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Types Of Energy
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Decarbonisation Pathway

% cargo utilisation

INncrease in output

% sailing

Hull maintenance

Weather effects Route optimisation
Trim Optimisation

Operations
Decrease energy Speed Optimisation
—

Maintenance

need

Hull resistance

Energy saving solutions Propeller flow conditioning

Good design Propeller modification

Reduce weight
Reduce drag

Improve ship efficiency

and decarbonisation

Engine efficiency

Carbon capture LED lighting

> Operations

Propeller coatin

Bow foils

Gate rudder
Maneuvering devices Twister rudder
Asymmetric rudder

Waste heat recovery

Electronic engine

Frequency converters
Cleaner fuels
Shift to other
energy sources :
\Wilgle!
s

Coating
Air lubrication
Bow optimisation

Hull wane
Grotheus spoiler

Mewis duct Contra rotating

— —
©)
=3
5

chneekluth duct

Vortex generator

NPT propeller

Kappel propeller

CLT propeller

Hub modification

Propeller efficiency

PBCF
K-CAP +fins
Rudder bulb

Hull vortex vane

Vane wheel
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Technology Readiness

Solar Battery
50%

Present

Small Ships

Hydrogen
fuel cell

Combination

Near term

Large Ships

Hydrogen
fuel cell
79%

Long term
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Cost of Energy

Battery (Grid)
Mg
L. oy
7 4. Ne
e battery  Cees = Cres= >
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Grid Cost & Fuel Cost

Across The World

Co
Rank Country (%g C(;Jlfs /
Cents/l) kWh)
1 Hong Kong 290 17
2 Iceland 235 13
3 Estonia 170 2
4 Norway 201 12
5 Albania 202 13
6 UK 191 11
7 Hungary 169 7
8 Denmark 195 14
9 Germany 188 12
10 Serbia 184 12
11 Portugal 172 10
12 ﬁiﬁﬁ}énc 163 ’
13 Ireland 190 15
14 Finland 209 21
15 Belgium 189 16
16 Switzerland 221 26
17 Kenya 132 5

18 Lesotho 118 2
19 Greece 183 18
20 Lithuania 166 14
21 Latvia 170 15
22 Italy 191 21
23 Belize 173 17
24 Spain 164 15
25 N. Macedonia 132 8
27 Uruguay 147 12
26 | Bosma & 146 11
Herz.
28 Zambia 116 5
29 Cyprus 162 16
30 Bulgaria 148 13
31 Mozambique 143 11
32 Rwanda 130 9
33 Swaziland 126 8
34 Malawi 162 17
35 E?Jf&in 154 15
36 South Africa 126 9
37 Bhutan 96 2
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Grid Cost & Fuel Cost

Across The World

38 Mexico 142 13 59 Japan 110 9
39 Uganda 137 11 60 Syria 78 2
40 | Tanzania 128 10 61 Liechtenstein 218 16
41 India 125 9 6 Togo 143 8
43 B 119 8
i 63 Uzbekistan 90 5
42 Nepal 118 7
64 Malta 134 16
44 Nigeria 117 7 _
65 Costa Rica 133 16
45 Luxembourg 164 19 )
66 Brazil 121 14
46 Morocco 141 14 )
67 Singapore 189 31
47 Chile 119 9
68 Romania 155 23
48 Sierra Leone 152 17
69 Bangladesh 99 10
49 Cameroon 121 10
70 Sri Lanka 110 13
50 DR Congo 117 9
71 Argentina 89 8
51 Slovenia 157 19
— 72 Turkey 126 18
52 Mauritius 144 16
— 73 Vietnam 81 8
53 Ethiopia 141 15
4 4
54 | Botswana 127 1 ! Sudan 06
55 Tordan 102 6 75 Philippines 110 16
56 Paraguay 99 5 76 Pakistan 99 13
57 Netherlands 189 27 77 Gabon o7 12
Trinidad &
58 | South Korea 114 10 B | Tobago 65 5
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Grid Cost & Fuel Cost

Across The World

79 Canada 127 20
80 Peru 110 17
81 Barbados 165 30
82 USA 103 15
83 Maldives 95 14
84 Qatar 56 4

85 UAE - Dubai 82 11
86 China 102 17
87 Taiwan 91 14
88 UAE 82 12
89 Russia 72 10
90 Australia 123 23
91 Moldova 121 22
92 Burkina Faso 114 20
93 Thailand 87 14
94 Ecuador 46 4

95 Austria 176 36
96 Cambodia 100 18
97 El Salvador 98 18
98 Egﬁbnc 101 19

99 Tunisia 72 11 118 Lebanon 75 20
100 Ghana 108 21 119 Kazakhstan 63 18
101 Kuwait 37 4 120 Bahamas 147 40
102 Nicaragua 118 24 121 Aruba 126 34
103 Madagascar 106 21 122 Malaysia 47 15
104 Belarus 71 13 123 [ran 0.6 4
105 Bahrain 48 8 124 Oman 67 22
107 Azerbaijan 47 7 125 Cuba 105 32
106 Honduras 93 19 126 Colombia 62 22
108 Jamaica 131 28 127 Ukraine 141 41
109 Algeria o0 3 128 Cape Verde 123 38
110 Angola 16 ) 129 Venezuela 0.4 10
11| Panama 7 19 130 | oo 104 35
112 Georgia 128 29 131 Israel 196 58
113 Ivory Coast 120 28 132 Egypt 27 20
114 Saudi Arabia 31 7 133 Poland 128 50
115 Libya 3 1
116 Guatemala 103 25
117 Slovakia 167 41
118 Lebanon 75 20
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Grid Cost & Fuel Cost
For 4 Countries

