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Road transportation remains so important to European energy policy and
must now be considered as a problematic of sustainable development.

Road transportation is responsible for more than 20% of CO2 emissions in
Europe, against only 3% for other modes of transportation (maritime,
aviation, rail, river). Diesel engines share around 90% of maritime market.

According to the White Paper on Transport, existing Inland Waterways (IW)
have to play a bigger role in linking the European seas, in particular in
moving goods to the hinterland which is an unused potential to date.

The EU has noted interest in using IW as an important part of transport that
has a great potential in achieving a sustainable European transport network.
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How to reduce or eliminate the
Dioxide of Nitrogen , the
opacity and then the CO2.

I

Supply the Diesel Engine by
pure oxygen

Control at high temperature the
oxyfuel ratio

Heat recovery system (10 a
15%) and improve Diesel
efficiency up 45%

Capture and Stocke the CO2
Transform the CO2



MA JOR EMISSIONS IN DIESEL ENGINES
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1. European goals for 2050 include minimization of truck access to cities. InIand waterway
vessels have the capacity to carry the load of 100 trucks at once by a single vessel (i.e.
2000 tons @ 20 ton per truck).

2. The fossil fuel price has gone down recently the resources are still limited. A 15 % fuel
consumption reduction will bring about an economic gain of the same order. (€1500
saving per every € 10,000 spent).

3. Congestion in cities will be significantly reduced by reducing the truck transportin
cities. Some of the passenger transport can also be diverted to transport via waterways

that will also reduce travel time.

4. Goods manufacturers can benefit heavily from waterway transport.
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Focus: RIVER aims to increase the use of this technology based on
oxyfuel CCS (Carbon Capture & Storage) Engine combustion in the inland
waterway vessels and the conversion of Carbon in materials bio-solvent
products.

What: Integrate oxyfuel CCS combustion technology in inland waterway
navigation by facilitating the market uptake of the technologies

developed

For Whom: SMEs constructing engines, inland water vessels

Where: Across the NWE Europe.
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A small boat equipped with 28 KW engine produces per year 27t CO2 (assume averagely 6h operation/day with 60%
engine load).NOx:194 kg, Fuel consumption:10000l. Modern Diesel Engine with Water Emulsion produces 6t CO2, 118 kg
NOx, Fuel consumption: 9500l

Project Ends : CO2 emissions avoided pear year 27 tons — NOx emissions avoided pear year 194Kg —Saving fuel
consumption 1500I/year- Stored CO2 is transformed to obtain bio-solvent- 1 feasibility study of this technology for large
vessels (110m).

5 years after : 15-25 medium size river boats (71 tons of CO2/year, 513 kg NOx/year) which will be powered by this
technology will save 1062-1770 tons of CO2 emissions per year, with similar engine efficiency.- NOx emissions avoided
pear year 8-13 tons -15-25

direct and indirect jobs: retrofitting the boats.

10 years after the project ends (long-term effects)
300 various size ships/boats will be equipped with the technology, then saving up to 20000 tons CO2 emissions annually.

Technology applied to other sectors: heavy duty vehicles, with appropriate space for a tank and oxyfuel combustion for
power generation plants.
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Carbon
Capture
Storage
Technology

Carbon
transformation

Roadmap for utilisation of new
engine technology with zero
Carbon emissions for IWT

MAIN OUTPUTS

Main output description

Today, many existing technologies are technically ready
for deployment for CCS: capture, storage and transport.
CCS involves separation of CO2 from mixtures of gases
and compression of this CO2 to a liquid-like state;
transport of CO2 to a suitable storage site (in our case
tank). The developed oxyfuel

combustion engine system will enable powered vessels
having CO2 capture and storage. This will enable

powered vessels having zero CO2 emissions.

Strategy, based on circular economy principles, is to
use CO2 in the synthesis of high-value added
chemicals. A demonstrator based on continuous flow
chemistry will be implemented in Lille and will use CO2
as low-cost raw material in the synthesis of
pharmaceuticals, plastics, synthetic materials or plant
defense stimulators.

Description and analysis of actions needed to
accelerate the utilisation of new engine technology to
levels that would allow it to fulfill its CO2 emissions
reduction in IWT. Promote this technology that

spurs economic growth and environmental

protection particularly in terms of reducing

GHG that contribute to climate change.

