
Afternoon
Joint session - S2S4E/OpenMod: Climate forecasting
for energy-modelling - science, tools, models, issues
and data

14:00 Welcome and introduction

14:10 Practical use of climate data for energy

• A brief practical introduction to the use of

climate forecast data: what is a climate forecast,

data sources, calibration and evaluation

[Dr Andrea Manrique, BSC]

• Converting climate forecast data to energy and

understanding weather drivers

[Dr Hannah Bloomfield, University of Reading]

15:00 Break

15:20 Research presentations

Participants are invited to present their research on the use

of climate information in energy-system applications and

models. Each talk must last no more than 8 minutes, with 2

minutes for questions. Registration for this is essential.

16:20 Panel discussion

16:50 Wrap up

17:00-18:00 After-workshop virtual drinks 
& poster session

After the presentations, the interactive poster session (from

lunchtime) will be available for an additional hour. All

participants are invited to use this session to continue

informal discussion, contact presenters, and view posters.

Morning
The S2S4E project: Science and results from a major
new climate-forecasting programme, specifically
tailored for the energy sector

10:00 Welcome and introduction

10:05 An overview of climate information and its

application to energy

• The science of climate forecasting 

[Prof. Paco Doblas-Reyes, BSC]

• The S2S4E climate service and Decision Support 

Tool  [Dr Albert Soret, BSC]

• Using climate forecasts in decision-making 

[Dr David Brayshaw, University of Reading]

11:10 Panel discussion: Supporting the use of climate

forecasts in energy

[chair: Dr Jana Sillmann/Erlend Hermansen, CICERO]

11:30 Break

12:00 Research advances and emerging opportunities

• Weather pattern forecasting: why, how, and it’s
applications for renewables

[Dr Llorenc Lledo, BSC]

• Seamless blending of forecast timescales:

applications for hydropower

[Dr Ilias Pechlivanidis, SMHI]

• Machine learning multi-model ensembles to

enhance energy forecasting skill

[Dr Paula Gonzalez, University of Reading]

13:00-14:00 Lunch Break & Poster Session

During the lunch break, an interactive poster session will be

available.

All participants are invited to share their research on the

use of climate information in energy-system applications

and models. Registration for this is essential.

Scientific organising committee: David Brayshaw and Hannah

Bloomfield (University of Reading); Robbie Morrison, Ekaterina

Kasilova, Alex Kies, Anne Fouilloux and Martin Dorenkamper

(OpenMod); Isadora Jimenez, Albert Soret and Andria Nicodemou

(BSC); Erlend Hermansen and Jana Sillmann (CICERO).
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BACKGROUND
2

Technical physics + data science

Area of interest: research of power and heat supply 
technologies [transfer processes in a solid oxide fuel cell, 
thermal modelling of (SOFC + thermal power) units]

Subject of the study: national energy system under the 
climate change  
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MOTIVATION
3

1. Adaptation knowledge is still limited 

2. Energy transformation processes are quite long-termed 

3. Need for renovations/innovations in power industry is 
evident 

4. Trying to get advantages of a traditional system approach

Is there a way to put decarbonising steps 
among adaptation measures?
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PROBLEMS CONSIDERED
4

1. Heating/cooling demand  

2. Thermal efficiency deterioration 

3. Renewables potential 

4. Cogeneration  

5. Electricity load 

6. Reliability assessment 

7. Renewables integration

Integral effects

“Typical-day” effects

Operating mode effects
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INTEGRAL EFFECTS
5

1. Heating/cooling demand  

2. Thermal efficiency deterioration 

3. Renewables potential

Effect of the climate change on  

➤ the national energy balance  

and  

➤ an overall renewables potential
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INTEGRAL EFFECTS-1
6

Climate modelling

Carbon box model + Regression model

1. Heating/cooling demand  

2. Thermal efficiency deterioration

*Comparison with General Climate Models 
projections (CMIP5 simulations data, RCP2.6 
& RCP4.5 scenarios)
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INTEGRAL EFFECTS-1
7

change has been manifested most significantly during the twen-
tieth century and this trend will most likely continue. Wide use of
fossil fuels for electricity generation determines vulnerability of
Russian power system to the climate warming.

