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ABSTRACT 

A particular methodology is developed, in the context 

of peer-to-peer (P2P) exchange, with respect to 

microgrid resilience, economic benefits and CO2 

emissions. Two major users group are defined: a) 

battery owners and b) grid dependent users. The aim is 

to use the energy from the batteries in order to cover 

the energy mismatches of the microgrid instead of 

using the grid. A “zone” is defined where P2P exchange 

is enabled. Our approach is also implemented in two 

layers at the same time 1) physical which represents the 

electrical infrastructure and 2) communication level, 

where the exchange of information occurs in order to 

implement the suggested methodology. Four different 

scenarios are examined where electrical or 

communication faults occur. The obtained results 

showed that the implementation of this strategy can 

enhance system resilience without compromising the 

economic benefits and the carbon emissions reduction. 

 

 

INTRODUCTION 

Climate change has led to an increasing number of 

weather-related events all over the world, making modern 

power system prone to disastrous events which can cause 

extensive damages and faults. Due to this fact, power 

systems are prepared to have the ability to respond and 

recover from an extreme event [1]. This ability is defined 

as resilience. Microgrids are key elements for enhancing 

resilience, as they can operate in islanded mode during 

faults [2]. Resilience in microgrids has been investigated 

by several researchers. In [3], the authors investigate how 

microgrid operation and control could improve system 

resilience. Four resilience indices are introduced and used 

through a Monte Carlo simulation. The paper highlights a 

starting point for addressing the complex issue of 

resilience. Another recent paper [4], examines resilience in 

the context of DC control systems by discussing different 

possibilities and metrics. Different case studies are 

simulated and compared with an AC model regarding the 

optimal operation of distributed energy resources. The 

results showed that is an effective way of ensuring the  

 

 

resilient response. In [5], the authors investigate resilience 

through an hierarchical outage management, applied in a 

smart distributional system, against unexpected events. 

The developed scheme is implemented on a test system 

and its effectiveness in confronting with different outage 

events is demonstrated through realistic case studies. 

Peer-to-peer exchange (P2P), is a promising approach that 

attracts more and more interest by researchers. In [6], the 

authors investigate a case of P2P electricity trading by 

proposing two market designs which are focused on the 

role of electricity storage. The results showed economic 

benefits up to 31% for the end users. A game theoretic 

approach is proposed in [7], where the researchers 

investigate P2P exchange among prosumers, which form a 

coalition to trade energy. The paper introduces also 

psychology models which are relevant to the P2P 

exchange schemes. Finally, numerical examples are 

investigated to highlight the benefits of the suggested 

methodology. In another recent paper [8], the authors 

evaluate a peer-to-peer exchange scheme based on a 

multiagent simulation framework. Different techniques are 

applied to evaluate three different P2P schemes. The 

results showed that P2P energy sharing can provide both 

technical and economic benefits.  Three representative 

markets for P2P exchange are investigated in [9]. Each of 

them specified detailed business models, local energy 

exchange prices, as well as quantified individual 

customer's energy costs. The methodology is applied to a 

residential community with PV systems, validating the 

effectiveness of the particular strategy and identifying the 

gained benefits. 

However, the impact of P2P exchange on microgrid 

resilience is not investigated in the existing literature. In 

this paper our approach, in the context of P2P exchange, 

with respect to microgrid resilience, economic, benefits 

and CO2 emissions.  
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METHODOLOGY 

The methodology is based on our previous work presented 

in [10], and modified to highlight the impacts on resilience. 

In this paper, the methodology concerns grid dependent 

microgrids where a proportion of users have energy 

storage devices. The methodology is suitable for cases 

with a time-of-use (ToU) tariff scheme, with at least two 

different tariffs, one low during the night and one (or more) 

high tariff during the day. From this perspective there are 

two major user groups: a) battery owners and b) grid 

dependent users. Our approach is implemented in two 

steps: The first one concerns an energy management 

strategy (EMS) for the battery owners while the second 

one, determines the optimum discharging of the microgrid 
batteries. The methodology also is implemented in two 

layers at the same time 1) physical which represents the 

electrical infrastructure and 2) communication level, 

where the exchange of information occurs in order to 

implement the suggested methodology. The fundamental 

idea as described in [10], is to apply a P2P exchange 

strategy during the high tariff period, by forming a 

coalition between the grid and the battery owners. The aim 

is to use the energy from the batteries in order to cover the 

energy mismatches of the microgrid instead of using the 

grid. If the battery discharging cost is less than the high 

tariff that the grid provides, then the batteries are 

discharged and the microgrid users share the benefits with 

the grid. The discharging cost is defined as the cost to 

charge the battery plus the degradation cost during the 

discharging process, for a particular amount of energy 

[11]. In this work, we suggest that the “grid dependent” 

