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        Auxiliary Propulsion 

        from 
Battery 

from 
Engine 

from 
Battery 

from 
Engine 

 Engine 
- 

Battery 

from DG-
motor 

Rank Country 

 
CFO  
(US 

Cents/l) 

CG  
(US 

Cents/ 
kWh) 

CEE-B 
(US 

Cents/ 
kWh) 

CEE-DG 
(US 

Cents/ 
kWh) 

CPE-B 
(US 

Cents/ 
kWh) 

CPE-E 
(US 

Cents/ 
kWh) 

Spread 
= CPE-E 

- CPE-B 

CPE-DG 
(US 

Cents/ 
kWh) 

1 Hong Kong 290 17 21 116 23 94 71 129 

2 Iceland 235 13 16 94 18 76 58 104 

3 Estonia 170 2 2 68 2 55 53 75 

4 Norway 201 12 15 80 17 65 48 89 

5 Albania  202 13 16 81 18 65 47 90 

6 UK 191 11 14 76 16 62 46 85 

7 Hungary 169 7 9 68 10 55 45 75 

8 Denmark 195 14 17 78 19 63 44 87 

9 Germany 188 12 15 75 17 61 44 83 

10 Serbia 184 12 15 73 17 60 43 82 

11 Portugal 172 10 12 69 13 56 43 76 

12 Czech 
Republic 

163 9 11 65 12 53 41 72 

13 Ireland 190 15 19 76 21 61 40 84 

14 Finland 209 21 26 83 29 68 39 93 

15 Belgium 189 16 20 75 22 61 39 84 

16 Switzerland 221 26 32 88 36 72 36 98 

17 Kenya 132 5 6 53 7 43 36 59 

18 Lesotho 118 2 2 47 2 38 36 52 

19 Greece 183 18 22 73 24 59 35 81 

20 Lithuania 166 14 17 66 19 54 35 74 

21 Latvia 170 15 19 68 21 55 34 75 

22 Italy 191 21 26 76 29 62 33 85 

23 Belize  173 17 21 69 23 56 33 77 

24 Spain 164 15 19 66 21 53 32 73 

25 N. Macedonia 132 8 10 53 11 43 32 59 

27 Uruguay 147 12 15 59 17 48 31 65 

26 Bosnia & 
Herz. 

146 11 14 58 16 47 31 65 

28 Zambia 116 5 6 46 7 38 31 51 

29 Cyprus 162 16 20 65 22 52 30 72 

30 Bulgaria 148 13 16 59 18 48 30 66 

31 Mozambique 143 11 14 57 16 46 30 63 

32 Rwanda 130 9 11 52 12 42 30 58 

33 Swaziland  126 8 10 50 11 41 30 56 

34 Malawi 162 17 21 65 23 52 29 72 

35 Cayman 
Islands 

154 15 19 62 21 50 29 68 

36 South Africa 126 9 11 50 12 41 29 56 

37 Bhutan  96 2 2 38 2 31 29 43 
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38 Mexico 142 13 16 57 18 46 28 63 

39 Uganda  137 11 14 55 16 44 28 61 

40 Tanzania 128 10 12 51 13 41 28 57 

41 India 125 9 11 50 12 40 28 55 

43 Burma 119 8 10 48 11 39 28 53 

42 Nepal 118 7 9 47 10 38 28 52 

44 Nigeria  117 7 9 47 10 38 28 52 

45 Luxembourg 164 19 23 66 26 53 27 73 

46 Morocco  141 14 17 56 19 46 27 63 

47 Chile 119 9 11 48 12 39 27 53 

48 Sierra Leone 152 17 21 61 23 49 26 67 

49 Cameroon 121 10 12 48 13 39 26 54 
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51 Slovenia 157 19 23 63 26 51 25 70 

