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Genel olarak

Atomlar — Bitler(10101) - %%

Dijitallesme ile 3'UnlU de yonetmeye calisiyoruz

Dogal olmayan bir sistemi dogal kaynaklara geri dondirme
Elektrik sistemi — dijital kontrol/izleme — yeni kontratlar
Genel resim “herkese acik piyasa/islemler”

*MS (Herseyin YOnetim Sistemi)

Nasil?



Dijitallesme ne?

* Maliyetleri ve riskleri
disurerek verimlilig
arttirmak veya is yapIs
sekillerini degistirerek
musteriler ile etkilesimi
ve gelirleri arttirmak
icin_ dijital NOICO@C
teknolojilerin kullanimi  vitsicnoiogesinteeneryindusty souce pyrymanagementcansuting)




Elektrik : Emtia mi hizmet mi?

 Emtia ise (fiziksel varliklar):

- Dijitallesme: emtia surecleri
 Uretim+izleme+lojistik

* Hizmet ise: (Dijjital)
- Uretici vs lletim hizmetleri vs Tiiketici
- Finans, cevre, tuketici hizmetleri
— Dijital kooperatifler, mensel, tuketici pazari



Energy informatics enhanced researc
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Or: Dagitim Sistem Platformu

DER
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Applications

Operational Communications (WAN/FAN/NAN)

Physical Grid Infrastructure

Core Components

ABD Enerji Bakanligi — gelecek jenerasyon Dagitim Sistem Platformu




Or: Kayitzinciri (Blockchain)
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Or: Yenilenebilir/sistem isletimi

Big Data Application in
Power Systems

Reza Arghandeh
n Elecirical Engmnasanng

Yuxun Zhou

wnlal Elecircal Engmnesring
T Sewences, UD Berkeley

Data Science for
Wind Energy




Service(s)

Or: Dagitik sistemler — Talep ve Enerji yonetim sistemleri
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Utility of the Future, MIT



Service(s)

Or: Elektrik ve Termal depolama
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Utility of the Future, MIT



els)

Servis

Or: Gunes is modeller
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AB’de elektrik ve gaz fiyatlari
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https://www.energypriceindex.com/

Baslangic: Fiyat

Kithk fiyatl (scarcity pricing)

- Olmayan elektrik bedeli
e gunes/talep yonetimi/depolama

Maliyet/Fiyat/Deger

— Gunes : sifir marjinal maliyet
- Gunes : 13.3 alim garantisi
Boyut ? (Kapasite/Yer/)

Piyasa
— Spot yenilenebilir ve spot esneklik piyasalari



Soru 2: Fiyat nasil yansitilacak?

e Sabit bede

« Sabit bedel+degisken bedel

* Elektrik glvenilirligi seviyesine gore fiyat?
- Yilda 12 saat max kesinti hizmet
- Yilda 1 saat max kesinti hizmeti



Soru 2.1 Gavenilirlik

e |ki ayri senaryo
— Tuketici gruplar! arasi

- |oT destekli ev aletleri

* Farkli ev aletleri farkli tiketiciler gibi mi?
— Tuketici no: 342343.0
- Buzdolabi: 342343.1
- Vs

* Guvenilirlik bir kamu faydasi mi, fiyatlanmali mi?



Soru 3: Yeni fikirler nasil test edilecek?

“Kanun degisikligi lazim” — her yeni is modeline?
* Dlzenleyici kum havuzu (Regulatory sandbox)

criteria

: Figure 5.1: Trial rule change process overview
Innovatlon enqu"-y + Tohelp conduct trials under existing rules
i i« Pathway to other tools PonoRks sl -
service i« Expected to be used the most m’::m L|] rule change request, wn.;‘m '::”r Submission on rule Final rule and final
1 ap ' =1 AEMC assess against published change request determination
R Within 4 weeks Within 6 weeks
Reg UIatory i+ Fortrials facing barriers arising out of current | Within 10 weeks
walver i rules i Source: AEMC

'+ Fortrials that require a change in existing rulesor
new rules RECOMMENDATION 20: PROCESS AND TIMELINE

* Expected to be used the least i i
............................................................. The new trial rule change process should be less than 10 weeks long and involve one round

of stakeholder consultation.

