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Is Shipping GHG Emissions Bad ?

»Carbon Disclosure Project (CDP) — Non profit Charity runs the global disclosure system
for environmental impact

»Shipping accounts for about 3% of total global emissions and 10% of transport
emissions. Roughly equivalent to that of aviation but it transports some 80% of global
goods.

»CDP’s head of investor research, Carole Ferguson “Marine freight is one of the least
emission-intensive modes of transport; therefore critical to the low-carbon transition.
But as the global economy grows, the industry could account for 17% of global
emissions by 2050, if nothing is done

»Maersk and Bolloré Logistics committed to a 20% cut in CO2 emissions by 2025 on
Bollore shipments at the Paris Air show last week .
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CDP, formerly the Carbon Disclosure Project, runs the global disclosure system that enables companies, cities, states and regions to measure and manage their environmental impacts
We have built the most comprehensive collection of self-reported environmental data in the world.



Tuesday morning at the IMO - opening of GHG intersessional
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IMO strategy on GHG reductions — vision and ambitions

= Vision:
“IMO remains committed to reducing GHG emissions from

international shipping and, as a matter of urgency, aims to
phase them out as soon as possible in this century”

= Ambitions:
— review EEDI with the aim to strengthen requirements

— reduce the average carbon intensity (CO2 emissions per
transport work) by 4026 in 2030 and 70%6 in 2050
compared to 2008

— reduce total GHG emissions from shipping by at least
50%06 in 2050 compared to 2008

COP21- CMP11

PARIS 2015

UN CLIMATE CHANGE CONFERENCE
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IMO adopted a strategy to reduce GHG emission from shipping. IMO’s vision is to phase out GHG emission as soon as possible within the end of this century. The aim is also to reduce total emissions from shipping by 50% in 2050 compared to 2008, and to reduce the average carbon intensity (CO2 emissions per transport work) by 40% in 2030 and 70% in 2050. 
 
This will not impact specific ships in the short term, but the next step will be to decide on concrete policy measures, including any mandatory regulations, and to develop an action plan. The policy measures under discussion ranges from regulatory measures such as reviewing the EEDI and SEEMP; introducing operational indicators; speed reduction; and market-based measures – to supporting measures such as developing lifecycle GHG/carbon intensity guidelines for all types of fuels; implementation programme for low/zero carbon fuels; national action plans; and research and development programmes. 
The action plan will likely be discussed in September and at MEPC 73 in October. 
 
This is an initial strategy and there will a review in 5 years, based on the results from the data collection system and a fourth IMO GHG study to be undertaken in 2019. 
 
The 50% reduction is ambitious, and will likely call for wide-spread uptake of zero-carbon fuels, in addition to other energy efficiency measures. These fuels are not available today, and there need to be a consorted efforts towards developing these and making the available in the necessary quantity. At the same time, all other industries and nations are expected to contribute to reducing GHG emissions. This will both complement the efforts in the shipping industry, but at the same time there will be competition for the zero-carbon fuels. 




IMO strategy and workplan on GHG reductions - impacts

= Will start to impact vessel design and operation in the early 2020s
= In the long term, development and wide-spread use of carbon
neutral fuels is essential, in addition to energy efficiency and

logistics measures
= Ships have changed a lot over the last 150 years; nevertheless,
further radical changes can be expected by 2050...

DNV-GL
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MEPC 74 - Reduction of GHG emissions from ships

= Procedure for “assessing impact on
states of candidate measures” approved

4t GHG study Terms of Reference agreed.

lllustration of steps and possible time frames for GHG
regulation(s)expected to enter into force end-2022 at the latest

