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AGENDA aLTeo

Az |dOJarasfuggo villamosenergia-termeld létesitmények

* VILLAMOSENERGIA-RENDSZER (szé&l- és naperémivek) egyre hangstlyosabb szerephez
SZABALYOZASA jutnak a magyar Vvillamosenergia-rendszerben. A

rohamosan terjedd fotovoltaikus rendszerek Uzembe

|épésével egytt a villamosenergia-termelés

menetrendtdl vald abszolut eltérésének varhatd értéke is

ATAD A T 4 - novekszik. Az 0Osszesitett villamosenergia-termelési

* IDOJARQSFl,jGGO VILLAMOS,ENERGIA menetrend bizonytalansaganak novekedése komoly
TERMELOK ES A RENDSZERALLAPOT kihivdsok elé &llitja a villamosenergia-rendszert. A

KAPCSOLATA rendszer fenntarthatésaga érdekében - a megujuld

energiaforrdsok kihasznalasara alkalmas idGjarasfliiggd
eromuvek terjedesevel parhuzamosan - fokozni kell a
meteorologiai elorejelzes pontossagat is, azaz nem

s s .s rr z szabad megengedni a termelGi menetrend
* IDOJARASFUGGOK TERMELES bizonytalansdganak  szignifikdns  novekedését. A
ELOREJELZESENEK JAVITASA meteoroldgiai eldrejelzések pontositasaval a rendszer

egyensulyanak fenntartasdhoz szikséges szabalyozoi
kapacitas mennyisege, illetve a villamosenergia-rendszer
kiegyenlitesehez igenyelt energia mennyisége s

° NEMZETKGZI KITEKINTES kezelhetd korlatok k6zott maradhat, azaz 6sszességében
tobb megujuléd alapu termel6 valhat a magyar
villamosenergia-rendszerbe gazdasagosan
integralhatova, ezaltal a megujulé alapu iddjarasfliggo

o KONKLl’JZI() termeldk terjedésének palyaja fenntarthatéva alakulhat.
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MAINTENANCE OF POWER BALANCE aLTeo

GRID BALANCE MUST BE KEPT...

CONSUMPTION ) Frequency (_GENERATION

A REGULATION

DEMAND SIDE

MANAGEMENT PN
POWER
PLANT
OUTAGE

LOAD POWER
.y ®

... AS ELECTRICITY CANNOT BE STORED
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RESERVE BALANCING MARKET aLTeo

Frequency
50 : O Hzl ————— LR R 7 F R R R R ey e e oo o o
Automatic FRR
5 FC Manual FRR
=
O
Q
Lime (not to scale)
< P— >4 —p
0-120 s 2-10 min >15 min
FCR aFRR mFRR
(Primary response) (Secondary response) (Tertiary response)
Objective Stabilise frequency Restore frequency to 50 Replace FCR and FRR
Hz Congestion management
Controller location  Decentralised at power Centralised at TSO's Manually instructed by TSO to reserve
plant control center provider
Control parameter Frequency (Hz) Frequency (Hz) Imbalance (MW)
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SOURCE DATA aLTeo

- IDOJARASFUGGO VILLAMOSENERGIA-TERMELOKRE VONATKOZO TENY TERMELES ES INTRADAY
MENETREND ADATOK

« Csak a KAT mérlegkorben Iévd naperomlivek és szélerom(ivek adatait hasznaltuk fel az elemzések soran

« Figyelmen kivil hagyott iddjarasfliiggd termel6k (vonatkozd adatok hidnya miatt):
HMKE (haztartasi méretl kiserdmdivek)
KAT-on kivil tizemeld id8jarasfiiggé villamosenergia-termelSk

- MAGYAR VILLAMOSENERGIA-RENDSZERRE VONATKOZO ADATOK

« Hitelesitett tény rendszerterhelés (MAVIR altal publikalt ¥4 6ras bontasban adat)
- Rendszerallapot adatok (MAVIR &ltal havi rendszerességgel ¥4 6ras bontasban publikalt adat)
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CORRELATION MATRICES

« Az elemzések soran csak a KAT mérlegkorben Iévo nap- és szélerOmuveket vizsgaltuk

« A korrelaciés matrixban a szliikséges szabalyozasi energia mennyiségek korrelacidjat vizsgaltuk

Rendszer esetében a (tény rendszerterhelés - menetrend)
Termel6 (PV, WIND) esetében az (intraday menetrend - tény termelés)

Correlation bw. balancing needs (considering only daylight values in cases of PV)

