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INTRODUCTION

WEBINAR OBJETIVES

Introduce the ZHENIT
Project and its goals

Present the laboratory
validation campaign

Describe the
preparation and
integration of the test
site

Explain the SCADA
and control
architecture

Present the integrated
pilot testing activities

Highlight TECNALIA’s
and RELATECH’s roles




INTRODUCTION



INTRODUCTION




INTRODUCTION



INTRODUCTION



PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

PHASED
ACQUISITION
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DETAILED
PLANNING AND

COORDINATION
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PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

—— Existing heating and cooling rings (See Note 3)
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PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

TES phases
Inlet Water Temperature [°C] Outlet Water Temperature [°C] Thermal Power [kW]
Charging 90 70
40
Discharging 70 90
TES Mechanical Integration

Presence of hydraulic modules Yes

Number of Hydraulic modules (critical) 1

TES Electrical Integration
Power Supply [kWe] n.a.

Presence of Energy Meter n.a.




PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

IEE Specification

Unit Inlet Water Temperature Outlet Water Temperature Thermal Power
[°C] [°C] [kw]
Heating (source) 90 84 25-30
Cooling (sink) 20 26 20-25

IEE Mechanical Integration

Presence of hydraulic modules Yes

Number of Hydraulic modules
(critical)

IEE Electrical Integration

Power Supply [kWe] 0.1 (max)

Presence of inverter No

Adsorption Machine Specification

Inlet Water Temperature Outlet Water Temperature Thermal Power
[°cl [°c [kw]
Generator 90 70 20
Recooler 25 35 30
Evaporator 15 10 10

Adsorption Machine Mechanical Integration
Presence of hydraulic modules Yes

Number of Hydraulic modules
(critical)

Adsorption Machine Electrical Integration
Power Supply [kWe] 3 (max)

Presence of Inverter Yes



PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

IEE Specification

Unit Inlet Water Temperature Outlet Water Temperature Thermal Power
[°C] [°C] [kw]
Heating (source) 90 84 25-30
Cooling (sink) 20 26 20-25

IEE Mechanical Integration

Presence of hydraulic modules Yes

Number of Hydraulic modules
(critical)

IEE Electrical Integration

Power Supply [kWe] 0.1 (max)

Presence of inverter No

Adsorption Machine Specification

Inlet Water Temperature Outlet Water Temperature Thermal Power
[°cl [°c [kw]
Generator 90 70 20
Recooler 25 35 30
Evaporator 15 10 10

Adsorption Machine Mechanical Integration
Presence of hydraulic modules Yes

Number of Hydraulic modules
(critical)

Adsorption Machine Electrical Integration
Power Supply [kWe] 3 (max)

Presence of Inverter Yes



PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

ORC-HP circuit

Inlet Wat
Tn € ater Outlet Water Thermal
emperature
F[)°C] Temperature [°C] Power [kW]
ORC Evaporator 140 130 100
.21 (min) -
ORC Condenser 35-40 40/55 ezl (i)
91 (max)
2. in) -
ORC Subcooler 35.50 40/55 86 (min)
3.01 (max)
Heat 2.2 (min) -
eat pump 15 10 (min)
Evaporator 3.1 (max)
RC-HP Mechanical Integration

Presence of hydraulic
modules

Yes

Number of Hydraulic
modules (critical)

4

ORC-HP Electrical Integration
Power Supply [kWe] 1.42 (max)

Power generation
= 11.32 (max)

[kWe]

Presence of Inverter Yes
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PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES

DOCUMENTATION OPERATIONAL APPROACH
SAFETY REQUIREMENTS DEFINED REQUIREMENTS COMMUNICATED ESTABLISHED

e Tecnalia’s Quality Department e Each prototype must provide an e Prototypes will follow a “Plug &
established the safety criteria for Operation & Maintenance Play” setup. Partners were
the reception of ZHENIT Manual and a Risk Assessment responsible for operating,
prototypes. before arrival. These documents commissioning, and configuring
cover operational limits, safety their prototypes. Tecnalia will
measures, maintenance provide remote access and
procedures, and mitigation of monitoring support.

mechanical, electrical, and
thermal risks.
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TES Trends

TES : Tempreture Inlet # 1
TES : Tempreture Outlet # 1

TES : Flow Outlet # 1

Isobaric Engine Trends

: Tempreture Inlet # 1
: Tempreture Outlet # 1

: Flow Outlet # 1

: Tempreture Inlet # 2

: Tempreture Outlet # 2

: Flow Outlet # 2

Supervision HMI interface

ORC 1 Trends

ORC1: Tempreture Inlet # 1
ORC1:Tempreture Outlet #1
ORC1: Flow Outlet # 1
ORC1:Tempreture Inlet #2
ORC1:Tempreture Outlet #2

ORC1: Flow Outlet # 2

ORC 2 Trends

ORC2: Tempreture Inlet # 3
ORC2:Tempreture Outlet#3

ORC2: Flow Outlet # 3

Adsorption Machine 1 Trends

AM1: Tempreture Inlet # 1
: Tempreture Outlet #1
: Flow Outlet # 1
: Tempreture Inlet # 2
: Tempreture Outlet #2

: Flow Outlet # 2

Adsorption Machine 2 Trends

AM2: Tempreture Inlet # 3
AAM2: Tempreture Outlet # 3

AM2: Flow Outlet # 3

-
ADSORPTION
e MACHINE

ORCKPI

Starting Time ors (D Measure #1
Starting Dlay Time wrs (D Measure #2
Healty Measure #3
Measure #4

Measure #5

Chilled Water
Module




Control Platform

Lab TECNALIA ié‘”‘d IGNITION
(=—3
:
: OPC UAconnection
1
1
E_J PLC SIGLA

MODBUS connection TCP/IP

PLC

PLC ADS PLC ORC ISOBARIC




DATA FLOW

COINPLIT | PLC SIGLA
, |

' !

