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O FV Sektorinde Bugun ve Gelecek Hedefleri

Dunyada Fotovoltaik Kurulu Gug > 1 TWp (2022)

~ 0.5 TWp

IEA 2021: Sustainable Development Scenario + Net Zero Emission by 2050 Scenario
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Turkiye'de Fotovoltaik Kurulu Gug > 11 GWp (Eylul - 2023)
Gecen ay toplam Uretilen enerjinin ~ % 7’si gunesten elde edildi.

Turkiye’'nin ulusal enerji planina gore Fotovoltaik kurulu gicumuziun 2035 yilinda 53 GWp'e cikmasi hedefleniyor.

Kaynak: https://www.vdma.org/international-technology-roadmap-photovoltaic

https://enerji.gov.tr/Media/Dizin/EIGM/tr/Raporlar/TUEP/T%C3%BCrkiye_Ulusal_Enerji_Plan%C4%B1.pdf

https:, bsbilgi.teias.gov.tr/ytbsbilgi/frm_istatistikler.jsf
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Neden TarimGES ?
ve

Turkiye icin gereklimi ?
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Neden TarimGES ? ve Turkiye icin gerekli mi?

I Problem 2: Su stresi I

SDG 6.4.2 by major river basin
Il No stress (0 - 25%)
Low (25% - 50%)
Medium (50% - 75%)
Bl High (75% - 100%)
B Critical (>100%)
International country boundaries 4

Sebep: Fosil Yakitlar
Co6zlim: Yenilenebilir Enerji
En ucuz ¢6ziim: Glnes Enerjisi

I Agriculture
B Industry
Bl Services

https://www.fao.org/documents/card/en/c/cb6241en https://www.fao.org/3/cb6241en/cb6241en.pdf
https://discovery.ucl.ac.uk/id/eprint/10141956/1/ucloe-03-026.pdf

https://climate.nasa.gov/climate resources/300/video-climate-spiral/
https://svs.gsfc.nasa.gov/4975
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Neden TarimGES ? ve Turkiye icin gerekli mi ?

Problem 3: Turkiye’de su tuketimi ve tarimsal sulamada enerji maliyeti

Su tuketimi - Turkiye

Yaklastk 200 dekar tarim alani sulamasi icin tiiketilen enerji bedeli
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= Tarimsal Sulama === Hanehalki Sanayi Toplam Titeketim Fatura 2021 e Fatura 2022
Yillik Toplam Elektrik Faturasi
* Yaklasik 90,000 TL (2021)
* Yaklasik 240,000 TL (2022)
DSi 2019 yili verileri (Sol Grafik)
Ayas Akkaya Mahallesinde bir ¢ift¢i (Hububat, Sebze, Yem bitkisi)
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© }) Neden TarimGES ? ve Turkiye i¢in gerekli mi ?

Problem 4: Tirkiye'nin tahil ambari ic Problem 5: Fotosentez
Anadolu ve diger bolgelerdeki tarim
ureticisinin karsilastigl problemler

PAR: Photosynthetically active
Light limited €O, limited radiation (400-700 nanometre)

region region
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Respiration
rate

Dark respiration

400 m’lere varan derinlikten su c¢ikarilmasi
* Su kaynaklarinin kendini yenileyememesi
* Toprak kalitesinin dusmesi (Gizli Aclik)

http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0120-99652017000300323
https://microbialcellfactories.biomedcentral.com/articles/10.1186/s12934-018-1019-3 /figures/2
https://www.science-sparks.com/what-is-photosynthesis,
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@ | ) Tanmsal Fotovoltaik (TarimGES) Cesitleri

Cevaplanmasi gereken sorular (ArGe) ?

* Hangi Urun deseni ile Hangj tasarim ?

Tasarimin tarimla uyumu ?

TarimGES alti tarim nasil yapiimal ?

Hareketli tasarimlar i¢in nasil bir kontrol algoritmasi ?

TarimGES, nasil bir is modeli ile hayata gecmeli ?

