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SOLAR ENERJI TEKNOLOJILERI &
UYGULAMA ALANLARI

Idris UNAL
Bireysel Cozumler Satis Takim Lideri



Biz Kimiz ? g
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FORM ELEKTRIK 2000 yilinda Elektrik Miihendisleri
tarafindan Ankara’da kurulmus, 9 farkl (ilkede
1500den fazla miisteriye elektrik miihendisligi
¢oztimleri sunan bir sirkettir.

Bugiin 7323 m? kapali alana sahip fabrikasinda
satis, satis sonrasi teknik destek ve yazilm
coztiimlerini 40 kisilik uzman ekibiyle sunmaya
devam etmektedir.




Biz Kimiz ?

OG KORUMA COZUMLERI

OG koruma cihazlarinin satis
ve teknik servisi

Scada projeleri ve scada
adaptasyon

Saha testleri ve raporlanmasi
Kullanicilar igin egitim ve
sertifika hizmeti saglamak.

é
\‘l formelektrik

ENERGY FOR A SAFER FUTURE

E THYTRONIC

NOJA POWER
HORSTMANN

GERMANY

61Grid Tab




Biz Kimiz ?
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E-MOBILITE COZUMLERI

« E-Mobilite Servis eMobility Power System

Saglayicisi(EMSP)
« Sarj Operatérligi(CPO)
 AC ve DC sarj istasyonlari

satig ve kurulumu
« Proje ve dizayn hizmetleri RDWATT




Biz Kimiz ?
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DEPOLAMA COZUMLERI

@ Al=SS

* Proje ve Dizayn Hizmetleri
« Salis ve satis sonrasi teknik
servis hizmeti

. Stipervizérliik G R DWATT




Biz Kimiz ?

SOLAR GOZUMLER

Inverter satis ve teknik destegi
Ozel izleme yazilimi tasarimi
Proje dizayni (kii¢lik depolama
vb.)

Kullanicilar igin egitim ve
sertifika hizmeti saglamak.
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GROWATT

[s<1Dyness

ENERGY STORAGE SYSTEM

IMPETUS

view



Yillik Uretim Kapasitesi 30
GW

1600+ Istihdam

400+ AR-GE Miihendisi

110+ Patent

TUV, INTERTEK onayli
Laboratuvar

(T
TN

B!

e lacr i

GROWATT

il g | CrEE R E
i : : ' Sl &
: - [
2
e e :
i’ ! 1 T
= | :




Cozumlerimiz

/ ON GRID \

COZUMLER

e 750W — 253kWe
. 1P-3P
« Oz Tiketim

N

/

/ OFF GRID \

COZUMLER

- 2kW — 30kWe
- 1P-3P
- LiFePO4

N

/" HIBRIT

COZUMLER

GROWATT

o 3kW — 30kWe
e 1P-3P
 LiFePO4

« Oz Tiketim

/

GROWATT

7 iZLEME )

COZUMLERI

e Uzaktan Kontrol
e Servis Yonetimi
« Urlin Takibi

/




On Grid Cozumler

GROWATT

®

Growarr GRowart
GROwATT

« 6o e
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GROWATT

MIC750 - 3300TL-X MIN2500 - 6000TL-X MOD3 - 15KTL3-X MID15 - 50KTL3-X

1P 1 MPPT 1P 2 MPPT drdlo s 3P 2-4 MPPT

Growar - o {
GROWATT 4 GROWATT | A Grrowau \ £

w - b- NERREN NENEEE v @ =g

grr Tt T . EATmAImgnngm -y
MAC30 - 60KTL3-X LV MAX50 - SOKTL3-X LV MAX100 - 125KTL3-X LV MAX185 - 253KTL3-X HV

3P 3 MPPT 3P 6-7 MPPT 3P 10 MPPT 3P 10-15 MPPT



On Grid Cozumler

GROWATT
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Solar panel MIN 2500-6000-X/XH Grid
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Load



On Grid Cozumler

GROWATT
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PV Array MAX 50-80KTL3 LV/MV AC Combiner Box ACPD MV substation Grid



On Grid Cozumler

GROWATT

MIN2500 - 6000TL-X
1P 2 MPPT

GROWATT

Datasheet MIN 2500TL-X |MIN 3000TL-X ] MIN 3600TL-X | MIN 4200TL-X | MIN 4600TL-X | MIN S5000TL-X | MIN 6000TL-X

Input Data (DC)

