% Bundesministerium
flir Wirtschaft
und Technologie

Project “DIVMALDA”

Digitization and Verification of Marine Live Emission Data

2026-06-25 Hinrich Brumm

~ Fraunhofer BT I-m\‘-_"-, <3, Z Fraunhofer
Endress+Hauser CML DNV CPO Containerschiffreederei Hamburg Port Authority Flotte Hamburg ISST

1 2026-06-25 Endress+Hauser {21



Most spoken words since 2008 in shipping

e Digitalization
e Today many processes aboard are done manually (noon report)
e Even CO,-Reporting IMO DCS, EU MRV, etc. based on manual measurements, assumptions, etc

* Shipowner, charterers and governments aim for (internal & external) transparency

e Decarbonization

* Even shipping is the most efficient transport, it contribute to global warming with ~3%
e Newbuildings and existing fleets must reduce GHG (CO,, N0, CH,, etc)
e New fuels are on the market with new emissions to control

e |MO ambitions in critic as to slow

Slide 2 2026-06-25 Hinrich Brumm Endress+Hauser {21



IMO Decarbonization Plan

e MEPC72 — April 2018 —Initial IMO Strategy on Reduction of ¢ MEPC80 —July 2023 - The revised Strategy on Reduction of
GHG Emission from Ships GHG Emissions from Ships

Units: GHG emissions Units: GHG emissions
- .EI'T'ISSIOI.\ m;:g,ay B Emission pathway in line
in line wit| s with IMO’s GHG strategy
GHG strategy .
Bl Business-as-usual
; : B Business-as-usual emissions
2085 : emissions? Peak as soon Emission gap
as base year as possible
a Emission gap
ged e SO el
as soon as
S . . : ; possible within e
Peak as soon Intensity: Ml this century 40% r'e-‘deur:;s{::)}:w
as possible 40% reduction H
Fuel:
5% enerqy share Total:
Total: 50% reduction EREIS e 70% reduction
Intensity: 70%
008 2020 2030 2040 2050
2008 2020 2030 2040 2050 within 2100 lotal: Well-to-wake GHG emissions; Intensity: CO; emitted per transport work; Fuel: Uptake of zero or near-zero GHG technologies, fuels and/or energy sources ©DNV 2023
Total: Refers to the absolute amount of GHG emissions from international shipping.
Intensity: Carbon dioxide (CO,) emitted per tonne-mile.
Source: DNV Source: DNV
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Marine Future fuels and Opportunities

Reference = 93.3 gCO,eq/MJ (2008 average)
0%
90
g Base target 80
e Down to zero £ 2% 7
E &
e All ships must bring down GHG emissions 5 % © z
S ?,
e On existing ships, max. 20-30% can be achieved, but a ship is built for at least 20+ years € . . > a8
¢ Many newbuildings with LNG -> CO, + CH, slip $ %
- . . 3 s0% 20
* New technology for retrofitting available -> HFO with EGCS and CCUS 3 -
* GHG emissions needs to be controlled -> Reporting Systems 100% 0
Nigpgg3eeDBRsIIIITESTILE

Source: DNV

Shipping energy mix
e Marine Future Fuels and Impact Ut Evys

* 120.000 ships running on conventional fuel for the next years
* LNGontherise :

HFO/MGO
e Ammonia, Methanol, Hydrogen, electric... NG
e Reporting difficult due to several tanks aboard with different fuels © W Carbonneutral fuels

I Electricity
20‘15 2020 2025 2030 2035 2040 2045 2050

Source: DNV
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Emissions Transparency Becoming More Relevant

m R é;b\ é AATOGNPLO « OWRPTES « AONOWS2) - WEKGINCES ~  VEETTHETEAN

Reports of fuel oif
consumption
data submitted to

IMO Data Collection System (DCS)

the IMO Ship Fuel F’igaﬁ“c‘ﬁ’és About Principles Signatories Resources News Contact
0il Consumption 1
—_— Database A solution to the
IMO Déta =  ingieim The Poseidon Principles establish a f k for g and methane Cha”enge
Collection 3% ) i - disclosing the climate alignment of ship finance portfolios. They set As banks, we recognize that our role
System (DCS) a benchmark for what it means to be a responsible bank in the in the shipping industry enables us
maritime sector and provide actionable guidance on how to achieve 1o promote responsible
this. (S R What is OGMP 2.0? A solution to the methane challenge
User Guidance / throughout the global maritime
FAQs The Poseldon Principles are consistent with the policles and ambitions of the Intemational "l"'“""'.":.'w
Maritime Organization, including its revised 2023 GHG Strategy which aims for net-zero Principles only serve our
emissions from intemational shipping by of around 2050, "ﬂiﬁﬁ:l to i!"';:::.'.""-.
-ﬂm a strategic
As e, he Posekdn rincpes s o enaerancelnstakns 0 sl thel spfrance also shape & better future for the
portfolios with responsible environmental behaviour and incentivise interational shipping’s
decarbonisation - 1o shape a better future for the shipping industry and sociah Shippleyg Wdnelry s o Sociely
The Poseidon Principles are applicable to lenders, lessors, and financial qu
e e | ssactaco ot punies, Satores s
Learn more
Download the Poseidon Principles

UN®

Emission Trading System — MRV reporting

AI i gni n g g l o b al 0 » OGMP 2.0 members companies represent
shipping with
society's goals

The Sea Cargo Charter provides a
global framework for aligning
“chartering activities with responsible
environmental behaviour to promote
international shipping's
decarbonisation.