Source: AEMC

https://www.aemc.gov.au/market-reviews-advice/electricity-network-economic-regulatory-framework-review-2019



Soru 4: Yapay zekanin konumu?

* Yapay zeka: Kara kutu mu, cam kutu mu?
« Onemli degil ise?

— Tuketicl hizmetleri, fiyat tahminleri, onarim/bakim
« Onemli ise

- Sistem isletimi, anlik dengeleme (!!! Riskli alanlar)



o Kultur/Standart/Geri kurtarim

WiFi, Ethemet
on home wiring

—

Ethernet on
power ling,
private or
commercial
cellular or
broadband .

Soru 5: Sibergtvenlik?
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microwave Utility Public Govt.

Central network

Agencies

M Local Data gw Ay Third-party " | public
¥4 Collector gl Services network

Possible state border

Possible Sol

Incorrect energy usage
data sent

Theft of energy-usage data

Theft of persenal/billing
informatien

Disruption of electricity
supply

Tamper-detection
mechanisms

Automated systemn protec-
tion® (eq, data erasure)

Reqular updates of
meter firmware, security
certificates?

Asymmetric encryptiond
Frequent but irregular
«change of cryptographic
keys, pre-installation

of keys®

Attack Vector Impact qui ts
Physical Attack on Meter | Energy theft Tamper-proof sealing or sufficient network
physical locks? bandwidth for updatesd

Formal industry agreement
on a“sufficient” bandwidth

Minimum security
standards (regularly
updated) regarding
software security,
tamper-proof and tamper-
detection mechanisms

Pelicy requirement for
regular software updates
to meet security standards

Pelicy requirement for
automated system

on Meter Data Collection
Point

cennected local area
meters, disruption of
local-area network

Possible upstream
cascading effects on
utility data network due
to missing data

nisms at collection points

Automated systemn protec-
tion® (eq, data erasure)

Design architecture to protection
store data for minimum
time necessary®
Denial-of-Service Attack Denial of service to Tamper-detection mecha- | Standards for tamper-

detection mechanisms

Software Attack on
Utility Meter Data
Managerment System

Widespread theft of
energy-usage data
Widespread theft of
personal/billing
information

Disruption of electricity
supply

Disconnection of meters

Utility security policies
o prevent unauthorized
access

Detection methods for
unauthorized access/
tampering

Separation of electricity
delivery system from
energy data management
system

Corporate security policies
User access policies
Back-end system design
policies

Implementation of utility-

side tamper-detection
mechanisms

Sources:

5. McLaughlin, D. Podkuike, and P. McDaniel, “Energy Theft in the Advanced Metering Infrastructure,” in Proceedings of the
4th International Workshop on Critical Information Infrastrictire Security (New York, NY: IEEE Press, 2009).

"R Shein, “Security Measures for Advanced Metering Infrastructure Components,” in 2011 0 Asia-Pacific Power and Fnergy

Engineering Conference (New York, NY: APPEEC and IEEE, 2010).

“InGuardians, Advariced Mevering Infrastructure Awtack Methodology Vol 1.0, (Washington, DC, 2000),



Soru 6: Esneklik nasil gelecek?

* Esneklik veya daha plastik bir elektrik sistemi
* Naslil fiyatlanacak?

https:/Aww.nationalgrideso.com/balancing-services/reserve-services/demand-turn



Soru 7: Yeni bir sebeke mimarisi?
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Soru 8 : Elektrik tiketicisi — Hiper Kisisellestirme?

