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WARTSILA ENERGY BUSINESS

Wartsila Energy Business leads the transition towards a 100% renewable energy future. We help our customers
unlock the value of the energy transition by optimising their energy systems and future-proofing their assets.

Our offering comprrses flexrbTé'pQweﬁplant solutions, energy management systems, and storage, as well as
lifecycle services that ensure-increased efficiency and guaranteed performance Wartsrla has delivered 72 GW
of power plant capacity in 180 countries around the world. R

K= . S N 5
DELIVERED 72 GW POWER OVER 70 GLOBAL OUR EXPERTISE CENTRES
PLANT CAPACITY IN 180 ENERGY STORAGE - SUPPORT NEARLY 250

COUNTRIES SYSTEMS INSTALLED POWER PLANTS GLOBALLY

© Wartsila 10.6.2020




WARTSILA ENERGY BUSINESS f;

WARTSILA

DELIVERED POWER PLANT CAPACITY
/2 GW IN 180 COUNTRIES AROUND THE WORLD
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WARTSILA POWER PLANT FROM THE INSIDE
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WARTSILA

WARTSILA 3 |
BATTERY STORAGE INSTAL’LATION

© Wartsila 10.10.2019



WARTSILA IN THE
MIDDLE EAST

» Total capacity over 7,200 MW at 300+

installations

> Locally present service teams with
central support from Dubai HQ

> Over 1,700 MW of Operation &
Maintenance all over the region and
increased O&M support from our Digital

Expertise Centre in Dubai

© Wartsila
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Lahore
400 Employees
2,1 GW of installed base

. Wartsila local office

Jeddah Dubai
250 Employees Local HQ + 24/7 Remote ‘ Workshop
1,9 GW of installed base O&M Center + Workshop
200 + Employees . Branch / SPC
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WARTSILA

- UNDERSTAND - - |
~ The energy transition = Proppr p1ann|ng_and smart’
unfolding and renewables .| adaptation will be essential Cﬁange through

beéoming the new basek)ad er each country. - o plants energy e
. . i Smart ener

o = systepas? TR Sl " o
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GLOBAL
ENERGY TRANSITION

Matti Rautkivi

Director, Strategy & Business
Development, Energy Business, Wartsila
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GLOBAL ENERGY TRENDS f’

WARTSILA

INCREASING COMPETITIVENESS OF RENEWABLES

Renewable energy generation cost since 2010
o ®
® ®

. * ik

J 85% 4 49% 4 85%

Source: Bloomberg New Energy Outlook 2019



GLOBAL ENERGY TRENDS / pf)

WARTSILA
Renewables are now cheapest new energy source across more than two-thirds of
the world...
Most competitive source of new bulk Most competitive source of new bulk

generation in 2014 generation in 2019

m Coal

m Gas (CCGT)

m Solar PV

® Onshore wind
Not identified

...and by 2030 they undercut existing coal and gas almost everywhere.

Note: Reflective of the cheapest benchmark project for each technology and market Source: Bloomberg New Energy Outlook 2019

© Wartsila 10.10.2019



ENERGY OUTLOOK: 50 BY 50 / o/)

WARTSILA

GLOBAL INSTALLED CAPACITY SHIFTS FROM 57% FOSSIL FUELS TODAY,
TO 2/3 RENEWABLES BY 2050

Capacity mix 2018 (7.0 TW) Annual gross capacity additions 2018-2040 (GW) Capacity mix 2040 (15.5 TW)

700

New technologies New technolog|es
17% 600 |

57%
50
40
NN
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2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 Traditional
Traditional :
hnologies 43%
technologies 83% m Coal Gas ® Nuclear technologies 43%
= Wind

m Hydro = Solar
m Other renewables m Other m Other flexible capacity
®m Peaker gas

Source: Bloomberg New Energy Outlook 2019
Note: Other flexible capacity includes all possible technologies that are not running on baseload, excluding peaker gas, i.e. could be a combination of storage, interconnections, demand response etc.

© Wartsila 10.10.2019



RAPID GROWTH FORECASTED FOR FLEXIBLE SOLUTIONS
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ANNUAL CAPACITY ADDITITIONS
2018-2040 (GW)
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ANNUAL FLEXIBLE CAPACITY
ADDITIONS 2018-2040 (GW)
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2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

8

o

6

o

4

o

2

o

m Peaker gas m Utility-scale batteries m Small-scale batteries = Pumped hydro

Source: Bloomberg New Energy Outlook 2019



ENERGY TRENDS /
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122-FOLD GROWTH IN ENERGY STORAGE UNTIL 2040
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Utility-scale battery additions (GW) 2018-2040

m Others

MENA

®m Europe
® Americas
m APAC

© Wartsila
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2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
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CAPEX for 20MW/80MWh AC fully installed
energy storage system

