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1. PRESENT SITUATION A

en Ingenieria de Aragdn

TecnoEbro

noex | * Necessity of fulfill the European standard about
emissions reduction:

1. PRESENT
SITUATION EURO CALENDAR
2. OBJETIVES Standard Year co Hydrocarbon NOX SUEfgEneEs
particles
3. DEFINITION Euro 1 1993 4.5 1.1 8.0 0.36
OF CONSTANTS Euro 2 1996 4.0 1.1 7.0 0.25
4. STUDY Euro 3 October 1999 2.1 0.66 5.0 0.10
Euro 4 October 2006 15 0.46 35 0.02
5. ANALYSIS Euro 5 October 2009 1.5 0.46 2 0.02
5 Euro 6 September 2014 - 100 ¢
8 90 L
CONCLUSIONS Quantities expressed in gr/kw/h. [ ——C0
= ] ——HC
70 [ NOx
- i Particles
= [ .
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ol L . L L L L 3 -
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Year

o To fulfill the acquired compromises in 1997 Kyoto
Protocol.
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e Energy consuption and climatic change.
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Future production

O Gas - Possible
@ Oil - Possible
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g
L
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The dependence in natural gas is increasing (according to

reserves/production 2001 - 62 years).

Associate contamination growth to the fossil fuel
consumption and join phenomena.

OPEP high dependence.
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1.2. STORAGE SYSTEMS N

INDEX  Tipos:
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1. PRESENT » Acid-lead battery » Ultracapacitors
Sl > Regulator valve acid-lead battery > Fuel cell
1.2.sTorace | » Ni-Mh battery > Flywheel
SYSTEMS > Li-lon battery > Hybrid storage systems
2. OBJETIVES » Polymer-lon battery
3. DEFINITION « Batteries and vehicle applications:
OF CONSTANTS —
Applications
4. STUDY pse| mo . IiE Hybrid (parallel) . FCHybrid BEV
5.ANALYSIS § T e — — —— TR ; i
Battery EAGEH M‘""’
6. @ - _ _
CONCLUSIONS 2 ; | NiMH - high power
% . Li-lom - high power : . L
c high energy
.
S =
| (SRR | I | W vttt I8
Battery packaging and thermal management
ooyl oo s eietoiffeebfltefee eyl el ".'.'.'.'.'..'.'i'.'.'..'.'.':'.'.'..'.'.".'.'.'..'.':'.
Battery Softwars Battery management (algorthms)
management
¥ “::TD‘T__':?E:I Hardware [high voltags)
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To establish some guidelines that provide a
N starting point in the energy system sizing of
reewm - fuel cell vehicles (primary and secondary
energy systems), considering the kind of
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e To obtain an optimal result that minimize
the hydrogen consumption in these fuel cell
vehicles.
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» Operation cycles: Cycle 1(most urban) to Cycle 6 (suburban)

OVC_ECE CVC_ECE_EUDC
o T 1 m, 1

CYC_NYGTC

]

cvoLe TS 3 MxeD) |
Duration 120 I 1225 s
Distance 2 10.93 km
Max. Speed 100 ] =d 120 km/h
Max. Acceleration E 80 || ation | 1.06 m/s2
——
i OGRS NV | E 60 — Y cont 65
40 L | o
t ol 20 =
' 0 .
1 2 3 4 5 6
. Cycle S
cYCLE v —— L
Duration 400 s Duration 368 s Duration 360 s
Distance 6.95 km Distance 10.04 km Distance 10.46 km
Max. Speed 120 km/h Max. Speed 129.3 km/h Max. Speed 104.61 km/h
Max. Acceleration 0.83 m/s2 Max. Acceleration | 3.08 m/s2 Max. Acceleration 0 m/s2
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e Evolution: from the conventional vehicle to the
fuel cell one

Vehicle Acceleration 0 Performance
Vehicle mass to 100 km/h Max. Speed Autonomy Emissions (n) Consumption
kg s km/h km g CO,/km % I eq*/100km
Otto 1366 12 185.3 516 206 9.8 8.6
Conventional
Diesel 1364 12 160.2 514 170 11.8 7.1
Pb-acid 1594 12 162.5 500 187 10.8 7.8
Hybrid