[ ! -

' !

' !

! |

l a . -
: |

' !

! :

! 5

I ' - g
: |

, |

: !

: |

, |

: |

— |
I ;
!
| I
[
!
I
I !
!
. |
r .
!
I
I !
]
I
I !
!
I l
.
!
3 I
LI -
!
l I
!
!
I I
[
;
' I
!
. I
1 ]
-
l I
!
]
I l
s
] I
I !
-
l I
!
i I
I ]
!
| I
[
!
I
I !




Automation software development

INPUT

FIELD

INPUT

INPUT
FIEHD DATABASE

MODBUS |

PROFINET ¢

MODBUS

PROFINET ¢




Automation software development




Automation software development




Laboratory setup



Loop check
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"GS: INTEGRATOR_
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DB_s"

arsRaw



PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES



PREPARATION OF THE TEST SITE FOR THE INTEGRATION OF PROTOTYPES



INTEGRATED PROTOTYPES PILOT CAMPAIGN AT TECNALIA's LAB

[ Existing heating and cooling rings (See Note 3)
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INTEGRATED PROTOTYPES PILOT CAMPAIGN AT TECNALIA's LAB

VALIDATION CAMPAIGN DEFINITION

e Designed an experimental framework to test ZHENIT prototypes under representative maritime conditions
* Configured TECNALIA’s laboratory with three pressurized water circuits (—10 °C to 150 °C) to emulate low-, medium-, and
high-temperature streams on vessels

 Defined testing scenarios for two vessel types—tuna fishing vessel and ferry—covering key applications: heating/cooling,
desalination, electricity generation, mechanical work, and DHW production

e Reproduced standard vessel temperature profiles and varied waste-heat availability to test system performance under
both favorable and constrained conditions

e Conducted stand-alone and parallel testing of all prototypes (ORC, TES, AM, IEE), including TES charge/discharge cycles for
domestic hot water supply

* Integrated the effect of innovative technologies (e.g., e-Sail) to evaluate their impact on waste-heat availability and energy
savings

e Established a comprehensive plan to assess prototype performance, quantify energy-saving contributions, and identify
operational constraints, synergies, and lessons for future onboard application.



INTEGRATED PROTOTYPES PILOT CAMPAIGN AT TECNALIA's LAB

e Evaluate individual e Verify thermal, e Steady-state operation e Establishes baseline
performance of each hydraulic, mechanical, e Predefined inlet performance for
prototype under and electrical temperatures and flow integration phase
controlled, isolated performance before full rates e Supports parallel testing
conditions. system integration. « Scenarios cover high, under simulated vessel

medium, and low- operating conditions

temperature marine
waste-heat streams




INTEGRATED PROTOTYPES PILOT CAMPAIGN AT TECNALIA's LAB

e Evaluate integrated e Tuna Fishing Vessel (4-hour ® Ferry Vessel — Summer e Ferry Vessel — Winter « Established system
performance of ZHENIT lab emulation, Indian (4-hour lab emulation, (4-hour lab emulation, performance under realistic
prototypes under realistic Ocean conditions) Mediterranean conditions) Mediterranean conditions) operational and seasonal
vessellconditions. « HT: 130-140°C - ORC « HT: 180-200°C - ORC « HT: 180-200°C - ORC conditions.

* Assess interactions and electricity generation electricity generation electricity generation « |dentified interactions,
syr:jelrEgées of ORC, TES, AM * MT: 86.3°C - Adsorption * MT: 91°C - Isobaric engine e MT: 91°C - Isobaric engine ;ynergles, and constraints
an SELES cooling / isobaric engine / motor pumps / motor pumps (SOEIE1A) ML

* LT: 41.9°C - minimal use * LT: 47 °C - Absorption * LT: 47 °C - Absorption

* Seawater: 24-30°C cooling cooling

« Purpose: Evaluate e Seawater: 24-28°C > TES e Seawater: 12-16°C > TES
simultaneous system DHW demand DHW demand

performance and energy
efficiency contribution.

(==



INTEGRATED PROTOTYPES PILOT CAMPAIGN AT TECNALIA's LAB

.. . Allocation of Competing Heat Linear Scaling of Laborator .
Objetive Waste heat assignment peting & Y Result calculation:
Streams Data

eScale laboratory prototype
performance to real vessel
conditions.

eEvaluate how each ZHENIT
system (ORC, TES,
Adsorption Machine, IEE)
can meet energy demands
using available waste heat.

ePrototypes assigned to
waste-heat streams
matching their operational
needs:

*HT (high temperature): ORC
(electricity) and TES (DHW/
thermal storage)

*MT (medium temperature):
Adsorption Machine
(cooling) and IEE
(mechanical power)

*LT (low temperature): Not
considered due to limited or
unsuitable availability.

eMedium-temperature heat
shared conservatively
between cooling and
auxiliary mechanical
demand (e.g., 90/10 or
80/20 split).

ePrototype outputs scaled
proportionally to the
available waste heat on the
vessel.

« Efficiency measured in the
lab is preserved.

eExample: ORC prototype
consuming 90 kW, to
produce 8 kW. = scaled to
vessel HT heat for total
electrical output.

Scaled outputs compared
with vessel energy
demands:

e Electricity demand: fraction
covered by ORC

*Cooling demand: fraction
covered by Adsorption
Machine

*Mechanical auxiliary
demand: fraction covered
by IEE

eDomestic hot water:
covered by TES units

eQuantified how each
prototype contributes to
vessel energy needs.

*Provides a baseline for
system integration and full-
scale implementation.
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