|rr—7 == o - - L 3 —

e s

2020-12-09

VATTENFALL 1

Confidentiality: C1 - Public



Disposition

N o o b~ 0D PRE

Confidentiality: C1 - Public

Introduktion till Vattenfall R&D
Syfte och mal med projektet
Begrepp datadriven analys
Langtidsprognos av infléden
Korttidsprognos av infloden
Varflods ankomst

Sammanfattning
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Portfolios and sections

7 R&D Portfolios

Industry
Decarbon-
isation

Distribution

Customer
Products

& Solutions
Nuclear &

Digitalisation
for generation
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Staff: 125 employees

Strategic R&D:
Development,
Demonstration,
Deployment

Tactical R&D:
Problem solving,
qualified testing and
validation for internal
and external customers

VATTENFALL

6 Depts / Sections

Power
Technology

Rotating Energy systems
Machines & processes

Civil Data Analytics
Engineering & ICT Solutions

Fluid
Mechanics




Vattenfall’s value chain

Production

Production from
Hydro

Nuclear

Coal

Natural gas
Wind

Solar

Biomass

Waste

Actively phasing out fossil-
based production
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Electricity distribution

Guarantees secure supply
via well-functioning
distribution networks and
smart network solutions

Enables customers to feed
self-generated electricity
into the grid (“prosumers”)

Sales of electricity,
heat and gas

Sells electricity, heat and
gas to consumers and
business customers

Focuses on various price
and service models, and
gives customers the
opportunity to reduce their
environmental impact

VATTENFALL

District heating

Drives the transformation
towards fossil-free heating
and cooling solutions
together with cities and
regions

One of Europe’s largest
producers and distributors
of district heating

Energy services &
decentralised generation

» Offers energy services
¢ Heat pumps
e Solar panels

e Charging solutions for
electric vehicles

« Battery storage
* Network services
e Smart meters

* Provides marketplaces and
access to marketplaces
where customers can buy
and sell electricity



Laboratory resources

e Fluid Mechanics
Hydropower turbines
Rotating machines
Fatigue tests
ICT-labs

tech%ﬂogy
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% D_rone tests
~« Embankment dam
« Battery lab"
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| Hydro R&L

FLEXIBLE » System analyses < Ancillary services
GENERATION » Cost and value

» Hydraulic eng
* Soil mechanics
* Concrete and rock mechanics

DAM SAFETY &
INFRASTRUCTURE

BT T

» Transient turbine test
* Rotordynamics

* Field measurements

TURBINES &
GENERATORS

 Fish migration
ENVIRONMENT « Ecohydraulics
 QOil strategy

VATTENFALL
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Vattenfalls prognosarbete (=iagerinventering)

« Susanne och Mikael (och nagra till)
» Val beprovade prognosmodeller

¢ BOndepraktl ka.n (anno 1508 i Tyskland och 1662 i Sverige)

 Om Anders braskar Julen slaskar och tvart om
» Mycket ronnbéar ger kall och snorik vinter

VATTENFALL



Bondepraktikan 2.0 (anno 2020)

Avrinningsomrade 1 Avrinningsomrade 2
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Matstationer: t, T, P, W, X, y, z 3 15

Langa tidsserier — 45 ar

Q(t) =1(1, 2,3,4,5,6, 7, 8,9, 10, ...)
N - |
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Bondepraktikan 2.0 (anno 2020)

Avrinningsomrade 1 Avrinningsomrade 2
3 2
9
12
1 5
10
4
7 13
11
6
14
Matstationer: t, T, P, W, X, y, z 3 15

Langa tidsserier — 45 ar

Q) =f(1,2,3,4,5,6,7,8,9,10, ...

Okand
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Syftet och Mal , S

« Syfte:
« Utforska historiska data med hjalp av avancerad dataanalys for prognostisering av varfloden
- Volym
- Start
 Utvardera hur avancerad dataanlalys star sig mot den etablerade HBV-modellen

o Mal:

» Hitta kompletterande metoder och information som forbattrar tolkningen av befintlig modell

e FOrutsattningar:
« Tillgang till ML-modeller, statistiska metoder och stor datorkraft
» Begréansad hydrologisk kunskap
» Projektstart 1 oktober

VATTENFALL
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Motsvarigheten i vart arsmagasin

Pa dag 150 som ar Veras*
kommer floden att dubbleras

* 31/5 ar Veras namnsdag

(16 % traffsakerhet)

VATTENFALL
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Begrepp

« Datadriven modellering

« Korrelation ar inte kausalitet

« Overanpassning (eng overfitting)
» White box / Gray box / Black box

VATTENFALL
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Langtidsprognoser av infléde

o Utvardera statistiska modeller
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Dekomposmon

infloden

« Trendkomponenten T}
 Sasongskomponenten S;

« Aterstoden/residualen R;

Additiv dekomposition av
tidsserien

Inflow, = T + S; + R;