52 Mauritius 144 16 20 58 22 47 25 64 

53 Ethiopia  141 15 19 56 21 46 25 63 

54 Botswana  127 11 14 51 16 41 25 56 

55 Jordan 102 6 7 41 8 33 25 45 

56 Paraguay  99 5 6 40 7 32 25 44 

57 Netherlands 189 27 33 75 37 61 24 84 

58 South Korea 114 10 12 46 13 37 24 51 

59 Japan 110 9 11 44 12 36 24 49 

60 Syria  78 2 2 31 2 25 23 35 

61 Liechtenstein
  

218 36 44 87 49 71 22 97 

62 Togo  143 18 22 57 24 46 22 63 

63 Uzbekistan  90 5 6 36 7 29 22 40 

64 Malta 134 16 20 54 22 43 21 59 

65 Costa Rica 133 16 20 53 22 43 21 59 

66 Brazil 121 14 17 48 19 39 20 54 

67 Singapore 189 31 38 75 42 61 19 84 

68 Romania 155 23 28 62 31 50 19 69 

69 Bangladesh  99 10 12 40 13 32 19 44 

70 Sri Lanka 110 13 16 44 18 36 18 49 

71 Argentina 89 8 10 36 11 29 18 39 

72 Turkey 126 18 22 50 24 41 17 56 

73 Vietnam 81 8 10 32 11 26 15 36 

74 Sudan  66 4 5 26 6 21 15 29 

75 Philippines 110 16 20 44 22 36 14 49 

76 Pakistan 99 13 16 40 18 32 14 44 

77 Gabon  97 12 15 39 17 31 14 43 

78 Trinidad & 
Tobago  

65 5 6 26 7 21 14 29 

79 Canada 127 20 25 51 28 41 13 56 

80 Peru 110 17 21 44 23 36 13 49 

81 Barbados 165 30 37 66 41 53 12 73 

82 USA 103 15 19 41 21 33 12 46 
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38 Mexico 142 13 16 57 18 46 28 63 

39 Uganda  137 11 14 55 16 44 28 61 

40 Tanzania 128 10 12 51 13 41 28 57 

41 India 125 9 11 50 12 40 28 55 

43 Burma 119 8 10 48 11 39 28 53 

42 Nepal 118 7 9 47 10 38 28 52 

44 Nigeria  117 7 9 47 10 38 28 52 

45 Luxembourg 164 19 23 66 26 53 27 73 

46 Morocco  141 14 17 56 19 46 27 63 

47 Chile 119 9 11 48 12 39 27 53 

48 Sierra Leone 152 17 21 61 23 49 26 67 

49 Cameroon 121 10 12 48 13 39 26 54 

50 DR Congo  117 9 11 47 12 38 26 52 

51 Slovenia 157 19 23 63 26 51 25 70 

52 Mauritius 144 16 20 58 22 47 25 64 

53 Ethiopia  141 15 19 56 21 46 25 63 

54 Botswana  127 11 14 51 16 41 25 56 

55 Jordan 102 6 7 41 8 33 25 45 

56 Paraguay  99 5 6 40 7 32 25 44 

57 Netherlands 189 27 33 75 37 61 24 84 

58 South Korea 114 10 12 46 13 37 24 51 

59 Japan 110 9 11 44 12 36 24 49 

60 Syria  78 2 2 31 2 25 23 35 

61 Liechtenstein
  

218 36 44 87 49 71 22 97 

62 Togo  143 18 22 57 24 46 22 63 

63 Uzbekistan  90 5 6 36 7 29 22 40 

64 Malta 134 16 20 54 22 43 21 59 

65 Costa Rica 133 16 20 53 22 43 21 59 

66 Brazil 121 14 17 48 19 39 20 54 

67 Singapore 189 31 38 75 42 61 19 84 

68 Romania 155 23 28 62 31 50 19 69 

69 Bangladesh  99 10 12 40 13 32 19 44 

70 Sri Lanka 110 13 16 44 18 36 18 49 

71 Argentina 89 8 10 36 11 29 18 39 

72 Turkey 126 18 22 50 24 41 17 56 

73 Vietnam 81 8 10 32 11 26 15 36 

74 Sudan  66 4 5 26 6 21 15 29 

75 Philippines 110 16 20 44 22 36 14 49 

76 Pakistan 99 13 16 40 18 32 14 44 

77 Gabon  97 12 15 39 17 31 14 43 

78 Trinidad & 
Tobago  

65 5 6 26 7 21 14 29 

79 Canada 127 20 25 51 28 41 13 56 

80 Peru 110 17 21 44 23 36 13 49 

81 Barbados 165 30 37 66 41 53 12 73 

82 USA 103 15 19 41 21 33 12 46 
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83 Maldives  95 14 17 38 19 31 12 42 

