Ornekleri ile Turkiye
elektrik talebi, sistemi ve
bekleyen sorular

Baris Sanli

www.barissanli.com


http://www.barissanli.com/

Aciklama

* Bu sunumun icindeki gorusler/fikirler sadece Baris
Sanli’ya ait olup, calistigi,iliskili oldugu kurum ve
STK'larin gorusleri/fikirleri degildir. Sahsi fikirleri
sadece kendisini baglar

* Executive Master programi oldugu icin cok teknik
detaya girmek yerine ornekler anlatilmaya
calisilmistir.



Tarihsel bir Giris



1915 - Osmanlica Elektrik pilleri
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http://www.barissanli.com/calismalar/tarih/elektrikpilleri-1915-bs.pdf



1940 - Santraller kaca

E=\VYiall

r

Cimhuriyet devrinde memleketimizde, gerek sehir ve gerek endiistri ihtivaclar
igin kurulan santrallerin adedi 221 ve takatleri de 172.718 kilowat artarak, 1939 senesinde
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Sekil 3. Memlekette kurulu elektrik
santrallerinin takat biiyiiklerine
gdre tasnifi.

242 ye ve 202.382 kilowata balig olmustur, su halde 7 misli
kadar artmughr. Bu arfig E. I. E. Idaresinin istatistiklerine
gire cetvel 5 de gbsterildigi gibi inkigaf etmistir.

Camhuriyetten evvel endiistri santrallerinin adedi
gehir santralleri adedinden gok fazla oldugu halde, takat-
leri yans kadar idi. Bu vazivet 1933 senesine kadar agag
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200 000

150 000

Sekil 4. Memlekette kurnlu elektrik santrallerinin
takatlerinin artign '

Cetvel 9, - Santrallerin istihsal kn;ynagma gore tasnifi.

istinsal " 1938 Vaziyeti 1939 Viziyeti
K“‘_‘-‘hnm- | Adet | Enowat Mishet | Adet |  Hilewat Hishet

Tagkémirii 50| 151072 | 98,35 9 | 54 | 151358 | 74,90 g
Linyit 16 8.858 | 4,608 | 24 | 15.318 | 7,609
Mayi mahruk | 85 | 24.137 | 12,50 9% {194 | 26.185 | 12.80 0
Sair mahruklar 18 2984 | 1,159 | 16 2,591 | 1,30 o
Su kuvveti % 6.560 | 8,40 o, | 28 6.930 | 8,40 o
Muhtelit - 16 - - 26 - i

Yekin | 211 | 192.806 | 100,00 9, | 242 | 202.382 | 100,00 9,

http://www.barissanli.com/calismalar/tarih/bsanli-EnergiEkonomisiveDurumu-1940.pdf




Tarihsel gelisim - 1955
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Buyuk santraller

* Keban 1965-1974 - (1974 ilk 4 tiirbin; 1981 diger 4
tirbin) 1330 MW - 675 km?2

* Karakaya 1987 - 1800 MW- 268 km2
* Ataturk 1992 -2400 MW - 817 km2
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2016 Yilinin Incelemesi



Saatlik tiketim degisimi

Saatlik Tiiketim Degisimi
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2016 yili icin tiketimin 1-12 saat arasindaki farkin dagilimi
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2016 yili tretim kaynaklarinin saatlik oran degisimi
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Enerji Talebl

Eneryt Talehi'tin Etkenlert

Tnsan Aktivitesi
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2016 1lk teravih

ilk Teravih
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2016 -1 Ramazan
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6 Haziran 2016 - 1 Ramazan - Elektrik Tiiketimindeki Degisim
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2016 - 12 Haziran Futbol maci

12 Haziran 2016 - Turkiye-Hirvatistan saat 16:00
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16-17 Haziran

16-17 Haziran 2016
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Cuma - Ramazan farki

Ramazan ve Ramazansiz cuma
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Persembe-Cuma farki
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Ramazan - Euro 2016 Final

ramazan euro final

10.Tem | 17.Tem.16
32,465 29.190| 32.633
31.361 27.360| 31.302]
30.018] 26.141 29.944]
28,600, 25.193 29.143
26919 24 428 28.412)
25281 23352 26.860)
24428 22,803 23983
24.417] 23.663 26.303
26213 23409 28.526|
28.021 27438 30.743]
29.660) 28.949) 32.362)
30.833 30.163 33313
31.026) 29.996| 33.621
31.512] 30423 34.138|
31.738] 30.673 34.302)
31.995 304735 34.001
31.661 30.362| 33.797]
31.084] 29.138| 32874
31.23§] 28915 32476
31433 29.083 32,686
31.050] 30.582) 33.893
30.878] 30.191 34.383
32.267] 31225 34,390
30.833 29381 33.494]
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14-21 Haziran
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2016 Sicaklik-Tuketim iliskisi

2016 Ocak Sicakhk - Titketim
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Internet kullanimi vs Elektrik iliskisi

VERI KULLANIMI RAMAZAN'DA YUZDE 10 ARTTI

Genel Midir Yilmaz, Ramazan'in baslamasiyla birlikte veri kullamiminin yiizde 10 artis gosterdigine
dikkat cekerek "Hafta ici veri kullaniminda, Ramazan éncesine gore yizde 7'lik bir artis var. Gindiz
saatlerinde ise bu artis ylzde 10'a cikiyor. Hafta sonunda ise veri kullaniminda, Ramazan éncesine
gore yldzde 8,7'lik bir artis sz konusu. Hafta sonu gindiz saatlerinde ise Ramazan éncesine gore
veri kullaniminda artis yiizde 10,9'a cikiyor. Ramazan ayinda veri kullanimin en cok oldugu giin ise
hafta ici Cuma, hafta sonu Cumartesi olarak éne cikiyor. Ramazan éncesinde hafta ici internete en
cok ilgi gbésterilen gin Persembe idi. Ramazan oncesinde ve Ramazan boyunca hafta sonu en cok
internet kullanilan gin Cumartesi olarak éne ciktl” diye konustu.

Toplam Kiimiilatif internet Kullanimi:3.458 TB
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Sicakligin etkisi - Cuma gunu
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Glgeklendirilmis Elektrik Tiiketimi

110

100

Ramazan Arife gunu

Arife Giinii ve Bir Hafta Oncesi Pazartesi Olgeklendirilmis
Elektrik Talebi (Sabah 06:00=100)
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2017 Somestr tatili

Somestr Tatilleri - 20 Ocakta basliyor
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Derbi mac
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Uzun tatil

19 Haziran -13 Temmuz (1 Temmuz Cuma'dan 11 Temmuz Pazartesi Bayram Tatili)
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Hafta Kiyaslama

Temmuz-Haziran
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Isitma Yili (1 Ekim -1 Haziran i1sitma ihtiyaci)
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1 Mayis- 1 Ekim sogutma donemi
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Libreoffice Calc+R

Tur T
Edit View Insert Format Sheet Data Tools R4Calc Window
L -] - &R T -k () - - &b
el A S EE = ight (C) 2015 The R F-:n'Jrujatiu:ul:u-T;r E.tatin:tical. Computing
al x| |10 PO Q —— - = = = =i 64-pc-linux-gnu (B4-bit)
. l; =
| fe - is fr softwa a omes with ABSOLUTELY NO WARRANTY.
- - a wel k tri it im condit
8 B = ~ E 7 b H : J ype 'Lli 1" or 'licence()' for distribution details.

