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About Vestas

Of installed wind

Years of power capacity

experience

Vesitas.

Vestas’ revenue for
the full year 2017

Total combined wind Employees working
turbines under service* across all continents
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Evolved Energy Market: Complex Energy Network

Wind energy generation is part of an
increasingly complex and ever evolving

energy network B

We are all faced with changing technical and

commercial requirements = oo,
%

Sustainable Energy Solutions leverage the . % .

benefits of different energy generation fm: |

energy networks on grid and micro-grid scale
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Evolved Energy Market: Supporting technologies

Technological advances in storage, solar,
and data utilization make deployment with
wind economically beneficial, depending
on site specific conditions

Supporting technologies

O O
- +

» Technology advancements

« Different technologies suited for either
power or energy applications

« Steep cost reduction curve

Storage

L
<‘> * Continuous cost reduction
Ve Y 4 Complementing wind
Solar

+ Digitalization of grid
= « Understanding supply and demand

Data * Agquirement of data company Utopus Insights
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Hybrid system potential

Wind combined with solar and/or energy storage can help secure project realization and

Improve project return

Increase Energy
Production

Use complementary
generation to increase
annual energy production
and optimize supply-
demand match

9

Improved Capacity
Factor

Complementary
generation patterns

Mitigates physical asset-
related restrictions

secure license to operate and/or
enter into nev&markets

- 4 \/ A

Reduce CAPEX and OPEX

* Reduction from sharing &
optimizing equipment and
infrastructure

» Case specific avoidance
of some equipment
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Hybrid Potential Assessment

Vestas Siting capabilities allow for detailed hybrid potential
assessment to be generated down to site specific level.

This includes wind & irradiation resources, capacity factor,
and supply to demand correlation calculations
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Hybrid Power Plant with Vestas

VE$ [as.

Grid
Connection

Integration Right-sizing

Identify ideal wind Calculate optimal Ensure hybrid Ensure Available hybrid- Vestas Service
turbine supporting asset balance to power plant optimized capable engineering, optimization
technology setup ensure maximum fulfilment of grid operation of procurement, and
for site specific synergy and connection hybrid power construction services
conditions business case requirements plant lowering project risk

potential and complexity
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Vestas Experience: Lem Kjaer

i Hybrid Power Plant

* Lem Kjeer, Denmark 2012

» Battery storage added to existing wind farm

» Connected to Danish transmission Grid

» Battery Management System integrated with
wind plant control system

®

¥ Achievements & Learnings

* Reduction in financial penalties for not meeting
generation commitment

* Ramp rate reduction / power smoothing (dP/dt control)

* Improved lifetime of battery storage (rate of
degradation)

» Assuring primary, secondary, tertiary reserves

» Enable black start

* Run Voltage control

» Test 2 different Lithium battery types
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Vestas Experience: Greece, Louzes

5 years of experience with active power regulation of Wind & PV hybrid plant

i Hybrid Power Plant

®

Louzes Wind & Solar plant, Greece, 2012

1MW PV plant integrated in the same power line
with the existing 24MW wind turbine plant.

Local grid operator requested monitor and control
of PV plant in addition to wind turbine plant.
Active wind turbine power control dependent on
PV plant power output

Achievements & Learnings

Vestas supported Customer to meet local grid
operator requirements

VestasOnline SCADA platform integrates two
different systems to be controlled as one common
entity for active power regulation
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Sustainable energy solutions: First commercial hybrid project

— KEY BENEFITS
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L Vestas’ Hybrid Power Plant Controller enables

L individual technologies to operate as one integrated
l T \A% facility. Combining wind with solar and/or energy

storage help improve project-level economics:

Hybrid Power —
C ___________ Plant Controller ausn Increased Energy Production
R

T VE & t Iz L) “ Improved Capacity factor
! —

-
—
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=< Reduced cost

===

Fulfilment of Grid Requirements &
enable new earning opportunities

Vestas
ﬁ EPC* & Service ‘j'-ﬂ‘/
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Vestas Hybrid Competence

Expertise
i + 35 years of meeting complex & varying grid requirements
M + Deep WTG product knowledge & understanding of technical synergies

+ Key components built in-house

Systems

Hybrid * Advanced Power Plant Controller already managing large wind plants
VES[ES> E « Largest wind database in the industry
) + Building hybrid controller based on performance data of 33,000 WTGs
Competence » Advanced siting capabilities including hybrid potential assessment

Experience

« 100+ EPC projects in 26 countries

* Lem Kjeer hybrid power plant since 2012 (WTG+Storage)
» Louzes operating since 2012 (WTG+Solar)

+ Kennedy sold, installation in 2018 (WTG+Solar+Storage)
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Copyright Notice

The documents are created by Vestas Wind Systems A/S and contain copyrighted material, trademarks, and other proprietary information. All rights reserved. No part of the documents may be
reproduced or copied in any form or by any means - such as graphic, electronic, or mechanical, including photocopying, taping, or information storage and retrieval systems without the prior written
permission of Vestas Wind Systems A/S. The use of these documents by you, or anyone else authorized by you, is prohibited unless specifically permitted by Vestas Wind Systems A/S. You may not
alter or remove any trademark, copyright or other notice from the documents. The documents are provided “as is” and Vestas Wind Systems A/S shall not have any responsibility or liability whatsoever

for the results of use of the documents by you.



