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Uyari

* Bu sunumda duyacaginiz tim gorusler sahsi goruslerdir.
Calistigi, gorevli oldugu, ilgili oldugu kurumlari
baglamaz/temsil etmez

* Verilen tim yorumlar sadece arastirma amaclidir. Resmi
aciklamalar ile celismesi durumunda resmi aciklamalara
itibar edilmesi gerekir.
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Verl, bilgi

* Tum veriler acik kaynaklardan veya IEA yayinlarindan alinmistir,
Tarkiye elektrik verileri : seffaflik.epias.com.tr

* Calismalar: www.barissanli.com

* Tarihsel dokumanlar: http://www.barissanli.com/calismalar/tarih/

* R ile enerji analizi: http://www.barissanli.com/calismalar/dersler/r/

* Murat Alanyali ile enerji raporlari/yayinlari podcastleri
https://soundcloud.com/user-323142157/
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Anlatiimak istenen

* Bugun ki enerji sisteminin gelecegine dair fikir verebilecek,
tarinsel olarak bir cok ornek var

* Enerji daha fazla elektrige kayarken;

 Uretim modlari daha fazla cevresel faktorlerden etkilenecek
* Enerji degil Enerji-teknoloji tarihi

* Belirsizlik bir arac olabilir
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Ozet

(Tarihsel bakis, Cografik durum, Sicaklik, Bolgesel fark,
Bu sene neden soguk?)
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1915 - Osmanlica Elektrik piIIeri kitabl

i.-".»-- dl-‘h-}.a

G&J\JJ;L =all 51

4P LA 5, AN, ST 8 FAs S

j/;f’ JLSJM:,-;J.{.;Q\

Codme ) 101 il 5 AL

. ——

Al Jl.l:.: Sdata Sl Jole @b WS o al « £ - 3 Ol @y »
Sl Oadlecal 3 JUFl Shge ddueV ga 8 T esolamsl ks
SEMEL 7 T

— e
[ J-*II_)L» ;}__,h)‘t -.LL._E..-J‘REJ ).._.J £y ]

—— ST e

-

o B ety ek

PRV T v ra- '

08.03.17

Y ... ;:_;\_f”
s asle Slladie) mila ..».,\ 531,6-, SEN N6y Jal s
I._LL—'_’J .J).a-l.-h" _-\ll'_; -'l_,J — s . nJJ}—J_f oa)'!-"uﬂ.- _;A.S-
IJL’),. ;_J..A"l:; —ths . _}J\._.A‘\_), {5‘." .Jx.._-m_;_h .;dL:}
(\ o—-,\) .)-k.:.f-.ﬁ_;‘é ,.L.]'i..a:r-.:.-“:...la .J:) _’a’&i:ﬁ *.":f"'"“""
Lo @Natlps U385 b djaaY I as) oa i L 4 ida
( simpleX ) d~ 9 (Ol—d s g 9» b f_j‘; e Jole
<Az (ab

Garantiel J

\ B il :.‘..5\-—#- ]
b

S AL el Jas,b(v L) Qe da s sb(A 2)

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



1940 - Santraller kaca ayrilir

Cimhuriyvet devrinde memleketimizde, gerek sehir ve gerek endiistri ihtivaclar:

igin kurulan santrallerin adedi 221 ve takatleri de 172.718 kilowat artarak, 1939 senesinde

242 ye we 202.382 kilowata balig olmustur, su halde 7 misli

s kadar artmugtir. Bu arfis E. I. E. Idaresinin istatistiklerine
gore cetvel 5 de gdsterildigi gibi inkisaf etmistir.

Cimhuriyetten evvel endiistri santrallerinin adedi
gehir santralleri adedinden gok fazla oldugu halde, takat-
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Sekil 3. Memlekette kurulu elektril
santrallerinin takat biiyiiklerine

Sekil 4. Memlekette kurulu elektrik santrallerinin
gore tasnili. ’

takatlerinin artig.

08'()%t'hz://www.barissanIi.com/calismalar/tarih/bsanIi—EnergiEkonomisiveDurumu—1940.pdf

Cetvel 9. Santrallerin istihsal H:ai,ma.g:na gore tasnifi.
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Enerjide bolgesel farkliliklar
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Sekil 5. Dogu ve bati bolgelerinde temel farkhhklar

http://vweww.barissanli.com/calismalar/2015/bsanli-eilseven-makdeniz-trpiyasa.pdf
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ki bolgenin hikayesi

Sekil 7. Turkiye iki bolge olarak farkhhiklar
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Sicakligin etkisi - Cuma gunu

08.03.17
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Hafta Kiyaslama

Temmuz-Haziran

45000

40000

35000

30000

25000

20000

Pazar

15000

OO BT9TO0TL0TT
00-ZT9T0ZL0TT
00-909T0T°L0°TT
00009107 L0°TT
00:8T9T0ZL0°0T
OFZTIT0Z°L0°0T
00:909T0Z°L0°0T
00:009T02°20°0T
00:BT 9107 L0'60
OO ZT9T0Z L0°60
00909107 L0'60
00009107 20°60
00-819107°L0°80
O0-ZT9T0CL0°80
00909107 L0'80
00:009T02°L0°80
00 BT9T0T°L0°40
O0:TTIT0T L0°40
00909107 L0°L0
00:009T0Z L0°L0
0BT 9T0Z°L0°90
00-Z1910Z'L0'90
00-909T0T°20°90
00-00910Z'L0'90
O0-8T9T0TL0°50
00-ZT9T0Z L0'S0
00 909T0Z°20°S0
00:009T02°20°50
00:BT9T0T L0F0
O ZTIT0T L0FD
00:909T07 L0t
00009107 L0'F0
O00:BT9T0T L0°ED
O0-ZT9T0T L0°ED
0090910 LO'E0
00009107 L0°E0
00-819107°L0°20
O0-ET9T0TL020
00909107 L0T0
00:009T0Z L020
O BTITOT L0'TO
00 ZTITO0TL0'TO
00:509T02°0°T0
00:009T0Z L0TO

24 Haziran—4 Temmuz

1 Temmuz - 11 Temimuz

11

08.03.17



Isitma yili

1 Ekim-1 Haziran (istanbul)
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Sogutma Yili

1 Ekim-1 Haziran | (iIstanbul)
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Sicakhk

2016 ve 2017 ilk pazardan baslamak Uizere kiyasalama
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2017 3. pazartesi

2016-2017 3. Pazartesi (2016 yilina 2127 MW eklendi)
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A |

Yasam sekli nasil degisti

20 Ocak 2017 - 15 tatil bashyor
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Enerji Sektorunun Gelecegi igin
Gecmisten Ornekler

8 Mart 2017 - Bilkent Uni Baris Sanli
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Readings in applied microeconomics: the power of

the market / edited by Craig Newmark.