Natural Language support but runmning in am English locale

e demos, 'help({)' for om-line help, or
an HTML browser interface to help.
quit R.

02 01 206 [ ke eRe ]
02 01 206 [y Reese ]
0201 206 [oraueser]
0201 208 D000
0201 208 00000
0E01.2018 L= R ]
0E01.2018 OO0 00
0 01 2018 [EFRE R ]
0F 01 2018 D000
0F 01 2018 [N R ]

[Previously saved workspace restored]

» library({Rserve)
= Rserv

0 01.F016) 1000000 )
0ZO13018) 110000 28000 / | |
020NE0M6) 120000 —

e — a0 R Addon: Coding

0Z0NB0M6) 1400000

0Z0N30M6) 1500000

0Z0N30M6) 1600000 library(dtt)

02.01.2016 1700000

02013016 1200000 dCt{{#D41D22}]I

02 01 2016 190000

{$OUT#E4:E22} <-{$BASE}

a<-dct{{#D4:D22})

al4:19]=-0

a

{SOUT#F4:F22}=<-{5BASE}

dctia.inverted=TRUE)

{$OUT#G4:G22}<-{$BASE}

PLOT: plot{ {#D4:D22}, type="0",col="red"); lines({#G4:G22},col="blue")

0F 01 2018 ok i s ]
0F 01 2018 100000
0F 01206 FEO000
0F 01206 ER0000

Run Close Save As... Load




Libreoffice icinden DCT donustim

Insert Format Sheet Data Tools R4Calc Window Help

L J ® NA[_ =AM -H ¥V

R Addon: Coding

library(dtt)

det{{#D12:D35})
{$OUT#E12:E35}<-{$BASE}
[ a<-dct{{#D12:D35})

a[7:24]=-0

a
{$OUT#F12:F35}<-{$BASE}
dct{a,inverted=TRUE)
{S0UT#G12:G35}<-{3BASE}

PLOT: plot{ {#G12:G35}, type="0",col="red"); lines({#D12:D35},col="blue")

Run | | Close
Orjinal DCT(¥ik egrisi)
02.01.2016 00:00:00 262032 70216643
02.01.2016 01:00:00 24687 68| -58024 6B62641332
02.01.2018 02:00:00) 2375498 -29137 6011464084
02.01.2016 030000 2201449 19616,943159356
02.01.2018 04:00:00  22863,39 13312 1749307589
02.01.2016 05:00:00 2331443 13962 1909882017
02.01.2018 06:00:00) 2358848 -3766,00744716152
02.01.2018 07:00:00 24004,5| -4118 16076812066
02.01.2016 080000 26912,08| 4403 52267189288
02.01.2018 09:00:00 30024,5| 4364 73820728299
02.01.2016 10:00:00 3208365 1456,11649192209
02.01.2018 11:00:000 3341206 1932 61909875747
02.01.2016 12:00:000 3289121 -2637 B4063401302
02.01.2016 13:00:00 32866,81| 357 709431056309
02.01.2018 14:00:00) 3277518 221,305165490001
02.01.2016 15:00:00  32573,75 220 BRIA16A1649
02.01.2018 16:00:00 3333767 1047 62499090046
02.01.2016 17:00:00) 3436665 2361 36018745275
02.01.2016 18:00:00 33570,96| -1243 BOO20342546
02.01.2018 19:00:00 3262763 238 169824789156
02.01.2016 20:00:00 3187793 -364 380366035847
02.01.2018 21:00:00 31029,4| 1046 01418567904
07 M A 2200000 ANARS 73| 417 AACANGIAGNA

11 katsay
702166 43
-56024 68626413
=20137 60114641
19616,943 159356
13312,174939759
13962, 190988202

0
0
1]
1]
0
0
0
0
1]
0
0
0
0
0
0
0
(1]

| Save As...

Load

Inverse DCT

25867 4965797011
25224 6994202084
24028 8501241824
22B856,1727065909
22201,3164401178
22406,5778139232
23550,1673192579
25431 5661901224
27654 4879237737
29771 4943457892
31433,0542716205
32485 5705966436
32886,1149879826
33136,2753113611
33169,3510881646
33241 4484604975
33371,8609841022
33454 4762723547
33330,3257350004
32885,2849949092
32127 1477737558
31206,5242439124
ANATY 4180541351
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C(26086.249753091, 24920.2505663404, 23580.3853206888, 22952.8578194798,

22996.1116678813, 23164.7732093654, 23410.9856124921, 24441.7354155395,

26737.7038 206D, 20TPRERBE6T6 22

5 322 920H0E 720 I @53 508400034177,

33143.7344389012, 32609.4880034052, 32522.7809410255, 32074.4123170112,

DCT 24 saati -> 11 Katsayiya sikistirmak

DB026911, 30342.7921156342, 30004 2203607205)

33557 5756632327, 33832.3090534327, 33505 665865246, 32894 6058625962,

31945.00541215096,

15 20

Index
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02.01.2016
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02.01.2016
02.01.2016
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02.01.2016
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02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016

000000
01 00:00
02:00:00
03:00:00
00000
05:00:00
06 00:00
07 .00:00
08:00:00
0900200
100000
11 :00:00
12:00:00
13:00:00
14:00:00
15:00:00
16:00:00
170000
18:00:00
19.00:00
20000:00
21:00:00
22:00:00
23:00:00

Orjinal

26203,2
24687 68
2375498
22014 49
22863,39
23314 43
23588 .48

24004,5
2691208

30024,5
32083,65
3341206
3289121
3286681
32775,18
32573,75
33337 67
34366,65
33570,96
3262763
31877,93

310294
30885,73
20600,07

DCT(YOk adrisi) 11 katsay|
70216643 T02166,43
-56024,6862641332 -56024 68626413
-29137,6011464084  -28137 60114641
19616,943159356 | 19616,943159356
13312,17483597585 13312, 1745358758
13962, 1909882017 | 13962, 190988202
-3766,08744716152 -3766,097447162
-4118,16076812066 -4118,160758121
4403,52267185288 4403, 5226718529
4364 738207282099 4364, 738207283
1456,11649192209 1456,1164919221
1832 61909875747 0
-2637 84063401302 0
357, 709431056309 0
221,305165450001 0
220,88381661649 0
1047 62459955045 0
2361,36018745275 0
-1243 885258342545 0
238,169824785156 0
-364,380366035847 0
10:46,0141856 7904 0
412,382308468013 0
-153,117216706135 0

