Hogskulen
paVestlandet

Zero emission (short sea) shipping — a recap of the
Norwegian way

Peter Koch
pek@hvl.no

Department of Mechanical and Marine Engineering (IMM)
Campus Kronstad, Bergen
Western Norway University of Applied Sciences (HVL)



Hydrogen (=250% H2)
electrical ferry development
contract launched by NPRA

NPRA grants Norled AS the

.. ] Task force “climate cure 2020”
Brundtland commission Enova SF establisehd
contract and permit for
operation of the ferry

GHG reductrion by 15 to 17 million
WECD report tonnes by 2020
Our common future
i aCt'Ogn%?rilr{zse:ty S Report to the Storting / White paper connection Hjelmeland —
#21 (2011-2012) - Norwegian Skipavik — Nesvik in Norway
with the world’s first

Introduction of
climate policy
a.0. Tax shelter for purchase and hydrogen-electrical ferry

CO2 tax
use of zero emission cars
Norwegian Public Road

Administration and Norled AS
sign agreement to build the

State Nox fee (15 NOK per
world’s first ‘large’ hydrogen ferry

kg NOx) introduced

2001 2005

Electrical ferry development

World’s first LNG-driven ferry "Glutra”
contract launched by NPRA

is put into operation

2019

2010 2012

April 15t 2021
Start of operation

: Launch of the Government's maritime
Government's strategy for strategy Government's first ocean strategy
ol el Ll Maritime Opportunities — Blue Growth “New growth, proud history”
growth in maritime industry for a Green Euture
“Steady as she goes” Proposal 253 S (2017-2018), Resolution 672
based on white paper #41 (2016-2017):
“The Government is requested by the
Parliament, to implement requirements and
regulations for discharges from cruise ships
and other shipping traffic in tourist resorts as

Document 8:126 S (2014-2015), Proposal 78
S (2015-2016)
“The Government is requested by the

Norway’s first climate white paper (#114
1995-1996) — Norwegian politics against

climate change and emissions of
14 NGOs and the Ministry of

nitrogen oxides (NOXx) (CO2 discarded).

The Norwegian Parliament decided to
establish a project with ferries powered
by natural gas

Climate and Environment led
to signing of an
Environmental Agreement on
NOx, entry into force on 1
January 2008 — The Business
sector’'s NOx fund.

Parliament, to ensure that zero-emission
technology (and low-emission technology) are
included in all future tenders for public ferries,

when the technology allows for it.”

well as other suitable means to ensure phasing
in of low and zero emission solutions in
shipping up to 2030, including introducing
requirements for zero emissions from tourist
ships and ferries in the World Heritage fjords as
soon as it is feasible, and no later than 2026.”

MF Ampere, the world’s first fully battery-
driven car ferry, begins operation in the
spring of 2015




Norwegian emissions historically
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Zero what? The importance of scale
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Innovation tool-shed

Subsid Phase in a (public o Incentive model
y TRL (P ) Beneficiary
SCHEme Sl S

17kg/t * 744 t * 4000 kr/m"3 *0,85/1000 *0.5
=> 21502 NOK

e Requirement S
NRF/RFF (e I R&D and \F
(Norwegémgle)seamh - e Market dialog industry ﬂ\ |
e Planning
e Market dlalog 267 kgihe - 275 kghr 209K Fuel consumption
(Innovaﬁ'ﬂ W 4-5 «  Requirement for Industry e S
development
e Pre-commercial
Enova SF 5.7 procurement with R&D and
(E”erggeifé'yc)'e”cy _ development and industry
testing

e Innovative
NOXx fund 7-9 procurement
e Implementation

Participating
industry only

Source (incentive model slide): Equinor (Statoil)



Some NOx fund numbers*

(240]0 9 billion NOK
Number of projects receiving funding Granted funding, over 50% already disbursed

20 - 30 billion NOK 5000 to 566.000.000 NOK

Worth of NOx reduction measures investment Span of project support funding

7-8.000.000 NOK 40 — 50.000 t NOx

Average support by project Accumulated annual reduction
(80% of all projects at or below)

@ 170 NOK/kg NOXx

Average effective support rate

Source: https://www.nho.no/samarbeid/nox-fondet/ / * Status end of 2018



https://www.nho.no/samarbeid/nox-fondet/

NOXx fund by industry
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NOx fund by measure
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NOXx fund support rates
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Source: https://www.nho.no/samarbeid/nox-fondet/

