Towards a 100% renewable energy future
WARTSILA Energy Solutions
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Smart Energy Vision

(N

The energy landscape is in transition towards more flexible and sustaintable&ru\ergy
systems. We envision a 100% renewable energy future.

Wartsila is leading the transition as the Energy System Integrator — we understand, design,
build and serve optimal power systems for future generations. J

We provide all the essential technologies, lifecycle services and optimised solutions fo\
future energy systems.
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BLOOMBERG NEW ENERGY FINANCE D)
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e Solar and wind dominate future electricity investment
and capacity

e Solar and wind costs fall rapidly, due to fundamentally
new technologies

e Coal-fired power collapses in Europe and the U.S.,
more mixed in Asia

e Gas plays a key role, but not as most people imagine
» Batteries and new sources of flexibility support reach
of renewables
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THE FUTURE OF ELECTRICITY: MORE SUN, WIND AND FLEXIBLE CAPACITY
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Global cumulative installed capacity: 2017

Small-scale PV, 2%
Utility-scale PV, 4%

6,596GW

Source: Bloomberg NEF, New Energy Outiook 2018
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Global cumulative installed capacity: 2050
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VRE COST

7 © Wartsila

China
$/MWh (real 2017)

100
90
80 CCGT
70 Coal
60

50
40
30

Onshore

20 wind
Utility-
10 scale PV
0

2018 2025 2030 2035 2040 2045 2050

Source: Bloomberg NEF. Note: capacity factors: PV: 12%-18%, onshore wind: 23%-32%. Coal and gas
piants capacity factors are a result of our NEO 2017 dispatch analysis. LCOEs are unsubsidized. The LCOE
for thermal plants in China includes the carbon pricing.
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Source: Bloomberg NEF Note: capacity factors: PV: 12%-16%, onshore wind: 22%-30%. Coal and gas
plants capacity factors are a result of our NEO 2017 dispatch analysis. LCOES are calcufated on an
unsubsidized basis
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Source: Bloomberg NEF. Note: capacily factors: Tracking PV: 14%-30%, anshore wind: 20%-
49%. Coal and gas plants capacily factors are a result of our NEQ 2017 dispatch analysis. LCOEs
are calculated on an unsubsidized basis
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gas plants capacily factors are a resull of our NEO 2017 dispatch analysis. LCOESs are calculated
on an unsubsidized basis
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WIND PPA PRICES: RECORD LOW C)
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IMPACT ON COAL PLANT - TEXAS D )
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Gibbons Creek Coal plant in Texas in 2006
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Gibbons Creek Coal plant in Texas in 2016
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RENEWABLE IMPACT :)
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RENEWABLE IMPACT C/)
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RENEWABLE IMPACT

Wind forecast error

Statistically calculated
balancing reserve need
up&down

Wind: forecast vs actual

Need almost 4GW of

balancing power!

Source: ERCOT, TX USA
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Smart
Energy

Leaders
Forum

How late can you
react?

High Bound

Low Bound

—a—Forecast wind
—o—Actual wind

~o—Error

Wind & solar forecast error
reserve should be fast &
flexible to come on-line,

correct the error & go offline
at any time!




NEW MIX

1
RENEWABLES
PROVIDE

MAJORITY OF
ENERGY

2

MARKET
PROVIDES
THE SOURCE
FOR
BALANCING

o
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3
FLEXIBILITY
PROVIDES
THE
SECURITY



RENEWABLE DENTON

Denton's energy mix 2016
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AUSTRALIA : )
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AGL is planning to replace Liddell coal plant with renewables
and additional 750 MW of flexible gas capacity

RENEWABLE
ENERGY

1600 MW
1000 MW

: INFLEXIBLE ' FLEXIBLE
GENERATION TRANSITION (o0a) GENERATION 750 MW VALUE

ENERGY
STORAGE 250 MW

Coal Flexible

LEVELIZED COST OF
ENERGY, $/MWH
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TRENDS IN GB GENERATION TECHNOLOGIES D)
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* |Increased renewables

The UK government is committed to decarbonising the electricity network,
as a key step towards decarbonising the wider economy. The UK is legally
bound by emissions reduction targets of 34% by 2020 and 80% by 2050.
Renewables will play a key role in this decarbonisation: the UK
government has targeted that 30% of electricity generation will come from
renewable sources by 2020, primarily wind turbines.