The most recent Assessment Report of the Russian Meteoro-
logical Agency [31] has stated the importance of the climate-related
effects for Russian power industry and denoted lack of quantitative
estimations. However, research efforts in this area remain quite
limited.

Discussion of the likely changes of energy-related climate pa-
rameters and renewable energy potential in Russia was presented
in [32], but the scope of this work is rather the climate change itself
than the power system. Prospects of the Russian hydropower under
the current and future climate change were assessed in [33]. The
effect was found to be slightly positive for Siberian hydropower
plants and virtually neutral for central Russia.

Likely trends and directions of development of the coal-fired
power plants were considered in [34] in the context of the
climate change, but a quantitative estimation of the climate change
impacts was beyond the scope of the analysis. An attempt to
analyze a deterioration of thermal generation efficiency under the
climate change was done in [35]. However, the study was restricted
by the gas turbines only.

A general picture of the climate change impact on the Russian
power industry remains patchy and incomplete. That may be crit-
ical under the system problems on the global and national scale by

which the Russian power system is challenged today.
This paper is a preliminary attempt to study impacts of the

Fig. 1. Structure of installed capacity of power generation: a d for the whole Russian energy system, b d by regions connected to electric grid [42].

Fig. 2. Projected trends of the mean annual temperatures in various Russian regions in
the twenty-first century.

V.V. Klimenko et al. / Energy 142 (2018) 1010e1022 1011
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INTEGRAL EFFECTS-1
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Energy modelling

➤ Heating/cooling degrees-days concept

Integral of the heat/cold deficit throughout the year
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3) sensitivity of the temperature in the condenser tc to the change
of the cooling water temperature twater;

4) a relationship between the cooling water temperature twater and
the temperature of atmospheric air tair in a given region.

The overall change of the turbine power output may be
expressed using the following linearization:

DPelz
vPel
vpc

,
vpc
vtc

,
vtc

vtwater
,
vtwater

vtair
Dtair (1)

The power output decrease due to the condenser pressure in-
crease is determined by the thermodynamics andmay be estimated
for typical Russian conditions as 1% and 1.5e2% for steam turbines of
thermal and nuclear power plants respectively per Dpc ¼ 1kPa [53].
The higher values of vPel=vpc for nuclear power plants result from
the lower enthalpy change used in the nuclear steam power cycle.

The correspondence between the pressure pc and the temper-
ature tc in the condenser is represented by the water saturation

Fig. 8. Distribution of the gas turbines' installed capacity by Russian administrative regions.

Fig. 9. Installed gas turbines capacity for the regions which actually accounts for more than 70% of the capacity installed.

Fig. 10. Dependence of the efficiency of different gas turbines on the ambient air
temperature; h is the efficiency at the given temperature, hISO is the efficiency by the
standard conditions (see Ref. [35] for detailed description of data sources).
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gas turbines
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➤ Heating/cooling degrees-days concept 

➤ Technical characteristics of industrial 
gas turbines 

➤ Implementation of the condenser 
model* representing two-phase heat 
transfer in the steam power unit circuit 

climate change on the Russian power industry in a systematic way.
Serious obstacle was a lack of official statistical data combined with
uncertainties of development plans of the Russian energy system.
We have overcome these difficulties by constructing quite a robust
approach intended to fill the most significant gaps.

2. Actual status and development of the Russian power
system

2.1. Structure of the Russian power industry

Electricity generation in Russia comes by two-thirds from the
fossil fuels (Fig. 1a) and is known for need in renovation and
reconstruction. An opinion about an urgent need of the structural
changes became recently quite popular among the international
scientific community [36]. More detailed studies have resulted in a
conclusion that development of the Russian energy system still
conforms to the ascending part of the environmental Kuznets curve
[37e39] which means that the Russian energy policy should rely
more on the development potential of the existing power system to

approach the modern efficiency and environmental standards
[38e40].

