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Abstract—Driven by the ongoing energy transition, shared mo-
bility providers are emerging actors in power systems aiming to
shift combustion-based vehicles towards electric ones. Meanwhile
Energy Communities are deployed to promote investment in
distributed renewable production and enhance the local usage of
it. The complementarity in their electrical demand, enhanced by
a coordinated operational planning, can help both actors reduce
the electricity supply cost. Considering this original collaboration,
this paper presents a Mixed-Integer Quadratic Programming
problem which jointly optimizes the EC members and EVs
flexibility usage to take advantage of the local production. Be-
sides economic benefits comparison, authors analyses the impact
of grid tariffs and bi-directional charging on the distribution
network. Results from a Belgian mobility case study show that
coordination can help reducing the yearly cost up to 15.6%
compared to their stand-alone situation and that it may reduce
by 30.8% the stress on the substation transformer when subject
to peak penalties from the grid operator.

Index Terms—Energy Community, Electric Vehicles, Shared
Mobility, Distribution Network.

I. INTRODUCTION

Driven by the European climate policies and the technological
advances that have decreased the cost of batteries [1], the
Electric Vehicles (EV) market is experiencing a sustained
growth in recent years. However, this rapid shift in the mobility
paradigm raises challenges for the current power systems [2].
To mitigate these, many smart charging strategies of private
EVs have been proposed (e.g., charging at the office to balance
solar production [3]). In addition, besides private EVs, shared
mobility has emerged as a key strategy to disconnect vehicle
investment and usage while optimizing vehicle operation [4].
From a grid usage point of view, the erection of shared
EV stations in high-density residential area may mitigate the
intermittency of local renewable production. Indeed, despite
the increased uncertainty in shared mobility demand compared
to private cars, charging intervals are usually uniformly spread
over the day. One of the primary objectives of Shared Mobility
Providers (SMPs) is to offer to their end-users the possibility
of travelling at low cost. Hence, they are interested to access
cheap electricity to supply the EV fleet.

In the meantime, concept of local electricity sharing be-
tween end-users has been conceptualized by the EU through
the Clean Energy Package [5] as the so called Renewable En-
ergy Communities (REC). This new market paradigm enables
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end-users to gather and exchange renewable energy locally
in any form of energy carrier. Doing so, they bypass the
traditional retailer to supply part of their energy demand at
more advantageous prices [6]. This mutualisation of resources
aims to provide economic, environmental and social advan-
tages to participants [7]. This new framework fosters SMPs
integration, which could take advantage of the local production
surplus to charge its vehicles. Additionally, by coordinating
with the local end-users, SMPs may improve the technical
and economic efficiency of its charging strategies, and even
provide flexibility services to system operators [8], [9].

A. Brief review of the related work

Research investigating the complementarity of mobility and/or
shared mobility with REC operations is still relatively sparse.
In [6], a day-ahead planning problem for the management (i.e.,
EV-ride assignment) of a shared EV fleet within a REC is
formulated. The bi-level problem is solved using a heuristic
approach highlighting the reduced charging costs for fleet
operators on small test cases (3 to 5 REC members). In [10],
authors extend the use of community-owned shared power
stations to external users to increase the consumption of the
REC local production. Hence, they demonstrate the benefits
brought to the members when external users charging are
allowed. In addition, several recent contributions explicitly
quantify and exploit the flexibility provided by EVs within
REC frameworks [8], [9]. They show how EV charging can
be controlled to increase the community social and economic
benefits. Overall, current literature mainly focuses on the
economic benefits either of EC members or EV fleet charging,
disregarding the physical impacts on the local distribution
network. Besides, the repartition of the benefits between the
EC and SMPs has not been addressed yet while previous works
showed that adding a new member in an existing community
may have a negative impact on current members [11].