- Kaynak: BayWé r.e.

oA
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Neden TarimGES? ve Turkiye i¢in gerekli mi?

ARTICLES NATURE SUSTAINABILITY
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Fig. 5 | Impacts of colocation of agriculture and solar PV panels
(agrivoltaic) over traditional (control) installations on irrigation
resources, as indicated by soil moisture. a,b, Thirty-minute average
volumetric water content (soil moisture) in the top 5cm of the soil in the
agrivoltaic and control settings. ¢,d, Differences between soil moisture in
an agrivoltaic setting and in control plots, where positive values indicate
additional moisture in the agrivoltaic setting. a,¢, A period when plots were
watered every two days. b,d, A period when plots were watered every day.

Fig. 6 | Impacts of colocation of agriculture and solar PV panels
(agrivoltaic) over traditional ground-mounted installations on the surface
temperature of PV panels. a, Thirty-minute average photovoltaic panel
temperature, as measured by a thermistor placed on the rear of panels.

b, Differences in panel temperature between the agrivoltaic and traditional
ground-mounted settings. Negative values indicate the degree to which
panels in the agrivoltaic setting were cooler. Positive values—indicating
warmer conditions—occurred during the night-time when the PV systems
were not operating.
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https://www.nature.com/articles/s41893-019-0364-5#citeas
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@ Ayas TarimGES

Ankara
Kalkinma
Ajansi

Ayas llce
Tarim ve
Orman

Mudarlaga I;qT?;l
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@ )) Ayas TarimGES

R Rl

Proje Suresi : 15 Ay (Ortak protokole gére 5 yil boyunca arastirmalar surecek)
Proje baslangici : 28 Nisan 2022
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@ )) Ayas TarimGES

Kaplama Oranina Gére Analizler

= kWh/m?2
—{ 1347.54< 100 LN UL L B B BN BN BN BN NN B B |
—_— = 1284.01 95 .
»- 1220.48 %0 \_\%3.’0—-/ |
= 1156.95 85 - :
S < %35 .
L 0
e 1093.42 = g0- \"\___d/ 1
2 1 < ]
F 966.35 704 ]
—— 902.82 '
= %51 %40 ]
e 839.29 60
LA R DL B R LN R R LA B R L |
== "} Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
- 775.76 Months
<712.23
G d,aT GES alt
PAR(d) = Shor(@@TarunGES alty) o 46y o,

Ghor(TartmGES dist)

PAR (d): https://doi.org/10.1016/j.rser.2020.110694

@ optu gunam S lar s O
vizyon



https://doi.org/10.1016/j.rser.2020.110694

@ )) Ayas TarimGES

Tob'ra.k Sicaklik ve Nem Sensori
.. PAR Senséri

Mgteorolojik
Istasyon

1A,...,6A: TarimGES alani
1B,...,6B: Referans alan

Ekim Alanlar
1A ve 1B 2A ve 2B 3A ve 3B 4A ve 4B 5A ve 5B 6A ve 6B
1. Ekim Domates Biber Salatalik Havug Ispanak Kirmizi Lahana
2. Ekim - - - - Ispanak -
@ QuQIMUwg«.l‘(lNﬁM S Ia r www.odtugunam.org @
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@ )) Ayas TarimGES

Tamamlanma Tarihi:
30 Haziran 2023
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Ayas TarimGES
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Referans
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Ayas TarimGES - Biber
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@ | ) Ayas TarimGES - Salatalik
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Ayas TarimGES - Havug

Referans
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@ |) Ayas TarimGES - Ispanak
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© )) Ayas TarimGES - Kirmizi Lahana
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.) Ayas TarimGES - Cevresel Kosullarin Olgiimii
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6’sI TarimGES altinda, 6'si Referansalandaki-Olcimlerde kullanilan ¢esitli sensorlerden 250 parametre takip ediliyor.
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@ Toprak Sicakligi_Domates_Agustos-Eylul-Ekim

