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Abstract. The transition toward a net-zero emissions economy is increasingly driven by the escalating 

impacts of climate change. Energy communities (ECs) can support this transition by reducing reliance on 

fossil fuel based upstream generation and by providing flexibility services. Electric vehicles (EVs) can 

further contribute to decarbonisation by operating as distributed battery storage for small-scale systems. This 

paper simulates, as realistically as possible, an energy community that uses EVs as a battery energy storage 

system (BESS) instead of a stationary storage system, with the objective of minimising energy costs under 

several operational scenarios.

1 Introduction 

Our effort dedicated to solving the climate issues has 

only increased in recent years thanks to the 

improvements in renewable energy sources integration 

and decarbonization policies. With the help of proper 

tools and policies the negative effects such as 

desertification and greenhouse gas effects can be slowed 

down, diminished and solved in time along with the 

other challenges. Within this social and economic 

context, energy communities have presented themselves 

as a promising solution, their design allowing them to be 

implemented with different renewable energy sources in 

both rural and urban areas if the geographic location 

allows it. 

Energy communities represent groups consisting of 

consumers, producers and prosumers that cooperate 

with each other to obtain economic benefits. As 

described in reference [1], they can also be defined as a 

legal entity that invests in renewable energy sources, 

using the produced energy for the community and 

selling the excess on the market. The energy source 

depends on the geographical location of the community 

and available space, those situated in an urban area have 

the possibility to install PV panels on their homes, above 

the parking lots or in the common space. 

By enabling synergistic coordination between 

conventional generation assets and distributed 

renewables, the energy communities create the 

possibility to enhance grid stability, minimize 

transmission losses, and maximize resource efficiency 

by interacting with the local grid. This in turn can be 

seen as a crucial cornerstone for achieving sustainable 

community development and the transition towards a 

net zero emissions economy. The evolution of modern 

energy markets has witnessed a shift towards market-
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oriented frameworks that encourage the participation of 

prosumers and aggregators in energy trading as 

presented by [2]. Prosumers, capable of both producing 

and consuming energy, along with aggregators that can 

pool numerous small-scale distributed energy resources, 

are playing increasingly significant roles in combating 

the climate changes.  

Energy awareness represents another crucial factor 

for motivating the consumers to decrease energy 

consumption as much as possible and shift toward 

renewable energy sources. When acquiring new 

household appliances, the owner does not take the 

decision based on energy efficiency as the primary 

factor, but instead bases it on price, with the efficiency 

as a second thought. 

Awareness programs can be adequate approaches for 

promoting the use of energy-efficient appliances and 

proper information and education about this subject will 

encourage both house retrofits and investment in 

renewable energy sources for urban households. 

Reference [3] supports this approach and suggests 

reaching out to different community groups, such as 

children, teenagers, university students, and adults. 

Educational sessions with schools and community 

members will help build public support for net-zero 

transition measures and trust in these technologies.  

As presented in [4], recently in Europe there has 

been progress in regulating energy communities by 

defining renewable energy cooperatives (RECs) with 

the renewable energy directive (RED) II 

(2018/2001/EU) and extending it to citizen energy 

communities (CECs) with the EMD Directive 2019/ 

944. However, not all the aspects are explicitly 

addressed, such as the role of the energy communities in 

the energy market and their ability to provide flexibility. 

Local regulations and policies among the member states 
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may differ from those directives and because of these 

significant differences in the development and 

implementation might negatively affect the local energy 

communities. Another important aspect that is presented 

is represented by the necessity of implementing new 

rules for peer-to-peer (P2P) transitions between the 

members of the community, which do not exist in the 

centralized approach of the present energy market. The 

lack of these regulations has the potential to hinder end-

user involvement and participation in the market. 

One of the principal elements of an energy 

community that allow it to make use of its available 

resources is represented by the battery energy storage 

system (BESS). The BESS allows the community to 

store excess energy during periods of high production 

from their respective renewable energy source and 

either use it to supply the connected load or to interact 

with the energy market if the legislation allows. 

 As stated by [5], this is needed to decrease the strain 

on the local grid, share it locally to reduce transport 

losses and to decrease our reliance on fossil fuels. This 

allows us to take better care of our environment, reduce 

the high maintenance cost associated with a classic 

centralized system and minimize losses.  