Source: https://www.IM ggmpartnership.com/a-solution-to-the-methane-

Source: https://www.poseidonprin

User Manual

e

Source: https://www.climate.ec.europa.eu/

Source: https://www.seacargocharter.org/

5 2026-06-25 Endress+Hauser {21



Challenges of Emission Control & GHG Reporting

e Decarbonization/GHG Reporting relevant for the whole lifetime of the vessel

Starting from financing (Poseidon Principles)

Design, Building & Operation (EEDI, EEXI, SEEMP, ClI, GFl,....)
Reporting (EU MRV, IMO DCS),...)

Owner motivation and generation responsibility

Sustainability commitment

* Different emission reporting schemes require different processes

Different data, processes, formats, tools
Manual effort for crew, backoffice and therefore prone to errors
The entire information chain is not tamper-proof

e Models are mainly based on fuel consumption

e Calculation of CO, from fuel simple, but N,O, CH,,...?

Often based on historical data (e.g. EIAPP)

* Partly conservative fuel factors might not reflect the real emissions
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New Approach...

Why not measuring and reporting GHG direct
by using digital solutions?...?!

Real-time measurement is state of the art for
land-based applications.
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DIVMALDA - The future of digital emission reporting

Digitization and Verification of Marine Live Emission Data(DIVMALDA)

Challenges:

In order to report emissions based on mass flow requirements, both the gas concentrations and the exhaust gas mass flow must be measured.
Measuring an exhaust gas mass flow can be very challenging (each ship has different conditions, non-ideal intake sections, etc.).

Current measurement technology for measuring emissions from 5-7 emission sources is expensive and not attractive enough as alternative
Data needs to be trusted by authorization and data sovereignty must be guaranteed

Too complex/risky for one company

Approach
Public founded R&D Project with the aim of digitization and verification of live emission data from ships for transparent and credible reporting and monitoring
processes and CO,-optimized ship operation

Strategic Goals

First-time use of IDS (International Data Space) technology in the field of maritime emissions as a basis for emissions-based fees
Development of a new CO, sensor concept for MRV/DCS reporting as a basis for acceptance by flag states

Cloud connection to shipping company and port operato

Live implementation on two container ships and a harbor ferry

Blue-Print for an innovative trustful marine emission reporting system

maritime-forschungsstrategie-2025
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DIVMALDA - The future of digital emission reporting

Consortium
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Sensor and edge technology % Fra u n hOfer

Trust, legislation,
competence

@ Use case for
seagoing vessels

Data receiver for local
emissions of ferry

Hamburg Port Authority

Data analysis, CML
CO, simulation
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Use case for harbor
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Todays Reporting
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Modell of full automated Reporting
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Vessel Ship Management
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DIVMALDA - The future of digital emission reporting

At a Glance

Prepare raw data for
visualisation

Data quality Data
processing plausibility

Data migration 3rd Party
Data (weather, etc)

]

Data Management & Data verification

,

¢ Emissions e.g.: CO, N,0O, CH,, ...

e QOperational data (AlIS, FOC,...)
s B <

l

Verified Insights

P e
YW b

Dashboard

A s

T

Shipping Company
Data Owner

Public

Report to any
stakeholder: e.g.

* Port State Control
¢ Administration

e Environmental
Schemes,
MRV

S~

Track Live
Compliance



Maritime GHG Measurement and Reporting Solutions

‘:\%Q_ |
(= -
Gaseous Emissions
> |-CO,
-CH,
-NO, NO,, O,,....

* Infully accordance with NTC

in .
R)

Exhaust Gas Analyzer

Gas conditions
> |-tex [°C] (measured)
-pex [hPa] (measured

’
Gas Velocity

-V [m/s] (measured)
S

Funnel
-A [m?] calculated once

Exhaust Flow
(Direct Measured with FLOWSIC100)

Simple principle

:{ Vppm / Vol-%

* Maintenance free
* Independent of fuel

*  Only flow needs to be measured

Calculations

-Density of Exhaust gas: (p, t) [kg/m3]
-Volumeflow: V x A = [m3/s]

-Massflow total Volumeflow x Density [kg/h]
-CO, flow = Massflow x Conc CO, [kgco./h]

CH,, CO, [kg/kWh]

The benefits of real time GHG emission monitoring...

2026-06-25

Endress+Hauser {21



Real time GHG measuring and cloud-based reporting
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Prototype Installation on MSC Savona
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Prototype Installation on MSC Savona
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Next Prototype Installation on Johannes Dahlmann
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Thank you for your attention!

Hinrich Beumm

Industry Manager Endress + Hauser
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