» Kereste yoklugu (The Timber Crisis — Charles Maurice and Charles W. Smithson)
* 1900-1908 (Kereste arzinin sonu - 10 yilda tiim agaclar bitecek)

e 1865-1880 : Hizli bir ekonomik btyume, demiryollari
- ABD ve Avrupa arasindaki farklar

e 1880-1896 : Alternatif materyaller, dizayn iyilestirmeleri ile odun tasarrufu, kimyasallarla

Oomri uzatmak (koruma/preservation deneseler de ¢cok maliyetli)
* 1896 — kereste fiyatlari artmaya basliyor
* 1907'ye kadar %500-800 artiyor
* 1900-1914 arasi demir, celik, beton deneniyor
* 1915-1920 odun fiyatlari tekrar hizla artiyor.

8 Mart 2017 - Bilkent Uni Baris Sanli
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ABD‘de demiryollarina ne oldu?

Figure 2: Ton-miles of freight carried by rail, 13902010
Figure 1: Changes in railroad network mileage, 18402015
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Source; Assodation of Amencan Ralroads (AAR), Amencan-Rails.com.
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Cep telefonu vs Kara hatlar!

(1990-2013)

Figure 4: Cell phone subscribers versus house landlines (1990-2013) ® Turkiyelde kara hatlarlna
= ne oldu?

 Yer altindaki bakir teller ne
oldu?
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2003 when landiine subscriptions began to fall, 21
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Ralilroads, Utilities and Free Parking: What the Evolution of

Transport Monopolies Tells Us About the Power Network of the
Future, A.J. Goulding

» Elektrik sirketleri “dogal monopol* statiisiint kaybedecek
* Yeni rekabetci durum icin tekrar yatirim ve is modelleri

e Tuketiciler elektrik kullanimi ve hizmetlere verdikleri
degerleri tekrar gozden gecirecek

« Kamusallar dizenli nakit gelirlerine daha az yaslanabilecek

« Kamusallar blyuk hacimli elektrigi uzun mesafelerde
tasimaya odaklanmali

http://energypolicy.columbia.edu/publications/report/railroads-utilities-and-free-parking-what-evolution-transport-monopolies-tells-us-about-
pP@VRart 2017 - Bilkent Uni Baris Sanli 22



Anlati Ekonomisi (Narrative Economics)

 Narrative Economics — Robert J. Shiller

* Insan beyni anlatilari fazlasiyla dikkate aliyor, ve viral sekilde artiyor, ekonomik sonuglari
oluyor

* 1919 ortasindan 1920 sonuna kadar petrol fiyatlari %50 artiyor. 1979’'a kadar
gorulebilecek en yuksek seviyeye cikti

* Bazi gazeteler, Meksika ve Rusya’daki petrol kesintileri

 Bulyuk depresyona ragmen “[1901e goére Jbenzin talebi 6 katina ¢iktl”, 18 yila petrol biter
» 1908'de Beyaz Saray’da Teddy Roosevelt, kaynaklarin bitisi

* 1920 Mayis — David White — Bas jeolog, 5 veya 3 seneye uretim zirve yapar

* Yeni kesifler gercekte 1920den sonra fiyatl hizla asagi getirdi

8 Mart 2017 - Bilkent Uni Baris Sanli 23



Petrol fiyatlarinin geleceqi

* OPEC’In atasl, seyl 2-3 senede mi oldu



atlar 1972’lere kadar nasil sabit gitti
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Arz fazlasi nasil yonetilir
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Arz fazlasi yonetimi - 2

* Hizli Gretim — 1924 Federal Oil Conservation Board

* 1926’da “ortak havzalardan tretim”

* 1929’da “Sherman Act™a istisna ile petrol sirketleri anlasip tretim belirlesin

* Texas'ta Railroad Commission prorationing(sinirlama) ile géreviendirildi

* 1930-1932 5000 kuyu daha acihyor. Fiyat 1.05'ten 0.25%’a dustyor

* 1932'de olaganisti hal (martial law) ile sahalar kapatiliyor

« 1933’te Texas, Oklahoma, Kansas Oil State Advisory Board kuruyor

* Anayasa Mahkemesi kararlari anayasal bulmuyor

* “hot oil” problemi — sinirlama harici tretilen Grtn

* 1935’de Kongre eyaletler arasi petrol ticaretini sinirlandiriyor (karnelendirilmemis petrol igin)

8 Mart 2017 - Bilkent Uni Baris Sanli 27



Seyl ne zaman basladi?

