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1. Introduction

Urban Touristic Transport at Sustainable Environments
(TTUES) project aim is to promote the implementation of a 
transport ecosystem able to mitigates acoustic and pollution 
impact over high-value natural environments. For this 
purpose, small-sized electric vehicles, and suitable charging 
stations based solely on renewable energy sources (RES), 
are meant to be integrated for tourism transport in Huelva 
(SW of Spain) and Algarve (S of Portugal). 

INTA, the Spanish National Institute for Aerospace 
Technology, contributes with the definition, evaluation, 
characterization and validation of innovative energy storage 
systems. These must act as an intermediate "buffer" 
between RES and electric vehicles (EV). Therefore, the EV 
charging points, based on this concept, must approach the 
adequate integration of the intermediate energy storage 
system with the batteries on board the vehicles, as well as 
with RES power plant and conveters.   

This work is developed at the Energy Laboratory that 
INTA owns at Huelva, SW of Spain, which includes adequate 
experimental testing facilities for these goals, such as a 
microgrid (integrates RES generation, electrical energy 
storage systems and several loads) that allows the testing 
and evaluation of components and technologies, at pilot 
plant scale, in real operating conditions, and batteries and 
super-capacitors test benches that allow the testing of 
energy storage equipment in controlled conditions. 

Figure 1 shows the test bench for characterization and 
evaluation of electrochemical systems and technologies of 
energy storage systems (batteries and supercapacitors). 

Fig. 1. INTA test bench for energy storage systems. 

This work presents the development of a smart charging 
point for light EV based on hybrid supercapacitors (HSC). 
Sourced from RES, this act as intermediate storage systems 
with an adequate connection to the EV batteries. Following 
the framework of the project objectives, after HSC 
characterization, a specific controlled system, as smart 
charging point, is designed, including the necessary active 
components and sensors. Based on a designed control 
strategy, a safe and efficient operation is proposed. 

2. Experimental

HSC systems have great advantages for charging points.
The typical HSC is formed by a positive electrode of activated 
carbon along with a Faradaic electrode, in an organic 
electrolyte. This allows HSC to combine a balance between 
power and specific energy, reducing the contaminating 
material of lithium batteries and increasing the useful life of 
batteries with which they are configured in hybridization. 
They also provide extended cycle life, compared to batteries 
[1].  

Therefore, hybrid supercapacitors are a promising 
energy storage system (ESS) for light EV charging points, 
with higher specific energy than supercapacitors, 
maintaining a balanced specific power [2]. 

The complete supply and recharge system for light EV is 
shown in Figure 2.  

Fig. 2. EV smart charging point with HSC system 

The HSC system can be recharged from RES, as well as 
from the grid. Through the smart charging controller, while 
operational data is monitored, the different operation 
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modes and allowed connections to the EV battery are 
remotely carried out, based on a defined control strategy. 
The HSC system includes automatic external overcurrent 
protection. 

3. Results 
3.1 HSC experimental characterization 

A series of tests were previously performed to 
experimentally characterize the HSC system proposed. The 
HSC system consists in an HSC 7500F/48V module. HSC 
energy during discharge is measured with a maximum of 
2691 Wh supplied, achieving almost rated energy (2.8 kWh). 
Then experimental specific energy (at 30 A) is around 25 
Wh/kg, while rated is 26 Wh/kg. HSC capacity is verified to 
be around 57 Ah. At tested power (1.5 kW, 30A), during 2 
hours supply from HSC, a total of 6 parallel HSC modules 
would be needed to fit a fully recharge of commercial EV 
vehicles (Peugeot iOn: 16 kWh; German E-Cars CETOS: 17.1 
kWh) [3], [4].  Meanwhile, for light EV models, just 2 parallel 
HSC modules would be necessary (Renault Twizy: 6.1 kWh) 
[5]. In addition, HSCs quickly adapt to changes in chaging 
demand, with instabilities during transients of less than 2 %, 
demonstrating smoothness and stability in the HSC supply. 

Considering the previous HSC characterization this HSC 
would be suitable for recharging light EV with 48 V batteries. 
Battery specifications, based on typical commercial models 
available from eNerlit SolarGreen, in the range of 40 Ah 
would have a maximum charge/discharge current of 40 A. 
Therefore, the HSC system is capable of charging one EV 
battery each time, having more than 55 Ah of capacity. 

 
3.2 Smart charging controller design 

Once the capabilities of the HSC as a source of energy 
storage and supply, for light EV recharging, have been 
analyzed, the specific system for its integration, as a smart 
charging point, is proposed. This system is oriented to light 
EV recharging in DC. The design of the smart charging 
controller must meet the following requirements: 

1. Automatic connection: the system must detect the 
connection of the EV batteries. If the operation 
requirements are met (as described in chapter 3.3), it 
must connect remotely. 

2. Controlled charge: the system must have adequate 
devices to regulate the charge in a controlled operation, 
thus limiting the maximum current. 

