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Operation and Maintenance

About SOlUte

Our history

Founded in 2006, SOLUTE initially began as a consultancy offering aeronautical engineering services.
Thanks to our vision for diversification and expansion into new areas, combined with our ability to
adapt to the needs of the industries we work in, SOLUTE has experienced steady growth over the years,
increasing the limits of its portfolio of services and projects, workforce, and infrastructure.

The new projects arrival resulted in an increase of the team year by year, evolving into a more complex
structure with 120 employees, specialized departments, and managers for each area and industry.

Our infrastructure also required significant steps forward, leading us to expand by opening an office in
Barcelona in 2017, as well as new offices in Badajoz and Toledo in 2022. Additionally, a key milestone
was our strategic acquisition of TSR Wind in 2022, a robotics company specializing in inspections within
the wind energy sector.

To be leaders in consulting services, offering To drive our clients’ success by providing innovative
advanced and high-quality technological technology consulting services, based on a deep

engineering solutions, driving innovation and understanding of their needs and a constant
efficiency across the industry, and enabling anticipation of industry advancements, investing in
companies to transform their ideas into innovation and top-tier talent with a team of highly
sustainable realities. qualified experts.

Our values

A team of highly qualified professionals, both young and experienced, who focus
on providing quality and exceeding expectations.

Research and development of innovative projects that contribute to the evolution
of the industries we work in and our solutions.

A combination of experience, knowledge, and technical rigor along with a high
degree of commitment and quality.

3 Excellence

Our clients endorse us with their loyalty and satisfaction, choosing us for our ability

4 TI‘U St to provide maximum value.

Multidisciplinary employees involved in various areas of knowledge and with an
innovative approach.

5 Transversality



About SOLUTE
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Certifications

Aware of the needs and demands of the market and sectors in which we ”'“"“i"mm-\.
operate, we have obtained certification in several ISO standards over the years: RI ’ A s

« 1SO 9001:2015 - Quality Management System (2020) TR R £ &

1S0 45001

« ISO 27001 - Information Security (2021)
« ISO 14001 - Environmental Management (2022) RI{H 5
« 1SO 45001 - Occupational Health and Safety (2024) pri s

| CERTIFIED MANAGEMENT SYSTEM
1SO/IEC 27001

Membsor of CISG Federation



Operation and Maintenance

Our R&D products

Our mission is delivering solutions on a global, multidisciplinary level through our technical rigor
and our engineers” knowledge, with R&D as our backbone.

The result of more than 15 years listening to different stakeholders” problems is the development
of products for the renewable energy industry, in the shape of software, hardware and services.

furow

Wind resource and wind farm layout software

Furow is a complete and exhaustive wind energy software, which

possesses features directly with wind resource assessment calculations,
wind farm modelling and project development at any given stage.
Furthermore, its compatibility is flexible while working with other
software, therefore, allowing users easy access to share and compare
information.

e Data analysis

® Wind resource assessment calculation (lineal model & CFD)

® Micrositing

SOLUTE’s meteorological brand

With a team composed of meteorologists, data scientists, and software developers, Aphelion provides meteorological services
for different industries such as: wind and solar energy, energy markets, agriculture, logistics, among others. Each industry is
covered by an Aphelion sub-brand.

Aphelion Weather
Weather platform and app for individuals and O&M

Aphelion Wind
Wind & solar production forecasting services

Aphelion Agro
Agrometeorological forecasting for businesses in the agricultural sector

Aphelion Insurance
Root cause analysis (RCAs) for wind farm operators




Bird detection

Bird detection, deterrence and shutdown system for wind farms

Minimizes the bird collision with wind turbines thanks to the 4 features:

Al-powered real-time bird identification and classification.
Multilayered system for the bird deterrence and warning.

Intelligent shutdown system, that is triggered in high-risk situations.
The system goes alongside with a web-based dashboard for
real-time monitoring and reporting.

Our R&D products

ZERO:VTOL

Autonomous aircrafts with vertical take-off and landing

Disefio, desarrollo y fabricacion integral de dos aeronaves auténomas VTOL
(despegue y aterrizaje vertical) con tecnologias innovadoras de propulsion.

V-PELICAN
Electric hybrid propulsion powered by PEM fuel cell and batteries,
with a payload capacity of 80 kg and autonomy of up to 8 hours..

