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THE POWER SYSTEM OF THE FUTURE.
AVAILABLE TODAY.

Electricity consumption will continue to grow rapidly during the com-
ing decades. At the same time, concerns related to global warming
and declining fossil fuel resources have created a need to reduce
carbon emissions through renewable power. Nowadays, renewable
sources, hydropower excluded, cover a good 3% of total production,
but their share is rapidly growing.

If intermittency problems can be efficiently resolved, wind and solar
power offers great potential. Their variability creates new challenges
to power systems which cannot be solved by any grid solution. Even
small variations in wind speed — which can happen many times per
day within time frames of less than 15 minutes — have a dramatic
impact on wind power output. In power systems with high shares of
installed wind power capacity, this is a challenge which the system is
not designed to handle.

ENERGY EFFICIENCY
FUEL OPERATIONAL
FLEXIBILITY FLEXIBILITY

The existing power systems need to be complemented by dispatch-
able, dynamic capacity with the capability of handling frequent fast
starts, stops and load ramps. To ensure a sustainable, reliable and

affordable power system a dynamic capacity which corresponds to
roughly half of the installed intermittent power capacity is required.

BALANCING THE POWER SYSTEM

Wiartsild’s power plants enable the transition to a sustainable, reliable
and affordable power system. The main cornerstones are very high
energy efficiency, outstanding operational flexibility, and multi-fuel
operation. The applications range from stationary and floating base-
load power plants to dynamic grid stability and peak load services,
balancing large input fluctuations of wind and solar power, as well as
serving a wide variety of industrial self-generation needs.

Reservoir hydropower, where available, and smart grids with demand
response, assist in the balancing task. When complementing the
power system with Wartsild’s solutions, all balancing challenges can
be solved, maximising the use of intermittent renewables.

AFFORDABLE

RELIABLE SUSTAINABLE



OPERATIONAL FLEXIBILITY

Being able to operate in multiple modes, from efficient baseload
power production to dynamic system balancing in combination with,
for example, wind or solar power, Wértsila power plants become a key
factor in optimising power systems.

They offer ultra fast, zero-emissions, non-spinning grid reserve for any
contingency situation or grid black start. They can generate mega-
watts to the grid in less than a minute from start-up and reach full
load in less than five minutes. They are designed to start and stop — at
the push of a button — time after time without impact on maintenance.

The multi-unit configuration allows plant availability and reliability of
close to 100%, as well as highest possible firm capacity. They also en-
sure rapid load following and peak load capability with fast frequency
regulation and an efficient spinning reserve.

Wartsild’s plants are also easy to locate next to critical load pockets,
i.e. in cities, thanks to plant size, and low emission and noise levels,
and thus reduce the grid investment cost notably. The infrastructural
requirements are modest, with little or no water consumption, and
lowpipeline gas pressure needed.

ENERGY EFFICIENCY

Power plants based on multiple generating units are far more reliable
and fuel efficient than single — or several — large power stations.
They also serve efficiently on part load and in demanding ambient
conditions, enabling high dispatch even in hot climates and at high
altitudes. We also offer the highest available simple cycle energy
efficiency of current technologies, 50% or more. With the Flexicycle™
solution the advantages of a flexible simple cycle plant are combined
with the superb efficiency of a combined cycle plant.

FUEL FLEXIBILITY

Wartsild’s multi-fuel plants enable the continuous choice of the most
feasible fuel, including solutions for liquid and gaseous fuels as well
as renewables. The possibilities gained from multi-fuel plants and

fuel conversion solutions represent a hedge for the future. The role of
natural gas in power generation is expected to grow significantly over
the coming years. Recent technical breakthroughs and the commer-
cialisation of shale gas have resulted in a substantial extension of the
perceived depletion time of gas reserves, and have lowered the price
of natural gas. With power plants running on gas, the 27% renewable
energy share target set for 2030 by entities like the EU is within reach.
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POWER PLANTS SOLUTIONS

