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PV Applications

Pictures DGS, Berlin
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PV Applications
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PV Applications — large scale power plants - |

\

Source: SunEdison
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PV Applications — large scale power plants - |

Source: Fichtner
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PV Applications — large scale power plants - Il

Source:Fichtner
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Photovoltaic - Evolution of global installed PV capacity

EVOLUTION OF GLOBAL TOTAL SOLAR PV INSTALLED CAPACITY 2000-2016
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Photovoltaic - Global annual installed PV capacity

EVOLUTION OF GLOBAL ANNUAL SOLAR PV INSTALLED CAPACITY 2000-2016
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Photovoltaic — Electricity Generation Costs

SOLAR ELECTRICITY GENERATION COST IN COMPARISON WITH OTHER POWER SOURCES
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Photovoltaic

Basic principle of photovoltaic plant

.-
RS

B

Status - | —=

FICHTNER

Photovoltaic modules
connected in series (strings)

Mounting (or tracking) system

Inverter (DC/AC)

Electricity meter / grid connection _—

Components are proven in numerous plants and successfully in operation
Cost reduction due to mass production, economy of scale and further

technological advancements
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Photovoltaic

Principle / Characteristics

Solar cells are used for the collection of sunlight

Direct transformation of sunlight into
electricity by the photovoltaic effect

Sunlight

Different kinds of
Photovoltaic Technologies
c-Si (mono- / poly)
Thin-film (a-Si, CdT...)
Concentrated PV (CPV)
Others (organic PV cells etc.)

p-type
silicon | silicon

modular technology Junction

Solar Panel
Diagram

D Ron Curtls B Mr5alar.com
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Photovoltaic

Types of solar cells - Overview
There are basically two different technologies to manufacture PV solar cells:

Wafer based crystalline silicon solar cells (represent the bulk of the market)
Mono-crystalline cells
Poly-crystalline cells

Thin-film technology
Different materials and deposition processes

TR ]
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Photovoltaic

Types of solar cells - Mono-crystalline cells (mono-Si)
The silicon block consists of one crystal only

Manufacturing through growth of large cylindrical ingots is
complex and energy intensive

The arrangement of the atoms is completely homogeneous Sunpower

Mono-crystalline silicon as raw material for solar cells is relatively expensive

Most efficient technology, efficiencies of around 14% - 21% e —

Area requirements (large scale power plant):
11 — 17 m?/kWp
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Photovoltaic

Types of solar cells - Poly-crystalline cells (poly-Si)
Silicon solidifies and forms blue gleaming structures
The cell structure is heterogeneous

Light refraction at the solidified edges decreases the efficiency

Slightly cheaper than mono-crystalline silicon but also less efficient

Efficiencies of around 14% - 17%

Area requirements (large scale power plant):
12 — 18 m?/kWp
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Photovoltaic

Types of solar cells - Thin-film cells

Thin, non-crystalline layers of e.g.
amorphous silicon film, e.g. by vapor
deposition

Cheaper than crystalline silicon but
less efficient

Thin Film has advantages for low and
diffuse light irradiation

Lower temperature coefficient ct =>
advantage at high operating
temperatures

Efficiency between 5% and 15% First Solar
Area requirements (large scale power
plant): 15 — 20 m2/kWp

Various materials (a-Si, CdTe, CIGS¥)

Thickness of only 1-2 ym compared
to c-Si with 150 um thickness

O

Alwitra
* Copper indium gallium selenide
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Photovoltaic —Thin Film example: Werder Bremen

Alwitra
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Concentrating Photovoltaic (CPV)

e The CPV modules contain a number of
cell units (e.g. 25, 98, 150) integrated in
the module (see figure)

e Power output ranging from
approximately 75 to 150 Wp

e Size: e.g. 828mm x 428mm x 102mm

e Weight can range from 9 up to 32 kg

e Passive cooling (dissipates the heat
from the solar cells by free convection)
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Photovoltaic effect

Fhotaons

Photovoltaic effect enables a direct
transformation of solar radiation (Anti-Reflective Coating s
energy into electrical energy (Front Contact (Cathode) J=

Effect appears in semiconductors (N Layer)

Extra Electrons

Obtained voltage can be tapped
through electrodes (P Layer }

l:Bach Contact Iﬁ-nnde}}—

First observed in 1839 by Becquerel
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Photovoltaic effect

Fed energy (electromagnetic
radiation) causes free
carriers (electrons and
holes).

