Zero waste Heat vessel towards relevant Energy

savings also thanks to IT technologies

O ENCONTECH B.V.
ENERGY CONVERSION TECHNOLOGIES

This project has received funding from the European Union’s Horizon Europe research and innovation programme
under grant agreement No 101056801.

Funded by the
European Union



Zero waste Heat vessel towards relevant

¥

Energy savings also thanks to IT technologies

@ o

Zhenlt D 6.12 | ZHENIT policy positioning paper and Guidebook

Disclaimer

Funded by the European Union. The content of this deliverable reflect the authors’ views. Views and
opinions expressed are however those of the author(s) only and do not necessarily reflect those of the
European Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA).

Neither the European Union nor the granting authority can be held responsible for them.

Copyright Message

This report, if not confidential, is licensed under a Creative Commons Attribution 4.0 International

License (CC BY 4.0). A copy is available here:

https://creativecommons.org/licenses/by/4.0/.

You are free to share (copy and redistribute the material in any medium or format) and adapt (remix,
transform, and build upon the material for any purpose, even commercially) under the following terms:
(i) attribution (you must give appropriate credit, provide a link to the license, and indicate if changes
were made; you may do so in any reasonable manner, but not in any way that suggests the licensor
endorses you or your use); (ii) no additional restrictions (you may not apply legal terms or technological

measures that legally restrict others from doing anything the license permits).

programme under grant agreement No 101056801. Views and opinions expressed are however those of

the author(s) only and do not necessarily reflect those of the European Union or the European Climate,
Funded by the Infrastructure and Environment Executive Agency (CINEA). Neither the European Union nor the granting
European Union authority can be held responsible for them.

- This project has received funding from the European Union’s Horizon Europe research and innovation 2|15



- Zero waste Heat vessel towards relevant

-!-.
- Energy savings also thanks to IT technologies

e
[
Zhenlt D 6.12 | ZHENIT policy positioning paper and Guidebook

Document History

Project Acronym ZHENIT

Project Title ZHENIT - Zero waste Heat vessel towards relevant Energy savings also thanks to IT
technologies

Project RINA-C
coordination

Project duration 47 month — from 1/06/2022 to 30/04/2026
Title D 6.12 — ZHENIT policy positioning paper and Guidebook

Dissemination Public

Status Final
Version 1
Work Package WP6
Lead Beneficiary RINA-S

Other Beneficiaries [AINCEIR{IESS

—
)
<
()

Author(s) Giorgia Abbate (RINA-S)

Reviwers TECNALIA, UoB

07/04/2026 0.1 Alessandro Maccari (RINA-s) Review

27/04/2026 0.2 Carol Pascual Ortiz (TECNALIA) Review
Lorenzo Ciappi (UoB)

27/04/2026 0.3 Giorgia Abbate (RINA-S) Implementation of review

28/04/206 1 Fiorella Valenti (RINA-C) Document ready for submission

This project has received funding from the European Union’s Horizon Europe research and 3|15
innovation programme under grant agreement No 101056801. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European
Funded by the Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA).
European Union . . . . .
Neither the European Union nor the granting authority can be held responsible for them.




Zero waste Heat vessel towards relevant

lﬂ-.

Energy savings also thanks to IT technologies

[
Zhenlt D 6.12 | ZHENIT policy positioning paper and Guidebook

List of Organizations

RINA Consulting Spa RINA-C Italy

)

1.1  RINA Services Spa RINA-S Italy
2

Ethnicon metsovion polytechnion NTUA Greece
3 Danelec KYMA Norway Danelec
4 Fundacion tecnalia research & innovation TECNALIA Spain rtﬁ:gecnﬁg!:a
41 Universidad del pais vasco/ euskal herriko )

. : UPV/EHU Spain

unibertsitatea
5 :

Attica Group ANEK Greece

o
Attlﬁ&gf

6 @©
Consiglio nazionale delle ricerche CNR Italy r

Consiglio Nazionale A=

delle Ricerche
6.1  Consorzio diricerca per 'innovazione //—4
tecnologica, sicilia trasporti navali, NAVTEC Italy P Navte
commerciali e da diporto scarl N
7 Sorption technologies gmbh SORTECH Germany (, Sorpt
) lllJ[n”‘I I: I‘l"l\lrl \Ig jies
7.1  Sorption technologies srl SORTIT Italy
e Bound 4 blue sl B4B Spain boundublue
9 Encontech bv ECT Netherlands L
10
Gruppo sigla srl SIGLA Italy
t UNIVERSITYOF
The university of Birmingham UoB United kingdom ﬁ BIRMINGHAM

This project has received funding from the European Union’s Horizon Europe research and 4115
innovation programme under grant agreement No 101056801. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European
Funded by the Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA).
European Union . . . . .
Neither the European Union nor the granting authority can be held responsible for them.