Mo, recommendead PV power

fox radule SIC) 5880w S440W J000W 8100w
Max. DC voltoge 5500 550v 550V 5500
Stat voltoge 1000

Norninal volage 3800

MPP yoltage range BOV-550/ BOM-550V BOV-550V B0V-650V
Mo of MPP tackes &

No. of PV slings per MPP fracker 1

Max. input cusent per MPP Tacker 13.54%

Mape. short-circuit cument

per MPP tiacker 1694

Output data (AC)

AC nominal power A200W A500W S000W S000W
Ma. AC apparent power A2000A A600MA S000VA H000MA,
Nominal AC voltage  (sange*) 230/ (180-280V)

AC gid frequency (mnge*)
Max. output cument

Adjusiable powar focion

50/80 Hz (45-66Hz/55-65 Hr)

198 2094 274 2724

0.8aading. ..0.8againg

THDI <3%

AC gid connaction ype Singge phase

Mo efficiency 98.4% 98.4% 08.4% $8.4%
Euopeon afficiency 97.5% 97.5% 97.5% 97.5%
MPPT afficiancy 99.9%

Protection Devices

DC reverse polaity protection
DC switch

AC/DC suge protection
Insulation resisiance monitoing
AC shorl-ciecuit protecion
Ground fault monitodng

Gid monitoring

Anti-gianding pratection
Residual-cument moniodng unk
AFCI protection

T=H]
Ve
Tvpe W/ Typa il



On Grid Cozumler

GROWATT

Input data (DC)

Mo ecommendad PV powes
(for moduie STC)

22600W 2EE00W 0000w 3000w ATE00W

Mox DC volioge 1100
51t Viokoge 250

© Momind votage 80V

®
® MFPT wolioge onge T0W-1000
GRowarr
Mo, of MFP tockes 2
Mo, of PV stings per MPP Tocker 2 2 2 2 23
M. input curment per MPPT tocker 27A 27a 27A 2TA 2TAA0.54
Max. shart discuit cumant par MPFT A3.84 338A 33.88 3384 A3.8A/B0.TA
Output data (AC)
Rated AC output power 1 SO0 17000W 20000 Z2000W ZROOIW
Mo, AC apparent power 145600A 18800VA 22000nA 24400VA ITTONA
" Nominal AC voitogsangs*) 220V380V, 230V/400V (340-440V]
] AC grid frequencyjrongs*] S0V60 Hz (45-55H7/55-65 Ha

o o, output cumsnt 24.24 2T AN 1R 3554 4024
Adjusiobie power fochor 0.8ecdng...0. Bogging
THDI =3
AT gid connaction type IW+N+PE

MID15 - 25KTL3-X Efficiency
3P 2-4 MPPT Mo ficiency 98.75%

Ewnpeon effcency PB.6%
MFFT eficency PR
Protection devices
O revems polorty protecion A=H
DC Switch p=H
ACDC surge protecion Typel/Type i
Insulaion redsionce monfodng p=H
AC shor-cihout paofection Yas
Gound foult monfodng e
Giiid maoniiodng Yas
Ani-slonding pooEcion Yas
Residud-cument moniicdng uni A=
Shing maoniiodng A=
AFCI prodaction Optional



On Grid Cozumler

GROWATT
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MAX100 - 125KTL3-X LV
3P 10 MPPT

GROWATT

Datasheet MAX 100KTL3-X LV MAX 110KTL3-X LV MAX 120KTL3-X LV MAX 125KTL3-X LV
Input data (DC)

Max. DC voltage 1100V

Start voltage 200V

Norninal voltage 600V

MPP volioge range 200v-1000V

No. of MPP trackers 10

No. of PV stings per MPP tacker 2

Mazx. input current per MPP tracker 30A

g&fﬁﬁ& Ikc;tr.m cumrent A0A

Output data (AC)

AC nominal power 100000W 110000W 120000W 125000W
Max. AC apparent power 110000VA 121000vA 132000VA 143000vA
Nominal AC voltage({range*) 230V/400V(340-440VAC)

AC grid frequency (range*) 50/60 Hz{45~55Hz/55-65 Hz)

Max. output curent 14434 158.8A 173.24 180.4A
Adjustable power factor 0.8lecding ...0.8lagging

THDI 3%

AC grid connection type 3W/N/PE

Max.efficiency 98.70%
European efficiency 98.40% 98.50% 98.50% 98.50%
MPPT efficiency 99.90%

DC reverse polaiity prateciion Yas

DC switch Yes
AC/DC surge protection Type Il / Type Il
Insulafion resistance monitoring Yos

AC shortcircult protection Yos
Ground fault monitoring Yas
Sting detection Yas

Anti PID function Opt

Arc fautlt detection (AFCI) Opt



On Grid Cozumler

GROWATT

Ark Koruma

Yanlhg 0Uran secimi, montaj hatalari veya yaslanmaya bagl izolasyon kayiplari, ark
olusumuna neden olabilmektedir. DC hatta olusabilecek ark hatalari, yangin riskine teshir
edebilecek en onemli faktorlerdendir.