Temperature °C

© |) Ayas TarimGES - Toprak Sicaklig

Domates

@ Toprak Sicakhgi_Domates_Agustos-Eylul-Ekim
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Flow Sum L

Ayas TarimGES - Toprak Nemi ve Sulama

@ Sulama_Agustos-Eylul-Ekim
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@ Sulama_Agustos-Eylul-Ekim

W Flow = Flow Sum
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@ Toprak Nemi_Agustos-Eyltl-Ekim
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® }) Ayas TarimGES - Ara dénem havug verim analizi Havue &

Referans

TarimGES

Alan

.Jin'»;s'm‘;M;MUJ.“II Il

Yesil (Ot) Kismi ile Birlikte Agirhik

Temizlenmis havug Agirlik
Ortalamasi

Ortalamasi

AGRO-PV ALANI REFERANS ALAN AGRO-PV ALANI REFERANS ALAN
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@ ) ) Ayas TarimGES - Verimlilik
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B TarimGES ™ Geleneksel GES

Hasat Tarihi Uriin TarimGES

4/10/2023 Sivri Biber 32 Kg

Referans Alan  174,uncEs

40 Kg

% 80

Narazinin ikili kullanvmi = NTarim T nEnerji

NArazinin ikili kullanimi

=80+ 78

NArazinin ikili kullanimu

= % 158
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@ )) ODTU-GUNAM TarimGES Projeleri

Projeler
* AKA, Ayas TarimGES (Kabul edildi, Devam ediyor)

* 1004, S-ATP Platform, (Kabul edildi, Baslangic: 15.08.2023)
* Horizon 2020, PV4Plants (Kabul edildi, Baslangic: Ocak 2023)

> (3)siPv (+) EmPV

* Horizon 2020, SolarHub (Kabul edildi, Baslangic: Ocak 2023)
Ozel Sektér Projesi, Konya TAGEM
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@ Tarima Entegre Fotovoltaik Sistemler

ODTU-GUNAM Vizyonu

* Yasal diizenleme igin dogru veriler saglamak,

* Tarimsal uretimin devamini garanti altina alan is modellerini gelistirmek,

* Tarim-GES tasarim metodolojisini belirleyecek veri setini olusturmak (icin bitki ve iklim bolgesi bazinda),

* Tarnm-GES icin uygun tarim trunlerini belirlemek (TAGEM, ziraat fakulteleri ve sektor temsilcileri ile),

* TarimGES’e 0zel dijitallesme/robotiklesme saglayabilecek yazilimlar/donanimlar gelistirmek.

ODTU-GUNAM Tarima Entegre Fotovoltaik Sistemler Arastirma Grubu

* Dog. Dr. Talat Ozden

* Doc. Dr. Selcuk Yerci

* Prof. Dr. Rasit Turan

* Dr. Duygu Kuzyaka

* Dr. Bilge Senturk

* Arastirmaci Ahmet Hamdi Aksoy, Arastirmaci Ridvan Celik,

* Arastirmaci Omer Yalgin, 3 Geng arastirmaci

* Dog. Dr. Ozan Keysan, Doc. Dr. Pinar Derin Gure, Dog. Dr. Seven Agir
* Doc. Dr. ipek Giirsel Dino, Dilara Giiney

Tarim Ortaklarimiz

* TAGEM

* Ziraat Fakulteleri (Ankara, Erciyes, ...)
* l/ilce Tarim ve Orman Mudurliikleri

* Ciftciler / Tarim Ureticileri

Isbirlikgilerimiz

* Sektorel STK’lar

* Panel ureticileri

* Taslyicl ve hareketli sistem ureticileri

@ obtu GuNnAM S lar
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ODTU- GUNAM
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ODTU-GUNAM

ODTU-GUNAM, giines enerijisi bilimi ve teknolojisi alaninda arastirma gelistirme

yapan disiplinlerarasi bir mikemmeliyet merkezidir.