Zero waste Heat vessel towards relevant

Energy savings also thanks to IT technologies

{3

D 6.12 | ZHENIT policy positioning paper and Guidebook

Table of Content

AbDBreviation aNd ACIONYMS........iii ettt e e et e e e s e e e e st e e e e s bbeeeeastaeesesteeesassaeeeenaseeeesnnsens 6
EXECUTIVE SUMIMIAIY ittt e et e et e e et e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e e s e e e eeseaeaeeaeeeennannnnnannnns 7
1 T (o o [V Tt d o] o WU TP PO T PSPPI TPPOPRPPP 8
2 Global Shipping in the Context of Environmental Considerations ........cccccceveeevieeeecieeeecciiee e, 8

2.1 Decarbonization and Regulatory Drivers in Maritime Transport ........ccccoceeeeecieeeeecveeeeecieeeeenns 9
3 ZHENIT as a Key Decarbonization Solution for Maritime Transport.........cccceeeecieeeeeciieeeecieeeeenns 11
4 POSItIONING OF ZHENIT ...oiiiiiiie e et e et e e st ra e e e sabae e e entaeeeesnsaeeesansreeeas 13
5 RETEIENCES .ottt ettt ettt e st e st e s bt e e s bt e e bt e e s abeesabeeesabeesabeesbaeesabeeeneeas 14

This project has received funding from the European Union’s Horizon Europe research and 5115
innovation programme under grant agreement No 101056801. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European
Funded by the Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA).
European Union . . . . .
Neither the European Union nor the granting authority can be held responsible for them.




s

o=

zhenit

Zero waste Heat vessel towards relevant

Energy savings also thanks to IT technologies

D 6.12 | ZHENIT policy positioning paper and Guidebook

Abbreviation and Acronyms

N

WHR

IMO

EU

GHG

NZF

ETS

WitW

MARPOL

MEPC

ORC

Waste Heat Recovery

International Maritime Organization
European Union

Greenhouse Gas

Net-Zero Framework

European Trading System

Well-to-Wake

Maritine Pollution Convention

Marine Environment Protection Committee

Organic Rankine Cycle

This project has received funding from the European Union’s Horizon Europe research and 6| 15
innovation programme under grant agreement No 101056801. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European

Funded by the Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA).

European Union

Neither the European Union nor the granting authority can be held responsible for them.



Zero waste Heat vessel towards relevant

Energy savings also thanks to IT technologies

[
It D 6.12 | ZHENIT policy positioning paper and Guidebook

5
{3

Executive Summary

The ZHENIT Project is an EU-funded project that aimes at accelerating the decarbonization of the
maritime sector by delivering market-ready, retrofit-compatible energy efficiency solutions. In response
toincreasing regulatory pressure from the International Maritime Organization (IMO) and the European
Union (EU), ZHENIT positions Waste Heat Recovery (WHR) and complementary retrofit technologies as
practical, short- to medium-term solutions to reduce greenhouse gas (GHG) emissions from existing

vessels.

Maritime transport, which carries approximately 90% of global trade, currently accounts for around 2—
3% of global GHG emissions. With ambitious targets set by the IMO—net-zero emissions by 2050 and
significant reductions by 2030 and 2040—as well as regional measures such as the FuelEU Maritime
Regulation and the EU Emissions Trading System, the industry faces urgent pressure to adopt cleaner

technologies and improve energy efficiency.

ZHENIT addresses this challenge through an integrated technological approach that combines advanced
WHR systems, digital energy management tools, and retrofit solutions such as wind-assisted propulsion.
Its WHR technologies—based on Organic Rankine Cycle systems for high-temperature heat and isobaric
expansion engines for low-temperature heat—enable the recovery and reuse of energy that would
otherwise be wasted. This approach can reduce vessel energy consumption by up to 25-35% without

compromising operational performance or safety.

While challenges remain —such as onboard space constraints, integration complexity, regulatory
certification, and upfront investment costs— ZHENIT demonstrates a strong potential as a scalable and
cost-effective pathway to emissions reduction. By focusing on energy efficiency rather than fuel
switching, it provides an immediately deployable solution that complements longer-term transitions to

alternative fuels.

Overall, ZHENIT is positioned as a practical, policy-aligned solution that supports compliance with EU
and IMO targets while enabling significant emissions reductions across the maritime sector in the critical

decade leading up to 2030.
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1 Introduction

The ZHENIT Project ( https://www.zhenit.eu/ ) is an EU-funded project designed to address the ship

industry's decarbonization, which is a major concern regarding the all-around transport sector. ZHENIT
aims to position a WHR and advanced retrofitting solutions as ready-to-implement technologies that
will support achieving the 2030 IMO and the EU decarbonization targets. Through the development and
validation of WHR systems within various temperature ranges, coupled with the integration of
retrofitting measures, including wind-assisted propulsion and passive air lubrication, ZHENIT wants to
highlight the ability to cut the vessel energy consumption by up to 25-35%, without compromising

safety on aboard and maintaining fleet performance at its best.