Growatt, Ark Koruma Ozelligi (AFCI) ile ihtiyaciniz olan givenligi saglamaktadir. UL1699B
Standartina gore Ark Hatasi 2.5 saniyenin altinda tespit edilmelidir. Growatt, bu testleri 0,75
saniye ortalamasi ile gecerek en hizli tepkime suresine sahip solar inverter unvanini
almistir.




On Grid Cozumler

-V Analizi

-V, P-V Grafikleri ile
her bir MPPT’ye
bagli Panellere ait
performansi analiz
edebilirisiniz.
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On Grid Cozumler

GROWATT
Anti PID !

— 40
— 80
— 100

Current [A]

Potansiyel Kaynakh Bozulma: Tuim
fotovoltaik  sistemlerde, bir modulun
cerceveleri ve gunes goOzeleri arasinda 1
gerilim farklari meydana gelir. Ozellikle |
nemli hava ve yuksek  sicaklik 00 o 02
kosullarinda, panellerin  performansini
etkileyerek %20 veya daha fazla uretim
kayiplarina yol acabilecek istenmeyen
kacak akimlara neden olabilir.

Bu etki “Potansiyel Kaynakli Bozulma”
olarak adlandiriimis ve “PID” olarak
kisaltiimigtir.

Voltage [V]




On Grid Cozumler

GROWATT
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SMART METER T
Oztiiketim Uygulamalari icin Enerji Analizorii “:

*Tek invertorli Oztiiketim Projeleri igin uygundur

*Direk veya Akim Tr. Baglanti "
*RS485 Haberlesme 0=
*Monofaze/Trifaze Q




On Grid Cozumler

GROWATT

Growary —
et Y s _—
PV Array MAX 50~80KTL3 LV | ! g Smart Energy Manager
1 Load
SMART ENERGY MANAGER ' . | E}—
Oztiiketim Uygulamalari igin Enerji G = ! m
Analizori . N i
" us r-—-:‘q
*Coklu Invertorlt Oztuketim Projeleri PV Array MAX 50~80KIL3 LV Grid

icin uygundur
*Kompakt Tasarim
«Akim Tr. Baglanti
*Dahili Shine Master
*RS485 Haberlesme



Off Grid Cozumler

SPF2000 - 5000 HVM Serisi

Growart

24V - 48V Batarya Giris Gerilimi
Lityum Batarya Destegi
Uzaktan Kontrol ve Takip
Sistemi

SPF3500 - 5000ES

48V Batarya Giris Gerilimi
Lityum Batarya Destegi
Uzaktan Kontrol ve Takip
Sistemi

GROWATT



Off Grid Cozumler
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Giroware

Growatt SPF 2000/5000 HVM

—

SPF 2000TL SPF 3000TL SPF 2000TL SPF 3000TL SPF 5000TL
ABVDC

Battery \oitage 24/DC

Batery Type Litiurmy/Lead-acid

INVERTER OUTPUT

Rated Power 2000VA) 2000W 3000V 3000W 2000vA) 2000W 3000 3000W 5000vAY 5000W
Parallel Capability Mo Nof Yes. & units masmum
it oo

Surge Power AD00NA G000NA A000MA H000MA 10000vA.
Eftciency (Paak) 93%

Wervelonm Pure sine wave

Trangier Time 10ms fypical 20ms Max

SOLAR CHARGER

Madmum PV Aray Power 1500W 18004 A500W
MPPT Ronge @ Opaating Violtoge 3WDC ~ BOVDC HNVDC ~ 118/DC

e e e

mapg}upngn noent MPP Trockers/ 1M

Mepdmumn Solar Charge Cusrent L) 304 BOA
Mendmum Efficiency Q8%

Charge Cusent 304 154 &l

AC Input Viollage 230 VAC

Selectanie Viollage Range 170280 WAC (For Persona Cormputers) : 90-280 VAC (For Home Applances)

Fequency Range S0Hz/40Hz [Auto sensihg)



