0.5 $ for each P2P contract). Scenario 1 is the
benchmark case in which the agent keeps the profit achieved
by its trading in the P2P market. It is worth noting that most
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of the work on the P2P market considers this scenario, but
it is not very realistic as other entities or agents will have to
fulfill the power deficit. When additional charges and penalties
are included, participation in the P2P market might result in
losses for agents. In particular, purchasing the traded power
deficit to the utility (Scenario 2) results in losses, which might
be exacerbated when a penalty fee is included (Scenario 4).
Interestingly, the agents can still achieve economic benefits
when the penalty fee is low and no other charges are added
(Scenario 3); however, high penalty fees lead to loss outcomes.
Now, the inclusion of call-option contracts would reduce or
limit the losses by ensuring a profit margin (Scenario 5).
Therefore, if the agent experiences a power shortage, the
option contract can be called to meet the agent’s market
obligations and still get economic benefits.

The comparative analysis of the scenarios is complemented
with the simulation results presented in Table I, which sum-
marises the profit that two agents achieved using the case study
parameters presented in Section III-A and having 0.06 $/kWh
penalty fee. It is worth noting that Scenario 5 considers the
settlement of call-option contracts between the agent with the
CES and the two agents with the PV systems. Notably, call-
option contracts (Scenario 5) allowed agents to mitigate the
reductions in their profits when they experienced a power
deficit to trade. In comparison with Scenario 1 (which does not
consider any additional fee), agents in Scenario 5 only reduced
their profits by around 2.6%. In contrast, agents reduced their
profit by approximately 9% and 11% in scenarios 2 and 4,
respectively. Finally, a close observation of Table I reveals
that agent 2 achieves almost the same profit in Scenario 3 and
5. This is because the penalty fee is just over the call-option
price. In fact, as shown in Fig. 7, if the penalty fee is lower
than the call-option price, Scenario 3 would be more profitable
than Scenario 5. Consequently, in this particular case, Scenario
5 is the most profitable. Our simulation results suggest that
call-option contracts are a valuable tool to mitigate financial
losses in the context of P2P markets.

IV. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS

This paper presented a new application of call-options in
P2P energy markets. Call-options can be used as financial tools
to mitigate energy traders’ financial losses. It has been shown
that call-options can create value for traders, by reducing their

TABLE I
PROFIT OF AGENTS WITH POWER TRADED DEFICIT

Scenarios 1 2 3 4 5
Agent 1 $101.50 | $93.13 | $98.15 | $89.78 | $98.71
Agent 2 $93.27 $86.04 | $90.38 | $83.14 | $90.86

exposure to potential penalty fees due to scarce production or
forecast errors in supply. Future works might take different
directions. The proposed market design can be extended by
incorporating more relevant elements, such as network con-
straints, modeling agent risk preferences (e.g. value-at-risk and
conditional-value-at-risk), sophisticated forecast techniques,
modeling uncertainty in the real-time market prices. Moreover,
trading call-options can be modeled as a multi-stage stochas-
tic optimisation problem to determine an agent’s optimal
trading strategy that incorporates options, forward and real-
time contracts. Robust and chance-constrained optimisation
techniques are interesting approaches to explore. Another area
for future work is to assess how aggregators could make profit
by offering options to risk averse generators. Finally, agents
with battery storage systems can play an important role in
the proposed market. Hence, further research is required to
evaluate the technical and economic implications of their role.
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