GRID w/o0 KAT PV (<0,5 MW) PV (20,5 MW) WIND TOTAL GRID
GRID w/o KAT
PV (<0,5 MW) 0,24
PV (20,5 MW) 0,16 0,43
WIND 0,05 0,00 -0,04
TOTAL GRID 0,95 0,45 0,29 0,28

Correlation bw. balancing needs (considering all values)

GRID w/o KAT PV (<0,5 MW) PV (20,5 MW) WIND TOTAL GRID
GRID w/o KAT
PV (<0,5 MW) 0,19
PV (20,5 MW) 0,12 0,44
WIND 0,05 0,00 -0,03
TOTAL GRID 0,95 0,37 0,23 0,28
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RENEWABLE POWER CURVES aLTeo

PV WIND
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===rel. el. load (Tambl) rel. el. load (Tamb2) rel. el. load (Tamb3) e==rel. el. load (techn.1) rel. el. load (techn.2) rel. el. load (techn.3)

PV characteristic is dependent on the ambient temperature; WIND turbine characteristic could be slightly different by technologies

global irradiance data is TMY (Typical Meteorological Year) from PVGIS (https://www.re.jrc.ec.europa.eu) 7
wind speed data is produced by averaging 4 years of 15 minute fact wind speed distributions weibull parameters (2, k), and simulating 5'years of hourly wind speed data by that distribution with MATLAB
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BAL. ENERGY PRICE CALCULATION METHOD aLTeo

- Kalkulacié alapja a tény aFRR meritorder 2018.10.01..2019.09.30
kozotti idoszakbdl, negyeddras bontasban

+ eGCC mértéke megegyezik a 2018.10.01..2019.09.30 kozotti atlagos
eGCC mértékével, irdnyonként megbontva

pozitiv irdnyban (FELszab esetén) = 8 MW

Calculating bal. energy price in one quarter hour

aFRR positive

aFRR positive

* negativ irdnyban (LEszab esetén) = 7 MW
« eGCC mértékét konstansnak vettiik a teljes idéhorizonton ““;’:;'ty HUF/MW

Offered .
B Price
quantity
HUF/MW
MW

« eGCC elszamolasi ara megegyezik az igénybe vett atlagos aFRR

. s o LA AAA 20 82 000 eGCCphs = +8 MW
szabalyozasi energia koltsegével 0 %5 000 GRID ERROR
15 33 000 +38 MW GRID ERROR corr.
30 25 000 +30 MW 20 25 000
10 20 000 10 20 000

« A 10 éves eldrejelzés soran is a tény aFRR meritordert vettik alapul a
2018.10.01..2019.09.30 kozotti idészakbdl, melyet éves szinten
aranyositottunk az adott évre megallapitott sziikséges aFRR
kapacitashoz

Példa: adott évben a szlikséges aFRR kapacitds 1000 MW, mig a bazis évben (2019) a

szlikséges aFRR kapacitds 500 MW; ekkor a tény aFRR meritorder minden ajanlatanak
kapacitasat megszorozzuk 1000/500-al (tehat ardnyosan valtoztatjuk)

« Amennyiben adott kiegyenlité energia mennyiség nem fedezhet6 a
rendelkezésre all6 aFRR kapacitasbdl, ugy a fennmaradé kiegyenlité
energiat a kovetkez6 egységarakkal vessziik figyelembe:

pozitiv kiegyenlité energia esetén: 100 HUF/kWh
negativ kiegyenlité energia esetén: 35 HUF/kWh

« A kiegyenlit6 energia koltségének szamitasakor minden esetben b=0,24
vettlink figyelembe az 6sszehasonlithatosag érdekében

10 MW % 20000 HUF /MWh + 20MW % 25000 HUF /MW h
10 MW + 20 MW

p= = 23333,3 HUF /MWh

PGcc =P

Psum = 23333,3 HUF/MWh 30 MW = 0,25h + 23333,3 HUF/MWh * 8 MW * 0,25 h

_ (A + b) * psum, Psum> 0 _
Dbal. energy cost = {(1 — b) * Perms Pewm < 0 b = 0,24
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GRID ERROR (EXCLUDING ALL RENEWABLES)
2018.10.01..2019.09.30, DATA POINTS: 35040
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conditions: 6920 MW js the maximum fact load in observed time period
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aLTeo

SUMMARY

CAPACITY WEIGHTED STATS

Mean Error cwME
St. Deviation of Error cwSD
Mean Absolute Error CWMAE
Root Mean Squared Error CWRMSE
Mean Absolute Percentage Error MAPE

