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 “PLUG” Is an acronym for Power Generation
during Loading & Unloading'’

It proposes a game changing solutio
connect vessels In ports to ishore power
network to reduce their harbour emissi

PLUG is the world first shore power providing a

multi MW, High Voltage connection....
...within a minute!
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Context (1)

 Many publicauthoritie: are asking the shipping
iIndustry to findsolutions tcreduce its
environmentafootprint

e Shore power Is one thestsolutions, and has
been implementenh alimited scale (less than
200 vesselsut of a worldfleet of 60 000...)

New Generation, Natural Gas, £



Context (2)

* Presently all shore power solutions have been eé
from existing manual connector technologies wi
bring :

— Safety hazards for crew and terminal operatorsome
— High Capital Expense

— High Operational Expen:

— Low rate of use

e As a consequence, shore power implementatiol
been very limited
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Cost per ton CO2z averted ($/ton)
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Context (3)

eam plant operational improvements Solar panel (not shownr
Speed reduction|port efficiency) Wind generator{not showr)

Engine monitoring

Reduce auxiliary power

Trim/draft
Frequency converters

Contrarotating propellers
Weather routing
Air cavity'lubrication

""""""""""""" Hull condition |
Kite

Light system
Fuel cellsas aux engine

Waste heat recovery
Exhaust gas boilers on aux

Cold ironing

w
Source : DNV
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Cold ironing is even presently identified athe least efficient
CO2 emission abatment solutior
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Context

The challenge to extend shore power solution

to make it not only environmentaly friendly but,
as well, safer, cost effective and profitab
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Shore power Profitability

MDO| Emissions
taxes

On board generation cost

Shore power cos

Hourly average prices per week (in €/MWh)

46 -

1 2 3 4 S =] 7 & 9 10 11 1z 13 14 15 16 7 18 19 20 21 22 23 24

V7—'W'eek 14 Week 15 ———Week 16 —Wesek 17

* Profitability depends on :

Local power market pricing

MDO price evolution : coming up!

Emissions taxes : coming up!

Subsidies : not a viable long term solutiol

Shore Power CAPEX /OPEX: this is where PLUG is bringing an advantage
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Objective

220
Voyage execution
eam plant operational improvements Solar panel (not shown
o d Ll Speed reduction(port efficiency) Wind generator(not showr) —

Engine monitoring
Reduce auxiliary power

180 - --{--f ------ -} - 7= TTOPUISIONSTHEIeNCY QOVICES &
Trim/draft (\00
Frequency converters
I

100 Propeller condition . ________ ___________

Contrarotating propellers “
Weather routing xo p

60 Air cavity'lubrication
Hull condition

Kite
20 4+---4---f---H-4--+-----4----F--------Jf--- i it

suelled — )
-20 g€ctronic engine control-’ [ [ = ______
Light system

el cells as aux engine
Speed reduction|fleet increase)
________________ PLUG. | . .. Fixedsaildwings
Waste heat recovery

Exhaust gas boilers on aux
Cold ironing

Cost per ton CO2z averted ($/ton)

-60

Source : DNV CO2 emission report

-100

0 100 200 300 400 500 600 700 800

CO; reduction (million tons per year) Baseline 1,530 million tons per year

PLUG objective is todrastically reduce shore power costs,

making it profitable, while reducing risks

Id
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Technical strateq)

 PLUG design drivel
 PLUG design featur
 PLUG technologie
 PLUG Implementatio
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PLUG design drivers

« Hands out » to reduce riskd
operational cost

« Fool proof » to reduce risknd
safety barrier investment and
operational costs

Keep ship side hardware to th
minimun to optimize return on
Investment and maintenances

Emergency release capability
No shore personnel required

|
\H 7

PLUG first connector
concept drawing
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PLUG technologie:

Self mating / dematin
connector

Automatic connector
locking / unlocking
mechanism

Self sealing connect

Field proven HV contaclt

PLUG patented shuttle bar self
tEChﬂOlOgy guiding and locking mechanism

|
|
i
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PLUG Implementation on boara

o Self sealing, sliding
power port

e Fits within one frame
space

o Sliding mechanism
suspended bewteen twc
deck beams

PLUG on board hardwareis kept to
the minimum to reduce ship side
Impact on payload volume and cost
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Inside view at se
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Inside view In operations
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On board component:

Able seaman
. Sliding beam
High Voltage breaker High Voltage cables +
dry nitrogen pipe
Hoist system
/ Water tight
Door

High voltage sock

Dry Nitrogen filled
skirt

Control command Restricted acces Manual sliding Hoisting chain
room mechanism storage
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Outside view In operation:
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PLUG Shore side Implementatiol

Remote control shuttle
par capture mechanism

Reduced footprint

~ull weather protection
when not in use

No possible unauthorized
accessto live parts

PLUG shore side solutions are flexible enough to meet any site
specific requirement using the same connector technology
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Typical Shore side componen

Connector
storage

HV Breaker room

Floating power
line
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capture system

Remote control
self propelled,
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Standardisation strategy

e Standardisation conte
 PLUG proposed standz

e Example of other shippin
Industries standards
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Standardisation contex

« POLB has been very proactive to address
Ironing standardisation, especially for C
promoting the « AMB> (Alternative Marine
Power) solution

e Several standardisation working groups h
been set up to establish a shore pc
« standard> norm, converging towards
proposed ISO norm
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June 29, 1954 R. B, FULLER 2,682,23F

e |SO forbids itself to
ouild standards based on
patented technologies

4448080488088 000A8084A06%"
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: : : i ;
 This prevent innovative L
solutions, such as . e
PLUG, for the var, N
fgn SET
connector technology...  “aeeeassnnsssaas T
: « You never change things by fighting
* ... Ieadlng, for the the existing reality . To change
: - . something , build a new model that
Shlpplng IndUStry toa makes the existing model obsolete »
non optimized , obsolete
. Richard Buckminster Fuller
solution!
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The other way round...

History teaches us about
successfull shipping industry
standardisation attempts based
on innovation such as :

- The shipping container invented
and patented in 1956 by
Malcolm Mc Lean..

- The Chiksan loading arm
Invented and patented in 1956
by FMC loading systems...

...both became world wide
Industry standards...

a similar approach is likely for shore power
New Generation, Natural Gas, 2



PLUG proposed shore power standar

 PLUG designed tonee all ISO norm
functionalrequirement’...but

e ....proposes a ganwhangin¢solution for the
connector technoloc

e ....proposes a single one fits all »,
connector to covaheindustry shore power
needs..
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PLUG « one fits all » standard
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PLUG 0.44

KV
1 Unit

PLUG 6.6
KV
1 Unit
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PLUG 6.6
KV
2 Units

The same PLUG 300 nieontacttechnolog can|

be used under different voltages,covel

efficiently the whole market with theam«standard
hardware,optimising investments amjgeration...

New Generation, Natural Gas,

PLUG 11 KV
1 Unit




PLUG Innovation
makes simple, cosi - ol L
effective shore
power exchange
operations ...a
reality
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