Elektrik tuketicisi Netflix seyircisine
b enzer mi? gizglg;'zsl:gpmlrrr:j:\fe[l)?;gﬁﬁmendations have an “I did it / I'll do it” feature that

serves two purposes for customers: clicking “I'll do it” populates a custor PERSONALIZED EE MESSAGING
GOLD".OCKS, DATA SCIENTIST? |ISt while clwcklng “I did it" removes the recommendation for that customr Clustering helps Bidgely determine how to best personalize its communications

Clustering is most effective when it balances personalization with scalability. | Same time, each click provides the utility with valuable feedback on whai R
data scientists, who optimize clusters for size and coverage, just like goldilock ~écommendations are capturing the most interest, enabling further progi _ ENVIRONMENTAL CLUSTER MONETARY CLUSTER
3 2 optimization.

By reducing
your enargy
usage today,
you'll help us
plant 500
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TOO FEW CLUSTERS TOO MANY CLUSTERS JUST RIGHT Install & dimer switch filter, keep it clean g e
Wi L g%%%%g%%gg ot s ot it
AR o
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00 @@@@@l@
% Matt Damon and Minnie Driver, while someone who has watched comedies might

e B be shown artwork containing Robin Williams
)(Lackofpersonelization USER FEEDBACK |S NO|SY '
What people say often differs from what they
consumers say they want better gas mileage y .
trucks at a record clip). This well-documented phenomenon,
known as declared vs. revealed preferences, makes it critically
Impertant to capture a number of different signals to ensure the
clearest possible picture of user preferences

By reducing
your energy

usage today,
you can save

Manage your ste

up to $5.00!

- .

¥ SERENDIPITY

W e

5 BEW ITILLER
ZOOLANDER
a
s

Midalh e B e L Tl T e I e b o i o PR

http://barissanli.com/eak/2020/01/elektrik- tuket|C|S| netflix-seyircisine- benzer m|/

In 2017, Netflix eliminated its long-standing 5-
star rating system in order to more accurately
capture user feedback. What they had found
was that a user might watch a single highly-
acclaimed documentary and rate it 5 stars,

AT T




Enterkonneksiyon yonetimi — Akilli adalama

Islanding the power grid on the transmission level:
less connections for more security

a)

Mario Mureddu, Guido Caldarelli, Alfonso Damiano, Antonio Scala & Hildegan
¢ *

https://www.nature.com/articles/srep34797



kil sebeke

Energy Markel |
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Plant Contral
Systam
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Metwork
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E Gataway Role
~—_ Communications Path
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Metar
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Distibuted | | Electrc
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Electrc 4
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Distributed
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\_  Distributed Energy Resources

Governmentwide Acquisition
Contract Stack Layer

Inverter-Based
Generalion and Storage

Grid-Connecled

EVs Controllable Loads Mierogrids

#. Economiciregulatory policy
7. Business objectives

6. Business procedures

Girid service defined by policy or economic market

Grid service enabled as a business objective

Entity provides signal requesting grid service

Inverter-based systems/vehiclesicontrollable loads/microgrid respond to request for grid service
Device controls defined for provision of grid service

5. Business context

Data model ing relevant for providing a specific grid service

4. Semantic understanding SunSpec PV Models Vehick data OpenADR 2.0 IEEE P2030.7
Su:ﬁcJMESA Device rivischels IEEE P2030.8
Maosdels
OpenFMB
3. Syntactic interoperability IEEE 2030.5 SAE [2847/3° OpenADR 2.0 Modbus
IEC 61850-7-420 SAE [2847/2 ASHRAE 201 (FSGIM: IEEE 1815
IEEE 1815 ASHRAE 135 (BACnet-WSs)
IEEE 2030.2 IEC 14908 (LonMark)
IEEE 15473 IEEE 2030.5
Modbus OBIX
DASIS EMIX
Modbus
2. Network interoperability TCPAP TCP/IP TCHIP TCHIP
ZigBee UDP DALl IEEE 1815
IEEE 1815 FTP Zighee CAN bus
CAN bus HTTP
1. Basic connectivity Twisted Pair Twisted Pair IEEE 802.11 Twisted Pair
CTA-2045 CTA-2045 IEEE 802154 R|-45
IEEE 80217 {Wi-Fi} IEEE 802.11 CTA-2045
IEEE BD2.15.4 (Thread) SAE 1772 (PLC) IEEE 80211
SAE [2931/4 PLC) IEEE 802.15.4
0. Interconnection IEEE 1547 SAE [3072" N/A IEEE 15471
IEEE 15471 SAE J2894-1 PQ} IEEE 2030.7
ULz IEEE 2030.8
IEEE 2030.2 IEEE 1547.4