LN

elactron flow
L~ /

P

photons

front contact

To generate electricity an
internal electric field forces
the carriers into different
directions.

"holae” flow

At
silicon
The electric field (transitional / junction
p-lype .

zone) is caused by a p-n- silicon
junction back contact
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Electrical properties of Solar cells: I-V curve
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Electrical properties of Solar cells: I-V curve

Effect of irradiation (at constant temperature):
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Photovoltaic —temperature behavior

FICHTNER

Temperature influence — to be considered in design and planning

% of PV module nominal power)

115

110

105

100

95

90

85

80

Temperature influence in different PV technologies

——a-Si (-0.20%/°C

eee+ CdTe (-0.25%/°C)

——Poly (-0.4%/°C)

=== CIS (-0.32%/°C)

STC|25°C

-20

0 20 40

Temperature (°C)

80




FICHTNER

Cell iInterconnection
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Module cross section

Cross section of crystalline solar modules

aluminium frame

Tedlar film

EVA = Etyhlen-Venyl-Acetat encapsulation



PV Market — Average Solar cell prices 1991 to 2015

$lwatt

90
®0_ $76.00
70
60 |
Price history of silicon PV cells
50 in USS$ per watt
40
30
20 Il
10
$0.30
| "I"IIIIIIIIllllluuum...-___
1977 1981 1985 1990 1995 2000 2005 2010 2015

Source: Bloomberg New Energy Finance & pv.energytrend.com

Until the 2004 FiT-stimulated boom in demand, manufacturers lost money.
Expectations for pricing have been effectively lowered.

Costs have been decreased by a compound average of 5% annually.
Prices have been decreased by a compound average rage of 7% annually.

FICHTNER
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Inverters

Inverter Concepts:
Conversion of direct-current (DC) to alternating current (AC)
Maximum efficiency up to more than 98%

inverters should provide
monitoring
control and
protection functions
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Inverters

Inverter Concepts: string vs. central inverter

e
T

array of <
modules

string of
modules \ /L
strin — _ -
string of single invegter single DC Bus L
modules module module
_— central inverter
400 V-AC Bus B
/3.4 - MV transformer
MV transformer
. e
MV line —® MV line
e ]
o Tm
-

Source: SMA
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Inverters

Inverter Concepts: field examples
© Example for a rooftop PV power plant with string inverters
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Maximum Power Point Tracking

Inverter Concepts: field examples

Inverters track the maximum power point (MPP) of Start
the connected PV array by continuously increasing ¢
and decreasing the array voltage o] Setnuyour |4
MPP Tracking range is limited, for central inverters +

often between about 500 to 850 V

Fast and exact MP
tracking is important
for inverter efficiency
especially under
changing irradiation
conditions

Duty = Duty~™

P new > P old :

Yes

P old € P _new

v

Duty = Duty"

P new =17



Grid support

High Voltage {2.g. 110kV)

FICHTNER

Medium Voltage {&.g. 20kV)

Dynamic grid support
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Source: DGS, Planning and Installing Photovoltaic Systems
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Inverter stations

Central inverters are available for indoor installation or for installation directly outdoor
on site.

Inverters are placed together with medium voltage transformers and switchgears to
form a inverter/transformer station

Outdoor inverter transformer station with Outdoor inverter with transformer station in
additional roof for shading prefabricated concrete housing
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Inverter stations

Inverter transformer station in standard 40ft Inverter transformer station in prefabricated concrete
container cabin with air condition for cooling
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Mounting systems

Module mounting systems — Fixed mounted systems

PV modules require an optimized installation (tilt) angle; which can be
calculated over the course of the day and throughout the year to maximize
energy production

Have no moving parts, capital expenditure (CAPEX) and Operating &
Maintenance (O&M) costs are lower

Lower specific yield per area unit compared to tracking systems which means
these systems require larger areas to attain the same power output
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Mounting systems

Fixed mounted systems: foundations

Ramming - fast and least expensive
Screwing - for soft soils
Concrete — on top or in ground

FICHTNER

Source: Schletter
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Mounting systems

Fixed mounted systems: foundations /

@ Depending on local soil and climate conditions it is always necessary |
to perform:

© Geotechnical study
© Structural analysis
@ Pull out tests

Source: Schletter
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Mounting systems

