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Kyoto Protocol: A possible
solution to fossil fuel depletion
and global warming is an
Increased recourse to
Renewable Energy (RE).

O I 1
o .
o




*




~

Hybrid Electric Vehicles

F.Porsche, 1900 .

S

Peugeot 308 =50
Hybrid-Diesel

Buick Skylark, 1974

Honda Insight

s e

Mercedes S400
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Toyota Prius

Hybrid-Diesel .
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Solar Cars: lighter than Cars
HEVs: heavier than Cars

Q: does solar energy

significantly contribute to

vehicle propulsion?
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Net solar energy available to propulsion [KWh/day]

Daily time fraction spent Daily time fraction

Parking mode | | Driving mode in parking mode spent in driving mode
N/ A e
= |4 |=h ? a+h —b
[ g Tl e —]
e ,=average insolation (kWh/m2day)

Ap~effective panel area = A;,, |, +0.5 Ay,

ho=panel efficiency

a:. reduction factor due to charge/discharge processes in battery (=0.9)
b. insulation reduction during driving, due to shadow/mismatching (=0.9)



Continuous use (h=10) with
100% recourse to the sun can

be achieved only at very low /1OQ o

power (<1 KW).

Solar energy can represent a
significant contribution for
intermittent use (h=1-2) and
for [imited average power.

For average power from 5 to
10 KW and driving hours from
1 to 2, solar contribution
ranges from 18% to 60%.
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These region mostly covers urban
driving conditions, thus demonstrating
the significant contribution given by PV.

Car Average Power [KW]

Site: San Antonio, Texas
Yearly Averaged Data
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Source: Labour Force Survey,
http://www.statistics.gov.uk/CCl/nscl.asp?ID=8027
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Speed [km/h]
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Mass=1000 Kg - Length=3.75 m
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In most HEVS, a charge .
. : driving path
sustaining strategy is
adopted: the battery State Of
Charge (SOC) is unchanged
within a driving path.

A

v

v

A

A suitable strategy for HSV [ day
Instead can restore the initial driving path ~ parking
SOC within a whole day, 5 g
considering battery charging
during parking time.

Charge depletion
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In a series HSV, the Internal
Combustion Engine could
operate on the optimum

efficiency curve and

whenever possible at its

maximum efficiency

engine perfoermance map

Specific Fuel
Torque 7 Obaty

aglagy COnsumption
[9/KWh]

450
400
350
S 300
250

optimum
efficiency
curve
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Part load 6peration can be

avoided and substituted by

Intermittent operation at
maximum efficiency
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A prototype of hybrid solar vehicle with
series structure has been developed at
the University of Salerno, within the EU
Leonardo Program “Energy Conversion
Systems and Their Environmental
Impact” (www.dimec.unisa.it/leonardo)
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Power at wheels

EM Power

Battery recharge
power

) = experimentally characterized —m— ————————|——
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PV Power [W]
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Vbatt

E,= battery open circuit voltage R;,= battery internal resistance

I
€ Experimental
— Battery Model

,,,,,,,, Feeee===

—— Battery Model ||

20 40 60 80 100

Current [A]

Battery internal resistance [Ohm]
0.025

— Discharge
===== Charge

0.02

0.015

0.01

0.0050
State of charge [/]
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Binary representation of the optimization problem
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GA parameters
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Decision Definition . Number
. Precision .

variable range of bits

Neg [1 4] 1 2

t- (Min) [0 53] 0.055 10

Dt (min) [0 53] 0.055 10

Pes (KW) [0 5.5] 0.0055 10

Ning 50
Number of generations 300
Crossover probability 0.7
Mutation probability 0.06




Time [min]
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%
1 2 3
Scenario Protot_ype 1+Improved_P_V 2+Reduced weight
(baseline) and battery sizing
N
PV efficiency hp,, 0.1 0.18 0.18
Battery capacity (Ah) 180 75 75
g—
Mass M,, 1950 1658 ( 132@
.. p S—
Driving hours 1 1 1
Vehicle speed [km/h]
35 ‘ ‘ ‘
30+ 1
. ( 25+ 1
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0 2 6 8 10 12
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Scenario 1 2 3
Fuel economy (km/liter) 15 22 29
Effect of weight reduction (%) 0 57 100
— Traction
Effect of hp, increase (%) 0 43 0 107 == EBG |
_15 T | | | |
0 10 20 30 40 50
Time [min]
Battery state of charge (SOC) [/] EG Power trajectories
0.85 ; ; ; ‘ i 5 : ‘ : : :
| | | = Scenario 1 m— Scenario 2
| =—Scenario 2 [ |[— e ScENANIO 3 |
0.8~ N, N | ===Scenario 3 |]
= 1 3
©) 1 = 9| ]
0.75 ‘ 2
l a2 p— i
07 e —
| | | | 1 (| 7
0.65 1 1 1 1 1 0 ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 0 10 20 30 40 50

Time [min] Time [min]
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Engine temperature
dynamics is estimated by a
first order dynamic model

Steady state temperatures and
time constants are assigned
for ICE on and ICE off events
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Engine temperature

- ol
-\ =4
1000 2000 3000 4000 5000
Time [s]



Specific Fuel Consumption and
power are related to the ratio
between actual temperature and
its steady state value, starting from
experimental data for a Sl engine
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Fuel economy improvement [%]

N. of starts

Engine temperature [°C]

NT % l —N=2
— N\ = 4
0 1000 2000 3000 4000 5000

Time [s]
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e Initially fuel economy increases
with engine starts due to the
higher degrees of freedom.

\ After 4 ICE-on, fuel economy
] tends to decrease due to the

Increasing impact of thermal
transients.
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 HC emissions show an
iIncreasing trend with number of
starts.

e A local minimum occurs at N =4.

e Such a behavior is due to the
different temperature
trajectories.

HC emissions [g/h]

40
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Time [s]

N

4000 5000

0 |
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torque
,,,,,,,,, vehicle speed
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From Wikipedia, Courtesy of L.L.. Kazmerski, NREL
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Megawatts solar photovoltaic
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Source: O'Meara, Prometheus Institute, Solarbuzz
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Salar Module Retail Price Index
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Source: Solarbuzz LLC
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Fuel Price 2.1 €/KG
. ltaly, June, 2008 |

A very good payback (2.4 years) is by
doubling fuel cost, reducing by 4 panel cost,
and considering 16% panel efficiency

PV Retall Price:
June 2008: 4.70 €/W
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Possibility to transfer
excess solar power
to the grid

Possible use of moto-
generator as cogenerator
for domestic use
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