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Energiatarolas - A JOVO

» Ha rakeresunk a neten a kovetkezé mondatokkal talalkozunk:

A kovetkezd technologiai forradalom az energiatarolas lesz.

Az energiatarolas

A dekarbonizalt energiarendszerre torténo atallas letfontossagi eleme

Az energiatarolas elhozhatja a nap- és
szélenergia végso gyozelmeét

Az elektromobilitas és a megujuld energiatermelés terjedése kapcsan rendszeresen felmerdl, hogy ezt
a halozat nem fogja birni, maximum addig mikoédhet, ameddig ilyen alacsony aranyban vannak jelen
a piacon. A beszélgetésbe itt szoktak beszivarogni az akkumulatoros energiataroldk, amelyek

Egyértelmiien latszik, hogy korunk egyik legfontosabb kérdése a gazdasagos energiatarolas megoldasa.
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Energiatarolasi lehetéségek

» Szivattyu-tarozds erémi

» Lendkerekes energiatarolas
»  Sdritettlevegds

» Elektromos

»  Akkumulatoros
—  Olomsavas
—  Ni-MH (Nikkel-metéal-hydrid)
—  Li-lo (Litium-ion)
—  Natrium-kén
—  Aramlasos akkumulator
—  Hidrogénes
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Energiatarolasi lehetéségek
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Megujulo energiak: a jovo nagy uzleti lehetosegei

Global Electricity Capacity Additions

350

300
§" 250 Solar
o ==Wind
Q 200 ——Hydro
(1*] .
W ===Nuclear
9o Revised
g 2017 /—-__ Gas
S 100 —Coal
< /

50 = Qil

0 ™
2015 2020 2025 2030 2035 2040

Source: Bloomberg New Energy Finance "New Energy Outlook 2017"

-5
Cat’ Electric Power ,




Cat” Electric Power

Termékek
sokfelesége
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Cat Napelem Termékek

Fotovoltaikus (PV) PV Inverterek Idojarasi kellékek
napelem modulok

Flzér inverterek
Harom fazisu
Egy fazisu

. 1 Film
[
- Monokristalyos

PV Inverter
kiegészitok

Kommunikacidés adapterek
Gyorsleoldd doboz és vezérlés
AC és DC hullamvédelem

DC csatlakozo egység
Teljesitmény vezérl6 ~ &= ‘
Flizér vezérl6 = |t
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Li-ionos akkumulatorok
e Cellak - Modulok

. L ) Modulba csomagolva
Osszekotott cellak

Hengeres cella
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Li-ionos akkumulatorok

e Modul + Rekesz menedzsment + Hités + Burkolat
= Rekesz
— Rekesz menedzsment funkciok:
* Minden modultdl kap informaci6t

»  Kommunikacié a torony menedzsment felé
 Tartalmaz aramkori védelmet és kapcsolokat

 Tobb rekesz + Torony menedzsment = Torony

— Torony menedzsment funkciok:
* Minden rekeszt6l kap informaciot
» Arekesz adatokbol rendszer hatarértékeket képeznek
« Kommunikal az energia atalakitd rendszerrel (PCS)
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BDP250

Energia Atalakitéo Rendszer (PCS)

 Kétiranyu Inverter
— AC — DC (toltés) and DC — AC (kisutés)
— Ez arendszer kozponti eleme
— Meghatarozza, hogy mikor sziikséges toltes és kisutés

« Cat BDP250
—  (kétiranyu inverter — 250kW)
— A Caterpillar munkagépek robosztus villamos hajtasabdl ered
— Halozati szinkront és halozat formalast nyujt

Id6tartam
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Energiatarol6 komponensei

Akkumulatorok kozos
csatlakozasi pontja

Inverter

Akkumulatorok

Transzformator

Belsé kontrolpanel
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Felhasznalasi lehetoségek

 Villamos rendszer stabilizalasa: rovid id0intervallumra, fontos az aram
stabilitas

