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Abstract: This article presents preliminary results that assess the effect of electromobility in an
archetype Positive Energy District (PED). We present a PED modelling approach that represents
renewable energy generation, an energy storage system, the consumption of residential and non-
residential buildings, smart lighting services, and the inclusion of electric mobility. We consider
renewable energy generation from photovoltaic panels and annual irradiation patterns of the North
of Spain to accomplish the electric demands of a synthetic PED. In this general case study, we build
up four scenarios where we evaluate at which degree the consumption of EVs would be covered
by local Renewable Energy Sources (RES). The simulation results show that the urban areas with
great efficiency (in terms of buildings) may support the demand of EVs and even provide a relevant
amount of green kms out of PED boundaries.

Keywords: electric vehicles; green mobility; positive energy district; renewable energy sources;
building efficiency

1. Introduction

Mobility is one of the most concerning problems to be tackled if we want to achieve
sustainable places to live, since this sector produces 15% of the emissions worldwide just
after the electricity and heat sectors [1], accounting for 8.26 Gt CO, [2]. The inclusion of
electric vehicles (EVs) is a clear EU strategy and a promising solution in view of climate
change, since they can avoid the consumption of fossil fuels [3]. In the context of elec-
tricity infrastructure, the inclusion of EVs has a great impact on the energy grid as they
considerably increase the requirements of renewable energy generation [4].

The current Positive Energy District (PED) definition, given by the Joint Programming
Initiative Urban Europe, states that: “PEDs are energy-efficient and energy-flexible urban
areas or groups of connected buildings which produce net zero greenhouse gas emissions
and actively manage an annual local or regional surplus production of renewable energy.
They require integration of different systems and infrastructures and interaction between
buildings, the users and the regional energy, mobility and ICT systems, while securing
the energy supply and a good life for all in line with social, economic and environmental
sustainability” [5]. In general terms, roughly speaking, a PED is defined as a district that
produces more energy than needed to meet the district’s demand, and this feature enables
the district to export the energy surplus out of its boundaries [6].

On the other hand, some studies remark that smart charging systems of EVs could
significantly reduce the cost of distribution networks in low-carbon transition pathways [7].
According to [8], EVs have a great impact on energy efficiency since they can also be
used to store energy surpluses that would relieve the peak consumption hours. This
technology is easy to be integrated in urban scenarios [9]. There is plenty of research that
shows the importance of EVs for demand-side management so as to increase the flexibility
of microgrids [10] and also relieve the fluctuations of renewable energy generation [11].
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Recent communications [5,12] refer to the relevance of evaluating the impact of EVs on
district energy balances, or in other words, on PED performance.

Energy modelling at PED scale is a new area of research where a limited number
of publications are still available. Some simulation-based analyses [13] assess the self-
sufficiency of an urban district with a varying percentage of PVs and different sizing of
energy storage systems (ESSs). Simulation results of four scenarios show the relevance of
implementing a local energy sharing scheme. Other model-based analyses [14] present
a widely recognised simulation environment (Matlab-Simulink) to analyse monthly and
annual energy balances in a PED scale. The effect of electro-mobility has not been evaluated
in an urban context, at district or PED scale.

2. Material and Methods

This section presents all the aspects considered at the time of building the simulation.
Firstly, we consider the data used for the simulation analysis. Inspired by the ATELIER
innovation project, we define a synthetic PED that includes 6 buildings (3 new residential
buildings, 3 retrofitted service buildings) [14], a smart grid with PV panels (monocrystalline
technology), energy storage systems (ESSs) based on Li-ion batteries, electric vehicles (EVs),
and smart poles (lightings and other services). The irradiation patterns were collected from
a real station shared by the national weather service in a sensor coded as 1082, located at
Bilbao, Spain.

Secondly, we consider data references for electricity consumption. The consumption daily
patterns were obtained from Red Eléctrica Espafiola (REE), adopting coefficients for four
types of buildings (see [15] for more references). The energy efficiency of buildings is
featured by a labelling system promoted by the Spanish IDAE Public Agency [16]. The
electric mobility consumption is assessed by the curve of charge of Volkswagen ID3, which
is considered an average European EV. The average trajectory of a car in Spain is about
12,947 km/year [17], and the average energy consumption of an EV is 13 kWh/100 km [18].
The analysis of simulation results is presented against these mean figures.