Study will conclude at MEPC 76 in 2020 Time frame Example 1 Example 2 Associated | Impacts on
and will be significant for review of GHG Autumn 2019 | ISWG-GHG 6 initiates ISWG-GHG 6 initiates etk Srates
strategy and agreement on further developmentof draft | development of drart

measures DPOE | et amendment - | amendment -

Reductions discussed with primary focus S s i s MEPC 76 adopts pcatoor | ASsessmen
on short-term EEDI- and SEEMP-based opring 2021 (at | MEPC 7T adopts development | 0. Siates
measures. Consensus that these need to 2ot e e guidelines,

be approved at MEPC 76 latest for entry 2?9;;@??02022 Acceptance appropriate

into force by end-2022 mntzrgsz Izater) e
Around 40 measures in 14 categories ot | Fnryinte force

proposed. Further consolidation and legal later)
text discussions at two intersessional

meetings prior to MEPC 75
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REDUCTION OF GHG EMISSIONS FROM SHIPS 
The Committee, following up on the output of the intersessional working group on GHG matters that met the week before, considered an extensive list of proposed reduction measures. The primary focus was on proposals related to EEDI, SEEMP and the need for carbon neutral fuels. Speed limitation regulation was also given particular scrutiny. No decisions were made on specific measures, and discussions will continue at an intersessional meeting scheduled for November 2019. The MEPC aims to have the first mandatory measure(s) entering into force no later than end-2022. 
The Committee agreed on a procedure for assessing impacts on states of candidate measures. This will be applied as part of the consideration of specific proposals for measures. 
Terms of reference for the 4th GHG study were agreed. A tender will be put forward shortly by the IMO Secretariat with the study results being considered at MEPC 76, fall 2020.


IMO GHG timelines

Business as Usual Efficiency improvement Target
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Initial GHG strategy
= 2008: Base year Short-term measures: 2018 — 2023

= 2030: 40% carbon intensity improvement

= 2050:

Mid-term measures: 2023 — 2030

= 70% carbon intensity improvement HOMEHIENTT FEEELIES: 20810 = 218810

» GHG reduced by 50%
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From “ISWG-GHG 2-J-8 - Initial Imo Strategy On Reduction Of GHG Emissions From Ships”, October ‘17

List of candidate short-, mid- and long-term further measures with possible timelines and their impacts on States
Timelines
 
Candidate measures for inclusion in the initial IMO GHG Strategy should be consistent with the following timelines:
 
possible short-term measures could be measures finalized and agreed by the MEPC between 2018 and 2023. Dates of entry into force and when the measure can effectively start to reduce GHG emissions would be defined for each measure individually;
 
possible mid-term measures could be measures finalized and agreed by the MEPC between 2023 and 2030. Dates of entry into force and when the measure can effectively start to reduce GHG emissions would be defined for each measure individually; and
 
possible long-term measures could be measures finalized and agreed by the MEPC beyond 2030. Dates of entry into force and when the measure can effectively start to reduce GHG emissions would be defined for each measure individually.
 
When the measures could effectively start to reduce GHG emissions should be identified.
 
In aiming for early action, the timeline for the short-term measures should not preclude potential early measures that the Organization could develop with a view to achieve reduction of GHG emissions from international shipping before 2023.
� 
 
Candidate short-term measures
 
The following candidate measures7 represent possible short-term further action of the Organization on matters related to the reduction of GHG emissions from ships:
 
[Measures the effect of which is to directly reduce GHG emissions from ships:]
 
further improvement of the existing energy efficiency framework with a focus on EEDI and SEEMP, taking into account the outcome of the review of EEDI regulations;
 
technical and operational energy efficiency measures for both new and existing ships, including consideration of indicators in line with the three-step approach that can be utilized to indicate and enhance the energy efficiency performance of shipping (e.g. AER, EESH, ISPI, FORS);
 
establish an Existing Fleet Improvement Programme;
 
consider and analyse the use of speed reduction as a measure, taking into account safety issues, distance travelled, distortion of the market or to trade and that such measure does not impact on shipping's capability to serve remote geographic areas; and
 
consider and analyse measures to address emissions of methane and further enhance measures to address emissions of Volatile Organic Compounds.
 