users will get 5% price reduction for each kWh they 

consume from the battery owners, and the battery owners 

will share the remaining benefits with the grid, as they are 

both the key players of the process. The P2P exchange can 

be extended outside the microgrid boundaries and cover 

more grid users, under conditions where there is energy 

left in the batteries and all the microgrid users’ energy is 

provided during the high tariff period. 

According to the EMS developed for the battery owners, 

the batteries are charged during the night (low tariff) and 

discharged during the day (high tariff). During the high 

tariff period, they can either discharge the battery or use 

the grid based on which option is cheaper. The users that 

do not use the grid at all during the high tariff period, are 

“energy surplus” users, while those that require the grid are 

“energy deficient” users. After the EMS is completed the 

P2P exchange process is governed by rules for optimum 

discharging of the group of batteries according to the 

following steps: 

 

1) The “energy surplus” users form a coalition, where 

their batteries are jointly discharged in an optimum 

way, to supply energy to the “energy deficient” ones. 

2) After the first stage is completed, the “energy surplus” 

users form a coalition with the “energy deficient” 

ones, to supply the grid dependent users. 

3) The process continues to supply the energy needs of 

other users outside the microgrid, if there is still 

energy left to the batteries. 

 

In case there are not benefits gained and/or not enough 

energy in the batteries, then the process is terminated. As 

long as the P2P exchange process runs, a particular area of 

the system is formed, where P2P exchange is enabled. For 

this purpose, in [10] we defined this particular area as a 

“zone”. A detailed example of the zone behaviour was 

presented in [10]. As an extension to this, the zone defines 

the area that could operate in islanded mode in case of an 

electrical fault, as long as the fault occurs outside the zone 

boundaries. In case the fault occurs inside the zone 

boundaries, then the initial zone is reconfigured in order to 

isolate the fault and implement P2P in the remaining area. 

This enhances the resilience of the system, as the 

microgrid users who participate in the zone will only be 

slightly disturbed by the fault.  

The implementation of the P2P exchange process is based 

on a communication network. The topology of the 

communication system is presented in Figure 1. Each user 

runs their own EMS and then sends data about their 

condition to the microgrid server, through communication 

channels. The data that are sent to the server are: a) the 

SoC of their battery (for the battery owners), b) their user 

ID, c) their type of user (“energy-surplus”/ “energy 

deficient”/ “grid dependent”) and d) the required energy in 

order to cover their energy mismatch.  

 

 
 

Figure 1: Communication topology 

 

The microgrid server collects the data and runs the 

optimization, regarding the P2P exchange among the users 

of the microgrid. The microgrid server then communicates 

with the grid server to get information regarding the energy 

left in the batteries. If there is still energy left, the grid 

provides information about the load demand of users that 

are located outside the microgrid. Then the microgrid 

controller runs the optimization in order to cover as many 

users as possible. 

In case there is no energy available in the microgrid 

batteries then the process is terminated. The objective 

function is a non-linear equation under constraints. The 

equations used in the optimization are presented in [10]. 
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The optimum discharging ensures the minimum 

degradation cost for the batteries, increasing the benefits 

for the users and prolonging their lifetime. 

In this work, we investigate the P2P exchange in the 

context of resilience. The resilience is measured, based on 

how the system can respond in case of a fault and to what 

extend the system can recover. Several indices have been 

introduced in the literature to measure resilience [1]. In this 

case we use the time needed to recover from the fault. Two 

different fault types are considered: a) electrical fault, b) 

communication (COM) fault. The electrical fault happens 

on the physical infrastructure on the grid and could be a 

cable fault or a fault in a system component (such as 

transformer). The communication fault is defined as a fault 

occurring in one of the communication channels so the 

user, cannot communicate with the microgrid server. In 

case of an electrical fault, the system will try to overcome 

it by changing the zone boundaries in order to exclude the 

fault area and continue the P2P exchange strategy 

described above, in an islanded mode with the remaining 

users. The process requires a synchronization process 

where a new reference point is defined, in order to operate 

in islanded mode. In this case, the reference point will be 

one of the microgrid batteries within the zone. The 

synchronization process itself, is beyond the scope of this 

paper. In case of a communication fault in the COM 

channels, the microgrid server will continue the P2P 

exchange process without the users that cannot 

communicate.  If the fault occurs in one of the battery 

owners, then there is less energy available for P2P 

exchange, thus the zone boundaries will be shrunk. On the 

other hand, if the fault occurs in a grid dependent user then 

this user will be excluded and the zone will cover another 

user, as the required energy will be reduced. The users that 

have a COM fault are just supplied by the grid and cover 

the energy needs without compromising the benefits to the 

rest of the users. 

