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1. PV plant overview
2. Utility scale PV plant — Main equipments
3. Utility scale PV plant — Conceptual design

4. Utility scale PV plant — Layout
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99.98%

Earth energy coming from sun

7.32 TW

Global electricity installed capacity
2019-US-EIA

25827 TWh

World electricity energy generation
2019-US-EIA

0.01%

Fraction of current world electricity capacity respect the
solar resource (sunirradiance absorbed by earth = 90000 TW)

18 min

Time necessary to satisfy one year world’s energy demand PV SYSTEMS TECHNOLOGIES AND DESIGN



https://www.eia.gov/international/data/world/electricity/electricity-capacity?pd=2&p=0000000000000000000007vo7&u=0&f=A&v=mapbubble&a=-&i=none&vo=value&t=C&g=00000000000000000000000000000000000000000000000001&l=249-ruvvvvvfvtvnvv1vrvvvvfvvvvvvfvvvou20evvvvvvvvvvnvvvs0008&s=315532800000&e=1577836800000&
https://www.eia.gov/international/data/world/electricity/electricity-consumption?pd=2&p=0000002&u=0&f=A&v=mapbubble&a=-&i=none&vo=value&&t=C&g=00000000000000000000000000000000000000000000000001&l=249-ruvvvvvfvtvnvv1vrvvvvfvvvvvvfvvvou20evvvvvvvvvvnvvvs0008&s=315532800000&e=1577836800000
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INTERNAL

Grid connected PV plant lalc)

Retail vs Utility scale
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Utility scale PV plant \ﬂ

Solar PV Array
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Grid connected PV plant ArO|
Utility scale




INTERNAL

Utility scale PV plant

Introduction

CNOCI

Green Power

A utility-scale photovoltaic system (PV system) is
designed to supply power into the National

. . . Monitoring System
Electricity Grid.

DC Generator ﬁ‘_ Grid
Main components: ' ! ;

* PV Modules 4 ..' - Ifllfllﬁ
* |Inverters o0 ﬂ— 0(0

e Supporting Structures

Other components (BoS): _
Inverter Transformer Switchgear
* DC& ACcables

* Monitoring system

e Substation
* |nterconnection line
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2. Main equipments
2.1 PV modules
2.2 Structures
2.3 Inverters
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Utility scale PV plant

Introduction

Modules Structures
- Monofacial; - Fixed;
- Bifacial; - Tracker;

Inverters
- String;
- Centralized;

CNCt

Green Power
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?ﬂm PV modules clalel
e Main components Green Power

Monofacial Bifacial Junction box

Edge seal F'?me Glass Edge seal Glass

: : : Encapsulant ' Encapsulant
I I Solar cells Solar cells
1

|
€) White back sheet

| 1 |
Encapsulant Hibbons Glass Encapsulant Ribbons
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PV modules

Datasheet overview - degradation

Green Power

Junczion Box
30-Year Power Warranty g cate e ambecuamieg
Glags Dual ghass, 20mm coated tempened gass
Frame Anocized aluminum alkoy frame
100% gy =
ight g
99% Dimansion 227X 1134 X 35mm N -
Schaging s per paliet [ L55pes per 20° GP / 620pcs per 40 HE i@. J@E ii @
3 o "a [N

Electrical Characteristics  sTC:AMLS 1000W(m* 25°C  NOCT:AMLS S00W/m* 20°C Imfs T 1%
Hodube Type LRS=TIHND-545M  LRS=TIHND-G50M  LAS-TIHND-555M  LRS-TIHND-SROM  LAS-TIHND-SESM  LRS-TIHND-S7O0M

91.2% Teting Conditian S NOCT 51 NGET SIC NOCT 510 HOCT SIE HOXT STC WOCT
Wairnuen Poseer [Pmas W) 4 A48 550 4187 il A3EE S6{ A Sk 4301 70 A338
Oipeety Circuiit Vol tage [Vine, ) a1 arsL ah&)  ATse s059 cEOE s0EE AEIG SOTT AR 085 d833