+ capacity needs (reqg.: cwUP)

98%

- capacity needs (req.: cwDOWN)
TOTAL (%) capacity needs

+ energy needs (req.: cwUP) MWh ,/MW

- energy needs (req.: cwDOWN) MWh ,/MW
TOTAL (+) energy needs

+ energy cost (req.: cwUP) MHUF/MW

- energy cost (req.: cwDOWN) MHUF/MW
TOTAL (%) energy cost MHUF/MW

MHUF/period

-0,01%
1,48%
1,15%
1,48%
1,42%

BALANCING (E(fc) = 45 674 GWh, E(act) = 45 673 GWh)

3,47%
3,70%
7,16%
50,60
49,88
100,48
2,55
-0,01
2,54
17 565

forecast weighted absolute erro

energy cost is calculated by
using FACT aFRR meritorder
(see page 8)

L] L 2
y =-0,0014x+0,0184
R2=0,0058
60% 65% 70% 75% 80% 85% 90%
forecast/6920 MW
u . g ceeeee Linear (o)

95%  100%
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PV (< 0,5 MW)
2018.10.01..2019.09.30, DATA POINTS: 16716

aLTeo

99th percentile of the TOTAL* cap. need |

1 600 PDF of (forecast/max(M 500 act(fc 150 err(fc
( /max(M)) (fc) (fe) SUMMARY
1400 450 ] CAPACITY WEIGHTED STATS
100 Mean Error cwME 1,36%
400 St. Deviation of Error cwSD 8,70%
1200 350 Mean Absolute Error CWMAE 6,27%
H 50 Root Mean Squared Error CWRMSE 8,81%
1000 S 300 = Mean Absolute Percentage Error MAPE 21,11%
9 = = stand- inthe
£ = & BALANCING (E(fc) = 605 GWh, E(act) = 596 GWh) .
3 800 g 250 g 0 alone GRID
g’ ] 8 + capacity needs (req.: cwUP) 98% 25,38%  22,43%
o
& © 200 L 10252 - 5.8471 s - capacity needs (req.: cwDOWN) 20,15% 16,77%
600 150 R2 = 0,9553 -50 TOTAL (%) capacity needs 45,53% 39,20%
+ energy needs (req.: cwUP) MWh /MW p, 159,31 163,41
400 100 - energy needs (req.: cwDOWN) MWh /MW p, 102,54 102,85
-100 TOTAL (%) energy needs 261,85 266,26
200 50 + energy cost (req.: cwUP) MHUF/MW p, 6,37
0 150 - energy cost (req.: cwDOWN) MHUF/MW py, -0,31
o e, .D 0 100 200 300 400 500 0 100 200 300 500  TOTAL (&) energy cost MHUF/MW py 6,06 6,35
2 R53R35553R3R5T5RESR forecast, MW f -G MHUF/period 1652 1730
T ANNOOTFINNO000ORNRN00R 1st percentile of the TOTAL* cap. need
100% forecast weighted absolute error 600 97% [l PDF of (err(fc-act)/forecast) 45% forecast weight olute error
85% Wl e
80% 76% B 40% based on constant bal. energy price -
66% I o (see bottom of page) the difference bw. the GRID state
60% 500 oy — 35% AL with or without PV(<0,5MW);
° 57% W .o energy cost is calculated by using
47% [ o e FACT aFRR meritorder
= 40% 37% 1§ 30% (see page 8)
§ 400 26% 8 .,
2 20% £ 139 I 9 259 Oy o @ Y =-04D18x+0,4275
8 R2=0,9816
3 u 3 5 0% | S . g
o 0% ' 300 -1% | g 20% e
g W LI TAEEOIRE TTE 5 oy, H e
& o £ 1ov, I & 1s% A,
=4 -29% [ T L
° -40% 200 -38% [ v 10% b.....
-47% M
-57% W 50
_600/ .,
? 100 -67% | ®
-80% -77% | 0%
-86% ‘l 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
-105% -5%
-100% 0 ? forecast/max(M)
2018.10.01 2019.01.01 2019.04.01 2019.07.01 0 500 1 000 1500 2000 2500 3000 3500 4000 4500
mmm err(fc-act)/forecast+ (daily avg) wm err(fc-act)/forecast- (daily avg) e maX(M) frequency H ® o creeee Linear (o)

conditions: ID schedule is used; only daylight values considered; excluded data points: forecasted/(maximum cap.) < 2%, max(M) = MAX(max fact prod. for given month, max fact prod. for previous month);

considered average bal. energy price is UPyyen price = 40 HUF/kWh and DOWN,,, e price =