3. Fast charging: under certain specific conditions, the 
system must allow direct connection between the HSC 
system and the EV batteries, for a fast-charging process. 

4. Automatic mode selection: the system must be able to 
alternate between operating modes based on the 
integrated control system. 

5. Monitoring: the system must be able to monitor the 
voltage and current variables. 

6. Safety: in addition to the overcurrent protections, the 
system must act on the automatic connections, when 
the safe operating limits, pre-established in the 
integrated control system, are exceeded. 

Based on the design requirements, the schematic of the 
designed system is presented below, Figure 3. Note that in 
the following system the energy sources correspond not 
only to the HSCs, but also to the RES and the main grid. 
Through the corresponding contactors (C), when there is 
availability in the RES, these will be the source along with 
HSC. In the case of RES unavailability, the energy will be 
provided by HSCs with the support of the main grid, if 
required. Therefore, in the event of unavailability or failure 
in one of the sources, these are disconnected meanwhile the 
rest support the system source. Regarding to the smart 
charging controller, starting from the HSC, the system has a 
switch (SHSC), which allows the connection to be alternated 
for the two operating modes (positions SHSCA and SHSCB). The 
operation of the switch is defined from the control system. 
The two possible connections are established below. On the 
one hand, there is a direct connection (SHSCA), allowing it to 
operate in fast charging mode. On the other hand, there is a 
connection through a charge regulator (SHSCB), to carry out 
controlled charges, adjusted from the controller. A voltage 
sensor is also included, VHSC, to monitor the voltage of the 
HSC, used by the control system in decision making. At the 
point of connection with the EV batteries, there is a 
contactor, CBAT, activated from the integrated control 
system, as well as voltage and current sensors, VBAT and IBAT. 
Based on the voltage and current sensors, the system acts 
on the switch (SHSC) and the contactor (CBAT), guaranteeing 
the most appropriate mode of operation, as well as a safe 
connection and controlled disconnection in the event of a 
system failure. 

 
Fig. 3. Smart charging controller  
 
3.3 Integrated control system strategy design 

The control strategy, on which the integrated control 
system is based, is defined through the following diagram, 
Figure 4. First, it checks if the EV battery has been 
connected, detecting it through a voltage (VBAT) greater than 
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30 V (its minimum voltage is 40 V). In addition, in this phase, 
it is also taken into account that the voltage in HSC (VHSC) is 
greater than that present in the EV batteries (VBAT). If the 
conditions are met, it goes to the next phase, otherwise, it 
will not be able to operate. Once the minimum conditions 
for operation have been verified, it is checked if the 
difference between the HSC voltage and the battery voltage 
is below a maximum safety voltage where it can be operated 
in direct connection (fast charge). If it is met, after a safety 
delay, the battery is connected and fast charging is operated 
(SHSCA). Otherwise, after the same safety delay, the battery 
is connected and recharged in a controlled manner, through 
the charge regulator (SHSCB). During the operation, it is 
checked whether the conditions for passing from one mode 
to another are met. In addition, the voltage and current 
values are constantly monitored, so that if the battery is 
disconnected, the voltage in HSC is not sufficient to carry out 
the charging process, or due to a fault in a sensor or in the 
regulator, the established maximum current it is exceeded, 
the system stops the operation with the disconnection of 
the battery. 

 

 
Fig. 4. Integrated control system. Control strategy flow diagram. 

 

4. Discussion 
The proposed HSC system demonstrates having the 

energy capacity to recharge, for around two hours, light 
commercial EV vehicles, with the use of two 2,691 Wh 
modules in parallel. In addition, they show great stability to 
changes in recharge demand, with instabilities reduced to 
less than 2%. 

The proposed smart charging point takes into account all 
possible situations within the modes of operation. Voltage 
and current variables are monitored. Based on them, the 
modes are alternated and a safe operation is also 
guaranteed. In case of disconnection, fault or overcurrent, 
the system stops the connection between the EV battery 
and the smart charging point based on HSC. 

This smart charging point is scalable, allowing the 
recharging of several batteries, with different voltages, 
simultaneously. For this purpose, it would be necessary to 
add charge regulators, as well as additional voltage and 
current sensors to the smart charging controller. The 
established control strategy would work in the same way as 
the case already defined. 

5. Conclusions 

The TTUES Project is contextualized within the 
development of sustainable alternatives for urban mobility. 
In this work a smart charging point for light EV is proposed. 
The system is based on hybrid supercapacitors, which store 
energy from renewable sources, and supply the required 
charge to the EVs' batteries. Hybrid supercapacitors 
combine the high energy of batteries with the power of 
conventional supercapacitors, making them promising 
candidates for fast recharging of EVs. The proposed system 
capacity is able to recharge light EV in just about two hours 
with great stability against charge fluctuations. For this 
purpose, a smart charging point is designed that guarantees 
efficient and safe operation, which is scalable to recharge 
numerous light EVs simultaneously. 
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