ALTACAB

Electric hybrid propulsion powered by batteries and an SOFC-H
ammonia fuel cell demonstrator, designed to transport 2 passengers
over distances of up to 300 km.

C

HERMES

Improvement tools for simulation

Development of modular virtualization solutions aimed at simulating

procedures and training.

Photogrammetry and laser scanning
Remote monitoring in the cloud
Multi-user collaborative environments
3D component visualization and analysis
Performance evaluation in procedures

Interactive and remote training




Operation and Maintenance

Operation & Maintenance
engineering

Definition of the operation and maintenance task strategies, that are not only oriented to support the
production conditions, but also focused on the service and lifetime extension besides the 20 years covered
by the initial design certification.

Failure analysis

Audit services in order to determine the root cause analysis (RCA), both for structural elements (blades,
hubs, frames, towers, etc.) and rotor and drive-train elements (blades bearing, main axis bearing, multiplier,
yaw system, pitch system, etc.).

Determination and study of the failure mechanisms, as well as the proposal of redesigns or interventions
in order to avoid or reduce similar errors in the future or even to mitigate assembly and/or design
deficiencies.

Metodology:
1. Collection and study of the available information for the analysis:
+ Inspection reports
+ Historical repairing reports
« SCADA data and warnings
+ Field actuations and access to the turbine

« Extraction of samples in order to carry out both destructive and non-destructive tests in accredited
laboratories, with the purpose of defining the mechanical properties and thermal treatments

2. Installation of sensors (strain gauges, temperature, accelerometers, tachometers, etc.)

3. Historical data study and analysis: anomalies detection, recreation of the functioning conditions
during failure.

4. Big data processing and analysis for its structuring, filtering, and establishment of correct functioning
patterns.



Leadership, team and interventions
management

Design of integral plans for solutions and
preventable actions

Programming of components inspection tasks,
coordinating workers into multidisciplinary teams

Evaluation of procedures, definition of new tasks
and methodologies for its application

Definition of campaigns and development of
destructive and non-destructive tests programs
in coordination with specialized laboratories for
material characterization

Coordination and management of maintenance
activities

Design and repair proposals

Application of the transverse knowledge over
the components mechanical-structural behavior
in order to observe and analyze their service
lifetime through the collected data interpretation
and analysis.

This knowledge has been acquired throughout
our experience in the development and
certification field.

Determination of the root cause of structural
failures by means of finite elements models
(FEM), that have been supplied with the collected
data, as well as other analytics.

FEM modelling of the repair for the detail analysis
of its behavior.

Operation & Maintenance engineering




Operation and Maintenance

Equipment installation and data tracking

Meteorological data measurement, collection
and transferring through the installation of
different specific hardware devices.

Installation of strain gauges and data management

Monitoring strategies definition in order to
evaluate the components’ detected defects and its
time progression during production.

Design of data collecting plans and massive
transfer of all kinds of data

Development of a self-designed SCADA system
for old wind energy devices with insufficient data

|OT system development

Processing and real time graphic representation of
the collected data.

Generation of wind farm control panels that allow

remote control of several mechanic com

Procedure’s evaluation

Evaluation and review of the assets’ inspection and
maintenance procedures.

Proposals for the execution time optimization and
the data-taking quality improvement, including
the integration of new measurement digital
technologies.

10

|IOT system design

Real time processing and graphical representa-
tion of collected data.

Fleet dashboard generation, including integra-
tion with medical systems.




Reverse engineering of aeroelastic models

With the aim of assessing the condition of
components (accumulated damage), SOLUTE
has developed a methodology to replicate the
aeroelastic model of any wind turbine on the
market. Through 3D scanning and mechanical
testing of components, the mechanical properties
of the entire wind turbine are reproduced.
Additionally, by using SCADA data, SOLUTE's
team is able to replicate the controller outputs
so they respond just as the real machine would.

By combining the aeroelastic  model,
the controller, and historical ~measured
meteorological data, the actual aeroelastic
loads experienced by the wind turbine during
its operational life are calculated. This study
enables fatigue analysis of critical components
to determine their remaining useful life and
assess the need for maintenance or replacement.

Detailed blade FEM model

SOLUTE’s team has replicated the mechanical and
aerodynamical properties of a commercial blade
through interior and exterior high fidelity laser
scanning.