Wide-scale implementation of renewable and decentralized
solutions in the south and west of the country today is not feasible
due to the competition with relatively cheap gas, coal and nuclear

Fig. 3. Schematic view of the steam turbine power plant: 1 e steam boiler, 2 e turbine
with electric generator, 3 e condenser, 4 e cooling water, 5 e water body or cooling
tower.

Fig. 4. Ranges of the steam pressure and temperature in the condenser for steam
turbines of the thermal and nuclear power plants.

Table 1
Typical values of the condenser thermodynamic parameters.

Power decrease
per 1 kPa, %

Condenser temperature
range, !C %

Power output sensitivity to the
condenser temperature, % per 1+C

Thermal power plants 0.9e1.1 25e31 0.19e0.26
Nuclear power plants 1.5e2 32e34 0.46e0.55

Fig. 5. Verification of the condenser model by testing data of the industrial condenser
unit 300 KTsS-1 of turbine type K 300 [56].

V.V. Klimenko et al. / Energy 142 (2018) 1010e10221012

3) sensitivity of the temperature in the condenser tc to the change
of the cooling water temperature twater;

4) a relationship between the cooling water temperature twater and
the temperature of atmospheric air tair in a given region.

The overall change of the turbine power output may be
expressed using the following linearization:
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The power output decrease due to the condenser pressure in-
crease is determined by the thermodynamics andmay be estimated
for typical Russian conditions as 1% and 1.5e2% for steam turbines of
thermal and nuclear power plants respectively per Dpc ¼ 1kPa [53].
The higher values of vPel=vpc for nuclear power plants result from
the lower enthalpy change used in the nuclear steam power cycle.

The correspondence between the pressure pc and the temper-
ature tc in the condenser is represented by the water saturation

Fig. 8. Distribution of the gas turbines' installed capacity by Russian administrative regions.

Fig. 9. Installed gas turbines capacity for the regions which actually accounts for more than 70% of the capacity installed.

Fig. 10. Dependence of the efficiency of different gas turbines on the ambient air
temperature; h is the efficiency at the given temperature, hISO is the efficiency by the
standard conditions (see Ref. [35] for detailed description of data sources).
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*Available via github: @ekatef energy-VulnPowInd
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and typically is in the range 0.5e1.0 percent points per 10+C by
ta > t!a .

The mean power about 60e70 MW is quite typical for the gas
turbine power units being in operation in Russia today [60].
However, increase of the unit capacity is one of the main targets of
the gas turbines developers. That is why we have defined
100e130 MW as a likely future mean gas turbine capacity. An
empirical performance curve of the MS9001E General Electric gas
turbine (126 MW nominal power and 34% nominal efficiency) was
chosen as representative for further impact calculations.

4. Results and discussion

4.1. Sensitivity

The power drop of the steam turbines was found to be about
0.2e0.3 and 0.4e0.6 percent per 1+C for the thermal and nuclear

power plants respectively (Fig. 11). This is clearly above estimations
known for the United States and Europe [6,22,44,45] due to the
higher turbines' sensitivity to the warming relating to the lower
ambient air temperatures.

The steam turbines of nuclear power plants are almost twice as
sensitive as turbines of thermal power plants with respect to the
climate change. The reason is a higher condenser pressure for the
nuclear power plants as has been shown in Section 3.2. The
sensitivity of the steam turbines to the climate change is the
strongest for the central European part of Russia due to the com-
bination of the lower air temperature values with a stronger
response of the cooling water temperature to the air temperature
variations (Table 3).

The average efficiency decrease of the gas turbines is of order
0.5e0.6 percent points per 1+C. The gas turbines demonstrate
much more even spatial distribution of the climate response
compared with the steam turbines and are linked to geography in a

Fig. 13. Anticipated power decrease of the steam turbines operating on thermal plants: (a) e to 2030, (b) e to 2050.