877% Short Circuit Cument (bt 1366 1057 13 110 13,4 1108 13,86 1113 1342 1118 1399 133
Voltage st Masisur Power ima/] 4203 3954 4112 s 4221 #0010 4330 8030 413 4039 4348 A0

845% Currenit ¥t Maximum Fower (i) 1247 103% 1305 1046 1318 1053 1324 1081 1333 1058 1343 1075

+8‘70% Module Efficiency ™ L1 213 L5 L7 paik] izl

80.7% ing P i i
Operating P Mechanical Loading
Operstiorial Tempentune —°C = ST Friot Sige Maimsrm Static Losding 5400Ps
Power Juiput Talerance 0-3% Foear itk Masimum Static Loading 2400P8
o and lsc Tolernce % Hailstane Test 25mm Hailstane 2t the speed af 23m /s
Maimum System Visitage DC1S00V IEC/UL)

1 5 10 15 20 25 30 Magiurn Series Fuse Rating 34
Naminal Gperating Call Temperature 510
Sratection Class Cas il Temp Ratings (STC)
Bifaciskty 0455 Terperature Coellicent of e HIDAERHC
X ULsppe s Terperature Coefflclent of Voo 2L

Fire Rating 1EC Class € Temperature Cocficient of Pmax FETT

specifictions Included in thz datashaer
oL A369 Shangyuan Road, 0'an Eronoenic And are subject to charge withet natice,
Technological Develapmeant Zane, 10'an, Shaan, China, LEOMG! reserves the right e final

Wieb: en. Ing-solar com Interpretation. (3110110
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PV modules

Datasheet overview — mechanical parameters

INTERNAL

Additional Value
i-fear Power Warranty

100

™
L I

5T

BT
[

Mechanical Parameters

Cell Orientation 144 (6X24)

Junction Box IPG8, three diodes

4mmé, +400, -200mm,/ £ 1400mm

Output Cable
P length can be customized

Glass Dual glass, 2.0mm coated tempered glass

Frame Anodized aluminum alloy frame

Weight 32.5kg

Dimension 2278X 1134 X 35mm

Packaging 31pcs per pallet / 155pcs per 20° GP / 620pcs per 40" HC

.ﬂ(\l

Green Power

nkx: mm

&
E

B

J ]

[l

& & L0

[N
5T NOCT:AMLS5 S00W/m* 20°C 1lm/s T 3%
LRS=TIHND-G508  LAS-TIHND-G55M  LRS-TIHND-GROM  LRS-TIHND-SESM  LRS-TIHND-S7O0M

Testing Conditian HCCT SIC HOCT SIC HOCT 51T HOCT 51C NOCT
Wairnuen Poseer [Pmas W) 4 A48 550 4187 il A3EE S6{ A Sk 4301 70 A338
Oipeety Circuiit Vol tage [Vine, ) a1 arsL ah&)  ATse s059 cEOE s0EE AEIG SOTT AR 085 d833
Shoet Circuit Current (o) 13646 1057 1373 1108 13,18 1108 13,86 1113 1342 1118 1399 1133
Viltage 4t Masisur Pawer [Vma/ a303 3854 4112 s 4221 #0010 4330 8030 413 4039 4348 A0
(Curnent &t Maximiin Power (Inpa) 1247 103% 1305 1046 1318 1053 1324 1051 1333 1058 1343 10,75
Module Efficiency ™ L1 213 L5 L7 paik] izl
Operating P; Mechanical Loading
Operstiorsl Temperature —A0'C = 85°C Freel Sice Manimwm Static Losding 5400Ps
Power Duipt Tolerance - 3% Foear Side Maxirnu m Satic Loadng 2400
Woc and lsc Talerrce % Hailstane Test 24mm Hailstone 2t the speed af 33m /s
Mk Systerm Ueltage DC1S00 IECAUIL)
Magiurn Series Fuse Rating 34
Naminal Operating Call Temperature 25+
Sratection Class Cas il Temp Ratings (STC)
Bifaciskty 0455 Terperature Coellicent of e HIDAERHC

X ULsppe s Terperature Coefflclent of Voo 2L
Fire Rating 1EC Class € Temperature Cach et of Frax FETT