Li-lon 1287 11.9 162.8 500 146 13.8 6.1

Li-lon 1647 11.9 164 522 0 42.1 2
Electric Ni-Mh 2579 12 161.6 489 0 30.1 2.8
Pb-acid 2710 12 160.7 293.7 0 26.3 3.2
Fuel cell Pb-acid 1752 11.9 160.8 500 0 20 4.2

**equivalent liters of gasoline” represents the amount of energy equivalent in liters of gasoline.

CYCLE 3
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density
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Performance

Thermal motor

Sodio-Sulfur
battery

Depends on : a : GO £/kWY
storaged fuel 1.4 1A liter BO% {depending on type) [
Depends on | 1 kKWikg (Approx. | 20% (depending on type | 40 &KW
storaged fuel | depending on type) and operating point) {approx.)
160 £k

110 Whikg 150 Wiky 75% {approx.) T

Power density

Useful life (n” of
cycles)

Flywheel = 150 Whikg 2 kWikg unlirnited high
Ultracapacitor 1-10 Whikg 10 KWWk (approx.) = 500000 80 €/ (approx.)
Pneumatic _ o .
svstem Eil:l thkg [apprn}{.j hlgh Url||m|tE|j m“jdle
Hydaulic - _
system 10 Whikg (approx.) 1.5 Kifkg unlimited middle
Lead-acid
e a0-525 Whikn 150-300 Wiy 1000 {approx.) 15-30 £
Others S0-22Whiky a0-200 WWikg 200-2000 (depending on B0-200 &/kWY
batteries depending on type) | (depending on type) type) (depending on type)

Auxiliary energy system characteristics

March 2009



V-7
4.2. SECOND PHASE OF THE STUDY i /i

INDEX
1. PRESENT ) Example: 50kW FUEL CELL
SITUATION
2. OBJETIVES Brake Specidic Fugl Consumption (4] - A Ezseilar =it
oL baded - S0 (ret) Ambient Pressure Hydrogen Fuel Cell System - Rl uc-:lel - S0k et ) Ambiert Pressore Hydrogen Fuel Cell IS‘;.-*stem
3. DEFINITION =0 ' ' ' ' \
OF CONSTANTS
a0+ 7
4. STUDY =
g& _ 40+
4.2. SECOND S aof =
PHASE g 2 g0/
E 180 E
5. ANALYSIS § .
6. B 100 i
CONCLUSIONS &
50 - ] 0 . . . .
1 1a 20 30 40 L] n 10 a0 30 a0 Al
Pawar (kU Faweer (kY]
Fuel consuption (g/kwh) Efficiency (%) depending
depending on power (kW) on power (kW)
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4.2. SECOND PHASE OF THE STUDY .2 fi

INDEX

somov | ® Simulation of different fuel cell vehicles
2. OBIETIVES depending on the auxiliary energy system.

3. DEFINITION
OF CONSTANTS

4. STUDY CYCLE 3
i CYC_ECE_EUDC 1
4.2. SECOND — Storage Battery Performance  Consumpti
PHASE clvatin system Power (n) on
o *
5. ANALYSIS a g Kw %o | eq*/100km
< , i bs Ni-mh 20 21 4
6. 7 / z .
CONCLUSIONS /—Lf Li-lon 12 27.6 3.1
[H [H Pb-acid 20 20 4.2
ATATATATYATATYAY, | -
(EIAVRITRTRITAVRITATR , ! ultracapacitor 55 23.4 3.6
1] 200 400 B00 800 1200 1400
e (ce *“equivalent liters of gasoline” represents the amount of energy

equivalent in liters of gasoline.
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4.2. SECOND PHASE OF THE STUDY .31
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INDEX sk x . .
e Characteristics of the selected configuration:
1. PRESENT .
SITUATION FUEL CELL with LI-ION BATTERY
2. OBJETIVES
3. DEFINITION
OF CONSTANTS o0 v o by Energetic system
4. STUDY I o : electric motor 55 kw
4.2. SECOND ol | sc| R ] fuel cell 12 kW
PHASE ol — Mey, a batteries li-lon 20 kW (approx. 0°C
& ANALYSIS al ya energetic density 56.1 kW/kg