Energy : LNG, electrification & hydrog

Battery )

SCR/SNCR (stationary sources)

Reduction of NOx from flaring and offshore

gas turbines

Optimalization of processes in landabased

industries

»  Energy efficiency measures combined with
IMO Tier 3 measures

» Engine replacement combined with IMO Tier

YV VY

Y

- 3 measures
» SCR, EGR and other NOx reduction
measures (mobile sources)
»  Shorepower (mobile sources)
»  Energy efficiency measures
» Engine modification / retrofit



https://www.nho.no/samarbeid/nox-fondet/

Team work makes the dream work

Network NO. of Biodiesel biydrogen
members + fuel cells

Battery electric

GCE Blue Maritime Cluster 141 X X
Green coastal shipping
26 X X X
orogramme
Norwegian Hydrogen Forum 44 X
Maritime Battery Forum 45 X
NCE Maritime CleanTech 74 X X
70
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Source: Greening the fleet: A technological innovation system (TIS) analysis of hydrogen, battery electric, liquefied biogas,
and biodiesel in the maritime sector, Sintef Ocean, 2019



Potpourri of world’s first

2000 2003 2009 2015

* ~660 dwt Car ferry (100 cars, 300 passengers) * ~6013 dwt Offshore supply vessel * ~6200 dwt Offshore supply vessel » ~199 dwt Car ferry (120 cars, ~350 passengers)
* 4 x LBSI Mitsubishi GS12R-PTK & 675 kW * 4 x Wartsila 6L32DF & 2010 kw * 4xWartsila 6L32DF, 2010 kW LPDF « Corvus energy 160 x Corvus AT6500 modules 1090
MTU Onsite Energy 320 kW PEM fuel cell kWh & Siemens electrical motors 2 x 450 kW

Corvus energy 500 kWh battery package

Hydrogen arrangement

2019 2021
» 50,000 dwt Methanol carrier * ~30.0000 dwt RoPax (80 cars, 299 passengers) « Car ferry (80 cars, 299 passengers)
* 7S50ME-B9.3-LGI ~12,5 MW * RR Bergen Engines 2 x B3345L6 (3,6 MW) + 2 x » Ballard Power System fuel cell with Linde
B3345L8 (4,8 MW) & Siemens battery packet 4,7 Engineering LH2 tank
MWh (at least 50% operation on LH2)

Source: https://maritimecleantech.no/projects/; https://www.colorline.no/ ; https://wlco.no/
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Diffusion of shipping innovation

T Electricity MF Ampere in operatlon.for four years
S _ =» sailed a distance equivalent to 6
= Diesel times around the equator
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Source: Green Ferry Vision, Norled



“Jumping after Wirkola”

Start position o -
7 % “The common parlance expression

. : lumping after Wirkola has come to refer to
situations where one embarks on a task
j where one's predecessor has done a
Landing slope particularly good job — or where one is

Out-run unlikely to succeed.”
Hill size point

Jump

Critical point

A\
‘ Investment costs

aE ‘ Fuel and operating costs
84t \

‘ Fuel availability and infrastructure
|

‘ Reliability and maintenance

I :h 7
<Y ‘Ship design

‘ Rules and regulations
4

IN-RUN TAKE-OFF GLIDING LANDING
TABLE

Source: Wikipedia /SAMTIDSRUINAR, Marit Eikemo, 2015


https://en.wikipedia.org/wiki/Jumping_after_Wirkola

Generation of green ships?

Many living organisms
are microscopic, and are
suspended in the air

around us.

Spoilage or
Some of these microbes

cause spoilage of food
or infectious disease.

Almost all shipping

do not occur if microbes
are prevented from
contaminating and

reproducing.

infection

operation is governed by
cost effectiveness

provided for maturing of

supply and infrastructure

In some cases incentives are

technologies and scaling of

Market-penetration

pricing helps increase
competiveness

Compliance assessment

Penalties for exceedances of targets:

o]

Source: The Science book — big ideas simply explained, DK Publishing, 2014

o EUR 6800 per gCO,/tkm in 2030

EUR 4250 per gCO,/tkm in 2025

Significantly above the marginal cost of meeting the
targets, and therefore deterrent for manufacturers.

‘The Narwegian EV awner survey 201




The cabinet member, that just won’t quit

built by Johann
C. — o  uLF
Tecklenborg Bergen KRM-6 ' Conversion to
AG in s | installed i battery hybrid
Bremerhaven- ,
Geestemunde