No.8363 Shangyuan Road, \0'an Economic And
Technological Developmant Zone, X'an, Shaaral, China,

Web: en. lorngi-solar com

specifictions Included in thz datashaer
are subject to charge witheut natice.
LOMGH reserves the ight e final
Interpretation. (200110110m0IY
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PV modules

Datasheet overview — module drawing

Units: mm

2278

1400

990

400

| 3

£
m| o

1134

35
35
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Il
10

N
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INTERNAL

22.1%  0~3%

Additional Value
i-fear Power Warranty
100
™
L I
5T
BT
0
b T
i
1 5 1 15 n i #
Mechanical Parameters
el Qriensation 184 54
Junction Box |PE8, three diodes
A+, -H00mmy £ 1400m m
Output Cable
WpALS Ieagth €1 be eyt ized
Glags

Frame i m allay frame

ieight 25
Cimension ZITEX 1134 3 25mm
e ‘3z per paliet / LS5pcs per 20 GP /620pcs per 4 HE

Electrical Characteristics  STC:AMLS5 1000wWjm* 25°C  NOCT:AMLS S0OW,

Modihe Type LAS-TIHND-5458  LRS-TZHND-G50M  LAS-TIHND-S55M

Green Power

LRS=TIHND-570M

Testing Condition SIC NOCT 51 NCET SIC NDCT SIC WOCT S1C NOCT STC NOCT
Wairnuen Poseer [Pmas W) 4 A48 550 4187 il A3EE S6{ A Sk 4301 70 A338
Oipeety Circuiit Vol tage [Vine, ) a1 arsL ah&)  ATse s059 cEOE s0EE AEIG SOTT AR 085 d833
Shoet Circuit Current (o) 13646 1057 1373 1108 13,18 1108 13,86 1113 1342 1118 1399 1133
Viltage 4t Masisur Pawer [Vma/ a303 3854 4112 s 4221 #0010 4330 8030 413 4039 4348 A0
(Curnent &t Maximiin Power (Inpa) 1247 103% 1305 1046 1318 1053 1324 1051 1333 1058 1343 10,75
Module Efficiency ™ L1 213 L5 L7 paik] izl
Operating P; Mechanical Loading
Operstiorsl Temperature —A0'C = 85°C Freel Sice Manimwm Static Losding 5400Ps
Power Duipt Tolerance - 3% Foear Side Maxirnu m Satic Loadng 2400
Woc and lsc Talerrce % Hailstane Test 24mm Hailstone 2t the speed af 33m /s
Mk Systerm Ueltage DC1S00 IECAUIL)
Magiurn Series Fuse Rating 34
Naminal Operating Call Temperature 25+
Aratection Class Class | Temp Ratings (STC)
Bifaciskty 0455 Terperature Coellicent of e HIDAERHC

X ULsppe s Terperature Coefflclent of Voo 2L
Fire Rating 1EC Class € Temperature Cocficient of Pmax FETT

No.8363 Shangyuan Road, \0'an Economic And
Technological Developmant Zone, X'an, Shaaral, China,
Wielb: en. lormgi-solar. com

specifictions Included in thz datashaer
are subject to charge witheut natice.
LOMGH reserves the ight e final
Interpretation. (200110110m0IY
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PV modules

