
Water, weather and 
climate services for 
renewable energy 
production

Kjetil Thøgersen
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Plan for today

• Introduction to Statkraft

• What do we work with in the water, weather and climate department?

• What do we work in in my team?

• Concrete example of machine learning project

• Concrete example of R&D project
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Statkraft – in brief

Renewable 

power generation

70 TWh

96%
renewable energy

21.6 GW

installed capacity 

across our key regions

400+
power plants 

around the world

100%
Norwegian

state-owned

More than

3 million
energy related contracts 

traded per year
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Europe’s largest producer of renewable energy

Source: PWC 5
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Top 10 renewable power producers in Europe 2024
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Installed capacity

22.3 GW

2024 Production

66.3 TWh
96% renewable

More than

3 million
energy related contracts 

traded per year

Fully owned by the 

Norwegian state

Installed capacity per Q4 2024

Geographical footprint per Q4 2025
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Statkraft – at the forefront of the energy transition

BRAZIL

CHILE

THE NETHERLANDS

FRANCE

USA

PERU INDIA

Wind power

Hydropower

Offshore wind

Solar power

NEPAL

FINLAND

TÜRKIYE

POLAND

UNITED KINGDOM

IRELAND

SPAIN ALBANIA

GERMANY

ITALY

NORWAY SWEDEN

Bio power

Gas power

Battery storage

Grid stability

Hydrogen

Market operations
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What do we do in the 

water weather and 

climate department?
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Background:

Statkraft places bids in 

day-ahead, intraday and 

balancing markets

nordpool.com
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• We need to know how much water 

Statkraft has available in all reservoir at 

any given time

• We need to know how much water will

arrive in our reservoirs

• We need to know the value of that water

Water inventory
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How much water do we currently have?
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𝑄 = Δ𝑆 − 𝑃𝑢 + 𝑃𝑑 − 𝑇𝑢 + 𝑇𝑑
−𝐹𝑢 + 𝐹𝑑

Inntak Hove / Refsdal Dam

Observed

Observed?

Not observed

𝑆

𝑄 𝑇𝑢

𝑇𝑑

𝑃𝑢

𝑃𝑑

𝐹𝑢

𝐹𝑑
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Ulla-Førre 
– an example of a complex power system in which 

computing inflow can be challenging
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INPUT OUTPUT

Water Simulation

Production

Production discharge

Reservoir level

Gates

Reservoir inflow

Topology (EMM) Model data (generator curve, 

reservoir curves,…)

How much water do we currently have?
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When will new water arrive in our systems?

13

𝑄

+ humidity

Hydrological

model
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Inflow is predicted with physics

based models

• SHyFT

• Run for predictions at different 

time-scales

- Short term (10 days)

- Medium term (5 years)

- Long term  (40 years)

• In operation today

14
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Trends in hydrological modeling
Data driven inflow

Jouval Somer, 2025
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Neuralhydrology.github.io

Färber et al, GRDC-Caravan: extending Caravan with data from the
Global Runoff Data Centre, 2025
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Measurements needed for model correction and validation
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We measure

Precipitation

Wind direction

Water level

Air temperature

Water temperature

Snow depth

Wind speed

Irradiation

Vannføring (m3/s)

V
an

ns
ta

nd
 (

m
)
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Weather station 
data supplied 
with field work

17

Snow depth

Water flow in rivers

Snow density 

Maintain weather stations
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Week #
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Energy demand
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What is the value of 

the water?

Water value:

alternative cost of producing one extra MWh

from the reservoir.
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What is the value of 

the water?

• It can take up to 5 years to fill Blåsjø if it is empty

• 5 year price forecasts needed

• Reservoir levels and synthetic weather scenarios 

are used as inputs to price forecast models
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€
/M

W
h

MW
0

Water value = alternative cost of producing

one extra MWh from the reservoir.

Water Value

Reservoir 1

(low)

22

Price forecast

Future precipitation

Reservoir 1 (small)

Actual reservoir level (high)

Water Value as function of

production volume using

all reservoirs

Water values simplified
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€
/M

W
h

MW
0

Water value = alternative cost of producing

one extra MWh from the reservoir.

Future precipitation

Actual reservoir level

(low)

Reservoir 2 (big)

Water Value

Reservoir 2

(high)

23

Price forecast
Water Value as function of

production volume using

all reservoirs

Water values simplified
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MW

Water values

for different 

reservoirs

Produce

now!

Spot price

Save for 

later!