IEEE PES — Power & Eneray Sept-Oct 2019




Tak-calistir sebeke

Enargy Service
Pravider Platfarm

|
External Interface

Ms. Grean '
Hame EV Charging £y
Plattorm With
Homeowner- [Melligent Enargy Apps
Infagratar r |l O
o

Intarnal Interface Housa Supply
L Elactrician

The P/ugﬁnd—P/ay

Flectricity Fra

IEEE PES — Power & Eneray Sept-Oct 2019



Birlikte islerlik (Interoperabillity)

Cross-Cutting Issues

Configuration Operation and Security
and Evolution Perfaormance and Safety
Interoperability Categories e e e
e (8 YO )|

8) Economic Regulatory Policy

Tttt 1ttt

Organizational < 7) Business Objectives
(Pragmatics)

- e £ o 8
6) Business Procedures 8 « = 1 5 &
" c 2 @ s g
S § a 3 g 5 8
5) Business Context 5 E E 2 g g
Informational 2 E 3 s e g o
(Semantics) . . § E 2 £ a 0 g
4} Semantic Understanding o e 2 5 7 £
= 5 = g E 5 o
. 8§ 8§ g @50
3) Syntactic Interoperability s T § g E %
@ a 2 F 3
Ln .
] =
Technical -
(Syntax) ¢ 2) Network Interoperability
1) Basic Connectivity " " ' .' ' " ‘

Li

Security and Privacy

Tt

Loading and Auditing
System Preservation

-
-

ISO/EC/IEEE standard 24765 defines interoperability
as “the ahility of two or more systems or components
to exchange information and to use the information
that has been exchanged.” Interoperability is valuable
because it
* reduces the cost and effort for system integra-
tion
* improves grid performance and efficiency
* facilitates more comprehensive grid security and
cybersecurity practices
* increases customer choice and participation
* establishes industry-wide best practices
* functions as a catalyst for innovation.



Sanal
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Atalet — Yazilim

le fiziksel etki

Frequency
Event — - — Without Virtual Inertia
l ——— With Virtual Inertia
—— Additional Virtual Inertia
-
N
=,
= —
g | -
g \ b
o —| p
2 \
w | .‘/ /
g Y] - I Reduction in
E — ~.Z | _ Frequency Nadir
P cios | 10305 ¢ 10-30 mins i > 30 mins
' Inertial'  Governor i Automatic Reserve
response  Response Generation Control Deployment

Tultiple time-frame frequency response in a power system following a frequency event.

===== From 2008 - 2010

From 2006- 2008 "

800 1000 1200
Power Loss (MW)

1400 1600 1800

Increase in frequency changes in Electricity Reliability Council of Texas (ERCOT) connection



Mikrosebekeler icin frekans standardi

Microgrid operation

| 1

%)
-] =
2 Grid connected Islanded / Isolated
- l _ 1
% : o * Primary frequency controller
8 * Frequencyis cnnlrc?l_led by main grid governoror controlled of voltage
> . Smgll ‘nurr_1ber of critical frequency source inverters
s deviation instances « Low-inertia (Critical Frequency
= deviations)
l
O IEEE recommended standard O IS0 Standard 8528-5 for Generators
* Recommendedrange = £ 0.036 Hz + Normal frequencyrange =+ 1.5Hz
O NERC recommended control actions » Critical frequencyrange =+ 9.0 Hz
* Frequency < 59.3 Hz automatically triggers first * Recoverytime =10 s
-"é' level of under frequency load shedding (UFLS) * Max. ROCOF = 0.6 Hz/s
i * Frequency below 57 Hz or above 61.8Hz =
= Disconnect Generator
# | O EuropeanNorm EN50160