84 Qatar 56 4 5 22 6 18 12 25 

85 UAE - Dubai 82 11 14 33 16 27 11 36 

86 China 102 17 21 41 23 33 10 45 

87 Taiwan 91 14 17 36 19 29 10 40 

88 UAE 82 12 15 33 17 27 10 36 

89 Russia 72 10 12 29 13 23 10 32 

90 Australia 123 23 28 49 31 40 9 55 

91 Moldova 121 22 27 48 30 39 9 54 

92 Burkina Faso 114 20 25 46 28 37 9 51 

93 Thailand 87 14 17 35 19 28 9 39 

94 Ecuador 46 4 5 18 6 15 9 20 

95 Austria 176 36 44 70 49 57 8 78 

96 Cambodia 100 18 22 40 24 32 8 44 

97 El Salvador 98 18 22 39 24 32 8 43 

98 Dom. 
Republic 

101 19 23 40 26 33 7 45 

99 Tunisia  72 11 14 29 16 23 7 32 

100 Ghana 108 21 26 43 29 35 6 48 

101 Kuwait 37 4 5 15 6 12 6 16 

102 Nicaragua 118 24 30 47 33 38 5 52 

103 Madagascar 106 21 26 42 29 34 5 47 

104 Belarus 71 13 16 28 18 23 5 32 

105 Bahrain  48 8 10 19 11 16 5 21 

107 Azerbaijan  47 7 9 19 10 15 5 21 

106 Honduras 93 19 23 37 26 30 4 41 

108 Jamaica 131 28 35 52 39 42 3 58 

109 Algeria 22 3 4 9 4 7 3 10 

110 Angola  16 2 2 6 2 5 3 7 

111 Panama 87 19 23 35 26 28 2 39 

112 Georgia 128 29 36 51 40 41 1 57 

113 Ivory Coast 120 28 35 48 39 39 0 53 

114 Saudi Arabia 31 7 9 12 10 10 0 14 

115 Libya  3 1 1 1 1 1 0 1 

116 Guatemala 103 25 31 41 34 33 -1 46 

117 Slovakia 167 41 51 67 57 54 -3 74 

118 Lebanon 75 20 25 30 28 24 -4 33 

119 Kazakhstan  63 18 22 25 24 20 -4 28 

120 Bahamas  147 40 49 59 54 48 -6 65 

121 Aruba 126 34 42 50 47 41 -6 56 

122 Malaysia 47 15 19 19 21 15 -6 21 

123 Iran  0.6 4 5 0 6 0 -6 0 

124 Oman 67 22 27 27 30 22 -8 30 

125 Cuba  105 32 40 42 44 34 -10 47 

126 Colombia 62 22 27 25 30 20 -10 28 

127 Ukraine 141 41 51 56 57 46 -11 63 
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16 

128 Cape Verde 123 38 47 49 52 40 -12 55 

129 Venezuela  0.4 10 12 0 13 0 -13 0 

130 US - 
California 104 35 43 42 48 34 -14 46 

131 Israel 196 58 72 78 80 63 -17 87 

132 Egypt 27 20 25 11 28 9 -19 12 

133 Poland 128 50 62 51 69 41 -28 57 

Table 6: Energy cost across countries [4][5] 

6. CONCLUSION 
Electrification of vessels has a 

higher CAPEX compared to the 
current fuel systems. The primary 

reason electrification is appealing is its 
lower OPEX, due to the reduced cost 

of electrical and mechanical energy 
needed for the vessel. OPEX can only 

be lower when there is a significant 
difference between diesel costs and 

grid costs. Therefore, countries with 
high diesel costs and low grid costs are 
more likely to shift to electric (battery) 

systems without requiring additional 
incentives. 