ODTU-GUNAM alaninda kiresel bir oyuncu olma misyonuyla, zengin altyapisi ve é

beseri sermayesi ile, fotovoltaik ve yogunlastiriimis glnes termal enerjileri R
yanisira yluksek performansli binalar, akilli sehirler, akilli sebekeler gibi son

teknolojiler dahil olmak lzere gunes enerjisi teknolojilerinin gelistiriimesinde lider

ve en kapsamli ulusal merkezdir.

/7 N\
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© )) insan Kaynagi

B Arastirmaci (PhD)

B Arastirmaci

M Bursiyer
idari
M Teknik
Arastirmaci (Diger): 39
Bursiyer: 41
idari : 17

Teknik Personel: 9

@ optu gunam S lar 33 r——
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@ ODTU-GUNAM Arastirma Alanlari

r

Bilim ve Teknoloji Birimleri

Silisyum FV Gelisen FV
Teknolojiler Teknolojiler
Guc¢ Elektronigi ve Yogunlastiriimig
Sebeke Isil Glines
Teknolojileri Teknolojileri

Moduil
Teknolojileri

Test ve
Karakterizasyon
Teknolojileri

=]

@ optuGunam S lar
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@ ODTU-GUNAM Fotovoltaik Hatti (GPVL)
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@ 7. Cerceve Programi, Ufuk 2020 & Ufuk Avrupa Portfolyosu

.""Laser4PV."..
3 PERSEUS

.
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PV geri déniisimii = FLUWS :
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Tarima Entegre Fotovoltaik Sistemler: Literatlr
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_ _ L - _ s o Referans alana gore
Kaynak Bolge Bolgenin Iklim dzelligi Panel Sistem Ozellikleri Kaplama Oram Tanmsal Gnin tanmsal iirande degigim
. . Domates (cherry) %200 artig
Baron Gafford (2019) ' orth ©f Tuscon, AZ, Sicak ve kurak 3.3 m ykseklik, %62 Aci biber (Chiltepin) %300 artig
Usa 329 egimli . L .
Meksika biberi Degisim yok
% 35-45 Lahana Degigim yok
Giiney yanelimli %15 Pazi (+)
Hudelson ve Licth Davis, California, USA Sicak ve kurak <43 Dnrpates Degigim yok
(2021) Tek eksen giinesi takipli %15 Biber )
3l takip %45 Biber Degigim yok
%15 Ispanak (-
Tek eksen gunesi takipli %50 2010 yilinda %58 (-)
" Akdeniz iklimi 4 m yikseklik ’ 2011 yvilinda %21 (-)
B I [ (R (Sicak ve kurak) 259 egimii %30 Marul 2010 yilinda %19 ()
0,8 m geniglik 2011 ywhinda %1 (-)
2017 yilinda %18 (-)
5,5 m yiikseklik Patates 2018 yilinda %11 (+)
8.5 m arahk _ 2017 yilinda %18 (1)
Baden-Wirttemberg, 232° azimuth 2018 yihnda %12 (+)
Trommsdorff (2021) Almanya Sert kig ve sicak yaz Gift yiz¥ panel %33 Vonc 2017 yilinda %5 (-
1944 kW 2018 yilinda %8 (-)
207 egimili 2017 yilinda %19 ()
Kihik bugiday 2018 yilinda %3 (+)
_ ) %48 519 (-}
valle (2017) Lavalette, Fransa lhman iklim 5 Tlfi'gi’sﬁi"k %37 Marul %27 ()
%d2 %29) ()
Amaducci (2018) %13 %4,3 (+)
. ) Tek ekzen gunesi takipli %13 %12.5 (+)
A Simulation Study OF Hﬂmagi;ai Bolgesi, Sicak ve kurak 309 egimli Misir
Agrovoltaic System va 4,83 m ylkseklik %36 %54 (+)
(1987-2004 Verileri ile) %36 %10,8 (+)
Bahar hasadi
523 (-)
%35 523 (-)
_ ] Akdeniz [klimi %20 522 (-)
Elamn (2018) Montpellier, Fransa B e %30 Marul Yaz hasad
%50 %14 (-)
518 (-)
531 (-)
sclar
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