* Decreased conventional generation

Conventional thermal generation (coal, gas, oil) is set to reduce, primarily
due to emissions regulations. Conventional plant currently provide some
flexibility, and their reduction will lower system flexibility

* Increased nuclear by 2030

The government is committed to a new generation of nuclear generators to
replacing the UK'’s ageing nuclear reactors. Nuclear generators are
inflexible, and will not contribute to system flexibility

16 © Wartsila PUBLIC



THE DEFINITION OF “FLEXIBILITY” : )
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» System “flexibility” allows supply and demand to be balanced more easily than by conventional
thermal power plant

« Sources of flexibility included:
* Flexible generation
* Demand Side Response (DSR)
* Electricity storage
* Interconnection
« Smarter networks

« Different source of flexibility have different characteristics and constraints on operation. For
example:

« Storage and Demand Side Response shift demand that has to be recovered at another point
in time

* Interconnectors depend on adequate flexibility in interconnected markets

* Flexible generation can be used at any time and does not rely on other forms of flexibility

» The different sources of flexibility operate over different time-frames, both in terms of response
time and duration.
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CENTRICA COMPLETES TWO 50MW FAST-RESPONSE PLANTS IN BRIGG AND PETERBOROUGH : )
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...Capable of producin(%/lenoufgh _ﬁ)_o_wer to meet the needs of
100,000 homes, the 5S0MW* tacilities have been designed to
respond to peaks in demand within two minutes

The new plants have been built on land adjacent to Centrica’s
existing gas-fired power plants and each consist of five
Elemprocatlng gas engines that will typically run for a few hours a

ay...
Ma%k Futyan, Distributed Power Systems Director at Centrica
Business Solutions, said: “We're pleased to open our first two
peaking plants, which will help meet the UK’s changing
energy needs and ultimately support the transition to a low
carbon future by providing an important back up to
renewable generation.

“We’re seeing increasing demand for flexible power so this is an
important demonstration of how we can help our customers to
navigate the new energy landscape and deliver a variety of end-
to-end solutions including onsite generation, demand side
response and energy storage.”

The engines have been supplied by Wartsila.

*The plants each comprise 5 x 9.8MW engines, delivering a total
capacity of 49MW.
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Lubricating
oil service
tank

Used lubricating oil tank
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Crankcase

ventilation outlet
Stack with exhaust gas silencer .

Exhaust Gas Module,
EGM

——

Intake air filter

Engine generator set

Radiators

Engine Auxiliary
Module, EAM

Compact Gas Ramp,
CGR

Fuel gas

Maintenance

e water tank
Lubricating oil & |

pump unit Instrument air unit
and air bottle
Starting air compres-
sor unit and air bottle

‘

New lubricating oil tank
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Chimney

Reactor with catalyst

NOx monitoring
system (optional)

Reducing agent injection
-Reducing agent dosing unit

SCR control — % _\‘“;'-.\
system L] =

Reducing agent
feeding unit

Reducing agent
storage tank
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Station transformer

MV switchgear Low voltage switchgear

/ MCC switchgear
/ DC system

Switch yard

Emergency
diesel

£

Common auxiliary equipment

Neutral point cubicles

Engine generator sets

Engine auxiliary equipment
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CENTRICA’'S PLANT BRIGG .
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STRENGTH IN NUMBERS
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_=nder the scope:
- « GE LM6000 PF
» Siemens SGT 800-50
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EFFICIENCY VS. TEMPERATURE :)
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485/

——1 x LM 6000 PF (new and clean) \

——1 x SGT 800-50 (new and clean)

Net efficiency (%)

w5 x Wartsila 20V34SG
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PLANT NET EFFICIENCY VS. LOAD ; )
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/\/_\ -

/ / =] X LM 6000 PF (new
/ / and Clean)
——1 x SGT 800-50 (new
and clean)

a5 x \Wartsila
20V34SG

Part-load efficiency (%)

50 60 70 80 90 100
Load (%)
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LOADING SEQUENCES FOR DIFFERENT POWER PLANTS D)
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Load % Load %

2 minutes to full load!

