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At present, motor

vehicles account

for about one-half

of the total

hydrocarbon and

nitrogen oxide

pollution which

combine to form

ground-level

ozone, commonly

known as smog,

that chokes many

of the major urban

conurbations in the

world.
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The potential and

kinetic energies

acquired by the car

as a result of

climbing and

acceleration

represent

reversibly stored

energies and, in

principle, may be

recovered by

appropriate

regenerative

methods wherein

the mechanical

energy is

converted and

stored as electrical

energy.



������� � ����	��

�� ������	� � ���������� �	

�

��
��������
���
������	�
��	��	����
��
���
�����������
���
������

�������
 ���
��������
 ������������
 ����
 ��
��	�
 �����%
 
&�
 ��

��������
 ���
 �����
 �����������
 ���
 �
 ���
 ���������	
 ��
 �����

8<
(�;��
����
��������
��
�����
���
�����������
���	
���
��	�����

������
��
�����
2
(>%

&�
�<<
(�;�
��	����
�������	�
������

�����
���	
���������
������������
��
����
�����
���
����
���������

���������	
���
�����
�����
�����������
 ��
�����
�1
(>%
 
 �
 ��

����������
����
���
����
�����
����������
���
����
�����
��$


���

����
��(��
��
��
'���
���
���
��(�
��
����������
����
��
�$%

0���

��
��������


���
������
��
����
�����
��
���
�����������
��
���
���

�����
 ��
 �����
 �����������
 ��
 �����
 ��
������
 �%
 
 *�(��	
 ���

�������
��
�
����
����
�
�����������
�<6
	��������
�������	
��

?<
(�;�
��������
�����
2?
(>�
��������	
����
��������
���
����

�������
 ���	
 ����
 ��
 �$%
 
 &�����������
 ��
����
 ��������	
�

������������
 ��
 ��	�
 ����������%
 
 3��
 ��������
 ������������
 ��

8
(�;�;�
��������
2<
(>
��
8<
(�;�
���
���������
��
@@
(>
��

�<<
(�;�
����
��
�$%

*��
�����
���������
���
���
���
�����
��������
��
���
�����
��

���
���
���
��
���
�������
���
������
��������
��
���������	
����

�����
��
���
������%

&�
����
����
��
���
�����������
��
��������

��������
��������
�
�������
��������
��
������
��
���������
��
������

Figure 1. Energy perfor-
mance and power require-
ments of the car as a func-
tion of wind speed at ve-
hicle speed of 80 km/h.
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Box 1.  Appendix

(a) Estimation of Ptires at vehicle speed (v) of 50 and 100 km/h.

At v = 50 km/h:  Ptires = 0.01 ´ 1400 ´ 9.8 ´ 50 ´ 103/3600 W

         = 1.9 kW.

At v = 100 km/h:  Ptires = 0.01 ´ 1400 ´ 9.8 ´ 100 ´ 103/3600 W

                                    = 3.81 kW .

(b) Estimation of Paero at vehicle speed (v) of 50 and 100 km/h.

In these estimates the wind velocity (w) has been taken to be zero.

At v = 50 km/h: Paero = 0.5 ´ 1.17 ´ 0.3 ´ 2.2 ´ (50)3 ´ (103)3/(3600)3 W

                                 = 1.03 kW.

At v = 100 km/h: Paero = 0.5 ´ 1.17 ´ 0.3 ´ 2.2 ´ (100)3 ´ (103)3/(3600)3  W

                                    = 8.27 kW.

(c) Estimation of Pgrade at 10% gradient and v = 80 km/h.

Pgrade = 1400 ´ 9.8 ´ 80 ´ 103 ´ 0.1/3600 W

         = 30.49 kW.

(d) Estimation of Paccel at v = 50 and 100 km/h with an acceleration of 5 km/h/s.

At v = 50 km/h: Paccel = 1400 ´ 5 ´ 50 ´  ( 103)2/(3600)2 W

                                  = 27 kW.

At v = 100 km/h: Paccel = 1400 ´ 5 ´ 100 ´ (103)2/(3600)2 W

                                    = 54 kW.
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Physical properties Diesel Gasoline

Molecular wt.  ( – ) 208 99

Density @ 20° C (kg/l) 0.84 0.74

Carbon content (% mass) 86.1 84.9

Oxygen (% mass) 0 0

Exhaust water (g/Kg) 28.6 30.3

Exhaust CO2 (g/Kg) 74.2 73.3

Lower calorific value (MJ/kg) 42.8 43.9

Cetane number ( – ) ~50 ~8
Table 1.  Properties of die-
sel fuel and gasoline.
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Cell type Nominal   Specific      Energy Specific Power Self   Cycle life

Voltage   Energy        Density Power density Discharge

(V)   (Wh/kg)      (Wh/I) (W/kg) (W/I) (%/month)

Lead-acid 2.0    35       70 ~200   ~400      4-8    250-500

Lithium-ion 3.6    115       260 20-250   400-500    5-10    500-1000

Lithium-polymer 3.0    100-200    150-350 >200   >350     ~1    200-1000

Nickel-cadmium 1.2    40-60       60-100 140-220   220-350   10-20    300-700

Nickel-metal  hydride 1.2    60       220 130   475     30    300-500

Zinc-air 1.2    146       204 150   190     ~5    ~200

Zebra 2.6    100       160 150   250     ~1    ~1000

Table 2.  A comparison of
the most promising stor-
age batteries for electric
cars.
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Figure  2.   A Ragone plot
comparison of power and
energy densities for exist-
ing supercapacitors, stor-
age batteries, fuel cells (in-
cluding reformer), and
spark-ignition engines.
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At best, storage

batteries and

supercapacitor

powered vehicles

may be able to find

limited niche

applications in

short-range

commuter

vehicles,

especially where

the relatively long

recharge times can

be accommodated

by the pattern of

vehicle usage.
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Figure  3.  Feasible fuel cell
system configurations: (a)
with direct hydrogen fuel,
(b) with methanol reformer,
and (c) with a partial oxida-
tion (POX) reactor.
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Geographically

petroleum is not

widely distributed,

rendering countries

with the largest

reserves

disproportionate

economic and

political sway.
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Figure  4.  Operational dif-
ferences between: (a)  a fuel
cell electric car with on-
board reformer for hydro-
gen generation, and (b) a
fuel cell electric car with
direct methanol feed.
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With the

development of

electric propulsion

systems still in its

infancy, the final

mixing and

matching of the

electric power

options will depend

as much on new

and refined

technological

developments as it

will on consumer

demands.
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