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Abstract

The models and number of Electric Vehicles (EVs) circulating in Portugal is not very significant; however,
the number of electric vehicles has been slowly increasing and a boom is expected in the coming years.
Under this scenario, increasing the number of EVs and fostering the introduction of Hybrid Electric
Vehicles (HEVs) circulating (replacing the vehicles with internal combustion engines) will contribute to
increase the electric power consumption. In addition, new technological challenges will be launched, not
only related to the charging points but also related to the impact of such systems in the electrical grids. So,
this subject can be discussed from different point of views and distinct perspectives being the following
topics under analysis in this work: impact of the connection of the electrical vehicles to the low voltage AC
grid; technical solutions allowing charging the EV using the domestic AC grid; technical solutions allowing
to recover the energy stored on-board; interconnection with alternative energy solutions, mainly the
domestic photovoltaic systems.

So, in this paper, a HEV with parallel configuration is used having on board the following chains: IC
Engine + Generator + Electronic + Batteries; Ultra capacitors + Electronic converter + Batteries; Batteries
+ Electronic converter + Electric motor; Batteries + Electronic converter + AC grid.

In order to study the impact, the benefits and the constraints of such solutions, different scenarios to the
number of vehicles with electrical propulsion were traced, based on the number of electrical vehicles sold
in Portugal during the past years.

On the other hand, it is crucial to forecast the impact of such systems in the production of electric energy
and in particular, to analyze the role of renewable energies. With particular interest nowadays, the micro-
generation systems can play an important role in order to fulfill the power requirements of the HEVs and

providing charging points independent of the AC grids.
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1 Introduction

Societies all over the world are facing a dilemma
originated, mainly, by the increasing demand of
oil in road vehicles and the environmental
commitments for global climate change.
Furthermore, in the last decade the oil
consumption has been increasing and,
simultaneously, is price in international markets.
In fact, the increasing demand of oil is strongly
related to the increasing number of road vehicles
circulating. As it is well known, most of the road
vehicles are oil addict.

In addition to the economical aspects, also the
environmental concerns, as for instance local
pollutant emissions to the atmosphere, are
influencing not only the our daily lives routines
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but also the technical decisions related with the
road vehicles.
All of this is encouraging new solutions to
phasing-out the conventional internal combustion
engines, in order to attain less pollutant, more
efficient and consequently more environmental
friendly solutions. So, vehicles with electric
propulsion have seemed an interesting challenge
for achieving green mobility. Furthermore, the
technical solutions on-board can include different
features and equipments, as for instance:

e Energy buffers using ultracapacitors;

® Plug-in systems; and

e Inject the stored energy in the AC grid

(Vehicle to Grid - V2G).
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Figurel: Diagram of the ICE - Vehicle — AC Grid interactions

Considering the mentioned outlook, this work
considers an analysis of the V2G in a point of
view of a Portugal. In order to study the impact,
the benefits and the constraints of such solutions,
different scenarios related to the number of
vehicles with electrical propulsion were traced,
based on the number of electrical vehicles sold in
Portugal during the past years. According to

these scenarios, the aspects discussed in this work
are mainly focused in the following topics:

i) impact of the connection of the electrical
vehicles to the low voltage AC distribution
grid;

ii) technical solutions allowing to charge the
EV using the domestic AC distribution grid;

iii) technical solutions allowing to recover the
energy stored on-board;
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iv) interconnection with alternative energy
solutions, mainly the domestic
photovoltaic systems.

From a global point of view, figure 1 illustrates
the system under study.

2 The Portuguese EV’s

Framework

According to the Portuguese Automobile
Association (ACAP) statistics the Portuguese
road vehicles fleet in 2006 had approximately 5,7
millions units, corresponding to 73,8 % of light
passenger vehicles with an average of 8,4 years
old.

In terms of EVs and HEVs, the number of
vehicles circulating is reduced (Figure 2) when
compared to the total number of vehicles
circulating in Portugal.

However, the estimation of the number of
vehicles (hybrid or purely electric) in circulation
in the coming years depends on several factors. It
is clear that the panorama is changing and a
boost is expected for the near future.

Based on the data showed in figure 2, the
following scenarios to the number of road
electric vehicles for individual use circulating in
Portugal in the coming years are the following:

Vy =180(Y —2000)

e Scenario #1:
Vy = 1,7(Y — 2000)°
0,2(Y—-2000)

e Scenario #2:

e Scenario #3: VY =180[e -1l

| Honda Civic Toyota Prius

B Lexus GS450h

Where Vy is the number of vehicles circulating in
the year Y (Y € [2000, 2020]).