* Frequency acceptable range = 49.5Hz to 50.5
| Hz for 95% time ofa week
* Frequency acceptable range = 47 Hz to 52 Hz for
100% time of a week

https://www.researchgate.net/publication/317937853 Virtual_Inertia_Current_Trends_and_Future_Directions



Elektrikli Arabalar - V2X

Vehicle to Home / Vehicle to Building
Emergency backup Vehicle to Grid

Energy from Nissan LEAF Energy from the Nissan LEAF

> > Electricity
A generated from can be used during an emergency can be returned to the grid
> '\ > > renewable energy to power home and office buildings and help stabilize it
o v sources such as
ﬂ solar can be stored ) '( >
in the Nissan LEAF
”'l\lllll'f N\ III LB Q= =
B 'r~
) >y ) ¥
= A v
Peak shaving v )
iz §11
: 1 < < < ol
% - '.__-. ——ta e A A V
R = = \l/
: ~(l i s
gL || M <
o 6 12 18 24 A ( A
A

Reduce electricity consumption —~ "I'?—F\\ —~ III'F%; ~ ""}":;
during peak period of energy demand
Save money on peak charges 2 > > —— S oy

A ‘ v Power your home Nissan LEAF prOVFdeS = rw £ £ 4 ro v

using Nissan LEAF, backup energy for 3 days
= and still have
~ 'A‘ enough energy
‘y ! A to drive *1. PCS Is the power conditioning system that allows you to convert power between LEAF and home, Availability of this technology varies by region,
*2 The benefit of saving money varies by region.  *3. Depends on the amount of electricity usage

Nissan to create electric vehicle ‘ecosystem’ https:/iglobal.nissannews.com/en/releases/release-
860852d7040eed420ffbaebb2241c3ea-nissan-to-create-electric-vehicle-ecosystem?



Ne kadar sar] noktasina ihtiyac var?
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https://energypost.eu/eu-pathway-to-3m-ev-charge-points-by-2030/



Hornsdale Gii¢ Rezervi

https://reneweconomy.com.au/how-the-tesla-big-battery-kept-the-lights-on-in-
south-australia-20393/



ESS In Service

Depolama ile Aktif SOnum ile Frekans KontrolQ

Inputs:
# Time reference from GPS clock.
~ System frequency measurement,
In PMU data format

Is power system
frequency
outside of control
dead band?

Additional Inputs:
¥ Generator rotor angle meas.

ESS modulates +/- real
power In proportion

to gen's rotor angle.

Meonitored
generator in-
service and power
angle <907 deg.?

ESS modulates +/- real
power in proportion
to power system freq.
deviation from
neminal.
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https://smartgrid.ieee.org/newsletters/january-2020/active-damping-with-energy-storage-to-improve-power-system-frequency-stability




Guney Avustralya 3.3.2017
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https://www.aemo.com.au/-/media/Files/Electricity/NEM/DER/2019/Technical-Integration/Technical-Integration-of-DER-Report.pdf



Python

home download examples documentation publications
animations forum

. L
PyPSA: Python for Power System Analysis P e ¢

PyPSA-Eur-30: Scenarios for Europe with 95% renewable electricity
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Makine Ogrenmesi ile Fiyat tahmini

import pandas as pd
from sklearn.neural network import MLPRegressor

pr=pd.read_excel("http://barissanli.com/python/2018-elektrik.xlsx" , sheet_name="2818-saatlik")
# pr.columns # verimizdeki sidtunlar

est = MLPRegressor(hidden layer sizes=(10,10), random state=9)
est.fit(prl[['genel toplam','l gunes']],prl'ptf’1}; #MLPRegressor ile modelimizi egitelim

est.predict([[30860,5000]]1)[6] # 30000 toplam talep ve 5000MW glnes ile fiyati bul

208.65588053172866

6 satir da elektrik fiyat tahminit!!!

https://github.com/barissanili



Makine Ogrenmesi Etkenleri

* Partial dependence

Computing partial dependence plots...