WHAT WE DO

Matural Gas inbpt (FRbraon B Droasass FeoUGcIon SRason)

s g TYPICAL 50 MW POWER PLANT BLOCK

We design, build and operate flexible power plants based on multiple The above illustration presents a simplified version of all the key me-
large internal combustion engines (ICEs), which can combine gaseous chanical (1-9), electrical (11-17) and auxiliary (21-24) components that
and liquid fuels depending on the available fuel supply. They are tailored make our power plants run, being Wértsil engines the heart and soul
to fit the customer’s needs in terms of power output and flexibility. of the world-class power solutions.

Thanks to their modular design and a high degree of pre-engineering,
they are easy and quick to build, and can later be expanded if the power
needs grow.
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plants worldwide

WORLDWIDE SUCCESS STORIES 6 O
almost

of our engines have been countries
more than 1 0,800 delivered to over1 70 worldwide
GW installed
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POWER PLANTS SOLUTIONS

A SOLUTION FOR EVERY NEED

FLEXICYCLE™ PLANTS
Typical size: 60-700 MW
Efficiency: 50-54%

Running hours: 4000-8760 h/year
Operating mode: Flexible baseload

@ Gas power plants p. 14
@ Wulti-fuel power plants p. 24

Flexicycle 50 - Liquid fuel power plants p. 34
A gas plant a P P P

Daily starts and stops
Based on high efficiency
& . Wartsild 50 engine + steam turbine
S Flexicycle
= 50DF multi-fuel WARTSILA 34/32 PLANTS
plant Typical size: 10-400 MW
Efficiency: 45-49%
Running hours: 1000-8760 h/year
L Operating mode: Flexible baseload, peak load
Wirtsila 50 gas Wartsila 46GD Frequent starts and stops
plant multi-fuel Based on flexible Wartsild 34 or 32 engine
plant
sy s GRID STABILITY PLANTS
Wirtsilé 50DF Wartsila 46 . o O
_ g Typical size: 20-400 MW
multi-fuel and 50 liquid Efficiency: 45-48%
lant fuel plant ency: .
- plan Running hours: 50-2000 h/year
e Operating mode: Peak load,
% standby & emergency
E . . 5 il e Frequent starts, stops and standby
Wirtsila 32
= | WARTSILA 50/46 PLANTS liquid fuel plant B e Based on flexible Wrtsila 34 or 32 engine
8| Typical size: 50-700 MW gas plant with additional features
S| Efficiency: 46-50%
& | Running hours: 2000-8760 h/year o
Operating mode: Flexible baseload Wirtsila 34DF Wartsilé 32GD
Daily starts and stops multi-fuel plant multi-fuel
Based on high efficiency Wirtsild 50 or 46 plant Wartsils 32 liquid
engine fuel peaker
Wartsila 32 Wartsila 34
il GasCube
POWER CUBES OilCube . o Wartsili 34DF
Typical size: 5-30 MW gas peaker multi-fuel
Special design for small peaker
plants and quick delivery
[~
('}
=
S
-
LOWER Flexibility HIGHER

*Liquid fuel optimised
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POWER PLANTS SOLUTIONS

KEY FIGURES ABOUT WARTSILA
POWER PLANTS

'
I
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PLANT OUTPUT (MW)
Typical size of the power plant.

CONFIGURATION

Number and type of gensets that correspond to the typical
size of the plant.

MINIMUM LOAD (%)

Lowest plant load that can be maintained for extended
periods of time, calculated for a 10-unit plant.

E corresponds to efficiency mode, when load is reduced by
turning off units.

S corresponds to spinning mode, when all units are kept
online at minimum load.

EFFICIENCY (%)

Plant efficiency based on ISO 3046 conditions and toleranc-
es, excluding auxiliary system losses.

RAMP RATE (%/MIN)

Percentage of the total load that the plant can increase in a
minute in order to provide ancillary services.