3 Electric chains on-board

Starting from the vehicle basic topology shown in
figure 1, it is possible to identify different electric
chains, which depend of state of operation of the
vehicle. From this point of view it is possible to
analysis separately the dynamic behaviour of the
following systems:
¢ IC Engine + Generator + Electronic converter
#2 + Batteries;
e Ultra capacitors + Electronic converter #1 +
Batteries;
e Batteries + Electronic converter #4 + Electric
motor;
¢ Batteries + Electronic converter #3 + AC grid.
The system was studied testing different topologies
for the electronic converters and type of motors.
Among other solutions, figure 4 shows some of the
solutions simulated.
About the proposed solutions, it is important to
refer that the batteries are the focal point of the
proposed car topology. As it is well-known,
batteries strongly influence the car performance
and mainly, define the car’s autonomy. So,
different types of batteries were tested (developing
simulation models to the following types of
batteries: Lead Acid, Nickel Metal Hydride and
Lithium Ion) in order to improve the system
efficiency and autonomy.
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Figure2: Evolution of the HEVs in Portugal
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HEVs in Portugal
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Figure3: Three scenarios for HEVs circulating in Portugal in the coming years

About the electric chains referred before, it is
also important to point out the role of the ultra
capacitors. In addition to the characteristic of
storing energy, ultra capacitors can contribute
significantly to improve the performance of the
system since that they avoid high current peak
and fast discharges of the batteries.

According to the state of operation of the vehicle,
the systems shown in figure 4 were used in the
power balance of the system.

Taking into account, the nowadays issues about
the energy (price, consumption rate and
environmental concerns, mainly) the proposed
system can benefit by the use of renewable
energy. Furthermore, renewables have been and
will be important to sustain the power demands.
Based on this premise, a proposal upgrading the
proposed system is described and discussed in
the coming points.

3.1 Vehicle topology upgraded

Taking into account the operation modes allowed
by the solutions shown in figure 4, when
ordinary AC grids are not available the electric

system can be supplied by autonomous power
sources. Particular case, domestic photovoltaic
systems can be used with this purpose.

About these systems, it is important to refer that
some countries, as for instance Portugal and Spain,
have been defining the legal issues for domestic
photovoltaic power production (PV  micro-
generation solutions). Using as reference the
Portuguese legislation, the more appellative
electrical energy feed-in tariff (650 €/MWh) with
the solutions is limited in time and in power (3,68
kW), with the production constraint 2,4 MWh/year
in the AC grid.

Following this concept, in figure 5, the car
including this electric chain is schematically
represented.

One of advantages of the proposed system is being
able to use energy provided by the photovoltaic
modules and therefore and also to inject the power
in the low voltage AC grid. In this case, the
batteries, the controlled inverter /Electronic
converter #5) and the AC grid constitute the basic
elements of the photovoltaic system — AC grid
electric chain.
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Incorporating in electric vehicles the possibly of potential of this solution should be evaluated in
recharging the system using photovoltaic terms of the expected number of points or houses
modules increases, at least, the cost of the with micro-generation systems installed.

system. Furthermore the technical implications

when projecting domestic electric networks, the
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Figure4: Examples of possible solutions for each branch of the car topology

increasing being expected that, in the coming

3.2 Expected evolution of the on-grid years, these systems have a significant contribution
power systems to the. installed power in P(')rtugal'. Anyway,
according to the number of applies to install these

All over the world and in particular in Europe . L
P Pe, systems and their rate of execution, it is expected

the micro-generation systems have been
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that the real number of micro-generation systems two scenarios correspond the power installed
will be situated in between the scenarios shown in figures 6 and 8.

represented in figures 7 and 9. Assuming that the

installed systems fulfil the maximum power

requirements allowed by the legislation, to these
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FigureS: Main car chains including the photovoltaic system
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Figure6: Expected evolution of the on-grid power in Portugal [Source: Renovaveis na Hora -
www.renovaneisnahora.pt]
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Figure7: Expected evolution of the number of micro-generation systems in Portugal [Source: Renovaveis na Hora -
www.renovaneisnahora.pt]
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Figure8: Conservative evolution of on-grid Power systems in Portugal [Source: Renovaveis na Hora -
www.renovaneisnahora.pt]
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Figure9: Conservative evolution of the number of micro-generation systems in Portugal [Source: Renovaveis na Hora -
www.renovaneisnahora.pt]
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Figure10: Relationship between the number of micro generation systems and the number of BEV + HEV for the
conservative evolution

3.3 Number of electric vehicles vs.
number of  micro-generation
systems

One challenge of the usage of EVs is the
available number of charging points. In
addition, the power needs should be fulfilled
by the available power sources (ac grid or not).
To the proposed vehicle configuration and in
order to maximize the efficiency of the micro-
generation systems, it is possible to use, at

least, the unused power of the micro-generation
to charge EVs. Taking into account the results
shown in figure 10, to charge the EVs using the
micro-generation systems could not constitute a
constraint if the micro-generation system has
enough energy stored.

4 Power Balance

Joining the power needs of EVs and the scenarios
about micro-generation systems and taking into
account the versatility allowed by the chains on-
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board of the proposed system, a power balance
should be performed in order to frame the
importance and viability of using such systems.

