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Forecasting for an Integrated Energy System

Laurent Dubus
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* Direct emissions, exduding the life cydé'anﬁlysis of generating plant and fuel.
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* End of 2018, the total installed capacity was:
(Objective 2023: 27 GW, incl. 2.4 Offshore)

(Objective 2023: 20.6 GW, 30 GW in 2035)

* Wind power:

* Nuclear:
* Hydro:

15.1 GW

8.5 GW
63,3 GW
22,8 GW
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Weather & Climate impacts

At all time scales!

Adapted from Argon neo

MATIONAL LABDEATORY

Center for Energy, Environmental, and
Economic Systems Analysis (CEEESA)
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Supply Levers

Scheduling of nuclear
maintenance outages

20 years ahead

Estimate energy volumes and prices (electricity,
gas, coal, uranium...)

Demand Levers

Promoting management of
electricity & gas demand

Anticipating purchases of fossil
fuels, CO, emissions quotas and
market purchases/sales

T
[

Global
Supply/Demand
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Managing hydro and
nuclear stocks

Optimizing Generation 1 week ahead Demand Forecasts

//

1 day ahead Arbitrating opportunities in

Generation dispatch the Spot market

Measuring risk associated
with energy portfolio price &
volume uncertainties

Optimizing load shedding

1 hour ahead

ESIG Workshop, Denver, 4-6 June 2019
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Weather & Climate impact ALL production means
(+ Demand)

Table 1
Potential climate impacts per asset class

Ceneration

Thermal Hydro Wind/PV Biomass

Lines

T&D
Stations

Customers

Air temperature ] ]

Water temperature @@

Water availability [ ] ]
Wind speed

Sea level

Floods

Heat waves

Drought
Storms

Source: WBCSD

Sowrce: Adapted from Asian Development Bank (207 2).

ESIG Workshop, Denver, 4-6 June 2019



Economic and technical assessment of a 60% RE EU system

GEOGRAPHICAL DIVERSITY DOES HELP, BUT THERE IS
STILL SIGNIFICANT VARIABILITY AT EUROPEAN LEVEL

Wind onshore generation for
different geographical areas
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. You can reduce the variability of wind and PV at local level but the correlation
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Economic and technical assessment of a 60% RE EU system

FLEXIBILITY MARGINS NEED TO INCREASE DUE TO VARIABLE GENERATION
(AND ASSOCIATED FORECAST ERRORS)

Profile of day-ahead upward operation margin required to cover a 1% risk level
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The operation margin profile changes and in the future critical periods are no longer driven by
demand patterns => need for dynamic calculation of flexibility margins and reserve requirements

=>» For large penetration of wind and PV generation:
» variability and uncertainty have a significant impact

[ J . . o
%~ €DF » short term operation needs to be considered at planning stagerkshop, Denver, 4-6 June 2019



New Energy paradigms are necessary

Figure 59. Conceptual Progression from the Baseload Paradigm to a New Paradigm of 100% Renewable Electricity

A) The Baseload Paradigm

Power generation

[ Peak

Intermediate

o and dispatchable

o0 =

M Baseload

wl® =~ *J®
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In the early stages of progression to larger shares of variable renewab

some adjustments in their grid operations, develop forecasting systems for rene
and introduce improved control technology and operating procedures for efficient

lon, power systems make
le energy production,
duling and dispatch.

le gene

Improved Forecasts
&
New Forecasts
are necessary

In the late stages of progression towards fully renewable power systems, variable renewable power will be
integrated through advanced resource forecasting, grid reinforcements and strengthened interconnections,
improved information and control technologies for grid operations, widespread deployment of storage
technologies, greater efficiency and scope of demand response, and coupling of electricity, heating and
cooling, and transport sectors.