Inverse DCT
26086,240753001
24920, 2505663404
23580,3B53206888
22052 8578194798
22006,1116678813
23164, 7732003654
23419,9856124921
24441 7354155385
26737, 7038159674
29782 8787622245
32292 9173720352
33350,9124734177
33143,73443809012
32600, 4880034052
32522 7809410255
32074,4123170112
33557,5756632327
33832,3090534327
33595 665865246
32894 6058625582
31943,0854121596
31018,98926911
30342 7921156342
30004, 2203607205



C|25677.5448839615, 25104.5074954899, 24148.0520489909, 23146.1 244023305,

DCT 24 Saati -> 7 katsaylya

22491 2681358575, 22526.6797387316, 23430.0653044495, 25141 .6144943827,

27364 536228Q300/2065 £GORA2Z00ERE000 553, BRETEE4 288 2007 5.5222923833,

33276.0666837233, 33256.3772361695, 33049.2491633562, 32951 4967647579,

61687209, 30251.3171203267, 20584 . 7956660635)

02.01.2016
02.01.2016
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02.01.2016
02.01.2018
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2018
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016

33081 0092883626, 33334,.3743475463, 33450 4276598088, 33175.2366906488,

J2417 10994694955, 31
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Index
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0000 00
010000
020000
03:00:00
0 00 0
050000
060000
07 :00:00
0800 00
09 00 00
1000
41 00 O
120000
130000
140000
1500 00
1600 00
17 00D
180000
1900 00
200000
21:00:00
22:00:00
Z23:00:00

Orjinal DCT(¥ik edrisi)

26203,2 TO2166,43
24687 68 -56024 6862641332
2375488 -28137,6011464084
22914 49 19516,943159358
22863,39 13312,1749367588
2331443 13862 1908882017
23588 48 -3766,09744716152

240045 -4118,16076812065
2691208 4403 52267185288

300245 4364 TIB20728259
3208365 1458 11649192209
3341206 15932 61900875747
3288121 -2637 84063401302
32866,81| 357, 709431056309
3277518 221, 305165400001
32573,75) 220,88381661649
3333767 1047 62485555045
34366 65 2361,36018745275
33570,96 -1243 809020342546
3262763 238,169824789156
3187793 | -364,380366035847

310284 1046,01418567504
3088573 412,392309460013
28600,07 -153,117216706135

11 katsay
702166,43
-56024 68626413
=29137 60114841
19616,843150356
13312, 174030750
13862, 190988202
-3766,097447162

0oOO DO 0D 00D 00000 oS

Inverse DCT

25677 5448839615
25104 5074054800
24148 95204859000
23146, 1244023305
22401 2681358575
22526 6797387316
23430, 06539444495
25141 6144043827
27364 5362280341
29651,3924209808
31553, 1561964280
32775 5222023831
33276,0666837223
33256,3772361695
33040, 2401633562
32051 4067647570
33081,2092883626
33334 3743475463
33450, 4276508088
33175,2366906488
32417 (984694955
31326 6261687200
30251,31712832867
29584 7956660635



c(25067 49657097011, 25224 6094202084, 24028.8501241824, 22856.1727065909,

22201.3164401178, 22406.5778130232, 23550.1673192568, 25431 5661901224,

27652 AENE 237 EAD D77 1 ZE0EN 57 SRR 33 . (NI 6205 3MHES. 5705966436,

DCT 24 Saat -> 6 katsay!

3618031)

32986.1149879826, 33136.2763113611,33169.3510881646, 33241.4484604975,
33371 609841022, 33454 4762723547, 33330.3257350004, 32865.2849940092,

G:vB;Eﬁ243'Q 124, 30371.4100541351, 20874747
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20
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02.01.2016
02.01.2016
02.01.2016
02.01.20186
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02.01.2016
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02.01.2016
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02.01.2016
02.01.2016
02.01.20186
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.2016
02.01.20186
02.01.2016
02.01.2016
02.01.2016
02.01.2016

00 00 O
0100 0
02:00:00
03:00:00
Ol 000 O
050000
006 00 0
070000
08 00 0D
0900
10:00:00
110000
120000
130000
14:00:00
150000
160000
170000
18:00:00
1900 00
2000000
210000
220000
230000

Orjinal
25203,2

DCT{ik efrisi)
702166,43

11 katsay
70216643

24687 68 -56024,6862641332 -56024 68626413
23754 88 -25137 68011464084 -29137 60114641

2291449
22863,39
2331443
23588 48

24004,5
26912,08

300245
32083 65
3341206
3288121
3286681
3277518
32573,75
33337 67
3436665
3357096
32627 63
31877 93

310254
30885,73
25600,07

19616,943159356
13312,17493587580
13662, 1509882017

-3766,09744716152
-4118,16076812065
4403, 522671859288
4384 T3B20728299
1456, 116849192209
1932 61900875747
-2637 84063401302
357, 709431056309
221,305165450001

220,88381661649
1047 62459559046
2361,36018745275

-1243 899209342548
238 168824785156
-364, 380366035847
1046,01418567504
412,392308469013
=153, 117216706135

19616 943159356
13312 174838759
13962, 190088202

oD D 0000000000000

Inverse DCT

25867 4965797011
25224 6984202584
24028 8501241824
22856, 1727065000
22201 3164401178
22406 5778130232
23550, 1673192579
25431 5661901224
27654 4879237737
29771 4943457892
31433,0542716205
32485 5705966436
32086 1140870826
33136, 2753113611
33169,3510881646
33241 4484604975
33371 8609841022
33454 4762723547
33330,3257350004
A2BA5 2R40040002
32127 1477737558
3206, 5242430124
30371, 4180541351
20874 7473618031



a20

Tum sene grafigi

40000

35000

30000

25000

20 katsayi - siyah
50 katsay! - mavi

a=- read.csv{"Untitled.csv", header=F , sep = ";", dec=",", stringsAsFactors=FALSE)

library{dtt)

a<-a[,1]

yedek=-a

adct=-dct(a)

ydct=-adct

length(a)

adct[20:8784]=-8
a2@=-dct{adct,inverted = TRUE)
adct=-ydct

adct[106:8784]<-0
al@f=-dct(adct,inverted = TRUE)

plot{a20,mode="11ines", ylim = c(20000,42008))
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DCT - 50, 100, 500 katsayi




DCT-20 katsay1 ve gercek yuk
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Haziran - Yaz
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http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx
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http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx



Anlik Elektrik Dususlerinin Hikayesi



17 Agqustos 1999 03:02 Depremi

v Bulgaria

Black Sea

BAEEN

Mediterranean Sea C;,f Syna

The Impacts of Natural Disasters on Power Systems: Anatomy of the Marmara Earthquake Blackout, Biilent
Oral, Ferdun D6nmez , http://uni-obuda.hu/journal/Oral_Donmez_23.pdf
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Figure 5
Daily Load Curves belonging to August 1-9, 1999

The Impacts of Natural Disasters on Power Systems: Anatomy of the Marmara Earthquake Blackout, Biilent
Oral, Ferdun D6nmez , http://uni-obuda.hu/journal/Oral_Donmez_23.pdf



Yuk akist -17 Agustos

“he Power Flow between the Regions at the Minimum Time Range on 17 August 1999

NWA
1,200 MW
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5 MVAR
510 MW
WA -185 MVAR
Figure 6

A GW
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Loss of NWA load

Loss of MA, SEA and
NEA loads

L2 - ‘
PP | .

