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OVERVIEW Dﬁ )

WARTSILA

Main energy sources in a 100% renewable energy world
A high renewable world will require massive amounts of solar and flexibility

PV will become
the main energy
source in the
Sun Belt with
22 TWp global
capacity for the
power sector

M Solar PV based system

M Wind turbines based system

M Hydro power based system

| Technologies mix based system

Source: Lappeenranta University of Technology

4 16.7.2019 Smart energy vision



Could the Pacific Islands become
the Saudi Arabia of Solar?

Energy Solutions
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Wartsila References

Experience in
Australia & Pacific Islands

Argyle Diamond Mine
3 xW12V32
12 MW

Telfer Gold Mine
3xW12V32
12 MW

Plutonic Gold Mine
4 x W18V34SG
17 MW

Mt Keith Mine

5x 16VZ40

[ ] Mining 60 MW

OK TEDI Mine
3 x 16V32/6R32 + 8R32
23 MW

Ramu Nickel Mine
W32-9L/18V/20V
92 MW _

[ utilities

Leinster Nickel Mine
2 x W18V32
13 MW

Australia

Adelgfde

elbourne

¢

Brisbane

Sydney

Macarthur River Mine
6 x W20V34SG
58 MW

Osborne Copper Mine
5xW12V32
19 MW

WARTSILA

Lihir Gold Mine
12 x W18V32 78 MW
10 x W20V32 80 MW
2xW20V32 17 MW

Simberi Gold Mine
» 7 xW9L20 containers
11 MW




Wartsila References

Barker Inlet Power Station,

Australia

Customer AGL (Gentailer)

Type Wartsila 50DF multi-fuel power plant

Operating mode Flexible

Gensets 12 x Wartsila 18V50DF

Total output 210 MW

Fuel Natural gas & Diesel

Scope Engineering, procurement & construction
(EPC)

Delivery 2019

The largest engine-based
power plant in Australia
helping AGL to cope with the
introduction of renewables
and be ready five the 5 min
settlement rules.
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Industry Leader of Energy Storage and Hybrid Systems...

Energy storage technology, integration and software

@ OF G-

HARDWARE DESIGN SOFTWARE INTERGATION INSTALLATION

* Foundedin 1834
« Providing energy storage solutions since 2008

« Comprehensive capabilities including design, integration and energy
optimization software

« Over 70 grid-scale systems in 9 countries integrated with solar,
wind, fossil and hydro generation

« Delivered frequency regulation systems to four unique
regulation markets across the world

+  GEMS - proprietary software platform now in its sixth generation, used to
integrate 16 different batteries to-date with a technology-neutral business model
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Technology Overview

Battery Selection
Best fit chemistry

NMC LFP LTO NCA
Nickel Manganese Cobalt Oxide  Iron Phosphate (LiFePO,) Titanate (Li,Tis0;,) Nickel Cobalt Aluminum Oxide
Oxide (LiNiMnCoO,) (LiNiCoAlO,)

JI® @.cchem CATL LISHEN TOSHIBA Kokam’ Panasonic

Market momentum with high Popular with Chinese OEMs for ~ Superior performance, life cycle  No Significant adoption in grid
energy density and all around for safety but has much lower cycle and safety, but cost is too storage other than Tesla
good performance energy density high
Cost Cost Cost Cost
Discharge C- E-density Discharge C- E-density Discharge C- E-density Discharge C- E-density
rate Wh/l rate Whi rate Wh rate Whil
) . E-density - E-density . E-density
Cycle Life E{,(\j,ﬁ?lf;y Cycle Life Wh/kg Cycle Life Whikg Cycle Life o
Safety Safety Safety
Safety

10




SAMPLE PROJECTS .
<

WARTSILA

Hybrid Deployments

e e =

T AMERICAN'
M arTeo 6MWESS+20 MW EPP ELECTRIC 4 MW ESS + - 6 MW ESS + EPP +

Hydro Wind

@-0m |5 2% 10 MW ESS + Wind

@o0m i, 10 MW ESS + Solar

Photos: Greensmith



GEMS Greensmith Energy Management System

SIS fis i e T
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GEMS: Greensmith Energy Management System
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WARTSILA

Modern Software Tools and Architecture

i h & Print Hello, Demo ~
- - N & Greensmit &
2.846kw SOk, 16,000kwWh 105 My Perspective Data Download Device Operation Device Configuration Portal Configuration
o ~ T~
& Stat Al e c Plot#2  Plot#3  + <
- P e All Sites atus arm anvas 0 0

