Solar Inverter Presentation

CARLO GAVAZZI

CARLO GAVAZZI S.p.A.

Selluiieon fer [Renewalble [Energyy

SOLAR INVERTER PRESENTATION

Solar Inverter  pag. 1



CARLO GAVAZZI

Solar Inverter Presentation

Index

e[ntroduction to Solar Plants
*About to Solar Energy Conversion

eGrid Tied Inverter Product Portfolio
«Off Grid Solution Product Porfolio
eAccessories

SOLAR INVERTER PRESENTATION

Solar Inverter  pag. 2




CARLO GAVAZZI

Solar Inverter Presentation

Basic Grid Connected Solar System

Photovoltaic Array
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Detailed Solar Plant Installation
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PV Cell : where the Energy comes from

Where
h= Planck constant (6.62x®¢Jsec
n= Light wavelenght
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How does a solar cell work? ﬁfg

s

« Silicon atoms provide a stable crystal lattice

* The cell is deliberately contaminated (doped) with
various foreign atoms both on the front and rear, e.qg.
boron and phosphorus

sLight or heat (from an external energy source)
breaks up the stable electron bond and scatters
individual electrons around the crystal lattice

*This creates a positive and a negative pole so that
the path of the electrons can be controlled.
Connecting a load results in a closed circuit
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Introduction to the most diffused PV module types

The solar cell generates electrical power from light using Semiconductor
materials such as:

Doped Silicium (mono/poly crystalline)
Cadmium telluride CdTe (Amorphus)
Copper indium selenide CIS (Amorphus)

The crystalline silicium solar cell is the most common type.
High-grade purity silicium is required in order to manufacture solar cells.

This calls for a complex chemical production process.
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Property of the different types of solar cell

1. Mono-crystalline solar cells

. 0.3 mm wafers are sawn out of a
silicon block

. The Sl block consists of a single
crystal

. With an efficiency of over 16%, this
type is the most efficient in converting
solar energy

2. Poly-crystalline solar cells

. When liquid silicon is solidified, the
result is a crystalline structure made
up of numerous smaller crystals

. Cells made from this material are
called polycrystalline

. The Average efficiency is 12%
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3.

Thin-film cells (amorphous)

Cost-effective alternative

Require considerably less semiconductor
material

A glass or plastic panel is coated with a
photoactive semiconductor layer and a
second glass panel placed on top to seal
it

CIS solar modules (copper indium
diselenide) have an efficiency of 8-9%

Drawback : sometimes the current
leakage between the panel and the frame
obliged to work with reverse polarity

After 4 months they get stabilized in terms
of performance.
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4. Concentration PV Modules

Higher efficiency : up to 36%
High cost per Watt

Based on triple layer junction silicon
(Indium Gallium Phosphorous,
Arsenourus and Germanium) +
Fresnel lenses

Working always in conjunction with
solar trackers
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What does the Inverter do ?

1. Main Function

. Transforms the Energy from the PV panels into energ vy
available for the utilities , keeping at the maximu  m the power
transferred in any PV condition and, in doing that, it has to
use the minimum possible energy (high efficiency ).

2. Function Requested to the Grid Tied Inverter
. Watching the grid connection stability (voltage and frequency)
. Monitor the insulation resistance with ground (leakage current)
. Monitor the DC injected current into the grid (if transformer less)

. Assure the maximum power quality of the energy fed to the grid
(power factor and THD)
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How does an Inverter work ?
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Solar Inverter Overview

MODEL ISMG 145 [ISMG 150 [ ISMG 160
linput DC Nominal Power [W] 3475 4000 4850
\Voltage Range [V] 100...400 100...400 100...400
Nominal Current [A] 10 10 10
Output AC INominal Power [W] 3300 4000 4850
\Voltage Range [V] 196...253  196...253  196...253
Nominal Current [A] 14,34 16,52 20
N°of Strigs / MTPPs 2 2 &)
IMax Effiency [%] 96,3 96,3 96,2
|EU Efficency [%] 95,4 95,1 95,1
|IP Degree 65 65 65
Communication RS485 RS485 RS485
\Warranty extension 5 to 10 years yes yes yes

Solar Inverter
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- Current fed full bridge circuit with trasformerless electrical
isolation (PV-system / grid)

*MPPTs High Efficency MPP tracker (more than 96%)

*Multiple Strings with full MPPT capability

» Dual Micro Full Digital Controller for system contr ol & MPPT
* IP65 protection

» Operating temperature: -20 °C ... +60°C

 Forced ventilation with fans

* RS232/R485 chain for parallel multi-inverter applic  ation
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Solar Inverter Overview

MODEL

ISMG 315 ISMG 320 ISMG 325

Input DC Nominal Power [KW] 15,75 21
\Voltage Range [V] 400...850 400...850
Nominal Current [A] 2x 19,7 2x 26,3

Output 3xAC Nominal Power [KW] 15 20
\Voltage Range [V] 3x400 /320..460 | 3x400 / 320..460
Max Current [A] 28,2 31,9