* DOE- Eastern Gas Shales Project(devasa gaz var) -1976

* Buyuk olcekte ilk hidrolik catlatma DOE -1977

* DOE ilk coklu catlatma yatay sondaj Devonian seyl - 1986

* DOE ve Gas Research Institute -> Mitchell enerji ilk kuyu, 1991
* DOE 3d mikrosismik haritalama yardimi - 1991

* 1980-2002 yogun federal destek (B6lim 29)

http://thebreakthrough.org/archive/new_investigation_finds_decade

https://www.foreignaffairs.com/articles/americas/2014-12-15/innovative-state



Sey|

Table 2.3 Estimated sustainable OPEC crude production capacity (mb,/d)

Money managers' long and short positions in the three main

crude oil futures and options contracts (million barrels)

Country 2016 2017 2018 2019 2020 2021 2022 2016-22 (NYMEX WTI, ICE WTI and ICE Brent)

Algeria 1.14 1.13 1.10 1.08 1.07 1.06 1.05 -0.00 |1,200 - e T oy P
Angola 1.81 1.81 1.91 1.88 1.84 1.81 1.77 -0.04 = i :
Ecuador 0.57 0.59 0.60 0.61 0.62 0.63 0.65 0.08

Gabon 0.23 0.22 0.22 0.21 0.21 0.21 0.21 -0.02

Iran 3.75 3.80 3.85 3.90 405 410 4.15 0.40

Iraq 4.70 4.82 492 5.03 514 5.27 5.40 0.70

Kuwait 2.94 2.94 3.05 3.08 3.09 3.09 3.10 0.16

Libya 0.65 0.81 0.90 0.96 0.98 1.00 1.02 0.37

Nigeria 1.83 1.81 1.82 1.82 1.83 1.80 1.78 -0.05

Qatar 0.67 0.66 0.66 0.66 0.67 0.67 0.67 0.00

Saudi Arabia 12.23 12.23 12.34 12.38 12.39 12.40 12.40 0.16

UAE 3.15 3.20 3.32 3.40 345 3.49 3.52 0.37

Venezuela 2.22 2.15 212 2.10 210 2.10 2.12 -0.11

OPEC 35.90 36.18 36.82 37.13 37.43 37.61 37.85 1.95

Lﬁm i S X > 1 L :
Apr13 Jul13 Oct13 Jan 14 Apr14 Jul 14 Oct 14 Jan 15 Apr15 Jul 15 Oct 15 Jan 16 Apr16 Jul 16 Oct 16 Jan17
mm Gross Long Positions Source: CME Group, ICE Futures Europe
mmm Gross Short Positions @JKmanﬂe:gy

~——NetLong (+) or Short (-) Position
08.03.2017 29



Oyun degistirici ne zaman hayata giriyor

haEteries this has been ':Ell illus?rated ann:ll well understood. The

recent example of the commercialization of organic light-emitting
diodes, which, some 20 years ago was identified as a potentially
promising game-changing technology, illustrates this reality. It is

nature REVIEW ARTICLE

encrgy PUBLISHED: 8 SEPTEMBER 2016 | ARTICLE NUMBER: 16128 | DOL 10.1038/NENERGY.2016.128

Advances in understanding mechanisms
underpinning lithium-air batteries

Doron Aurbach’, Bryan D. McCloskey??, Linda F. Nazar® and Peter G. Bruce®*

The rechargeable lithium=air battery has the highest theoretical specific energy of any rechargeable battery and could trans-
form energy storage if a practical device could be realized. At the fundamental level, little was known about the reactions and
processes that take place in the battery, representing a significant barrier to progress. Here, we review recent advances in
understanding the chemistry and electrochemistry that govern the operation of the lithium-air battery, especially the reac-
tions at the cathode. The mechanisms of O, reduction to Li,0, on discharge and the reverse process on charge are discussed in
detail, as are their consequences for the rate and capacity of the battery. The various parasitic reactions involving the cathode
and electrolyte during discharge and charge are also considered. We also provide views on understanding the stability of the
cathode and electrolyte and examine design principles for better lithium-air batteries.

http://www.nature.com/articles/nenergy2016128 30



Tahmin ve Ongodrude bazi kurallar
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Prediction / Tahmin

* ABD baskanlik secimlerinde “data analitikciler” neden
yanildi?

— Sinyal ve gurultayd birbirinden ayirmak gerekiyordu
- Hernan Makse — Istatistiksel fizikci
- %80-%20 (hesaplanan), apart topar da makale yetistiriyorlar

The pulse of the people
John Bohannon (February 2. 2017}
Science 355 (6324), 470-472 [doi: 10.1126/science . 355.6324 470

AYAAAS
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Kargasalari tahmin etmek?

* Political Instability Task Force (Ward)

- Tayland’daki darbeyi 1 ay once tahmin ediyor
— Sinirlari asan konular

- Hangi data?

— Sinirlar

- “Low probability conflict events”

Science

8 Mart 2017 - Bilkent Uni Baris Sanli

Predicting armed conflict: Time to adjust our expectations?
Lars-Erik Cederman and Nils B. Weidmann (February 2, 2017)
Science 355 (6324), 474-476. [doi: 10.1126/science.aal4483]
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Bilimsel Gelismeleri Tahmin Etmek

et wues o Tahmin edilebilir

Cosmic microwave CRISFR

background (CME) diti Structure of DNA Higes boso .
O s s kisim var, bir de

incompleteness Hurman

e tahmin edilemez
O OwOmOwO 00 O lelm var

u: nad D [s] O )k ~ﬂj O : y
xpect pecte
A uﬁ e Neden dnemli?

xTaYS Fermat's last theorem

— || - Enerjiteknoloj

Theory of evolution Church-Turing Thesis (general purpose computers)

Fig. 1. How unexpected is a discovery? Scientific discoveries vary in how unexpected they were relative to existing knowledge. To illustrate this perspective,
17 examples of major scientific discoveries are aranged from the unanticipated (like artibictics, programmable gene editing, and cosmic microwave background
radiation) to expected discoveries (like the observation of gravitational waves, the structure of DNA, or the decoding of the human genome).