B. Contributions and paper organization

This paper proposes an optimisation framework for the op-
erational coordination of a shared EV fleet with the produc-
tion and flexible resources of a REC. The developed model
quantifies the economic and grid performances of their joint
operation. The main paper contributions are:

1) An original Mixed-Integer Quadratic Programming
(MIQP) problem which jointly defines the optimal
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EC flexibility schedule, and SMP charging and ride-
assignment strategies to minimise the electricity cost;
2) The quantification of the technical impacts on the feeder
substation when peak-power penalties are applied by the
DSO or bi-directional charging is considered.
We further study the impact of energy distribution rules on the
respective savings of ECs and SMPs. The mobility demand
used for the case study is extracted from a real historical
database of Klimaan, a Belgian SMP [12].

II. OPTIMIZATION FRAMEWORK AND KEY ASSUMPTIONS
A. Energy Community Model

This study considers a domestic REC equipped with a joint
PV installation. The local production is made available to
its members who may activate flexibility in their electricity
demand. In the stand-alone configuration, the REC aims to
minimize the collective bill by optimizing the flexible loads
to take advantage of local generation. The REC problem can
be expressed, in general terms, as:

min CF¢ (D
Qrc

s.t. Power balance constraint (3)
Flexibility and PV constraints (4)-(7)

The set of decision variables of the EC is Qpo =
{eret,iret pPV plle™} which are respectively the electricity
exported to and irﬁported from the retailer, the controlled PV
output and the members load demand. The objective of the
EC, comprising b € B members over t € T time steps of

duration At, is to minimize the total cost C¥C, defined as:
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Which is composed of the retailer bill (i.e., costs C“WE ¢ and
revenues R"°') for the volumes traded at prices A" and
A\ ¢*P for imports and exports respectively. The retailer is
considered unique for all members. In addition, a quadratic
discomfort cost C%5¢ is associated to the deviation of end-
users consumption from a baseline load profile Péftad. A
discomfort reluctance factor « reflects the inconvenience expe-
rienced by members when altering their consumption patterns.
The EC operation is subject to the following set of constraints:

iret 4 pPV — eret | Zpil:x veT )
beB

pr” < PPV VieT (4

pht < B WeBYET (5)

iyt > Py WweBVteT (6

Z Pl{,ltez = Z Pé,otad

teTa teTa

Vb € B,Vd € D 7

The power balance at the EC level is expressed in (3), where
the controlled joint PV production p/’V is capped by the solar
potential PPV in (4). Equations (5) and (6) restrict the power
deviation around the baseline, while (7) enforces the daily
consumption of each member to be fixed, where 7, represents
the set of time periods within day d € D.

B. Shared Mobility Provider Model

The SMP aims to satisfy a deterministic mobility demand
estimated for its operation area by assigning EVs from its fleet
to ride requests. To do so, the SMP objective is to minimize
the electricity cost for charging the EV batteries in order
to offer affordable price for its service. The flexibility lever
when managing an EV fleet lies in the charging pattern of
the vehicles when connected to the deposit charging stations.
In addition, the Vehicle-to-Grid (V2G) feature or a battery
storage system (BSS) coupled with the charging station can be
included to enhance the flexibility potential. In this framework,
the bidirectional exchanged power at the charging station can
be controlled to perform an arbitrage on the retailer dynamic
prices. The SMP problem can be summarized as follows:

min  C5MF (8)
Qsmp

s.t. Power balance constraint (10)

Ride-EV assignment constraints (11)-(13)
EV and CS operational constraints (14)-(23)

The set of decision variables of the SMP is Qgyp =
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with, respectively, the retailer exports and imports, the EV-ride
assignment decision, the EV state (i.e., at the charging station
or on the road), the charging station power exchange, the EV
power exchange, the EV state-of-charge (SOC), the energy
charged during a ride, the static BSS power exchange and
SOC. The overall bill paid by the shared mobility operator,
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Both first terms represent grid and away charging costs. The
latter is priced at A*™*Y and may happen if a trip is too long or
the charging period is too short. Additionally, an opportunity
cost, C"™®  is considered to represent the revenues missed
for not serving certain ride demand d,, r € R, with e!"® =
dr(1 =3, cnrmv 055), valued at price 747,