Destructive calcination tests are carried out to
identify the stacking sequence of composite
materials, followed by tensile tests on specimens
extracted from each segment to characterize their
mechanical behavior.

Operation & Maintenance engineering

11



Operation and Maintenance

High voltage electrical support

Design and maintenance review of substations
and wiring.

RCA breakage in transformers, converters, con-
nectors, among others.

Electrical protections and safety analysis.

Wind farm electrical support

Audit costs and components unavailability.
RCA of electrical components.
Proposals to improve logistics and procedures.

Tests and components coordination and
evaluation.

Mechanical-structural support:

12

RCA of components (blade, hub and spinner,
racks, nacelles, tower, and joints).

Tests coordination and evaluation.

Design analysis and corrective modifications
proposals.

Evaluation and development of procedures for
repairs and maintenances.

Data processing inspections.

Detailed structural-mechanical studies (FEM).
Loads for redesign studies.

Rotating equipment mechanical support:

« RCA of components (gearbox, main bearing,
pitch and yaw system, lubricants).

+  Statistical failure analysis.
» Tests coordination and evaluation.
+ Vibration analysis.

« Design modifications proposal and repair and
maintenance procedures

Monitoring systems:

«  Full asset sensorization
» Sensor data evaluation and damage diagnosing
« Machine Learning for predictive maintenance

+ Alarm analysis and implementation

Operative reliability support

« Development and optimization of DDBB for
operational data

» Business intelligence

« Software development for monitoring of assets
and farm control

Civil Works support

+ Tower and foundation design review
« RCA:pathologiesinfoundationsand geotechnics
» Peer review and repairing solutions design

+ Life extension analysis



Operation & Maintenance engineering




Operation and Maintenance

A

Asset inspection:

« Detailed inspection of turbine components
under non-destructive techniques

» SCADA and alarm historical data review

« Damage and risk evaluation

Systems and protocols evaluation:

+ Control system
+ Electric System

« Safety protocols review under required
legislations

« Equipment: maintenance and safety

Real performance evaluation:

» Historical power production vs expected pro-
duction

» Performance of each turbine vs design
performance

» Asset availability (maintenance, emergency shut
downs, unexpected damages,...)

14

Technical due diligence for
farms in operation

O&M Plan review:

Historical data evaluation from inspections,
maintenance and repairing tasks.

Analysis of fidelity in the follow-up of protocols

Logistics plan review and replacement
components availability
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Vibration monitoring service
(short-term)

* Health monitoring of drivetrain components
« Diagnostic reports of possible defects
« Color-code severity classification

Portable suitcase with 8 vibration sensors

« For rapid diagnostic of possible failures ] l l - >

1_@5‘# ,’l{“,'f,-"ﬁll‘l ‘){»‘1“4 Ay

» Easy to transport and lightweight :

* Mounting time in wind turbine divetrain: 1 N Data Anaysis Center
hour

« Dismounting time: 30 minutes

& Channels for Vibration Data
“

230V Pawer Supply Accelerometers
—p

+ Data acquisition period: minimum 2 days C1a-Type® o o et (ol

46 Router Data Logger Proximity Sensor

Portable suitcase with 8 vibration sensors

Eight sensors to be installed on:

Main bearing
Gearbox
Generator

-

Tachometer to be installed on:

High speed shaft

16



Vibration monitoring service

Accelerometer

« Pole Piece Pot Magnetic Base

« Perfect solution for curved surface
« Sensitivity: 100 mV/g

« Acceleration range: £490 m/s2

« Frequency range: 0,5 Hz to 10 kHz
+ Temperature range: up to 120°C

56 T1 57 58

Gearbox

s, sz . w--ii@%-*@&*@
| 9o—00

&W@@@-e - .

Main Bearing

Diagnostic reports of possible defects

« Comprehensive report with vibration data analysis Slasahcatinalof e Savetity

for each component 0 No measurement

+ Indicating the faulty periods in the recorded spectra. - Nartnal
« Classification of the severity with the color code

. . . . 4to7  Signs of defect
« Suggestions and repair solution recommendation 9

for the possible faults - Severe defects

Main Beatin The recorded spectra do not show vibration
9 patterns within the fault frequencies.

In the recorded spectra and time waveforms, a
Gearbox pattern indicative of possible damage is identified 6
in the gears of the first parallel stage.