GRAPHIC: ADSETED BY b SUTLIFEFASSIENCE

Data-driven predictions in the science of science

Aaron Clauset, Daniel B. Larremore and Roberta Sinatra (February

2, 2017

Science 355 (6324), 477-480. [doi: 10.1126/science.aald4217]
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Olasiliksal yargi ile politik

tartismalar — Tahmin Turnuvalari

* U.S. Intelligence Advanced Research Projects Activity’s (IARPA’S)
Aggregative Contingent Estimation (ACE) programi

e Brier Score

Tahmin piyasalari > Tahmin anketleri
(ama agirhikli secilmis kalabalik>piyasalar)

* Kisilerin gecmis tahmin tutarhliklari 6nemli

Basarililar: Bir konudaki inanisi test etmeye/hipotez olarak gormeye
Istekli/tahmini de bir tar gelistiriimesi gereken beceri olarak gortyor

Bringing probability judgments into policy debates via
forecasting tournaments
Philip E. Tetlock, Barbara A. Mellers and J. Peter Scoblic (February
2,2017)
8 Mart 20. AY A A AcC Science 355 (6324), 481-483. [doi: 10.1126/science.aal3147] 35



Tahmin mi Anlasilabilirlik mi?

* Basit modeller genellemede

daima en basarili degil

Tahmin basarisi ile modelin

anlasilabilirligi catismak
zorunda degqil

* Tahmin ederek anlasilabilirlik

arttirilabilir

8 Mart 2017 -

Science

Data source
Prediction task
[ R? ] ( RMSE | [ MAE | Evaluatlon metric Aocuracy ([ ac | ( )
(@)W  (9J(1)EYeg  (0){1)(10)(09 Dalaprocessmg m (1) (19) (09
= RMSE MAE Ac AUC F1
100 R 0.00 0.00 1.00 /\i"ﬂ 100 ~ .| 100
075 010 010 05| - 075 T 0.75
0.20 (R——— —
0s0 . \ 020] 050 0.50 050 —
025 ~_ | 030 ~— | gael 025 0.25 025 "
Y01 I — 040 .., . g 0.00 0.00 000 |
0 1 10 100 0 1 10100 0 1 10100 1 10 100 1 10 100 1 10 100

Threshold for filtering unpopular content
Fig. 1. A single question may correspond to many research designs, each
yielding different answers. (Top) A depiction of the many choices involved
in translating the problem of understanding diffusion cascades into a concrete
prediction task, including the choice of data source, task, evaluation metric, and
data preprocessing. The preprocessing choices shown at the terminal nodes
refer to the threshold used to filter observations for regression or define suc-
cessful outcomes for classification. Cascade sizes were log-transformed for all
ofthe regression tasks. (Bottom) The results of each prediction task, for each

Prediction and explanation in social systems

Threshold for defining successful outcomes

metric, as a function of the threshold used in each task. The lower limit of each
vertical axis gives the worst possible performance on each metric, and the top
gives the best. Dashed lines represent the performance of a naive predictor
(always forecasting the global mean for regression or the positive class for clas-
sification), and solid lines show the performance of the fitted model. B2, co-
efficient of determination; AUC, area under the ROC curve; RMSE. root mean
squared error; MAE, mean absolute error; F1 score, the harmonic mean of
precision and recall.

Jake M. Hofman, Amit Sharma and Duncan J. Watts (February 2,

2017)

Science 355 (6324), 486-488. [do1: 10.1126/science.aal3856] 36



Modelleri yaparken

» Seffaflik ve Yorumlanabilirlik 6nemli
* Adil ve ayirimci olmamasi oneml

e Beyond prediction: Using big data for policy problems
Clence Susan Athey (February 2, 2017)
Science 355 (6324), 483-485. [doi: 10.1126/science.aald321]

8 Mart 2017 - Bilkent Uni Baris Sanli
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Insanlari anlamak

* Daha fazla veri her zaman daha 1yi tahmin modelleri demek
degil. Gurulth verinin Gzerine cikabillir.

* Ender olay tahminleri..
* Cok adimli modeller ile surecin parcalarina bakmak
* Insan davranislari dinamik olarak degisiyor

~ Predicting human behavior: The next frontiers
Clence V. S. Subrahmanian and Srijan Kumar (February 2, 2017)
Science 355 (6324), 489. [doi: 10.1126/science.aam7032]

8 Mart 2017 - Bilkent Uni Baris Sanli 38




Elektrik talep tahminler

(En ¢cok referans verilen calismalar, bir bias var mi?)

8 Mart 2017 - Bilkent Uni Baris Sanli 39



Grey prediction with rolling mechanism for electricity

demand forecasting of Turkey (Cites 297) - 2007

Industrial:140.37 TWh - 2015 (103 TWh)
Total: 265.7 TWh - 2015 (261 TWh)

A0

m Issue 9, September 2007, Pages 16701673 E 2’5“

£ 200
Grey prediction with rolling mechanism for electricity demand E-

forecasting of Turkey ; L el !

ivar Akay @ . B pgehmet Atak ::_

m i . . 5 1O
Received 7 August 2006, Available online 16 January 2007 E
w —
=

164]. 503

20165 20008 2010 2012 2014
Years
—— RN -Total —a GPRM-Industrial
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Electricity demand analysis using cointegration and ARIMA

modelling: A case study of Turkey (Cites 214)

e 2014 : 257 TWh demand 251 prod / 207 TWh net

Table 9.
The comparison of ARIMA results with official projections

Energy Policy ’;&;7
ELSEVIER volume a5, [esue 2 Februany 2007, Pages Tiseas ; Year Official projections for Forecasted net Difference Difference as a % of
' net electricity elec. cons. forecasts based on
Electricity demand analysis using cointegration and ARIMA consumption (GWWh) based on ARIMA ARIMA modelling
modelling: A case study of Turkey modelling (SWWh)
Erkan Erdogdu & . . B4 & Scenario 1 Scenario 2 Scenario Scenaric Scenario 1 Scenario 2
+ Show more '1 2
http://dx.doi.org/10.1016/].enpol.2006.02.013 Get rights and content 2005 124,048 124,048 129,311 _5263 5263 a4 4
2006 137,064 131,715 132,631 4433 —916 3 1
2007 148,174 140,053 138,134 10,040 1919 T 1
2008 160,373 148,933 146,365 14,008 2568 10 2
2009 173,660 158,374 143,144 28,916 13,230 20 9
2010 188,030 168,412 155,667 32,383 12,745 21 8
2011 203,574 179,020 156,010 47,564 23,010 30 15
2012 220,280 190, 327 136,150 62,130 32177 39 20
2013 237.840 202,332 169,210 88,630 33,122 41 20
2014 256,644 215,073 160,090 96, 331 24,983 (=10 34
Baris Sanli 41
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Electricity estimation using genetic algorithm approach: a

case study of Turkey (Cites 141)