4 N
C
CFO (UGS
Rank Country (US Cents/

Cents/L) KWh)

4 Norway 201 12
4] India 125 09
Saudi
14 Arabia S 07
US-
\_ 130 California 104 35 W,
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Grid Cost & Fuel Cost
For 4 Countries

a ™
CFO CG CEE-B CEE-DG CPE-B CPE-E
Rank Country (US (US (US (US (US (US
Cents/L) Cents/ Cents/ Cents/ Cents/ | Cents/
KWh) kWh) kWh) kWh) | kWh)
4 Norway 201 12 15 80 17 65
41 India 125 09 1 50 12 40
Saudi
114 Essis Sl 07 09 12 10 10
US-
130 i ' 104 35 43 42 48 34
\_ California /

' High diesel cost and low grid cost — Ease of Electrification
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Auxiliary and Propulsion
Energy Cost

B Auxiliary
Propulsion

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

US Cents

US-
3 California
. © L >
Norway India Saudi ]
Arabia 14

‘9- Auxiliary to be converted to electric from diesel before propulsion M
Navalt



Cost Of Energy From Fuel Cell (H.)

Cost of H,
e Higher OPEX savings in Auxiliary compared
5 USD/kg 3 USD/kg 2 USD/kg to propulsion
e Lower CAPEX in Auxiliary compared to
Present Near term Long term propulsion

Cost of Energy in US Cents

/ Auxiliary Propulsion \
500 300 200 500 300 200
US US US US US US
C C C C C C
K43 26 17 48 29 19 /

‘9- Auxiliary to be converted to fuel cell from diesel before propulsion M
Navalt



Cost of energy from fuel cell (H,)

No. of countries where cost of energy from H,
iIs cheaper then diesel

/ Auxiliary Propulsion \
500 300 200 500 200 500 e Higher OPEX savings in Auxiliary compared
us us US Us US US to propulsion
C C C C C C e Auxiliary has lower CAPEX compared to
ropulsion
\84 116 125 36 102 120 / PTop

‘9-In long term Green H, is likely to be attractive energy option for most countries M
Navalt



Combination of Energy sources
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Cost of Energy from combination

Co

CH

CFO
fro

CFO
fro

H2 Tank

A\ 4

A 4

A ﬁé\\
n Solar TYJY'Lnige
’ Co
- Cees=
4 Me MM !
Pattery Charge Charge
controller  controller
SFC_. in g/kWh
Ceerc= CuxSFC¢c Cees=0 |Ceew=0
M T]E 1000 x M
Electrical
Fuel cell = energy \Moto/
BEy

SFC_in g/kWh 1),

FO Tank

FO Tank

A\ 4

A

Alternator

Cro xSFCex (14+Cwm-e)

CEE-DG =

1000 x P x Mp*xNex TNy

Cee= Ceesx Es+

Ceerc X Erc+
Ceepe X Eps

SFC_ in g/kWh

v

Auxiliary loads

M Crem =

—— FO

Electricity

H>

Mechanical

CEE

Po

Ps

CPE-E =

Cro x SFC¢ x (1+CM-E)

1000 x P,

Propulsion
energy

Cre= Cremx Em + Creex Ee
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Cost of Energy from combination

Aditya Solar Ferry

Ce =9¢

Electric Ferry

Ce =9¢

Diesel Ferry

Cro=125¢

‘9- Solar can significantly reduce OPEX in slow speed passenger boats

N
@ A
A\CEE-S =0 Cres=0 67% 40¢
noSE o,
= .0y D
4 -0 n 67% :\ \ ()]
> 4 . - l )/@b w \4ﬂb Cre=4¢ 'E
Grid Battery 33% %t” “‘ 8
Cess=1¢ - Cres=12¢ - 33% g
12¢
Ms Mm
=0y -
% > i. e )/'E\ \\\4@5 Cre=12¢
Grid Battery \M‘”w/ 4
N CEE-B =11¢ ___________ CPE-B =12¢_____100%
- ,
SFCE in g/kWh
E i Cre=40¢
FO Tank Engine Cree=40¢
fre

—_— e — — N

Solar Ferry

Electric Ferry
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Partial shift to electric | Hybrid

0
4=

| = I = )

=
2
eed

Genset or
Fuel cell

Series

Independent shaft

E
Motor
Q =
[ H | _4+
Solar Battery
Parallel

Same shaft
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Partial shift to electric | Hybrid

Series Hybrid Parallel Hybrid Pure Diesel
E— N
% [ = Me Cees=11¢ Cres=12¢ T i b
-4 EEB=11G -~~~ PE-B = oo | o
Co =9¢ i- E & % II Hiz,? Ne /@ Cres=12¢
Grid Battery 50% G = = =8
) \ / Nu Grid \Battery Ces=11¢ WC’PV 50%
//-E \ / /
e i U \M;o Y T - SFC_ in g/kWh i 40¢
) e - G=34¢ 0 50% | C=20¢
ﬁ 3-8 {' 1 T]E 50% Cro=125¢ E
Cro=125¢ | ——= o | 45 FO Tank Engine Cre-e =40¢
FO Tank Engine A,temqtorJ Ceeoc=50¢- - Crenc=55¢
D/G PFo

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

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

‘¢9-In applications where it works, parallel hybrid is cheaper than series hybrid AA/
Navalt