Real 2018 ($/kWh)

2018

2020

2025

m Transformer

m Developer margin

m Developer overheads
EPC*

mEMS

m Balance of system

EPCS

2030 m Battery rack

Source: Bloomberg New Energy Outlook 2019



A GLIMPSE INTO THE FUTURE /

WHAT WOULD HAPPEN IF THE PENETRATION QF
RENEWABLES REACHED A CRITICAL LEVEL’? |




GERMANY, APRIL 2020 ,’

WARTSILA

THE ECONOMY REACTED TO COVID-19, BUT THE
SUN AND WIND DID NOT

Germany COUId have been the fi rSt ?::i:::-‘-'v:n:t:.h.:c'-av.ch.\:: e @01 @Ccal @Cas ®Other renewdd e ®Ceotherma SEZcoma

European country to achieve 100% -

renewable energy generation N T e W w =

5 days in April, Germany had to pay up to s T, " i e e
€80/MWh to export excess electricity e =

- Norway and Austria with more flexible
generation fleets were paid to receive green DohbesdPrice e
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Legacy systems generate legacy results.

Visit Wartsila Energy Transition Lab: https://www.wartsila.com/energy/transition-lab

© Wartsila 10.10.2019


https://www.wartsila.com/energy/transition-lab
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MIDDLE EAST
ENERGY LANDSCAPE

C
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Patrik Farkas

Market Development Manager,
V4 Middle East, Energy Business, Wartsila

© Wartsila 10.6.2020
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CHANGE DRIVERS
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SOLAR PV LCOE OUTLOOK/ S

WARTSILA
Solar PV LCOE forecast

120
Bahrain: 39 USD/MWh (100 MW)

.~ UAE: 24.2 USD/MWh (1170 MW in operation)

_.-- KSA: 18.4 USD/MWh (1470 MW signed)

Qatar: 17.45 USD/MWh
_.--""" (800 MW in construction)

!
!
!
100 I
!
!
!

UAE: 13.5 USD/MWh

———c___ (1500 MW bid)

USD/MWh

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

—Australia ==—China -—Germany =—India Japan =—United Kingdom ==—United States

Source: Bloomberg New Energy Outlook 2019

20 © Wartsila 10.6.2020



CHANGE DRIVERS
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WARTSILA
61 GW GENERATION CAPACITY NEAR RETIREMENT AGE

Age distribution of power plants in GCC by fuel

90000
80000
70000
60000

= 50000 43 GW
= 40000

30000 18 5 GW

20000
10000

0
20-30 10-20 up tol10

Fleet age

mOil W Gas & LNG Cogen Steam Solar m Wind

Source: S&P Global - World Electric Power Plants Database, 2020 March
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ECONOMIC LOW COST WATER-POWER /  REPLACEMENT OF
DIVERSIFICATION | RENEWABLES NEXUS AGEING FLEET

© Wartsila 10.6.2020



C

10 UNITS WITH LOWEST LCOE* # LOWEST SYSTEM LCOE WARTSILA

D@ IRENA ,, It should be noted that lower LCOE does not necessarily entail lower

system costs, if structural changes to increase system flexibility are
not adopted”— IRENA 2019

RENEWABLE ENERGY
MARKET ANALYSIS:

GCC 2019

B e O 2 A "
POF B s &5 & &) -

Cost of
electricity

Value of balancing
and ancillary services

Leadership challenge: “World-class leader in lowest-cost sustainable electricity”

*LCOE: levelized cost of electricity

24 © Wartsila 10.6.2020
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UTILITY 2.0

Patrik Farkas

Market Development Manager,
Middle East, Energy Business, Watrtsila

Giriraj Rathore

Senior Business Development Manager
Energy Business, Wartsila
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EXAMPLE WEEK WITH 50% RENEWABLE SHARE
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© Wartsila



LOAD & NET LOAD WITH 50% RENEWABLE SHARE ; :‘)

LARGE POWER PLANTS (WITH A STEAM CYCLE) ARE NOT DESIGNED TO WARTSILA
OPERATE ALONG THE BLUE CURVE!

Net Load = Load =
Fast ram p-up/down Electricity NOT generated Consumption

by wind and solar
Frequent load changes y
‘ v " v
[
o
3
p—
()
[
()
o
|
Shut down & start

\/J Part load operation
cNoNoNoNoNoNoNoNoBNoNoNoNoNoNoNololoRNoNoNoNoRoNolNoNoNoNoNoloNoNoNoNoNoNoNoNoNoNoloNoloNoNoNoNoNoNoNolNoNololNoelNolNo
6009090500969 56060969065969606065609686065050605696958606590660659666606686866695829S
O M OO ANLL OO0 M OOANLL OO AO0OM OONLL O AO0M OOANLL O AO0OMOOANLL O AO0OM OOANLLO OO AOMOONL 0 -
OO0 0O 0O d A d NOOOO A A d NOOOO A ddANOOOO A ddNOOOO A d A NOOOO A A A NOOOO dAdA-AN

Mon Tue Wed Thu Fri Sa

+ Increased reserve
requirements

I_
o
Q
o
Z
@D
—
—
o
jab)
Q.