&)

REGULAR START TIME (MIN)

Start time based on warm standby (preheated or operated in
the last 12 hours).

A faster start time translates into the plant being online
sooner, thus generating additional power and producing
revenue for a longer time.

FAST START TIME (MIN)

Start time based on hot standby (preheated to a higher
temperature or operated in the last 6 hours).

If the plant is preheated at a slightly higher temperature,
starting times can be cut substantially. This field is the
equivalent of the previous one in those warm standby
conditions.

ULTRA FAST START TIME (MIN)

Start time based on hot standby plus certain start prepara-
tions (preheated and quick start prepared, or operated in the
last hour).

Certain plants can be fitted with an ultra fast start capability,
which dramatically cuts the starting time even further.

STOP TIME (MIN)

Time it takes to decrease output from 100% to 0%, discon-
nect from grid and come to a complete stop.

A shorter unloading time adds flexibility to adapt to any
load conditions and only being online when it is profitable,
saving fuel and reducing emissions.

15



GAS POWER PLANTS

Wartsila gas power plants use natural gas, the cleanest fossil fuel
available, in the most economical way, thanks to their high efficiency
at any load and unbeatable flexibility to start and stop exactly
according to needs. Natural gas is a very valuable resource, let’s not
waste it!

Besides the combination of efficiency and flexibility, they also

offer low emissions, and can provide a great amount of power in

a reduced site, making it the optimal solution for locations where
minimizing the impact is a priority. As such, they can be placed close
to consumption nodes, optimizing the power system.

Wartsila gas power plants can run on natural gas, LNG and selected
biogases.

The specific benefits for gas power plants include:

o Plant electrical efficiency of up to 50% in single cycle and 54% in
combined cycle mode

» Only 5 bar gas pressure requirements for operation, which means
no gas compressor is needed at the plant.

o Lean-burn technology guarantees very low emissions by itself,
complying with most regulations, including IFC (World Bank
group). By adding a selective catalytic reactor (SCR), even the
most stringent standards worldwide can be met.

16

Wartsila 50SG gas power plant

High efficiency in a small footprint combined with high reliability and
flexibility. Powered by the most efficient gas-driven internal combus-
tion engine in the world.

Perfect for: Flexible baseload

Wartsila 34SG gas power plant

Agile and flexible, this plant delivers power with high efficiency and
reliability, even in the most challenging ambient and operational con-
ditions.

Perfect for: Peak load, flexible baseload

Wartsila 34SG grid stability/emergency gas
power plant

Designed for low own consumption combined with ultimate flexibility,
gives extremely fast response to emergency situations, and able to
supply megawatts in a matter of seconds.

Perfect for: Standby & emergency, peak load
Wartsila GasCube

Fully pre-engineered solution for quick installation time with all the
great features of the Wartsild 34 gas power plant.

Perfect for: Small-sized power plants
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GAS POWER PLANTS

WARTSILA 50SG GAS POWER PLANT

High efficiency in a small footprint combined with high reliability and
flexibility makes this solution perfect for flexible baseload applications
including daily starts and stops, also providing ancillary services like
regulation up&down and tertiary reserves.

o Most efficient single-cycle solution: over 50% efficiency with
turbogenerator

o Combined cycle-like efficiency from a single cycle solution

o Full power can be achieved with a wide range of gas qualities, a
varying methane number or heating value do not affect the opera-
tion

» Robust, reliable genset, proven in the most challenging environ-
ments

o Makes the most out of the cleanest fossil fuel available - natural
gas

¢ Minimum area requirement for a given output

KEY FIGURES SYNC  FULL
See legend on p. 14-15 @ <2 <10

N g <2 <5
é 50 700 MW {" >100 Y%/min m min

3-36 x I N n/a
18V50SG D 30 3 QDD!
%

%

77 50% Q'a <1 min
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STEC (IPP)