Module mounting systems — Tracking
Single axis tracking

Performance and cost competitive alternative system with regard to
technological complexity and CAPEX

Sun tracking throughout the day
Inclined mounting possible
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Mounting systems

Module mounting systems — Tracking /
Example for a single axis tracking /
© Different inclinations at noon and in the afternoon

© Solar irradiation sensors mounted on the tracking system:
- in plane of array (POA), and
* horizontally
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Mounting systems

Module mounting systems — Tracking
Two axis tracking (double axis, bi-axial)

Possible to exactly follow the sun’s path so the sunlight hits the module
perpendicularly throughout the day and the year

Highest solar energy yield but capital and O&M costs are higher
Control via sun algorithm or tracing the brightest point
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Mounting systems

Module mounting systems — Tracking

Fix installation or module tracking?

Tracked systems:

Higher demand of construction surface per installed power

Higher CAPEX, for small system even much higher

Higher O&M cost

Qualified and trained personnel required for O&M

Higher yield
Tracking systems are profitable when the gain in energy compensates the
higher costs inherent to its acquisition, installation, and operation.

Fixed mounted system:

Easy installation and maintenance L

Robust technology

Local technicians for maintenance mostly sufficient
Suitable also for slightly complex and remote sites
Lower CAPEX and OPEC but also less yield
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Mounting systems

Module mounting systems — Tracking

Approx. gain
in irradiation™  gegte Aufstellung

77
« 0%
Zweiachsige A
Nachftihrung i
* approx. 40% 77777
N
B JAN—
Einachsige C ) D
_ Nachflihrung ] "
* horizontal: SL/ 2 0
18'20% 7777 LSS Ve
« polar/ azimuth: -
30-34% - azimutal - - polar - - horizontal -

Source: ZSW Mohring
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Mounting systems

Tracking - Examples




FICHTNER

PV Generator basic diagram

Bonfiglioli RTL 450-1020T
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Module String connection

Modules are interconnected in series to strings
Number of modules per string depends on module type and inverter
Voltage must be within the MPP range of the inverter

Voltage (Uoc) must not exceed the inverters maximum input voltage even under
extreme temperature conditions

Voltage is generally limited to a maximum of 1000 V (low voltage)

Strings are connected in parallel in combiner boxes including
String fuses for protection of modules and protection against reverse currents
Surge protection

DC main disconnection switch (optional but normal) _—

String monitoring device (optional)
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DC cabling

Short circuit protected cabling with single . ,
core double insulated cables o ——

If current carrying capacity is greater m—
than 1.25 x Isc overload protection may be
omitted.

Cables generally are dimensioned to
limit the power loss to 1.5 — 2% under stc
conditions between modules and inverter

For string cabling solar PV cable is used with
UV protection and for higher temperatures
(e.g. 90°C or 120°C)

For DC main cabling often XLPE insulated
cables are used
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DC string connectors

Different types of PV String
connectors

No standardization

Most MC4 (Multicontact)

Many manufacturers claim
compatibility but this is not
guaranteed
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DC string combiner box

cmrm—— — -




FICHTNER

Substation - Grid connection

Plant Substation:
Connection to medium voltage grid

or to high voltage grid (bigger PV plants)

e
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Monitoring System

Monitoring of plant operation and performance:
-String monitoring (currents) |
-Inverter monitoring (Currents, Voltages, Power.....
-Automated alarms

-Remote control

-Performance monitoring -
-Weather station (solar irradiance, temperature, rain, wind)

- Tracker control and monitoring (if applicable) -
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Site Security

- Fencing for basic protection

- CCTV perimeter control

- Active video alarm systems
-Movement detection in Builings
- and/or security guards
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Technical Risks, Quality and minimum requirements
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Modules: Hot spots & delamination

Device testo 875-2 Serial No.: 2067495

Task IR measurements at the PV-Modules

Picture data: Date: 11.05.2011 Emissivity:
Measuring Time: 12:04:48 Refl. temp. [°C]:
File: IV_00073.BMT
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Module degradation

PV module lose power over their lifetime

Degradation because of ageing

Degradation is not linear and can vary for different module technologies
Percentages may vary but are usually within a margin of 0.25% to 0.8% per year
Modules also degrade because of:

100% -
* Yellowing of EVA —

L 95% - - :
© * Glass soiling and corrosion

(o]
o 90% 7 * Glass breakage
S 85% - * Front-grid and antireflection-layer oxidation
E 80% - * Busbar corrosion
(] °
o 759 Cell cracks —
IS » Backsheet polymer cracks