Thirdly, we consider the simulation model. The mathematical model is implemented
in MATLAB-SIMULINK, release 2021a, which describes the consumption and generation
energy profiles in the (synthetic) PED by simulating daily profiles using hourly data.
Figure 1 shows each element of the PED elements: 6 buildings with 6 solar rooftops (PV),
1 electric vehicle charger, and 1 ancillary system or energy storage system (ESS). Each
system of the PED (such as PV array, ESS, and EV) is connected through a 240 V/50 Hz
bus. The loads are calculated using Ohm’s law (I = V2/R). As in this case, the consumption
of EVs is calculated by (P = V/R), where P = power demanded by the EV, V = voltage
provided by the utility grid, and R = resistance of the system.
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Figure 1. Simulation-based environment for Positive Energy Districts.
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Finally, we consider the methodology applied in the evaluation. The total energy demand
of EVs and its effect upon the PED are assessed in four scenarios (see Table 1).

Table 1. Scenarios experimented for this simulation approach.

Scenario PV ESS Lighting EVs Energy Label
1 Yes Yes LED No C
2 Yes Yes LED No B
3 Yes Yes LED Yes B
4 Yes Yes LED No A
3. Results

The positivity of the PED is assessed in four scenarios, where we have renewable
energy generation from PVs and varying energy requirements from: buildings of different
efficiency rates (where A implies more efficient performance than B or C), the use of smart
lighting systems (LEDs), and the inclusion of a varying number of electric vehicles. Table 2
shows the annual energy balances in terms of electricity surplus (positive values) or deficit
(negative values), which should be provided by the general grid.

Table 2. Results of scenarios experimented for this synthetic PED.

Scenario PV ESS Lighting Energy Label EVs  Annual Balance (kWh) PED
1 Yes Yes LED C No —2134 No
2 Yes Yes LED B No 7899 Yes
3 Yes Yes LED B Yes 87 Yes
4 Yes Yes LED A No 10,855 Yes

The first scenario shows the poorest energy efficiency profile in the buildings (C),
which makes it impossible to cover the local energy demand with RES in the district. The
latest three scenarios achieve positivity, thanks mainly to the higher energy performance
of buildings (B or A). Scenario 3 includes the impact of a continuous charging system of
EVs (around 400 EVs/year), which has an important effect on the annual energy balances.
Note that Scenario 3 yields 87 kWh, while Scenario 2 (same PED without EVs) could be
exporting around 7800 kWh/year. The last scenario features a highly efficient PED where
all the buildings are A labelled In addition, no consumption from EVs is considered, the
annual energy balance would provide 10,855 kWh to the general grid.

If using the energy surpluses for electro-mobility, we can reconsider the annual bal-
ances in Table 2. In this sense, Scenario 2 can deliver up to 5,007,708 green kilometres,
which corresponds to the consumption of 398 EVs (Volkswagen ID3). The energy export
of Scenario 4 could be offered as 6,851,752 green kilometres, which corresponds to the
annual trajectories of 545 EVs (in Spain). The archetype of PED considered includes three
residential buildings and three buildings of public use. If considering 330 families living in
the PED and 1.2 EVs per family, then, we could think that 398 EVs are in the boundaries
of the PED and we could export energy for 150 EVs that would travel outside of the
PED boundaries.

4. Discussion of Results
The simulation results suggest the following conclusions:

e  Only scenarios where energy efficiency in buildings is reasonably good (labelling
system A or B) achieve positive energy balance with a varying number of EVs.

e  Scenarios where buildings are labelled as B can generate up to 7899 kWh energy
surplus when using LED lighting and no EVs. This energy could feed around 400 EVs
(1 year under Spanish kms usage) and have a positive annual energy balance of
87 kWh.



Environ. Sci. Proc. 2021, 11, 24 4 of 4

e  Scenarios where (all six) buildings are labelled as A (new constructions) will generate
around 10,855 kWh annual energy surplus, or in other words, can meet the mobility
demands of 550 EVs, which represents more than 1.8 million green km.

5. Conclusions

We can conclude that it is possible to achieve positivity in the district, and as a
consequence, these energy surpluses could be used to meet the mobility demands of local
residents or even (under some scenarios) EVs that would be passing by. It is important
to point out that this will only be feasible in city areas with a depth renovation where the
buildings have high energy performance levels, local energy generation is possible by RES,
and there are buildings of high efficiency consumption and/or LED lighting. In the end,
the PED might provide as much as about 7 million green kilometres, which can be turned
into 545 EVs in the best scenario of the PED.
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