Datasheet overview — electrical and operating parameter

Green Power

/ey N\

Additional Value
Electrical Characteristics  sTC:AM1.5 1000W/m? 25°C NOCT:AM1.5 800W/m? 20°C 1m/s  Testuncertainty for Proax +3% 30-Fear Pawer Warranty
Module Type LR5=-T2HND-545M LR5-72ZHND-550M LR5-T2HND=555M LR5-72HND-560M LR5-T2HND=565M LR5-T2ZHND-570M R
Testing Condition STC NOCT STC NOCT STC NOCT STC NOCT STC NOCT STC NOCT s L
TN
L
Maximurm Power (Pmax/W) 545 4149 550 4187 555 4225 560 4263 565 430.1 570 4339 o S
Open Circuit Voltage (Voc/V) 5041 47.91 50.50 47.95 50.59 48.08 50.68 48.16 5077 4825 50.86 4833 o
Short Circuit Current {lsc/A) 13.66 10.97 13.73 11.03 13.79 11.08 13.86 11.13 1392 11.18 13.99 1123 ' s 1o 5 = = "“ B
Voltage at Maximum Power (Vmp,/V) 42.03 39.94 4212 40.03 4221 40.11 42.30 40.20 42.39 40.29 4248 40.37
) Mechanical Parameters
Current at Maximum Power (Imp/A) 1297 10.39 13.06 10.46 13.15 10.53 13.24 1061 13.33 10.68 13.42 10.75 ol Orienvartion Lot (5ad)
Junczion Box |Pa8, theee dindes
Module Efficiency(%) 211 213 215 217 219 221 A o ———r—
s lerigth can be cusiom zed
Glass Dual ghass, 2.0mm coated tempered ghass
- . . Frame Anvagized aluminum alky frame
Operating Parameters Mechanical Loading e o
Operational Temperature -40°C ~ +85°C Front Side Maximum Static Loading 5400Pa Smenson SR el
ackaging 3lpcs per paliet ' LaZg
Power Output Tolerance 0~3% Rear Side Maximum Static Loading 2400Pa
Voc and Isc Tolerance +3% Hailstone Test 25mm Hailstone at the speed of 23m/s
Maximum System Voltage DC1500V {IEC/UL)
Maximum Series Fuse Rating 30A
Nominal Operating Cell Temperature 451+2°C
Protection Class Classll Temperature Ratings (STC)
Bifaciality 80+5% Temperature Coefficient of Isc +0.048%,/°C
ULtype29 Temperature Coefficient of Voc -0.260%,/°C
Fire Rating —
IEC ClassC Temperature Coefficient of Pmax -0.310%/°C

®included in this datashee:
Fect tn charge witheut notice.
PG resenves the right of final
interpretation, 211011000
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PV structures lale)

Definition roen Four

Ve B
» One of the three main components within the PV plant.

» Second most expensive equipment after PV modules.
pensive equip . Tracker

Fixed /\/
\ Nl

18
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PV structures clale)

Fixed

* Modules are positioned facing towards south/north.

* Modules optimum tilt is a function of latitude.

19
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PV structures clale)

Tracker roen Four

/)
A Solar Tracker is a device that orients PV modules towards the sun to minimize the angle of incidence between solar

radiation and the PV modules.

Horizontal single axis tracker Tilted single axis tracker Azimuth tracker Dual axis tracker
NS axis modules disposition S (N) Tilted modules disposition S (N) Tilted modules disposition Rotation in all directions
EW axis rotation EW rotation (tilt changing) Vertical axis rotation

20
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PV structures lalc)

Horizontal single axis tracker
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PV structures

Structures energy yield comparison

clalel

Green Power

Fixed

- Easy installation (even with high slope); = e s

Horizontal NI
- Low cost; EW axis

- Low-Medium performance. tracking
1000 F—

=
L
|

2-axis
tracking

MEZZZ2228

Tracker EW axis

- Sun following in EW direction (fixed tilt);
- Low market development;

- Medium performance.

E'w

Sl
&
|

B

Horizontal NS
axis tracking

il
600 —

Tracker NS axis

- Sun following in EW direction;
- Cost competitive;

- Great performance.

400 +—

Beam aperture irradiance (Wim<)

Fixed ¢ tilt \ L0

200 =
Tracker 2-axis

- Sun following in EW and NS direction; ! I I | |

- High costs; ;] 1 5 B 10 12 14 15 13 # 20
- Best performance. Sunrise Solar time

— i ——— 14 4 hours of daylight — —- -« -

22
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Horizontal single axis tracker clalc)
1P vs 2P Green Power

)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

J

VN NN NN NN NN NN NN SN BN NN NN SN BN N SN SN BN BNy,

B
LI i
B i B
iR, Vi i
Bl 1 o i - i
; O 5 1
- i, 1 o T 2
* ] ]
. I
|l T,
i o ,
e
gy
Pl .
8
- -
-
v
i
| SN
DO :
| !
I | )
N i
i i s
Lt ) oY
- R
&
q \
- \ ..
! Vi \ %
i
|k 1
& \
\ |
i :
\
o i
| ay \
i et
) .
L M = \
\ | | |
| \ P~ X
- ey
[ | | | =
it L] E =
H ' \ ,
N

. N N N BN BN B SN NN EEN B B N BN B .