» Megujulo energiak integralasa: kozepes iddintervallumra ( akar tobb
tiz percen keresztul)

« Aramsziinet: hosszl id8intervallumra (akar tobb 6ran keresztiil)

|

Cat’ Electric Power



Fontos adatok

 Telepités
— Megfeleld helyigény
 Technikai
— Aramer8sség / Energia
— Akkumulatorok élettartama
— Villamos rendszerre torténd csatlakozasi lehetdség

 Beruhazasi koltseg
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Vezérlés, Kommunikacio, & Monitorizalas

Cat Master s e,

] e Kommunikacios
Mikrohaloézat lehetésézek
Vezérlé (MMC)

Std. Std. Std.

PV Dispatch

Genset Dispatch Std. Std. Std.

ESS Dispatch Std. Std. Std.

Grid Import/Export Power control Std. Std. Std.

Black Start - Std. Std.

Load Management - Std. Std.

MicroGrid V/f Regulation - - Std. .
Grid-tie and Islanding Transition - - Std. Energla
Energy Market Participation - - Std. mon ito ring
Weather-based system dispatch - - Std.

Adaptive Protection - - Std.

SCADA Std. Std. Std.

Enterprise Data Integration Option Std. Std.
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Cat”® Electric Power

Cat Tucson
referencia helyszin:
esettanulmany
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Mikrohalozat a tucsoni referencia helyszinen — a projekt
mozgatoi
* Nincs kozuzemi aramszolgaltatas a tucsoni referencia helyszinen

: -r Halozat klepltes koltségigényes (8 mérfold /13 km Green Valley-tol)
~* Helyszini atlago: teuesnmeny |geny ~300kW CsucsteljeS|tmeny 500kW
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Megujulo energia lehetoseg bevonasa a projektbe

 Kivalé napelemes energiatermel6 lehetéség a tucsoni referencia helyen
— Magas az éves napsiitéses 6rak szama // forré klima
~—  CAT vékonyfilm napelemek magas teljesitménye
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Tucsomreferenma helyszm
muhold latvany.

Energiatarold:
Litium-lon akku 250kW
Ultrakapacitds 250kW
20 labas konténerben

Cat’ Electric Power

Napelemtablak: CAT-marka vékonyfilm -
250 kW rogzitett d6lésu
- 250 kW kilénallo-tengelykovets

e L

e



PV fix délésszogil 250kW PV napkovetd 250kW

Mikrohalozat
rendszerdiagram

Energiatarolé
Litium lon akkumulator

250kW / 10 min Rendszer vezérlés

* “lizemanyag megtakarit6” vezérlés
* Microgrid Master Controller — 2X

______________

Energiatarolé  [H |
ultra-kondenzator l@“@_‘
250kW / 30 sec N B ,

A helyszin
folyamatos

3 x CAT C15
410ekW

villamos
terhelése

CAT
kapcsoléberendezés
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Tucson referencia helyszin mikrohal6zat — végsoé vonzero

Uzemanyag koltségcsdkkenése 33%
Aggregator karbantartas és felujitas koltségcsokkenése 25%

Projekt IRR: 15% $2.98/gallon ~ 197 Ft/liter dizel Gzemanyagarnal
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Hazai hasonlé példa haztartasi méretben




Cat’ Electric Power

ENERGIATAROLASI PROJEKTEK
HAZANKBAN

Az 1d@jarasfiiggé energiatermelés elterjedése
és a haztartasi kiserémiivek mind nagyobb
szamu megjelenése miatt Magyarorszagon is
igény jelentkezik a rugalmas energiatarolo
megoldasokra. Hazankban jelenleg harom
energiatarolasi projekt van folyamatban az
E.On, az Elmi és az Alteo beruhazasai. Az
E.ON a Szabolcs-Szatmar-Bereg megyei
Levelek kozségben valositotta meg a beruha-
zasat. A rendszer egyik eldénye, hogy mobil,
konnyen szallithato, telepitheté és beiizemel-
tethetd, a taroloegység késObb athelyezhetd

