WARTSILA
Flexible Power Generation

This is Wartsila

A global leader in advanced
technologies and complete
lifecycle solutions for the

marine and energy markets
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WARTSILA

Climate change and scarcity of natural resources are affecting |
our operating environment

CHANGING ENERGY NEEDS INCREASING DEMAND FOR NATURAL GAS
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A GLOBAL SYSTEM INTEGRATOR FOR GREENER AND MORE EFFICIENT ENERGY SYSTEMS

7

/
_/ SOLAR PV AND ENGINE-SOLAR
HYBRID POWER PLANTS

Energy (/

Efficiency i WARTSILA

Smart
Power
Generation
Fuel Operational

Flexibility S - Flexibility




SMART POWER GENERATION FEATURES ‘/

WARTSILA

ATV 128000 =& 00p231.

Agility of dispatch High plant reliability and availability
+ Megawatts to grid in 1 minute from start, 5 * Multiple units enable firm power

minutes to full load + Typical unit availability > 95%
+ Fast shut down in 1 minute + Typical unit reliability ~ 99%
+ Fast ramp rates up & down « Typical unit starting reliability > 99 %

+ Unrestricted up/down times

Low generation costs Optimum plant location and size
* High efficiency (>48% in simple cycle and + Location inside load pockets i.e. cities
N .
250% inzompined cycle) + Typical size range 50-500 MW
+ Wide economic load range with multiple

* Flexible, expandable plant size enables
step by step investments

* Low gas pressure requirement (5 bar)
* Low/no water consumption

units
« Total efficiency in CHP up to 90%

0

WARTSILA

Clasificacion por tamaiio.
20V34SG
(9.7 MW* / unit)

18V508SG
(18.3 MW* [ unit)

18V50SG
(Flexicycle™)
20 MW*/unit

v

: PLANT SIZE
* Generator Terminals, sea level, radiator cooled, 25C(77F)
** Generator Terminals, 5% tolerance, LHV, sea level, radiator cooled, 25C(77F)




LIQUID ONLY:

- Petroleo crudo, fuel oll
pesado (HFO), light fuel oil
(LFO), LBF’s

GAS ONLY

- Motores operando solo
en gas de baja presion
(5 bar)

DUAL FUEL:

- Pueden operar con gas y
liquidos.

- Fuel mix (30-100% load)

Principios de funcionamiento

-4 tiempos

-Inyeccidén unitaria

-4 tiempos

-Lean burn / baja presion

-4 tiempos Dual Fuel

-Lean burn / baja presién

-4 tiempos Dual Fuel

-Alta presioén

000231 VIN

WARTSILA
-Principio de operacion Diesel
-Principio de operacion Otto / chispa
-Principio de operacién Otto / piloto . Wartsila
DF
I
-Principio de operacién Diesel | Wartsila
GD
WARTSILA

N

2

Gas asociado

HFO de alta viscosidad
Comb. emulsificados
Biocombustibles liquidos

Petroleo crudo

Fuel oil #6

Diesel (Fuel oil #2)
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Only minutes from start command to full load
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WARTSILA

RELATIVE LOADING CAPABILITY FOR DIFFERENT TECHNOLOGIES

Load % [i™ LA [ Load %
; | _' s
0 -t > | B — 100
90 / Tty / 90
80

50 I - v

O J‘ | i A ' 40
30 o A = : i 30
20 I : 1. 20

r'{ |
10 = 17 ik oy | I o R |
. @ / | [l
fo #s- 2 25 e ST 400, 46 B0 55 miw

5
wmmsm  Coal Fired power plant e Aeroderivative GT power plant (GTSC)
wessss  Combined Cycle power plant (GTCC) =ss=ss Reciprocating Engine power plant
memsss  |ndustrial GT power plant (GTSC)

0.

WARTSILA




AN v 000232 VIM.

PERFORMANCE ON PARTIAL LOAD ' : C

WARTSILA

Wartsila unit efficiency exceeds 48%,, @ 1SO and part load efficiency also
extremely high when units can be started and stopped one by one

Part load efficiency
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15 °C, 10 bar NG

A GLOBAL SYSTEM INTEGRATOR FOR GREENER AND MORE EFFICIENT ENERGY SYSTEMS

ENGINE POWER PLANTS
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As a forerunner in gas and multi-fuel engines,
fuel systems, technology and services, Wartsila
participates in the global shift to gas also with
LNG infrastructure projects.

We prowde our full range of project 2

{ to LNG liquefaction plants & termmals to
deilver EPC projects worldwide.
We have the capablllty to develop the entire

- inin partnershlp wlth our

customers

Also we prowde sr ilar services for LE(
ethane) and LPC ane) infrastructure.