The rest load of WA

Before the earthquake O  After the earthquake

Figure 7

Sudden load reduction of Turkish Power System in the Marmara Earthquake
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Bolgesel piyasa mi, yerel fiyatlar mi?



Bolgesel Farkliliklar

Sekil 4. Kisi basina toplam elektrik tiketimi
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Sekil 5. Dogu ve bati bolgelerinde temel farkhliklar

ayri enerji bolgesi mi?
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http://www.barissanli.com/calismalar/2015/bsanli-eilseven-makdeniz-trpiyasa.pdf



Sekil 7. Turkiye iki bolge olarak farkhliklar
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Fiyat olusumu
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Sekil 14. Simulasyon ekrani

http://www.barissanli.com/calismalar/2015/bsanli-eilseven-makdeniz-trpiyasa.pdf



PJM - LMP (Locational Marginal
Pricing)

LMP Price Variation

F ot Warymne
o

minois indians Ohla
y Daylon o
& i a 6 Columbus
Springfiekd | In@anapois -
n ¢ Cincinnaii
b ' - B,
At bm f &
3 - &_.‘...u
y g ' Ln-ulg(vaﬂu ¢
x i Evansuille e Lexmgton
Too T [ gt ; @
Cage . 5 3
Girargean |, [ Kentuckyy™ @
-a.i_ = '\l- 5 £ oy 5‘.‘ .
i  Clariyvite .. Ly -
&/ e
sy [y 1 GHashville n-.ogm e~ =
e ;?"“"': Tennessee ST Mehele .c*‘ﬂﬂ'h. “GRales
3 Charome < 21" |
1% o

_Fuywitevibg




LMP cozunarligu, nereye kadar

Figure 3.13: Distribution LMPs Using Marginal Loss Values Similar to the Spanish Distribution System

N1

400KV

220KV

132V

60KV

NEA :I- L 20kv 000

<KV

Source: Pérez-Arriaga (2016)™®

19 For mare details on the modeling used to produce this figure, see Appendix A



Elektrik piyasalarinda
«kaylp para problemi»



Sistem

* Herkesin ne Uretecegi, ne kadar Uretecegi,
tuketecigi kesin olarak bilinse

* Planlama yapilir, Gretim-yatirim belirlenirdi
* Rezerv kapasite gerekmezdi

* Fakat elektrik sistemi belirsizliklerle dolu:
* Santral devreden cikabilir
* Tuketicinin tuketimi degisebilir
* Hat kopabilir



Sistem yoneticisi

* O zaman kisitlar koyuyor
* Maksimum transfer kapasitesi kisin sudur, yazin sudur
* Talep degistikce, yeterli Gretim anlik dengeleyecek

* Her kisit bir kavram/hizmet dogurur

* Yan hizmetler
* Dengeleme
* Rezerv kapasite
* Emreamade gl¢

* Ama her hizmet bir kisit sonucu olusmaz
* Emisyon vs



William Hogan’in yaklasimi

A Market Price Duration Curve A Price Cap Results in "Missing Money"

P(&/MWh
P($/MWh) ()

Missing Monay

Returns for Peak Generator
Price Cap

Returns for Mid-Range Generator

A $35
585 Returns for Base Load Genera .
5
$35 _B_ §15
e \ 8760 (Hours)

8760 (Hours Missing money reduces the payments to all types of generation.

https://ferc.gov/eventcalendar/files/20060207132019-hogan_energy_only_092305.pdf



Danisman Dokumanlar

lllustrative Example of Administrative Reserve

Shortage Pricing Curve
%8000

57,000

56,000

£3.000

54,000

£3.000

Administrative Price ($/MWh)

$2,000 — -
Firm Load Voltage Operating Reserves Shortage

Shedding | Reduction Drop from 5% Target to 2% Minimum
$1,000 :

5

- o
=i -

$|:IIZI%. 1% 2% 3% 4% 5% 6%

Hourly Supply Minus Load (% of Peak)
Source: Bratile Group/Astrape Consulting

Expected System Cost

Lowest
System
Cost

2 mg e

“Optimal” Reserve Margin at Lowest System Cost

A

Total Cost

Capacity Capital Costs

VOLL, Emergency
Procedure, Import, and
Production Costs

v

[ [
0% 10% Optimal Reserve 2oy

Margin
Reserve Margin (%)

Notes:
Illustrative figure does not represent any actual or simulated system.
See Sections 111.A_2—4 for a more thorough discussion and estimate of
the economic optimum within a hypothetical simulated system.

https://www.raponline.org/wp-content/uploads/2016/09/rap-hogan-hitting-mark-on-missing-money-2016-september.pdf

https://www.ferc.gov/legal/staff-reports/2014/02-07-14-consultant-report.pdf



Paul Joskow

SHORT RUN MARGINAL COST PRICING

Demand

Price

Infra-marginal quasi- rents R

MC

MC

Capacity constraint
Energy rationed by
Price demand response and

system operator’s
procedures

http://economics.mit.edu/files/1190

Peaking Intermediate
Total
Cost
Base Load
I:Ierlllrul:fclllll.z;I:;:hg 532 9760 Operating Hours
(M) ' :
22,000
peak {

10,000
hase+

19,5667
ntermediate
(14,68

/f!.nad Duration Curve

1778 5333 8760 Demand Duration

{hours)



3 Elektrik santrali olan bir Piyasa

Kapasite Muhtemel Geri doniis 4 [Mihai dénis

Teknoloji Kapasite Faktard CAPEX OPEX Yakat iretim (déinem) slresi
A 7 0.8 2000 0,5 2 56 7 461
B 7 05 800 0,4 3 3.5 7 482
Cc 7 0,3 1800 0,5 0 2.1 \ 6,89

Teknoloji Uretim CAPEXKWRHOPEX/KWh |Yakit Toplam Teklifi

A 56 1.7 0,5 2 4.2 4.2

B 35 1,09 0.4 3 449 449

c 2.1 4,08 0,5 0 458 458

11.2

Teknolojlere gore artim 3 teknoloji var
2 A: Baz yuk/belki komar
B: Peaker/dogalgaz gibi
C: Yenilenebilir

10

Uretim
o

mC

" Farzedelim bunlar CAPEX'leri bid etse
Talep 11 iken sorun yok

1 2 3 4 5 6 7 B 9 1011 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 28 29 30
aman



Talep 11'den 10’a duserse

Kapasite Muhtemel Geri dénis  |Nihai dénis

Teknoloji Kapasite Faktiri CAPEX OPEX Yakit tretim (dénem) siiresi
A 7 08 2000 0.5 2 56 7 461
B 7 05 800 0.4 3 3.5 T j
c 7 03 1800 0,5 0 2,1 T ( 14,58