 
Auxiliary energy is electrical, 

while propulsion is mechanical. Diesel 
engines produce mechanical energy, 
which incurs additional losses when 

converting to electrical energy needed 
for auxiliary systems. Batteries provide 

electrical energy directly and can be 
used immediately for auxiliary 

purposes. However, for propulsion, 
electrical energy must be converted to 

mechanical energy, resulting in 
additional losses. Consequently, the 

OPEX reduction when using batteries 
as an auxiliary system is greater than 

when they are used for propulsion. 
Furthermore, the propulsion battery 

system is more complex and, therefore, 
more expensive than the auxiliary 

system. This means that the increase in 
CAPEX during electrification is higher 

for propulsion than for auxiliary 
systems. Hence, the shift to electric 

systems is more economical in 

auxiliary applications than in 
propulsion in any country. Therefore, 

auxiliary systems should be the first to 
be converted to battery (grid + 
renewable) from diesel before 
undertaking the conversion of 

propulsion systems. 
 

When it comes to fuel cells, like 
batteries, they also generate electricity. 

This means the same reasoning for 
greater OPEX reduction in auxiliary 

systems applies to fuel cells as it does 
for batteries. The higher CAPEX for 

propulsion compared to auxiliary 
systems is also relevant here. This 

implies that the shift to electric 
systems and fuel cells is more 

economical in auxiliary applications 
than in propulsion in any country. 

Therefore, auxiliary systems should be 
prioritised for conversion to fuel cells 

(+ renewable sources) from diesel 
before undertaking the conversion of 

propulsion systems. 
 

Since hydrogen as a fuel for 
transport applications is still emerging, 
and fuel prices have not yet stabilized 
across countries, three scenarios were 

assessed: 500 US cents per kg in the 
near term, 300 in the medium term, 

and 200 in the long term. When 
comparing the cost of electrical energy 

(auxiliary) from a fuel cell, the prices 
for these scenarios are 43, 26, and 17 

US cents per kWh, respectively. 
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63 Uzbekistan  90 5 6 36 7 29 22 40 