1) Power balance constraint: The power balance equation,
considering only grid-to-vehicle, is simply given by:

-ret __
1y =

pye (10)



2) Ride-EV assignment constraints: The proposed shared
EV fleet planning problem embeds the following sets of time-
overlapping rides-EV assignment constraints:
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First, (11) ensures that only one car can be assigned (i.e.,
6"*¢ = 1) to each ride. Then, (12) checks that the same car
is not assigned to overlapping rides defined by the set R? =
{(r1,72) € R x R|tder < gret, tdep < ¢7¢'}. Finally, (13) sets
the state of EVs to 1 if they are on a ride and O if they are at
the charging station, with R, := {r € R[tder <t < tret}.

3) EV and CS operational constraints: Electric vehicles are
modelled as bidirectional batteries with intermittent availabil-
ity whose exchanged power can be adjusted when standing at
the deposit stations before the next ride:
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deposit charging station are limited by their availability and
their power ratings, ?nv via (14). The EV SOC evolves with
the power exchanged at the CS considering an efficiency 7,
but also the consumed energy during its usage by customers,
and the energy filled during the trip in (15). Both terms are
included in the evolution equation at the return time (i.e.,
Ryet := {r € R|t = t7'}) as the rides temporal dynamics are
not modelled. The EV’s SOC is bounded by its capacity, E,,,
and a minimum level, £, using (16). (17) imposes that, at
departure time, tfep, a minimum fraction of the battery, e,
must be available. Finally, the energy charged away is limited
in (18) based on the typical public charging station rating,
P*"Y and the trip duration as E**Y = P*™. (gt 3P At
Similarly, constraints (19) to (21) represent the operation of
a static BSS. Finally, constraint (22) computes the net power

that is exchanged with the distribution network at the deposit
location, which is bounded by the CS power ratings in (23).

C. Coordinated Model

The SMP and EC operations can be jointly organized to take
advantage of each other resources and generate benefits for
both actors. This coordinated model combines the stand-alone
formulations and is defined as follows:

min (%
Q

(24)
s.t. Power balance constraint (26)

Flexibility and PV constraints (4)-(7)

Ride-EV assignment constraints (11)-(13)

EV and CS operational constraints (14)-(23)

Q= Qpc UQgprp, is the full set of decision variables. The
total cost of electricity can be expressed as:
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Finally, (3) and (10) are merged into (26), to consider the
charging of the shared vehicles within the community balance.

iyt pfV =t + Y pllit+pfS weT  (26)
beB

ITI. ENERGY ALLOCATION AND INDIVIDUAL BILLS
After the coordinated model is solved and the optimal flexi-
bility usage is obtained, their respective savings will depend
on the allocation of the local PV production between the two
entities. The individual bills of the SMP and the EC can be
computed as follows:
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With " 5MP and €™ 5MP the energy that is traded by the

SMP with its retailer and with the EC at A”C, respectively. In
this work, three repartition mechanisms are compared in the
case of unidirectional flow at the charging station:

1) EC prioritization over SMP:

i = min(pf, min(0,pfY = Yyeppl ")
2) Prorate consumption sharing:
com,SMP _
iy = min (ptCS,Pf v W)
3) Hybrid sharing:
M = min(pS, 2 4 min(0, 257~ 5 p]1)

IV. HISTORICAL MOBILITY DATA EXTRACTION

This study relies on a real historical dataset for the mobility de-
mand, provided by a Belgian SMP [12]. This dataset contains
around 7600 recorded trips and 4500 charging events from a
fleet of 35 shared EVs. Building on this dataset, scenarios of
specific mobility demand of shared vehicles are obtained for
the case study further presented in Section V.
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Fig. 2. Energy volumes repartition for different sharing mechanisms for the
two periods of EV integration.