-3 HUF/kWh, and are based on the average of the aFRR meritorder bal. energy prices in the GRID ERROR (including all renewables) scenario
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PV

(= 0,5 MW)

2018.10.01..2019.09.30, DATA POINTS: 16142
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aLTeo

SUMMARY

CAPACITY WEIGHTED STATS

conditions: ID schedule is used; only daylight values considered; excluded data points: forecasted/(maximum cap.) < 2%, max(M) = MAX(max fact prod. for given month, max fact prod. for previous month);
considered average bal. energy price is UPy,; e price = 40 HUF/kWh and DOWN,,, e, price = -3 HUF/kWh, and are based on the average of the aFRR meritorder bal. energy prices in the GRID ERROR (including all renewables) scenario

Mean Error cwME 1,41%
St. Deviation of Error cwSD 8,81%
Mean Absolute Error CcWMAE 6,29%
= Root Mean Squared Error CWRMSE 8,92%
= Mean Absolute Percentage Error MAPE 20,78%
= stand- in the
"3 BALANCING (E(fc) = 192 GWh, E(act) = 186 GWh) GRID
5 + capacity needs (req.: cwUP) 08% 27,00% 22,81%
0
s - capacity needs (req.: cwDOWN) 20,28%  15,81%
TOTAL (%) capacity needs 47,27% 38,62%
+ energy needs (req.: cwUP) MWh /MW p, 155,47 156,15
- energy needs (req.: cwDOWN) MWha/MW p, 98,53 99,56
V= %27_839‘32/25948 TOTAL (%) energy needs 254,00 255,72
! + energy cost (req.: cwUP) MHUF/MW py, 6,22
- energy cost (req.: cwDOWN) MHUF/MW p, -0,30
60 80 100 120 140 160 180 0 20 180  TOTAL () energy cost MHUF/MW 5y 5,92 4,79
forecast, MW MHUF/perio 653 528
1st percentile of the TOTAL* cap. need
95% | PDF of (err(fc-act)/forecast) 50% forecast wei solute error
84% |l o
75% M 45% based on constant bal. energy price
65% Il by (see bottom of page) the difference bw. the GRID state
56% [ 40% Nl e with or without PV(>0,5MW);
o _ LM energy cost is calculated by using
46% % 35% .. FACT aFRR meritorder
37% I .. . (see page 8)
270/0 330% et Y = 037IIXT0.4055
18% I—— 3 R o R2=0,9778
e I g 25% D
-1% | ® ..
-10% [—— S 20% e,
-20% [ T .9
-30% [ & 15% e,
300 [ *re.
-49% [N 10% ol
-58% I o .
-68% M 5% °
- 0/
gl 0%
- 0, ‘0 0 0 0 0 0 0 0 0 (] o
116% [l 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
forecast/max(M)
0 500 1 000 1 500 2000 2 500 3 000 3 500
frequency g —8— g eeeses Linear (a)
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WIND aLTeo
2018.10.01..2019.09.30, DATA POINTS: 30716

99th percentile of the TOTAL+ cap. need |
7 000 PDF of (forecast/289 MW) 300 act(fc) 200 err(fc)

SUMMARY

CAPACITY WEIGHTED STATS

150
6 000 250 Mean Error cwWwME -0,41%
100 St. Deviation of Error cwSD 9,15%
5 000 Mean Absolute Error CcWMAE 6,57%
200 : z o Root Mean Squared Error cWRMSE 9,16%

3 . = Mean Absolute Percentage Error MAPE 42,42%
g4000 z o) S 2 BALANCING (E(fc) = 581 GWh, E(act) = 590 GWh) ~ "¢ inthe
g = 150 S g 0 (E(fe) = , E(act) = ) aione GRID
g f:: . . L o + capacity needs (req.: cwUP) » 22,74%  21,78%
= 3000 © 5 T s ) 98%