* 2016

ELSEVIER

~ 278 Twh

Energy

Volume 30, Issue 7, June 2005, Pages 1003—-1012

Electricity estimation using genetic algorithm approach: a case

study of Turkey

Harun Kemal Ozturk2, Halim Ceylan?, Olcay Ersel Canyurt?, Arif Hepbaslit & . &

* Show more

httpo/fdx . doi.orgf10.1016/].energy. 2004.08.008

Get rights and content

3

— & - GAELOM,, ;-4 - GAELDM

axp = %--MENR

= = &

3

Total Electricity (GWh)

[

8
%
Y
3 @

1996

2000 2004

2008 2012
Years

2016 2020

./lwww.sciencedirect. com/SC|ence/art|cIe/p||/8036054420400339
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Forecast of anmual alscriclty demand of Turkey by Sy hogho modal and oom parisan with ol
maTocalioghes

Turkey’s short-term gross annual electricity demand I
forecast by fuzzy logic approach -l m o o [m [

193 133 25 ar ar Mot areallabls

(Cites: 78) [ | = —

1833 153 30 zZT 33 Mot aeallabls
1454 173 33 30 ar Mof aeallabls
1435 153 i} 35 Lin] 30
. 2014 — 257 TWh " —
1837 233 [ in] £3 i} L]
1833 247 £3 a2 33 a2
1853 257 53 S 55 b i}
1530 2 = [ih] a3 &2
1831 304 L] [ o] o]
1932 330 ar L] T2 73

1333 304 73 T4 a0 a3

Energy Policy

1934 352 T3 T2 T a0

h | Volume 38, Issue 3, May 2010, Pages 24382445

54 iy g - - -
— =

E— ‘ 1997 &mm 1045 103 102 103

ElLSEVIER 1938 473 14 17 ] 114

1953 Elat] 113 12 102 124

2000 a1 123 123 114 134

7 - - 2001 454 12T 124 kb [n] 1=
Turkey's short-term gross annual electricity demand forecast by s
- 2003 ard 141 143 123 143

fuzzy logic approach A = - =
2005 T&T &1 1E1 153 b [

Serhat Kucukali® ' ™ Kemal Baris® R E i :: :z :: ::
+ Show more 2009 918 135 173 205 208
20013 arm 191b 190 1a7 224

http://dx.doi.org/10.1016/j.enpol. 2009.12.037 Get rights and content " ™ e o 22
201 o35 200 21 202

2012 a8z 209 prr ]| 204

213 1035 213 234 308

2014 1033 230 247 330

http://www.sciencedirect.com/science/article/pii/S0301421509009938 3 F projectons (2008 2014)
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Yontem ne?

* 2007°den itibaren pekcok model incelends

* Modellerin hepsinin bir icyargisi — tarafi var. Algoritmalarla
sabit

* Ayni ekonomik buyume verisi ile 10 ayri sonug
* O zaman, ¢cok model calistirarak “bias” I normalize et
* Gruplastiklari demetleri al, alt-Ust ve ortalama al

8 Mart 2017 - Bilkent Uni Baris Sanli



Enerji Donusumu ne
kadar surer
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Donusum hizlar
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U.5. Consumption of Energy Fuels

1915-1980

(Percent on a BTU-aquivalent Basis)

Hyilre and othat
Aanewable Sources

Nuchear
Fowar

75

1915

Matural
Gias

1920 1925 1830 1835

Spurces: Sam Shurr et al., Ener
University Press, 1960); American Patroleum Institute, Basic Petrolaum Data Book, November 1976 Exion

Background Sevies, Word Energy Cuttack (Mew York: Exxon Corporation, 1981},

Domestic

g < { Grude Gld :
Y : _

i I |r'r_
Imported I._i

1940 1945 1850 1958 1960
1049

ke American Ecpnomy, 1850=197

Baris Sanli

1970 1§75 1980

1973

(Baltimare. Johns Hopking

a7



http://www.barissanli.com/calismalar/2017/bsanli-speedofenergytransition.pdf
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World - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES
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http://www.barissanli.com/calismalar/2017/bsanli-speedofenergytransition.pdf
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USA - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES

Percentage
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China - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES

Percentage

12,00%

[ 1 Year Change (+) === 10 Year Change (+) |

10.00%

8,00%

6.00%

4,00%

2,00%

0,00%

S FEF "

1
N At Oy
SPgC &

“*ﬁ@@@@@@ﬁ@@@@ﬁ@¢*

Year

Baris Sanli

50



Percentage
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S.Korea - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES
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France - 1 Year and 10 Year Increase in the share of the fastest
growing energy fuel in total TPES

=== 1 Year Change (+) === 10 Year Change (+)
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UK - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES
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Germany - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES

[ 1 Year Change (+) === 10 Year Change (+) |
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Turkey - 1 Year and 10 Year Increase in the share of the fastest growing energy fuel in total TPES
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Nasil bir yontem?
Belirsizligi arac¢ haline getirmek

Baris Sanli
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Arz guvenligi

* Enerji/kapasite(kapasite -> esnek ve sabit)

* Enerji glvenligi (Gavenilir kapasite* zaman)
« Kapasite guvenligi
- Tasima
- Tedarik
* Esnek (kisa donem)
e Sabit (uzun donem)

8 Mart 2017 - Bilkent Uni Baris Sanli
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Elektrik fiyatlar kac boyutlu

TL/k'Wh

Enerji

TL kW

TL kW fsaniye Kapasite
Esneklik

http://www.barissanli.com/calismalar/2016/epd-20160504.pdf
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Isin ekonomisine bakmak