Type

Wartsila 508G
gas power plant

Operating mode

Flexible baseload

Gensets

12 x Wartsila 18V50SG

Total output

224 MW

Fuel

Natural gas

Scope

EEQ (Engineered Equip-
ment Delivery)

Delivered

2014




GAS POWER PLANTS

WARTSILA 34SG GAS POWER PLANT

Agility and flexibility combined with high efficiency over the whole load
range and in any operating profile makes this plant excellent for both
flexible baseload and peak load, and supporting the grid with a variety
of ancillary services.

o Ultimate combination of efficiency and flexibility. Over 49%
efficiency after only 5 minutes from start

o Best up— and down- ramp rates in the industry

o Full power can be achieved with a variety of gaseous fuels, from
methane to LPG, without affecting the operation

o Makes the most out of the cleanest fossil fuel available - natural
gas

o Genset is easily transported in one piece to challenging locations

KEY FIGURES SYNC  FULL
See legend on p. 14-15 @ <2 <10

- . <2 <5
é 10 400 MW "/" >100 %/min @ min
1-36 x S E . /
20V34SG EI3°,., 3, Q)!“a
’7] 49%
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The plant is located in an area where temperatures can be as high as
45°C. This, together with demand for high fuel efficiency and lowest
levelised cost of electricity, meant gas turbines were not even consid-
ered an option. Unlike gas turbines, internal combustion engines (ICEs)
do not suffer significant derating at high ambient temperature.

Wiartsild has an es-
tablished track record
of delivering high
quality, and EDL was
impressed by Wartsild’s
proposal to supply an

efficient power plant
solution on a fast-track
basis.”

— Shane McLaughlin,
Executive General
Manager, EDL

MC ARTHUR, Australia

Customer

Energy Develop?ents Ltd

(EDL) (IPP)

Type

Wartsila 34SG
gas power plant

Operating mode

Flexible baseload

Gensets 6 x Wartsild 20V34SG
Total output 53 MW
Fuel Natural gas
EEQ (Engineering &

Scope Equipment)
Delivered 2014
21



GAS POWER PLANTS

WARTSILA 34SG GRID STABILITY/EMERGENCY GAS
POWER PLANT
Always ready to deliver power to the grid instantly and efficiently in

any operating profile makes this plant perfect for peaking and reserve
power applications.

o Ultra fast start capability provides megawatts to the grid in
seconds and full plant output in 2 minutes

o Able to provide non-spinning secondary reserve thanks to a
30-second ultra fast sync time

o The flexibility of a hydro plant in a gas-fired plant

o Highest efficiency in pulse load (short-time on-off and part-load)
operation

o Genset is easily transported in one piece to challenging locations
o Able to provide grid blackstart capability and re-energize a grid

even with low gas pressure This extremely flexible plant was so successful chasing the winds of
o Extremely low standby consumption, <1 kW per MW of installed the Rocky Mountains that its owner decided to order an expansion and
power ' double its capacity only five years after its commissioning, turning it

into the largest gas engine-based power plant in the United States.

PLAINS END, Colorado, USA

KEY FIGURES SYNC FULL Customer Tyr Energy (IPP)
See legend on p. 14-15 ® <2 <10 Type grid stabili‘{vyé/igrﬂgge‘tlsce
min gas power plant

: e Operating moe  Peak load/stand-by &

é 20-400 ﬂl >100 @ <2 <S5 %Zﬁﬁﬁ’iii?%‘éf?;cﬁf"fms 20 x Wrtsild 20V3456
Mw %/min ;«f, ttgg way. This is the Gensets 14 x Wartsild 20V34 SG

}_ 2-24 x EI S E @ y 0:30 1:30 Total output 231 MW
18V34SG 30 . 3 . ' e Fuel Natural gas
U LR
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GAS POWER PLANTS

WARTSILA GASCUBE

All the great features of Wartsild 34SG gas power plant in a compact,
ready-to-use pre-engineered package designed for fast delivery time
with minimal site work. Consists of a self-contained design with one
or several modules, each housing one Wartsild 16V34SG or Wartsila
20V34SG genset, plus all the auxiliaries needed to make up a working
power plant.

o Easy-to-install, pre-built solution for power needs of 7 to 30 MW

o Ultimate combination of efficiency and flexibility. Over 48%
efficiency after only 5 minutes from start

e Same fuel flexibility and low environmental impact as the Wart-
sild 34SG gas power plant

o Easy to expand with additional modules if power need grow
with time

o (Quickest building and comissioning time
o Perfect for fast-track EPC deliveries.