Since sustainability is becoming an increasingly 

important subject not only for energy regulators, 

investors, and consumers but also for entities such as car 

manufacturers, growing attention is posed to products 

that can be recycled. As proposed by [5], used car 

batteries can be after their repair used as energy storage 

for energy communities for a lower price since they are 

already used, thus lowering the initial investment cost 

that such initiatives usually require. 

In order to make proper use of their energy resource 

and function in an optimal and efficient way, energy 

communities require adequate tools that are capable of 

properly reflecting the operating costs of the renewable 

energy sources, the rate of degradation of their storage 

system and the possible revenue they can generate by 

either lowering the imported energy or selling their 

excess energy. Such tools are essential for evaluating 

various operational scenarios, enabling a comprehensive 

analysis of the costs and benefits of different operational 

strategies [6]. These tools can be developed using two 

adopted methodologies: unit commitment and economic 

dispatch.  

Unit commitment represents an approach used to 

determine whether energy units should be turned on or 

off over a specified period, usually in the day-ahead 

energy market planning. The economic dispatch method 

is an approach used to determine the optimal power 

output of the already committed units and coordinate 

between various energy sources. By combing both 

methodologies, we can ensure efficient and sustainable 

operation of the energy units available within energy 

communities while effectively quantifying the 

flexibility they provide. Reduced operating costs, 

improved efficiency, and minimized environmental 

impact through cost-effective, low-emission production 

policies are other benefits that can be achieved with this 

approach. 

The electrification of transport through electric 

vehicles (EVs) represents a promising strategy for 

reducing the carbon footprint of both the energy and 

mobility sectors. Despite the opportunity presented by 

such tools, some technical and economic challenges 

must be addressed. The deployment of EVs requires 

adequate infrastructure, especially in the rural areas, 

which is usually hindered by the fragility of the local 

grid and the difficulties in recharging the vehicles. 

Unlike urban settings, many remote communities 

lack reliable centralized electricity access and depend 

entirely on the local power supply or the few renewable 

energy sources deployed in that area, which remain 

vulnerable to either mechanical failures or the weather. 

The integration of EVs further increases system 

complexity by introducing highly variable and behavior 

dependent charging loads, as presented in [7].  

The load profiles of such tools are difficult to forecast, 

while at the same time pose a risk to the operational 

reliability of the system. 

In reference [8], we see EV implemented in a multi-

energy microgrid to provide energy to grid services. 

After the simulations, it is observed that as the car fleet 

expands, the total operation cost and emissions reduce 

by effectively utilizing the EV as an energy storage unit. 

Another tool that can be used to gather data from the 

community members is represented by the Internet of 

Things (IoT) technologies. By installing an IoT gateway 

to collect and interact with the appliances and combine 

it with a smart meter we can generate a detailed load 

profile for both the household owner and the community 

itself that will allow better control over the energy 

resources available [9]. 

Forecasting tools can be used to mitigate the volatile 

and unpredictable nature of the renewable energy 

sources. By creating a production and consumption 

forecast from the historical data the community manager 

can be better prepared to manage the system and be 

aware of the changes that come from the different 

seasons and natural phenomena, despite this the sudden 

changes in weather can still negatively affect the 

community. By combining the forecast with the 

adequate storage and adapted scenarios the community 

has enough resilience and flexibility to operate as 

intended, while maintaining a connection to the 

upstream grid to ensure the continuous energy supply. 

While the forecast may occasionally be unable to 

properly predict the upcoming issues or opportunities, it 

still offers a good general idea about what should be 

expected from the monitored renewable energy sources 

and the community load, as presented in [10]. 

2 Methodology 

2.1 Configuration 

In order to ascertain the impact of EV upon an energy 

community a simulated energy community was created 

within the Python environment 

For this paper, we have an energy community made 

up of 20 members with an average daily energy 
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consumption between  8 and 12 kWh, and split into two 

consumption profiles, one of them will be for the 

households that follow a classic 9-5 office program 

while 30% of the members will have the work from 

home profile, where they still consume energy during 

the day. We consider that each household is equipped 

with an IoT device and a smart meter to facilitate data 

acquisition from the eligible appliances. For energy 

generation we presume a wind power plant (WPP) with 

a 30 kW peak capacity, but with varied efficiency in 

order to take into account periods of low production. Its 

production profile is based on data acquired from a real 

WPP located in Romania and can be seen in Figure 1. 