Initial Conclusions

3

gh diesel cost and low grid cost — Ease of
Iectrlflcatlon

\ U4

- Auxiliary to be converted to electric from diesel before
propulsion

\ 4

- Auxiliary to be converted to fuel cell from diesel before
propulsion

j In long term Green H, 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
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Economic Analysis
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Our Boats

|ndi0| —— 60 Tourism —— 34
Kerala ———— 41 Passenger Transport —19
Uttar Pradesh — 06 Fishing ————06
Punjadb ——— 04 Vehicle Transport 02
Maharashtra — 03 Work Boat —————01
Madhya Pradesh-02
Odisha ——— O1
West Bengal O1
Karnataka—— O
Tamil Nadu O1

Mo



100 PAX FERRY

B il sm—

Nl INE IR

Speed 8-12 knots  Range 75-200 km/day
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100 Pax Ferry and energy costs

Cce = 9 US Cents/kWh

Cu = 5/3/2USD/kg

Cro = 1.25 USD/litre

PFO = 0.85 kg/litre

Cro =1.25 USD/litre

H:o = 0.85 kg/litre

H2 Tank

o
|
Solar
nB = 90% \ b,
A Ne=90% Cees= 12 US Cents/kWh
Battery Charge
controller
SFC__=70 g/kWh |
C
Ii | Ces=0 T]M
_ 39/23/16
M TIE= 90% EFCT US Cents/kWh @ P:
, Auxiliary v
Fuel Ce" r?-[;?l energy Motor
BEy

SFC

= 250g/kWh 1), = 90%

®

oMY

FO Tank

FO Tank

\ 4

nE = 90%

Engine Alternator

D/G

Ceeoc = 50 US Cents/kWh

SFC_ = 250 g/kWh

v

12 US Cents/kWh (100% grid + Battery)
Cae = 92 US Cents/kWh (73% grid + Battery, 27% solar)
50 US Cents/kWh (Diesel boat)

Electricity
FO
H2

Mechanical

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

Po

2

Engine Ps

Propulsion
energy

Cre= Cremx Em + Creex Ee

Cree= 41 US Cents/kWh

Co
Chx
Cro

- Cost of grid S/kWh
- Cost of H, $/Kg
- Cost of fuel $/I

Cees - Cost of electrical energy from battery

Cee-rc - Cost of electrical energy from fuel cell

Cee-oc - Cost of electrical energy fron D/G Ps

Cees - Cost of electrical energy from solar
Cree - Cost of propulsion energy from engine
Crem - Cost of propulsion energy from motor
Cre - Cost of propulsion energy

Cae - Cost of auxiliary energy

- Brake horse power

Po - Power delivered to Es - % Energy from battery
propeller Erc - % Energy from fuel cell
Pe - Effective power Eoe - % Energy from D/G
SFCE - Specific fuel Consumption | Es - % Energy from solar
engine g/kWh E 7 e .
- % t
SFC_ _ - Specific fuel consumption i )M IS
FC  fuel cell g/kWh E: - % Energy from engine

M - Motor efficiency

g - Battery efficiency

Ne - Other system efficiency
Na - Alternator efficiency
Ro - Density of fuel Kg/I

Ro - Density of fuel Kg/I

Me - Engine maintenance (LO, filter, overhauling) ~ 10% Cro

) w\lqvqlt




CAPEX, OPEX, TCO and TCO-NPYV calculations

Solar plant production and degradation

for aux. battery and sinze there are two sets of battery

for prop. battery and sinze there are two sets of battery
for prop. battery and sinze there are two sets of battery

for each 120 kWh scaled unit

of electrical energy
of mechanical energy
of electrical energy

9 US Cents per kWh

5 UsSD per kg
1.25 USD per litre
12 US Cents per kWh
39 US Cents per kWh
50 US Cents per kWh
13 US Cents per kWh
43 US Cents per kWh
55 US Cents per kWh
41 US Cents per kWh

Inputs

Platform 100 pax ferry this decide the speed-power curve (hull and draft) Scalability of battery

Location Kochi for solar production Low voltage LFP 20 kWh

Speed 8|knots decides the propulsion power required

Range per day 75|km 133 km is 9 hrs disctance Medium voltage LFP 80 kWh

Max charging range 15|km Medium voltage LTO 120 kWh

Running time 304 mts 5.1 hrs

Annual operations 350|days LTO battery cooling 5 kw

Air con load 9|kw for super-efficient based on the platform

Air con load 12|kwW for efficient based on the platform Scalability of fuel cell (size) 70 kw

Air con load 15(kw for traditional based on the platform H2 tank scalability 7 kg

Other aux. load 1|kwW based on the platform

Operating time 12|hrs Efficiency of prop motor (nM) 90%

Aircon running time 9.6 hrs 80% of time Efficiency of battery (nB) 90%

Power (supere-efficent) 40 kw from the speed power curve Efficiency of elec system (nE) 90%

Power (effident) 56 kw increase if 40% Efficiency of alternator (nA) 90%

Power (traditional) 84 kw increase is 110% SFC of H2 fuel cell (SFCFC) 70|g/kxWh

Solar plant size 25|kw based on platform SFC of Diesel engine (SFCE) 250|g/kxWh

Insolation 5.5 based on location SFC of Diesel generator 278 g/kWh

System efficiency 0.64 3.5 kWh per kW in a day Density of diesel (rhoFO) 0.85|kg/litre

Daily solar energy 88 kWh Average production for whole year

Solar plant degradation 0.93%|every year 20% degradation in 25 years USD Rate 80|Rs/USD
Cost of grid (CG) 7.5 Rs

Prop solar 70.4 kWh 80% proportion for propulsion Cost of hydrogen (CH) 400 Rs

Aux. solar 17.6 kWh 20% proportion for auxiliary Cost of diesel (CFO) 100 Rs

LFP design based on 100%|average production for the year Cost of LO, filters & overhaul in engine (Em] 10%|of CFO

whole day super-effident effident Cost of elec energy from battery (CEE-B) 93 Rs

Propulsion energy 203 kWh 283 kWh Cost of elec energy from H2 FC (CEE-FC) 311 Rs

Auxiliary energy 98.4 kWh 127.2 kWh air con load is for running time and other aux. load is for operating tir Cost of elec energy from DG (CEE-DG) 399 Rs