Vehicle mass 1295 kg (100%)

6.
CONCLUSIONS

Instanianeous Fower, ks

battery weight 41 kg (3.1%)
fuel cell weight 130 kg (10%)

Autonomy 500 km

0 02 04 06 na [ Energetic
. consumption 270.6 Wh/km

Power (kW) vs. State of charge for
different temperatures

Performance 27.6%

Battery price 460 €
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e Size the energy system components of the FUEL CELL VEHICLE

INDEX : . :
WITH LI-ION BATTERY selected in the previously phase in order to
1 pEE get the maximum energy efficiency according to the cycle that is
SITUATION simulated.
2. OBJETIVES
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
B(SFD(I:E(I;IIL\ISITTI;\DI\’TTS Battery power (kW) 25
Fuel cell power (kW) 5 7 12 17 60 65

4. STUDY Battery energy (kJ) 242 157 1604 668 1409 300
4.2. THIRD Fuel cell energy (kJ) 560 448 5380 3251 7165 5848
PHASE

Ratio battery Ratio battery
5. ANALYSIS POWET VS. energy vs.

total power 1;::11,? energy

] S S—

6_ K-} 025
CONCLUSIONS 0s ﬁ‘—-"’"“'i-\\ ° m"“:‘--..._ g

> — B ——

Cycle -C}'C“?

Urban cycles - auxiliary power system plays an important role, due to the high variability in
demand.

Suburban cycles - importance of auxiliary power system decreases because of the energy
demand becomes more constant.
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5. RESULTS ANALYSIS A

en Ingenieria de Aragdn

INDEX
e |® Comparison of fuel cell vehicles optimally designed
SITUATION for a specific cycle in the rest of the operating
2. OBJETIVES CyC I es.

s o s |Consumption expressed in equivalent liters of gasoline
every 100 km.

4. STUDY

5. ANALYSIS Cycle1 Cycle2 Cycle3 Cycle4 Cycle5 Cycle6

6

: Vehicle optimally designed for cycle 1
CONCLUSIONS P Y g Y

Vehicle optimally designed for cycle 2

Vehicle optimally designed for cycle 3

Vehicle optimally designed for cycle 4

Vehicle optimally designed for cycle 5

Vehicle optimally designed for cycle 6

“no” appears when vehicles fail in completing successfully the cycle due
to the small size of their fuel cells.
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e Comparison: fuel cell vehicle optimally designed
for each cycle vs. conventional vehicles.

Vehicle Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

Consumption | eq*/100km 43.1 10.8 8.6 7 7.9 7.1

Efficiency 1% 4.8% 9.8% 14.8 18.7 20%

Diesel Consumption | eq*/100km 33.1 8.6 7.1 6.1 7.1 6.1

iese

Efficiency 1.3% 6% 11.9% 17% 20.8% 23.7%

Consumption | eq*/100km 5.7 2.8 3.1 2.9 4 3.3

Fuel cell
Efficiency 7.6% 18.5% 27.4% 35.8% 37% 44%

**equivalent liters of gasoline” represents the amount of energy equivalent in liters of gasoline.
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6. CONCLUSIONS
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e A starting point for the sizing of the energy system in fuel cell
vehicles has been provided. The values of the ratio "batteries
power / total power" range from 80% in urban cycle up to 20%

in suburban cycle.

* It has been noticed the great importance of a correct sizing;
with consumption differences respect to the optimal design

that reach 3.75 times.

Cycle 1
Vehicle optimally designed for cycle 1

Vehicle optimally designed for cycle 2

Cycle 2

Cycle 3

no

(VA (-9

no

Cycle 5

no

Cycle 6

no

Vehicle optimally designed for cycle 3

Vehicle optimally designed for cycle 4

Vehicle optimally designed for cycle 5

Vehicle optimally designed for cycle 6

| —
2.8 no no no no
3.6 3.1 no no no
4.3 3.3 29 no 3.7
10.5 4 4.1 4 3.6
4.2 35 3.2 no 3.3

e Fuel cell vehicle performance is superior to the conventional

ones.
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