N°of Strigs TPPs 2 2

IMax Effiency [%] (greater than) 97 97

EU Efficency [%] (greater than) 96 96

IP Degree 55 55

Dimension [mm]

890,5x751x256

890,5x751x256

\Weight [Lb]

(Approx)

164

164

(*) All these units will use external transformer. All the units are on field test.
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Functional Block Diagram
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Control Concept
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Bubble Graph for different working modes

No
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Differerent National
recommendations

Even if the most important European Standardizatio Institutes and Organizations
(CENECEL) had tried to formulate a standard recommaendation, every countries have
developed their own standard and norms, especiallyp those countries where was
provided incentives for the energy produced and sdlto the local or national grid
distribution company (Real Decreto for Spain, ContdEnergia for Italy).

List of main technical norms valid in Europe and US A

EUROPEAN EN NORM: UNI-EN 61727

USA: UL1741, CEC (form UL/CSA) , NEC (es. NEC2005 for C alifornia)
Spain: Real Decreto 1663/2000 , Real Decreto 661/2007
Italy: DK5940 ed. 2.2 April 2007

Germany: VDE0126
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Approvals

Italian DK 5940 certificate = Spanish RD certificate

CE cetrtificate
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European electrical connected grid
system approvals

Definitions and differences of the grid connectsygtem for the
European countries
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Efficiency by manufacturer  J_k

s

Efficiency diagram in relation to Power and Voltagefor the ISMG145
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Average Efficiency

How is the European efficiency defined?

European efficiency

The European efficiency reppresents an efficiency that is weighted in
accordance with the central European climate.

Example: For just under half (48%) of the annual operating time, the
Solar Inverter runs at half power (50%).

Solar Inverter  pag. 27



CARLO GAVAZZI

Solar Inverter Presentation

emperature Range & Derating

For Example:
ISMG145
From 0° C to 55° max output power

Temp> 70°C / > +158°F (automatic power
reduction).

The inverter switch if offat 80 ° C

=
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Anti-Islanding protection

When connected to the grid it’s forbidden or not albwed to run a part
of the electrical main grid. When grid —for any reasns- switches off
iImmediately the electrical generator (inverter) mus be stopped. This
function is called anti-islanding protection and itis ensured by the
“Protection interface device” , which must be certifed according with
the national norms.

Why antislandig protection is required?

1. It avoids electric shock that can cause injury athnot ensure the safety of personnel
who is working with wires when the electric grid tirn off.

2. To avoid damage of devices that are connectedttte local installation where is
placed the PV inverter: no controlled and synchrorzed operation of the PV inverter
(Voltage and frequency out of the allowed range ofalue) can fault the appliances.
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Specifications for the Energy Protection devices

The control and protection are usually implementedn the solar
inverter and it is realized by a combinations of edlctromechanical
relays and electromechanical circuits who verifieghe thresholds and
the related trip time.

According to the standard European recommendationite Energy
Protection device is designed with an intrinsicallyand redundant safely
relay. If a fault occurred or the grid supply is off, the Energy Protection
device disconnects the inverter from the grid.

According to VD0126,
DSP1 and DSP2 are two
redundant and
independent circuit of
Energy control/protection

Energy Protection
devices
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Ground fault and R-iso control

The German VDE norm was the first European nationakule that verified the security

level of the DC side of a PV system: Ground Faulhiat is measured by the value of R-iso
resistance during the start up of the system.

For a transformer-less inverter the control of theleakage current is even more restrictive
because there is no insulation between the DC sidad the AC side.

1. The norms require an AC/DC residual current circut breaker device that must be
able to evaluate and control in real time the valuef the AC+DC current component

injected to the ground so the protection system nafl be considered equivalent to a
an advanced differential switch.

2. Before connecting the inverter on the electric gd is necessary to evaluate the value
of the Ground Insulation Resistance (R-iso): this&lue is proportional to the
maximum value of the No Load DC Input Voltage (Vo)Yrom the PV generator.
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MPP Tracking

* Maximum power point (MPP) of the PV module gradually changes over the
day.

» The characteristic from morning to midday to evening resembles a half sine
wave.

« Maximum power can only be extracted from the PV modules if the Solar
Inverter constantly readapts to the MPP.

* MPP tracking refers to the Solar Inverter’'s capability to readapt constantly
to the PV module’s variable MPP operating point.
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MPP Tracking

*MPP tracking implemented in
software

*Solar Inverter constantly adapts its
operating point so that the new power
value can be compared with the old
one

* SW determines whether the new
operating point is better than the old
one

* In practice, there is more than just
one maximum power point

» Cause: Series or parallel connection
of strings with certain modules that
are in the shade

* SW has strategies for finding the
"true* MPP (not just one local
maximum)
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PC Software 1 : PV Designer =SS

PV Panel Configuration Tool for ISMG Inverter Series
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PC Software 2 : Serial Interface Communication

Processed Data Product features

* Measured data » RS232/RS485 interface
—AC (voltage, current, power, frequency) « Modbus-RTU standard software
- DC (voltage, current, insulation protocol
resistance)

» Compatible with all the CG

—Total kWh, grid impedance instrumentation

« Statistics
— kWh per day, week, month

* Inverter status

— Operational status, error status
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PC Software 3 : ISMG_Soft Monitor

Up to 15 inverters in one
system can be monitored.