Hazai energiatarolo projektek

akar mas helyszinekre i1s. Az Alteo Zugléban
atadott létesitménye kozel 4 MWh-anyi tarolo-
kapacitasa €¢s 7 MW-o0s névleges (eljesitme-
nyii. A rendszer elsédleges feladata, hogy pri-
mer szabdlyozoként nagyon gyorsan, akar a
masodperc toredéke alatt reagaljon a villamos
energia rendszer egyensulytalansagara, ¢és
energia biztositasaval vagy a folos energia el-
tarolasaval stabilizalja az 50 Hz-es halozati
frekvenciat. Az Elmii-Emasz Soroksaron he-

lyezett iizembe egy akkumulatoros energiata-
rolét. A soroksari alallomason az ENTAR-1 el-
nevezési létesitmény 10 MW beépitett névle-
ges teljesitoképességii és 6,095 MWh névleges
tarolokapacitasa van.




Energiatarolok terhoditasa a kozeljovoben Magyarorszagon

»  akkumulatoros energiatarold egység halozat stabilizalas céljara (E.ON, NKM Aramhalézat, ELMU-
EMASZ) > 8-10 db. 500 kWh kapacitasu, 2-3 éven belll

» akkumulatoros energiatarolo egység napelemmel kiegészitve elektromos autdk gyorstoltése céljabol
(benzinkutakhoz) > 50-60 db. kb.200 kWh ;1-2 éven belll;

» akkumulatoros energiatarold egység gazmotorral mélyvolgy idészakban termelt villamosenergia
tarolasara és csucsidében vald értékesitésére (FOTAV, megyei hészolgaltatok) > 5-6 db., kapacitas
valtozo, 4-5 éven bell

» akkumulatoros energiatarold egység csucsidejii csucsfogyasztas biztositasara (peak shaving) és egyduttal
napelemes rasegités a visszatoltésre (nagylzemek, nagy gyarak, ahol van jellemzd csocsfogyasztas) >
nincs felmérve

« hibrid rendszer (napelem-akkumulatoros energiatarolé egység-aggregator) (olyan tzemeknél, ahol
haldzatbOvitésre lenne igény, de az nem megoldhatd, vagy egyaltalan nincs halézat) > nincs felmérve
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A Caterpillar energiatarolok és hibrid rendszerek elonyei

 Vilagméret(i gyartoi elérnetGség az elektronikara és az eszkozokre
* egy gyart6 az egész rendszerre
» sajat CAT tervezés amely bizonyitott mar a munkagépek robosztus és durva alkalmazasaban

» kompatibilis tobbféle technoldgiaval, ugymint Li-lon akkumulator, ultra-kondenzatorok
és karbonszennyezési biztonsagi szelepes 6lomakkumulator

» szallithatd konténer az akkumulatorok legmagasabb szintli vedelmére
 halozathoz formalt inverter

» keétszeres tultdltési kapacitas

* ISO kompatibilis tlizvédelem a Li-lon akkumulatoroknak

Cat’ Electric Power




Tervezési mintapélda
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KOSZONOM MEGTISZTELO FIGYELMUKET

Tovdbbi informdciok:
Sdndor Ldszlo HUNTRACO Zrt.
e-mail: laszlo.sandor@huntraco.hu
tel: 06-23-504-235
mobil: 06-30-977-5549

web: www.huntraco.hu
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Image shown may not reflect actual configuration

Cat’ Electric Power

Cat® Grid Stability Module

375 kW to 1875 kW
50 Hz 380-400 Volt
60 Hz 380-480 Volt

The Cat® grid stability module is a scalable,

rapidly deployable energy storage system. Energy
storage systems can integrate with solar or other
renewable sources to provide short duration
power when the renewable source is not available.
Cat energy storage systems can also provide
temporary backup power to facilities in the event
of a power outage.