The recorded spectra do not show vibration
Generator el ;
patterns within the fault frequencies.
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Operation and Maintenance

n Vibration monitoring service
(long-term)

* Real-time data analysis

» Graphical User Interface (GUI) for data monitoring

« Alarm systems with user notification (Email)

+ Suitcase installed permanently and monitorize during the whole WTG lifetime

Vibration-based CMS

' Amplitude

+ GUI for data visualization

» Operational data logging

« Real-time monitoring cockpit
+ Long-term trend records

« Teleservices

Frequency

* Real-Time data analysis

« Time and Frequency domain I

« Alarm and warning triggers

« User notification services Pl ' "

Time domain measurements Frequency domain measurements

M

3-axis
Accelerometer

\ :':F‘\ \ :::fr-‘\

v

S |

S
OPC Server S ¥ ' Ethernet/IP, Profinet, Modbus TCP... | |
Cloud Server N >

Local Software el ‘

Binary Signals for Pre-alarms, 2
Main Alarms, etc. Wind Turbine Controller

Small electrical board installation
210 x 280 x 130 mm
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Vibration monitoring service

E 4/11/2021-9 5711

Vibration Monitoring

solute] g

Turbine No. 24 - PE Oncala
Type: NegMicon NM/750
Rated Power: 750 kW

Rotor Diameter: 48.2m

Tower Height: 50-70 m

Seloct Unit: [ G0 ]

31. Main Bearing Radial

§2: Main Bearing Axial

53 Ring Gear Radial 6 o'clock
54: Ring Gear Radial 12 o'clock
85 LSS Radial

56: 1SS Radial

S7: HSS Radial

58: HHS upwind Bearing Radial
59: HSS Downwind Bearing Radial
§10: Carrier Donwwind Radial

811: Generator Drive End Radial
512: Genarator Non-Drive End Axial

2 — 1000 Hz (for 600 > n > 120) 1SO 10816-3
10 - 1000 Hz (for n > 600 )
Class 1 Class2 Class 3 | cass4

(S AIDOIA UOHBIGIA

‘ Zone C

New machine

New machine, already in operation

Warning (early warning) continuous
ion is not ded

Warning (critical) corrective
actions are required

Shut-down (acc. to 1SO 14694)

Vibration velocity

Alarm

Warning
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Suitcase for gear motor
relubrication

Relubrication suitcase, an innovative tool for relubrication of gear motors in YAW systems

Wind turbine maintenance, specifically in
relation to Operations & Maintenance (O&M),
is a complex process that requires high levels of
accuracy and efficiency.

The relubrication of the yaw system gear
motors is one of the most critical tasks, as these
components allow for the correct alignment of
the turbines.

However, the traditional process is lengthy and
complicated, requiring heavy machinery and
extended downtime, which impacts energy
production and increases risks for operators.

Additionally, due to the challenges mentioned, it
is common for gear motor oil not to be changed
for several years (sometimes even over a decade)
which threatens the turbine’s lifespan.

To maximize productivity and minimize energy
and financial losses, it is essential to optimize
and facilitate this process in order to reduce
the downtime of the turbine and enhancing the
safety of operators.




Suitcase for gear motor relubrication

Developed solution

To address these challenges, an innovative and
portable solution has been developed for the
relubrication of gear motors in wind turbines

This system enables the entire process to be
performed without taking out the gear motor,

eliminating the need for heavy machinery and
making the operation faster and safer. process for the wind turbine

Faster and safer relubrication

operators
The solution consists of a “suitcase” that allows

relubrication to be conducted directly from the
turbine’s nacelle, which causes to reduce the
operation time from hours to just 30 minutes.

Thissolutionrepresents asignificantadvancement
in optimizing maintenance processes and ensures
greater operational efficiency.

Flexible plastic

New oil ' hoses
deposit

q
Old oil
depooslit h

+ C14 Plug 230VAC 5A

« Touch screen console for monitor and control of the process

framsmission

%) Bonfiglioli

« 14 KG, easy transport

21
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Technical Specifications

The relubrication process is fully automated, allowing operators to save time and complete this O&M task
more efficiently and without additional risks.

To initiate the process, the operator must enter the amount of oil to be injected into the gear motor via a
touchscreen console on the front of the suitcase.

The system begins by extracting all old oil from the gear motor, followed by a flushing process to clean
internal parts of the gear motor, and finally, injecting the new oil.

