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Motivation and Objective - Climate Change and Hydropower

Increase of extreme weather phenomena

Anomalies and extremes in river flow for spring (March-May) 2025 % ENERGIE
Data: EFAS (1992-2025) - Reference period: 1992-2020 - Credit: CEMS/C3S/ECMWF

, . . Konnten Diirren zunehmend zur Gefahr fiir
die Wasserkraft werden?

Klimawandel lasst Fliisse und Speicherseen teils immer mehr austrocknen.
frreich lurch sinkt auch die Stromproduktion der Wasserkraft. Welche Folgen das hat -

h fiir Actarrairh

STROM | WASSERKRAFT

at

% Verbund hat die Produktion in drei

%+ Donaukraftwerken mit zusammen 600 MW
e e " e e (9 komplett eingestellt, teilte der Versorger am Montag
B cessssaon (opemins (= CECMWF ( auf Nac hfrage mit.
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Motivation and Objective - Summary

Calculating hydropower time series for energy production from weather data

Increasing volatility due to global warming!
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High-Level Overview: Process
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From data aggregation to Hydropower Time Series for Climate-Resilient Energy System Optimization

‘ WEGC }—

LamaH-CE —

Oesterreichs
Energie

" Inst. of Hydraulic
Engineering and
Water Resources

Management

Research

Data Sources

Codes

‘Output of Thesis & |

~ System Model

Data

Input for Energy
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Integration of Snhow Module
Degree-Day Model

DDF

Threshold mm/°C/day
Temperature

)
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Automated Catchment Area Determination

Example for hydropower plant Landl (Enns)

ALY SO L (<
j“!"‘%’%’“‘“‘“‘;&%" o
%
s

. | SelectHPP
Landl (Enns)

T SIS
Zoom-in

o550

SR

=
==y

@® Hydropower Plants (HPP)

29 Official Gauge Stations

Source of Subbasins: LamaH-CE Dataset
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Automated Catchment Area Determination

Example for hydropower plant Landl (Enns)

CA...Catchment area
HPP...Hydropower plant

Zoom-in
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Source of Subbasins: LamaH-CE Dataset
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Prepare Weather Data for GR4J

Compare resolution of ERA5 and Spartacus/Winfore/INCA datasets

= Coarse resolution of ERA5 data compared to Sparatacus, Winfore or INCA (~525 km? © 1 km?)

daily precipitation on 2013-06-01 with marked CA

daily precipitation on 2013-06-01 with marked CA
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Prepare weather data for GR4)J

Resampling data and clipping to CA

= Biliniar resampling of the ERA5-data to clip the data to the CA

CA of HPP Garsten-St. Ulrich (2000-01-01) CA of HPP Garsten-St. Ulrich (2000-01-01)

Clipping original data - no resampling Clipping with bilinear resampling (resolution = 0.05° x 0.05°)

o
w
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ul
Total precipitation / mm

Total precipitation / mm
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CA...Catchment area
HPP...Hydropower plant
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Hydrological Model - GR4)J

Used for daily time steps

effective
precipitation

daily sum in
CA of HPP

' ™
evapotranspiration

daily sum in
CA of HPP

e vy

7 ™
temperature

1. Calibration for
optimal parameters
with historic data

2. Validation of best
parameter sets with
historic data

daily mean in
CA of HPP

. vy

observed discharge
corrected value:

deviation CA HPP and
CA gauge station
M v

' ™

catchment area

of HPP

data precipitation
- :ration runoff model ischarg
prep GR4J

3. Simulating discharge
by using best parameters
and future weather data

Interception

Production
store

Routing
store
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Hydrological Model - GR4)J

Used for daily time steps

Hourly discharge for HPP Pernegg (Mur) and HPP Garsten (Enns)
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HPP Energy Generation

Converting discharge into energy amounts

L

discharge (h, simulation)
design flow (HPP;)

generation(h) = X installed capacity(HPP;)

Ifdischarge exceeds the design flow: generation(h) = installed capacity

Lukas Kloiber 18
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HPP Energy Generation

Need for calibration of energy production

L

Compare mean annual production
and simulated production without
any correction over some years

Deviation - correction (calibration) factor

Lukas Kloiber 19



Simulation Results

Electricity generation for a sample HPP at the Danube in 2016

Inflow / m3/s

Generation / MW

www.tugraz.at m
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Simulation Results

Electricity generation for a sample HPP at the Danube in 2016
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Summary

Achieved goals and potential application fields

Potential
7= ' 7
“=] Achieved Goals I Application Fields

* Robust forecasting tool for electricity

generation by run-of-river hydropower  Climate-resilient energy system

* Input: weather, HPP, and discharge data optimization models
 QOutput: forecasted energy amounts per day (hour)

* Covers about 40 % of the total Austrian
public electricity generation

* Long-term energy production forecasts

* Planning support for new hydropower

projects
 Extentible to whole Europe with

discharge and HPP data

Lukas Kloiber 23



www.tugraz.at m

Further Possible Model Improvements

Examples which could lead to better performance of the tool

Expected model
performance improvement

A

Improved PET Estimation
< Calibration, more complex methode

é

, Optimized Hydrological Calibration
of

Individual parameter ranges

Elevation Weather Correction
Altitude-adjusted temperature

( Extended Data
lﬂ Longer historical datasets

} Flood Shutdowns
u No generation while flood events

Eco Flow Constraints
Consider ecological water needs

&

q% Dynamic Degree-Day Factor
Variable snowmelt factors
b
=

Enhanced Hydrological Model
L More complex model

¢

b |

7 Advanced Energy Calibration
4 More complex correction

m Adaptive Resampling Resolution

Based on size of catchment area

Time Series Smoothing
Prevent jumps between days

M S

Lukas Kloiber
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@ Institute of Hydraulic Engineering and
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8010 Graz, Austria
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Energy Innovation
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8010 Graz, Austria
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