Water values simplified
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Weather and climate team
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Develop weather and climate services 

for costumers across Statkraft 
Physical climate knowlegde hub Weather forecast contact

• Provide knowledge on climate change

• Provide climate adjusted power production

and inflow forecasts

• Participate in and coordinate research projects

on weather, hydro, solar and wind production

• Provide domain knowledge on forecast quality

and availability

• Communicate updates and be contact point

between ECMWF and Statkraft

• Forecast weather events for wind and solar 

production

• Example for today: Forecasting of icing on

wind turbines
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Example of machine learning project

29



• We operate 42 wind parks in the Nordics

• A common issue during  the winter is energy
loss due to icing on the turbine blades

Wind turbine icing

30
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Understand the problem





• Freezing water on wind turbines in winter

• Production is impacted

- Imbalance

• The deficit must be bought back on

intraday market

• Accurate forecasts of icing events

reduces balancing costs

33



Secondary 
palette

Secondary 
support 
palette

Primary 
palette

Use the 
eyedropper 

tool to sample 
colours

Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Understand the problem
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Understand the problem
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Estimate power loss



Secondary 
palette

Secondary 
support 
palette

Primary 
palette

Use the 
eyedropper 

tool to sample 
colours

Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Understand the problem
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Discuss the initial analysis

and baseline with the

customer

- Keep it simple

- Create many plots, but show 

only a few selected ones

- Focus on learning what

creates most value for the

customer

Understand the problem
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• Accumulated ice may be thrown off blades

• High quality icing forecast required

• Production does not matter, only if it is icing 

or not → Classification problem

42
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Discuss the initial analysis

and baseline with the

customer

- Keep it simple

- Create many plots, but show 

only a few selected ones

- Focus on learning what

creates most value for the

customer

Understand the problem
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Discuss the initial analysis

and baseline with the

customer

- Keep it simple

- Create many plots, but show 

only a few selected ones

- Focus on learning what

creates most value for the

customer

Develop a more 

sophisticated model

- Machine learning / 

optimization / physics model

- For ML, try out several

- Assess how the model scales

- benchmark against baseline

Find the right tool for the job

Understand the problem
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Discuss the initial analysis

and baseline with the

customer

- Keep it simple

- Create many plots, but show 

only a few selected ones

- Focus on learning what

creates most value for the

customer

Develop a more 

sophisticated model

- Machine learning / 

optimization / physics model

- For ML, try out several

- Assess how the model scales

- benchmark against baseline

Find the right tool for the job

Understand the problem

Go ahead with one model

If ML:

- model.fit()

- cross validation

- Hyperparameter tuning

- Scaling
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Weather forecast

(IFS)

LSTM network Power loss 

prediction
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Discuss the initial analysis

and baseline with the

customer

- Keep it simple

- Create many plots, but show 

only a few selected ones

- Focus on learning what

creates most value for the

customer

Develop a more 

sophisticated model

- Machine learning / 

optimization / physics model

- For ML, try out several

- Assess how the model scales

- benchmark against baseline

Go ahead with one model

If ML:

- model.fit()

- cross validation

- Hyperparameter tuning

- Scaling

Validate

- Performance vs baseline

- Understand limitations of the

model

- Depending on the model, 

more validation steps might be 

needed

- Test the model in staging in 

collaboration with customer

Find the right tool for the job

Understand the problem
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Problem formulation

- Problem formulation

- Description of delivery

- Time horizon

- Precision

- Availability

- Granularity, spatial and 

temporal

Analyze historical data

- Which data are available

internally?

- What do we need from 

external services?

- Data quality?

- Relevant forecast services?

- Dig into the data to see what

we can learn from it

Analysis of the problem

- Use relevant domain

expertice, ask experts if

needed.

- Literature review

- Do we need to develop other

services before attack this

problem?

- Do we have the necessary

features in our data to build a 

service?

Build a baseline model

- As simple as possible

- To be used for benchmarking 

more sophisticated methods

Discuss the initial analysis

and baseline with the

customer

- Keep it simple

- Create many plots, but show 

only a few selected ones

- Focus on learning what

creates most value for the

customer

Develop a more 

sophisticated model

- Machine learning / 

optimization / physics model

- For ML, try out several

- Assess how the model scales

- benchmark against baseline

Go ahead with one model

If ML:

- model.fit()

- cross validation

- Hyperparameter tuning

- Scaling

Validate

- Performance vs baseline

- Understand limitations of the

model

- Depending on the model, 

more validation steps might be 

needed

- Test the model in staging in 

collaboration with customer

Find the right tool for the job

Understand the problem
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Example of R&D project

51



AI weather forecasts

- Very fast inference compared to 

physics based models

- Higher accuracy for many metrics

- Typically trained on reanalysis data 

(ERA5)

- Needs input state from physics

based model

Next steps

- Foundation models for weather and 

climate

- Multiple input streams (reanalysis, 

satellite, observations)

- Custom decoder for specialized

applications
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How could this affect
power production
forecasting?

• Latent space could be made available

from forecast providers

• In-house forceasting becomes possible

• Weather forecast can be informed by our

own measurements

• Custom decoders include the possibility

of inflow and production forecasts fully

integrated in the weather forecast

56



Thank you
More info at statkraft.com
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