Employee-driven technological innovation in the project creates a pathway for market-ready solutions

within the EU shipping sector between 2027 and 2030.

2  Global Shipping in the Context of Environmental
Considerations

The maritime transport industry is the fundamental pillar of the international trade. The volume of
global trade that is accounted on the maritime sector is of approximately 90%. Keeping the economic
relevance of the sector in mind, it can’t be overlooked that GHG emissions are a significant contributor
of the environmental degradation. It has been estimated by the IMO that the GHG global emissions
which the maritime shipping is responsible for is approximately 2-3% annually. In response the IMO
introduced the GHG Strategy from 2023 which sets out to achieve net-zero emissions by 2050. Including
key targets, such as reducing emissions by at least 20% (striving for 30%) by 2030 and at least 70%
(aiming for 80%) by 2040, these values compared to the 2008 levels.

A central and important component of the evolving regulatory framework is the development of the
IMO’s Net-Zero Framework (NZF), introducing the possibility of combining a global marine fuel standard
and a market-based mechanism, this approach would effectively introduce carbon pricing on an
international scale. This framework seeks to regulate the GHG intensity of marine fuels and encourage
emissions reduction through economic incentives, supporting the current operational and technical

strategies of the sector.
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The strategy that the IMO is trying to implement promotes the uptake of zero and near-zero emission
fuels and also technologies, this to establish a target for their deployment, this to reach at least 5%
(striving for 10%) of the total energy that is annually required in international shipping in 2030. The
Framework therefore represents a critical step towards scaling alternative types of energy solutions
such as ammonia, hydrogen when talking about fuels and technologies such as those evaluated in

ZHENIT.

The IMO NZF will be added as Chapter 5 to Annex VI of the International Convention for the Prevention
of Pollution from Ships (MARPOL) once it is adoptned. Regrettably, during the extraordinary Marine
Environmental Protection Committee (MEPC) session, that took place in October 2025 at the IMO, did
not formally approve the NZF, during that session it was decided to give all IMO Member States an
additional year to evaluate and framework and its implications for lifecycle GHG intensity limits and the

potential of carbon pricing.

At the regional level, the FuelEU Maritime Regulation establishes increasingly stringent GHG intensity
standards for fuels used by ships from 2025 through 2050, applying a “Well-to-Wake” (WtW) lifecycle
approach. In addition, the EU Emissions Trading System (ETS), that has been in force since 2024,
incorporates carbon pricing mechanisms for maritime operators, thereby strengthening the financial
incentives to achieve emissions reductions. The shipping companies are required from the EU to
surrender the allowances gradually. In 2025 shipping companies surrendered 40% of their reported
2024 CO, emissions. In 2026 the emissions will increase at 60% of the reported emissions in 2025.

Effective from 2027 onward, they are obliged to surrender 100% of the allowances.

The shipping industry is moving toward cleaner fuels and technologies, but this shift demands major

operational and technological advances and significant investments from all parties.

2.1 Decarbonization and Regulatory Drivers in Maritime Transport

The Intergovernmental Panel on Climate Change highlights that to achieve a meaningful mitigation the
worsening effects of climate change need to be a significant reduction in carbon dioxide emissions from
all sectors, not only maritime, which as was pointed out before accounts from 2-3% of the overall

emissions.

Some estimates, if the shipping sector is not mitigated, they could account for [FV3.1][GA3.2]up to 17%

of the global CO, emissions by 2050. This scenario represents the worst-case based on the modelling
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that assumes that the shipping industry does not decarbonize at a fast enough pace as the other sectors.
However, this study has attracted controversy, primarily because it implies that aggressive
decarbonization is actually achieved in non-shipping sectors, while shipping industry is assumed to leg
behind. This mainly due to some challenges that could be identified as technological limitations —mainly
slower development — and regulatory hurdles, due to the complexity of the implementation of the

global provisions and regional jurisdictions.

The transition to low- and zero-carbon is not only an environmental responsibility and a critical
economic and social requirement. To be in line with the IMO 2050 targets the industry faces pressure
to innovate, to adopt “cleaner” fuels, to implement energy-efficiency technologies and prepare for the

new regulations.
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3  ZHENIT as a Key Decarbonization Solution for Maritime
Transport

As mentioned above, ZHENIT project focuses on using innovative WHR systems to value onboard waste
heat recovery, as an integrated technological approach on decarbonization. WHR will be tested on
board of Teseo, a fishing vessel, during sea-trials on the coastline of Sicily as part of the validation
campaign of the project. In addirion, ZHENIT is also focusing on a comprehensive approach, integrating

various energy efficiency systems, digital optimization tools, and retrofit-oriented solutions.