Technical Data

PGS3TE PGSTE0 PGSEE0 PGS1125 PGS 1290 PGS187TS
System Cutput Power
Confimuous at 0.8 PF KW 260 500 500 750 TE0 1260
18 min Cwerload at 1.0 PF kW 350 oo oo 1050 1050 1760
1 min Owerload at 1.0 PF kW ars TED 280 1125 1280 1875
10 s Cwerdoad at 1.0 PF kW ars TED 835 1125 1400 1875
Output Voltage W 380 - 800
DOutput Voltage THD 3%
Energy (Mameplate Start of Life) KWh 145 280 353 435 g T25
Energy Type Li-lom {FPower)
Batiery Chemistry FIRIC
Inverter (PCS) Model BDPZ50
MMumber of Inverters 1 2 2 | 3 3 5
Dimensions
Length m [t} 3.0 (10) 8.1 (20) 6.1 (20) | 2.1 (30 a1 (30 122 (40)
Widih e [fit) 2.4 08)
Height e [fit) 2.8(8.5)

. 8524 12,135 13.025 i8.082 18427 27221
Weight kg (Ib=) (14,2809 (26, 750) (28.710) (30,800} (42.380) (B0,010)
Ambient Temperature Capakbility L™ =40 to +50
Average Parasitic Load
At 40°C and O load KWW 1.5 3 3 4 4.5 G
AR 40°C and 100% load KWW
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Image shown may not reflect actual configuration
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Cat® Energy Time Shift Module

250 kW, 286 kWh to 2280 kWh
1000 kW, 1144 kWh
50 Hz 380-415 Volt
60 Hz 380-480 Volt

The Cat® energy time shift module is a scalable,
rapidly deployable energy storage system.
Energy storage systems can integrate with solar
or other renewable sources to store energy from
the overproduction of the renewable source for
use when the renewable source is not available.
Cat energy storage systems can also provide
temporary backup power to facilities in the event
of a power outage.




Technical Data

ES287H250 ES1.0H250 ES1.8H250 ES2.3H250 ES1.2H1.0
System Output Power
Continuous at 0.8 PF kW 250 250 250 250 1000
15 min Overload at 1.0 PF kwW 250 350 350 350 1000
1 min Overload at 1.0 PF kwW 250 430 430 430 1000
10 s Overload at 1.0 PF kwW 250 600 600 600 1000
Output Voltage v 380 - 600
Qutput Voltage THD =3%
Energy (Nameplate Start of Life) kWh 287 1005 1794 2512 1148
Energy Type Li-lon (Power)
Battery Chemistry NMC
Inverter (PCS) Model BDP250
NMumber of Inverters 1 1 ‘ 1 1 4
Dimensions
Length m (ft) 3.0 (10) 6.1 (20) ‘ 9.1 (30) 122 (40) 122 (40)
Width m (ft) 2.4 (8)
Height m (ft) 2.8(9.5)
Weiaht kg (Ibs) (12&20} (;g:gé?'g) (%g:ggg) (gg}%gg) (gg:;;g)
Ambient Temperature Capability °C -40 to 50
Average Parasitic Load
At 40°C and 0 load kW 1.5 25 4 5 5.5
At 40°C and 100% load kW 7 14.5 23 305 27
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Cat’ Electric Power

Cat® BDP250 Energy
Storage Inverter

The Cat® BDP250 energy storage inverter
provides reliable control of the Energy Storage
System (ESS). Integrated controls provide
complete control of the charge and discharge of
the ESS. The BDP250 is compatible with a range
of storage solutions, including traditional battery
systems, lithium-ion batteries, and ultra-capacitors
and can be packaged with the ESS for a

complete solution.




Features

Microgrid Stabilization

Stabilizes a microgrid against transient events
caused by step loads and renewable power
sources.

Tractor-grade Reliability

Uses same proven power electronics technology
and controller platform as the revolutionary D7E
electric drive track-type tractor.

Seamless Mode Transfer
Interruption-free power transfer to the load during
power flow reversal from energy storage system.

Flexibility
Designed for a wide range of applications and
compatible with virtually any power source.