The available information has an hourly increment and 

span to the duration of one year. 

The production level is higher during autumn–winter 

months and lower during late spring–summer, 

consistent with known seasonal wind regimes. 

 

Fig. 1 Simulated WPP values for a year 

The load profiles of the energy community members 

and their households are based on data acquired from the 

local energy providers but scaled within the simulation. 

The market prices for the simulation are based on the 

day-ahead market from Romania. As mentioned before 

the members are split between two consumption profiles 

in order to be closer to the real-life scenarios created by 

the implementation of the work from home system and 

respect day-to-day activities. 

The storage system in our simulation is represented 

by a fleet of 10 electric vehicles that are connected to the 

community and can either be charged with the excess 

energy or discharge it to supply the community or sell it 

to the market. Each car has a 40 kWh storage capacity 

and cannot go below 40% of their capacity in order to 

allow the members mobility if they need it. For 

simplicity we consider the vehicles are similar in nature 

and have a 92% charge/discharge efficiency while the 

rate is considered to be 3.6 kW. We ensure that a number 

of 3 EVs are always connected to the system while the 

disconnected ones represent the members that left for 

work in that day by car. During the night all 10 cars are 

connected to the system and during the weekend at least 

half of them leave for the duration of the day.  

In order to control the energy flow from the 

community we have an energy management system 

(EMS) that follows the rules imposed by the SCADA 

system and the programmable logic controller (PLC. 

The on-field equipment can be controlled by the 

SCADA application (in our case represented by the 

Ignition software) while the data received from the 

registers is transformed into the required format and 

stored later in the dedicated tables from the open source 

MariaDB database. From there the information is used 

by an open-source visualization software called Grafana 

in order to generate dashboards that are implemented in 

the HMI interface provided by the SCADA software. 

This way the community members can access the data 

coming from their own household, and not from the 

neighbouring members in order to minimize security 

risks. The only exception to this rule is the community 

administration, which has access to all the relevant 

information in order to facilitate the decision-making 

process.  

By monitoring their own data, the members can learn 

when and how to properly operate their controllable 

appliances in order to reduce their own energy 

consumption and this way to reduce the overall costs, in 

turn helping the community too. The household owner 

will still decide himself if he wants to benefit from 

reducing the energy cost or prefer the comfort he 

enjoyed until now. 

The system and the EV cars are subject to a number 

of operational constraints, imposed inside the Python 

code, in order to ensure the simulation is as life-like as 

possible. The energy balance is ensured with the 

following equation: 

 

𝐸𝑅𝐸𝑆(𝑡) + 𝐸𝐸𝑉
𝑑𝑖𝑠(𝑡) + 𝐸𝑔𝑟𝑖𝑑

𝑖𝑚𝑝𝑜𝑟𝑡(𝑡) = 𝐸𝑙𝑜𝑎𝑑(𝑡) +

𝐸𝐸𝑉
𝑐ℎ (𝑡) + 𝐸𝑔𝑟𝑖𝑑

𝑒𝑥𝑝𝑜𝑟𝑡
+ 𝐸𝑠𝑝𝑖𝑙𝑙(𝑡)                                     (1) 

 

Where 𝐸𝑅𝐸𝑆(𝑡) represents the energy generated from 

the renewable energy sources, 𝐸𝑠𝑝𝑖𝑙𝑙(𝑡) takes into 

account the amount of energy that can’t be used or 

stored, 𝐸𝐸𝑉
𝑑𝑖𝑠(𝑡) represents the energy discharged from 

the electrical vehicles,  𝐸𝐸𝑉
𝑐ℎ (𝑡) represents the energy 

charged into the electric vehicles, while 𝐸𝑔𝑟𝑖𝑑
𝑖𝑚𝑝𝑜𝑟𝑡

 and 

𝐸𝑔𝑟𝑖𝑑
𝑒𝑥𝑝𝑜𝑟𝑡

 represent the energy sent or received from the 

upstream grid in order to ensure the system still operates 

despite the lack of production or stored energy. 

Equations (2) to (4) represent operational constraints 

to which we subject the EVs. 