© Wartsila



|

’

\ 1" 4

CHANGING POWER MIX
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DYNAMIC PROPERTIES & CONST S\NILL BE MOREIMPOQRTANT /? = p)

WARTSILA

....

POWER PLANTE_ ,

-

Start-up time

Minimum up & down time

Fuel consumption at start-up

Cycling cost \
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270

HIGH
EFFICIENCY

in high temperature
conditions
~47%

RAMPING

2 minutes to full load

MODULAR

DESIGN
10-20 MW unit size

© Wartsila 10.6.2020



‘ ENERGY STORAGE FOR THE GRID / :

WARTSILA
,, A grid scale large energy storage, converts the energy from a grid-scale power network
into a storable form that can be converted back to electrical energy when needed.”
Storage is a powerful asset that adds flexibility and reliability to the grid.
BATTERY ENERGY STORAGE wmonn, N

HVAC SUPPLY DUCTING

40’ HIGH CUBE I1SO CONTAINER_\
1. Fastresponseto match supply and demand. C ErTRONEE RACK W e ‘

BATTERY RACKS

2. Makes the system more flexible.
3. Improves capacity utilization of thermal power units.

4. Reduced CAPEX & OPEX.

A\
FIRE SUPRESSION TANK

\
~DC DISCONNECT SWITCH

5. Contribution to ancillary services.

30 © Wartsila 10.6.2020



ENERGY STORAGE USE CASES - RENEWABLE INTEGRATION /

ENERGY STORAGE SOLVES MULTIPLE PROBLEMS FOR UTILITIES

Frequency Response

ESS Application

Ramp Rate Control Renewables Smoothing Renewables Firming

Description

Renewables Shifting

ESS Sizing

Frequency Response

Corrects over and under frequency

15-30 minutes

Ramp Rate Control

Mitigates ramping at generation source

30-45 minutes

Renewables Smoothing Maintains approximate solar curve 1 hour +
Renewables Firming Creates firm committed load shape 2 hours +
4 hours +

Renewables Shifting

Shifts solar to evening hours with or w/o commit

31 © Wartsila
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ENERGY MANAGEMENT SYSTEM = THE CRITICAL LINK

Thermal

generation I'ﬂ'l

L J ®

Solar '@'
® L 4

&

Wind * Energy —
management ptimize

t flexible

System generation

E
siorage NI

© Wartsila 10.6.2020

An effective EMS should have
the following capabilities:

1. Data driven: It should be
able to gather granular data
and process it for further
optimization.

2. It should have the capability
to handle multiple assets,
while being technology
agnostic.

3. It should be scalable to
manage increased asset
portfolio.



ENERGY STORAGE AND OPTIMIZATION

88

GEMS SOLUTION SUITE

> GEMS is the leading energy
system management platform

> A suite of proprietary software
products for building, monitoring
and intelligently operating power
plants and energy resources

> Optimizes all generation assets
> Secure, flexible, and scalable

> Deployed in 70+ projects around
the world

© Wartsila 10.6.2020
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Operation & Service Centers

Site Operators



®» -

<

THE iSLAND @F GRACIOSA

Transforming and enabling a “renewables as baseload” grid with

energy storage, wind, solar and engines.

H
ﬂa It
Hybrid renewable power Integrates renewable
plant enables 1MW of PV energy sources while
Solar, 4.5MW Wind and simultaneously
6MWI/3.2MWh battery optimizing multiple

energy storage solution. generating assets.

34 © Wartsila 10.6.2020

®

PPA based on fuel
savings. GEMS optimizes
multiple assets to eliminate
dependence on 17,000
litres of diesel per month.

LALLM AT

)

Delivers both economic
and environmental
benefits.




ENERGY STORAGE REFERENCES .

WARTSILA

REPRESENTATIVE DEPLOYMENTS

Ehéplqegvra@__ 20MW Frequency regulation AltaGas 20MW Capacity + RA Z;m 2 x 50MW/50MWh Grid balancing

power

SoGp 2MW Grid deferral CA,USA  70MW/70MWh _ @-0m 7=t 10MW Solar + Storage
Renewables integration

&B © Wartsila 10.6.2020



FEC PR 1 118 LR FELCO L4 FEL T

ENABLING SUSTAINABLE SOCIETIES
WITH SMART TECHNOLOGY

© Wartsila
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