B) The Early Transition

Power generation

Dermand shift

' Demand shift

= to early morning lows

[ Peak

0a0n

m Intermediate
and dispatchable
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C) A New Paradigm

Over-production

(for storage/
export)

Power generation

= for storage
or trade

from solar and
@ ing peaks
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EDF and subsidiaries: Many space & time scales

EDE I?urtihase EDF Agregio EDF Overseas EDF Renewables
Obligations

France (subset of

i + i +
Spatial France France Wind & Solar France Territory (Isl'ands Individual Farms
scale(s) Local French Guiana)
farms)
. Load, Hydro,
. . . Load, H . .
I\{Iam Wind, Solar, Wind, Solar Wind, Solar Load, Wind, Solar o?d el Wind, Solar
Variables Wind, Solar
Thermal
Day-Ahead + Intra-
- + - Day-Ah + Intra- Intra-D
Time scale(s) RT to ~5-10 years SeEER At i i Day RT to Day-Ahead ntra-Day
Day Day Day ahead...
+ up to 1-3 years
Supply/demand Distribution Distribution Monitoring,
Target PRYY Market Market System System performance,
Balance ;
Management Management market operations
Wind power: 10’
measurements at
Available Public (regional + Individual farms Individual farms S oY Ll (nOt,RT) RT aggregated ..
) ) ) Solar power: 10 Individual farms
data national) (notin RT) (notin RT) data

measurements for
<50 % (in capacity)

(not RT) ESIG Workshop, Denver, 4-6 June 2019 11



Weather, Climate and Renewables Forecasting Group activities

Renewables Long-range forecasts
Forecasts = « (monthly to seasonal),
(Solar PV & Wind o M service Climate Change impacts &
. 1 B Climatique . .
+input data for = N deoF Climate Services
hYd rological & g Implemented by ECMWF as part of The Copernicus Programme
. : ' 6 Climate
modelli ng) : Change Service

Internal & external expertise weather/climate/energy

i Oth bl Training
Natural Hazards er renewables \; ers’ support

& Extremes ? Data (meteorology, energy) Scientific Watch

Monthly & Seasonal outlooks

¢
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A (quick) focus on solar forecasts...
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%~ €DF ESIG Workshop, Denver, 4-6 June 2019 13



Renewables Forecasts

Medium term : D+4 to D+14

Weather forecasts Short term : ID to D+3

Climatology .
Weather forecasts Nowcasting: H to H+6

Real time generation data

Mainly ECMWEF & Météo-France
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Determnistic
—Data Fusion BEEE) o probabilistic

forecasts
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Solar Forecasts — Real-time visualization tool

Real-Time

Prévisons de production : REUNION - Calcul PREVENIR : 2017-12-07 11:03:00 - Satellite : 2017-12-07 13:45:00 - P| llilisateur =168 MW - Pl = 156 MW - Ratio Compteurs : 95.2% =

Confidence Interval from
7h00 am forecast

Real time measurement

07120500 07H206:00 07h207.00 0712 08:00 071 208:00

=+~ Protuction moyenne iTron
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Intraday Narrowed Resetzuan
Confidence Interval from

the optimization

Satellite based forecast

NWP based forecast

0721300 07TH214:00 07A215:00 07A216:00 07n21T.00 07Tn218:00 071218:00 0712 20:00

=& Prévisions de Production avec images satellites

ESIG Workshop, Denver, 4-6 June 2019
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Solar Forecasts: performance

MAPE at Aggregated Scale (continental France)

% of installed capacity

MW for PI=7 GW 250 280 320 360 660

Maximum of the Mean Absolute Error (in the middle of the day)

L
At local scale : »
EDF R&D winner of

» Error 2 or 3 times greater than at country scale the benchmark

COST WIRE 2012

(local forecasts)
y

&
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Recent results with ground cameras -

Reference 0.146 21.6%
0,
These results may enable to use ground Dee!o 0.033 4.8%
Learning

cameras as pyranometers _ _
GHI estimation error over one year

= Measurement
= Deep learninag
= Reference method

< Real time estimation of GHI with ground images (10 sec. step)
_‘QEDF ESIG Workshop, Denver, 4-6 June 2019 17



First forecasting results with ground cameras [E

First results that will be improved. Persistence 0.198 28.5%

The 10 sec time step is very difficult to
forecast accurately, a lower frequency Deep 0.168 24.8%
gives better results. Learning

10 sec GHI forecast (horizon 5 min) error over 4 days

..........................................