 

CASE STUDY  

A case study of a small microgrid is presented. The 

microgrid has 50 users, of which 25 are ‘battery owners’ 

and the rest are ‘grid dependent’ users. The battery devices 

are considered to be lithium-ion batteries, with a state-of-

charge (SoC) window 10%-90%. We assume that all the 

users of the microgrid have also a rooftop PV installation. 

Beyond the microgrid there are users that belong to the 

grid considered as “extra users”. It is assumed that all the 

batteries have the same size and battery cost. The grid price 

is defined by a particular ToU tariff. The low tariff period 

is between 22:00 – 06:00 and the high tariff period 

between 06:00 – 22:00. As it has already been mentioned 

the P2P exchange takes place during the high tariff period. 

The methodology is applied for one day. The key 

parameters of the case study are presented in the table 

below (Table 1).   

 

 

Key parameters (Case Study) 

ToU tariff Low = 4 p/kWh 

High= 40 p/kWh 

Battery size 16 kWh 

Battery cost 100 £/kWh 

Carbon emissions Night =290 gr/kWh 

Day = 380 gr/kWh 

 

Table 1: Key parameters for the presented case study 

 

 

The microgrid topology is presented in Figure 2. The 

“battery owners” are highlighted with green colour and the 

“grid dependent” users with blue colour. The “extra users” 

are depicted with orange colour. 

 

 

 
 

Figure 2: Microgrid topology 

 

 

Four different scenarios are examined, in order to highlight 

the impact of P2P exchange on the resilience, the 

economic benefits and the CO2 emissions. In the first, the 

P2P exchange methodology is applied assuming that there 

are no electrical or communication faults. In the second 

scenario, it is assumed that the MG transformer is off, due 

to a fault. The duration of the fault is 2 hours and it is 

assumed that occurs at 22:00, at the end of the high tariff 

period. The last two scenarios are related to COM faults. 

In one of them it is assumed that an “energy surplus” user 

cannot communicate with the microgrid server due to fault 

into their communication channel (“COM fault 1” 

scenario), just before the high tariff period starts. 

Similarly, in the 4th scenario one of the “grid dependent” 

users is assumed to lose communication for the same 

reason (“COM fault 2” scenario) and the fault occurs at the 

same time. A summary of the fault types and durations are 

presented in Table 2. 
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Scenario Type of  

fault 

Time of 

occurrence 

Fault 

duration 

“No fault 

scenario” 

- - - 

“Transformer 

fault” 

electrical 22:00 2hrs 

“COM fault 

1” 

COM 06:00 24 hrs 

“COM fault 

2” 

COM 06:00 24 hrs 

 

Table 2: duration and type of faults for the considered 

scenarios. 

 

RESULTS - DISCUSSION 

In each scenario, the zone boundaries are modified due to 

the occurrence of faults. In the “no fault” scenario, the 

zone is extended outside the microgrid and covers six extra 

users, based on the described process, until the energy 

from the batteries is depleted (SoC 10%), since benefits 

are gained in every step of the P2P exchange process 

(Figure 3). On the other hand, in the “transformer fault” 

scenario, the zone is limited within the microgrid 

boundaries, as the transformer is off due to fault (Figure 

3). However, until the fault occurs the zone boundaries and 

the whole operation process was exactly the same with the 

“no fault” scenario. In other words, the two zones in Figure 

3, represent the change of the zone boundaries through 

time. Between 06:00-22:00 the system operates according 

to the “no fault scenario” and between 22:00 – 00:00 

according to the “transformer fault” scenario. Since until 

22:00 the system operates according to the “no fault” 

scenario, the batteries SoC is 10%. To overcome the fault 

the microgrid server changes the lower limit from 10% to 

0%, in order to cover the microgrid users for two more 

hours (Table 2), by following the same P2P exchange 

strategy. In this case the time to recover from the faults is 

a few seconds, as the microgrid server needs to get the 

information for the fault, modify the battery limits and 

select a new reference point for the islanded operation. In 

the BAU case the fault restoration will need significantly 

much more time, as the DNO needs to bring a portable 

generator to supply the users, until the transformer is fixed. 