» Liten trend stark sasongs-
komponent
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Tidsserier: modeller och
prognoser

» Dataset
90% traning (1974 ~ 2015) 10% test (2016 ~ 2020)

* Modeller & metoder
0. Benchmark: seasonal naive method
1. Linjar modell: trend sasong i en linjar modell
2. Sasong ARIMA(p,d,q) modell: ARIMA(0,0,0) X (1,1,1),

VATTENFALL
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Prognosjamforelse 2016 ~ 2019

. . . * ' Observation HBV forecast — Linear model forecast
(preliminér)

¥
6000 ‘e

20001

Jan 2017 Jul 2017 Jan 2018 Jul2018 Jan 2019 Jul 2019

Prognos Modell prestanda
Modell RMSE Forbattring mot HBV (%) R? value
Benchmark (navie) 1335.7 -42.6 0.64
HBV model 936.8 0 -
Linear model 758.5 19 0.849
ARIMA 757.8 19.1 0.85
VATTENFALL @
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Slutsats langtidsprognoser

 Linjar modell avseende sasong och trend ar en bra kandidat

Inflow;ypr = a+b-Trend; + ¢ - Seasonality; + noisy;

VATTENFALL

Confidentiality: C1 - Public



Korttidsprognos av inflode

« Designmal: en enkel inflodesmodell (for prediktion av varflodsstart)
« Syfte: hitta de mest prediktiva komponenterna i datasetet

« Datadriven analys (vi & som sagt inte hydrologer...)

VATTENFALL
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Runoff algorithm v0.4

k, = coefficient

i = day

¢ =temp (°C)

d = movavg(c, 48)
e = movavg(c, 18)

p = precipitation

L ="snow line”

S = snow ‘container
R = rain ‘container’

W = “surface water”
G = “ground water”

Gax = G max. cap.
Q = runoff

Confidentiality: C1 - Public

f=e>07?0:abs(e)

t>0

m = kg * t* U(t+)

A 4

S=S-m
W=W+m
L=L+k,*t/S

A 4

d, >0 &&
G<G

max

g = max(c;, d)

v

R=R-2R/3
W =W + 2R/3

v

Q = kW"0.33 + k,G70.33
W = W - k3W"0.33
G=G - k,G"0.33

S=S-g¢
G=G+g
i=i+1

VATTENFALL
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Runoff algorithm v0.4

k, = coefficient

i = day

¢ =temp (°C)

d = movavg(c, 48)

e = movavg(c, 18)

f=e>07?0:abs(e)
p = precipitation

L ="snow line”

S = snow ‘container’
R = rain ‘container’
W = “surface water”
G = “ground water”
Gax = G max. cap.
Q = runoff
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Rain or snow

t>0

}

\ 4

m =k, * t * t/(t+f)

A 4

R=R+p
S:S+pi <
\ 4

S=S-m
W=W+m
L=L+k,*t/S

d, >0 &&
G<Gmax

g = max(c;, d)
S=S-g¢
G=G+g

v

R=R-2R/3
W =W + 2R/3

v

Q = k,W"0.33 + k,G"0.33
W = W - k3W"0.33
G=G - k,G"0.33

i=i+1

VATTENFALL
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Runoff algorithm v0.4

k, = coefficient

i = day

¢ =temp (°C)

d = movavg(c, 48)

e = movavg(c, 18)

f=e>07?0:abs(e)
p = precipitation

L ="snow line”

S = snow ‘container’
R = rain ‘container’
W = “surface water”
G = “ground water”
Gax = G max. cap.
Q = runoff
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\ 4

Snowmelt

t>0

m = kg * t* U(t+)

A 4

A

S=S-m
W=W+m
L=L+k,*t/S

d, >0 &&
G<Gmax

g = max(c;, d)
S=S-g¢
G=G+g

v

R=R-2R/3
W =W + 2R/3

v

Q = k,W"0.33 + k,G"0.33
W = W - k3W"0.33
G=G - k,G"0.33

i=i+1

VATTENFALL
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Runoff algorithm v0.4

k, = coefficient

i = day

¢ =temp (°C)

d = movavg(c, 48)

e = movavg(c, 18)
f=e>07?0:abs(e)
p = precipitation

L ="snow line”

S = snow ‘container’
R = rain ‘container’
W = “surface water”
G = “ground water”
Gax = G max. cap.
Q = runoff
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Ground “drinks”
surface water

> t>0
l d;>0&&
m =k, * t * t/(t+f) G < Gy v
R=R-2R/3
) 4 W =W + 2R/3
S=S-m
S=S+p, [« W=W+m g = max(c;, d;) *
L=L+k,*t/S gfg ;9 Q = k,W"0.33 + k,G"0.33
v o9 W = W - k3WA0.33
J et G=G - k,G"0.33
I
i=i+1 |«