Max Trip range super-efficdent LTO system Cost of prop energy from battery 103 Rs

Trip distance 15 km Cost of prop energy from H2 FC 346 Rs

Trip time 61 mts Cost of prop energy from DG 443 Rs

Propulsion energy 41 kWh

Auxiliary energy 10 kWh Cost of prop energy from Engine (CPE-E) 324 Rs

CAPEX computation Battery SOC, DOD and buffer for degradation and replacement

Boat without propulsion and drive 2,40,00,000 |INR 3,00,000 USD GRP Boat DoD for fast charging LTO 60%
DoD for slow charging LFP 80%
Degradation and additional capacity LTO 20%
Degradation and additional capadity LFP 20%

Year Energy (kWh Difference (kWh)
1 30,800 0
2 30,515 (285)
3 30,233 (567)
4 29,953 (847)
5 29,676 (1,124)
6 29,401 (1,399)
7 29,129 (1,671)
8 28,859 (1,941)
9 28,592 (2,208)
10 28,327 (2,473)
11 28,065 (2,735)
12 27805 (2,995)
13 27,548 (3,252)
14 27,293 (3,507)
15 27,040 (3,760)
16 26,790 (4,010)
17 26,542 (4,258)
18 26,296 (4,504)
19 26,053 (4,747)
20 25,812 (4,988)
21 25,573
22 25,336
23 25,102
24 24 870
25 24,640

uUsD
INR

includes cost of LO, filters & overhaul

incdludes cost of LO, filters & overhaul

Currency
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LFP System - Propulsion battery and aux battery separate

CAPEX, OPEX, TCO and TCO-NPV calculations

Propulsion energy need (mechanical) 203 kWh Cost with drives and controls 21,67,000 Rs 27,088 USD
Propulsion energy need (electrical) 226 kWh loss of electrical to mechanical energy
Prop battery need 338 kWh battery DOD is 80% and additional buddfer of 20% due to degradation replacement Variable cost of LFP prop battery 70,000 |Rs 875 USD per kWh
Prop battery size 320 kWh Two sets of 160 kWh batteries Replacement cost of LFP prop battery 50,000 |Rs 625 USD per kWh
Aux. energy need (electrical) 98 kWh Cost of prop battery pack 2,24,00,000 Rs 2,80,000 USD
Aux battery need 148 kWh battery DOD is 80% and additional buddfer of 20% due to degradation replacement Cost of replacement in 7 yrs 1,60,00,000 Rs 2,00,000 USD
Aux battery size 140 kWh Two sets of 70 kWh batteries
Variable cost of LFP aux battery 40,000 |Rs 500 UsSD per kWh
Electrical energy from grid 324 kWh Replacement cost of LFP aux battery 30,000 |Rs 375 USD per kWh
Consumptionfrom battery annually 1,13,384 kWh Cost of aux battery pack 56,00,000 Rs 70,000 USD
OPEX energy cost 10,54,475 Rs. 13,181 USD Cost of replacement in 7 yrs 42,00,000 Rs 52,500 USD
System cost Rs 31,250 USD
CAPEX of boat 5,66,67,000 Rs 7,08,338 USD
LFP System - with Solar
For sizing, total solar production 88 kWh Cost with drives and controls 21,67,000 Rs 27,088 USD
Propulsion energy from sun (electrical) 70.4 kWh 80% of energy is for propulsion
Propulsion enegy from battery (electrical 155 kWh Variable cost of LFP prop battery 70,000 Rs 875 USD per kWh
Prop battery need 233 kWh battery DOD is 80% and additional buddfer of 20% due to degradation replacement Replacement cost of LFP prop battery 50,000 Rs 625 USD per kWh
Prop battery size 240 kWh Two sets of 120 kWh batteries Cost of prop battery pack 1,68,00,000 Rs 2,10,000 USD
Aux. energy from sun 17.6 kWh Cost of replacementin 7 yrs 1,20,00,000 Rs 1,50,000 USD
Aux. enegy from battery 80.8 kWh remove solar from total aux. energy need (electrical)
Aux battery need 121 kWh battery DOD is 80% and additional buddfer of 20% due to degradation replacement Variable cost of LFP aux battery 40,000 Rs 500 UsSD per kWh
Aux battery size 120 kWh Two sets of 60 kWh batteries Replacement cost of LFP aux battery 30,000 Rs 375 UsSD per kWh
Cost of aux battery pack 48,00,000 Rs 60,000 USD
% solar contribution 27% Cost of replacement in 7 yrs 36,00,000 Rs 45,000 USD
Electrical energy from grid 236 kWh System cost 25,00,000 Rs 31,250 USD
Consumptionfrom battery annually 82,584 kWh
OPEX energy cost 7,68,035 Rs. 9,600 USD Solar plant cost 15,00,000 Rs 18,750 USD per kW
CAPEX of boat 5,17,67,000 Rs 6,47,088 USD
LTO System - Propulsion battery and aux battery combined (Between charging)
Propulsion energy need (mechanical) 41 kWh Variable cost of motors (power rating)
Propulsion energy need (electrical) 46 kWh loss of electrical to mechanical energy 30 15,00,000 Rs 18,750 USD
Aux. energy need (electrical) 10 kWh 120 45,00,000 Rs 56,250 USD
Total energy (electrical) 56 kWh Interpolation using above rates
Battery size need 111 kWh battery DOD is 60% and additional buddfer of 20% due to degradation replacement 50 kW motors
Battery size 120 kWh Cost with drives and controls 21,67,000 Rs 27,088 USD
Battery cooling power 5 kW for every set of 120 kWh need 5 kW power
Battery cooling energy 5 kWh for the trip time Variable cost of LTO battery 2,00,000 |Rs 2,500 USD per kWh
Total battery cooling energy 60 kWh Replacement cost of LTO battery 1,80,000 |Rs 2,250 USD per kWh
Check if Total energy + battery cooling < battery size*0.8 Cost of battery pack 2,40,00,000 Rs 3,00,000 USD
61 < 72 TRUE Cost of replacement in 10 yrs 2,16,00,000 Rs 2,70,000 USD
Final battery size (After cooling check) 120 kWh Two sets of 60 kWh batteries
Total electrical energy 384 kWh propulsion electrical + auxiliary electrical + battery cooling System cost Rs 5,00,000 USD
Consumptionfrom battery annually 1,34,384 kWh CAPEX of boat 9,01,67,000 Rs 11,27,088 USD
OPEX energy cost 12,49,775 Rs. 15,622 USD
LTO System - with Solar
For sizing since the solar production may not be there in the max. trip time, we assume the same battery size as electric mode (can refine with exact schedule and energy plot)
Total electrical energy 384 kWh Solar plant cost per kW Rs 750 USD per kW
Total solar propduction 88 kWh Solar plant cost 15,00,000 Rs 18,750 USD per kW
Electrical energy from battery + grid 296 kWh
Consumptionfrom battery annually 1,03,584 kWh CAPEX of boat with solar plant 9,16,67,000 Rs 11,45,838 USD
OPEX energy cost 9,63,335 Rs. 12,042 USD