- . 5 -50 - capacity needs (req.: cwDOWN) 26,50%  25,69%
100 z TOTAL () capacity needs 49,23% 47,47%
2 000 B ) -100 + energy needs (req.: cwUP) MWh /MW v 236,75 242,29
— 1 0078X + 1 - energy needs (req.: cwDOWN) MWh /MW e 268,61 274,88
& ,0078 0,609
50 o Rz =0,8591 150 TOTAL (%) energy needs 505,36 517,17
1 000 + energy cost (req.: cwUP) MHUF/MW v 9,47
III..... 0 < £ o 200 - energy cost (req.: cwDOWN) MHUF/MW e -0,81
O S S FEREFRFFRF SRR REFRRES 0 0 100 150 200 20 300 0 TOTAL (%) energy cost MO/ MW we %0 203
R RSO E R LR S S 1. forecast, Mw MHUF/period 2504 2 618
1st percentile of the TOTAL+ cap. need
100% forecast weighted absolute error 350 96% [IEEREF of (err(fc-act)/forecast) 140% forecast weight ute error
L ‘ 85% | q
76% 120% based on constant bal. energy price SR e———
50% 1 m Ll - 300 66% | (seg bottom of page) with or without WIND;
56% I " energy cost is calculated by using
46% . 100% FACT aFRR meritorder
B o 250 37% — 1] \ (see page 8)
] o " 0 C 27 — 3 0%
2 £ 179 I—— £ teel
£ 200 w8 I—— g *e..
< ) =-0,8993x +0,8163
g -50% E £ 12:;0 N IS R R N N — ’g 60% o i SR 07686
© -12
150 iy, D & o o
< E o I £ 0% o e =
§ -100% 10, 8 S
) o ® e g-..
100 -50% [ 20% iy o
-60% [ T e
-150% -70% [ teip 0—g
50 -80% 0%
-89% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
-199% [I— -20%
-200% 0 forecast/289 MW
2018.10.01 2019.01.01 2019.04.01 2019.07.01 0 500 1 000 1 500 2 000 2 500 3 000 3 500 4 000
frequency u ®— g seeces Linear (o)

mmmm err(fc-act)/forecast+ (daily avg) mmm err(fc-act)/forecast- (daily avg) — 289 MW

conditions: ID schedule is used; excluded data points: forecasted/(maximum cap.) < 2%, 289 MW is the maximum fact prod. in observed time period;
considered average bal. energy price is UPyy; ep price = 40 HUF/kWh and DOWN,,, e, price = -3 HUF/kWh, and are based on the average of the aFRR meritorder bal. energy prices in the GRID ERROR (including all renewables) scenario
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WIND (FORECAST/289MW > 20%)
2018.10.01..2019.09.30, DATA POINTS: 14709
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350
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100

50

= err(fc-act)/forecast- (daily avg) — 289 MW
conditions: ID schedule is used; excluded data points: forecasted/(maximum cap.) < 20%, 289 MW is the maximum fact prod. in observed time period;

considered average bal. energy price is UPy,; e price = 40 HUF/kWh and DOWN,,, e, price = -3 HUF/kWh, and are based on the average of the aFRR meritorder bal. energy prices in the GRID ERROR (including all renewables) scenario

mean of bin

act(fc) 200

aLTeo

99th percentile of the TOTAL* cap. need |

sy

CAPACITY WEIGHTED STATS

150
Mean Error cwME -0,80%
100 St. Deviation of Error cwSD 11,26%
Mean Absolute Error CcWMAE 8,81%
3 50 Root Mean Squared Error CWRMSE 11,29%
i Mean Absolute Percentage Error MAPE 23,31%
g BALANCING (E(fc) = 476 GWh, E(act) = 484 GWh)
g + capacity needs (req.: cwUP) 98% 27,51%
)
TE _50 - capacity needs (req.: cwDOWN) 28,46%
o TOTAL () capacity needs 55,97%
-100 + energy needs (req.: cwUP) MWh /MW e 147,24
\’::0 0895x + 3.6648 - energy needs (req.: cwDOWN) MWh /MW e 176,62
. R2-0,7333 150 TOTAL (%) energy needs 323,86
+ energy cost (req.: cwUP) MHUF/MW 5,89
200 - energy cost (req.: cwDOWN) MHUF/MW g -0,53
100 150 200 250 300 0 50 TOTAL (%) energy cost MHUF/MW we 5,36
forecast, MW MHUF/period 1549
1st percentile of the TOTAL+ cap. need
24% i PDF of (err(fc-act)/forecast) 50% forecast weighted absolu or
84% M Py based on constant bal. energy price
;;:;0 [ | 0% ¢ (see bottom of page)
‘0 - ]
52% [ c
1% | - oo,
I B e.
207 g 30% <G o e S
20% [ 2 R2 =0,9861
9% | g_ ‘e
-1% ) I A A A S ..
1200 [ —— T 20% <.
-22% [ ® bt}
-33% & e
-a45 T e,
10% .
-s5% s ™
-65% [ oy
-76% M
-86% M 0%
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GRID ERROR (INCLUDING ALL RENEWABLES)
2018.10.01..2019.09.30, DATA POINTS: 35040

