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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 Company shall assume no liability for errors contained in this document, unless damages are caused intentionally or through gross negligence by the Company. Furthermore,
the Company shall assume no liability for effects of activities that evolve from the basis of data and information provided by this presentation.

The information contained in this presentation is subject to amendment, revision and updating, which does not underlie any prior announcement by the Company. 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 solely after prior consent of the
Company. 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. The content of
this presentation, meaning all texts, pictures and sounds, are protected by copyright. The contained information of the presentation is property of the Company.

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.
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Phase  ghare in
. . power
Integration of VRE in a
“15%
Microgrid
~“50%
Phases of VRE Integration
- :
|g.her sho.res requires more efforts <80%
for integration
- Possible measures to achieve the
according phase of Solar Integration
in an isolated Microgrid
100%

Compare:
,Status of Power System Transformation”, Dr. Peerapat
Vithayasrichareon, I[EA 2018, Solar Integration Workshop
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Est. max.

Measures to achieve
stable operation
Limit Installations

*  Using existing flexibility

*  No measures for operation

Curtailment

* Limits the input to an
allowable share in the
power system by active

curtailment

Storage

* Reserve-Power

¢ Must-Run units

Grid-Forming

*  Allows switching off all
conventional Voltage-

Sources

¢ Maximum Penetration

Taken from: O. Schémann et. al: Experiences with large grid-forming Inverters on various

Island and Microgrid projects, Hybrid fPower Systems Workshop 2019



Replacing conventional synchronous generation in island grids w
for up to 100% renewable power & energy supply il

Hybrid System on Caribbean island St.Eustatius3:

Peak load: 2,3 MW
Energy consumption: 14 GWh/a
PV energy yield: 6,4 GWh/a
PV energy coverage: >46 %

PV total power: 4,15 MWp
Battery capacity: 5,9 MWh
Diesel power: 4 MVA
Diesel savings: >1,7 Mio. l/a
CO2 savings: 4560 t/a

> Experience after >1,5 years: superior reliability, stability and power quality at 100% inverter-based grid operation and
renewable energy supply for more than 10 hours per day thanks to utility-scale PV & Grid Forming battery storage solution

SMA Solar Technology 3. Schémann et al.: ,Experiences with large Grid Forming Inverters on the Island St. Eustatius, Portability to Public Power Grids”, 7
8th Solar Integration Workshop 16-17 October 2018 Stockholm, Sweden



Operation principle of PV+Diesel+Storage system on St. Eustatius

YT Hybrid PV + Battery |_Diesel

3,6
Active power (MW) " lood
PV curtailment ||~ Diesel-Genset
. Photovoltaics
at full batteries
Battery grid
forming
' Diesel on
-
Compensation
-1,2 of irradiance y
perturbations gri |
supporting

Backup
for GenSet

Grid Forming runs in parallel ¢ >10h grid operation completely

for improved grid stability

without synchronous generators

> Stable parallel operation of inverter- & synchronous machine-based
generation with grid supporting & grid forming control
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Inertia and immediate load sharing:
Real world generator shut down test in an island system

Plant
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> Capability proven in Island projects can be applied in grid connected applications
SMA Solar Technology




Fault Ride Through Tests on St. Eustatius

Test Setup: Grid segment is artificially shorted and connected to the Grid in Operation
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Successful fault ride through tests on the island

of St. Eustatius W

LVRT acceptance tests in grid operation without Diesel genset': | Voltage at 1ph asymmetric ground fault
1) Installation an artificial faults on 12,5 kV medium voltage level
2)

Connection of the faulty grid segment
—
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> Fast fault clearing within 100ms by PV & Grid Forming storage inverters without current contribution of genset
> Immediate grid voltage restoration after fault clearing
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1. Schémann et al.: ,Experiences with large Grid Forming Inverters on the Island St. Eustatius, Portability to Public Power Grids” 11
8th Solar Integration Workshop 16-17 October 2018 Stockholm, Sweden
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Bordesholm 10MW/15MWh battery storage tacility

Successfully tested capabilities in grid-tied and
microgrid operation on 30.11.2019

* Uninterrupted supply with power & renewable energy at

intentional islanding test

o . o Control
* Substitution of public electricity for >1 hour TN | e | e
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Project Integration done by RES Germany GmbH for the local utility company Versorgungsbetriebe Bordesholm GmbH



Intended islanding, energy supply & stabilization of a village with

Grid Forming storage power plant in Bordesholm

* Storage plant is able to take over the supply of a 7500 inhabitants' village

in case of a grid outage
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For utilizing the full potential of Gridforming inverters in public
electricity grids, grid codes need to be adapted

Grid-parallel operation of Gridforming inverters
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Present grid codes often neglect opportunities given by inverter-
based Gridforming :

¢ Grid codes were designed with focus for grid supporting operation
* Modification is highly desired
Unclear requirements considering (among other topics):
* Evidence of grid forming behaviour
* Fault-ride-through behaviour
* Behaviour at operational limits of the inverters
* Prevention and behavior at unintended islanding
* Characterization of inverter-based inertia
*  Common test procedure and quality criteria

* Interaction with grid protection mechanisms

> Conformity with grid codes needs to be clarified for the particular application
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5. Ongiong research in public funded project Grid Control 2.0 (FKZ: 0350023D), Dez 2017 - Nov 2021 15



Thank you for your attention!

Dr.-Ing. Thorsten Bilo
SMA Solar Technology AG

Email: thorsten.buelo@sma.de

Phone: +49 561 9522 -2587
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