VATTENFALL
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Runoff algorithm v0.4

k, = coefficient
i = day
¢ =temp (°C) < t>0
d = movavg(c, 48)
e = movavg(c, 18) l Runoff from surface and

= 20: round water reservoirs
To -ep?egibit%{i?r? o d>08&& X

- m = Kk, * t * t/(t+f,
L = "snow line” ! (t+h) G < Grnax l
S = snow ‘container’ R=R - 2R/3
R = rain ‘container’ A 4 W =W + 2R/3
W = “surface water” S=S-m
G = “ground water” S=S+p [¢ W =W +m g = max(c;, dy) v
Gax = G max. cap. L=L+k,*t/S é—:g -9 Q = k;W"0.33 + k,G0.33
Q = runoff v —5*9 W = W - k3W"0.33

> t=c¢-L G= G - k,G"0.33
|
i=i+1 |«
K
VATTENFALL 23
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Runoff algorithm v0.4

k, = coefficient

i = day

¢ =temp (°C)

d = movavg(c, 48)

e = movavg(c, 18)

f=e>07?0:abs(e)
p = precipitation

L ="snow line”

S = snow ‘container’
R = rain ‘container’
W = “surface water”
G = “ground water”
Gax = G max. cap.
Q = runoff
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t>0

}

m =k, * t * t/(t+f)

\ 4

d, >0 &&
G<Gmax

g = max(c;, d)
S=S-g¢
G=G+g

v

R=R-2R/3
W =W + 2R/3

v

A\ 4
S=S-m
S=S+p [¢ W=W+m
L=L+k,*t/S
\4
> t=c-L

Q = k,W"0.33 + k,G"0.33
W = W - k3W"0.33
G=G - k,G"0.33

i=i+1

VATTENFALL
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Runoff algorithm v0.4

k, = coefficient

i = day

¢ =temp (°C)

d = movavg(c, 48)
e = movavg(c, 18)
f=e>07?0:abs(

P~ precipiarion Inter-quartile yearly volume error = +4.0%

L ="snow line”

S = snow ‘contains HBV: R2 = 0.83 and volume error = £5.4%

R = rain ‘containe

=W + 2R/3

G = “ground wate

g «  Refreezing seems to have no significant effect 70,33+ K,GA0.33

Q = runoff - : - k3W”0.33
Possible traces of global warming G - k.G"0.33

Forecast horizon limited by weather forecast

VATTENFALL
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Runoff algorithm — next version

i = day

c =temp (°C)

d = movavg(c, 48)
e = movavg(c, 18)

(—e-0-0 s Testthe following factors and include the most important

k, = coefficient ‘ i=1

> t>0
| |

e-0ro
= "snow line" I
S = snow ‘contain¢ e Sunshine =R -2R/3
R =rain ‘container . =W + 2R/3
W = suface watel @ Wind (effect on snowmelt) —7
G = “ground water . .
Gmafi cmaxcar ® WiINd (effect on magazine levels) [measurement error] 0.3 + K,GA0.33
w « Rain-on-snow A
» Vegetation growth and water capture
* Replace “snowline” with elevations
A_I i=Janl
VATTENFALL @ L=0
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Example: 2015

- Year: 2015
real Q Rz = 0.896
45-] —pred Q
30—
‘ V‘J’\.
{ /)
15+ \ ,
0_
| | | I | | | | | | | |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
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Example: 2006

Year: 2006
—real Q -
— el O R2 = 0.803
30— F‘
|
l
[
15-
- _j: _""5.' /
0_ "m"r'_ H ' ' - W-‘-__
| | | I | | i | | | I |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Varflodsprognos

o Nar infaller varfloden ?

400
300
—
L
.9. 200
]
o
@)
= 100
k=
0

VATTENFALL
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Logistisk regression

Logistisk funktionen, en variabel:

10

fx) = 1 4+ e—(Bot+B1x)

Logistisk funktionen, flera variabler: -0

1
f(X1;x2) = 1 + e—(ﬁ0+[)’1x1+[)’2x2)

0.0 1=

VATTENFALL
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Logistisk regression

5

Inflode [DE]

VATTENFALL
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Modell och Traffsakerhet

Variabler:
Temperaturmedelvarde senaste nio dagarna
Summa Graddagar(0) sedan 1 april

Réatt dag 11% 26%
+/- en dag 51% 60%
+/- tva dagar 64% 69%
Prognos 33%

VATTENFALL
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Sammanfattning

* Avancerad dataanalys kan komplettera beslutsunderlaget
« Mer arbete kvarstar

 Vattenfall planerar att fortsatta utvecklingsarbetet att prognostisera
varfloden (volym och start) med hjalp av avancerad dataanalys

VATTENFALL
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Bondepraktikan 2.0 (anno 2020)

Om medeltempen* ar dver 4.5 grader
sa borjar vi aterfylla vara lager

44% traffsakerhet pa +/- en dag
64% traffsakerhet pa +/- tva dagar

VATTENFALL
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* 17 dagar
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