4.1 Results

To study the proposed vehicle performance it
was made a power balance from a test circuit
with up hills and down hills but without curves,
which characteristics are shown in table 1.

Tablel: Characterization of the test circuit

Traject | Distance Inicial | Final Average Pgwer
No. [m] speed | speed time [s] delivered
[km/h] | [km/h] (W]
1 500 0 30 120,00 | 16879,35
2 500 30 25 65,45 | 1054,29
3 500 25 30 65,45 |27720,11
4 1000 30 65 75,79 | 5385,12
5 1000 65 70 53,33 3122643
6 1000 70 70 51,43 | 7290,10
7 1000 70 70 51,43 |17482,12
8 1000 70 90 45,00 |13581,88
9 1000 90 110 | 36,00 |33759,98
10 1000 110 100 | 34,29 | 1688735
11 1000 100 100 | 36,00 | 6953,94

in breaking efforts. It is needed to supply
4 311,24 Wh to the engine, which equals to 0,45
litters of petrol.

According to the average fuel and electricity prices
in Portugal in 2008, the cost associated to the test
circuit (total distance of 9,5 km) is 0,63€. If this
vehicle uses only its engine, 1 999,69 Wh are
required to the test circuit meaning that the engine
is supplied with 7 998,75 Wh of fuel, being the
associated cost 1,1€.

4.1.1 Charging the batteries
Portuguese distribution grid

using the

Another important analysis is the batteries
behaviour. To charge the batteries from a complete
discharge state, it is needed 10,5 kWh. The charger
has not a unitary efficiency so it is needed
10 741 Wh are demanded from the grid. If the
battery returns this energy back, only 10 290 Wh
reach the grid, being the rest losses.

If we charge the batteries completely from the
Portuguese distribution grid, the energy mix comes
from:

Table3: Origin of the Portuguese electrical energy

The EV has, in this model, a permanent magnet
synchronous motor operating in parallel with a
IC engine and allowing regenerative breaking.
The mechanical loses are neglected, the engine
efficiency is expected to be 25%.

To each trajectory of the test circuit, the power
balance is shown in table 2.

Table2: Power balance for the test circuit

Energy Share | Power share [Wh]
production
Water 0,22 2 357,146
Wind 0,11 1178,573
Biomass 0,03 321,429
Coal 0,28 3 000,004
Fuel+Diesel 0,03 321,429
Thermal 0.2 2142,86
emission
Energy bought | 0,11 1178,573
Others 0,02 214,286

Traject | E battery | EPMSM | E engine | E break
no. [Wh] [Wh] [Wh] [Wh]
1 597,42 562,64 0,00 0,00
2 20,35 19,17 0,00 0,00

3 -362,51 -363,64 0,00 -140,37
4 60,19 56,69 56,69 0,00
5 245,60 231,31 231,31 0,00
6 55,29 52,07 52,07 0,00
7 -248,97 -249,74 0,00 0,00
8 0,00 0,00 169,77 0,00
9 0,00 0,00 337,60 0,00
10 0,00 0,00 160,83 0,00
11 0,00 0,00 69,54 0,00

total 367,38 308,50 | 1077,81 | -140,37

To this circuit, globally, the engine supplies
1077,81 Wh, the PMSM supplies 921,88 Wh,
631,38 Wh are recovered and 140,37Wh are lost

From the table above we can conclude that 36% of
the recharge energy is renewable, 51% comes from
thermal plants/ electric energy sources and 13%
from an unknown source.

If the battery set is recharged from using the IC
engine chain, to supply de alternator 12 206 Wh
are demanded. Neglecting the mechanical losses in
this chain, this power corresponds to 40 688,3 Wh
supplied to the IC engine (oil consumption), which
equals to 4,2 liters of petrol with a cost of 5,6€.

S Conclusions

In this paper, some aspects of joining photovoltaic
micro-generation systems with plug-in hybrid
electric vehicles are described and discussed
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mainly based on the following premises: the
number of PHEVs and pure EVs will increase in
the coming years; cars will be equipped with
systems allowing energy exchange with
conventional and unconventional AC grids; cars
can have on board micro-generation systems
(photovoltaic or other); and, the number of
micro-generation systems (mainly photovoltaic
based) will be installed and ready to be
connected either to ordinary grids or to isolated
loads.

Anyway, some technological aspects of the
systems mentioned above have to be improved.
Furthermore, the oil prices fluctuation will
remain a decisive factor in decisions related with
the automobile sector.

As final remark, according to the traced scenarios
about the number of plug-in vehicles, it is
important to point out that the electric energy
consumption due to this type of vehicles will
increase significantly and will produce an
important impact in the AC grids. So, alternative
energies and isolated micro-generation systems
can play an important role in order to reduce the
impact of such systems.
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