Slemens Gamesa hybrid solutions ... applied to isolated islands
Leading the way to a renewables powered future
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Company profile

Who we are?

Siemens Gamesa is a global leading
provider of wind power products & service
solutions

o #1 in Offshore

 #2in Onshore & Service

Founded in April 2017 as a merger of
Siemens Wind Power and Gamesa

A global company, based in Zamudio
(Vizcaya, Spain), listed on the Spanish Stock
Exchange

Member of IBEX 35, is traded on Madrid,
Barcelona, Valencia and Bilbao

© Siemens Gamesa Renewable Energy S.A

Integrated Hybrid systems

Ownership structure

Iberdrola

Siemens AG

59%

— Free-float
shares

33%

SIEMENS Gamesa

RENEWABLE ENERGY



Company profile

Siemens Gamesa — Key Facts’

e o
7 Sy 2
242
+90 GW +23,000 €9.1B
Globally Installed Employees Annual Revenue
ISP = T
€23 B True global, .
Ad d digital
Order Book Rt Vagggabilitiegs
footprint

“End of March 2019
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€10B

Market Capitalization

T4I 4

Portfolio covering all

requirements
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Company profile 6

Technology & Innovation

. ]

o
~200 M€lyear e 3,363
R&D Investment ° o® Patents
granted
[

Installed fleet of
+90 GW

+1,200
Pendir}g5§ratents R&D dedicated
(first filings) engineers

® 7 Technology Centers: Bangalore (India), Boulder (USA), Brande (Denmark), Hamburg (Germany), Bilbao, Madrid & Pamplona (Spain)
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Hybrid systems

Wind, solar & storage (ON & OFF grid)
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Hybrid systems

Wind integrated hybrid power plant. Definitions

Wind
Battery Hybrid systems for SGRE
@ defined as:
<
L . Wind + Storage
0] Il.  Wind + Solar
Storage @ lll.  Wind + Solar + Storage
Battery V. Solar_+ Storage
V. Offgrid System
NN
A\ 1\ ¥
PV
Solar

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems

Definitions:

Hybrid solutions for SGRE are combinations of
wind with either solar energy or storage or both.

ON or OFF Grid: depends on whether hybrid system
in grid-connected or runs as an Offgrid solution.

Greenfield: new hybrid plant that planned and
installed together.

Brownfield: hybridization of either existing wind or
solar power plant.

SIEMENS Gamesa
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Hybrid systems

Siemens Gamesa has along track record regarding hybrid solutions

¢ First hybrid project
with wind and

diesel generators. » Offgrid R&D plant incl.
e Maximizing wind

power penetration batteries.

through Hybrid ¢ Development of first

Plant Controller and

Hybrid prototype “La
Plana” test site

wind + PV + diesel +

Company setup for hybrids

Dedicated teams start to work on

Gamesa "

]

New Gamesa Electric

technology center for power

electronics.

hybrid concepts and development.

HPC controller version.

saving fuel.

1st commercial PV-Wind hybrid
Kavital, India - turnkey project with 50
MW wind and 29 MW solar energy incl.
own inverters and 15t version of HPC.

Next generation HPC
Next release of SGRE HPC
hybrid plant controller
will be available. 11

2014

2016

2017 2018

ETES - Electro-Thermal Storage

e 1stthermal storage proof of
concept in Hamburg in 2014

« Next bigger demonstrator is being
built in in the Hamburg harbor for
inauguration in 2019.

© Siemens Gamesa Renewable Energy S.A

T

1st hybrid plant in India
Wind, PV as EPC project in Kudgy.

Adding a redox-flow
battery to the “La Plana”
test site.

Integrated Hybrid systems

Utility-scale Wind-BESS project
Bulgana, Australia — EPC solution
for a green power hub incl. 194
MW of wind and 20 MW/34MWh
or Li-ion battery technology.