Teknoloji Uretim CAPEX/IKWROPEX/KWhH |Yakit Toplam Teklifi

A 58 1,7 0.5 2 4.2 42

B 3.5 1,08 0.4 3 4,49 4,49

c 2,1 408 0,5 0 4,58 4,58

1.2

Teknolojilere gore tiretim 3 teknoloji var
12 A: Baz yuk/belki kdmur
B: Peaker/dogalgaz gibi
C: Yenilenebilir

10

5 - Talep 11'den 10’a dislince peaker
! " Santralin yatirim geri dons suresi
2 14 yila cikiyor

1 2 3 4 5 6 7 B 5 1011 12 15 14 15 16 17 18 15 20 21 22 23 24 25 26 27 28 25 30
aman



Model 2- Talep cok degisken ise

Teknoloji
A
B
C

Uretim

15,95

57,80

mB

mC

Kapasite Muhtemel Geri dinis
Kapasite Faktari CAPEX OPEX Yakit {iretim (dénem) siresi
7 0,8 2000 3] 2 5,6
7 0,5 800 0.4 3 3,5
7 0,3 1800 0.5 0 2,1
Teknoloji Uretim CAPEX/KWh OPEX/KWh  Yakit Toplam
A 586 1,7 0.5 2 2.5 25
B 3,5 1,09 0,4 3 3,4 3,4
C 2,1 4,08 0.5 0 0,5 05
15
Teknolojilere gore tiretim
12
10
g8
&
4
| _
4]

1 2 3 4 5 6 7 8 % 10 11 12 13 14 15 16 17 18 19 20 21
Iaman

23 23 24 25 26 27 28 29 30

Herkes OPEX'ini teklif
ederse yatirnm doénus
sureleri stirekli calisan haric
cok diisuk



Model 3- Voll eklenirse

Kapasite Muhtemel Geri daniig Kapasite Muhtemel Geri déiniig
Teknoloji Kapasite Faktéiri CAPEX OPEX Yakit retim (donem) Teknoloji Kapasite Faktéri CAPEX OPEX Yakit iiretim (dénem)
A 7 08 2000 0.5 2 5.6 A 7 08 2000 05 2 56
B 7 05 800 0.4 3 3,5 B 7 0,5 800 0,4 3 35
C 7 0,3 1800 0,5 0 2.1 c 7 03 1800 05 0 21
11,2 ’ ’ 112
Teknoloji Uretim CAPEX/KWh OPEX/KWh Yakit Toplam s S
A 56 17 05 5 25 275 Teknoloji Uretim CAPEX/KWh OPEX/KWh Yakit Toplam
B 35 1,09 04 3 34 374 A 56 1.7 0.5 2 25 2,75
! ! i : : B 35 1,09 0,4 3 3.4 3,74
c 21 4,08 0,5 0 05 0,55 ! g ! ! !
112 C 21 4,08 05 0 0.5 0,55
! 1,2

Voll
Kar beklentis

Voll ﬂ
Kar beklentis %o Nl

Teknolojilere gore tiretim

Teknolojilere gbre tretim

1z
10
10 9
8
8
7
E
£, uB 6
S £
EC =
.g 5 L1:)
4 A ’
a HC
A
3
2
2
0 1
1 2 3 4 5 6 7 B8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
zaman o

1 2 3 4 5 6 7 B 9 10 11 12 15 14 15 16 17 18 19 20 21 22 25 24 25 26 27 28 29 30
zaman



Teknoloji
A
B
c

Model 4- Yokluk fiyatlamasi

Kapasite
Kapasite Faktari CAPEX OPEX Yakit
7 08 2000 05
7 05 800 04
7 0,3 1800 05
21
Teknoloji Uretim CAPEX/KWhOPEX/KWh Yakit
A 56 1,7 05
B 35 1,09 0,4
c 2,1 408 05
11,2
Voll 10
Kar beklentis %10,00
Teknolojilere gbre tretim
14
12
10
e ®
&
= 6
4
2
0

2
3
0

Muhtemel

dretim

Toplam

56
35
2.1

11,2

Geri dénig

(dénem)

7
7
7

275
374
0,55
374

Nihai danig
siresi
433
414
590

1 2 3 45 6 7 8 9% 101112 13141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Zaman

mB

uC

Talep

14

12

10

Fiyat

Tertiplenmis YUk Egrisi

B Tertiplenmis Yik Egrisi

1234567 8 9101112131415161718192021222324252627282930

Zaman

Talep - Fiyat Egrisi

Talep



Model 5 - Daha kompleks bir
model

Kapasite Muhtemel Geri déniis  Nihai dénig
Teknoloji Kapasite Faktari CAPEX OPEX akit uretim (ddnem) s0resi
A 7 08 2000 05 2 586 7 8,87
B 7 05 800 0,4 3 3.5 7 14,38
c 7 03 1800 05 0 21 7 8,35
21 11,2
Teknoloji Uretim CAPEX/KWh OPEX/KWh  Yakit Toplam
A 56 1.7 05 2 25 275
B 35 1,09 0,4 3 3.4 3,74
C 21 4,08 05 1] 05 0,55
112 374
Voll 3,74

Kar beklentis %10,00

Teknolojilere gore tiretim

14
12
10
e B mSerid
g T
6
a
4 I
2
0

123 4 5 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
zaman



Diger Hususlar
Model, Elektrikli Arabalar, Piyasa Yapisi,
Gunes



asil modeller

ConstantTrend Constant Trend with Constant Trend with
Non-seasonal Additive Seasonality Multiplicative Seasonality

W A
AT VARY.

M\MMW\AA/“\/’\/\V/

Upward Linear Trend Upward Linear Trend with Upward Linear Trend with
Non-seasonal Additive Seasonality Multiplicative Seasonality
n
Upward Exponential Trend Upward Exponential Trend with Upward Exponential Trend with
Non-seasonal Additive Seasonality Multiplicative Seasonality
/ |
34 Order Polynomial Trend 34 Order Polynomial Trend with 34 Order Polynomial Trend with
Non-seasonal Additive Seasonality Multiplicative Seasonality

W\\w‘



Elektrikli Arabalar

1.2
1.0
0.8
0.6

0.4

Home Charging Demand (MW

6am, 12p.m, &p.m. 123m.