64 Malta 134 16 20 54 22 43 21 59 

65 Costa Rica 133 16 20 53 22 43 21 59 

66 Brazil 121 14 17 48 19 39 20 54 

67 Singapore 189 31 38 75 42 61 19 84 

68 Romania 155 23 28 62 31 50 19 69 

69 Bangladesh  99 10 12 40 13 32 19 44 

70 Sri Lanka 110 13 16 44 18 36 18 49 

71 Argentina 89 8 10 36 11 29 18 39 

72 Turkey 126 18 22 50 24 41 17 56 

73 Vietnam 81 8 10 32 11 26 15 36 

74 Sudan  66 4 5 26 6 21 15 29 

75 Philippines 110 16 20 44 22 36 14 49 

76 Pakistan 99 13 16 40 18 32 14 44 

77 Gabon  97 12 15 39 17 31 14 43 

78 Trinidad & 
Tobago  

65 5 6 26 7 21 14 29 

79 Canada 127 20 25 51 28 41 13 56 

80 Peru 110 17 21 44 23 36 13 49 

81 Barbados 165 30 37 66 41 53 12 73 

82 USA 103 15 19 41 21 33 12 46 

15 

83 Maldives  95 14 17 38 19 31 12 42 

84 Qatar 56 4 5 22 6 18 12 25 

85 UAE - Dubai 82 11 14 33 16 27 11 36 

86 China 102 17 21 41 23 33 10 45 

87 Taiwan 91 14 17 36 19 29 10 40 

88 UAE 82 12 15 33 17 27 10 36 

89 Russia 72 10 12 29 13 23 10 32 

90 Australia 123 23 28 49 31 40 9 55 

91 Moldova 121 22 27 48 30 39 9 54 

92 Burkina Faso 114 20 25 46 28 37 9 51 

93 Thailand 87 14 17 35 19 28 9 39 

94 Ecuador 46 4 5 18 6 15 9 20 

95 Austria 176 36 44 70 49 57 8 78 

96 Cambodia 100 18 22 40 24 32 8 44 

97 El Salvador 98 18 22 39 24 32 8 43 

98 Dom. 
Republic 

101 19 23 40 26 33 7 45 

99 Tunisia  72 11 14 29 16 23 7 32 

100 Ghana 108 21 26 43 29 35 6 48 

101 Kuwait 37 4 5 15 6 12 6 16 

102 Nicaragua 118 24 30 47 33 38 5 52 

103 Madagascar 106 21 26 42 29 34 5 47 

104 Belarus 71 13 16 28 18 23 5 32 

105 Bahrain  48 8 10 19 11 16 5 21 

107 Azerbaijan  47 7 9 19 10 15 5 21 

106 Honduras 93 19 23 37 26 30 4 41 

108 Jamaica 131 28 35 52 39 42 3 58 

109 Algeria 22 3 4 9 4 7 3 10 

110 Angola  16 2 2 6 2 5 3 7 

111 Panama 87 19 23 35 26 28 2 39 

112 Georgia 128 29 36 51 40 41 1 57 

113 Ivory Coast 120 28 35 48 39 39 0 53 

114 Saudi Arabia 31 7 9 12 10 10 0 14 

115 Libya  3 1 1 1 1 1 0 1 

116 Guatemala 103 25 31 41 34 33 -1 46 

117 Slovakia 167 41 51 67 57 54 -3 74 

118 Lebanon 75 20 25 30 28 24 -4 33 

119 Kazakhstan  63 18 22 25 24 20 -4 28 

120 Bahamas  147 40 49 59 54 48 -6 65 

121 Aruba 126 34 42 50 47 41 -6 56 

122 Malaysia 47 15 19 19 21 15 -6 21 

123 Iran  0.6 4 5 0 6 0 -6 0 

124 Oman 67 22 27 27 30 22 -8 30 

125 Cuba  105 32 40 42 44 34 -10 47 

126 Colombia 62 22 27 25 30 20 -10 28 

127 Ukraine 141 41 51 56 57 46 -11 63 



Grid Cost & Fuel Cost
For 4 Countries
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Grid Cost & Fuel Cost
For 4 Countries

Rank

4

41

114

130

Country

Norway

India

Saudi
Arabia

US-
California

15

11

09

43

CEE-B
(US

Cents/
kWh)

80

50

12

42

CEE-DG
(US

Cents/
kWh)

17

12

10

48

CPE-B
(US

Cents/
kWh)

65

40

10

34

CPE-E
(US

Cents/
kWh)

201 12

09

07

35

125

31

104

CFO
(US

Cents/L)

CG
(US

Cents/
kWh)

High diesel cost and low grid cost       Ease of Electrification



Auxiliary and Propulsion
Energy Cost

Auxiliary
Propulsion

Norway

65

48

39

28

3

-1
-14

0

Greater difference = Higher OPEX savings
Auxiliary has higher OPEX savings
Auxiliary has lower CAPEX compared to propulsion

India Saudi
Arabia

US-
California

Auxiliary to be converted to electric from diesel before propulsion

U
S 

Ce
nt

s



Cost Of Energy From Fuel Cell (H2)

Cost of H2

Cost of Energy in US Cents

Higher OPEX savings in Auxiliary compared
to propulsion
Lower CAPEX in Auxiliary compared to
propulsionPresent

5 USD/kg 3 USD/kg 2 USD/kg

Near term Long term

Auxiliary

500
US
C

43 26 17 48 29 19

300
US
C

200
US
C

500
US
C

300
US
C

200
US
C

Propulsion

Auxiliary to be converted to fuel cell from diesel before propulsion



Cost of energy from fuel cell (H2) 

No. of countries where cost of energy from H2is cheaper then diesel

Higher OPEX savings in Auxiliary compared
to propulsion
Auxiliary has lower CAPEX compared to
propulsion 

Auxiliary

500
US
C

84 116 125 36 102 120

300
US
C

200
US
C

500
US
C

300
US
C

200
US
C

Propulsion

In long term Green H2 is likely to be attractive energy option for most countries