INTERNAL

Horizontal single axis tracker clalc)
1P vs 2P Green Power

- 1 motor for each row - 1 motor for more rows

24




INTERNAL

Horizontal single axis tracker ale]

et Backtracking e o

» Back-off algorithm to maximize the production and at the
same time avoiding mutual shadowing.

ESUNNAAS

» Begins in the maximum angle of movement and starts to
minimize the tilt position to avoid shades until the night-
time angle.

Input:
PV module height (L);
Spacing between trackers (r)

Inclination west to east of the ground (B)
Daytime and location.




NNNNNNNN

2D enel
Green Power

2. Main equipments
2.1 PV modules
2.2 Structures
2.3 Inverters

GoPV Project | SUMME%SCHOOL




INTERNAL

Inverter lale]

BaSiCS . Green Power

Centralized inverter

» Converts direct current (DC) into alternating current (AC);

» Maximize power output of solar array (MPPT);

» Interface with grid; String Inverter

27
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Inverter cale

Centralized inverter rasn Powsr

ower !
onversion "
nit

— AC
== DC

Communication

PHOTOVOLTAIC POWER PLANT

SMA POWER
PLANT MANAGER

LV/MV cee .
Inverter Auxiliaries
Transformer

_@

SUNNY CENTRAL UP MV GRID

PV GENERATOR DC COMBINER TRANSFORMER SWITCHGEAR

CONNECTION

POWER GRID

L\

|
: i
| |
| |
| |
| |
| |
| |
| |
| SMA MEDIUM VOLTAGE POWER STATION |
|
! |
! |
! |
|
|
! |
! |
! |




Inverter

String inverter

Pros and cons:
» More inverter units = Higher costs
» MPPT per strings > Higher energy production

» Shorter DC cables = Lower costs

» Smaller units = Less production losses in case of
failure

INTERNAL

N

-

CNOCI

Green Power
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3. Conceptual design
3.1 Input definition
3.2 Configuration optimization
3.3 Output




Road to the sun

Conceptual design

] 1

Meteo data selection Constralnts Equipments
P X‘ ,..
Inverter EH"'I“]

Input

Structures

Site =9
A
o"o

Project  O&core
Quuality

Configuratio Batch energy l Layout

Layout and BoQ

optimizationffl simulations Rgea ch generator
| Algorithm

T R SR TR RS AT T [T

\

Solar Resource General

OUtpUt Energy Technical
Assessment Specification

{
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3. Conceptual design
3.1 Input definition
3.2 Configuration optimization
3.3 Output
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?ﬁm Equipments selection enel
Modules, inverters and structures Green Pover

Qo

oo

Modules

- Monofacial
- Bifacial

Structures
- Fixed
- Tracker

Inverters
- String
- Centralized

33
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?ﬁm Input constraints onel
7. Site and projects constraints Green Power

Site constraints Project constraints
- Time;
Land availability Shading Elements - Costs;

-  Technical.

SCOPO/QUALITA

34
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?ﬂm Layout optimization CNCI

LCOE based Green Power
Ground Cover Ratio (GCR) DC/AC selection
- Interdistance between structures - Number of strings x inverter selection
5 085 GCR ‘

- MRS
&

Z

= _
5 Ov g

20" 080 GCR . s
€
£

A
- Time of Day
30° 050 GCR Power Limiting Day
Figure 1la: Daily Production Profile

Power Limiting Day

v

Levelized Cost of Energy (LCOE) «

Total cost over lifetime (capex + opex)

LCoE =
? Total energy produced over lif etime

36




Layout optimization

ﬂ:" Ground Cover Ratio (GCR)