During the project not only WHR system was analysed as specified in document[FV4.1][GA4.2], but also
additional retrofitting options such as wind-assisted propulsion technology. Therefore, unlike single
technology, ZHENIT takes a more complete approach, combining different energy recovery systems,
digital optimization tools, and retrofit-oriented solutions. Due to the short to medium term
decarbonisation targets set for 2030, the framework positions WHR as a key facilitator of the energy

shift in the maritime industry, rather than just one of the many auxiliary efficiency measure.

The development and validation of the technology across different temperature ranges, that allows the
recovery and reuse on board of thermal energy that would otherwise be lost, is of course the major
assessment of the project. Once the temperature of the available waste heat is addressed, the main
variable to be considered, the technological pathways can be identified. [FV5.1]In ZHENIT an Organic
Rankine Cycle (ORC) equipment transforms the main engine jacket cooling water, with a temperature
just below 100°C, into energy from heat that would otherwise be lost. By transforming exhaust heat
into several energy forms, the demand on auxiliary or main engines is reduced, thereby improving the

overall efficiency of the plant.

The research provides isobaric expansion engines that can transform low-grade thermal energy into
mechanical work for low-temperature waste heat (below 100°C), which is usually wasted in traditional
waste heat recovery systems. This solution helps achieving the overall goal of reducing onboard energy

losses and increasing the usable energy range of waste heat recovery systems.

Thanks to the integration of the digital energy management systems, the energy flows onboard can be
monitored, controlled and therefore optimized in real time, so that the recovered heat can be
effectively used and maximised under a variety of operating circumstances. The performance of the
system is intrinsically dependent on the dynamic load patterns and variability of operation, making the

digitalization essential.

This project has received funding from the European Union’s Horizon Europe research and 11115
innovation programme under grant agreement No 101056801. Views and opinions expressed
are however those of the author(s) only and do not necessarily reflect those of the European
Funded by the Union or the European Climate, Infrastructure and Environment Executive Agency (CINEA).
European Union . . . . .
Neither the European Union nor the granting authority can be held responsible for them.




Zero waste Heat vessel towards relevant

Energy savings also thanks to IT technologies

{3

[
It D 6.12 | ZHENIT policy positioning paper and Guidebook

As a project ZHENT prioritizes the retrofit compatibility for the installation of the system, to meet an
urgent demand for decarbonizing the existing fleet. However, some obstacles are still limiting
retrofitting possibilities, e.g. availability of space on board, weight increase with negative impact on
ship stability, integration of components on existing ship systems, which also introduce technical
complexity on the overall system. Moreover, the initial investment in capital (CAPEX) and fluctuations
in fuel prices (OPEX), more and more frequent, have an impact on the cost-effectiveness and return of
the investment of WHR systems. The adoption can also be delayed by regulatory factors, such as

certification processes for new technologies, and the lack of “marinised” industry standards.

In conclusion, the ZHENIT’s project demonstrates that WHR can effectively deliver substantial
improvements in energy efficiency on board, offering to the marine industry a viable and practical
decarbonization route, both for new ships and the existing fleet, increasing the possibility of compliance

with short-term climate goals, remaining also a key option for long-term goals.
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4  Positioning of ZHENIT

A significant strategy to increase the energy efficiency of a ship system is the recovery of residual heat,

which immediately lowers fuel consumption and GHG emissions.

ZHENIT could be positioned as a practical short-term solution to help decarbonize, aligning with the

objectives of the European Green Deal, the FuelEU Maritime Regulation and the IMO 2030 targets.

Long-term solutions, imply fuel-switching and substantial infrastructure, technological constraints, and
an available fuel production chain, while ZENITH focuses on the energy efficiency through systematic
recovery and reuse of onboard waste heat. This is the key to reduce fuel consumption and GHG
emissions, while supporting the regulatory compliance during the transition to short-term and long-

term solutions.

The design is modular and compatible with retrofitting, enabling the existing feet with suitable
characteristics to adopt the system on board without disruptive modifications to the vessel, therefore

addressing most of the fleet that will still be in operation by 2030.

Through the incorporation of the digital energy management system and supporting technologies such
as wind assisted propulsion systems, ZHENIT boosts the overall energy efficiency of possibly the entire
vessel and operational resilience, offering a scalable solution, and a policy-aligned pathway toward a

more sustainable maritime operation.
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