ENERGY SOLUTIONS E—\}

WARTSILA
Complete solutions that bring value to customers

devgggr?gnt& L3 Technology = EEC s ?12?5?‘1?2&2‘
financing ; ;

it medium-scale termine

(tank capacuty 100-160,000 m?®)

Satellite terminals for gas power plants Floating Storage and Regasification Barges (FSRB)
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Wairtsila LNG solutions WARTSILA

Smal LNG liguefactian plants Mini LNG Iquefaction prants LNG b s LNG satelite & bunkenng LNG storage & regasfication
fermina’s barge

Cargo Handling Systen Fuel gas handing system Ship and Cargo Tank design
Gas and LNG Carriers

ra

Ufecycle senvices Stan-up support Product and technical support  Spares

LNG SOLUTIONS - PRODUCT PORTFOLIO [ Sy

TR Rl E 4 WARTSILA
ala| ‘

Satellite terminals
for gas power plants

S-lorﬁga&
Re-gasification
barges T2b

Smallsatellite
terminals Tza

Medium-scale -
terminals

Equiﬁmem only
Power Plant

Equipment only
Relig unit & Power Plants

Regas unit
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WARTSILA

AUADTOL A

LNG CONSUMPTION IN A POWER PLANT

m® LNG Minimum
60000 refilling interval
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‘/

WARTSILA

100 MW plant paseload 8000 hiyear)
310,000 m®year (=140,000 tonnes/year)

50 MW plant (paseload 8000 hiyear); OR
100 MW (flexible baseload = 4000 h/year); OR
200 MW (peak load = 2000 hiyear)

155,000 m*year (=70,000 tonnes/year)

25 30




. 000234 VIN

LNG storage
alternatives offered

WARTSILA

by Wartsila
Tank typa Bullet tank Flat bottom tank
Y (Double shell steel tanks) (Single, double or full containment)
s Single tank 100 - 1200 m? 3
Capaty Multiple tanks 100 ~ 20,000 m? 200 S AB0000 m
Boil-off gas (holding 0.05-0.15 % per day, but the tank is capable of
mode) handling the increased pressure for up to 1 manth 0.05 % per day
Operating pressure 0.5 -8 barg Atmospheric
Rollover monitoring
needed No Yos
Manufacturing method Pre-fabricated in factory On site
Installation time on site Days to weeks 24 - 36 months

100% utilization

0.31Millon m3/year

0.14 Million Ton/year (MTPA)

LNG storage capacity (base load operation)
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100% utilization
0.41 Million Tonfyear (MTPA)
0.94 Million m3year
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WARTSILA
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A GLOBAL SYSTEM INTEGRATOR FOR GREENER AND MORE EFFICIENT ENERGY SYSTEMS

SOLAR PV AND ENGINE-SOLAR
HYBRID POWER PLANTS

-~ RENEWABLES AND STORAGE

/ LNG INFRASTRUCTURE

WARTSILA ENERGY STORAGE POWER PLANTS
ENGINES+STORAGE




Hybrid power plant configuration example

fiz o

- GOMW

-Energy storage: 10MW / 2,5MWh

-Hybrid output: -10MW.. +70MW

" 000235 VIN

gine'hall
ectrical equipment building
uel treatment building
ministration building
orkshop and warehouse

HYBRID SOLUTION DESCRIPTION 3 X 18V50DF (51 MW) +
20MW/10 MWH STORAGE LI-ION

Power
[Engine ______[3x18Vs00F | Time to synch
Power 51 MW* Energy
Time to synch ~30s
Energy Unlimited
Time to full load 300s Time to full load (71 MW)
Ramp capability 0,5 Mwis* Ramp capability
Min load 10% Min load
Initial delay 1s
Reactive power run/ +3810-19/+54 1o - Initial delay
condenser mode 26 MVA™** :
Effiiency fullload  ~45% Reactive power P/ Q
— (Cond.) mode

Efficiency full load

*} At generator and inverler terminals and within eperation range
**) Pending duly cycles and life lime
***) Theoretical al generator and inverter terminals

Confidential

Hybrid Plant 71 MW Hybrid

-20 ... +7T1 MW
Synchronized

51 MW Unlimited + 10
Mwh

300s

40,5 MW/s *
-20 MW
0,2s

+40to-21/+66 to
-38 MVAr

~45% | 85%

Storage System 20 MW /10 MWh

Power +- 20 MW

Time to synch Synchronized

Energy 10 MWh**

Time to full load 0.3s

Ramp capability 40 MWis

Min load - 100%

Initial delay 0,2s

Reaclive power P/ Q  +/-2/12 MVAr*** |
mode |

Efficiency round trip ~ 85%

Possible storage guarantees:

WARTSILA

Availability
Round trip efficiency
Battery capacity
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STORAGE + ENGINE: MAIN FEATURES & CUSTOMER VALUE

ENGINES+STORAGE HYBRID
MAIN FEATURES

« Spinning reserve replacement
+ Power quality
- Frequency control
— Voltage control
Ancillary services
+ Instant power

MAXIMIZING CUSTOMER VALUE
* Optimized plant operation

* Fuel savings

« O&M optimization and savings
+ Regulation compliance

+ Enhanced dispatchability

+ Reduced emissions

WARTSILA

Average load 74%, Average efficiency 42,2%
SPINNING RESERVE BY ENGINES

Engine load %

100
80
60
40
20
0

1 2 3 4 6 6

@ Load @ Spinn. reserve

8 Storage

Average load 90%, Average efficiency 43,0%
SPINNING RESERVE BY STORAGE
Engine load %

100
80
60
40
20
0

1 2 3 4 5

@ Load @ Spinn. reserve

WARTSILA
ENERGY STORAGE

WARTSILA

WARTSILA




WARTSILA ENERGY STORAGE

-

* Power quality
— Frequency control
~ Voltage control

« Energy shifting

+ Instant power

Wairtsila Energy Storage main features

Maximizing customer value Grid frequency control with

+ Electricity market(s) opportunities energy storage.

+  Peak demand management
Demand charge reduction (C&l)
Back-up capacity

BATTERY SYSTEM OVERVIEW

Voltage 4.2VDC 50.4VDC 1050VDC

1050VDC

WARTSILA
ELECTRICAL AUTOMATION
igas MARKET
m INTERFACE
' MODULE AC 3BD- 000V @
w | ENERGY
PCS + DC & AC breaker
RACK MANAGEMENT SYSTEM
=[]
I |
| EEL
: 4 HERESl DC
2 > {i}] SYSTEM BATTERY
‘_'d_”_"l_"_"l_‘ WDE‘;“;U DC Busbar MANAGEMENT
_ TR e
DC Switch fuse ' ! ! m
) be breaker
Energy 0.25kWh 6.5kWh 65,5kWh 1500kWh (5540 cells)

O|
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GRID SCALE STORE PRICE FORECAST p )

WARTSILA
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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
= Battery pack PCS = Balance of plant = Other = EPC » EMS=

$/kWh

Note: The ratio of the inverter kW oulput to energy storage nameplate capacity was set al 1kW:1kWh. Energy storage costs may vary by geography, application and region.
Natets WFAF [Pgsnrtation ras | Aurrar] Source: BNEF

LI-ION BATTERY PRICE & EV VOLUMES =y

$/kWh

WARTSILA
1,200 400
1,100
1,000 A “ Global EV li-ion
' ' battery
900 BNEF observed values: annual 300 production

| o3 lithium-ion battery price index
800 A 2010-15

| A BNEF observed

R / X values

o A A 200

" . «=Moderate

400 scenario; 15%
learning rate

300 100

etf —=Aggressive
scenario: 22%

L learning rate

0 - n T A T 0

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Source: BNEF H2 2015 electric vehicle battery price survey




FLEXIBILITY FROM STORAGE?

Market is in its childhood, but building momentum

16 -

Cumulative market size, Utility scale [GW]

B Other
Distribution Level
u Transmission Level
= Renewable energy
integration

Peaking capacity

= Short duration
balancing

201520162017 2018 2019 2020 2021‘2022 20232024
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WARTSILA

LARGE SCALE ENERGY STORAGE

WARTSILA Energy Storage

WARTSILA

Containerized solutions:
1,5...5MWh

WARTSILA
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GLOBAL SYSTEM INTEGRATION ' B O

WARTSILA

ENERGY
GENERATION STORAGE

SYSTEM INTEGRATION

optimizes different energy sources, storage and demand
in sustainable, reliable and affordable way

OPTIMIZED SYSTEM O&M
GENERATION INTEGRATION STABILITY ; SERVICES

Conclusion
WARTSILA

Ene gy Affordable
Efficiency

Smart
2iman Power
Powe_r System
Fuel Generation ° 5 il 4 \
ue pera iona Reliable (SR SR I4N »
Flexibility Flexibility 3 - Sustainable

WARTSILA

Making Power Generation Smarter!
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WARTSILA

Alejandro Mc Donough
_Business Development

+560 04038460