(0] . . . .
? 70% 1 » Delamination and bubble formation in the
S 65% - encapsulant

60% | | | | | - Back-sheet delamination
0 5 10 15 20 25 * Frame and junction box defects

Elapsed period (years) * Hot spots
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Module Warranty and Guarantees

Product warranty: 5 — 12 years (defects at the frame, glass, cable connectors)

Power (performance) guarantee: 25 years linear power guarantee
97% of the nominal power after 1 year
0.7% decrease in the following years until year 25

Tolerances (+/- x% or “plus tolerance” / “plus sorting”), e.g. 300 Wp + 3%

oo MODULE WARRANTY® L

100%

97%
95%

S0

Hil

70%: 90%

Power Output

85%

80%
0 20 25

Years
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Module Certificates and Tests

Source: TUV Rheinland



FICHTNER

Module Certificates and Tests

For module safety qualification IEC standard 61730 applies

For design qualification and type approval the following Tests have to be
performed on sample basis (IEC 61215 for crystalline modules and for thin
film modules):

10.1 Visual inspection 10.10 UV preconditioning test

10.2 Maximum power determination 10.11 Thermal cycling test

10.3 Insulation test 10.12 Humidity-freeze test

10.4 Measurement of temperature 10.13 Damp-heat test

coefficients 10.14 Robustness of terminations test

10.5 Measurement of nominal operating 10.15 Wet leakage current test |
cell temperature (NOCT) 10.16 Mechanical load test

10.6 Performance at STC and NOCT 10.17 Hail test

10.7 Performance at low irradiance 10.18 Bypass diode thermal test

10.8 Outdoor exposure test 10.19 Light soaking (only thin film)

10.9 Hot-spot endurance test



Module Certificates and Tests

Testing according to IEC 61215

Test Procedure

Visual Inspection, Performance, Insolation

J

Electrical
Parameters

Outdoor
Test

U

Hot Spot

Connections

J

UV 200 Temp.
U Change
20 Temp.-
Change

I

Humidity /
Frost

Mechanical
Load

wisting

Hail

FICHTNER

Guelle TOV-Rheinland
a5
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Module Tests

Standard tests for design qualification and type approval confirm only the
minimum quality requirements for PV modules. Other tests are:

IEC TS 62804 PID Test

IEC 61701 Salt mist corrosion testing
IEC 62716 Ammonia resistance

Blowing Sand Test according to IEC 60068-2-68: upcoming standard and —
recommended for projects in dusty regions (is already applied by some
module manufacturers)

In general, additional tests in independent laboratories with samples of the
supplied modules for PV power plant projects are recommendable:

Output power determination at STC
Electroluminescence images analysis (EL)
Wet leakage current test

Potential Induced Degradation (PID)
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Inverter warranties

Standard Warranty conditions: 2 - 5 years

Extended Warranty up to 20 years
Technical availability guarantee (note: sometimes average values only)
Spare parts availability guarantee
Service agreement (LTSA)
Trained and certified local experts
First Level
Second Level

Note: careful review of conditions necessary: what is included / excluded?

Lifetime of inverters (exchange after 10-15 years / major components)
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General Standards for Installation of PV Systems

IEC 60364-7-712 Requirements for special installations or locations — Solar
photovoltaic (PV) power supply systems

IEC 62446 Grid connected photovoltaic systems — Minimum requirements for
system documentation, commissioning tests and inspection

IEC 62109 Safety of power converters for use in photovoltaic power systems

IEC 62548 Photovoltaic arrays — Design requirements
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PV Plant Design




Surface area /lkWp

CELL MATERIAL MODULE EFFICIENCY

Monocrystalline silicon 13-19% 5-8 m?
Polycrystalline silicon 11-15% 7-9m?
Micromorphous tandem cell (a-Si/pc-Si) 8-10%  10-12 m?
I:;r:a-:rl-ri‘rr‘l‘ldium-diselenide (CIS) LRty LU E
I:ME telluride (CdTe) Sl
Amorphous silicon (a-5i) 5-8% 13-20 m?

FICHTNER

SURFACE AREA NEED FOR 1 KWP
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Module shading

Typical row to row shading
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First Solar
66



FICHTNER

Solar Energy - Potential
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Photovoltaic — System design Meteo Data

|Horizontal irradiation in Yerevan KWh/m?