* Bir kaynagin kontrol edilebilir
olmasinin maliyete bir etkisi yok

mu?
Fosil kaynak Kontrol Eneriji
Kontrol
Gunes/ruzgar .. . e e
Enerji + Diger enerji Ureticileri

(Kesikli Kaynaklar)

Kontrol

D

Ener;ji Depolama Ener;ji



Fiyat tahminleri nasil yapilacak

Global LNG prices ($/MMBTU) Asia spot (JKM as % Brent)
25 25%
20 | 20%
15 15%
10 10%
5 5y -
0 : : 0% ;
2000 2002 2004 2006 2008 2010 2012 2014 2016 J F M A M J ] A 5 0 N D
Energy price range ~—Henry Hub —Brent Range 2010-2014 2015 —20l6
—NBP —JKM (Platts) —Japan LNG Import
Coal (ARA)
Source: Jopanese customs data [Japan LNG import), Platts [JKM), ICE (NBP, Brent, ARA coal), NYMEX (Henry Hub)
Copyrul'ttuﬂtowlmtd\ﬂmdlplc Fel:ruury 20,2007 11

http://www.shell.com/energy-and-innovation/natural-gas/liquefied-natural-gas-Ing/Ing-
outlook/_jcr_content/par/textimage_1374226056.stream/1488553857486/3c9c37f3c9beb8923c5cce00799ec8aclef1cc264f4f557bf9694celcff2e2f2/shell-Ing-outlook-2017-slides-presentation.pdf
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Fiyat tahminleri nasil yapilmali -simulasyon

Elektrik Fiyat Tahminleri nasil yapilmal
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Yeni teknoloji dalgasi
Gunes, Piller, arabalar..

Baris Sanli
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Gunes moduller ve piller

|
I
10% |- Supercapacitors I
d| DG / I All-solid-state
batteries
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Eclipse

Germany's eclipse is poised to cause a rapid decrease in solar
power supply, followed by a rapid increase.

3045
25 i .
20 +
Expected solar
electric output
pawansy 15| Steepdecrease
in Germany on in solar power
March 20, 2014 supply
10 <
5 =
Gam gam 12pm 3pm Gpm

Modeled values assume clear-sky (i.e. cloudless) conditions,

Adapted from source: Hochschule fir Technik und Wirtschaft Bedin (October 2014). OPOWER 2015

08.03.201 7https://www.greentechmedia.com/articles/read/What-Happens-to-a-PV-Powered-Country-During-a-Massive-Solar-Eclipse-Wé4



Gunes tutulmasi

Average grid electric use by western US solar homes on day of
partial eclipse: Actual Electric Use versus

[Cansuming power
from arid)

Kilowati-hours of
grid electricity use
per hausehald
{15-min intervals)

spm 12am

During eclipse, solar
homes sent 41% less
electricity than normal

(Sending power to the grid

back 1o grid)

Eclipse Eclipse
Begins Ends

— g
Actual grid electric use

Projected gnd electric usa (absant eclipse)

1 = 5,240 solar homes in western US on October 23, 2014
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Average electricity exported to grid by western US solar homes on
day of partial eclipse: Actual Export versus

Eclipse Eclipse
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California’da elektrik fiyatlari

Day-Ahead Average Hourly Electricity Prices at SP-15 (CAISO), May
2012 versus May 2016
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Gorulmeyen maliyetler

Figure 3.11: Production Costs with Increasing Solar Penetration in ERCOT

Total Short-term Production Cost Average Thermal Production Cost
102 - .
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MNote: The figure shows total short-term production cost and average short-term production cost for thermal generators on
with increasing solar penetrations in ERCOT, a thermal-dominated system. (MIT 2015) o

https://energy.mit.edu/wp-content/uploads/2016/12/Utility-of-the-Future-Full-Report.pdf
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Pil savaslari nereye?

Battery wars: 84% of lithium-ion mass production
is set to be in China or the US by 2020*

Each dot represents one gigawatt hour (GWh), sufficient to power

o One million homes for an hour or
o 40,000 electric cars for 100km

CATL (Ningde, China)

Tesla Motors/ (Nevada, US) ©

Panasonic**

Lishen (Tianjin, China)

LG Chem (Ochang, S Korea)

BYD China (Shenzhen, China) :

LG Chem (Nanjing, China)

LG Chem (Wroclaw, Poland)

Samsung SDI (Ulsan, S Korea)

Boston Power (Liyang, China )
Boston Power (Liyang, China )
Samsung SDI (Xian, China)

LG Chem (Michigan, US)

CALB (Luoyang, China)
Panasonic Dalian (Dalian, China)

FT graphic, Sources: Benchmark
Mineral Intelligence, FT research

oo W

© 356Wh

HHON

-~ Tesla represents US ambitions - but
g 20GWh Elon Musk is famous for failing to
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* Data show megafactories, defined as those in excess of 1GWh
of production, under construction or in the process of
expanding capacity

"* Panasonic's Japanese preduction is not included
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Evdeki gunes-pil sistemi (Ankara — 40 W)