Lower Fuel Consumption
Integrated control of system components
minimizes fuel consumption and emissions.

Islanding Detection

Automatic islanding detection to meet anti-
islanding UL 1741 and synchronization back to
grid to guarantee continuous power to the load.

Cat’ Electric Power

Grid Support

* Frequency Ride-through (FRT)

* Low Voltage Ride-through (LVRT)
« High Voltage Ride-through (HVRT)
+ Zero Voltage Ride-through (ZVRT)

Parallel Ready
Plug-and-play paralleling with other power
sources.

Energy Storage Management

Built-in intelligent controls for charging,
discharging, equalization, and state-of-charge
estimation for energy storage elements.

STATCOM
Configurable as a static VAR compensator up to
system full capacity.

Touch Screen

User friendly touch-screen display offers real-time
system information, configurable data logging,
remote access, and more.




Technical Specifications

Configuratiomn

Input Wwoltage 200 WG to 650 WD

PMax. DT Imput Surrent 120048,

DC Isolating Switch Contactor and Manual Isolation Switch with Lockout Feature
Rated Output Power (Continuous) 250 KW @ 0.8 PF

Owverload Capacity 125%6 Tor 10 mMminsS200%: for 10 sec

S0 HZz: A00% (=10%6)

Output Voltage Range (L-LY) 60 Hz- 480% (+10%)

COutput Fregquency Range 50 or 60 Hz

Output Power Factor Full Four-quadrant Controllable from Supervisory Controller
Harmonic Distortion = 3%

A Disconnect and Protection Electrically Operated Breaker with LSIG Trip Lnit

Peak Efficiency (excluding transformer) = 9F % (preliminary)

CEC Weighted Efficiency 96 _ 6% (preliminary)

Communication and Control Interface Modbus TCP, Others Configurable on Request

Color HMI Touchscreen (password controlled for

HMI Interface write access)

Freguency Ride-through (x 5 Hz)

Low woltage Ride-through (20% wvoltage dip and up to
200 KWar)

High “woltage Ride-through (10%:)

Zero Woltage (fault) Ride-throuwugh

COutput Power Factor is Full Four Qiuadrant Controllable

Features

Seamless Transfer Between Charging

and Discharging =100 KWW to 230 KW within 200 ms

Output Woltage + 10% Adjustable

A Woltage Regulation = 12

Black Start Capability “es (built-in UPS module for control power)
Ambient Temperature -0~ to + 40°C

Protection MNEMS 1

“Wibration 3G

Hummidity 0-95%

Cooling Close Loop Ligquid Coolimng

Cat’ Electric Power




Image shown may not reflect actual configuration

Cat’ Electric Power

Cat® Photovoltaic Module
PVT117

The Cat® thin film high photovoltaic efficiency
modules provide a proven performance advantage
over conventional crystalline silicon solar modules.
Generating more energy than competing modules
with the same power rating, the Cat PVT117
module delivers superior performance and
reliability to our customers. The photovoltaic
panels lower your cost of energy — reducing utility
bills for grid-connected systems and offsetting the
cost of fuel and maintenance for generator set
powered facilities. And when integrated with Cat
energy storage and microgrid master controls, the
renewable energy can replace virtually all of the
energy from traditional sources.




Features

Proven Energy Yield Advantage Advanced Performance and Reliability

* 17.0% maximum efficiency + Compatible with advanced 1500V plant

« -0/+5W positive power tolerance architectures.

» Generates more energy than conventional + Independently tested to pass accelerated life
crystalline silicon solar. and stress tests beyond industry standards

= Higher yield when compared to typical c-Si < Highly predictable energy in all climates and
modules, resulting in more installed capacity applications
per square meter. + Independently certified for reliable performance

= Superior temperature coefficient, better spectral in high temperature, high humidity, extreme
response in humid conditions and better desert and coastal environments

shading response means more specific annual
energy yield than c-SI modules.

