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* Initial-value problems (weather forecasting) to
forced boundary condition problem (climate projections)

* Climate forecasts (sub-seasonal, seasonal and decadal) in the middle

Seasonal to ~1 Year Decadal
QOutlooks Predictions

Daily Weather
Forecasts

Multi-Decadal to Century
Climate Change Projections

time scale

2
1
Forced Boundary
Condition Problem

Initial Value
Problem

Meehl et al. (2009)
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Wind power variability at monthly to decadal time scales has not been
traditionally taken into account in wind power facilities planning and

management

In other sectors as hydropower or electricity generation and demand
balance, climate information on seasonal-to-interannuel time scales
have already been illustrated for management decisions.

Hydroelectric power management

Forecasting precipitation for hydroelectric power
management: how to exploit GCM’s seasonal ensemble
forecasts

TERNATIONAL JOURNAL OF CLIMATOLOGY
. . Climaiol. 27- 1691-1705 (2007)
blished online in Wiley InterScience
ww.interscience. wilay.com) DOL: 10,1000 0c.] 608

Marta Benito Garcfa-Morales® and Laurent Dubus
EDF Research and Development Division, Electricité de France, France

Electricity demand

Contents lists available at ScienceDirect
Applied Energy E

journa | homepage :www.elsevier.com/locate, fapenergy

Seasonal climate forecasts for medium-term electricity demand @ CroseMar N
forecasting

Matteo De Felice *, Andrea Alessandri *®, Franco Catalano?

ACasaccia R.C. ENEA Energy and Environment Modelling Technical Unit. Rome. ltaly
® ftes anal Pa

onal Pacific Resenrch Center, University of Hawai af Manoa, Honolubi, HI, USA

» During the ten years, seasonal climate forecasts have improved their skill.
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Objective within the NEWA project

To complement the probabilistic mesoscale model chain with climate

predications to
scales/horizons:

hours
days
weeks
seasons

and decades

produce

predictability

information
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Some examples:

Impact of NAO on Wind . - A
Speed and Capacity Factor é - M AN UAVAVMU/\V/\V/\

| I I | I I I
1980 1985 1990 1995 2000 2005 2010

Year

10m wind speed “observations”: ERA-Interim

Differences with NAO + and NAO - conditions Boreal winter season period 1981-2012

_,Q CapaCIty Factor (%)
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Some examples:
Seasonal wind power predictions

lllustrative examples of seasonal wind power predictions

Wind Farm in USA Wind Farm in North Sea
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Some examples:
RESILIENCE Prototype (EUPORIAS project)
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Some examples:
RESILIENCE Prototype (EUPORIAS project)
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Some examples:
RESILIENCE Prototype (EUPORIAS project)

10.9080,-85. 0308 463 elements
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Some examples:
RESILIENCE Protot

39.7300,0.0000 171 elements




Thank you!

For further information:
albert.soret@bsc.es
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Methods Results Summary Future work

CHALLENGE : models don’t provide capacity factor forecasts.

The wind power can be estimated from predictions of wind speeds
and temperatures at the surface.

Limitations:

* The wind turbines are at 100m so 10m wind speed must be scaled up.

* Seasonal/monthly means of wind speed and temperature masks sub-
seasonal/daily variability.

15
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Introduction Results Summary Future work

[ PREDICTIONS OF CAPACITY FACTOR }

POTENTIAL SOLUTION: The wind power can be
estimated from predictions of wind speeds
and temperatures at the surface.

4 . N
10m Wind Speed + 10m Wind Speed
2m Temperature 2m Temperature

N Y .
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Introduction Results Summary

Future work

[ PREDICTIONS OF CAPACITY FACTOR

10m Wind Speed
2m Temperature

1,
4 . N
10m Wind Speed 10m Wind Speed
2m Temperature 2m Temperature
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Summary

10m Wind Speed
ECMWEF S4 1 month lead and ERA Interim
in DJF (1981-2013)

Forecast quality assessment
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[ PREDICTIONS OF CAPACITY FACTOR }

10m Wind Speed
2m Temperature

O

10m Wind Speed
2m Temperature

a N\
10m Wind Speed
2m Temperature
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10m Wind Speed
2m Temperature
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[ PREDICTIONS OF CAPACITY FACTOR }

Multivariate regression

4 p
s , N
10m Wind Speed 10m Wind Speed
2m Temperature 2m Temperature
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Introduction Results Summary Future work

Multivariate regression

* How can we get a prediction of the capacity factor with a multivariate
regression?

Q Past observations of CF , WS and T are fitted to a multivariate
regression and the coefficients A, B and C are obtained.

CF(+VS,T)=AWS+BT+C

Predictions of WS and T in the target period are introduced in
the expression with the coefficients A, B, C and the output is
the forecast of the capacity factor.

13



3 Barcelona
Supercomputing
R Center
w4 Centro Nacional de Supercomputacion

Introduction Methods Summary Future work

Multivariate regression Central US

° region

Past , | 5 o | Forecasts of WS
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: forecast
: climatology of the ensemble mean
: standard deviation of the reference
: standard deviation of the ensemble mean
: climatology of the reference

: ensemble mean of the forecast

:difference of the ensemble member with the
ensemble mean

: correlation between the ensemble mean and
the reference

: standard deviation of the reference

: standard deviation of the ensemble mean :
standard deviation of the anomalies of all
ensemble members calculated with respect to
corresponding (i.e., same start date and lead
time) the ensemble mean.

Both methods are applied in ‘One-year out cross-validated’ mode
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Estimation of observational Capacity Factor

Wind Energy: Wind Power: p:furface pressure
R : ideal gas constant
2 2 3 3 3 T: temperature
E:mV':(AWp)V':pAtV’ P:E:pA_v) PZLA_VJ v : wind speed
2 2 2 t 2 RT 2 A : area of turbine
Ideal gas law perpendicular to wind
Capacity Factor direction
—> Power output curve from technical turbine
CF (%) ee e
— | specifications: Vestas 2.0 MW

Assumptions

* To convert 10 wind speed to the turbine height (100 m) the wind profile power law is used:

U z )\ wind speed at vertical height
: wind speed at a reference height

y : empirically derived constant ( for dry air over land at neutral stability conditions)

r

Daily variability in wind speed and operating limitations (kick-in/kick-out speeds) can be
modelled by weighting the wind power over all monthly wind speeds using a Rayleigh
distribution:

X 5o

B

f(X)=
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Impact Surfaces

* What is an impact surface?

They are a tool to visualise an impact variable in a discretized ‘climate
space’ (Dave MacLeod, Oxford University).

* How can we get a prediction of the capacity factor from them?

G Past observations of CF , WS and T are discretized and
represented in an impact surface.

° Predictions in the target period of WS and T are discretized
and represented in an impact surface.

° Each box of the two impact surfaces are combined to
provide the capacity factor prediction.
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Impact Surfaces Central US
° region
Past | . | Simple bias
observations ¢ g = correction.
of CF. ¢ & m £ WS and T bias
December ¢ T : corrected
£ | <
(1981-2011) - = forecasts.
2A 3 g :v d:peedﬁ(mpf)7 B 2Ji‘un:age:vind:peeds(rw’!a)7 8 December (2012)
B ([ | [In
a Forecast of capacity factor for December 2012
g N/A values !!!
% = /_"'\.._//-
g // \\ 4/
&N
b= T / ¥i|

Capacity Factor (%)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

