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Al-driven avian protection:
redefining biodiversity
safeguards in modern
wind farms

The next phase of wind energy expansion will not be defined by megawatts
alone, but by how intelligently turbines interact with the ecosystems around
them. The acceleration of wind energy deployment is one of the defining
transitions of this decade. With global targets calling for a dramatic increase
in installed capacity by 2030, wind power has become central to
decarbonization strategies worldwide. Yet, as turbines scale in number and
size, an important and often polarizing issue persists: how can the rapid
expansion of wind infrastructure coexist with biodiversity protection?

Avian collision risk has long been a concernin
both onshore and offshore wind developments,
and it has gradually become one of the most
technically complex and publicly sensitive
issues associated with wind energy.
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operational predictability.

Inlarge utility-scale assets, blanket curtailment
strategies can translate into measurable annual
production losses, creating a structural tension
between biodiversity safeguards and yield
optimization. In an industry where every
megawatt-hour matters, the sector is seeking
intelligent systems capable of reconciling
energy yield with ecological responsibility.

Avian detection and deterrence

The nvbird® system was developed precisely
within this context: as an Al-native, edge-based
avian detection and deterrence platform designed
for real-time operation in active wind farms.

Since its commercial deployment, 300+ nvbird®
systems have been installed globally, including f 3 L 1
projects in Greece, Spain, Italy, France and

Japan. The cumulative operational footprint

now exceeds two million turbine operating hours

under live Al supervision. nvbird® preconstruction
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nvbird® onshore

The system operates through a multi-layered
architecture combining high-resolution
optical sensors, 3D radar and advanced
machine learning algorithms. Unlike
conventional remote processing solutions,
nvbird® uses Edge Al to perform real-time
inference directly at turbine level.

This minimizes delayed response and ensures
operational continuity even in remote
locations with limited connectivity. Latency is
reduced to near instantaneous response,
enabling intervention within seconds of
trajectory risk identification.

nvbird® operation analysis

The detection process for nvbird® is not
limited to identifying the presence of a bird.
Neural networks trained on extensive
datasets analyze trajectory vectors, flight
behavior and relative distance to determine
actual collision risk. When arisk threshold is
reached, the system activates targeted
acoustic deterrence mechanisms designed to
alter the bird’s flight path. Only if deterrence
proves insufficient does the turbine enter
controlled slow down mode, resuming normal
operation once the area is clear.

This hierarchical intervention logic and
proportional response model significantly
reduces unnecessary turbine stoppages
compared to blanket curtailment strategies.

To demonstrate the effectiveness of this
proportional intervention, it is worth noting
that from the beginning of the current
operational year alone, our installed nvbird®
systems have recorded a substantial number
of detection, deterrence and controlled
shutdown events, reaching approximately
200,000 cases, in which potential collisions
were prevented while maintaining energy
production continuity.

Arecent technological advancement has
further enhanced system scalability and
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precision in nvbird®. The transition froma
stereo vision configuration to a monocular
high-resolution camera approach introduces
a new algorithm capable of calculating
distance and depth through advanced
machine learning models.

This monocular method reduces hardware
complexity while improving detection
accuracy and facilitating easier deployment
across large turbine fleets. For operators
managing hundreds of turbines, reduced
hardware redundancy directly translates
into lower installation costs and simplified
maintenance.

Integration into wind farm infrastructure has
been engineered with cybersecurity and
interoperability as core design principles. An
open platform communications (OPC) client
enables secure data exchange and command
transmission at both turbine and wind farm level.

Operational integrity is continuously monitored
via a dedicated Network Operations Center
(nvNOC), which processes approximately
250,000 measurements every 30 seconds from
installed systems worldwide. This volume of
real-time data ensures constant system
validation, predictive diagnostics and
immediate anomaly detection.

Proven performance

Utility-scale validation is critical in the
European market, where regulatory scrutiny
and financing standards demand proven
performance. One of the largest single
deployments globally has been implemented
in Southern Evia, Greece, withina 330 MW
wind project comprising 111 turbines.

Such scale confirms the nvbird® system'’s
ability to function under high-density turbine
clustering, complex terrain morphology and
variable wind regime conditions, typically
associated with elevated avian interaction risk.
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Beyond operational impact, intelligent avian
mitigation increasingly plays a role in
permitting processes and environmental,
social and governance (ESG) reporting.
European developers face stricter biodiversity
assessments, particularly in Natura 2000
areas. Systems capable of providing
quantifiable, real-time biodiversity protection
data, such as nvbird®, strengthen
environmental compliance documentation
and enhance transparency toward regulators,
investors and local communities.

The technology is developed by nvisionist, a
Greek Al-native DeepTech company founded
in 2021. In just four years, the company has
evolved from an early stage start-up into a
multi-continent Al infrastructure provider for
the energy sector.