For this reason, the grid compensates the battery owners 

for the cost to discharge their batteries beyond the lowest 

limit. We assume that for this service the DNO rewards the 

battery owners with extra benefits of 30% of the 

discharging cost, in order to provide motivation to 

participate under emergency conditions. We assume that 

the DNO needs at least 2 - 4hrs. In the “COM fault 1” 

scenario, we assume that user 10 ("energy surplus" user), 

has a communication fault which cannot be fixed until the 

next day. Thus, the user is isolated from the zone and the 

P2P process starts with one battery less, which means that 

there is less energy available for the P2P exchange, which 

means that fewer users can be covered. As it is shown in 

Figure 4, the P2P exchange covers only five "extra users" 

instead of six in the "no fault" scenario. Similarly, in the 

"COM fault 2", a "grid dependent" user (user 20) cannot 

communicate with the microgrid server, and is excluded 

from the zone. The P2P exchange is applied with one user 

less, which means that there is less energy needed to cover 

the microgrid users. However, the microgrid user with the 

fault is replaced by an extra one (seven "extra users" in 

total) outside the micrgorid, since the available energy 

remains the same as with the "no fault scenario".  In both 

COM scenarios, the users with the fault are simply 

supplied by the grid as in the BAU case. 
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Figure 3: Zone boundaries for two different scenarios: “No 

fault” scenario (green colour) and “Transformer fault” (red 

colour). 
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Figure 4: Zone boundaries for the "COM fault 1" scenario 

(orange colour) and "COM fault 2" (purple colour). 
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Figure 5: Economic benefits and carbon emissions 

reduction, for the considered scenarios. 

 

 

 

Scenarios Time to 

restore the 

fault 

(P2P) 

Time to 

restore the 

fault 

(BAU) 

“No faults” - - 

“Transformer 

fault” 

seconds 2hr-4hrs 

“COM fault 1” seconds 24hrs 

“COM fault 2” seconds 24hrs 

 

Table 4: Time to result the fault, comparison P2P 

exchange with the BAU scenario.  

 

 

From the obtained results it can be concluded, that the 

microgrid users get significant benefits in comparison to 

BAU case, where no P2P exchange is applied. The total 

economic benefits gained for the microgrid users, are 

between £19.92 - £33.01 according to the considered 

scenario (Figure 5). The highest benefits are observed in 

the "transformer fault" scenario, due to the fact that the 

DNO pays an extra 30% of the discharging cost due to the 

emergency conditions. The COM fault scenarios have 

small deviations from the "no fault" scenario, due to the 

small changes of the number of either the battery owners 

or grid dependent users respectively. The benefits are 

shared among the users according to their level of 

contribution to the P2P exchange process. Under this 

perspective, the battery owners gain higher benefits as they 

are the key players of the P2P exchange, while the "grid 

dependent" users gain significantly less. The more energy 

they offer in the P2P exchange, the more benefits they gain 

and vice versa. An interesting feature of the obtained 

results, is the fact that significantly less users are disturbed, 

and the system can recover from faults much faster in a 

period of a few seconds. Moreover, even in case of faults 

the economic benefits for the microgrid users are not 

compromised. They can be significantly higher 

("Transformer fault" scenario) or at least slightly less 

(COM fault scenarios). Similarly, the carbon emissions 

reduction are slightly different among the considered 

scenarios, as the available energy of the batteries is almost 

similar with small fluctuations. In the "transformer fault" 

scenario, the carbon emissions are the same with the "no 

faults" scenario although the batteries are discharged for 

two more hours. This happens due to the fact that during 

the low tariff period using the grid or the batteries is 

indifferent regarding the carbon emissions reduction, as 

the   batteries are charged also during the low tariff period 

(low carbon emissions period). The above results prove 

that the suggested methodology could enhance the system 

resilience, without compromising the economic benefits 

and the carbon emissions reductions. 

CONCLUSIONS 

In paper a particular  methodology was presented, in the 

context of P2P exchange in microgrids. The obtained 

results showed that the implementation of this strategy can 

enhance the system resilience without compromising the 

economic benefits and the carbon emissions reduction. 
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