[Measures which support action to reduce GHG emissions from ships:]
 
encourage the development and update of national action plans to develop policies and strategies to address GHG emissions from international shipping in accordance with guidelines to be developed by the Organization, taking into account the need to avoid regional or unilateral measures;
 
continue and enhance technical cooperation and capacity-building activities under the ITCP;
 
consider and analyse measures to encourage port developments and activities globally to facilitate reduction of GHG emissions from shipping, including provision of ship and shore-side/on-shore power supply from renewable sources, infrastructure to support supply of alternative low carbon and zero-carbon fuels, and to further optimize the logistic chain and its planning, including ports;
 
initiate research and development activities addressing marine propulsion, alternative low-carbon and zero-carbon fuels, and innovative technologies to further enhance the energy efficiency of ships and establish an International Maritime Research Board to coordinate and oversee these R&D efforts;
 
incentives for first movers to develop and take up new technologies;
 
�
7 The Initial IMO Strategy is subject to revision based on fuel  oil  consumption  data  collected  during 2019-2021 and does not prejudge any specific further measures that may be implemented in phase 3 of the three-step approach.
� 
 
develop robust lifecycle GHG/carbon intensity guidelines for all types of fuels, in order to prepare for an implementation programme for effective uptake of alternative low-carbon and zero-carbon fuels;
 
actively promote the work of the Organization to the international community, in particular, to highlight that the Organization, since the 1990's, has developed and adopted technical and operational measures that have consistently provided a reduction of air emissions from ships, and that measures could support the Sustainable Development Goals, including SDG 13 on Climate Change; and
 
undertake additional GHG emission studies and consider other studies to inform policy decisions, including the updating of Marginal Abatement Cost Curves and alternative low carbon and zero-carbon fuels.
 
Candidate mid-term measures
 
The following candidate measures represent possible mid-term further action of the Organization on matters related to the reduction of GHG emissions from ships:
 
[Measures the effect of which is to directly reduce GHG emissions from ships:]
 
implementation programme for effective uptake of alternative low-carbon and zero-carbon fuels, including update of national actions plans to specifically consider such fuels;
 
operational energy efficiency measures for both new and existing ships including indicators in line with three-step approach that can be utilized to indicate and enhance the energy efficiency performance of ships; and
 
new/innovative emission reduction mechanism(s), possibly including Market-based Measures (MBMs), to incentivize GHG emission reduction.
 
[Measures which support action to reduce GHG emissions from ships:]
 
further continue and enhance technical cooperation and capacity building activities such as under the ITCP; and
 
development of a feedback mechanism to enable lessons learned on implementation of measures to be collated and shared through a possible information exchange on best practice.
 
Candidate long-term measures
 
The following candidate measures represent possible long-term further action of the Organization on matters related to the reduction of GHG emissions from ships:
 
[Measures the effect of which is to directly reduce GHG emissions from ships or support action to reduce GHG emissions from ships:]
 
pursue the development and provision of zero-carbon or fossil-free fuels to enable the shipping sector to assess and consider decarbonization in the second half of the century; and
 
other possible new/innovative emission reduction mechanism(s).
� 
 
Impacts on States
 
The impacts on States of each measure should be assessed before adoption of the measure.



Initial IMO Strategy on reduction of GHG emissions -
vision and ambitions

Total: 50 % red.
Intensity: 70 % red.

2008 as
baseyear Intensity: 40 % red. B
_g Peak asap e
E ----- I W Zero emissions
<. asap within
S this century
2008 2020 2030 2040 2050 within 2100
Short-term 2018 — 2023 Mid-term 2023 - 2030 Long-term 2030 >
= Tighter EEDI & SEEMP = Energy efficiency measures for new and = Development of carbon neutral /
= Energy efficiency indicators existing ships, using new indicators zero carbon fuels
= Carbon pricing / MBM = New/innovative emission

= Speed reduction

reduction mechanisms
= National Action Plans = Plan for low carbon fuels
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Possible emission pathway 2015 - 2050

Units: MtCO,/yr
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There is a range promising CO, measures and effective reduction
strategies

LA

~ =
- i — l I -t 1} == o -
LOGISTICS & =+ HYDRODYNAMICS |5 P~ 0 MACHINERY | FUELS AND

“ DIGITALIZATION | T ” E %; ENERGY SOURCES
« Speed reduction « Hull coating | Machinery improvements « LNG/LPG
e Vessel utilization * Hull form optimization « Waste heat » Electrification
« Vessel size « Air lubrication * Engine de-rating « Biofuel
« Alternative routes |+ Cleaning  Battery hybridization « Synthetic/hydrogen etc