 

𝑆𝑂𝐶𝐸𝑉,𝑚𝑖𝑛 ≤ 𝑆𝑂𝐶𝐸𝑉(𝑡) ≤ 𝑆𝑂𝐶𝐸𝑉,𝑚𝑎𝑥                       (2) 

 

Where SoC represents the present, minimum and 

maximum state of charge of the vehicles, as stated 

before in order to ensure the cars can still be used by 

their users, the minimum allowed SoC is 40% of the 

total battery capacity. This threshold allows flexibility 

to the community but still allows the members to use 

their assets. Equation (3) represents stored energy at 

time step t, taking into account the potential change 

caused by the vehicle being used for transport. 

                                

𝐸𝐸𝑉(𝑡) = 𝐸𝐸𝑉(𝑡 − 1) + 𝜂𝐸𝑉,𝑐ℎ𝑃𝐸𝑉,𝑐ℎΔ𝑡 −
𝑃𝐸𝑉,𝑑𝑖𝑠Δ𝑡

𝜂𝐸𝑉,𝑑𝑖𝑠
−

𝐸𝑑𝑟𝑖𝑣𝑒(𝑡)                               (3) 
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Where 𝜂𝐸𝑉,𝑐ℎ and 𝜂𝐸𝑉,𝑑𝑖𝑠 represent the charging and 

discharging efficiencies, 𝑃𝐸𝑉,𝑐ℎ and 𝑃𝐸𝑉,𝑑𝑖𝑠 represent the 

charging/discharging power over the internal Δ𝑡, 

𝐸𝑑𝑟𝑖𝑣𝑒(𝑡) denotes the driving energy consumption, 

computed as: 

 

𝐸𝑑𝑟𝑖𝑣𝑒(𝑡) =
𝐷(𝑡)∗𝐸𝑟𝑒𝑞/𝑘𝑚

𝜂𝐸𝑉
        (4) 

 

where 𝐷(𝑡) is the distance travelled and 𝐸𝑟𝑒𝑞/𝑘𝑚 is 

the energy required per kilometer. 

The simulation operates for the duration of 30 days 

but can be extended up to one year. A number of 

scenarios were prepared in order to test the prepared 

system and its behavior under different conditions. 

2.2 Scenario 1 

We consider this scenario as the base scenario, showing 

how the system usually behaves with the default settings 

as is showcased in Figure 2 and Figure 3. 

For this scenario the objective function is the 

following: 

 

min  𝐹1 = ∑ 𝐸grid
imp

𝑇

𝑡=1

(𝑡) +  𝜆spill ∑ 𝐸spill

𝑇

𝑡=1

(𝑡)  

             (5) 
 

Fig. 2 Energy Balance for Baseline scenario 

Fig. 3 EV State of Charge for Baseline scenario 

The focus is on reducing the dependency on the 

upstream grid while the 𝜆spill ≥ 0 discourages 

curtailment when possible (by either charging the EVs 

or exporting the excess energy) 

The total energy produced over the 30 simulated 

days is 7189 kWh while the total consumption is only 

6613 kWh with the system importing a total of 765 kWh 

and exporting a total of 716 kWh. The total spillage for 

this scenario amounts to 74 kWh. The autarky has a 

value of 0.8843 and the system is able to use almost 98% 

of produced energy in this scenario. The cost for the 

imported energy amounts to 188 EUR, while the 

revenue to 118 EUR. Without the EV to act as a BESS 

system the imports would cost 170 EUR more. This 

scenario focuses on the minimization of grid imports. 

2.3 Scenario 2 

For the second scenario, presented in Figure 4, we use a 

different approach where we try to increase the revenue 

gained from selling the stored energy to the upstream 

grid instead of prioritizing self-consumption. The export 

prices are based on the intra-day market instead of the 

day ahead market, this being caused by the uncertainty 

posed by the EV behavior. The objective function is the 

following: 

 

min   𝐹2 = ∑ (
𝑇

𝑡=1
𝑝imp(𝑡) 𝐸grid

imp
(𝑡) −

𝑝exp(𝑡) 𝐸grid
exp

(𝑡))   +   𝜆spill ∑ 𝐸spill

𝑇

𝑡=1
(𝑡)    (6) 

 

Where 𝑝imp and 𝑝exp represent the prices for 

exporting or importing energy at hour t. 