100
90

80
70
Additional 60

power from 50
Wartsila plant 40

30
20
10

5 10 15 20 25 30 35 40 45 50 55 mins

mmmmm  Coal Fired power plant mmmmm=  Ageroderivative GT power plant (GTSC)
mmmms  Combined Cycle power plant (GTCC) mmmm=  Combustion engine power plant

mmmmmm  |ndustrial GT power plant (GTSC) Note: Start up times from warm stand-by!

© Wartsila PUBLIC



UNLOADING SEQUENCES FOR DIFFERENT POWER PLANTS ;)
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Load % Load %
100 100
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
0 0

0 5 10 15 20 25 30 35 40 45 mins

= Combined Cycle power plant (GTCC)
mmmmm  |ndustrial GT power plant (GTSC)

mmmmm  Combustion engine power plant
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LOADING AND UNLOADING OF A WARTSILA 34 GAS POWER PLANT
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Load %
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Load %

100
90

80
70
60
50
40
30
20
10

mins

Min. up-time: 0 mir§
B 2 min to a p
1 min full
Non-spinning reserves Spinning reserves
*Available in 30 sec & full output in 2 min *Ramp rate >100 % / min
1 | *No fuel consumption & no emissions *Frequency balancing
{| *No wear
0,5 min to Min. d time: 5 mi
synchronisation In. down-time- 5 min Min. load per genset: 30 % (*)
1 2 3/0 1 2 3 4 6 7 8
N J
J J
Cycle #1 Cycle #2

= \WVartsila 34 gas power plant

(*) A power plant with e.g. 10 gensets can correspondlingly operate at 3 % of its total nominal output.

Note: Start-up times from hot stand-by!
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CYCLING OF A WARTSILA 34 GAS POWER PLANT : )
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Load % Load %
100 100
a0 90
1 min from 30%
80 load to full load 80
70 70
60 60
50 50
40 40
30 No maintenance impact 30
20 from frequent cycling 20
10 10
0
11 mins

= \Wartsila 34 gas power plant

Note: Start-up times from hot stand-by!
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DYNAMIC CHARACTERISTIC
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Plant load in percentages
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Cash flow

4 hourpulse cashflow

[¥s]

[0

Time from full load in minutes

=—Wartsila SC + FC
—CCET
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WARTSILA POWER PLANTS

e
—

The next generation of
Efficiency
Operational flexibility
Reliability & Serviceability
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The biggest internal The highest

combustion engine efficiency internal
running on gas combustion engine
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33 © Wartsila PUBLIC 29 November 2018 Corporate presentation 2018



ENERGY SOLUTIONS p)
o W s

WARTSILA

- ENGINE POWER ENERGY STORAGE '}LRE\NEWABLES LNG
PLANTS AND INTEGRATION INFRASTRUCTURE

UItra ﬂexﬂale trT-teLrLaL " Utility-scale energy storage UtiIity-ScaIe solar power Small and medlum scale

.f'sénmnnsand advanced.. plants, solar-engine, Ilquefactl
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FIRST COMPANY IN THE WORLD TO
INSTALLED POWER PLANT  OVER WE HAVE BUILT THE OFFER
CAPACITY IN THAT UNITE LARGE FUEL-
SYSTEMS INSTALLED IN THE NORDIC REGION BASED POWER STATIONS WITH UTILITY-

SCALE SOLAR PV POWER PLANTS




CONCLUSION
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RENEWABLES g MARKET
ARE THE NEW QR VOLATILITY

WILL
INCREASE
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3
FLEXIBILITY
ENABLES

THE SYSTEM

FEASIBILITY

(and the winning
strategy)



CONCLUSIONS
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ltalian target 2030 = renewable x2 _
Flexibility support eff|C|ency securlty env1ronment
Technology available. (It : e
Investors (theo |

.......

e O S o Enefgy stoka;gé :bfui'ldin'g
R ® Engine hall

¥ o ower ~ © Electrical equipment building
Hybrid power plant configuration example O Fuel treatment bui]ding
el * -Internal combustion engines: 60MW - Q..;Administration bUl|d|ng

-Energy storage: 10MW / 2,5MWh H,
-Hybrid output: -10MW...+70MW © Wo rkshop and warehouse
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THANK YOU
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Marco A. G. Golinelli

Director, Energy Solutions Italia