Partial dependence

Partial dependence
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Yapay zeka

New machine learning method could 10 Applications of Machine Learning in
supercharge battery development Oil & Gas

for electric vehicles

By KC Cheung
Last Modified Date: January 10, 2020

1. Accurate Modelling

2. Pinpointing Exactly Where to Dig with Machine Learning

3. Applying Machine Learning in oil & gas to Improve Subsurface Characterisation
4. Optimizing Drilling Operations

5. Solving Problems Quickly with Machine Learning Applications

6. Predictive Maintenance

7. Internet of Things

8. Predictive Software For Energy Purchases Customer Market

9. Replacing Manual Workers

10. Machine Learning to Predict Operational Outcomes

https://algorithmxlab.com/blog/10-applications-machine-learning-oil-gas-industry/
https://techxplore.com/news/2020-02-machine-method-supercharge-battery-electric.html



Energy Informatics — Hot topics

P6V2G: a privacy-preserving V2G scheme for two-way payments and reputation
Clustering time series applied to energy markets
State-based load profile generation for modeling energetic flexibility

Protecting the grid topology and user consumption patterns during state estimation in smart grids based on data obfuscation . >
Towards modular composition of agent-based voltage control concepts N
Distributed multi-objective scheduling of power consumption for smart buildings

Deriving policies from connection codes to ensure ongoing voltage stability ‘

Towards domain-specific surrogate models for smart grid co-simulation D.
Architectural and functional classification of smart grid solutions 5 .
Enabling architecture based Co-Simulation of complex Smart Grid applications \ ™

Impact of advanced electricity tariff structures on the optimal design, operation and profitability of a grid-connected PV system with en
Virtualising redundancy of power equipment controllers using software-defined networking

A cooperative demand-response framework for day-ahead optimization in battery pools

Designing an integrated socio-technical behaviour change system for energy saving

An optimisation-based energy disaggregation algorithm for low frequency smart meter data

Trust-less electricity consumption optimization in local energy communities

Comparison of solar power measurements in alpine areas using a mobile dual-axis tracking system

Trading solar energy within the neighborhood: field implementation of a blockchain-based electricity market

Visualizing and gamifying consumption data for resource saving: challenges, lessons learnt and a research agenda for the future
Forecasting cross-border power transmission capacities in Central Western Europe using artificial neural networks

A study on the impact of data sampling rates on load signature event detection

Pool detection from smart metering data with convolutional neural networks

https://energyinformatics.springeropen.com/
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https://energyinformatics.springeropen.com/articles/10.1186/s42162-018-0007-5



AB Yesil Paket

Mobilising research
and fostering innovation
Transforming the
Increasing the EL's Climate EU’s economy fora A zero pollution ambition
ambition for 2050 and 2050 sustainable future for a toxic-tres environmendt

A

Preserving and restoring
eeosystems and biodiversity

Supplying clean, affordable
angl secure ervengy

brom “Farm to Fork™: a fair,
healthy and erwironmentally
friendy food system

Muobilising industry
for a clean and circular econony

Building and renovatingin an Arcelerating the shift to
energy and resource efficient way sustainable and smart mobility

Leave no one behind

Fiinenracinmg thee brewrwsi bioas g
v I {Jusst Transition)

global leader Climate Pact




ArGe yolculugu

* Kurumsallasma/Kultar/Katilimcilik

e Standart Girisimcilik Modeli
— Kurum ici destek/mentor ekibi
— Kurum disi erisim (“yeni fikir” yarismalari)

— Kurum ici girisimcilik destekleri
- Ortak hareket (EPDK projelerine basvuru)



Tesekklrler

barissanli.com
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