Grid-connection planned
for on-grid hybrid testing.
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Siemens Gamesa’s
Hybrid product offering
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SGRE'’s hybrid portfolio 11

Siemens Gamesa hybrid offering. The best results on the market

. Hybrid Plant Controller©
Customized

hybrid ° | y' EPC
capabilities
solutions P

SIEMENS Gamesa -

RENEWABLE ENERGY

Feasibility studies HPC Financing

Engineering CG: ‘69 solutions

support through SFS

: Premium in-house power electronics
OFF & ON grid

ﬁ@ Hybrid O&M
Plug & play solutions MEGA Meteo

— .T_T_T_

Solar PV Wind BESS
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SGRE'’s hybrid portfolio

An optimized, streamlined product portfolio

Siemens Gamesa 2.X

Siemens Gamesa 3.X

Siemens Gamesa 4.X

Siemens Gamesa 5.X

© Siemens Gamesa Renewable Energy S.A

v Low winds v Medium winds V¥

High winds v

SG 2.1-114
SG 2.1-122* 1
SG 2.6-114

G 2.9-129**

SG 4.5-145

SG 5.8-170

* Designed for the Indian market, but available worldwide.
** Designed for the North American market, but available worldwide.

Integrated Hybrid systems

Siemens Gamesa long-term
reference portfolio entirely
based on geared technology.
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SGRE'’s hybrid portfolio

13
The Hybrid Plant Controller (HPCO®) is the brain of a hybrid plant
Energy management services
Forecast Market Siemens Gamesa HPCO, Controller.
(MEGA) AL esmiely o [ Jan | prices ] Manages wind gusts, shadows, grid
located system L . .
requirements, etc. at WTG and inverter level.
%GRE Hybrid Plant Controller (HPC®) Siemens Gamesa HPC©, SCADA
Grid control applications Mon!tors & reports the entire hybrid plant as
Scfé'r?tA one integrated power plant.
TSO/DSO o HPC
O SCADA server J_L
= MEGA forecasting tool
Hybrid resource evaluation and prediction in
Monitor I I comiral operation to maximize energy selling price in
pool markets.
Hybrid power plant devices
Wind turbines |
Solar PV
Energy storage systems
© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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SGRE'’s value proposition 14

HPCO: Wind & Solar Case Example. Functionalities

« Hybrid plant maximum output power limitation for not exceeding maximum design or
administrative limits

 PLF (plant load factor) optimization.

« WIiSH plant Control modes:
o Wind Power priority: solar power limited for not exceeding the maximum allowed.
0 Solar Power priority: wind power limited for not exceeding the maximum allowed.
0 Hybrid balance:

Installed Wind Capacity % 100%)
" Max. allowed Hybrid production output

Selectable Wind production range = (0

Installed Solar Capacity * 100%)

Selectable Solar production range = (0
p g ( " Max. allowed Hybrid production output

where,

Selectable Wind production + Selectable Solar production = 100%

Let’'s se an example in the next slide...

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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SGRE'’s value proposition

HPCO: Wind & Solar Case Example.

15

Hybrid Balance: Possible scenarios of working conditions in Kavital with Hybrid Balance mode selected.

1 - Available generation power below maximum allowed output — output power not limited

Wind:
* Available: 20MW

* Produced: 20MW
Solar:

¢ Available: 10MW
¢ Produced: 10MW

Selected Wind to solar production share: 60-40%

Maximum produced o/p power: 30MW
(20MW from Wind + 10MW from Solar)
Real Wind to solar production share: 66-33%

2- Output power limited — insufficient resource to achieve production share

Wind:
¢ Available: 40MW
¢ Produced: 35MW
Solar:
¢ Available: 15MW

¢ Produced: 15MW

Selected Wind to solar production share: 60-40%

Maximum produced o/p power: 50MW
(35MW from Wind + 15MW from Solar)
Real Wind to solar production share: 70-30%

3- Output power limited — available resource exceeding required production share

Wind:

¢ Available: 50MW

¢ Produced: 30MW
Solar:
¢ Available: 20MW
¢ Produced: 20MW

© Siemens Gamesa Renewable Energy S.A

Selected Wind to solar production share: 60-40%
Maximum produced o/p power: 50MW

(30MW from Wind + 20MW from Solar)
Real Wind to solar production share: 60-40%

Integrated Hybrid systems

Hybrid Plant Total Nominal Capacity:

« Wind: 50MW
e Solar: 30 MW

Maximum Allowed Hybrid Plant Export Power: 50 MW

[Py
Elw--.n
oz =
'.P
Trﬁs w
— X
WIGSE B
-w
I

SOLAR PLANT WIND FARM
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SGRE'’s hybrid portfolio 16

Hybrid solar PV offering

PV modules
«  Hi-efficiency PV modules. AC-Gamesa Power Station (H chfci?rggrolliﬁt:zns ch)
Trackers . 20 - 40 ft container plug & play solution. £ PP X ) pElMS
Fi i i - «  Gamesa Electric inverters catalogue. nergy management services (EMS) .
. ixed structure or robust single axis tracker with excellent . Fast architecture system to enable real time

. LVIMV transformer + MV switchgear integrated.

capability to minimize shading loss from the structure, with control.

possibility of self-powered engine configuration.

+ + HPC

In-house

_» GamesaElectric SIEMENS Gamesa

RENEWABLE ENERGY

Integrated Hybrid systems SI E M E N S Gamesa
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SGRE'’s hybrid portfolio

BESS offering. ReStor. SGRE proprietary BESS solution

Storage technology

17

DC Battery Container . AC-Gamesa E-PCS Power Station
: e e B g L . 20 feet or 40 feet container plug & play solution.

* Lilon batte_ry i i o »  Upto 5SMVA Gamesa Electric bi-directional inverters
. DC protections, HVAC, fire detection and extinguishing catalogue: versatile and battery agnostic.

T . LV/MV transformer + MV switchgear integrated.

4

Integrated In-house

{_: GamesaElectric {_» GamesaElectric

(HPC® Controller)

. Grid control applications (GCAp).
. Energy management services (EMS).

. Fast architecture system to enable real time
control.

\ e

In-house

SIEMENS Gamesa

RENEWABLE ENERGY
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SGRE'’s hybrid portfolio

Off-grid Isolated Systems

_____ Project Sizing: Analysis and
Engineering capacity to size an offgrid
O

renewable plant.

Target: optimize LCoE

Y-

Product offering. FULL EPC where:
. » PV: tier one module & tracker suppliers.
* BESS: ReStor, SGRE proprietary battery solution.
* Fully designed for a project tailored solution.

N2 Plant design. Starting with the analysis of the existing generation and
—/O\— FE‘ ending with a fully tailored plant design including a control strategy through
I

the Siemens Gamesa Hybrid Plant Controller (HPC).

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems
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Track Record:
Hybrid Systems is a fact @ Siemens Gamesa
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Pioneers in hybrid solutions 20

SAN CRISTOBAL - Offgrid wind & thermal plant

Galapos Island, Ecuador

Multi-technology
at MW level.

Commissioned in
2.4 MW

2007 : G52-850 kW

Hybrid Plant Controller 1.95 MW

manages the plant to maximize Wind Lo

penetration (monthly up to 60%).
Controller

8,3M liters of fuel replaced.

Reduction of 20,359 tons co,/a.

® -—Jﬁ
——r—

3

Integrated Hybrid systems SI E M E N S Gamesa

RENEWABLE ENERGY
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Pioneers in hybrid solutions 21

LA PLANA - Hybrid & offgrid prototype & test plant

Zaragoza, Spain.

Multi-technology

at MW level.
Commissioned in G : '. ) G52-850 kW
2015. ol
245 kW
installed in Q2 2016. ¥,
TR Li-lon
Redox-Flow Battery L & REDOX

under testing in 2018
(in collaboration with Hydra Redox).

Controller

The “simulated load” allows testing of the
customer environment. Grid-connection is planned
to further testing under different conditions.

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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Pioneers in hybrid solutions 22

KUDGY - First hybrid plant. India

India.