=>20%0 10-15%0 0-100%0
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There is a range of promising CO2 measures and effective reduction strategies, need for meeting the IMO strategy.
They may be categories into 4 areas/boxes: 
Logistics & digitalization, >20%
Hydrodynamics, 10-20%
Machinery, 5-20%
Fuels and energy sources, 0-100%
In addition to energy-efficiency measures, reaching the IMO target for reducing GHG emissions from shipping will most likely require widespread uptake of fuels with a high GHG reduction potential
Digitalization will be a key enabler for reducing in-effectives, and assisting in prototyping in-mature novel technologies and solutions.
Real-time virtual representations of physical assets (Digital twin), combined with sensor data are emerging, providing safe and energy-effective operations for ships.
Technological developments will tackle energy losses and improve overall performance






Energy Efficiency Measures

» Effectiveness of energy efficiency
measures depends on ship

— Segment
— Size

— Operational pattern

Baseline: Switch to
Low S Fuels

HFO with scrubbers

LNG

LFPG

Methanol
(from Natural Gas)

Biodiesel
Biomethanol

LBG (Liguefied
Biogas)

Electricity from
renewables

Hydrogen

MNuclear

GHG EMISSIONS
CHANGE (RELATIVE

TO BASELINE)

+5%

-20%

-17%
+5%

-50%
-50%
-90%

-50% to -20%
Depending on Hz

production
-99%

FUEL SAVINGS
(DEPENDING ON SHIP TYPE AND SIZE)

MAIN ENGINE AUXILIARIES

Hull Form — 12-17% -
New buildings

Hydrodynamics — 13-20% -
Retrofit

Machinery 4-8% 12-23%
improvements

Waste Heat Recovery 0-8% -
Hybridization 3-15%

Operational measures 3-11% -
Cold Ironing - 30-70%
Renewable Energy 0-10% 0-2%
(Solar, Wind)

Air Lubrication 3-5% -

21-37%

Fuel savings depend on % of speed reduction.
New vessels may have to be used to cover transport
demand, therefore reducing the overall savings.

Speed reduction
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Speed Reduction

» Speed already reduced by approximately 20%

Average Speed Indices

100 Index. 2008=100
» Potential for limited additional savings from existing o 2019 = year to date
vessels
e Aggressive speed reduction may require re-design 90
of: 85
e Hulls
80
» Propellers
_ 75
* Machinery systems pr— .
. .- . 70 e Bulkcarners
» Logistics value chains e Cortsinesships
e Based on estimated average
speed ineach year
60
gg.‘:’-:ﬂﬂﬁtﬂ‘ﬁtﬂﬁ
o o o oo oo o oo o o O
o od o o od od od od o o od o™

Source: Clarksons SealNet, Industry Sources
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EXAMPLE: A possible development towards carbon neutral shipping

FUTURE

Hydrogen drop-in _
LNG Fuel _ . Syntetic fuels
Bio-gas/Biodiesel _
LPG Fuel _ Ammonia
Ammonia
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A multi-solution future?

NATURAL GAS

PROPAME(LPG) |

FLULL
BHODIESEL BIOGAS LHG LPG METHANOL HYDRO-GEN ELECTRICAL

GHGE I e . . . e —
Hx ] N |
50x I D D NN DN DN D
PM I N R DN N

noisE I NN D DN DR DN —
(tank-to-propeller)

A range of alternative fuels and technologies possibilities
The reduction potential varies widely, depending on the
primary energy source, the fuel processing, the engine type /
converter, and the supply chain

Cost, applicability & scalability will be critical

Vital to also recognize the footprint of other types of

emission from alternative fuels and technologies; mainly
NOx, SOx, and PM
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CO2 equivalent emissions of some fuel alternatives in shipping