SUPERIOR TEMPERATURE COEFFICIENT SUPERIOR SPECTRAL RESPONSE

105 5.0%
- STC Typical Field
Operating Temperatures

100 Chennai, India

4.0%

95 Dubai, UAE

3.0%

.
More Energy for Same
Nameplate Watts
|

a0 Durban, South Africa

Atlanta, USA

2.0% ®

Frankfurt, Germany

85

Power at STC (%)

|

Linear (Cat Thin Film)
Linear (Silicon Crystalline)
|

20 ' 30 ' 40 ' 50 ' 60 ' 70
Module Temperature (°C)

80

DC Power Output Relative to

1.0%

75
0.0% T T T T T T T T

-1.0%

CdTe Relative Energy Gain Over ¢-SI

-2.0%

L] 10 20 30 40 50 60 70 80 90

Relative Humidity (%) at 30°C
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Technical Data

Mechanical Description Module Rating at Standard Test Conditions (STC)
Length 1200 mm (472 in) LU e ) D, e
- - Nominal Values PVT117
Width 600 mm (23.6 in) -
Nominal Power (-0/+5 VW) Pupe (W) 117.5
Thickness 6.8 mm (0.27 in
- ( ) Voltage at Py, Ve (V) 701
Weight 12 kg (26.5 Ibs)
Current at Pygax lppp (A) 1.68
Area 072 m? . -
Open Circuit Voltage Voo (V) 881
Leadwire 2.5 mm?, 610 mm - -
Short Circuit Current lge (A) 1.83
Connectors 488-1778 (female) f 488-1779 (male) -
(Multi-contact MC4) Module Efficiency Yo 16.3
i 1
Bypass Diode None Maximum System Voltage Vayvs (V) 1500
Cell Tvpe Thin-film CdTe semiconductor, Limiting Reversing Current Ir (A) 4.0
yp up to 216 cells Maximum Series Fuse lcg (A) 4.0
Frame Material Mone Rating at Nominal Operating
Cell Temperature of 45°C
Front Glass 3.2 mm heat strengthened 800 W/m2, 20°C Air Temperature, AM 1.5 1 m/w Wind Speed
Back Glass 3.2 mm tempered Nominal Power Puee (W) 80 0
Encapsulation Laminate material with edge seal Voltage at Py, x Ve (V) 65.9
Load Rating 2400 Pa Current at Py lpp (A) 1.35
Open Circuit Voltage Vae (V) 83.2
MECHANICAL DRAWING
Short Circuit Current lee (A) 1.5
| — = | L300 +5 /- 0. TAmm - - -
=1 275 +/-25mm | == — — Temperature Characteristics
T ,/‘ 3 Module Operating Range (°C) -40 to +85
g J:_*:‘:‘.‘,:E;;‘:s : Coefficient of Pypp Tk (Puee) -0.28%/°C
& T Coefficient of Ve T (Vae) -0.28%/°C
é‘s Coefficient of lgc T (lge) +0.04%/°C
1. Application Class A for 1000V (class 1), Application Class B for 1500V (class 0)
— with MC4; Application Class A for 1000V and 1500V (class 1) with MC4-EWVO 2

B0mm —l-—l |-q—
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Certification and Tests

Thresher Test, Long-Term Sequential Test,
and ATLAS 25+

|IEC 61646 1500V, IEC 61730 1500V, CE

IEC 61701 Salt Mist Corrosion, IEC 60068-2-68
Dust and Sand Resistance

SO 9001:2008 and ISO 14001:2004

UL 1703 and ULC 1703 Listed, Type 10,
Class B FireRating (Class A Spread of
Flame)

CSl Eligible (CA-USA), FSEC (FL-USA), MCS
(UK), CEC Listed (Australia), Sl (Israel),
InMetro (Brazil)

Cat’ Electric Power

End of Life Recycling

Recycling services available through the
Caterpillar industry-leading recycling program
or customer selected third-party recycler.