140,10 1443 ¥
193 44

109,74 prd:r.hrnprmwmnumgs.q;unmm\

48 36 WPVGIS [CM-54F) BPYGIS  BPRetscreen W 5olar Gis [IMAP] B Meteonorm
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Yield simulation PVSYST

PVSYST V6.62 |

‘ 2610617 | Page 2/3

Project :
Simulation variant :

Grid-Connected System: Main results

Yerevan Test 1MWp
Heue Simulationsvariante

Main system parameters System type  Grid-Connected

PV Field Orientation it 30° azimuth 0°

PV modules Model TSM-320FPD14 Pmom 320 Wp

PV Array Mb. of modules 3132 Priom total 1002 kWp

Inverter Model Sunny Tripower 80-10 Prom 60,0 kW ac

Imverter pack MNb. of units 140 Pnom total 840 kW ac

Uszer's needs Unlimited load (grid}

Main simulation results

System Production Produced Energy 1604 MWh/year Specific pred. 1600 kWh&Wplyear
Performance Ratio PR B6.90 %

FICHTNER

Homalized productions (per Inctalied KWp]: Mominal power 1082 kWD

Performanoe Ratio PR

T T T T T T T T T T
Calactior. Loan [P-amy Lo

e
m Loaw firwaris, [T
R B Nt

[ITFR P Furrrmnce e Tt vy T ¥ ¥ T T T T

et s B

Pl Hake

an Fab M Apr May e Ju Al Sap O Mo Dee ar P Mar o Apr My Jun l Ay G Oz e D
Neue Simulationsvariante
Balances and main results
GlobHor DifrHor T Amb Globinc GlobEN EArTay E_&rid PR
KWnm® WWnm= °C KWhim? KWhim® MW MW

January 57a T34 -4.36 B88.6 5.4 Ba.1 848 0851
Fabruary 524 36.67 -0.07 167 1125 1134 1081 0533
March 122.9 583 637 151.0 1455 1410 1357 0.E36
Apil 12443 ET43 11.28 155.0 14E.E 1413 1352 D.ETE
May 185.5 T7.84 15.68 1348 1774 165.8 1538 0863
[ Jung 208.9 7|7 20.75 197.3 189.0 1727 185.8 0.E43
[ Juty 218.2 75.59 24.45 2123 203.8 1825 176.2 0828
August 2158 53.06 2475 230.6 2222 196.3 189.4 0819
Seplembar 152.6 2 12.70 183.2 1763 160.3 1351 045
Octobar 108.2 4567 1365 1464 1419 1335 1286 DETT
Novamber 565.4 303 5.80 985 95.8 283 0.7 0.910
Decambar 43.0 2754 -0.60 o5 725 74.1 712 0.841
Year 16111 628.14 1.5 1841.2 1770.3 1663.8 1603.5 0.889
Legends.  GlooHor Horizonial global Iradiation GlobEmT Effzclive Global, com. for IAM and shadngs

DifHor Horizontal difuse Imadiation EAmay Effactive energy at the oulput of the amay

T Amb Ambient Temperaturs E_Grid Energy Injected Into grid

Glogine Global Incident In coll. plane PR Pesformance Ratio

Puyat Eval it on e
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Yield simulation PVSYST

PVSYST W6.62 26/06/17 | Page 3/3

Grid-Connected System: Loss diagram

Project : Yerevan Test 1MWp

Simulation variant : Heue Simulationsvariante

Main system parameters System type  Grid-Connected

PV Field Orientation filt 30° azimuth  0°

PV modules Model TSM-320FPD14 Pmom 320 Wp
PV Array MNb. of modules 3132 Prom total 1002 kWp
Imverter Model Sunny Tripower 80-10 Pmom 600 kW ac
Imverter pack Mb. of units  14.0 Prnom total 840 KW ac
User's needs Unlimitad load (grid}

Loss diagram over the whole year

e TETTRWNTE Horzontal global Imadiation
T $14.3% Global Inchdent In coll. plans
-ZE% 1AM factor on glodal

%-1.[}‘1& Soiling loss facior

1770 kWhim= " 6077 m* coll. Effective Imadiancs on collectors
efMclency at STC = 16.50% PV conversion
1775 MWh Array nominal snergy (at 5TC effic.)