Multi-technology

at MW level.

commissioned in

2017. 2 MW
EPC solution amm 1.7 MW

(design, engineering and commissioning).

Controller

The country's first complete
hybrid technology solution.

Photovoltaic inverters made by
Gamesa Electric.

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E NS Gamesa
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Pioneers in hybrid solutions 23

KAVITAL - First commercial hybrid on-grid plant in India

Karnataka, India.

Multi-technology
at MW level.

Commissioned in [
2018. 50 MW 14
L. T A e - —

Photovoltaic Inverters mww 288 MW
made by Gamesa Electric.

India’s 1st large commercial
hybrid project.

Turnkey solution

(design, engineering and commissioning).

Improved generation curve and higher capacity
factor.

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E NS Gamesa
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Pioneers in hybrid solutions 24

BULGANA - Green power hub. A large scale pioneering project with BESS

Bulgana, Australia

Multi-technology

at MW level with Li-lon storage.

To be commissioned in

: 194 MW
20109. 1 B 3
' ‘ SG 3.4-132
EPC solution
Design and commissioning included. ' 20 MW/

0&M for 25 years.

Reduction of 530,000 t CO,/a.

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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La Plana Offgrid Pilot Plant:
Technologies
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La Plana Pilot Plant
26

Test plant la plana: Wind + Solar + Batteries + Diesel

Unigue WorldwideTest l

Plant P
—_— l LOAD
Load Bank R-L
Leading global initiative G52 -850 kw R(i?,l MW
L=750 kVAr

combining solar and wind with
diesel generation at MW level ;
/\
> The HPC “Hybrid Power Controller PV — 245 kWp “
manages, in real time, the mix of the 4 A
energy sources p——

— ‘=

1n
3x Diesel — 222 k W

- &

> Commissioned in Dec. 2015 Bat. — 500 kWh: 500 kW

> The “simulated load” allows testing
the customer load data sets on an
adequate scale in a real plant.

il

- ¢ ]

Hybrid Power
Controller

SIEMENS Gamesa
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La Plana Pilot Plant

27
Test Plant La Plana: General View
Li-ion Flow
PV Inverter
G52 (850 kW)
Reactance
Resistances
Control PV Panels (245 kWp)
Fuel Tank
‘ 20 kV
Gensets Switchgear Center
(3 x 222 kW)
© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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La Plana Pilot Plant

28
Technologies: Generation at La Plana
|
’l\ Wind generation: G52 - 850 kW
] iR NG
e \
_ 55m H
| R
et —
> 850 kW
> 52 m
> 55 m (3 sections)
> 15-31 rpm
© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E NS Gamesa
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La Plana Pilot Plant
29

Technologies: Generation at La Plana

Solar PV generation: 245 kWp

» Number: 816 panels
» 48 strings (17 panels in series, 612V)
» PV Inverter: Gamesa Electric (INV-PLUS-500kW)

Panel Characteristics (for STC):
» Maximum Power: 300Wp
» Efficiency: 15,5%

» 72 solar cells of multicrystalline silicon in series

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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La Plana Pilot Plant
30

Technologies: Generation at La Plana

=k Diesel generation: 666 kW

» Manufacturer: MTU

» Model: 6R1600DS300 (222 kW, 278 kVA)
» Number: 3

» Cylinders: 6

» Generator: HIMOINSA (HM 280B2) (Permanent
magnets, brushless, self-excited)

» Controller: DEIF AGC

» Out voltage: 400 V

» Start time: 15 s

» Consumption (100% power): 59 I/h (0,267 I/kwh)

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E NS Gamesa
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La Plana Pilot Plant
31

Technologies: Generation at La Plana

» Cell Chemistry: LMO (Lithium Manganese Oxide)
» Cell Manufacturer: SAMSUNG

» Battery with 3 racks in parallel (429 kw, 143
kWh)

» PCS: Gamesa Electric - GAE 1.25 MW (SGRE)
» Continuous discharge power: 143 kW (1 C)/rack
» Peak discharge power: 572 kW ( 4C, 5 min)/rack

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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La Plana Pilot Plant
32