Its solutions are currently active on three
continents and used by major international
partners, including Iberdrola, Toyota Tsusho,
Engie Green, Masdar, Eni Plenitude, Forestalia,
Motor Oil, MORE energy, Enel Green Power,
Endesa, TERNA Energy, PPC, PPC Renewables
and other major international technology and
energy groups.

International recognition has followed
measurable field validation. The company has
received more than 30 international and national
innovation awards. Notably, it became the first
and only organization globally to achieve
back-to-back recognition at the WITSA Global
ICT (Information and Communication
Technology) Excellence Awards (2021 and 2022)
in the Emerging Digital Solutions category for its
onshore and offshore avian protection systems.

In 2024, it was ranked among the top
European scale-ups in the DIGITALEUROPE
Future Unicorn Awards and was later
shortlisted among the leading European
candidates for the Dual-Use Technology
Unicorn Award 2026, reflecting the broader
strategic relevance of its Al platforms.
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nvbird® offshore

Governance and reliability are important
factors for Al deployment in critical energy
infrastructure. The company was the firstin
Greece, and among the first worldwide to
obtain the ISO/IEC 42001:2023 certification
for Artificial Intelligence Management
Systems. This international standard defines
requirements for establishing, implementing
and continuously improving structured Al
governance frameworks. The certification
confirms formalized processes around risk
management, transparency, accountability
and lifecycle oversight of Al models.

In an environment where regulatory risk
increasingly affects project bankability,
structured Al governance becomes not only a
compliance requirement but a financial enabler.

Commitment to responsible Al development

The recent successful completion of its first
annual surveillance audit ensures the
certification remains active, reinforcing the
company'’s long-term commitment to
responsible Al development. In total,
nvisionist holds 9 ISO certifications covering
quality management, information security,
business continuity, environmental
management, occupational health and safety
and data protection.

At a time when the European Al Act introduces
a strict framework for high-risk Al systems and
structured governance frameworks are
becoming operational prerequisites rather than
optional certifications, nvisionist has already
adopted a fully structured regulatory readiness
system. This provides institutional maturity
and cutting-edge expertise, as well as strong
organizational and operational safeguards that
meet the most stringent global criteria,
significantly reducing integration and
regulatory uncertainty for European operators.

The nvbird® ecosystem can also support a
flexible service model through a Platform-as-
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a-Service (PaaS) structure. With nvbird® Paa$,
wind farm operators can adopt the system via
leasing agreements covering installation,
monitoring, maintenance and upgrades.
Contracts can be extended according to
operational needs, and system ownership may
be transferred to the operator at the end of
the lease period.

This structure lowers upfront capital
expenditure and ensures continuous
technological updates aligned with evolving
regulatory requirements.

Embedding intelligence directly at turbine
level represents a structural evolution in wind
farm design, and nvisionist, through its
nvbird® platform, exemplifies this transition in
practice. By combining real-time detection,
behavioral modelling, secure grid integration
and structured Al governance, nvisionist has
effectively introduced a digital biodiversity
layer within energy infrastructure.

In the ever-evolving landscape caused by
climate and environmental change, nvbird®
demonstrates that decarbonization and
biodiversity protection do not need to be
competing priorities. With scalable deployment
across 32 wind farms and 300+ installed
systems across three continents, nvisionist has
moved beyond concept validation to full
industrial-scale implementation.

Al portfolio expansion

Although originally developed for wind energy,
the core Al and computer vision architecture
has demonstrated cross-sector adaptability,
including airport bird-strike prevention
(nvbird® Airport), among other infrastructure
monitoring applications. Such adaptability
reflects the robustness of the underlying
neural network and sensor fusion approach.

This cross sector adaptability is reflected in
nvisionist's broader Al-native portfolio
supporting critical infrastructure resilience
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and environmental monitoring: nvFirePro, an
autonomous wildfire detection system
powered by Edge Al that can issue verified
alerts to authorities in under 60 seconds;
nv3Dmap, a 3D scanning and digital
inspection platform for energy
infrastructure; and nvSmartCheck, a
real-time Al system for quality control and
performance analytics.

Together, these platforms reflect a dual-use
technology architecture designed to support
sustainable development, energy efficiency
and the protection of critical assets across
multiple sectors.

The future

Looking ahead, the next generation of wind
energy in Europe will be defined not only by
installed capacity, but by how intelligently that
capacity interacts with surrounding
ecosystems. Building on its Al-native
architecture, nvisionist is positioned to
further evolve nvbird® toward predictive
biodiversity analytics, deeper meteorological
data integration and digital twin modelling of
wind farms, enabling operators to anticipate
high-risk periods and proactively optimize
turbine behavior.

The path to net zero will demand both scale
and sophistication, and through its
continuous innovation and responsible Al
governance framework, nvisionist is
contributing to shaping a wind energy model
where digital intelligence and environmental
provision advance in parallel, proving that
technology can protect biodiversity, promote
green energy and drive digital transformation
on an international scale.

In the intelligent wind farms of tomorrow,
biodiversity will not be an external constraint,
but an embedded algorithm.
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