Baris Sanli's home automation - v2

Baris Sanli's home automation - v2
Watts Balance

—— Watts from
Watts Balance Battery

. [T
5 —— Watts from 5 Watts from

—— Watts from

Battery solar
Watts from
25 solar Ty Grid
“ Watts from 0 —"N SREEE E— ey cbeb_gea rafindn oo T e
R Grid

it .
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Temperature and Humidity Temperature and Humidity
50,0 — Humidity %) 45.0 —— Humidity(%)
—— Temperatur_.. —— Temperatur...
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25.0 00
125
225 —~
L
0.0
25 Sub 2017 27 Sub 2017 1 Mar 2017 3 Mar 2017 5 Mar 2017 7 Mar 2017 15
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' PROVEN R;:ssmiss . g
¢—250 x 109 aBLS
s Vi The Rise of Electric Cars
%10 A ] . : et
- Z Y By 2022 electric vehicles will cost the same as their internal-
oy . . \ ,
. N —rurue combustion counterparts. That's the point of liftoff for sales.
Z s g”":l‘;:::": DISCOVERIES
3 o rea s \_ 910 X 10%s8Ls
a > - B Projected annual sales Cumulative sales
1850800 1356 2000 2050 2100 2180 22 500 million vehicles . I
YEARS milion venicies Electric vehicles would
Figure 20 - Ultimate world crude-oil production account for 35% of all
based upon initial reserves of 1250 billlon barrel: new vehicle sales.
400 kﬂ
|Consumption Scenarios [
0il demand could begin falling in less than 10 years if emissions curbs
were set to limit global warming to less than 2° Celsius. 300 .
Percentage increase in oil demand forecast since 2000 .
50% No new action to .
limit emissions )
g 200 m
Compliance with -
30 Paris Agreement = |
20 100 ]
L pemand has - .
10 already risen — ||
by 21% since 2000 o ——
— Actionto imit 0 T T T T T T 1 T T 1
10 global warming 20015616 17 18 "9 20 ‘21 22 '23 24 '25 26 27 28 "29 30 '3 "32 '3A3 '34 '35 '36 37 '38 '39 40
; : . . , , to2° Celsius
2015 20 25 30 35 40
Source: Interational Energy Agency THE WALL STREET JOURNAL, Sources: Data compiled by Bloomberg New Energy Finance, Marklines B-'ﬂ'ﬂ"ﬁberg .
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Cinli taksicilerin tecrubesi
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Fig. 6. Distribution of departure time from charging stations.
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Flg 7. Distribution of arrival time at charging stations.

Energy

journal homepage: www.alsevier.com/flocatefenergy ==y

ELSEVIER

Large-scale deployment of electric taxis in Beijing: A real-world
analysis

@ CrossMark

Yuan Zou *°, Shouyang Wei *, Fengchun Sun #, Xiaosong Hu ®, Yaojung Shiao *

* Bedjing Collaborative Innovation Center for Electric Vehicle, National Engineering Laboratory for Electric Vehicles, School of Mechanical Engineering,
Bedjing Institute of Technology, Beifing 100081, China

Y The State Key Labaratory of Mechanical i . Chongging University, Ch ing 400044, China

* Department af Vehicle Engineering, National Taipei University of Technology, Taipei, Ching

Y. Fou ef al f Energy 100 (2015) 25— 30

459 B Spring
I SUer
40% I Auturmn
— Winter
35%
s Distribution curve for all trips
30% e Distribution curve for spring
— Distribution curve for summer
25% e Distribution curve for autumn
20% s Distribution curve for winter
15%
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Fig. 5. Distribution of single-trip driving mileage.

https://www.researchgate.net/publication/294645827_Large-scale_deployment_of electric_taxis_in_Beijing_A_real-world_analysis
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*Ulastirma da dijitize mi oluyor

*Degisimler
* Arac bakim parca zinciri
* Araba satis bayileri
* Elektrik sistemi (2040’da %8)
* Petrol sirketleri?
*Yol ve sarj agi
*Sehirler
* Elektrikli ucak?
*Vergiler-Maliye Bakanliklari

8 Mart 2017 - Bilkent Uni . ) Baris Sanli .
https://about.bnef.com/blog/liebreich-mccrone-electric-vehicles-not-just-car/

74



Basit bir elektrikli araba hesab!

Ortalama 21-25 kWh/100 km
Klima 3-5 kWh

Tarkiye’de 15000 km/yil ortalama arac

Piller 200 Wh/kg'dan 400 km menzil icin

— 500kg pil

Yilhk elektrik talebi 3750 kWh (*0.41 krs = 1537 TL)
1 milyon arac¢ -> 3.7 Twh (2016 brut Gretim 278 Twh)

kWh’i 170$’dan 100kWh i¢cin 17000%

8 Mart 2017 - Bilkent Uni Baris Sanli
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Elektrik piyasalarinda «kayip para problemi»

Kapasite piyasasi sorunu



Sistem

* Herkesin ne Uretecegi, ne kadar uretecegi, tuketecigi kesin olarak
bilinse
* Planlama yaplilir, Gretim-yatirim belirlenirdi
* Rezerv kapasite gerekmezdi

* Fakat elektrik sistemi belirsizliklerle dolu:
* Santral devreden cikabilir
* Tuketicinin tiketimi 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{S/M\WH)
P{$.|"M1|u"'lﬂ'l} Missing Moneay
Returns for Peak Generator
Price Cap
Returns for Mid-Range Genarator
A sas
$85 Returns for Base Load Genera <38
B

“5 SR ﬁ-‘lﬁ

oy 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 2o

08.03.17



Paul Joskow

SHORT RUMN MARGINAL COST PRICING

Price 4 Demand MC
Peaking Intermediate
Tatal
Infra-marginal gquasi- renis B Cost
Base Load
P
< ey ot o
rail
PRICING WITH BINDING CAPACITY CONSTRAINTS
MIC H H -
Capacity constraint T —— “EEE‘ 5333 8760;  Operating Hours
ratinned by MW : H H
demand response and { ) & :
systermn operator’s 22,000
procedures DEBK {
19,56
ntermediate - : H
( 14,69 § — - ——— ; / i oad Duration Curve
10,000 = 4 = = = = = - ————
D, bhase < i H
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| Quantity \
1778 5333 2760 Demand Duration
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3 Elektrik santrali olan bir Piyasa

Kapasite Muhtemel Geri donisg Mihai dénisg

Teknoloji Kapasite Faktari CAPEX OPEX Yakit dretim (dénem) siliresi
A T 0.8 2000 0.5 2 5.6 7 4. 61
B 7 0.5 800 0,4 3 3,5 7 482
C 7 0,3 1800 0.5 0 2.1 5,89