PV loss due to Imadiance level
P loss due fo tEITIHIE'tLIIE
Module quality loss

Module array mismatch loss
Cihmic wiring loss

1670 MWR Array virtual energy at MPP

Imvarter Loss during operation {eMdency)
Inviarier Loss ower nominal Inw. power
Imvarter Loss due b power threshold
Inviarier Loss ower nominal Inw. m&
Invarter Loss due bo volage threshald

1633 MWh Zvallabla Energy at Invarter Output

AC ohmic loss
Extemal ransfo loss

_________1_604 M\:-Ii__ﬂ__ﬂ_— Energy injectad inte gna
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Photovoltaic

Reliability / availability

High reliability through:
Almost no moving mechanical parts (except of tracking systems)

Junction boxes with an ingress protection of IP67 and outdoor inverters with IP65
rating

Technical availability of operating PV power plants is often above 98%

In case of failure solar modules and string inverters can be modularly
exchanged by local personnel with little training only —

Central inverters require more extensive training for maintenance
Spare parts for the most critical components shall be available on site

An optional but widely used monitoring system is possible with almost any
inverter and can be used to detect any malfunction within minutes. The

monitoring data is communicated via internet to experts which can instruct the
local personnel.
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Photovoltaic

Technological risks

Comparable low due to warranty standards:
10 years product warranty or even more for the modules
5 years product warranty of the inverters with possible extension to 25 years

Problems can occur to PV modules, e.g.:
Yellowing of Ethylene vinyl acetate (EVA)
Glass soiling and corrosion
Glass breakage
Busbar corrosion
Cell cracks o
Delamination and bubble formation in the encapsulant
Back-sheet delamination
Frame and junction box defects
Hot spots
Potential Introduced Degradation (PID)

On islands the salty air of the sea can lead to strong corrosion of the modules
and mounting structures if certain precautions have not been taken.
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Photovoltaic

Technological and other risks — examples
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Photovoltaic

Technological and other risks — examples
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Photovoltaic

Operational risks
High temperature
Hail
Rain
Dust
Cyclones / flashflood

Commercial risks —

Comparable low due to warranty standards

Lower irradiation than originally planned decreases the profitability almost
linearly. This risk can be minimized by using high resolution (long-term)
satellite irradiation and temperature data available of at least 10 years in the
planning stage.

Variable prices in solar panels and electricity
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Photovoltaic
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Guide for Utility Scale PV Projects

. P Al
www.irena.org  [SlaS

IRENA Project Navigator

Technical Concept Guidelines

Utility-Scale Solar PV

—
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Photovoltaic

Workshop 2: System Quality

Row to Row distance
Shading -
Backtracking
DC/AC Ratio
System losses
Performance Ratio
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Module shading
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Module shading

Typical row to row shading

— —
‘ﬁj' " L

Short side

First Solar
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Module shading

Shading of Thin Film modules: horizontal (“landscape”) and vertical (“portrait”)

AN

SHADED ALONG
/ 1200mm DIMENSION
/ —

SHADED ALONG
600mm DIMENSION

7

First Solar
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Module with cell shading

Shading of Thin Film modules

(V) Characteristic,
Partially Shaded FS Series 3 Module , with Entire Cells Shaded

= no shading
5% shaded

* 10% shaded 7 ,

A 15% shaded

» 20% shaded

2 25% shaded /
/)

m 30% shaded
SHADED ALONG
600mm DIMENSION

1.8

1.6

1.4

1.2

0.8

Current [A]

0.6 L

0.4

0.2

0 10 20 30 40 50 60 70
Voltage [V]

Figure 1. I{V) curves for an FS Series 3 PV Module with some cells entirely shaded. Shading occurred along the 600mm

dimension.
First Solar
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Module with cell shading

Shading of Thin Film modules

Current [A]

Partially Shaded FS Series 3 PV Module with Portions of All
Cells Shaded

+ No Shading
1.8
= 25% Shading
1.6
= 50% Shading
1.4

4 75% Shading
1.2

0.8
0.6
0.4
0.2

0 10 20 30 40 50 60 70
Voltage [V]

AN

Figure 3. 1|{V) curves for F5 Series 3 PV Module with all cells partially shaded along 1200mm dimension.