Off Grid Cozumler

e

Growatt SPF 3500/500ES

et
N

GROWATT

oo

Batlery Voltage ABVDC

Battery Type Lithium/Lead-acid

INVERTER OUTPUT

Rated Rowes A500VAY 3500W S000vAf S000W
Paraliel Capabilty Yes, & units Maxmun

AC Voitoge Regulation

[Battery Moda) 23VAC + 5% @ S0/60Hz

Surge Power 7000MA 10000WA
Efficiency [Fack) 93%

Wavaiom Pure sine wave

Transter ime 10ms typical, 20ms Max

SOLAR CHARGER

Madmumm PV Amay Powen A500W S000W
MPFT Range @ Operdating Voltage 120MDC ~ 430VDC

Nurriber of Independent MPP Trackes! 1N

Shings Per MPP Trocker

Mairmum PV Amay Open

Cirevit Volage 450400

Maxinum Sokx Charge Cument BOA 1008
AC CHARGER

Charge Curent H0A BOA
AC Input Vdtoge 230VAC

Selpciable Voltage Range 170-280 WAC [For Pessonal Computers) | 90-280 VAC [For Home Applances)
Frquency Ronga 50Hz/60Hz (Ao sensing)



Off Grid Cozumler
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GROWATT

Teknik Ozellikler

ARK LV

Batarya Gerilimi

51,2Vdc

Batarya Tipi Lithium Iron Phosphate (LiFePO4)
Depolama 2,56 ~64 kWh
Back Up 2~50 kW@230VAC

Kullanilabilir Kapasite

2,30 kWh~57,5 kWh

Sarj / Desarj Gerilimi 47,2 ~56,8 Vdc
Sarj / Desarj (A) 25A / 25A
Dongii >6000
Garanti 5vil
0SS/Shineserver v

/ShinePhone




Off Grid Cozumler
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ROWATT

Teknik Ozellikler

30 kW AC Sebeke Bagimsiz

PV Giicii 48,6 kWp
AC Giicii 30 kW Mono & Trifaze
Batarya Gerilimi 48 Vdc

Depolama (ARK LV)

64kWh Lityum Batarya

0SS/Shineserver
/ShinePhone

v




Hibrit Cozumler

e 9 0

GROWATT

SPH4000-10000TL3BH UP
3P 2 MPPT

GROWATT

Datasheet

Input data(PV)

AT £000W 7500W 000W 105000 120000 15000W
Max. DC voliage 1000

Start vollage 120V

MPP wolfage range 12001 00000/

Mo, of MPP fackes 2

No. of PV stings per MPP frackes 1

Mo, input cument per MPP tracker 1354

Map. shod-ciscult cusent per MPP tracker 1694

Output data(AC)

AC nomind powar A000W 5000W HO000W 7000W B000W 10000W
Man. AC cpparent power 20006 5000vA S000VA 000VA BOOOVA 1000044
Nomind AC vollags ange*) 230V/400V (310~476V)

AC gid frequency (knge) SOHES0Hz (45H-S5HEBEHE 65HE)

Max. output cusent 61A 7.6A Q1A 1064 12,14 1524
Adjusianie power factor 0.8kading...08bgging

™D =3%

AC gid comneclion tyoe 3W+N+PE

Battery votage Kange 100~550¢

Mo chaging and discharging cument 284

Caninuous charghng and dischaging power A000W 5000W HO00W 70000 BOOOW 10000W
e of batlery ihum/isad-ocid

Man. AC output power A000W S000W HO00W 7000W B000W 10000W
Man. AC cpparent power 20006 S000vA S000VA 000VA BO0OVA 1000048
Man. output cusent 61A 7.64 Q1A 1064 12,04 15.2A
Nomindl AC output vollage 230400V

Nomind AC output fequency S0M60HZ

OV <3%

Switch fime <10ms

Max. afficiency 97.6% 97.68% P8.0% 98.2% 98.2% 98.2%
Eusopaan efficiency 97.00% 97.5% 97.5% 97.48% 97.4% 975%
Euro battery dischasge efficiency 97.48%

MPET sfficincy 9.9%




Hibrit Cozumler

GROWATT

SPH 4000-10000TL3 BH-UP

-
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Solar panel

Grid

o 9

Back-up load On-grid load

ARK HV Battery System



Izleme Coziimleri

ROWATT

GROWATT —=2azgp Growatt global photovoltaic power plant monitoring system AgSs<=—

A 8444926 .8

\ 3703.44 ota ergy (MW
211 13661.85 ] > S Y
° 5. e
’