99th percentile of the TOTAL+ cap. need |

err(fc)

y = 0N021x - 10,18

1st percentile of the TOTAL* cap. need
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5% forecast weighted absolute error 8 000 10% | PDF of (err(act-fc)/forecast)
8%
4% ) 7 000 7% |
6% 1l
3% 5% M
6 000 4% [
w 2% 3%
8 2% —
c
g 1o, 5000 5 1% H—
5 ]ll z 5 0% I I I I S S R
o 0% 4000 £ £ -1% E——
5 o -2% I
8 -1% E -3% I
T 3 000 4% [
L, 178 -5% -
2000 -6% II
-7%
~ 0/
3% -8%
1 000 -9%
-49
4% -10%
- 0,
5o o 11%
2018.10.01 2019.01.01 2019.04.01 2019.07.01 0 1000 2000 3000 _ 4000 5000 6000 7000
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mmmm err(act-fc)/forecast+ (daily avg) mmm err(act-fc)/forecast- (daily avg) — 6920 MW

conditions: excluded data points: forecasted/(maximum cap.) < 2%, 6920 MW is the maximum fact load in observed time period

the TOTAL energy cost is 19.575 MHUF when calculated with the fact bal. energy prices; in the aFRR meritorder calculation method b=0,24 in the entire period, while in reality bw. 2018.10.01..2018.12.31 b=0,12
14

8 000

err(act-fc)/forecast
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-0,5%

-1,0%

55%

aLTeo

SUMMARY

CAPACITY WEIGHTED STATS

Mean Error cwWME 0,00%
St. Deviation of Error cwSD 1,64%
Mean Absolute Error cWMAE 1,27%
Root Mean Squared Error CWRMSE 1,64%
Mean Absolute Percentage Error MAPE 1,58%
BALANCING (E(fc) = 45 667 GWh, E(act) = 45 673 GWh)
+ capacity needs (reqg.: cwUP) 08% 3,91%
- capacity needs (req.: cwDOWN) 4,11%
TOTAL () capacity needs 8,01%
+ energy needs (req.: cwUP) MWh ,/MW 55,54
- energy needs (req.: cwDOWN) MWh /MW 55,91
TOTAL (%) energy needs 111,45
+ energy cost (req.: cwUP) MHUF/MW 2,95
- energy cost (req.: cwDOWN) MHUF/MW 0,01
MHUF/MW 2,95

TOTAL (%) energy cost R
MHUF/perlodl 20 438

energy cost is calculated
by using FACT aFRR

forecast weighted absolute eryor meritorder
A .(see page 8)
o o o -
° ° O
o 88000004 000D S S i @angiestecnnes 0o 1bCo000
y = -0,0005x +0,0195 °
R2=0,0008
°
60% 65% 70% 75% 80% 85% 90% 95% 100%
forecast/6920 MW
u 0d g ceeees Linear ()
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PV & WIND - CWRMSE - GERMANY

0 |

__| === all wind farm portfolios

all wind farms

portfolios consisting of 2 wind farms
=== portfolios consisting of 3-5 wind farms
"""" portfolios consisting of 6-15 wind farms
=== portfolios consisting of 16-50 wind farms
German control zones

complete Germany
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aLTeo
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B EGEWED]E

type

solar

wind

only daylight values

Source data

interval

2011-2015

2007-2015

PV & WIND - CWRMSE - GERMANY

Forcasted da‘:;::ad mt:;il‘ay
area cWRMSE | cwRMSE

single site ~12,8% ~12,0% 1,3
region ~5,7% ~4,9% 1,2,3

single site ~15,0% ~9,0% 4,5
region ~4,2% ~3,8% 4,5,6

1 Lorenz, Kiuhnert, Wolff, Hammer & Heinemann (2016). Local and regional PV power forecasting based on PV measurements, satellite data and numerical

weather predictions

2 Tuohy, Zack, Haupt, Sharp, Ahlstrom, Dise, ... Collier (2015). Solar Forecasting
3 Lorenz, Kuhnert, Hommer & Heinemann (2013). Current status of solar PV Power forecasting