Time of Day

https://avt.inl.gov/sites/default/files/pdf/arra/SummaryReport.pdf



Elektrikli Arabalarin

Elektrik Tuketimi
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Elektrikli Arabalarin Hiza Gore Elektrik Tuketimi
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Diger Tuketim elemanlari
* 3kW-2kW klima . R dB0D kot U

¢ 300 W SeS SiSteI I li k.. f#'""\\ lllllllll llllllll —---E:chuela?:dTreai:e[B[::m;L)
e e man ===
* 80 W isiklar §

BO0 -

Fange [km]

A
200 40 8O 80 100 120 140 18D
‘elocity [km/h]

160 200

http://www.solarjourneyusa.com/EVdistanceAnalysis5.php



ORDC

Teksas Piyasasi (2015-2014), (Prof W. Hogan, Harvard,

https://www.hks.harvard.edu/fs/whogan/Hogan IHS 110916.pdf)

SCED ORDC On-Line Reserve and Price Adder

51,000
5550
5500
5850 .
5800
5750 o
5700 )
5650 "a
5600
5550
3500
450
5400
5350
5300
5250
5200
5150
5100

550

S0

SCED ORDC On-Line Price Adder ($/MWh]

3,000 3,500 4,000 4,500 5,000 5,500 6,000
SCED ORDC On-Line Reserve (MW)

= JjunZ0id-Aug 2014 » junZ0iS-Augois

e

6,500

Surendran, Analysis of Reserves and Prices, July 2, 201 5-August 23 Hour Ending 17:00, ERCOT TAC Preseniation, /

P (S/MWH]

Operating Reserve Demand

6,000 \

AN

Marginal Value

\/

AN

N

\

0.00%

1.00% 2.00% 3.00%

Q (% of load)

6.00%
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Electricity market design in the prosumer era, Nature Energy 1, Article
number: 16032 (2016)

=



Turkiye Gunes Gelisimi - Ordek Egrisi

Tiirkiye'de G (ines Kurulu (MW)Glice gére Net Yiik Egrisi (14 Temnmuz verileri ile) - Duck Curve

45000
40000
35000
30000
25000
20000

15000

0 1 2 3 4 5 1 7 i} ? 10 11 12 13 14 15 14 17 18 19 20 21 22 23

e 1000 WY s SO0 WY s 10000 (A8 20000 MW s— 10000 MW



Evde 40WIik gunes sistemi ve aku

Watts Balance

50 —— Watts from
Battery
— Watts from
25 solar
Watts from
i g Grid
N RN | /. V
-25
-50
15 Sub 2017 16 Sub 2017 17 Sub 2017 18 Sub 2017 19 Sub 2017 20 Sub 2017 21 Sub 2017
Temperature and Humidity
40 —— Humidity(%)
—— Temperatur...

30

20

10

0
15 Sub 2017 16 Sub 2017 17 Sub 2017 18 Sub 2017 19 Sub 2017 20 Sub 2017 21 Sub 2017

http://barissanli.com/ev/



Bu seneki hava olaylarinin farki



10 knot=18.52 km/h

Wind reports from Thursday, December 29, 2016

KYrrrr A rrrryyyYyyYyYyyyyyyyvyvevy,

a0 /\/\/\\/\ o~ °

Wind Speed [kts]

5
10 4
3
2
1
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 0:00
— Awvg. wind speed — d gust: W
28122016 @ & 7 5 4 9 11 18N VOV / /¥ 6 5 5 5 6 5 5 5
29.12.2016 v £ L Ll )l e 6 6 5 5 a4 4 g
30.12.2016 4 5 L VAN t 4 4 4 4 a4 4 6 5
31122016 18 17 15 10 1 125 - ANt t A~ 2 4 4 2 3 3 3 4



Bir soguk hava dalgasi

of Man,23JAN2017 062
Fcl Temp in °C, 6h—Niederschlag in mm




Gun gun hareketi

26 Ocak 6glen 13:00'te sistem geliyor (GFS)

850 hpa Temperature (*C)
GFS 0.25*

Run: Mon 23 Jan 062
Valid: Thu 26 jan 10:00 UTC

i s i i an R

28 Ocak Cumartesi sabah 9 — sistem daha da agirlagiyor

850 hpa Temperature ("C) un: Mon 23 Jan 062
GFS 0.25%

Valid: Sat 28 Jan 06:00 UTC

ARTS.EU

Maxi 3

1-2 Subat’a kadar etkisini devam ettiriyor

850 hpa Temperature (*C) Run: Mon 23 [an 062
GFS 0.25*

Valid: Wed 1 Feb 12:00 UTC




Polar Vortex

POLAR VORTEX

What is the polar vortex?

o The polar vortex is a large e It is bounded by the jet stream -
area of low pressure and cold a fast river of wind high in the

air surrounding the poles. atmosphere that divides cold air
- " from warm air.

ARCTIC AIR

© At times during the winter, © Ifyou hear 'polar vortex' in the
a strong ridge of high pressure forecast, it's nothing to fear - just
builds north and drives cold, be prepared for very cold weather.

Arctic air south.

Source: Capital Weather Gang THE WASHINGTON POST




e
.

Turkiye'ye etkisi

i

e 500-mb geopotential height (meters)

5000 5900 5000 5300




Godzilla

Lat: 41 L Tue,03JAN2017 0627

850 hP:o Temp. in °C, 6h—Niederschlag in mm

T1JAN T2dAM 15AN

Daten: Ensembles




Tahmin

Gfs 0,25" 850 hPa Temperature (°C) WXCHARTS.EU
Walid: Fri & Jan 02:00 UTC

Cuma sabah 05:00 — Kapikuleden giris

Gfs 0.25°

850 hPa Temperature (°C) WXCHARTS . EU
Run: Tue 3 Jan 082

Valid: Sat 7 jan 01:00 UTC

WXCHARTS,

=25 -0 =15 =10 -5 [ 5 it 15 0 5

Cuma’yi-Cumartesi’ye baglayan gece yarisi

WXCHARTS . EW
Valld: Sat 7 jan 20:00 UTC

Gfs 0,25%
Run: Tue 3 jan 06T

850 hPa Temperature (°C)

=30 - =10 -5 ]

Cumartesi 23:00 (UTC+3:00

Gfs 0,25°
Run: Tue 3 jan 062

B50 hiPa Temperature ["C) WHXCHARTS.E
Valid: Sun 8 Jan 12:00 UTC

Pazar 15:00



1 Kasim 2015 ve 1 Kasim 2016’yi grafiklersek

3 Kasim 2015 (Sali) ve 1 Kasim 2016 (Sah) grafiklenirse

2015 ve 2016 - 1 Kasim da eslestirme

2015 Kasim ile 2016 Kasim (Ayri giinlerin kiyaslamasi)

B50.000 850,000
800,000 800,000
750,000 fHa
700,000
700.000
650,000
B50.000
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2015 2016 — 015 —016
Kasim aylari arasindaki sogukluk farki 2015-2016 ayni gunler icin 1sitma talebi ve elektrik talep
farklari
2015 ve 2016 ayni gUnIer isitma ihtiyam Talep Farkinin Isitma istegi ile hareketi
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Aralik kiyaslamasi

2015 ve 2016 ARALIK ayni giin kiyaslamalan
48.000,00

Pik etkisi, 10:00-13:00
43.000,00

38.000,00 i
|| |
33.000,00
|
28.000,00 ! '

W

Baz etkisi, gece 04:00

23.000,00
g888888823833883888838888888888888 38
8880588389 4588380138838042888880d388

04:00
08:00
12:00
16:00
20:00
00:00
04:00
08:00
12:00
16:00
20:00



Dogalgaz talebi

18 C dis hava sicakligina gore i1sitma Gin Sayisi

20
18
16 L ¢

14

12

10

C-giun

0
12.12.2015 31.01.2016 21.03.2016 10.05.2016 29.06.2016 18.08.2016 07.10.2016 26.11.2016 15.01.2017




Ucretsiz Turkiye
Enerji Modeller!