T

INTERNAL

GCR-1 = Total area of the PV plant/
Area occupied by modules
. . GCR1T EOH T CapEX T
For NS axis tracking structures GCR1{ EOH | capEx {
itch Capex —_
GCR-! = Pitchgw girection €/Wp 020
WidthEW direction 018 o ® o ° Py
. 0.16
< Width > 0.14
14 | i 0.12
uzJ H . , & 0.10
2 SPACING 008 & - ° . .
E 0.06 @ 9 & 9 9
004 g——— 88— @
< > 0.02
Pitch 0.00 GCR
1 p) 3 4 5
=@ Conversion Unit === Trackers
For fixed structures , .
==@= [ |ectrical BoS Civil BoS
. === Grid connection
GCR-1 = Pitchys girection Energy

B Widthys girection * cOs(tilt)

Width*cos(tilt)

SPACING

FIXED

- & » =
- e 1000

13/10/2022 Pitch

1.80 230 2.80 330 3.80 4.30 4.80

AR o VA - - COG - o o b0 ot e (JCR

CcNCl

Green Power

LCOE vs GCR

37
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?ﬂm Layout optimization onel

DC/AC Green Power

Energy output
DC constant

- DC/ACT = EOH | Capex {

- DC/ACY > EOH T capex T

AC constant

- DC/AC T = EOH T capex T

DC/AC = 1.2 - DC/ACY > EOH T capex

DC/AC=1.4
HCoE LCOE vs DC/AC

3450
34.00
3350
33.00

3250

1 105 11 115 12 1.25 13 135 14 1.45 1.5 DC/AC

38
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Optimized Layout

Minimum LCoE

A2
S Minimum LCoE
- Monofacial - \ \ / /
GCR 5-1 8 ~~ 4 2 M\\\/
; . B;. 7SN S
Ifacia/ — ] TS _ D —
NS
Fixed | =
DC/AC = =2
=1.2 GCR
=57
QCI pe -
&
G <4
Rs, 4 2\

clalel

Green Power

39
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3. Conceptual design
3.1 Input definition
3.2 Configuration optimization
3.3 Output
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Electrical
data

INTERNAL

Output

General Technical Specification (GTS)

Data

Maximum Yearly Solar Irradiance [VV/m2]

Minimum Air Temperature [°C]

Average Air Temperature [°C]

Maximum Air Temperature [°C]

Yearly Average Relative Humidity [%]

Yearly Rainfall rate [mm/year]

Yearly Average wind speed [m/s]

Yearly Max wind speed [m/s]

UV rays index threshold

/" 1DC Plant Capacity [MWy]

AC - Total Plant Inverters Capacity at 25°C [MVA]

# of CU COE simulation

Power Factor @ inverter level

Voltage MPPT Inverter range (min V - max V):

Max DC Voltage level (V):

Structrure Type

Tilt NISIEMW (°):

Azimuth N/S (°):

Free spacing between structures in their maximum footprint position (NS for fixed or EW axis for tracker) [m]

Free spacing between structures in their maximum footprint position (EW for fixed or NS axis for tracker) [m]

Photovoltaic modules (monofacial and bifacial):

Total number of modules:

o 3 nas (# modules in series):

Maximum Imp (A)

Maximum modules string short circuit current Isc in operative condition (A)

Maximum modules string short circuit current Isc in operative condition (A)
3 hours average

—— Layout data

41
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4. PV plant layout
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?ﬂm PV layout alc)
Basics

TR
U" SSSSSSSS
filli
— |
* The PV layout represent the PV plant and its , ” i
components in the real spatial disposition ’ |
T
« Main elements: AT |
e Structures and module disposition H | , Il
* Electrical components and cabling M L “H : W%F
* Roads, fences and facilities H 7 #r” il %
e Exclusion areas i *
LpiniobaEggERRn
H1 "\\H,,‘ I
'H/V i 4 Ea il w::.:w:-
I 7/ /ﬁw h ‘ i
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PV layout ~ArAl

D eta i IS Green Power

Site camp

Step-Up station
O&M facility

Internal roads
Transformation cabin
Cabling

Exclusion area

Fence
0 O AR I




Email: marco.caramanna@enel.com
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Have a nice continuation!

Follow us

INes tecnala valmont ¢

INSTITUT NATIONAL SOLAR

DE L'ENERGIE SOLAIRE
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: ~ : i Technological Center
Green Power
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