A key aspect of shared mobility, compared to private cars,
is the long-term dynamic of vehicles adoption. As shown
in Figure 1, two main stages can be identified after the
implementation of a new asset: the early stage and the maturity
stage. In the early stage, the EV usage is often sub-optimal
as adoption still needs to grow. Once the SMP has gained
sufficient visibility of the new mobility service, or that there
is a shift in inhabitants’ habits, it enters the maturity phase.
In this study, two cars covering a two-year period (from July
2023 to July 2025) are extracted from the whole fleet. The
first year represents the early stage and the second year the
maturity stage. Figure 1 shows that the long-term adoption
trend of those cars (in red) follows the general dynamic (in
blue) with a lower travelled distance during the early stage and
a slightly higher level of maturity usage. In terms of technical
properties, the extracted EV are a Renault ZOE and an Opel
CORSA, with battery capacities of 50kWh. In addition, one
deposit charging station is considered in this study with a
maximum power charge (and discharge) of 11kW.

V. CASE STUDY AND RESULTS

The REC considered in this work is composed of 20 house-
holds, among which 10 end-users are equipped with a total of
97 kW of PV installations. The household consumption pro-
files are flexible and generated using a Residential Stochastic
Flexible load profiles generator ResFlex [13] with a yearly
consumption of 55 MW h for the whole community. Historical
dynamic electricity import and export retail prices are derived

from the belgian spot price [14] with an additional 0.099
€/kWh for distribution and transportation grid usage [15].
The electricity used to charge the EV when riding is priced at
0.45 €/kW h, which is the highest retailer import price with
a 25% margin. The mobility demand scenarios used are the
early and maturity stages introduced in Section I'V. If mobility
requests are not satisfied, a virtual cost of m,,s = 2 €/kWh
is applied. While Section V-A focuses on the economic per-
formance of the SMP-community coordination, Section V-B
extends the analysis by quantifying technical impacts on the
local network for different scenarios: with V2G capability or
BSS, and with individual or collective DSO peak tariffs.

A. Coordination creates economic benefits

The REC-SMP coordination first yields to mutual economic
benefits. However, these benefits will progressively increase
as the shared EVs are adopted by end-users. Indeed, in the
early phase, the coordinated model achieves a 7% reduction
in the total costs C** compared to stand-alone configuration,
decreasing the bill from 2,531€ to 2,354€. Then, when
entering the maturity phase, the joint objective is 3,470€,
representing a 15.66% reduction compared to the combined
stand-alone costs, 4,115 €. These results highlight that cost
reductions are driven by the increase in local self-consumption
under the coordinated scheme which is directly linked to
the mobility demand volume. This limits the coordination
advantage in early stage with low mobility demand. At the
same time, the discomfort costs induced by shifted user load
profiles decreases by 2% when coordination is activated.

In this case, one challenge is to determine a fair allocation
scheme to share the benefits among the community members
and the SMP. Figure 2 shows that the three local PV production
sharing mechanisms introduced in Section III lead to similar
distribution of benefits among the two actors. This is because
the SMP is a minor consumer relative to the community (EV
charge represents 4.2% and 14.8% of the EC consumption
during the early and maturity stage, respectively). Under all
three mechanisms, the EC is able to capture a significant local
PV production covering 46.7% to 46.8% of the EC load. By
enabling the SMP to charge the EV with the remaining local
PV production (i.e., EC prioritization), the exchanges with the
retailer of both actors decrease and 879€ are redirected from
the SMP to the EC over the whole period. The repartition of
the coordinated model bill reduction brings slight reduction of
the average electricity price to cover EC members consump-
tion and the average mobility service fee compared to stand-
alone model, from 0.035 to 0.029 €/kWh, and from 0.10 to
0.082 €/km.