. R dssmiraimnt ' ..... s ;
: : : ' ~—— Persistence (Reference) : :
k ... ................ . ................ .................. OtherSimplemethOd .............. ................ ...
: : Deep Learning
1] Y . [T Fwosnsosasnonsosmsmin s sscooncspce. 41w R A8 I S B NS B8 9 81 Jooeeiaieaanns
0 100 200 300 400 500 600 700 800 900

L] .
< €DF 10 seconds GHI forecast 5 minutes ahead ESIG Workshop, Denver, 4-6 June 2019 18



Some Challenges

d Quality of input data

Production (kW)
0 80 160 280 400

» Robustness (real time) | RS R
> Reliability (real time) '

D Qu a I ity Of N W P m O d e I S ) RMSE de la journée du 13/08/2014 : 135.69 W/im? (29.5%)

Same RI\[I@E

<

RMSE de la journée du 13/08/2014 : 129.05 W/m? (28.1%)

» Spatial and temporal resolution
» Difficulty in evaluating the contribution
of higher resolution models (metrics,

H H H H “ 7 .‘TempS(S)u " m‘remps(s)“
availability / relevance of observations) Corecast basen o NWP e

Rayonnement (W/mz)
Rayonnement (W/n

[
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Next steps

= Enhancement of the forecast acuracy at
local scale, through:

Patent

> Models’ enhancement (NWP, satellites, e
ground images, real time production - based) : . ///_,,
> new input data (higher resolution, better g " _’/:/./f_//_
quality,...) w9 = _
/ Optimized
> blending of a large number of forecasts as R | | . . —
2 3 4 5 6 7

input data for smart optimization

= Probabilistic forecasts

> still not used in operations
>  WIP

[}
e =
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Horizon de prevision (au pas 30 min)

Error vs forecast horizon of different forecasts

ESIG Workshop, Denver, 4-6 June 2019 20




Summary

v' Energy transition ~ Low Carbon Electricity Generation -
v' Further increase of power systems’ dependence on meteorology it
v’ Space & time scales are interdependant

=» Need improved information, data & forecasts at all space & time scales
(not only for short-term RE integration)
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More than ever, we need to
further develop collaboration
between the energy industry

and the weather & climate community

ESIG Workshop, Denver, 4-6 June 2019
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WEMC

World Energy & Meteorology Council

l‘.r'ldc-nvlnl.l

|."l'"|| i ".'|.|r ",'-r

W B!
CBI 2010, JEVENTS | CONTACTUS "G~ WEMC DATA SPECIAL
i INTEREST GROUP

This webinar is part of the World Energy
and Meteorology Council (WEMC) Spe-
cial Interest Group on Data exchange, ac-
cess and standards.

LAURENT DUBUS
EDF & WEMC

Using and exchanging data is critical to
improving renewables forecasts and their
integration into the grid. However, many
specialists agree that data format, stan-
dard and access limits the development
i a ! NDS 7 JL . ; ¥ of tools and activities. This webinar looks
B o ! i : 4 =y i : W at why data sharing is important to im-

i _' mmu o - T V1§ | r ! prove renewable energy forecasts, how
o 'l' wuuulB8 | o =l ) ' data exchange is organized in meteorol-

i S : ’ - T s 4 - ogy and how data can help the energy in- -

8 ; o | = dustry progress faster in integrating more

renewable energy into the grid‘ I MIKKEL WESTENHOLZ

SUE ELLEN HAUPT
NCAR & WEMC
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After registering, you will receive a confirmation
email containing information about joining the we-
binar. View system requirements

For further information, talk abstract and biography,
please visit www.wemcouncilorg. A recording will

be available after the webinar. LARS PETER RIISHOJGAARD
(WMO)

e
ﬂ p WEMC www.wemcouncil.org

World Energy & "
; Meteorology Council 3 @ WEMCoundil
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THANK YOU FOR YOUR ATTENTION

Contact : laurent.dubus@edf.fr
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https://www.edf.fr/en/the-edf-group/who-we-are/edf-in-the-world

