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Excutive Summary
European utilities operate in one of the most complex energy environments in the world. High 
renewable penetration, cross-border grid coordination, large-scale offshore wind, and separated 
transmission and distribution responsibilities create operational challenges that are fundamentally 
different from those in North America.

At the same time, European utilities face a unique reality: there is no regulatory penalty structure 
forcing investment in resilience or forecasting capability. Instead, decisions are driven by economics. 
Forecast accuracy, lead time, and operational confidence directly determine whether a utility avoids 
losses or absorbs them.

This paper outlines six weather-dependent operational decisions that most strongly influence 
reliability, cost control, and profitability for European TSOs and DSOs. These are not theoretical use 
cases. They are recurring, high-cost decisions where better weather intelligence consistently leads to 
better outcomes.

1. Wind Production 
Forecasting and Grid 
Balancing
With renewable penetration reaching 25–40% 
in many European markets, grid balancing 
has become one of the most financially 
sensitive operational functions.

A relatively small wind speed forecast error 
of 10% can translate into a 30% generation 
output gap. When that happens, TSOs 
are forced to activate reserves or procure 
emergency generation, often at a cost of 
€20–50 million per event.

During the January 2024 wind drought, 
German TSOs spent roughly €150 million on 
emergency gas generation, driven largely by 
forecast uncertainty.

This challenge is uniquely European. Offshore 
wind dominates production, with turbines 
operating at 120–200 meters above the North 
Sea, which are well outside the observational 
range of traditional land-based models. In 
addition, TSOs must coordinate balancing 
decisions across borders and day-ahead 
markets where forecast accuracy directly 
affects financial exposure.

Utilities that rely on probabilistic, hub-
height offshore wind forecasts consistently 
make better dispatch decisions and avoid 
unnecessary emergency activations.

A 10% wind speed forecast error can 
translate into a 30% generation output gap.
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2. Pre-Windstorm Resource 
Deployment
Major European windstorms do not respect 
national borders. Systems that form in the 
Atlantic routinely impact the UK, France, 
Germany, and Central Europe within 48 
hours.

This creates a narrow decision window—
typically 72 hours—to determine whether to 
activate specialized crews, mobilize mutual 
aid, and pre-position equipment.
The cost of getting this decision wrong is 
significant:
•	 Acting too early can waste €1–3 million
•	 Acting too late can result in €20–50 million 

in extended outages and emergency repairs

Storm Eunice in 2022 demonstrated this clearly. 
Utilities that were activated early restored power 
within 48 hours. Those that waited faced outages 
lasting five to seven days.

In Europe, this decision is not driven 
by regulatory penalties. It is driven by 
operational discipline and financial exposure. 
Utilities that perform best are those with 
high-confidence, impact-focused intelligence 
at the 72-hour mark, not those with the most 
crews available after the storm.

3. Substation and Critical 
Infrastructure Flood 
Protection
Flooding presents one of the most severe 
financial risks to European utilities. A single 
flooded transmission substation can cost €50 
million to replace and destabilize the grid 
across multiple countries.

In July 2021, rapid-onset flooding in Germany 
and Belgium inundated 15 substations, 
resulting in approximately €200 million in 
damage. Some assets required months to  
be rebuilt.

Flood risk in Europe is complicated by 
geography and organizational structure. 
Major transmission corridors follow river 
basins such as the Rhine, Danube, Thames, 
and Seine. At the same time, TSOs and DSOs 
operate as separate entities, even though 
flooding impacts both simultaneously.

Utilities with 72 hours of actionable flood 
intelligence were able to deploy temporary 
barriers, pumps, and mobile substations—
avoiding as much as 80% of potential losses. 
The difference was not awareness of flooding 
but lead time and coordination.

4. Offshore Wind 
Maintenance and Lightning 
Safety
Europe operates approximately 95% of global 
offshore wind capacity, creating operational 
challenges that simply do not exist elsewhere.

Offshore maintenance requires a narrow 
weather window—often three to seven 
consecutive days—with low wind, manageable 
wave height, and adequate visibility. At the 
same time, crane vessels required for this 
work cost €200,000–€300,000 per day, making 
forecast error immediately expensive.

Worker safety adds another layer of 
complexity. Offshore turbines experience 
higher lightning strike frequency, and crews 
often work at heights exceeding 120 meters, 
far from immediate shelter. A single blade 
replacement can exceed €500,000, excluding 
mobilization costs.

Standard meteorological models are not 
designed for marine atmospheric boundary 
layer physics. Offshore operations require 
forecasts specifically built for hub-height 
wind, wave dynamics, visibility, and lightning 
detection in marine environments.
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5. Transmission Corridor 
Windstorm Resilience
Transmission system operators manage 
linear assets that span hundreds of kilometers 
and multiple countries. When one of these 
corridors fails, the impact extends beyond 
reliability into wholesale market stability.

During Storm Friederike in 2018, 
transmission outages separated German and 
French bidding zones, resulting in a €180/
MWh price differential and roughly  
€75 million in market inefficiency.

Unlike distribution utilities, TSOs require 
weather intelligence at conductor height, 
typically 30–80 meters, along specific 
corridors. East–west wind loading, ice 
accretion, and offshore HVDC exposure all 
require span-level analysis.

Preventive action depends on reliable 
intelligence 48–72 hours in advance, enabling 
N-1 contingency planning—the ability to 
maintain system security following the loss 
of a single asset—along with preventive 
redispatch and load reduction on  
vulnerable circuits.

6. Dynamic Line Rating
Most transmission lines are governed by 
static thermal ratings based on worst-case 
assumptions. In reality, actual capacity varies 
significantly with ambient temperature, wind 
speed, and solar radiation.

By applying real-time weather intelligence 
at conductor height, TSOs can safely unlock 
15–20% additional capacity. Each avoided 
redispatch event can save €5–20 million.

Across multiple corridors and seasons, 
dynamic line rating represents one of the 
largest untapped opportunities to reduce 
operational costs without building new 
infrastructure.



55

From Data to Decisions
Across all six use cases, one conclusion 
is clear: European utilities do not need 
more weather data. What they need is DTN 
Decision-Grade Data: weather intelligence 
that supports real decisions, not just better 
forecasts.

The Financial Stakes Are No 
Longer Theoretical
The cost of uncertainty is measurable and 
recurring:
•	 €50 million transmission substations
•	 €200 million flood events
•	 €150 million emergency generation 

activations

These are not outliers. They are the real 
financial consequences of operating a highly 
weather-dependent energy system without 
sufficient lead time or confidence.

Operational Intelligence Is 
the Differentiator
Utilities that consistently perform well are 
those that integrate weather intelligence 
directly into operational decision-making—
early enough to act, and with enough 
confidence to commit resources, protect 
assets, and manage markets effectively.

While traditional forecasting tools often stop 
at providing weather data, the DTN Weather 
Hub connects DTN Decision Grade Data 
directly to operational risk, enabling utilities 
to move from threat detection to protective 
action in minutes.

The platform delivers a centralized, real-
time view of weather-driven risk across 
transmission corridors, substations, offshore 
wind farms, and critical infrastructure. By 
integrating grid resilience requirements 
with severe weather impact forecasting, 
DTN Weather Hub supports critical 
operational decisions including resource 
deployment timing, asset protection 
protocols, maintenance window optimization, 
grid balancing under variable renewable 
generation, and coordinated emergency 
response across TSO and DSO boundaries.