Technologies: Generation at La Plana

Flow Battery: 120 kW — 400 kWh

» Chemistry: Vanadium

» Number of electrolysers: 120 (6 series, 20 parallel)
» PCS: Gamesa Electric - GAE 200 kW (SGRE)

» 2 Electrolyte storage tanks: 18.000 |

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa
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La Plana Pilot Plant

Technologies: HPCO - Offgrid at La Plana

33

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E N S Gamesa

RENEWABLE ENERGY



La Plana Pilot Plant

34
Technologies: HPCO - Offgrid at La Plana
HYBRID LA PLANA > SUBSTATION @ =Rl oo
SIEMENS. e
© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems SI E M E NS Gamesa
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La Plana Pilot Plant

35

Technologies: HPCO - Offgrid at La Plana

Integration RE/Diesel + Batteries Integration RE/Diesel + Batteries (Mode ZDO)

Hybrid Plant without ZDO

o0d 2:00 400 6:00 E00 10000 L300 1400 16:00 18:00 plike] 13200

= Djgse| Powes Plant  wWind Farm s Fhotovedaie Plant Eattery Discharging Ewncess Energy = Eattory Charging e ogd

= Diesel groups generate the grid (voltage and frequency control)

= The HPC minimizes diesel consumption, taking them to their technical

minimum power (Objective: Minimize LCOE)

© Siemens Gamesa Renewable Energy S.A

Integrated Hybrid systems

Hybrid Plant with ZDO

o 10 0o e 8O0 o 1rpn 1400 16:00 1800 Rl R

Diesel Power Plant = Wind Farm S Photovolkase Plant Battery Dischanging Excess Enargy S Battery Charging s oacd

= In order to further optimize the LCOE, HPC® when enough Renewable &

battery energy are available, the HPC can shut down the diesel gensets
and create the grid with the Plant converters (mainly Storage converters).

SIEMENS Gamesa
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Greek Islands
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Greek Islands: Current Situation

37

Greek Islands: Cost of Electricity — 21 islands (ex Creta, ex Rodas, ex islands <1 MW)

€/MWh 450 -
400 H
350 -
300 -
250 -
200 -

Cost of Electricity vs. island electricity consumption:

Area of each column represents amount in € to be
spent in fuel annually

150
100
50
0

Lower island load, usually means higher cost of energy.

21 islands under evaluation — groups:

Cost of Electricity vs. Consumption (MWh) 201

346 2°°

v' 11 island, totaling 115 MW installed (small islands), with Cost of Electricity higher than 300 €/MWh
v B islands, totaling 225 MW installed with Cost of Electricity between 200 and 300 €MWh
v' 4 islands, totaling 356 MV installed (large islands) with Cost of Electricity between 172 €MVWh and 200€/MWh

Islands vs Energy Price

MWs vs. Energy Price

= >300 /MWh )
u>200 /MWh = >300 /MW
>172 IMWh = >200 /MWh
>172 IMWh
Costs of energy published for year 2013.
© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems Sl E M E NS Gamesa
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Greek Islands: Current Situation

Greek Islands- LCoE (mix), IRR and curtail vs. renewables penetration

Simulated Figures — CHIOS Island — Wind + Diesel simulation

200
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7
W
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/ |
7
20 pad i
-7 I
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4% 25% 44% 6% 62% 65% 67%

Penetration

v" High renewables penetration:

Target: Min LCoE (max NPV)

© Siemens Gamesa Renewable Energy S.A Integrated Hybrid systems

45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

LCOE (10%) - €/MWh
——RR

— = =Curtail

Savings/profitability for he electricity
consumers and the promoter of the
projects (private/public)

Figures resulting from Gamesa
internal assessment. No field study
has been developed. Further studies
should be developed for more
accurate results.

Further Renewable Penetration levels
can be achieved through the use of
Storage for Energy Arbitrage and grid
support.
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Thank you!

Damian Pérez de Larraya
Head of Integrated Hybrid Systems
damian.perezdelarraya@siemensgamesa.com
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