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* Context
* Our goal
* Architecture of a micro-grid for a bulk carrier
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Why are we doing this?

* Renewable energy ‘ — o
* Storage system * wonnad iy
* Regulations -
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Micro-grid

Panneaux
solaires

Generatrice

Controle

Systeme de
stockage

Systemes auxiliaires
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Power sources

o'e

Generators
(Propulsion) (Auxiliary load)
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* Different technologies
o Shaft Generator
o Solar panel
o Batteries
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Shaft Generator

Converter
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Shaft Generator - PTO layout limit

Engine power
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Solar Panels

Characteristics of simulated
PV

- Each panelhas 420 W.
- Fixed PVs.

- Direct and diffuse horizontal plane with the
atmosphere (PV angle = 0°).

- Energy efficiency = 40%

- Radiation and temperature are average data.

Solar Panel —
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Batteries

Acid/Lead Nickel/Cadmium | Nickel/ hybrid metal Lithium-lon
R | $ 3§ *tt

Life cycle 600 cycles 2000 cycles 2000 to 3000 cycles 3000 cycles

33 1 1t (110
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Batteries
+ 1 MWh el LT
* Dimensions: BliE -~

* 6, 1M x2,44m x 2,9m + -
* Immediate power ~
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e Studied sea route
e Scenarios
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Antwerp 2 Baie-Comeau

ANTWERP \f A 3 ‘:“;u«,‘.‘k
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Scenarios
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Scenarios

Scénario #1

Shaft Generator
| ° =
— <8

Scénario #3

Battery
[1 MWh]

Scénario #2

. ° e
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Scenario #4
Composition of the scenario

* Shaft generator
* Battery
 Solar panels

Solar panels

17 at sea (fixed on the bridge’s roof)
17 at port (fixed on the bridge’s roof)
 Footprint based on Federal Baltic
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Scenario #5
Composition of the scenario Solar panels

* Shaft generator - 161 at sea (with a PVs container)
* Battery - 17 at port (fixed on the bridge’s roof)
 Solar panels - Footprint based on Federal Baltic
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Scenario #6
Composition of the scenario Solar panels

* Shaft generator 976 at sea (with a PVs container)
* Battery 17 at port (fixed on the bridge’s roof)
 Solar panels Footprint based on Federal Baltic
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e Results
e Recommandations
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Costs

Note: Investments estimate were made using the cost of material/equipment only.
Installation and maintenance were not taken into consideration.

Cquipment | Estimate 8]

Shaft generator 270
Battery[1 MWh] 200
Solar Panel (x1) 1.4

Inverter 10
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[%] CO2 reduction

*Installation cost not taken into consideration
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Recommandations

Scenario #1 : Shaft generator — The Best Money Ratio

25



VRAQUIUS2.0

Recommandations

Scenario #6 : Shaft generator, battery and maximal PV
- The most reduction of CO2

26
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Hypothesis

Diesel was used for international and territorial waters (767.88 $/Ton)

Solar panel (1 600$ US/ PV)
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https://www.oilmonster.com/bunker-fuel-prices
https://www.custommarineproducts.com/store/p215/420_Watt_Rigid_Glass_Solar_Panel_with_24.1%25_Efficient_HJT_Cells.html?srsltid=AfmBOoq1BiAqQp1UwLA7JvG3BBWBD6Q1mGGhZsFNYlXoEXGPNMnJTCJz

Scenario 3
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Rotor Sail
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Hydrogen

* Limited space

* Method to create
hydrogen is not 100%
green everywhere
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Shaft Generator - PTO layout limit

Table 2
RPM [0/0 SMCR] PTO layout limit [0/0 SMCR]
60 — 96.2 100 x (rel. rpm [%] / 100%)%*
96.2 - 100 95 x (rel. rpm [%] / 100%)
>100 95
2.4
rel.rpm[%]
PTOlayout,lim = 100 - 100%
80%

2.4
PTOrayoutiim = 100+ (50-) = 58,53%

100%

https://www.man-es.com/docs/default-source/marine/tools/5510-0003-03ppr.pdf?sfvrsn=b570e4e5_14

B c BN ¢
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Shaft Generator Y

Engine load (% of original SMCR)
140

Recommended operation
120 Available at sea trial
Heavy operation

100 B Short-term operation
== Light propeller curve w/ PTO

- - Light propeller curve

80

60

40

20

Maximum speed for continuous operation
Extended maximum speed

50 60 70 80 90 100 110
Speed [%SMCR]
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Engine load (% of original SMCR)

140

58,53%
Recommended operation PTO =9.53%

120 Available at sea trial 5%

Heavy operation

100 B Short-term operation
—= = Light propeller curve w/ PTO

- - Light propeller curve

80 Z g  Max power =7000kW,;
- § :
60 2| &
g E
El g « PTO =9,53%(7000kW) = 667, 1kW;
40 - E
' R
I al 5
< : B « ~ 50% of the max speed
0 1 I
50 60 70 80 90 100 110

Speed [%SMCR]
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Generators capacity profile

Profil de consommation des 3 génératrices pendant le trajet
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Rentabilite

X : Grosseur Batterie [MWh]

1.5

0.5

300 250 200 150 100 50 0
Y : Nombre de trajets
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