Teknoloji Uretim CAPEXKWHOPEX/KWh [Yakit Toplam Teklifi

A 5,6 1.7 0.5 2 4.2 4.2

B 3.5 1,09 0.4 3 4.49 4.49

C 2.1 4.08 0.5 0 4 58 4.58

11.2

Teknolojilere gbre iretim 3 teknoloji var
12 A: Baz yuk/belki kbmur
B: Peaker/dogalgaz gibi
C: Yenilenebilir

10

l . - Farzedelim bunlar CAPEX'leri bid etse

Talep 11 iken sorun yok

a
1 2 3 4 5 & 7 B8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Zaman

08.03.17 81



Teknoloji
A
B
]

Model 4- Yokluk fiyatlamasi

Kapasite
Kapasite Faktard CAPEX OPEX Y akit
T 0.8 2000 0,5
T 0,5 800 0,4
T 0,3 1800 0.5
21
Teknoloji Uretim CAPEX/KWWh OPEX/KWh Yakit
A 56 1,7 0.5
B 3.5 1,09 0,4
C 2.1 4.08 0.5
11,2
oll 10
Kar beklentis % 10,00
Teknolojilere gtre Gretim
14
12
10
e ®
o
= 6
4
2
o]
1 2 3 4 5 6 7 B

08.03.17

Zaman

Muhtemel
dretim

Geri donig Mihai dénisg
(dBnem) silresi
T 4 33
T 414
T 5,90
2,75
3,74
0,55
3,74

=B

mC

S 10 11 12 13 14 15 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Talep

12

Fiyat

Tertiplenmis YUk Egrisi

M Tertiplenmigs Yik Egrisi

1 2 3 4 5 6 7 8 9 101112131415161718 192021 222324252627282930

10

NoWwse O N o0

[y

Zaman

Talep - Fiyat E&risi

Talep
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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

pess Operating Reserve Demand

5500 =
= SES0 "u, 7000
T 5800
= 5750 .
:-": it - 6,000
- 5650 o=
a 5600 = 5 5,000
g sss0 - " \ Marginal Value
A I, E 4,000 e
£ $450 - T WA ! \
?:' 400 - -t -
S 5350 — '1}' - :‘-—_- 3,000
B oswo{ - -TR_stTh
& gl -~ 2,000
g S0 * e M.
W S150 — A T e f

e AL 5 min. Dispatch Intervals 1,000

e s T
S0 - " SLRFS S o
3,000 3,500 LN al 4,500 5,000 5 500 6,000 6,500
SCED ORDC On-Line Reserve (MW) 0.00% 1.00% 2.00% 3.00% 4.00% 5.00%
= JunZ0i4-Aug 2014 o JunZ015-Aug2015 Q (%% of load)

Surendran, Analysis of Resenses and Prces, July 2, 201 5-August 23 Howr Ending 17:00, ERCOT TAC Presentation, /

08.03.2017 83




Kac MW kac Kwh?

Cok boyutlu hale gelen
bir tahmin sorunu

8 Mart 2017 - Bilkent Uni Baris Sanli
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sik Piyasa Yapilari
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Birlestiriciler ama hangi birlestirici?

Figure 6.4: Value of Aggregators Based on Technology and Regulatory Contexts

Fundamental Aggregation — |

=2

g = Economies of scale

= » Economies of scope

- » Risk management

g * Competition and innovation

....................................... - Transitory Aggregation |
* Engaging power system agents
* Management of complexity
* Deployment of automation technologies
* Closing information gaps
* Coordinating agents for system operations
* |ll-designed end-user tariffs
* Inadequate regulations for procurement

é of and cost allocation for balancing costs

% * Inefficient RES-E support mechanisms

o

&

=

&

TODAY'S REGULATIONS ADVAMNCED REGULATIONS
TODAY'S TECHNOLOGY ADVANCED TECHNOLOGY
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Hangi is modelleri

Figure 6.5: Electricity Services Summary

SERVICE(S)

Firm Capacity & Operating Reserves
& Mitigation of Network Constraints
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Firm Capacity & Secondary
Frequency Control & Mitigation
of Network Constraints
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08.03.2017

DEMAND RESPONSE & EMS
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Figure 6.6: Summary of Customer Segments
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https://energy.mit.edu/wp-content/uploads/2016/12/Utility-of-the-Future-Full-Report.pdf

Figure 6.7: Summary of Revenue Streams

REVENUE STREAM(S)

Subscription Fees
& Brokerage Fees

Asset Sale &
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& Commodity Sale
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Asset Sale &
Commodity Sale
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n
I : ; M O d ( ! | I ( ! rI Figure 6.9: Taxonomy of Solar PV and Solar-plus-Storage Business Models
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Turkiye Glines Gelisimi - Ordek Egris
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Elektrik geleceqi

Elektrik talebi

08.03.2017 90



Talebin bolgesel dagilimi?

Elektrik talebi - Bolgesel Gelecek

1993199519971999200120032005200720092011201320152017201920212023202520272029

® Marmara M Diger

08.03.2017 91



bolgesel dagilimi

min
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Uretimin ne kadari Adana-Sinop hattinin Dogu ve Batisinda
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Ne kadari merkezi, ne kadari dagitik

Merkezi-Dagitik
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Kurulu guc - Depolama

Kurulu Giig - Depolama

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
08.03.2017 W Kurulu glic ™ Depolama



Elektrikte ulastirma payi

Elektrikte ulastirma talebi

19951995199719992001 2003 2005 2007 200920112013 20152017 201920212025 2025 2027 2029

B Ulastirma ™ Diger
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?

Sabit telefon hatlarinin kader

Sebekeden kopus olabilir mi?
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Robotlar, arabalar, dijital dunya

Nihai Enerji Tuketiminde Elektrik

RS T T Vo Ct- T S T < B S T BN
A P o e Rt At Mo MG R Co N R L )
ST E S

M Elektrik W Elektrik disi
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Tesekkdurler

* Baris Sanli
e WWw.barissanli.com
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