Last 7 days energy

.
. " 1 S X
o4s22 [N Z.
) 5
i B l l
station construction
-

° E

Stabons Devices Users.
8o0378 813419 1152121

() ShineMaster

ShineWifi/lGPRS - X ShineLan- X ShineWifi/lGPRS - F ShineMaster



Izleme Coziimleri

ROWATT

':é:' Solar . Storage Production

0. OkWh 2. 5kWh 0.0kWh 2.8kWh

T Total Total

=r: 181W/235VA

m Charged . Power Grid Consume h Load Consumption

0.5kWh 7.1 kwh 1 2.9kWh 82.2kWh 1 2.4kWh 80.2kWh

Total To Total Total

Energy Trend 2020-10-18 Time

n

® Solar @ Storage Production @ Load Consumption @ Power Grid Consume



Izleme Coziimleri

Cihat ges v

QTire

& Installation date

8.4kWp 2020-10-10

Today(kWh)

7.9

ZIMonth oo Total
49.6kWh 52.1kWh

AXE5A1114D

Solar: OW

Battery percentage: 100%
Charging power: 0.0W

o Import: 181W

Generation

Solar production
Storage production
Import from grid

Load consumption

J Load consumption:181W/

236VA

{ Oss Cihat ges v

Import from grid
Load consumption

Tota

Charge and

Power|Energy discharge

Total

© 2020-10-19 (®)

Charge:0.5kWh

DisCharge:12.5kWh
0%
Discharging
O0kWh/0% 12.5kWh/10

My device list >

. 14D Online
Bat

™ SN

€ Model

ROWATT

AXESA1114D

AXE5A1114D
SPF 3000TL HVM-24

Online

4

soc:75%

368.0w

Charging power

4: E-discharged today 0.0kwh p[l] E-discharged total 2.8kwh

Time

Real time Data

Month

() 202010 &) EpvMonth

kWh

(S

Events

&

Control



Izleme Coziimleri

GROWATT

14:47 |1,5KB/s & B *+- 2 il Bl GD 14:47 |4,4KB/s D B - 2 Sl @l GD 14:47 |1,9KB/s & B ++- 3 Ml Bl GD 14:49 | 0,4KB/s (5 @2 - 2 Sl @l GD
Dashboard + Service < My question : .
ya Cancel ~ Submit questions Yes
Cloapixt MAX 60—100KTL3 MV warning 2020-0 2t
99%. S Title: Konu Baghdgini Yaziniz
100KW teknik@formelektrik.com: j
v Month
| [ 4 10271.2kWh Type:Please select question type ¢
Device SN: Cihaz seri numarasini giriniz Click for
Total
15595.5kWh Phone number:5332804717 $

Konu ile ilgili soru veya talebinizi yaziniz, var ise fotograf

75 Current power QkW Q My consultation ekleyiniz

warning

Day Revenue This month Total Information Center
$129.5 535949 $5458.4 [y ] >3 S
Manual Video More products
PV capacity Power station status Alarm
POWERIENERGY POWER COMPARISON
it ear 2020-09 ¢
wh
Dashboard Me Dashboard Me E




Referanslar
GROWATT

MANISA

:«an? ‘—,_-:_- »

2.502,5kWp || 2.100,00kWe || MAX100KTL3-X LV



Referanslar
GROWATT

721,00kWp || 600,00kWe || MAX100KTL3-X LV



Referanslar
GROWATT

IZMIR

23,00kWp || 20,00kWe || MID20KTL3-X LV



Referanslar
GROWATT

ANTALYA

12,00kWp || 10,00kWe || 10,26kWh || SPH10000TL3-BH UP



Referanslar
GROWATT

MUGLA

6,25kWp || 5,00kWe || 7,68kWh || SPH5000TL3-BH



Referanslar

GROWATT
ANTALYA

CALISIRKEN

KORUYUCU
MALZEME
KULLAN
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13,00kWp || 15,00kWe || SPF5000ES



Referanslar

GROWATT

ESKISEHIR

48,00kWp || 30,00kWe ||57,60kWh || SPF5000ES



Referanslar
GROWATT
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4,4kWp || 3,50kWe ||4.8kWh || SPF3500ES



Referanslar
GROWATT

MUGLA KARAVAN

%
D

Temiz
enerjiyi
segmekK elinizde.
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850Wp || 3,0kWe ||
SPF3500ES SPF3000HVM-24
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TESEKKUR EDERIZ

Idris UNAL
Bireysel Cozumler Satis Takim Lideri