SHADED ALONG
1200mm DIMENSICN

First Solar

|

—
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Module with cell shading

Current [A]

Power[W]

Shading of Thin Film modules

= no shading

18 5% shaded
16 + 10% shaded
A 15% shaded
14 ® 20% shaded
1.2 B2 25% shaded
1 = 30% shaded
0.8
0.6
0.4
0.2

0 10 20 30 40 50 60 70

= no shading
5% shaded
& 10% shaded
1 15% shaded
» 20% shaded
B8 25% shaded
= 30% shaded

0 10 20 30 a0 50 60 70
Voltage[V]

Figure 2. P(V) curves for an FS Series 3 PV Module with some cells entirely shaded. Shading occurred along the 600mm
dimension. Circles denote maximum power points.

Current [A]

AN

Power [W]

0 10 20

30 40

30 40

Voltage [V]

50

+ No Shading
= 25% Shading

= 50% Shading
4 75% Shading

60 70

—=—No Shading
—=—25% Shading
—#—50% Shading

——75% Shading

Figure 4. P{V) curves for FS Series 3 PV Module with all cells partially shaded along 1200mm dimension. Cirdes denote

maximum power points.

First Solar
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Module with cell shading

Shading of ¢c-Si modules
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1-axis horizontal system: backtracking

Backtracking:

mutual (row-to-row shading) is prevented by backtracking operation. The module
tilt is lowered to have un-shaded exposure of the modules to the light in the
morning and evening hours.

Note: the PR will usually increase with backtracking due to lower irradiation.

. =

Source: DGS, SunPower TO
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Performance Ratio
PR =Yac/ Grr ™ Ajew ™ Nste
Yac = specific AC electricity yield [kWh/kW ]
Gyt = total global solar irradiation sum on the tilted module plane [kKWh/m?]

A, = areaofa1kWp PV module array [kW/m?]
Nste = PV module efficiency at standard test conditions [%]

Ratio for annual values of total AC energy to the theoretically available energy —

Expression of the quality of the installation

PR represents the module performance that deviates from the STC together with the
losses between module and inverter outlet

Often applied as basis for performance guarantee

Alternative formula: Yield kWh
PR=———°F »1000%
Irradiation 40
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Performance Ratio . Wh
YIEId kWp

PR = il x1000%;

Irradiation xWh

m2

Exercise:

What is the Performance Ratio (PR) for a PV Plant with the following
characteristics:

Number of modules: 100 pcs.

Nominal power: 300 Wp

Irradiation on module: 1,500 kWh/m?xa (measured)
Energy generated: 35,000 kWh (measured)
Specific Yield =

PR =




Performance Ratio

Performance ratio:

- kwh
PR = Yle_ld_ KWp x1000 2
Irradiation 7
35,000 kWh
PR =20 1000 %
1500 ¥ "
kWh
pR = 2157 x 1000,
1500 ¥

PR =77.8%

m

System:

Module power
number of modules
DC plant capacity

Irradiation:
Irradiation GHI
Irradiation POA

Output
Total Energy measured
Specific Yield

PR

FICHTNER

300 Wp
100 pcs.
30 kWp

1,470 kWh/m?*
1,500 kwh/m?*

35,000 kWh
1,167 kWh/kWp

77.8%



Module inverter configuration

Exercise

Enter the missing
information.

Calulate the missing
values

Module Data TRINA TSM PC/PA14

Nominal Power
MPP voltage
MPP current:
open circuit voltage:
short circuit current:
temp. coeff. open circuit voltage

temp. coeff. Pmax
allowed system voltage of module
cells

><><S

% 1°C
mV/°C
\Y

300

FICHTNER

Calculation
Unit

Temperature °C 70
MPP Voltage V
Temperature °C 50
MPP Voltage \%
Temperature °C 15
MPP Voltage V
Temperature °C -10
Open circuit voltage Vv
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Module inverter configuration

Module Data TRINA TSM PC/PA14
Unit

Nominal Power W 300
MPP voltage v [ 369
results MPP current: A 8.13
open circuit voltage: Vv 45.3
short circuit current: A 8.6
temp. coeff. open circuit voltage %/°C -0.33
temp. coeff. Pmax %/°C -0.44
allowed system voltage of module Vv 1000
Number of cells - 72 T
Unit
Temperature °C 70 -
MPP Voltage V
Temperature °C 50
MPP Voltage \%
Temperature °C 15
MPP Voltage V
Temperature °C -10
Open circuit voltage Vv
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Module recycling

PV Power Plant

PV Module

Aluminum
Structure

Connecting cables
and electronic
components

PV material

Glass cover

Module frame

[

—
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Module recycling — PV Cycle

Established in 2007 PVCYCLE
Responsible for modules recycling v

services in EU countries

Pick up depends on the number of modules,
recycling is free of charge.