Combination of Energy sources

Grid

Electricity
FO

H2

Mechanical

Electrical
energy

Auxiliary
loads

Battery

Motor

D/G Propulsion
energy

PB

PB

PDAlternatorEngine

Engine

H2 Tank

FO Tank

FO Tank

M

Battery

Charge
controller

Charge
controller

Solar

Fuel cell

Wind
Turbine

Wind
Sail

Thrust



Cost of Energy from combination

Wind
Sail

SFCFC in g/kWh

SFCE in g/kWh

SFCE in g/kWh

BatteryGrid

Electricity
FO
H2

Mechanical

Electrical
energy

Auxiliary loads

Alternator

MotorH2 Tank Fuel cell

Engine
D/G

Engine

Propulsion
energy

PB

PB

PD Thrust

V

FO Tank

FO Tank

CEE-B =

CEE-S = 0 CEE-W = 0

CG

CG

CH

CFO

CFO

(    x     )

CPE-M =

CPE =  CPE-M x EM + CPE-E x EE

 CEE

CPE-W = 0

B

B

M
M

E

E

E

E

A

FO

FO

Battery

Charge
controller

Solar

Charge
controller

Wind
Turbine

CEE = CEE-B x EB  
CEE-FC x EFC

CEE-DG x EDG
+

+

1+C( (

EAFO
x Mx

xx

x x
CEE-DG =

1000
SFC M-EECFO

CEE-FC = CH SFC
1000 x E

x FC

CPE-E = 1000
SFCCFO x x

x
1+C( (

M-E

FO

E



Cost of Energy from combination

40¢
40¢

=9¢

¢

¢CG

EngineFO Tank

FO

CPE-E =
CPE==125 ¢CFO

Grid Battery Motor

B

E

M

¢CEE-B =11 CPE-B =12

CEE-S =0 CPE-S =0

CPE=4

67%

67%

33%
33%

Aditya Solar Ferry

Charge
controller

Solar

=9¢

¢

¢
¢

¢

¢

CG

Grid Battery Motor

B

E

M

¢CEE-B =11 CPE-B =12

CPE=12

100%

Solar Ferry Electric Ferry Diesel Ferry

Electric Ferry

Diesel Ferry

SFCE in g/kWh

40

12

4

U
S 

Ce
nt

s

Solar can significantly reduce OPEX in slow speed passenger boats



Partial shift to electric | Hybrid

Series Parallel
Independent shaft Same shaft

Genset or
Fuel cell

Battery Solar

BatterySolar

BatterySolar

Motor

Motor

Motor Engine Engine



Partial shift to electric | Hybrid

50%

50%

=9¢

Grid Battery
CG

=125 ¢CFO

B

E

AlternatorEngine
D/G

FO Tank

E

A

FO

M

Motor

CEE-B =11 ¢ CPE-B =12¢

CEE-DG =50¢ CPE-DG =55¢

CPE=SFCE in g/kWh

50%

50%

Grid Battery Motor

B

E

M

CEE-B =

EngineFO Tank

FO

=9¢

11¢

CPE-B =12¢

CPE-E  =40¢

CPE=26¢34¢

CG

=125 ¢CFO

SFCE in g/kWh

Parallel hybrid has higher OPEX savings than series hybrid compared to pure diesel

Series hybrid has higher CAPEX since motors are bigger and regulations are stringent for
main propulsion.

In applications where it works, parallel hybrid is cheaper than series hybrid

Parallel Hybrid Pure DieselSeries Hybrid

40 ¢



Initial Conclusions

Auxiliary to be converted to electric from diesel before
propulsion

High diesel cost and low grid cost       Ease of
Electrification

Auxiliary to be converted to fuel cell from diesel before
propulsion
In long term Green H2 is likely to be attractive energy
option for most countries
Solar can significantly reduce OPEX in slow speed
passenger boats
In applications where it works, parallel hybrid is cheaper
than series hybrid



Economic Analysis

CAPEX + OPEX = TCO

f (Cost of Energy)



Our Boats

Speed :   8 knots
Location :    Mumbai, Maharashtra, 

      India
Mazagon Dock Shipbuilders Ltd

Maldives
01

Kerala
Uttar Pradesh
Punjab
Maharashtra
Madhya Pradesh
Odisha
West Bengal
Karnataka
Tamil Nadu