Module Warranty

:
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10-year limited product warranty
25-year power assurance program
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PVC415 MP02
Monocrystalline PERC
Photovoltaic (PV) Module

The monocrystalline PERC (passivated emitter rear
cell) photovoltaic modules provide excellent
————— ———— performance even under low temperature or low
_ _ light environment. The modules provide high
Picture shown may not reflect actual configuration power output at high levels of reliability.

Features B
=

Proven Energy Yield S

® 20.1% efficiency

® -0/+5% positive power tolerance

Tests (pending)

e Standard Tests: IEC 61215, IEC 61730 Class C fire
rating to 1500V

* |[EC62716 Ammonia Test

* MIL-STD-810G Desert Test

¢ [EC 61701 (maximum severity) Salt Spray Test

e LeTID Test' IEC 61215 (MQT 23.1 LeTID detection)
draft standard

¢ Potential-induced degradation free: 1500V

Higher Efficiency and Reliability

The panel design minimizes white space between solar
cells, eliminates reflective metal lines on the cells, and
lowers electrical resistance between cells by using
aerospace grade conductive adhesive and redundant
cell to cell connections that increases efficiency
compared to conventional commercial modules. Cortifiratinne fnandinm
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Anti-PID

¢ Anti-PID (performance induced degradation)
techniques for processing solar cells and
encapsulation of modules applied.

Adaptability to Harsh Environments

* Excellent anti-salt mist and anti-ammonia capability;
adaptable to harsh environments such as desert and
coastal regions.

Increased Energy Production

e Unique parallel circuitry for linear shading response
* Minimized energy production losses due to row-to-
row shading, or panel soiling.

* \With single-axis tracking systems, linear shading
response enables true-tracking. This generates more
energy than conventional monocrystalline modules
that require backtracking.

* Reduced panel temp. due to unique electrical bus.

PVC415 MP02 Panel

Conventional Panel
[ —— ;

====
EE==
==

==kt

~ shade or soiling shade or solling

Cat’ Electric Power

Certifications (pending)

® Available listings: TUV Rheinland

® |[SO 9001:2008: ISO Quality Management System

* |SO 14001:2004: ISO Environment Management
System

e OHSAS 18001: 2007 Occupational Health and Safety

Worldwide Product Support

* Cat® dealers have over 1,800 dealer branch stores
operating in over 200 countries

® Your local Cat dealer provides extensive pre-sale
and post-sale support, including design consultation,
service contracts, and all maintenance agreement.

Module Warranty

e 25-yvear warranty for materials and processing

e 25-year power assurance program for linear power
output. Produces more than 97.5% power in the first
year, then declining by 0.5% per year, ending at
85.5% power after 25 years.
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Module Rating at Standard Test Conditions (STC)

1000W/m?, AM 1.5, 25°C PVC415 MP02 MECHANICAL DETAILS

Nominal Power (-0/+5%) Pmep (W) 415 Length 2066 mm (81.3in)
Voltage at Pmax Vmee (V) 45.0 Width 998 mm (39.3in)
Current at Pmax Imep (A) 9.22 Thickness 40 mm (1.6 in)

Open Circuit Voltage Voc (V) 54.1 Weight 22.3 kg (49.2 |bs.)
Short Circuit Current Isc (A) 9.90 Area 2.06 m?

Module Efficiency % 20.1 Junction box IP67, three diodes
Maximum System Voltage Vsys (V) 1500 Connectors Staubli MC4-Evo2
Maximum Series Fuse Icr (A) 18 Cell Type Monocrystaline PERC
TEMPERATURE CHARACTERISTICS Frame Material Class 2 silver anodized
(O | 40t0v5s  Tempered lss | M mmemdln tmperes
l??jpeprature Coefficient Te(Pare) | -0.36%/°C Load Rating 240;)42%\.:::”@;1 :);c;n;cricnl:;ack
'Ol'?r\'nj'lierature Coefficient Tk(Voc) -0.29%/°C Hailstone Test 25mm hailstone at 23 m/s

Temperature Coefficient of Isc Tk(Isc) +0.05%/°C
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