100,00

90,00

80,00

40,00

CO2 emissions; g/MJ

30,00

20,00

10,00

0,00

it

Qil fuel Oil fuel LNG (from LNG (from LPG Methanol Methanol Biodiesel Biogas Hydrogen Hydrogen

(HFO) (MGQ) Qatar Qatar (from (from (97% (liquid)  (liquid)
used in used in CHA4) black methane) (from (from
Europe) Qatar) liquor) (liquefied) CHA4) water)

- Well To Tank
- Tank To propeller

For TTP no slip effects considered

For WTT slip is considered
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You have to distinguish for normal Fossil Fuels, a 2-part picture. 
Picture of the WTT (emissions from the hole in the ground until the fuel reaches the tank). E.g. LNG from Qatar and used in Qatar and the difference is related to the transportation of LNG from Qatar to Europe.
TTP picture (Tank to Propeller), and for fossil fuels this is the major part of the CO2 emissions. You can see that LPG, LNG and Methanol have lower CO2 emissions than HFO and MGO. This is not considering slip effect (which would impact LNG and LPG (not methanol) – but not much). 
 
When you have a look at Alternative Fuels, you find that CO2 is not regarded here – you only have Well to Tank emissions. And there are variations. 
For H2 from methane, will increase CO2 emissions to higher than HFO even though there are no CO2 emissions from running the ship on H2 fuel (you burn H2 you only get water). 
 
Price picture of Alternative Fuels is not so promising, but CO2 emission picture is very promising.



What can owners do now?

Carbon Robust Model
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The Carbon Robustness Framework

Ensuring a competitive ship under possible future scenarios

Your designs

VS

Competing fleet

DesignC

Design A

Design choices

DesignB

@

A

Competitiveness

Fuel prices

Year

E

reak-even cost:
I » Capital costs
 30% equity/70% loan
I « 20 year repayment

* Voyage costs

» Operational costs

h Bottom 5 %

Policy scenarios

S~
OY co: Price

Variables
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The Carbon Robustness Framework proposed by DNV GL- ensuring a competitive ship under possible future scenarios.
[click 1] The main idea is to assess the competitiveness of your designs, against a fleet of competing ships
[click 2] You can assess the impact of different design choices, including fuels. We consider three easily-distinguishable designs to illustrate the use of the model.
[click 3] and you can assess the impact of different policy scenarios on the competing fleet – in any given year. The competing fleet of ships consists of ships currently operating, and ships being added to the fleet in the years to come. As time progresses, the future fleet is constructed by scrapping ships and building new ones. The number of ships to be scrapped and built is governed by the scenario description.
[click 4] Furthermore, the model allows you to easily explore the impact of some key variables, such as fuel prices and co2 prices – and their impacts can be seen instantaneously in the model. 
[click 5] The modelling result is twofold; firstly it is a distribution of the competitiveness of the fleet; top performers, average performers and bottom performers. 
Second: you see the competitiveness to your designs – relative to the fleet. 
[click 6]  Competitiveness is evaluated by comparing the break-even cost of a proposed ship design to that of the competing fleet of ships at a selected point in time (e.g., 2030 or 2040). The break-even cost is the minimum rate that a ship must secure to cover all costs. Rates above the break-even cost will leave the ship owner with a profit. The break-even rate is composed of three elements.
Capital cost: This covers the daily costs of financing the vessel. Newbuilding costs and optional technology costs are included. For simplicity, we assume 30% equity, and 70% loan, standard terms, and 20-year repayment. The capital costs reduce over time as the loan is repaid.
Operational cost: This covers the daily cost of crew, maintenance and repairs, stores, etc. Crew cost is assumed to be constant. Maintenance cost increases with age.
Voyage cost: The annual cost of fuel, and port and canal dues. Fuel consumption is calculated, and adjusted for the energy-efficiency level of ships. Fuel price depends on fuel type. Port costs are kept constant.



How can industry stakeholders work together?