Only 1% of the collected modules so far are due to EOL, the T
rest is due to transport and installation damage

The recycling is done by the modules manufacturers
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Application Procedure

Application Form and List of required documents
Direct contact to Fichtner Local Project Manager Artem Kharazyan (091-211 102)
Guidance, explanation, assistance on requirements and financing through GAF
Application Form, List of required documents also on Programme Homepage

www.qgaf-re.am
GAF-RE FINANCING PROGRANMIME - PY POWER PLANTS up to 1 MW

e r funded by Project Office Q.5 uhish 1 b kE bk i b &
m w o '( - w BMZ Yﬂi PP v Vaghgrshyanm 2Bk dpush 1 Udn B9 GEjinpuljomym nh $himiumynpUwi spmghp
PN R PAR I‘J I for Ecosomic Coaparation § -
Selntar ' md Develepment Yerevan, Armenia

Tel- 091 - 211102 Unmgmé thwmnmpnrbnh mnnmginb phpe
Web:gaf-re.am E-mail- as.project@bk.m Checklist of received documents
Zl,],l]l,ﬂ h.ll.lllglllzmll 3 hEwpulpuywith winjwimuip / Name of PV plant
vhish 1 Udwn hgnpm pjudp dninndnpunuhl Ejunpuluywbubph hudwp -
Application Form PV Power Plants up to 1 MW Swummpnph whjwamnd mnnmggxﬁ t Uklrmpm- Uﬁlqlt‘::;t Ukymupmim-
Name of decument LRIV umpmitkn B! mnLhukn/
Comments nhunnmpm bk
“dbpuljubgin|nn tubpghwyh qupgqugiub dpughp - — Commenroyemarl
Qbpuwi-Zwglulputh hhdbumpund (@22-9k) Ony 111 b e e n ]
Programme for the Promotion of Renewable Energies: I::::;:?;T:::zfﬁ::mf_.ur B R Sy
German-Armenian Renewable Energy Fund (GAF-RE) Phase IT1 Information about the PV plant Company / Owner

Prunjupwbmlmi midh whwnmljumi

qpuhguuh Jympulnt O O
fUi.ll'H].l'.lLl.[ hhp Hlmg'[lh'l_ un]_]h ZUJ]U]E 1] L—Ll-—'l-lml]nhm]lﬂl m“—‘[lPhIlmllh m-rl‘-ufﬂlhl Certificate of state registration of legal entity

. 2 Suepkuh gpmbgumh mplmbungpnipni
asproject@bk.ru hwugkny, npp htwpuynpnipinih Juw piaplbine 2Ep ghdnudp: Director's registration protocol O H
“mp fupnn bp twb Zwpunp myupll) inund spugph gpuubkiguly: ;Ulrﬂl g g bt bfpg O O
AXpaYyer 1dend 1C ATION number

Please fill in this application questionnaire and submit it in an electronic form to E:;b:::q FpIR O O
asproject@bk.ru, which will guarantee the quickest way to get your application reviewed. 3 | ey :};Eﬁﬁ:i}mﬂ:ﬁe‘mﬂ@m O O
Alternatively you can send it by mail to the Project office. 4 ;:Tpf;‘i fﬁﬁfﬁﬂfﬂﬁgﬂwm}ﬂﬂ O O

Lmhamgbh thnpdwphbm ppoub
Zwyunh unwgnudp b phtwpynudp jhwunwugh @22-4E spughpp hpuljuwbwginn ° ;ﬁ:ﬁ‘:ﬁ;ﬂ‘;‘;mﬁw for the orofect O O
lhodph  yuwuuwupwb  btwdwlnd: Bpk 2Ep Spwghpp hwdwwwinwujawith Stnnhqhwljub hhnmqnnmpmiibph 0 0

. 5} o B n gy

plnpnippub sunntthyibphl, 2kq Junbknkjughkbp hwenpy pupkph dwuhi' 2kp T e report
puyEpmipmoit wyghkpe b wbh dwipudwut jpugmghs mbnbmpmniaikp Eppmpmimwn Ehnn quumnemhbkpl O 0
wnwbiugnt Jknwpbn: e et ey repert