B. Impact of Individual and Collective capacity tariffs

This section evaluates the stress on the substation transformer
considering that all 20 EC members households and the
SMP are connected behind the same substation. The analysis
considers first the results obtained in the previous section
with only volumetric DSO cost. Subsequently, to reduce
the degradation of the transformer at the substation, a DSO



capacity tariff charged on the maximum power load, as in
Flanders (BE) [15] is considered. The cost charged by the
DSO, Creak = gpeakppeak g added to C*°! in (25) with
the peak power price 7P¢** = 59 €/kW/year. In the EC
framework, the DSO may either charge individual import peak
power, ppeak _ T?CS + Zbeb’ﬁ{lew with ﬁglew and ﬁCS the
largest consumption level of end-users and SMP, or collective
peak power, with pPe?* = Em", defined as the maximum import
power measured at the transformer. Table I presents the active
power import peaks for the SMP, the maximum peak over
EC members p/'¢* = max(ﬁl{lex), and the aggregate peak
observed at the slack node for the three tariff structures.

TABLE I
GRID PERFORMANCE INDICATORS (KW) AND OBJECTIVE FUNCTIONS (€)
BY TARIFF STRUCTURE AND BI-DIRECTIONAL MODELS.

Early Stage Maturity Stage

CS pfle:v sret Ob;. ﬁcs ﬁflez z'r'ei Obj.

D 1
Volumetric 11.00 9.11 24.11 2353 11.00 9.11 26.92 3470
Individual 7.02 6.77 2271 5775 11.00 6.77 26.74 7110
Collective  11.00 9.11 18.62 3205 11.00 9.12 18.62 4347
V2G coll.  11.00 9.05 15.07 499 11.00 9.15 17.58 2317
BSS coll. 11.00 9.03 20.94 -383 11.00 9.04 25.01 889

By leveraging the combined flexibility of the EVs and residen-
tial loads, the collective peak tariff reduces i by 28.5% and
30.8% in early and maturity stages, respectively. The resulting
CPeek to achieve this grid relief are 826.74 € and 837.20 €,
representing 25.79% and 19.25% of the total objective. On
the contrary, while offering lower individual peak but higher
Emt, the individual tariff charges a substantially higher CP¢?¥
of 3196.86 € and 3361.32 €, reflecting the penalization of
all 21 actors independently. Because the charge of the EV is
low relative to the EC consumption, the individual tariff is the
only mechanism able to reduce ¢ through a direct constraint
at the EV charge and not on the EC-SMP load aggregation.
However, it significantly increases user discomfort doubling
the load-shifting cost relative to collective or volumetric cases
and decreases local energy exchanges by 2%.

To further increase the flexibility potential of the coordination
scheme, V2G or BSS coupled with the charging station can
be considered. With the collective capacity tariff, these models
achieve the lowest total objectives across both stages, driven
primarily by their ability to absorb peak demand through
storage rather than only load shifting. The early phase ex-
hibits significantly higher flexibility potential compared to the
maturity phase. In the latter, higher mobility demand reduces
the EV availability, thus shrinking the windows where the
EV can act as a stationary battery. While the BSS offers a
lower objective, the V2G allows to reduce the stress at the
transformer. In terms of discomfort, the V2G and especially
the BSS help to reduce the user discomfort by 46.4% and
70.8% compared to unidirectional charging collective tariff,
while keeping the same level of served trips and charge at CS
of the EV.

VI. CONCLUSIONS

This paper demonstrates the economic and technical synergies
arising from the coordinated operation of an EC and a SMP.
Key findings show that these benefits depend on the EV in-
tegration stage: while early stage deployment enables flexible
grid support through longer station-connected periods, matu-
rity stage generates greater mutual economic benefit through
higher local consumption charging volumes. These findings
underscore the importance of jointly optimising operational
decisions of both actors, and point toward a natural extension:
incorporating joint investment planning to capture long-term
synergies in infrastructure sizing and tariff design. As the
magnitude of the identified benefits remains highly sensitive
to the local PV generation, load profiles, and mobility demand
patterns, future work should assess as well the sensitivities of
these synergies across a larger range of EC configurations.
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