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INTRODUCTION  

– Threats from climatic changes 
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OPERATING THE SYSTEM WITH 
VERY HIGH RENEWABLE GENERATION 

Consumption             128.3 GWh 

-------------------------------------- 

     Hydro                66 GWh        (4160 MW) 

 

 

 

 

 

 

     Wind                  78 GWh        (3780 MW) 

 

 

 

 

 

 

     Export               37 GWh        (2000 MW) 

29 March 2013 – Friday (holiday) 

EVs to use surplus of renewable generation 
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DEFINITION OF THE FUNCTIONAL ARCHITECTURE 

• EV Integration – Charging modes 
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1. THE ELECTRIC MOBILITY PARADIGM 
     FORESEEN PROBLEMS FOR DISTRIBUTION NETWORKS 

• Technical challenges – Integrated management of EV and RES 
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THE ELECTRIC POWER SYSTEM OF THE FUTURE - PROSUMER  

Geração 

Consumo 

Vehicle-to-Home 
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EVS SUPPORTING GRID OPERATION 
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EV grid supporting functionalities  

 

 The EV bidirectional charger prototype 

is locally controlled in terms of active  

power: 
 

 Provide voltage support to the 

LV network due to low X/R ratio. 

 Participate in the frequency 

regulation in emergency 

conditions. 

Pmax

Deadband

P

∆V

Pmin

∆V max

∆V min

V2G
Smart 

Charging

Pref

∆V0 

Control Rule: 

 

 Voltage/ Frequency  within dead-

band 
 

 Voltage / Frequency rises above 

the dead-band 
 

 Voltage / Frequency drops below 

the dead-band  

The EV maintains its reference charging 

power. 

Automatic increase of the EV charging 

power.  

 
Autonomous decrease of the EV 

charging power or even power 

injection to the grid – V2G. 
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LABORATORY OF MICRO-GRIDS AND EVS 

• Different active devices under the Smart Grid / Smart 
metering concepts within a Laboratorial infrastructure 
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LABORATORY OF MICRO-GRIDS AND EVS 
GENERAL CONFIGURATION 
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EV DOMESTIC CHARGER 
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 Full power bidireccional 

 BMS Communications by ECAN Bus 

EV CHARGER 
PROTOTYPE  
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MICROGRIDS AND ELECTRIC VEHICLES LABORATORY 
FACILITIES 
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Experimental test system 

 
Test system configuration: 
 

 Two PV strings connected to a 

DC/AC solar power converter 

prototype. 

 The wind-turbine emulator. 

 EV charger prototype. 

  27 kW resistive bank.  

 MG node is interconnected to 

the main grid through a 100A LV 

cable emulator, which has a 0.6 

Ω resistance.  

 

Experimental tests: 

 Interconnected mode of operation 

– Test voltage regulation strategies. 

 Islanded mode of operation – Test 

frequency regulation strategies. 

0.4 kV

TRAFO 
400kVA

Node 1

Node 2

Node 3
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MICROGRIDS AND ELECTRIC VEHICLES LABORATORY 
FACILITIES 
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Interconnected Mode of Operation: Voltage control 
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INTERFACES  
SPECIFICATION 

• EV Interfaces: 
• Public charging 

• Private charging 

 

14 



    © 2013 INESC TEC  

CONCLUSIONS 

• Simulation tools for the evaluation of the impact of EVs in power system 
operation. 

 

• Innovative hardware and software solutions to control and manage EVs  
protypes  smart grid environment. 

 

• Advanced communication solutions. 

 

• Laboratories to serve as a test bed are needed to prove and test new 
control concepts and solutions  services and goods. 
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