Output
indicator

Low carbon
Solutions
in transport (1)

Low carbon
Solutions
in transport (1)

20 enterprises
co-operating with
research
institutions
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TARGET GROUPS

Local, regional and national
authority

Higher Education and Researche
SME

Enterprise, excluding SME

Business support organisation
Interest groups including NGOs
Infrastructure and service
provider

Other : Engineering offices,
Companies of transport, ....
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WP T1
Designing and Developing the
Technologies

Business case and Policies

WP T2

WP I1

Installing and Testing Engines
in An Operational Environment

!

WP LT
Long Term Effects
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Promote awareness of RIVER’s technology across the rest of NWE and roll out Outputs to stakeholders in other regions.

- Inform Environmental org’s about the green benefits and encourage them to champion the project.
- Create a partnership between NWE regions focusing on technology that ensures the project’s LTE. Two 1-day visits to
UK to witness demonstrations of RIVER technologies will be available to EU companies interested in developing their

involvement in IWT and CCS.

- Ensure RIVER’s training material encourages Marine engine manufacturers to adopt, assimilate and embed technologies
and helps boat builders and technicians to fit/retrofit engines

- Ensure RIVER’s technology continuously evolves through research of trends in green technology and regulations

Ensure RIVER’s technology remains aligned with NRMM reg’s manufacturers need to meet to obtain type-approval of
their engines (a prerequisite for placing their engines on the EU market)

Maintain a measurement methodology in a format that stakeholders can also adopt which proves the project's results,
and predicts them for 5 and 10 years ahead.
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To change the behaviour of stakeholders
who are opposite for the development of
clean and economic Diesel Engines and
prefer to develop electrical or Hydrogen
Create a network with other regions for solutions. This will be supported by the
the development of this technology in IWT European platform

Relevant stakeholders are informed about
the outcomes of the analysis related to
the quality of their regional input
material.

Change behaviour

Raise awareness

To raise awareness at the level of end
Raise awareness users and authorities on oxyfuel CCS
{Carbon Capture and Storage) technology

S5timulate oxyfuel CCS technology in IWT and market development
and market development around this

technology in NWE.

There is a lack of knowledge about
market opportunities dealing with oxyfuel
Carbon Capture and Storage. Actions will
be done to increase this knowledge.

Increase knowledge

Collaborative learning and development
will be promoting in order to increase the
knowledge at the level of institutions,
end-users on oxyfuel CCS technology

Increase knowledge

A comparison study with other future
alternatives technologies such as LNG,
Hybrid, Biofuels, Electric.etc.. will be
developed. Communication materials will
Deliver proof of the readiness of oxyfuel be developed to raise ship owners and
CCS technology for vessels managing IWT awareness. Materials will
be jointly developed taking into account
Raise awareness good practice within the partners.
Communication to raise awareness in
order to reach the ship owners and
engine manufactories through website,
exhibitions, newsletters , meetings,
workshops, contact, open days, etc..).
Associated partners will use their own
networks to reach this kind of population.
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Activity 2 : Management Activity 1 Administrative tasks

and Coordination
- Progress reports

e (—— Projet Key mangement tools

- Work package meettings
- Online WP coordinationn

Activity 4 : Financial Control
- Controlling system

- FLC for payments

- CO2 transform

|
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Activity 2 : Oxygen, Fuel
Supply System
Oxygen supply system with CO2

Fuel injection system
On board oxygen production

ystem simulation
Control, Diagnostics strategies
Various control models

Study of Energy consumption Oxy-biofuel study OUTPUTS
Activity 4 : Energy recovery, CCS, CO2 transform CCS
Energy recovery ‘
CO2 capture, storage cO?2
CO2 transform
transform
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Activity 2 : Market analysis H2020 Project
- Market uptake leaded by STC
- Analysis of benefits of solutions _ Technical barriers analysis

- Rollout plan - Policies and regulations analysis

- Financial barriers OUTPUT

Roadmap for

utilisation of

new engine
technology with
zero carbon
emissions for
Activity 3 : Business case during the liftime of the project IWT

Business Case

Market uptake commitment
Verification of business models
CO2 transform
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Thank you!