4 J. Dobschinski (2014): How good is my forecast? - Comparability of wind power forecast errors
5 Zieher, Dr. Lange, Dr. Focken (2015). Variable Renewable Energy Forecasting - Integration into Electricity Grids and Markets - A Best Practice Guide Technology
cooperation in the energy sector
6 K. F. Forbes (2016). The Accuracy of the Load and Wind Energy Forecasts
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FUTURE SCENARIOS

CONSIDERING DIFFERENT FORECAST IMPROVEMENTS
AND INSTALLED RENEWABLE CAPACITY - CETERIS PARIBUS

4500
4000
3500
3000
2500

MW

2000
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500

1 600
1 400
1200

2 1000
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400

2019

TOTAL renewable capacity

2777
2477 e
2177 o
1877 o
1577 o @
o
1277 ® e
977 e =
®
[ J e
@
2019 2020 2021 2022 2023 2024 2025
PV sharein scenario A, B ®  PVsharein scenario C, D L3
TOTAL (%) system bal. capacity need
0]
®
@ e
@
. [
® o
[ J

@

P b ® ® ® [ ] ® [ ] -
® (

o«

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

®-~Scen. A - FC impr.: 0%/y, PV: +300 MW/y, WIND: +0 MW/y
Scen. B - FC impr.: 10%/y, PV: +300 MW/y, WIND: +0 MW/y

® Scen.C - FC impr.: 0%/y, PV: +225 MW/y, WIND: +75 MW/y

* Scen.D - FCimpr.: 10%/y, PV: +225 MW/y, WIND: +75 MW/y

3077

2026

TOTAL renewable cap.

1 500
1400
1 300
1200

= 1100

\

Y 1000
900
800
700

600

3377

2027

2019

o
3977 14%
3677 &
12%
[ ]
10%
[
® 8%
6%
4%
2%
0%
2028 2029

aLTeo

cWRMSE with forecastimprovement 10% /year

11,44%
®. . 10,30%
° 9,27%
8,34%
= ‘® 7,51%
6,76%
¢ ® 6/08% 5 47
® L 493% oo
o ® 43% 3,000
S -
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

PV (>0,5 MW) @ WIND (>0,5 MW) PV&WIND (at 2019 in Germany for a roughly same portfolio as the hungarian one)

TOTAL () system bal. energy need 47000 TOTAL (%) system bal. energy cost
4 43 000 e
&
e o o
® 39000 P
] ®
& 35000 ®
& & 8
T 31000 ’
e s
L
o 27000 PS
@ o0 0O —0—0—@
7’........ 23000 .:..
o Ca
19 000
15000
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Scen. A - FC impr.: 0%/y, PV: +300 MW/y, WIND: +0 MW/y @ Scen. A - FC impr.: 0%/y, PV: +300 MW/y, WIND: +0 MW/y
Scen. B - FC impr.: 10%/y, PV: +300 MW/y, WIND : +0 MW/y Scen. B - FC impr.: 10%/y, PV: +300 MW/y, WIND : +0 MW/y
Scen. C - FC impr.: 0%/y, PV: +225 MW/y, WIND: +75 MW/y ® Scen. C - FCimpr.: 0%/y, PV: +225 MW/y, WIND: +75 MW/y
Scen. D - FCimpr.: 10%/y, PV: +225 MW/y, WIND: +75 MW/y @ Scen.D - FCimpr.: 10%/y, PV: +225 MW/y, WIND: +75 MW/y

conditions: in the scenarios we only increase the PV(=0,5MW) and WIND capacity,; considered grid error for every year is the grid error bw. 2018.10.01..2019.09.30 decreased by the modeled renewables error - ceteris paribus; considered
balancing energy prices are based on the aFRR meritorder from the same period (2018.10.01..2019.09.30) scaled to the TOTAL aFRR need on each given year - ceteris paribus; the TOTAL system balancing capacity need is determined with 98%

confidence
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EFFECTS OF ANNUAL 10% FORECAST IMPROVEMENT

FOR WEATHER DEPENDENT PRODUCERS

aLTeo

Scenario A vs. Scenario B (with constant 10 EUR/MW/h average cap. price)
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EFFECTS OF DIVERSIFYING
THE WEATHER DEPENDENT PRODUCER CAPAPCITY alLTeo

Scenario A vs. Scenario C (with constant 10 EUR/MW /h average cap. price)

250 TOTAL (%) system balancing NEED SAVING 10000 TOTAL (%) system balancing COST SAVING
if the forecasts doesn'timprove and 9 000 if the forecasts doesn't improve and 8 695
500 +225MW PV and +75MW WIND cap. installed yearly +225MW PV and +75MW WIND cap. installed yearly
8 000 7471