V.V. Klimenko et al. / Energy 142 (2018) 1010e10221018

Steam turbines are impacted noticeably

Power drop of the steam turbines operating on thermal power plants to 2050
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past 30 years [50, 51]. For both time horizons, this
effect is more uniform in space when the scenario used
for calculations is harder. The reliability of this
decrease was confirmed by an additional series of cal-
culations for the ensemble containing all available
models, for which this effect is more pronounced than
in the optimized ensemble.

For the European part of the country, this quanti-
tatively means a decrease in the average annual wind
speed to 5% in the medium term (by 2050) and to 10%
in the long term (by 2090). The dynamics of wind
potential in the south of the European part of the
country and in the area south of the Urals is more
favorable, especially when using more realistic scenar-
ios: even a slight increase in wind speed (within 4%)
can be expected by 2050 with a small (up to 2%)
decrease in the south of the European part.

In subarctic regions, the tendency towards a change
in average wind speed appears earlier and manifests
itself more strongly, ranging from –6 to –2% by 2050
and up to –10% by 2090, which means a decrease in
wind potential to 10 and 15%, respectively.

Another area of stable changes in wind speed,
which is found in the ensemble calculations, is more
favorable: for all the considered scenarios and both
model ensembles in Primorskiy Kray in the coming
decades, a steady increase in the average wind speed
compared to the current level can be expected. In all
likelihood, this effect is associated with the weakening
of the Siberian High observed since the late 1970s and
intensification of cyclonic activity over the Pacific
Ocean. An increase in wind potential in Russian Pri-
morskiy Kray, combined with a significant increase in
biological productivity and hydro potential in the
south of East Siberia [52], means that conditions for
the development of renewable energy will significantly
improve in the south of the Far East. It seems that the
climate change provides local energy systems with
additional opportunities for changing the vector of the
development by diversifying the energy balance and
developing distributed energy.

It should be noted that the results obtained in this
study for European countries (see Figs. 2, 3), espe-
cially in the medium term, are in some contradiction
with the data of works [19, 53], which predict a decrease

Fig. 2. Relative change in the near-surface wind speed in 2045–2054 compared to 2007–2016 for the different climatic scenarios.
Black and white dots indicate the location of existing and planned wind farms, respectively. (a) RCP2.6 and GEPL; (b) RCP4.5. 
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a

b

Figure 1. Projections of the relative change of the annual precipitation amount in 2045-2054 as
compared with 2007-2016: a – optimistic climate scenario rcp 2.6, b – moderate climate scenario rcp

4.5. Authors’ calculations using [14] and [15] data.

The  general  long-term  projection  pictures  of  the  both  considered  climate  factors  are  quite
consistent between the considered low and moderate climate scenarios that seem to be the closest to
the real evolution of the climate system. The general result of the developed ensemble estimations may
be  a  conclusion  that  the  anticipated  change  of  the  climate  conditions  is  rather  favorable  for
development of the renewable power in Russia. 

However, it should be kept in mind that the key to a successful integration of the renewable power
into the power systems is a proper assessment of the regional climate dynamics. An increase in the
spatial and temporal resolution of the climate projection is a necessary next step which is needed to
support development of the renewable generation in Russia.

Projections of the relative change of the annual precipitation amount to 2050 
(optimistic climate scenario RCP2.6)
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Some increase in runoff and improve conditions of the 
hydropower operation across Russia is likely, except for the 
most southern regions.  

A tendency to wind speed decrease in the European part of 
the country and in the southern part of West Siberia may be 
concluded with a certain confidence. The robust finding for 
the wind speed is the increasing trend in Primorye region.
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➤ The power drop of the steam turbines* and gas turbines** is 
quite noticeable  

➤ A space heating demand decrease clearly dominates the 
climate change impact of the national energy balance 

➤ The climate change seem to be quite safe in terms of an 
impact on the renewable potential

* 0.2..0.3 and 0.4..0.6 percent points per 1oC for the thermal 
and nuclear power plants respectively 

**0.1 percent points per 1oC
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What adaptation challenges are the “united” power systems 
likely to face?