This entire procedure is automated thanks to sensors and actuators within the suitcase.

A manual mode is also available, allowing the operator to manually inject/extract oil to/from the gear
motor.

22



Suitcase technical specifications

Advantages

Broad compatibility: It is applicable to both onshore and offshore wind

turbines and is designed to work with Brevini and Bonfiglioli gear motors,
widely used in the wind industry.

Preservation of critical machine configuration: By avoiding the extraction
of the gear motor, the system ensures that critical machine configurations
remain unaltered, reducing the risk of damage or misalignment in essential
turbine components.

Portability: The suitcase is easy to transport within a wind farm, allowing
operators to move from one turbine to another without difficulty, optimizing
time and resources.

This new portable relubrication system enables the wind farm owners to implement Next-Gen O&M
solutions using more automatic and intelligent strategies.

Such system leads to reduce significantly the wind turbine downtime of O&M tasks. Relubrication of
gear motor directly in the nacelle while it is located in its original position, makes the operation as
streamlined and efficient as possible.

Furthermore, its portability and versatility allow it to be used in both onshore and offshore wind farms,
providing significant potential for applications in other industries. This solution not only enhances
efficiency and safety but also helps maximize wind turbine lifespan, ensuring more effective and cost-
efficient long-term maintenance.

23
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BN About & TSRWIND

Built up by robotics and renewable energy engineers, TSR Wind is a Spanish company, spezialised in the
development of innovative robotic solutions applied in wind turbine inspections; that has revolutionized
the wind energy industry with its robots.

TSRs” main objective is to optimize and maximize the profit of the wind turbine maintenance through
robotics and technology, as well as reducing the risk of accident of the workers, inherent to the wind
energy sector.

TSR in figures

24.000 14.000 24

damages

WTGs i ted
s inspecte found

countries

TSR capacities

Data collection Proccessing

* High tech robotics
¢ Quality on field-data collection
¢ Qualifyed operators

e Own software development
¢ |mage stiching
¢ Data treatment

Data analysis Reporting
 Independent expert technicians — ¢ Online access to all data related
c}"*‘fo that analyze and measure damage :Ej J to the inspection
) ﬂ DU e Recommendations lead to action ]ﬂBuE * Download the information from
o Asset damage statistics anywhere (reports, summaries,
o Year to year data comparison damage images, statsetc.)
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About TSR Wind

Comprehensive wind turbine inspection

EOLOS

The Eolos robot is a lightweight aluminum mobile platform, remotely operated and
weighing only 25 kg. It can climb any metallic surface using permanent magnets.
The robot’'s camera is a highly mobile, high-resolution device. Its powerful optical
zoom can capture HD images of wind turbine blades.

Eolos can inspect an average of 5 wind turbines per day, incorporating the latest
technological advancements and adapting to the client’s needs.

CERBERUS

Cerberus is a small mobile robot designed for remote inspection of
the interior of wind turbine blades using its three high-resolution
video cameras. It can access areas that are otherwise unreachable by
technicians,capturingsnapshotsandvideorecordingsofcomponents
and potential damage visible from the inside for expert analysis.

The robot features two side-mounted movable cameras and one
central camera, all equipped with LED lighting to illuminate the
entire internal area of the blade.

KRATOS

It is a bidirectional magnetic coupling robot designed to climb any metallic surface and
follow weld seams while applying an NDT ultrasonic testing system.

TSR inspector

Web platform for client access, inspection data management, report
review, and image processing.

BOREAS

Development of an automatic inspection drone for wind turbines and other facilities.

The project’s primary goal is to reduce the need for human labor and optimize the

inspection route for the drone.
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Avda. Cerro del Aguila 3

28703 San Sebastian de los Reyes
Madrid - Spain

+34 91658 8204

Ctra. de I'Hospitalet, 147 Edif. Lisboa 3°A
08940 Cornella de Llobregat

Barcelona - Spain

+34 93 707 0690

Avda. de la Investigacion, s/n Edif. Parque
Cientifico y Tecnoldgico de Extremadura

06006 Badajoz

Badajoz - Spain

+34 608 818 500

Vivero de Empresas, C. de Dinamarca, 4
45005 Toledo

Toledo - Spain

+34 689 32 13 88

info@solute.es
www.solute.es