M\quqlt



CAPEX, OPEX, TCO and TCO-NPV calculations

Dlesel LTO LFP LTO-solar  LFP=solar H2FC+LFP+Solar
Fropulsion puower 56 40 42 40 40 4ac
N anfFagine 9ze " 0 a0 0 &0 5N 50
YUK, SNRIF D SIS 16
Salartor propuision [electrical; 70 7 70
Sul o for cumlivry (el ) 1% 1% 1¥
Frapulsioo ey rom ba ey 126 23E 155 155
saxili ary energy from battary BT 94 141 4.
Fropulsion energy from el cell 55
~illany paerpy ram el oedl 8
Frapulsoo energy oo diosed (rmecher 253
caaxili any energy lromdiesel {elelrila| 127
% froen betteyy « 2rid 0% 10C% TR 7%
¥elroonm H2RC K2
% from LG 100'%
Rfrom ol 23X 2TH 16%
Cost 2- Muxlliary encrgy (CAE) 1429 11.6 115 9.0 2.5 318
Cowt 3'Fropulsivnrenwr sy reenrsor (8 554 129 23 10.0 cA 355
et 2 Frapulsioneaar gy |CPF, 115 A0.5 115 A0.5 ans an.s
¥ froem m ators 0% 10C% 100% 100% 0%
¥ from mapine 1NI%
Lot o' Fropulson enwer sy [UPL! 335 124 2.9 10U 5.4 F RN
Fudl cansumec Inprope slon englnz g3
lud consurnec in 20 a6
Fudd cansimes: caly 174
H2 conzam adin prop and cux. daily 14
Frapulsion 3attary slze ~20 0 12) Z430 E-{
vouxili gy Bl gy o 140 120
snrual propulsiar erengy fram battery/HC f4,344 18,4934 44,324 2d,du8 54,304
anrusl sus, energy fromr Battes, TC 35,112 34,490 19,280 26,250 28,280
Faze - prop. Enargy from cizss /hattery/l 31 13 13 13 13 43
Faoe o7 gux, energy frorm diese] Sbattery s 12 =2 1: 12 45
CAFEX of boat In 1070 SO 351 1127 J08 114¢C o347 1128
Co0X 3 buwtin 1000 USD 621 156 232 12.0 c.5 322
(AR Aar beory coplacomer Hin 1EA0 LED N 753 27 155 50

£y % 2% £y % %

KW

Prapaldar paws

USCenss
USCuns
HSCancs

llmres
lires
limrvs

LS

KWk
KWk

KWk
K\WE
USCenss
Uscun.s

H2FC with LFP System and Solar

WV LN W WVES R Ll il it

VY VY W

Propulsion power (mechanical) 40 kW Cost with drives and controls 21,67,000 Rs 27,088 USD
Propulsion power (electrical) 44 kw
Auxiliary power (electrical) 10 kw Variable cost of LFP prop battery 70,000 Rs 875 USD per kWh
Total electrical power need 54 kW Replacement cost of LFP prop battery 50,000 Rs 625 USD per kWh
LFP battery size need (1C) 54 kWh Cost of prop battery pack 56,00,000 Rs 70,000 USD
Prop and aux battery size 80 kWh Two sets of 40 kWh batteries Wil powsr crosses S0 KW then Cost of replacement in 7 yrs 40,00,000 Rs 50,000 USD
next set of battery needed