1. Cogeneration  

2. Electricity load
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Climate modelling

Centralised structure of the power systems

Focus on the stations observation records 

Assessment of the probability distribution functions 
for the past 

+  

Morphing approach for the future

Cogeneration
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Cluster 
groups

Cogeneration
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Energy modelling

Engineering-level model of the thermal power plant

➤ Heat and mass transfer 

➤ Design of the plant elements 

➤ Technical characteristics of the real power 
equipment
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Cogeneration

CHPs’ efficiency drop per 1oC annual warming 

Decrease of the heating demand means a considerable 
CHPs’ efficiency drop
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corresponds to the demand increase when the weather is getting colder during the cold season. The

second branch of the curve describes electricity demand increase related to the increase of the ambient

temperature during the hot season. Such a pattern is linked with a human response to meteorological

factors, in particularly with residential heating and cooling [10].

Cold climate of the most part of Russian area determines dominance of the cold branch of Edaily ~ tamb

relation [11]. Increase of the electricity load due to rising of the ambient temperature is nowadays

clearly noticeable in the most southern part of the country only (fig. 2). However, summer warming

unavoidably leads to intensifying such an effect in other regions where the hot branch of the Edaily ~ tamb

curve has not formed yet.

a b

Figure 2. Dependence of the electricity demand on the daily ambient air temperature in

the South energy system during 2018: a – the whole year, b – warm days. The air

temperature was smoothed with 5-days moving average.

The subject of our analysis was application of the V-curve Edaily ~ tamb model for all Russian regional

energy systems. The electricity demand data for all Russian regional energy systems were used. The

data archive for last twenty years (2000-2019) was provided by the System operator  [12]-[13]. The

areas  with  centralized  electricity  supply  only  were  taken  into  account.  The  data  check  was

implemented basing on comparison of the daily and hourly-resoluted data.

The original daily meteorological data were spatially averaged for all the regional systems areas. Five-

days smoothing with a simple moving average was applied to take into account thermal inertia.

An iteration procedure was used to find a change-point on the hot branch of the V-curve. The method

used has included

1)assume the cut-point temperature value tc
(i);

2)build a linear regression model Edaily ~ tamb for tamb > tc
(i).

The model with the highest determination coefficient R2 satisfying a condition of more than ten points

used in the regression was assumed to be an optimal one. The corresponding cut-point temperature

was taken as the best-guess for the change-point temperature. The procedure was applied for each year

of the all regional datasets. Indeed, valid results could be obtained only if the year was hot enough in

the given region to make evident electricity demand increase during hot days, with the mean may-

august temperature higher than 18oC as a rough estimation. Averaging by the years was applied to

obtain the final value of the change point and regression coefficient dE/dt.

The calculations results are presented in the able 1. Four of seven regional energy systems demonstrate

a noticeable correlation between  Edaily and  tamb,  although this relation persists during all considered

years  for  the  warmest  South  system  region  only.  The  change  points  is  about  20oC  for  all  the

considered areas, the regression coefficient is of order 1..2% points per 1oC. 
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Thus, the ambient air temperature still has a quite considerable impact on the electricity load in the

most part of Russian regional power systems.

Table 1. Mean 10-years (Tm) and threshold (Th) daily ambient air temperature of the warm

period and power load relation (dE/dt) for Russian regional power systems

Power system Tm, deg. C Th,

deg. C

Years used in Th

estimation

dE/dt,

kWh/ deg. C

dE/dt,

%/ deg. C

Noth-West 13.9 – – – –

Center 18.1 20 2010, 2013, 2016, 2018 5500 1

Middle Volga 18.3 21 2010, 2012, 2013, 2016 10500 0.5

South 23.6 20 2009-2018 5100 2.4

Urals 18.5 22 2012, 2015, 2016 3400 0.5

Siberia 15.8 – – – –

East 15.5 – – – –

The electricity load profiles was analyzed for all the regional systems during the hottest days during

1950-2018. It has been found that there are some statistically significant difference as compared with

typical moderate-conditions days (fig. 3).