PV Ramp Rate Control ~

Recorded Time: Sep 30, 2015 11:16:06 AM

n ib 3D 5D 1M aM 1Y @ MAX cusTom

Showi 72650 + AReg 20000 KW
o
- ™y PJMFR « A Energy Charged 14870786 KWh 100
s0
AUX Meter Energy Discharged 14399892 KWh S
s
LDK ESS « SOC 48 % =
30
Battery Subsystem = SOH 97 % 20
10
Battery Container 1 « CReg 7939 KW ° '__? s & & = = 5
& & = & & F F
; o
Battery Bank 1 = Effective SOC 45 %
= - Commannc o L e .y Hourly PJM Composite Score (LDK ESS) (%)
8kW S50kW 3 Skwh 30 0.5°C Rack 01 - L
172kW 1 ‘ = 0
~ D Rack 02 a & LOCKED CLEAR ALARMS LEAVE (3] & & Ll I ¢
(30 — tinso smacrres Module 01 # Battery Container 6 Safety System Disconnect o Max Gell Voitage
= Module 02 Min Cell Voltage
- 2 d Min Temperature

a

Module 03
Rack 03
Battery Bank 2 ~
Battery Bank 3 »
Battery Container 2 -

Battery Container 3 =

Battery Container 4 -

Max Temperature Location
Min Temperature Location

Max Temperature
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CASE STUDY - AZORES -

RES 0% How? RENEWABLE 4'5_||_VIW RES 65%
; ENERGY -
| 1 MW
ENGINE |
ENGINE
v TRANSITION  EleV =¥ IWNN}y a0 LY

| ENERGY
g STORAGE
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Plant

Battery Energy
Storage System

Wind Power
Plant
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Dispatch Optimization
Load Forecast
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Renewable Forecast

Greensmith Energy Management System

Power Plant Controller

GEMS =
PPC =




CASE STUDY - AZORES

Microgrid Stacked Power Plot @ Load Meter AC Real Power
B Battery Power Plant AC Real Power [ Wind Power Plant AC Real Power

PV Power Plant AC Real Power

ol “‘u.;‘

2.0 MW

1.0 MW

0.0 MW
06:45

B Diesel Power Plant AC Real Power

W

07 AM 07:15

07



CASE STUDY - AZORES o

Frequency — BPP voltage Meter 1 Frequency
— Micro Grid Frequency Setpoint — BPP Voltage Meter 2 Frequency

50.100 Hz
Microgrid Stacked Power Plot @ Load Meter AC Real Power 50.050 Hz
B Battery Power Plant AC Real Power [ Wind Power Plant AC Real Power 50.000 Hz  eyetmmad i A

PV Power Plant AC Real Power [ Diesel Power Plant AC Real Power 49,950 Hz

49.900 Hz
2.0 MW

06:45 07 AM 07:15 07

Voltage — gpp Voltage Meter 1 AC Voltage

— Micro Grid AC Voltage Setpoint

1.0 MW 15200.0 V

15180.0 V

0.0 MW 15160.0 V

06:45 07 AM 07:15 07

151400V

15120.0V

15100.0 V

06:45 07 AM 07:15 07



CASE STUDY - AZORES

LCOE Savings

LFO Fuel Cost
W 0.74$/L ™0.96$/L

0.35

0.3

0.25

0.2

0.15

LCOE (USD / kWh)

0.1

0.05

Engines Only Engines + Battery Engines + Battery + RE
RES 0% - RES 65%
Renewables as baseload
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CASE STUDY - BONAIRE /;

Bonaire Background

- Part of Netherlands Antilles in the Caribbean

* 50 miles from Curacao, 60 miles from Venezuela Coast
- 18,000 inhabitants

* (5) heavy fuel oil engines; total of 14 MW

* (13) wind turbines; total of 11 MW

* Average renewable penetration pre-2019: 15-25%

* Challenge: wind curtailment and grid stability




CASE STUDY - BONAIRE : )

WARTSILA
Change in Operations
Example hour: 12 MW Load, 9 MW Wind, 4.5 MW Spinning Reserve Requirement
Before After
Spinning Reserve from Engines Spinning Reserve from Energy Storage
3,000 3,000
E 2,000 Z 2,000
:E..D 1,000 §° 1,000
Enginel Engine2 Engine3 Engine4 Engine5 ESS Engine 1 Engine 2 Engine 3 Engine 4 Engine 5 ESS
M Average load HE Spinning reserve B Average load B Spinning reserve [Stand-by [ ESS

- Engines power: 6.4 MW:; reserves: 5 MW * Engines power: 3.2 MW, reserves: 2.5 MW
* Wind power 5.6 MW Power * Wind power: 8.8 MW
* Wind curtailment: 3.4 MW * Wind curtailment: 0.2 MW

* Engines operate at minimum load: 1.6 MW each * Energy storage reserves: 3 MW
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Wilhelm van Butselaar

Area Manager Energy Storage & Integration
Watrtsila Energy Solutions
Wilhelm.vB@wartsila.com

+65 9836 3205

WARTSILA

Thomas Hellmich
Business Development Manager AU
Watrtsila Energy Solutions
Thomas.Hellmich@wartsila.com
+61 417 236 665
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