Fuel cell size 70 kW
No. of fuel cells needed 1 System cost 25,00,000 Rs 31,250 USD
Assumed no. of recharges daily :] Battery, motors and system cost 1,02,67,000 Rs 1,28,338 USD
Propulsion energy need (mechanical) 203 kWh
Propulsion energy need (electrical) 226 kWh loss of electrical to mechanical energy Cost of one 70 kW fuel cell Rs 2,50,000 USD
Aux. energy need (electrical) 98 kWh Cost of fuel cells for the boat 2,00,00,000 Rs 2,50,000 USD
Total electrical energy needed 324 kWh Piping and other fuel cell system cost of fuel cell cost
For sizing, total solar production 88 kWh Piping and other fuel cell system cost 3,00,00,000 Rs 3,75,000 USD
Total electrical energy needed considering 236 kWh Cost of each 7 kg cylinders Rs 25,000 USD
SFC of H2 fuel cell 70 g/kWh Cost of 7 kg cylinders 60,00,000 Rs 75,000 USD
Total H2 needed between recharges 18.4 kg need to take the electrical system efficiency since elec energy is aux consumption
No. of cylinders 3 sets of 7 kg cylinders Assuming solar H2 system cost 5,60,00,000 Rs 7,00,000 USD
Consumption of H2 annually 6440 kg CAPEX of boat 9,02,67,000 Rs 11,28,338 USD
OPEX energy cost 25,76,000 Rs. 32,200 USD
Diesel engine + Generator (efficient)
Propulsion energy (mechanical) 283 kWh Variable cost of engines (power rating)
SFC of Diesel engine (SFCE) 250 g/kWh of mechanical energy 70 20,00,000 Rs 25,000 USD
Propulsion fuel consumed in engine 83 litres 240 60,00,000 Rs 75,000 USD
Auxiliary energy (electrical) 127 kWh of electrical energy Interpolation using above rates
Auxiliary energy (mechanical) 141 kWh of mechanical energy 70 kW engines
SFC of Diesel generator 278 g/kWh of electrical energy Cost Engine, gearbox, tank and accessories 20,00,000 Rs 25,000 USD
Propulsion fuel consumed in generator 46 litres

Variable cost of generator (power rating)
Annual fuel consumption 45,150 litres 5 10,00,000 Rs 12,500 USD

20 25,00,000 Rs 31,250 USD

Cost of fuel annually 45,15,000 Rs. 56,438 USD Interpolation using above rates
Cost of LO, filter, overhaul 4,51,500 Rs. 5,644 USD 16 kW engines
OPEX energy cost 49,66,500 Rs. 62,081 USD Cost generator, tank and accessories 21,00,000 Rs 26,250 USD

CAPEX of boat 2,81,00,000 Rs 3,51,250 USD
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CAPEX, OPEX, TCO and TCO-NPV calculations

Currency
Efficient Super-efficient Super-efficient Super-efficient Super-efficient
Year LTO + Solar Solar LFP
CAPEX OPEX Total Cumulative | CAPEX OPEX Total Cumaulative CAPEX OPEX Total Cumaulative CAPEX OPEX Total Cumaulative CAPEX OPEX Total Cumaulative CAPEX OPEX Total Cumulative

Yr0 351 351.3 351 1,127 1,127.1 1,127 708 708.3 708 1,146 1,145.8 1,146 647 647.1 647 1,128 1,128.3 1,128
Yril 62.1 62.1 4133 15.6 15.6 1,143 13.2 13.2 722 12.0 12.0 1,158 9.6 9.6 657 32.2 32.2 1,161
Yr2 63.9 63.9 477.3 16.1 16.1 1,159 13.6 13.6 735 12.8 12.8 1,171 10.2 10.2 667 33.3 33.3 1,194
Yr3 65.9 65.9 543.1 16.6 16.6 1,175 14.0 14.0 749 13.3 13.3 1,184 10.6 10.6 678 34.4 344 1,228
Yrd 67.8 67.8 611.0 17.1 17.1 1,192 14.4 14.4 763 13.7 13.7 1,198 10.9 10.9 688 35.6 35.6 1,264
YrS 69.9 69.9 680.8 17.6 17.6 1,210 14.8 14,8 778 14.1 141 1,212 11.3 11.3 700 36.7 36.7 1,301
Yr6 72.0 72.0 752.8 18.1 18.1 1,228 15.3 15.3 794 14.6 14.6 1,226 11.7 11.7 711 38.0 38.0 1,338
Yr7 74.1 74.1 826.9 18.7 18.7 1,247 253 15.7 268.2 1,062 15.1 15.1 1,241 195 12.1 207.1 919 50 39.2 89.2 1,428
Yr8 76.4 76.4 903.3 19.2 19.2 1,266 16.2 16.2 1,078 15.6 15.6 1,257 12.5 125 931 40.5 40.5 1,468
Yr9 78.6 78.6 981.9 19.8 19.8 1,286 16.7 16.7 1,095 16.1 16.1 1,273 12.9 12.9 944 41.9 41.9 1,510
¥Yr 10 81.0 81.0 1,062.9 270 20.4 290.4 1,576 17.2 17.2 1,112 270 16.6 286.6 1,560 13.3 13.3 957 43.3 43.3 1,553
Yril 83.4 83.4 1,146.4 21.0 21.0 1,597 17.7 17.7 1,130 17.1 17.1 1,577 13.8 13.8 971 44.7 44.7 1,598
Yri12 85.9 85.9 1,232.3 21.6 21.6 1,619 18.2 18.2 1,148 17.7 17.7 1,595 14.2 14.2 985 46.2 46.2 1,644
Yri3 88.5 88.5 1,320.8 22.3 22.3 1,641 18.8 18.8 1,167 18.3 18.3 1,613 14.7 14.7 1,000 47.7 47.7 1,692
Yr14 91.2 91.2 1,412.0 - 229 22.9 1,664 253 19.4 271.9 1,439 18.9 18.9 1,632 195 15.2 210.2 1,210 50 49.3 99.3 1,791
Yr 15 93.9 93.9 1,505.9 23.6 23.6 1,688 19.9 19.9 1,458 19.5 19.5 1,651 15.7 15.7 1,226 50.9 50.9 1,842
Yr 16 96.7 96.7 1,602.6 24.3 24.3 1,712 20.5 20.5 1,479 20.1 20.1 1,671 16.2 16.2 1,242 52.6 52.6 1,895
Yr17 99.6 99.6 1,702.2 25.1 25.1 1,737 21.2 21.2 1,500 20.8 20.8 1,692 16.7 16.7 1,259 54.3 54.3 1,949
Yr 18 102.6 102.6 1,804.8 25.8 25.8 1,763 21.8 21.8 1,522 21.4 21.4 1,714 17.3 17.3 1,276 56.1 56.1 2,005
Yr 19 105.7 105.7 1,910.5 26.6 26.6 1,789 22.4 22.4 1,544 22.1 22.1 1,736 17.8 17.8 1,294 58.0 58.0 2,063
Yr 20 108.9 108.9 2,019.4 27.4 27.4 1,817 23.1 23.1 1,568 22.8 22.8 1,759 18.4 18.4 1,312 59.9 59.9 2,123