Fig. 4 Energy Balance for Prioritize Selling scenario 

The total produced and the load are similar to the 

previous scenario, but the total energy imported has 

increased to 854 kWh while the total export increased 

only to 774 kWh. The total spillage has decreased to 68 

kWh due to the more aggressive market interactions 

between the system and the upstream grid. The net 

energy cost between the two scenarios increased to 80 

EUR, however this approach is limited by the export 

price and the number of available EVs. If the number of 

available EVs would increase to 20 cars, this scenario 

would increase the self-consumption and at the same 

time be more profitable, the net energy cost decreasing 

to only 56 EUR despite the increase in total cars and the 

less advantageous export price. Decreasing the number 

of the vehicles would only negatively affect the system 

by limiting its flexibility. 

2.4 Scenario 3 

For the third scenario, presented in Figure 5 and Figure 

6. we allow the EV cars to charge themselves from the 

upstream grid during the night when the energy prices 

are lower, at the same time providing a consumer to the 

 

EPJ Web of Conferences 372, 06014 (2026) https://doi.org/10.1051/epjconf/202637206014 

APS 2026

4



upstream grid. The scenario has the following objective 

function: 

 

min   𝐹3 = ∑ (
𝑇

𝑡=1
𝑝imp(𝑡) 𝐸grid

imp
(𝑡) −

𝑝exp(𝑡) 𝐸grid
exp

(𝑡))   +   𝜆spill ∑ 𝐸spill

𝑇

𝑡=1
(𝑡).    (7) 

 

Fig. 5 Energy Balance for charge at night scenario 

 

For this scenario, a constraint allowing night 

charging from the upstream grid was implemented. 

 

Fig. 6 EV SoC Heatmap for scenario 3 

In its present setup the charge at night scenario 

would prove to be detrimental to the energy community 

because it greatly increases the imported energy from 

the upstream grid to 3030 kWh and increasing the total 

spillage to 674 kWh. The cost of charging the EVs 

during the night far outweighs the benefits from selling 

the stored energy during the day even if we modify the 

total number of vehicles or prioritize selling. If the 

energy would be sold at the day ahead market price it 

would still be greater by 50 EUR compared to the 

previous scenario. This does not take into account the 

possibility of providing the charging of the vehicles as a 

system service to the upstream grid that requires 

consumption during the night, a service that has the 

potential to generate extra revenue and make this 

scenario feasible. 

If the period of the simulation is extended to one 

year, we can see that the community is able to be self-

sufficient 90% of the time in all three scenarios, but each 

of them still has a considerable amount of wasted energy 

due to the lack of consumption or storage capacity. A 

total of 101.956 MWh worth of energy is produced 

while the consumption amounts to only 78.084 MWh. 

During the simulated year, only between 4850 and 5500 

kWh worth of energy were imported from the upstream 

grid depending on the scenario, the rest of the energy 

was either exported or wasted. An increase of 10 cars in 

the EV amount offers the best results with only 867 kWh 

of wasted energy compared to over 6000 kWh from the 

other scenarios. Another solution to this problem would 

be the addition of a heat pump and a hot water storage 

tank. This addition will allow us to use the excess energy 

in order to provide heat to the connected households, 

another service that will make the investment more 

attractive and ensure that the produced energy from RES 

is put to good use instead of wasted with the detriment 

of increased investment cost. 

3 Conclusions 

Energy communities represent a great tool that can 

greatly aid the transition toward net zero emissions and 

help the fight against climate change. By making use of 

the flexibility provided by such tools we can decrease 

the total reliance on the fossil fuels that the upstream 

grid faces. 

The objective of this paper was to ascertain the 

impact of the EV on an energy community that lacks a 

dedicated battery energy storage system. The vehicles 

behave in a way that is difficult to forecast but, in all 

scenarios, proved to be able to act as a battery and help 

in reducing the total energy imported from the upstream 

grid and spillage. A greater number of vehicles would 

aid the community in performing better and further 

reduce costs, but beyond a certain threshold (in our case 

20 vehicles) this approach has diminishing returns since 

the system is not able to charge all the vehicles to a 

satisfactory degree from the renewable source, thus their 

number becoming an impediment. 

Forecasting tools would greatly benefit the system 

since it would allow a better participation in the day-

ahead market instead of the intraday one and increasing 

the total revenue from grid interactions. Another 

possible improvement would be adding PV panels on 

the households in order to aid the charging of the EV 

vehicles as well as allow further optimization of the 

energy management system. 
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