Figure  3.  Power  load
pro�les  during  one  of
the  hottest  weeks  in
August  2012  on  the
Urals  regional  power
system  area  as
compared  with  typical

power pro�les in  Urals

regional energy system:

black  and gray  lines  –

ambient air temperature

anomaly  [oC]  and

normalized  anomaly,

blue  lines  –  average

normalized  load

profiles  in  August

(median, 67% and 33%

quantiles),  red  line  –

the  hot  week  load

profile.

This effect to the authors’ best knowledge has not been yet quantified. That means that heat waves will

lead to a considerable and poorly predictable shift  in the profile of the energy demand. Thus, the

energy systems need an additional balancing power reserve to cover possible load peaks.

4. Summary

The  summer  warming  still  has  some  noticeable  manifestations  across  Russia,  especially  in  the

southern part of European Russia.

Mean 10-years (Tm) and threshold (Th) daily ambient air temperature of 
the warm period 
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Electricity load

The annual profiles of the dimensionless diurnal electricity 
demand amplitude
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Electricity load

➤ Electricity load patterns are changing both on the large 
(annual) and short (daily) time scales 

➤ A part of these changes is very likely associated with 
the climate change
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➤ Winter climate change is still resulting in an efficiency 
decrease of the cogeneration use 

➤ Summer changes might result in reliability problems

Energy systems modelling is needed urgently
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1. Electricity load 

2. Reliability assessment 

3. Renewables integration

Climate modelling
Gridded datasets of good quality are essential

Energy modelling

Energy system models
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models. Each talk must last no more than 8 minutes, with 2

minutes for questions. Registration for this is essential.

16:20 Panel discussion

16:50 Wrap up

17:00-18:00 After-workshop virtual drinks 
& poster session

After the presentations, the interactive poster session (from

lunchtime) will be available for an additional hour. All

participants are invited to use this session to continue

informal discussion, contact presenters, and view posters.

Morning
The S2S4E project: Science and results from a major
new climate-forecasting programme, specifically
tailored for the energy sector

10:00 Welcome and introduction

10:05 An overview of climate information and its

application to energy

• The science of climate forecasting 

[Prof. Paco Doblas-Reyes, BSC]

• The S2S4E climate service and Decision Support 

Tool  [Dr Albert Soret, BSC]

• Using climate forecasts in decision-making 

[Dr David Brayshaw, University of Reading]

11:10 Panel discussion: Supporting the use of climate

forecasts in energy

[chair: Dr Jana Sillmann/Erlend Hermansen, CICERO]

11:30 Break

12:00 Research advances and emerging opportunities

• Weather pattern forecasting: why, how, and it’s
applications for renewables

[Dr Llorenc Lledo, BSC]

• Seamless blending of forecast timescales:

applications for hydropower

[Dr Ilias Pechlivanidis, SMHI]

• Machine learning multi-model ensembles to

enhance energy forecasting skill

[Dr Paula Gonzalez, University of Reading]

13:00-14:00 Lunch Break & Poster Session

During the lunch break, an interactive poster session will be

available.

All participants are invited to share their research on the

use of climate information in energy-system applications

and models. Registration for this is essential.

Scientific organising committee: David Brayshaw and Hannah

Bloomfield (University of Reading); Robbie Morrison, Ekaterina

Kasilova, Alex Kies, Anne Fouilloux and Martin Dorenkamper

(OpenMod); Isadora Jimenez, Albert Soret and Andria Nicodemou

(BSC); Erlend Hermansen and Jana Sillmann (CICERO).

THANK YOU FOR YOUR ATTENTION!
32

Except where otherwise noted, this work and its contents (texts and illustrations) are licensed 
under the Attribution 4.0 International (CC-BY-SA-4.0) | © Ekaterina Fedotova

Any questions?

e.v.kasilova@gmail.com 
ek.v.fedotova@gmail.com

@ekatef (github/gitlab/SO)

https://creativecommons.org/licenses/by-sa/4.0/