| Discount rate | 10% |

Efficient Super-efficient Super-efficient
Year LTO + Solar Solar LFP
CAPEX OPEX Total Cumulative CAPEX OPEX Total Cumulative CAPEX CAPEX OPEX Total Cumulative CAPEX OPEX Total Cumulative
Yr0 351 351 351 1,127 1,127 1,127 708 708 708 1,146 1,146 1,146 647 647 647 1,128 1,128 1,128
Yril 56.4 56.4 407.7 14.2 14.2 1,141.3 12.0 12.0 720.3 10.9 10.9 1,156.8 8.7 8.7 655.8 29.3 29.3 1,157.6
Yr2 52.8 52.8 460.5 13.3 13.3 1,154.6 11.2 11.2 731.5 10.6 10.6 1,167.4 8.5 8.5 664.3 27.5 27.5 1,185.1
Yr3 49.5 49.5 510.0 12.5 12.5 1,167.0 10.5 10.5 742.0 10.0 10.0 1,177.4 8.0 8.0 672.2 25.8 25.8 1,211.0
Yrd 46.3 46.3 556.4 11.7 11.7 1,178.7 9.8 9.8 751.9 9.4 9.4 1,186.7 7.5 7.5 679.7 243 24.3 1,235.3
YrS 43 .4 43.4 599.7 10.9 10.9 1,189.6 9.2 9.2 761.1 8.8 8.8 1,195.5 7.0 7.0 686.7 22.8 22.8 1,258.1
Yr6 40.6 40.6 640.4 10.2 10.2 1,199.8 8.6 8.6 769.7 8.2 8.2 1,203.7 6.6 6.6 693.3 21.4 214 1,279.5
Yr7 38.0 38.0 678.4 9.6 9.6 1,209.4 130 8.1 137.6 907.4 7.7 7.7 1,2115 100 6.2 106.3 799.6 26 20.1 45.8 1,325.3
Yr8 35.6 35.6 714.0 9.0 9.0 1,218.4 7.6 7.6 914.9 7.3 7.3 1,218.7 5.8 5.8 805.4 18.9 18.9 1,344.2
Yr9 33.4 33.4 747.4 8.4 8.4 1,226.8 7.1 7.1 922.0 6.8 6.8 1,225.6 5.5 55 8109 17.8 17.8 1,362.0
¥Yr 10 31.2 31.2 778.6 104.1 7.9 112.0 1,338.7 6.6 6.6 928.6 104 6.4 110.5 1,336.1 5.1 5.1 816.0 16.7 16.7 1,378.7
Yri1 29.2 29.2 807.8 7.4 7.4 1,346.1 6.2 6.2 934.9 6.0 6.0 1,342.1 4.8 4.8 820.8 15.7 15.7 1,394.3
Yri12 27.4 27.4 835.2 6.9 6.9 1,353.0 5.8 5.8 940.7 5.6 5.6 1,347.7 4.5 4.5 825.4 14.7 14.7 1,409.1
Yri3 25.6 25.6 860.9 6.5 6.5 1,359.4 5.4 5.4 946.1 5.3 5.3 1,353.0 4.3 4.3 829.6 13.8 13.8 1,422.9
Yri4 24.0 24.0 884.9 6.0 6.0 1,365.5 66 5.1 71.6 1,017.7 5.0 5.0 1,358.0 51 4.0 55.3 885.0 13 13.0 26.2 1,449.0
Yr 15 22.5 22.5 907.4 5.7 5.7 1,371.1 4.8 4.8 1,022.5 4.7 4.7 1,362.6 3.8 3.8 888.7 12.2 12.2 1,461.2
Yr 16 21.0 21.0 928.4 5.3 5.3 1,376.4 4.5 4.5 1,026.9 4.4 4.4 1,367.0 3.5 3.5 892.2 11.5 11.5 1,472.7
Yr17 19.7 19.7 948.1 5.0 5.0 1,381.4 4.2 4.2 1,031.1 4.1 4.1 1,371.1 3.3 3.3 895.5 10.8 10.8 1,483.4
Yr 18 18.5 18.5 966.6 4.6 4.6 1,386.0 3.9 3.9 1,035.0 3.9 3.9 1,375.0 3.1 3.1 898.6 10.1 10.1 1,493.5
Yr 19 17.3 17.3 983.8 4.3 4.3 1,390.4 3.7 3.7 1,038.7 3.6 3.6 1,378.6 2.9 2.9 901.6 9.5 9.5 1,503.0
Yr 20 16.2 16.2 1,000.0 4.1 4.1 1,394.4 3.4 3.4 1,042.1 3.4 3.4 1,382.0 2.7 2.7 904.3 8.9 8.9 1,511.9
LTO + Solar | LFP + Solar
TCO 2,019 1,817 1,568 1,759 1,312 2,123 |in 1000 USD
TCO NPV 1,000 1,394 1,042 1,382 904 1,512 |in 1000 USD
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CAPEX, OPEX, TCO and TCO-NPV calculations
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How discount rate affects TCO NPV