Excel Modeller

* Talep

* Arz

* Kaylp Para

* Bolgesel simulasyon

http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx



http://www.barissanli.com/pdf/etalep/

Internet Tabanh Basit bir Talep Tahmin Programi
Yillikk Elektrik Talep Arbsi girerak Talep Tahmininde bulunma

Bu programla, sadece deneysel olarak talep tahmini Bu metad ok basit alarak, yillara ait talep tahmin ariglanniz
sonuglan elde edebilirsiniz, girerek zanuclan gérmenizi zadlar

‘ Yearly Electricity Demand Predictions

Yilllk Ekonomik Biiyiime ve Esnekligini girerek Talep Tahmininde bulunma
Bu retat ile willik ekanormik biyirme ve bunun elektrik talep
artizina orani girilerek sonug elde edilir

Time Sees Data ‘ ‘ Economic Growth Predictions

Zaman Serisi verilen :
Tirkiye'nin gesmis yillara ait biyime Ekonometrik veriler yardinu ile talep tahmini
oranlan, GEYIH, nifus, elektrik tiketirm

verileri basitlestirilmis ve toplanrmis

olarak gérebilirsiniz . IP\PUTS

Bu model de ekonametrik esneklikleri dedistirersk degdizik
sonuglar elde edilir

=L LASTICITY

Concept®Coding by Bang Sanl (<) 2007 barizzanli@grmail. corn  This material is for personal uses anly

2007



http://www.barissanli.com/calismalar/dersler/r/

R ile Enerji Verilerinin Analizi ve Modellenmesi

Bans Sanh (barissanli2@gmail.com)

www.barissanli.com
Baglang; QGirig
R Studio ve ilk kodlar
Eleleinik Talep Analiri - . . - . o . .

. Bu derslerin amac, oretsiz biristatistik programi olan R ile Enerji sektdr verilerin kullanarak analiz yapmayn a8 retm ekt
(Histogram)
Fleletri Talen Analizi Tahii ki, burada gdrdakleriniz her turld en dodru, entearik agidan gecerli analizler dedildin Bu d8reticiyi hazirlarken, Enarji ve Tabii Kaynaklan Bak

- hazirlandigin, bir istatistik dersi é8rencising kolay, bazen yanlig gelebilecegini unutmayin,
(Filtreleme)
Elekrie Talep Analizi - (Vesigi Derslerde yaziim olarak R Studio kullanilmakta olug, veri setlen deilgili sayfalarda verllmektedir,
Eilesenleri) Heniz bitirem edidim bu alismada kafamdaki yol haritas:
Elekrik Talep Analie - - Baglangi; - R, Rstudio
(Programlamaya Girig) - Elektrik talehi Gzerinden R komutlan ile analiz

] i - Elektrik talehinin bilesenlerinin gdrsellegtirilmesi

Dogrusal Regresyonile Elekink — _ paodel kurulumu
Talebi - Weri kaynaklanna erigim
Ussel Dizgialegtivme ve STL e Gibi konular bulunmaktad,
Elektrike Telebt . ) ) )
m o Tk Egeryazlanlan faycall bulduysaniz, referanslar ile paylagmariza bir soran yoktur, Yanhglar kanusunda ise mutlaka mail atin, en azindan bagkalan

3 ebinde Farl
Perivodlar (ARTMA ve Hergeyden dnee bu sayfalann, kodlann, resimlerin saatler sUren bir emek i olduunu unotmayin, O yOzden her trld hakk sakhdir,
IBATS iyi caligmalar
2015-2024 - Ayl Dofalgar
Talehi Barig Sanl|

24 A8ustos 2014
Ankara

ASiictnec 2ON1 A1



http://www.barissanli.com/pdf/bsanli maed.xls

8 2003 2004 2005 2008 2007 2008 2009 200 am iz 2013 20 2ms 206 2007 2008 2013 2020
3 Birim

1

1l

12 |gdpppp 2000 yih milyar 880 $ 43933 47856TET SOL54 52712 55084 SE1ES 52252 GAS.TETA GSVS803 S5YRS8 59499 GME224 B3B3 B4952 BETT EOEdT TOREZ 72185
13 |gdppppt 4 B3 48 Sl d4bw 20 T 33 I 3B aam 33 2ev 28w 28w 25 28 23
!

Mo

16 |pop milyar ki il T332 7301 T4z TS133 75AS1 TET TT4TTI V825221 7035 7825 8062333 0143 82244 53066 5839323 84801 85682
17 |popt ¥ 03 254 14y 1 10 10 10% 10 1w 10 1 1 e 10 10 10

Sonuglar (Outputs)

WM METETIS DT TTTIII 9MT 13391 196335 2068105 Z1THZZT Z23000 240373 2339708 266010 270N 232967 307436 322367 336Tr3

26 | Mikai Eneri Tdketimi 1000 tep BETIE E3869.938 70034 VD 83243 85V24 83970 8Y0BSS5Z 3028154 93613 97065 008437 04030 W0TEAE  MIZT ML2L T923F 123076
27 | Toplam Enerji b 1000 tep 03324 066 OV40186T  Sd4d21 99906 05333 108VIE 0V0M 112022 MSEL4A 120073 124TVE 1Z9B61E 134335 135302 144330 144va3 1ERITA TR0V

anlEnariid i 924565 ITHBGGZE MIOAIME OGBSI SO NMSAATOY OTIESAd  INGORANE  MEDIGISGZ f0SSR091 RSISEZSS  GOTIN GIENT WONTAES MEMZEH ISOMDEO ISETORTMS 16ZINLEED
30 industry 1000 tep 235526 A0STHGEY 32574 34363 36094 3v0Sd4 39503 36TIZT IS0 33517 4035d d42d427S 43827 45256 4ETH 4BEPE 435T2 G133
3 | residertial 1000 tep 13634 20471233 224 23323 24585 25340 25223 ZA6TT03 ZTMEZT 25183 23209 3023544 1363 3TV 33624 Mdadd 3605 3T
32 | transpart 000 ten v 12335 13338631 9634 19545 EdEd TME00 17290 802623 18T 19595 20423 2123342 Z2Trd 23085 24032 25050 Z6T0 ZTIV6
33 | agriculture 1000 tep 308644 32840155 846 36395 ITA2d4 3886 38345 39564 d0BB0SE 41901 4355 d4d45283 dEEIE dBATd dB2BT 4969 G089 S4B
34 | nonenergy 1000 tep v 2098 2B03VS1 22223 ZET4 23232 Z2TE06 ZAE 234983 ZI8ELM 24237 ME1S 2493908 25352 25V 26074 26443 2B02T TR
35 | transkarm 1000 tep 028,566 17483503 19366 20732 223 23083 2397 243122 25dVA3R 26704 27OV 293353 30881 32092 33GEI 3553 3EO24 34dal
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http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx

S m v uw R L T R R A T L A T . R T R
1|4y s Mays
2 u .
2| Alt Sektdr Talepleri
3| Mesken
1 2500
Eih . 1
Yoilie mat. o
8 | 7000 angaly
7
g e Uludag 000
5 | smo Tratpa
1 : wTaraslar .
40
u —— Sanayi
12| 300 gamangari || 12000 15000 Wulama
13 Yasilirmar
1 2000 o zram W ispdimlalma
14 . 10000 Yangaly .
15 u hayzeri 0 Ticare Lhans
cARTi ] Uludsg
nsangyi
i Bt s 4 Teatya 10000 ™
| 9 BGedit EHesten
12 1234546789 100013141561 71819202 122230 Taraslar
i
19 W iatarya
ezl Aydinlatma a2 # Gemengoi o
a W e ram
| a0 - .
i) ‘ailirmat, 2000 W hayseri
B a0 Wangala NGatsy
n
= 10 Uludag 0 BGedis i
= 1305 7 9 11315 1718 on N 12 34 5 & 7 8 9 101112131415 16 17 18 19 20 31 22 23 W
76 Tratya
“ 1m0 -
7 | mTarazlar .
=| . Ticaret
= - . . .
=4 i ;|| a8
= mangai N Dagitim Bolgeleri Talehi
] 2000 _
31_ o bmram Hangalu 25000
| W hayzari 3500 Uladsg Yesilirmat,
EEY Haatzy 3000 4 Teatya angalu
2 o Hiedir Uludag
5 1234546739 10102131415161718150021 222324 2500 BTaraslar g - _ -
& 2 uSatarya T
Z 150 1 Cmangasi Tarazlar
] Tanmsal Sulama I Histarya
™ — i 15000 " gsmangasi |

http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx



http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx
http://www.barissanli.com/calismalar/2011/2010i-baris-demandcurves.xlsx

http://www.barissanli.com/calismalar/2014/TPM-v2.xls
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Excel + Vensim
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GridLAB-D

idLAB-D

home

resources  models  troubleshoofing  demonstrations  news  contacts
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Welcome

The Next-Generation Simulation Software

GridLAB-D™ s a new pawer distribution system simulation and analysis tool that provides valuable infarmation to users who design an
operate distribution systems, and to utilities that wish to take advantage of the latest energy technologies. It incomorates the most
advanced madeling technigues, with high-performance algarithms to deliver the best in end-use madeling. GridLAB-0™ is coupled with
distribution automation models and software integration tools for users of many power system analysis tools.

GridlLAB-D™ was developed by the U.5. Departrent of Energy (DOE) at Pacific Northwest National Laboratory (FMML) under funding f
Ofice of Electricity in collaboration with industry and academia. “ersion 3.1 for Win32, Winbd, and several 32 bit Linux/MacOS
implementations was released in December 2014, See Downloads to get the latest version.

What is GridLAB-D™?

GridLAB-D™ is a flexible simulation enviranment that can be integrated with a variety of third-panty data management and analysis toal
The core of GridLAB-D™ has an advanced algorithm that simultaneously coordinates the state of millions of independent devices, eack
which is described by multiple diferential equations. The advantages of this algorithm over traditional finite diference-baged simulatars :
1) it handles unusual situations much more accurately; 2) it handles widely disparate time scales, ranging from sub-seconds to many
years; and 3) it is very easy to integrate with new modules and third-party systems.

http://www.gridlabd.org/
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R + RStudio

[Hame]

Download

CRAN

R Project

ADout R

Logo
Contributors
What's New?
Mailing Lists
Reporting Bugs
Development Site
Conferences
Search

R Foundation

R ile Enerji Verilerinin Analizi ve Modellenmesi

The R Project for Statistical Computing o orcememomaoon

www.barissanli.com

Getting Started g Girls
R Studio ve ik kodlar
R is a free software enviranment for statistical CUmPUng and Qraph\CS It CUmP”ES and runs on a wide Bekvle Tdep Ayl - Bu derslerin amat, Geretsiz biristatistil programi ol an Rile Eneri sekt ér verilerini kullanarak analiz yapmay Gretr ekt
) Histogram)

Varlety of LNIX plathrmS, Windows and MacO3. To download R, p|EaSB choose oL prEfBrrEU CRAN Flsktrik Talep Analizi Tabil ki, burada gordikleriniz her turli en dofru, entearik agdan gecerl analizler degildir. Bu 6greticiyi hazirlarken, Enerji ve Tabil Kaynaklan Bak

) eI e AIAA - hazrlandhgin, biristatistik dersi ogrencisine kelay, bazen yans gelebil ecegin unutmayn
mirrar. Filtreleme;

tedir.

If you have questions about R like ho ) )
are, please read our 2nsiiers to freg) Studio Products  Resources  Pricing AboutUs  Blog  Q

News

« R version 3.3.1 (Bug in YourH

ety Welcome to RStudio - Open source

rebadging of the quick-fix release

I and enterprise-ready professional
mechanism used by XQuartz. Avo SOftwa re fOI‘ R

kanusunda ise mutlaka mail atin, en azindan bagkalan

mayin. O ylzden her tirli hakka saklidr

« The R Lege is avallable for down

= A ARLE Ll frlin mlmes ~F O

Download RStudio Discover Shiny shinyapps.io Login
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julia

e source downloads docs packages blog community learning teaching publications GS5oC juliacon

JuliaCon 2016 Google Summer of Code
June 215t - 25th Julia gets 12 lots in the Google Summer of Code!
Massachusetts Institute of Technology, Cambridge, projects | ideas list
Massachusetts

tickets on sale now | talks

Julia iz a high-level, high-performance dynamic programming language for technical computing, with syntax that is
farniliar to users of other technical computing environments. It provides a sophisticated compiler, distributed parallel
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Open Energy Modelling
Initiative

OPENMIOT e

About Aim Activities Connect!
W are a grass root initiative of Open models and open data wil The openmod inttiative 15 a network, o COME to our next warkshop:
modellers from various universities atvance knowledge and lead to an interest group, and a platform. 28-29 April at KTH Stockhalm
and research institutes across better energy policies. Open up We exchange ideas and source o Join our mailing list
Europe. energy models improves quality, code, lobby for policy support for o Addfind open-data and open
transparency, and credibility, open projects, and actively share models on the wiki
leading to better research and data, code and knowho, s Write us an e-mail
palicy advice, mail|atjopenmod-initiative org

Wigir Projects »
Wil manifesto »

Content licensed Creative Commans Attribution unless otherwise noted | Contact Us | Impressum

http://www.openmod-initiative.org/
http://wiki.openmod-initiative.org/wiki/Open_Models
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