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OZET

Bu kitap, sebekeye bagli giines enerji santrallerinin (GES)
izlenmesinde dijitallegmeyi, 6l¢iimden eyleme uzanan bittinliklii bir
zincir olarak ele almaktadir. Santralin gelirini belirleyen buyiiklitk
kurulu gii¢ degil, gercekten sebekeye verilen enerjidir; bu enerjinin
beklenenden neden diisitk oldugunu zamaninda, dogru nedene
atfederek ve diisiik maliyetle belirlemek ise 6l¢ciim, haberlesme, veri
ve analitik altyapisinin kalitesine baghdir. Kitap bu altyapiy1 bes
diizeyli bir dijital olgunluk cercevesi (6l¢iim, izleme, analiz, 6ngori,
ozerk isletme) ile diizenler.

Kitapta once giines enerjisi pazari, santral mimarisi ve enerji
kaybi kaynaklari, ardindan IEC 61724 serisi ve IEC TS 63019
gercevesinde performans gostergeleri (performans orani, enerji
performans indeksi, kullanilabilirlik, performans kayip orani) ve
olgiim Dbelirsizligi ele alinmigtir. Izleme mimarisi, haberlesme
protokolleri, veri yonetimi ve veri kalitesi hatt1 tasarim ilkeleriyle
birlikte verilmis; beklenen enerji hesabi, kayip ayristirma, kardes
karsilagtirma ve istatistiksel siire¢ kontrolii (Shewhart ve CUSUM)
performans analitigi bashg: altinda incelenmistir. Ariza tespit ve
teshis, makine 6grenmesi ve yapay zekanin yerleri ve sinirlari, yazarin
elektroliiminesans (EL) goriintiilerinden hiicre hasari siniflandirmasi
caligmalarinin izleme siirecine baglanmasi, dijital ikiz, isletme ve
bakim siirecleri, Tiirkiye mevzuat ve piyasa baglamy, siber giivenlik ve
veri yonetisimi ayr1 boliimlerde islenmistir.

Yontemlerin davranigi, tamami sentetik olarak iretilmis
veriyle gosterilmistir. 150 giinliik bir kalint1 serisinde CUSUM
yonteminin %1,5'lik kalic1 bir kayb1 2 giin, giinliik 30 esiginin ise 9
giin sonra tespit ettigi; 2.000 kosuluk Monte Carlo kargilastirmasinda
bu avantajin kiigiik kayiplarda belirginlestigi, yaklasik %3 ve
tizerindeki kayiplarda ise ortadan kalktig1 gosterilmistir. 50 MWp'lik
varsayimsal bir santral i¢in yaklagik 17.710 veri noktasi, 1 dakikalik
kayitla yilda yaklasik 112 GB ham veri ve bir ylizde puanlik enerji
kazancinin 40-80 ABD$/MWh fiyat araliginda yaklasik 32.000-



64.000 ABD$/y1l deger tasidigr hesaplanmigtir. Bu sayilar gercek bir
santralin 6l¢timi degildir; yontemi gostermek amaciyla tiretilmistir.

Kitabin savi sudur: izlemenin degeri, tespit algoritmasinin
karmagikligindan ¢ok, hi¢bir kaybin uzun siire goériinmez
kalmamasini saglayan kapsamdan, veri kalitesinden ve tespitin
dogrulanmis bir saha miidahalesine déniigmesinden gelir. Kitap, tiim
santraller i¢in asgari bir paket, orta ve biiyiik santraller icin ek 6neriler
ve ii¢ asamal1 bir uygulama yol haritas: sunmaktadir.

Anahtar kelimeler: giines enerji santrali, performans izleme,
dijitallesme, veri kalitesi, ariza tespiti, dijital ikiz, yapay zeka, isletme
ve bakim.



ABSTRACT

This book treats digitalisation in the monitoring of grid-
connected photovoltaic (PV) power plants as a single chain running
from measurement to action. A plant's revenue depends not on
installed capacity but on the energy actually delivered to the grid, and
finding out in time, at low cost and with the correct cause why that
energy falls short of expectations depends on the quality of the
measurement, communication, data and analytics infrastructure. The
book organises this infrastructure with a five-level digital maturity
framework (measurement, monitoring, analysis, prediction,
autonomous operation).

The text first covers the solar market, plant architecture and
loss sources, then the performance indicators defined by the IEC
61724 series and IEC TS 63019 (performance ratio, energy
performance index, availability, performance loss rate) and
measurement uncertainty. Monitoring architecture, communication
protocols, data management and a data-quality pipeline are presented
with  design  principles; expected-energy modelling, loss
decomposition, peer comparison and statistical process control
(Shewhart and CUSUM) are treated as performance analytics.
Separate chapters address fault detection and diagnosis, the role and
limits of machine learning and artificial intelligence, the connection
of the author's electroluminescence (EL) based cell-defect
classification work to the monitoring process, digital twins, operation
and maintenance processes, the Turkish regulatory and market
context, and cybersecurity and data governance.

Method behaviour is demonstrated with fully synthetic data.
In a 150-day residual series, CUSUM flagged a persistent 1.5% loss
after 2 days against 9 days for a daily 3o threshold; a 2,000-run Monte
Carlo comparison shows that this advantage is concentrated in small
losses and disappears (even reverses slightly) for losses of about 3%
and above. For a hypothetical 50 MWp plant the book computes
about 17,710 data points, roughly 112 GB of raw data per year at one-



minute logging, and a value of about USD 32,000-64,000 per year per
percentage point of energy gain at USD 40-80/MWHh. These figures
are not measurements from a real plant; they are generated to
illustrate the methods.

The central claim is that the value of monitoring comes less
from algorithmic sophistication than from coverage that keeps any
loss from staying invisible for long, from data quality, and from
turning each detection into a verified field intervention. The book
offers a minimum package for all plants, additional
recommendations for medium and large plants, and a three-stage
implementation roadmap.

Keywords: photovoltaic power plant, performance
monitoring, digitalisation, data quality, fault detection, digital twin,
artificial intelligence, operation and maintenance
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amaciyla yapay zeké tabanli yazim araglarindan yararlanilmig; icerik
yazar tarafindan gézden gecirilip diizenlenmigstir. Kitabin igerigine
iliskin tiim sorumluluk yazara aittir."

Miktat AKTAS, PhD
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