TCO-NPV
1,600
P
1,400
1,200 //,/—/
1,000 D
500 %
600
400
200
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
—— DS e  — T  e— FP LTO + Solar Solar LFP H2+ LFP + Solar
8 kn-75 km 324 1042

@10 % discount rate

TCO-NPV
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—Diege] ——TO  —FP LTO + Solar Solar LFP  =e====H2 + LFP + Solar

Speed-Range Energy/day

8 kn-75 km 324 1342 1542 1226 1514
@5 % discount rate
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TCO NPV for various speeds (8/10/12 knots) and range (75/100/150/200 km)

3USD/kg 2 USD/kg

Electric versus Solar
Speed-Range Energy/day

6000
8 kn-75 km
8 kn-100 km 398 1433 1352 2000
10 kn-75 km 458 1639 1541 v
8 kn-150 km 548 1610 1489
10 kn-100 km 578 1765 1636 2000
8 kn-200 km 698 1786 1627
12 kn-75 km 772 2851 2673 2000
10 kn-150 km 818 2042
12 kn-100 km 998 3092 2855 1000
10kn-200km| 1058 2319 | 2067 | I I I I
12 kn-150 km 1448 3596 3243 0
12kn-200km| 1898 4100 3631 ﬁ(f N ,'\c;éo - &@5“ 3«,,@ PN S @6@
& & & & & s & & o &V & g
) q}‘{- \9 q;{- \9‘{- (b‘{- ,\"'\, '@‘{- 0‘{- '\9‘{- 0‘{- 'Q:l-

Always LFP + Solar < LFP and LTO + Solar < LTO. Hence solar is always cheaper than electric
Il LTO M LFP M LTO + Solar M LFP + Solar
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TCO NPV for various speeds (8/10/12 knots) and range (75/100/150/200 km)

LTO vs LFP LTO vs LFP
6000 6000
5000 2000
4000 4000
3000 3000
2000 2000
iR -
0 I 0
@t\“’@\ \\,\‘PQ@\ @f\%@ ) @Q@\ \\'\9&9\ \\n&@\ @f\”@ \\:@Q@\ \\,\9&9\ \;96\9‘\ \\,\39@ \ﬁ){)@ \é\/\%@\ \ \93\9\ \\t\"’@ \@Q\p‘\ §Q\§ \@Q@\ \\:\%@ \’@0\9‘\ \§Q\9\ \ﬁ(ﬁ)@\ \'\(?Q@\ \:\96@\
% N 9 AL \9\t- AL ) \9\- 0\&- \9\- 0\&- 0\&- @ OE \9‘*‘ > \9\-\ F \:C" \9\3 0\&-\ \9\3 .Q/\l-\ 0\9
HlLTO Ml LFP LTO + Solar M LFP + Solar

At lower speed and range LFP is cheaper than LTO. However at higher speed and range LTO is cheaper. The key is low trip range (15 km here for each charging).
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When is Hydrogen effective?

8 kn-75 km
8 kn-100 km
8 kn-150 km
8 kn-200 km

TCO NPV

6000

5000

4000

10 kn-75 km
10 kn-100 km
10 kn-150 km
10 kn-200 km

3000

o ni ||| | |||| ||II |||| ““
1000
o i ofn o uln e R R RN

& & & & & & & & & & & &
S N ~ e N N N~ N N N N N
Ao O “ 9 O “ O Q

A $ A & $ ¢ A & $ S & &

& N & ‘ N g & 1 N ‘
% & O & N S A & NS & & N
e $ C $ > S $ v $ S S

12 kn-75 km
12 kn-100 km
12 kn-150 km
12 kn-200 km

B LFP + Solar [ H2+LFP+Solar (55/kg) |l H2+LFP+ Solar (35/kg) | H2+LFP+ Solar (25/kg)

H2 @ 5 USD/kg and 3 USD/kg is more expensive than LFP + Solar. But for 2 USD/kg it is different
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Range 200 km/day  Trip range 106 km
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What changes with high speed and high trip range?

For long range - 12 knots, 200 km (with 100 km as recharge time)
for H2 FC and LTO 100 km is the recharge distance

TCO-NPV

10,000
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6,000

f
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2,000

1,000

1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 17 19 20
m— Digse] e TO  —| P LTO + Solar Solar LFP v .12 + LFP+ Solar
H2 @ USD/Kg
5 USD/kg 3 USD/kg
LTO +Solar | LFP +Solar

TCO NPV 4,009 8,985 5,049 9,004 4,822 4,798 3,783

10000

TCO-NPV
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3,336 |in 1000 USD
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What changes with high speed and high trip range?

TCO-NPV
10,000
9,000
8,000 /’
7,000
=7
6,000 ==
5,000 / —
3,000 / /
2,000 = /
1,000 /
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
e [ €5 6] e | T e |_F P LTO + Solar SOlar LFP s H2 + LFP + Solar s Serial Hybrid Parall el Hybrid

Speed-Range Energy/day

12 kn-200 km 1898 4009

8985

5049

LTO + Solar

LFP +Solar

9004

4822

5 USD/kg

4,798

3 USD/kg

3,783

2 USD/kg

3,336

3623

Parallel
Hybrid

3350

in 1000 USD
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