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Project aims

1. Analyses of the coupling of climate fluctuations and
hydropower availability

a. Spatio-temporal statistics, including spatial covariation and control of climate indicators

b. Seasonal forecast methods

2) Importance of forecasts for production planning

a. Development of Conphyde (”Multimetodmodellen”)
b. Importance of forecasts methods in production planning models

c. Planning of electrical system capacities, e.g. to avoid energy droughts



How the presentation is divided

d Anders Wérman, KTH

Spatio-temporal statistics in hydropower availability and importance
of climate-driven forecasts on production management

[ Cintia Bertacchi Uvo, Lund University

O Marc Girons Lopez, SMHI

Evaluation of seasonal forecasting skill over Sweden



Scope of research at KTH

1. Spatio-temporal analyses of historical hydropower potential

Production capacity and energy storage need over Europe

2. Implementation of climate-driven forecasts in production management models

Objectives on watershed scale, but
e economic objectives
Multi-reservoir systems

3. How does climate periodicity affect energy system functions?



Simulated runoff data for Europe
Performed by SMHI using E-HYPE: 35 years (1981 — 2015)
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Spatio-temporal analysis of hydropower balancing

Energy storage domain
d Energy storage, E (J)

O Production power ,
. L Power demand domain
capacity, p, (W) X

Power availability domain
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Global Reservoir and Dam (GRanD) Database

Selected hydropower system
dams and reservoirs with a storage
capacity of more than 0.1 km?®

EI Dam heights, discharge etc.
O Production coverage: 366 TWhly
Ny O Storage coverage: 81,000 GWh

Beames at al., 2019. http://globaldamwatch.org



http://globaldamwatch.org/

Power spectral Density

Potential energy of runoff in Europe

Total Power Availability [TWh/year]
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Climatic control on hydropower availability

Coherence between power of all runoff in Europe and climate indicators
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Std in Energy Storage Demand [TWh]

Significant decrease of energy storage
demand with coordination distance
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Development of production optimization system

- Ensemble of stochastic runoff time-series

Forecast pre-processer :

Reflecting climate periodicity H

Spin-up simulation of
hydropower system
- Initial conditions

2. Large-basin hydropower

Verification

Historical
runoff data

optimization model
Watershed dynamics
Production and economy

Monte Carlo with regard to

Historical
production
data

forecast
Parameter uncertainty analysis

3. Analysis of importance and
recommendations
- Importance of climate-driven
forecasts on production
- Recommendations



Testing on Dalalven River Basin

Confidence intervals
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Conclusions (1/3)

>

Spatio-temporal coordination of the hydropower production over Europe
can potentially stand for nearly four (4) times as high energy storage
gain as the storage capacity of hydropower reservoirs.

The most significant gain from spatial coordination of hydropower
production is obtained on distances up to 3,000 km.

Forecasts of bi-annual periodicity (dry-wet years) can affect hydropower
production management.




