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DISCLAIMER
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IMPORTANT LEGAL NOTICE

This presentation does not constitute or form part of, and should not be construed as, an offer or invitation to subscribe for, underwrite
or otherwise acquire, any securities of SMA Solar Technology AG (the "Company") or any present or future subsidiary of the Company
(together with the Company, the "SMA Group") nor should it or any part of it form the basis of, or be relied upon in connection with,
any contract to purchase or subscribe for any securities in the Company or any member of the SMA Group or commitment whatsoever.

All information contained herein has been carefully prepared. Nevertheless, we do not guarantee its accuracy or completeness
and nothing herein shall be construed to be a representation of such guarantee.

The information contained in this presentation is subject to amendment, revision and updating. Certain statements contained in this

presentation may be statements of future expectations and other forward-looking statements that are based on the management's current
views and assumptions and involve known and unknown risks and uncertainties. Actual results, performance or events may differ materially
from those in such statements as a result of, among others, factors, changing business or other market conditions and the prospects for growth
anticipated by the management of the Company. These and other factors could adversely affect the outcome and financial effects of the plans
and events described herein. The Company does not undertake any obligation to update or revise any forward-looking statements, whether as
a result of new information, future events or otherwise. You should not place undue reliance on forward-looking statements which speak only as
of the date of this presentation.

This presentation is for information purposes only and may not be further distributed or passed on to any party which is not the addressee
of this presentation. No part of this presentation must be copied, reproduced or cited by the addressees hereof other than for the purpose
for which it has been provided to the addressee.

This document is not an offer of securities for sale in the United States of America. Securities may not be offered or sold
in the United States of America absent registration or an exemption from registration under the U.S. Securities Act of 1933
as amended.



REACTIVE POWER CONTROL METHODS w
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Var support at night (PV) 0 MW Capability Curve

at inverter Terminals - 0.8 lag/lead

Constant power factor or VAr set-point

Reactive Power Capability Curve - SC 4000-UP-US @ 35°C and 1pu Voltage

Configure inverter with fixed Var output. 3000.00
° 2000.00 \‘
Controlled power factor or VAr via
communication .
Send pF or Var setpoint commands to inverter via E \
Modbus/TCP. § 000
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VoltVAr control based on curve. pat
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Active Power (kW)

Autonomous power factor control

depending on real power output

VAr as a function of Watts.



Q (kVAr) @ Night

Reactive Power at night (optional)

Reactive power up to 60% of nominal power
Hardware modification required on older inverters
Can be retrofitted on existing units

No impact on Warranty

Inverter switched to Q@Night when AC power
generated falls below 10 kW




HARDWARE CHANGES TO ENABLE “Q AT NIGHT” OPERATION

SMA Central Inverter

Grid
DC fuse DC-switch — AC-switch K>
3 AC-fuse ==
precharge
rectifier it
SC-30 Cont .
P resistor
P 4
DC- fuse .
S K\J switch
precharge unit

* The pre-charge unit enables “Q at Night” operation as there is no

available PV voltage.

* Pre-charge unit energizes the DC link via AC grid power.
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REACTIVE POWER AT NIGHT (Q@NIGHT)
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Q@Night facts:

Can be retrofitted on SMA CP-US and newer models of PV inverter
Does not affect inverter warranty.

Retrofit/upgrade does come at a financial cost.

SMA Service performs the retrofit/upgrade.
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5. Probably the largest hurdle is a survey of your MVTs. MVTs
must be rated for 24/7 duty to implement Q@Night.




SMA CENTRAL INVERTERS IN TEXAS
~

Active Power Reactive Power
{MW) {MVAr)
84 Inverters, Q@Might-> Pre-Chg ckt + F\W + MVT? 67 40
419 Inverters, Q@MNight-= FW + MVT? 1.740 1.044
Total Installed base in Texas 1,807 1,084
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INVERTER VOLT-VAR CONTROL w
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* Voltage Control (VoltVAr) uses reactive power to stabilize the voltage at the terminals of the inverter
*A characteristic is used which is working like a Proportional Controller
*VoltVar uses positive sequence only

*  VoltVAr keeps the voltage in a limited range and if it is configured the right way, it will increase the stability
of the grid.

*  The inverters are not “fighting” each other because of impedances between them (transformer, cable).
*  No communication between the inverters is required.

*  To control the voltage at the POI, use a PPC in combination with inverter voltage control. The PPC could
send reactive power setpoints to the inverters (slow) while the inverters supply/absorb Vars to maintain

voltage (fast...<20 ms)

*  FRT-Full: German Grid Code (BDEW) requires a fast reaction with reactive current during a voltage sag
(voltage < 0.9pu).
This is a separate feature which tries to increase the positive sequence and to decrease the negative

sequence.
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» UPSys inverters are able to receive Modbus set points for changing the

voltage reference value (LoVolRef1HiVolRef1).



VOLTAGE CONTROL - EXAMPLE 1

» Requirement: 90% reactive power after 1.5 seconds

MV_J0056.WVF 2012/09/13 07:37:27.30
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VOLTAGE CONTROL - EXAMPLE 2

» Inverter measurement SC2200, Gradient 10

..\fuetterer\Documents\TricordenScope Traces\2016-08-31 12-43-46 - SC30CONT-CPU2 - Oszilloskop.csv
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» AC voltage step

1016

1015 —
1014

1013 —

2
a

1.012—

1011 =

I

127 127.5 128

129 129.5

» Dead Time: <20 ms
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DYNAMIC GRID SUPPORT (FRT)

* Full Dynamic Grid Support

* Utility grid support during brief L

voltage dip by injecting reactive
current (Pos & Neg sequence).

* Three ranges each with different
gradients can be defined for UV
and OV.

* Limited Dynamic Grid Support
* Inverter interrupts grid feed-in
during grid instability for a

configurable time without
disconnecting from the utility
grid.
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* The duration of the interruption is configurable via parameter Frt. WaitTm
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ADVANCED ENGINEERING SERVICES
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Offered to reduce the complexity of the challenging requirements

GRID STUDIES (ES-GS-01)

Grid codes and interconnection
requirements are becoming very
demanding worldwide, making compliance
a real challenge. Complex power system
studies are required from utilities for the
integration of renewables to ensure a safe
and reliable operation.

BATTERY STORAGE DESIGN (ES-BS-01)

Battery Storage can be used for energy
shifting applications and grid support
functions including frequency, voltage and
reactive power control. This requires an
assessment on the battery system sizing
depending on the application.

SPECIALIZED ENGINEERING SUPPORT
(ES-SUP-01) and SPECIALIZED
ENGINEERING STUDIES/TESTING (ES-
SUP-02)

Extend your team of experts for your critical
projects. SMA leverages our expertise and
technical knowledge for fast problem-solving
during system studies or project execution to
ensure a smoother process and risk
mitigation.

GRID
FORMING

TECHMOLOGY

GRID FORMING TECHNOLOGY
PERFORMANCE (ES-PER-01)

There is an increasing need for stability
solutions across the energy markets with a
high renewable share. SMA can support
studies including additional grid forming
equipment which is ideal for voltage and
frequency stabilization in combination with
power & energy applications.
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