20 DNV GL®©




The way ahead
= More diversified fuel mix
= Fuel & technology cost: main deciding factor ' L~

= Alternative fuels will be introduced at a slow pace,

e

If not driven by regulations

— Focus on energy efficiency
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DNV GL’s Alternative Fuels Insight (AFI): the maritime industry knowledge hub
for alternative fuels

Freely available platform on alternative fuels and
technologies

Interactive map and statistics with current status
on ship uptake and bunkering infrastructure

Statistics Supporters

Fuel Finder lets ship owners connect with suppliers of S et ||" i D) ol
o o oo o "] =_N_RH.AH
alternative fuels for specific projects R EPEE  iS s

They inchide industry pioneers and market lzaders

Encyclopedia with environmental, technical and
financial information on a wide range of fuels and -
technologies =

Alternative fuels benchmarking tool to compare
financial performance of alternative fuels for a specific

project

AFl enables users to navigate a constantly changing landscape on alternative fuels through comprehensive,
up-to-date and objective information
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L Alternative ruels Insight

DNV-GL i

Home Map Statistics Fuel Finder Fuel Selector Encyclopedia Supporters Contribute~ Contact us

LNGA

Supporters

The AFl platform is made possible by co-funding from our

supporters.

They include industry pioneers and market leaders who ses the

importance of alternative fuels in the maritime industry. Here you

can learn more about them and get in touch with their experts.

Explore the development of bunkering infrastructure for Get detailed insights to the uptake of alternative fuels and
alternative fuels. You can also see where ships using alternative technologies on ships. Filter on ship types, region, technology
fuels and technclogies are already operating. and more to create your own graphs.
Fuel Finder Encyclopedia Fuel Selector

New request - Vissal Duats

S v
- L]

FraTE, . Acarvrdsred Cont Beletire v Bassbre

B M pitat ekl A : [ ] .
Connect instantly with suppliers of alternative fuels by submitting Learn more about the properties of 3 wide range of alternative

. ; fuel N Compare the financial performance of LSFO, HFO with scrubber,
RIS PSR FEREIREE LNG, LPG and methanol for your ship. Use DNV GL's assumptions

{ or apply your own to calculate lifecycle costs, payback time and
e d 2 dnval com/Contact PBRIYY cy » PEY
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Alternative fuels and propulsion technologies should be on the radar of every shipowner, especially those in the market for a newbuilding in the near future. The AFI platform has been developed to provide a clear picture not only of the fuels and the surrounding infrastructure, but to build links between suppliers and owners and charterers. 

The AFI platform builds on DNV GL’s well received LNGi portal, but with an expanded focus that covers LNG, LPG and methanol, as well as emission reducing technologies such as scrubbers and batteries. The platform consolidates a wealth of detailed technical information on these fuels and technologies, including their bunkering infrastructure, and examines their capabilities and limitations, as well as giving practical insights into their implementation and operation. 

A freely available platform on alternative fuels and technologies
Interactive map and statistics with current status on ship uptake and bunkering infrastructure
Fuel Finder lets ship owners connect with suppliers of alternative fuels for specific projects
Encyclopedia with environmental, technical and financial information on a wide range of fuels and technologies
Fuel selector to compare financial performance of alternative fuels for a specific project

AFI enables users to navigate a constantly changing landscape on alternative fuels through comprehensive, up to date and objective information
the AFI platform is a valuable resource for owners and operators needing to research and keep up to date in this rapidly moving sector, and DNVGL will continue to develop it and add new tools and include more fuels and technologies.


AFI1 has been made possible by co-funding from our supporters

AFl aims to accelerate the uptake of alternative fuels and technologies

These companies support AFl — read more about them on the AFI platform

C W

Al WARTSILA
CAT Gasum WIN GD
) ' A GIrrT
CLEAN MARINE SEA\LNG\b Cr—
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Alternative fuels insight has been made possible by co-funding by our supporters. Our supporters are industry pioneers and market leaders that see the importance of alternative fuels in the maritime industry. 

The content of AFI is indepented of our supporters except for the supporter pages, where the supporters provide information about themselves 


Thank You

Pawan.Sahni@dnvgl.com H/
+ 971 54 5860988

www.dnvgl.com

SAFER, SMARTER, GREENER
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