India
41
06
04
03
02
01
01
01
01

60 Tourism
Passenger Transport
Fishing
Vehicle Transport
Work Boat

34
19
06
02
01Turkey

01

Canada
Locations Applications

01



100 Pax ferry

Speed 8-12 knots Range 75-200 km/day



CEE-DG = 50 US Cents/kWh

SFCFC = 70 g/kWh

SFCE = 250g/kWh

SFCE = 250 g/kWh

BatteryGrid

Electricity
FO
H2

Mechanical

Auxiliary
energy

Alternator

MotorH2 Tank Fuel cell

Engine
D/G

Engine

Propulsion
energy

PB

PB

PD PE

V

FO Tank

FO Tank

CEE-B = 12 US Cents/kWh

CEE-S = 0
CEE-FC = 39/23/16

US Cents/kWh

CPE-E = 41 US Cents/kWh

CAE =

CPE-M =

12 US Cents/kWh (100% grid + Battery)
9 US Cents/kWh (73% grid + Battery, 27% solar)
50 US Cents/kWh (Diesel boat)

13 US Cents/kWh (100% grid + Battery)
9 US Cents/kWh (73% grid + Battery, 27% solar)
55 US Cents/kWh (Serial hybrid (DG driving propulsion))

CPE =  CPE-M x EM + CPE-E x EE

B

M

E

E

E

A

SFCE

CG - Cost of grid  $/kWh

B

M

E

A

FO

CH - Cost of H2  $/Kg

CEE-B - Cost of electrical energy from battery
CEE-FC - Cost of electrical energy from fuel cell
CEE-DG - Cost of electrical energy fron D/G

CEE-S - Cost of electrical energy from solar
CPE-E - Cost of propulsion energy from engine
CPE-M - Cost of propulsion energy from motor

CAE - Cost of auxiliary energy EM - % Energy from motor
EE - % Energy from engine
ME - Engine maintenance (LO, filter, overhauling) ~ 10% CFO

CPE - Cost of propulsion energy
CFO - Cost of fuel  $/l

- Battery efficiency
- Other system efficiency
- Alternator efficiency

- Motor efficiency

PB - Brake horse power

PE - Effective power

- Density of fuel Kg/l

- Specific fuel Consumption
   engine g/kWh

SFCFC
- Specific fuel consumption
   fuel cell g/kWh

PD - Power delivered to
   propeller

EB - % Energy from battery
EFC - % Energy from fuel cell
EDG - % Energy from D/G
ES - % Energy from solar

Battery

FO - Density of fuel Kg/l

Charge
controller

Solar

9 US Cents/kWh

5/3/2 USD/kg

1.25 USD/litre

0.85 kg/litre

1.25 USD/litre

100 Pax Ferry and energy costs

CG =

= 90%

= 90%

= 90%

= 90%

= 90%

CH =

CFO =

CFO =

FO =

0.85 kg/litreFO =



CAPEX, OPEX, TCO and TCO-NPV calculations



CAPEX, OPEX, TCO and TCO-NPV calculations



CAPEX, OPEX, TCO and TCO-NPV calculations



CAPEX, OPEX, TCO and TCO-NPV calculations



CAPEX, OPEX, TCO and TCO-NPV calculations



How discount rate affects TCO NPV



TCO NPV for various speeds (8/10/12 knots) and range (75/100/150/200 km)



TCO NPV for various speeds (8/10/12 knots) and range (75/100/150/200 km)



When is Hydrogen effective?

2

2

3

3

5

5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5 2 3 5



100 Pax ferry

Speed 12 knots Range 200 km/day Trip range 100 km



Series Parallel
Independent shaft Same shaft

Genset or
Fuel cell

Battery Solar

BatterySolar

BatterySolar

Motor

Motor

Motor Engine Engine



What changes with high speed and high trip range?

H2 @ USD/KgH2 @ USD/KgH2 @ USD/Kg



What changes with high speed and high trip range?



Thankyou.