7 000

150 5731

6 000
4727
5 000
100
4 000 3517
2616
3 000
5 x| B3
1735
10 . l 2 000 1168 3 579
1
] 1 000 ° E
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 -2 = 286 == I_l

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

MHUF

MW,

o

o

-50 -1000

* bal. capacity need saving bal. energy need saving * bal. capacity cost saving bal. energy cost saving

- A teljes kiegyenlitd energia igényben tobblet keletkezik, viszont a kiegyenlitoé energia koltségben megtakaritas, mivel a LE iranyu kiegyenlité
energiaigény no (tobbszor vesziink igénybe olcsébb LE iranya kapacitasokat) és a FEL iranya csokken (kevesebbszer vesziink igénybe
dragabb FEL iranyd kapacitasokat)
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EFFECTS OF ANNUAL 10% FORECAST IMPROVEMENT

FOR THE DIVERSIFIED WEATHER DEPENDENT PRODUCERS

aLTeo

Scenario A vs. Scenario D (with constant 10 EUR/MW/h average cap. price)
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EFFECTS OF ANNUAL 10% FORECAST IMPROVEMENT FOR THE
DIVERSIFIED WEATHER DEPENDENT PRODUCERS aLTeo

Scenario A vs. Scenario D (with constant 10 EUR/MW/h average cap. price)

+ A tovabbi szcenariokban az alabbi kiegyenlit6 szabalyozasi kapacitas kinalati gorbét feltételezziik a kapacitasarak kalkulalasa soran, ellenben
a korabbi konstans kapacitasarral

aFRRz bal. capacity supply curve

- [ 3] o8] L L
o w (=] w (=] w

aFRRzt bal. capacity price, EUR/MW/h

w

0 200 400 600 800 1 000 1200 1400 1 600
aFRRt bal. capacity need, MW

aFRR + bal.cap. price = (aFRR =+ bal.cap. need — 300)? + 6
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EFFECTS OF ANNUAL 10% FORECAST IMPROVEMENT

FOR WEATHER DEPENDENT PRODUCERS

aLTeo

Scenario A vs. Scenario B (with dynamic cap. price, according to cap. supply curve - see page 21)
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EFFECTS OF DIVERSIFYING
THE WEATHER DEPENDENT PRODUCER CAPAPCITY alLTeo

Scenario A vs. Scenario C (with dynamic cap. price, according to cap. supply curve - see page 21)

250 TOTAL (%) system balancing NEED SAVING 45000 TOTAL (%) system balancing COST SAVING 42219
if the forecasts doesn'timprove and if the forecasts doesn'timprove and
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- A teljes kiegyenlito energia igényben tobblet keletkezik, viszont a kiegyenlito energia koltségben megtakaritas, mivel a LE iranyu kiegyenlité
energiaigény no (tobbszor vesziink igénybe olcsébb LE iranya kapacitasokat) és a FEL iranya csokken (kevesebbszer vesziink igénybe
dragabb FEL iranyd kapacitasokat)
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EFFECTS OF ANNUAL 10% FORECAST IMPROVEMENT

FOR THE DIVERSIFIED WEATHER DEPENDENT PRODUCERS

aLTeo

Scenario A vs. Scenario D (with dynamic cap. price, according to cap. supply curve - see page 21)
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KONKLUZIO aLTeo

* VAN POTENCIAL AZ ELOREJELZES PONTOSSAGANAK
NOVELESEBEN

* AZ ELOREJELZES FEJLESZTESE NEMZETGAZDASAGI
ERDEK ES MEGTERULO BEFEKTETES

* A MEGUJULO TERMELOI PORTFOLIO
DIVERZIFIKACIOJA (NAPEROMUVEK MELLETT
SZELEROMUVEK BEEPITESE) CSOKKENTI A SZUKSEGES
KIEGYENLITO KAPACITAS- ES ENERGIA IGENYT

« ERDEMES AZ ELEMZEST FOLYTATNI EGY
SZTOCHASZTIKUS MODELLEL, HOGY AZ
IDOJARASFUGGOK TERJEDESENEK HATASAT JELEN
ELOADASNAL PONTOSABB VALOSZINUSEGI ALAPOKON
VALHASSON MEGHATAROZHATOVA
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KHSZONOM MEGTISZTELO FIGYELMUKET!

LUCZAY Péter

energia nagykereskedelmi és
szabalyozasi kdozpont iranyitasi igazgato
tel.: +36 70 338 2224

email: luczay.peter@alteo.hu