Perform system data logging
function for long term analysis.

Sends the critical alarm in
order to inform syster
administrator.

Modify the system’s vital
parameters for authorized
person only.

Measure and Store
Environmental Critical Data
(2 x T, Solar Irradiation,
Wind Speed, etc..)
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Service

1+ Standard warranty of 5 years

After-sales service

¥ Registration for warranty via warranty-card

1+ Extension of the warranty period to 10 years
Purchasable.

1 SWAP service : Target of 36/48 hours in EU

Partner service
% Product trainings
1 Sales support: Data sheets, brochures,
configuration SW tool, TP List

Replacement service

¥ Device replaced within 1 to 3 working days
once request has been approved by Carlo
Gavazzi Logistics (Ml-Italy)

1t Replacements can be requested to fill in
correctly and send back the RMA form (by fax
or mail)
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SUNBRIGHT Battery Charger ()

Easy to use, suitable for remote areas
High Efficency

Multiple Voltage battery charger (12, 2
48Vdc)

High Reliabllity (IP67)
Loads control

(*) The products will be lauched “when Septemberred”.

Author : SALVADORE  Date : May 2009 Solar Inverter  pag. 39
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SUNBRIGHT Battery Charger Basic Connection
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+ Solar Battery Charger “SunBright”

Market Request : Use Solar Power to
have energy in remote location or off grid
application (i.e.: small utility, lights,
greenhouse, etc..)

Solution : SUNBRIGHT : PV battery
charger.

Up to 140 Vp input, 30 Amps of battery
charger @ 12, 24 and 48Vdc.

Three sizes : 10, 20 and 30 Amps

Two series : with and w/o load control
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SUNBRIGHT in a typical stand alone solution

PSI (*)

(*) PSI = Pure Sinusoidal Inverter
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“Accessories”
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“tPure Sine Wave Inverters
2+ Irradiation Sensor “CELLSOL 200"

+ Temperature Probe “TEMPSOL”

L

R ANSUNRANRANEINSY
BANASNNANTARIRANAY

¢ Digital Indicators “DPY”

7+ Wind sensors
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« Pure Sine Wave Inverters

Market Request : To convert DC energy (often
that comes from batteries) into AC energy
especially in off-grid systems .

Solution : PSI: These Pure Sinusoidal wave
Inverter series is especially designed to fullfil
the needs of applications where it is necessary
to adapt several parameters of inverters to the
loads. It includes a low frequancy transformer
(toroidal transformer) to isolate the DC circuit
(input) from the AC circuit (output).

From 150W to 3000W

input 12, 24 and 48VDC
output 120AC or 230AC
european or universal socket

Solar Inverter  pag. 45



CARLO GAVAZZI

Solar Inverter Presentation

¢ Irradiation Sensor “CELLSOL 200"

Market Request : to control the efficiency
of the photovoltaic plants.

Solution : CELLSOL 200 is silicon
sensor for the measurement of the solar
iradiation. The device provvides an output
voltage in mV, irradiation of 21000W/m?.
Every sensor brings in plate the value
calibrated in mV related to the full scale.

Range from 0 to 1500W/m?.
Two wires cable, UV proof, lenght 3m.
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« Temperature Probe “TEMPSOL”

Market Request :to measure the
temperature of plane surface like the
solar panel.

Solution : TEMPSOL is a temperature
probe with Pt100 or Pt1000 sensor
encapsulated in an aluminium body.

Self-adhesive probe

Range from —30°C to +150°C
2 wires, 26AWG , 2m lenght
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« Digital Indicators “DPY”

Market Request :to show
“solar produced / saved

values” (energy Kwh, power . a2
Kw, CO2 emission saved) e

Solution : Digital indicators
suitable for indoor and
outdoor environments. Large
display for visualization of
differents instantaneous
process values. It must be
used with EM24DIN or
EM26DIN energy meters.

Customizable front design
and dimensions.
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« WInd Sensors

Market Request :to measure the speed
and the direction of the wind

Solution : Cup Anemometer & Wind Vane

Cup Anemometer

1.5 to 30 m/s measuring range
Min./Max. wind speed: <1.5 m/s >30 m/s
0.1 m/s resolution (Standard)

-20°C to +60°C (-4°F to +140°F),

PVC housing / Stainless steel rotor

Wind Vane

Opto-electronic Wind Vane for relative wind
direction indication

-20°C to +60°C (-4°F to +140°F),

PVC housing / Stainless steel wind vane
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Thank you for your attention

Arrivederci
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