KEY FIGURES SYNC  FULL
See legend on p. 14-15 \: <2 <10 Customer PT PLN (Utility)

L D min Type Wartsilé GasCube

. 9 5 | y e IS K ', Operating mode Flexible baseload
- >100 Q} <@ <5 2 ok,
é 7-30 MW ﬂﬂ %/min i ; ? Gensets 2 x Wértsila 16V34SG
— 5 . S il Total output 12 Mw [
o 1-3x N :} i
[ ] Fuel Natural gas [
20V34SG 30 3 H

J % %

Scope EPC (Engineering, Procure-

ment & Construction)

'r’ 48% \: <1 min
"l‘I h Delivered 2009
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MULTI-FUEL POWER PLANTS

Multi-fuel power plants make power generation more reliable by being
able to adapt to any situations that may occur regarding fuel availabil-
ity or affordability.

They can even switch fuels while running, for example changing to lig-
uid fuel mode if the gas supply is suddenly interrupted. This capability
provides 24/7 security of supply, hedge against fuel price increases
and preparation for future fuel infrastructure development.

Wéatsilé’s multi-fuel power plants can run in the following operation
modes:

o Gas only (with liquid pilot fuel)
o Natural gas, LNG, biogas, associated gas (GD only). Insen-
sitive to gas quality
e Liquid fuel only

o (rude oil, diesel, residual oil (HFO), fuel-water emulsions,
liquid biofuel

o Fuel sharing mode (in GD plants)
e (as and liquid fuel simultaneously
o Fuel switch without power decrease

e Automatic and instant trip to liquid fuel mode in alarm
situations (applies also for DF plants)

26

Wirtsila 50DF multi-fuel power plant

High efficiency in a small footprint combined with high reliability and
flexibility. Can operate equally well on gas, HFO and LFO; and switch
between them on the run.

Perfect for: Flexible baseload

Wirtsilda 34DF multi-fuel power plant

Agile and flexible, this plant delivers power with high efficiency and
reliability. Starting, stopping and changing fuels is not a problem for
this plant.

Perfect for: Peak load, flexible baseload

Wartsila 34DF grid stability/emergency multi-fuel
power plant

Designed for minimised own consumption and extremely fast
response to emergency situations, and able to supply megawatts in a
matter of seconds. Adding multi-fuel capability to excellent dynamic
features, this plant provides maximum supply security.

Perfect for: Standby & emergency, peak load

Wirtsila 32GD and 46GD multi-fuel power plants

Especially designed to use low-grade fuels, like associated gas, flare
gas or crude oil, optimal for fuel supply varying in quantity and quality.

Perfect for: Flexible baseload, reduction of gas flaring

27



MULTI-FUEL POWER PLANTS

WARTSILA 50DF MULTI-FUEL POWER PLANT

Multi-fuel operation with high efficiency combined with high reliability
and flexibility makes this solution perfect for flexible baseload applica-
tions including daily starts and stops, also providing ancillary services
like regulation up&down.

o Most efficient multi-fuel simple-cycle solution, with over 48%
efficiency

o (Can operate on natural gas or any liquid fuel, including HFO ,
andhswitc(:jh between them back and forth while delivering power
to the grid.

o Full power can be achieved with a wide range of gas qualities.

:u‘ l.. rr [
o Combination of low emissions in gas mode with an efficient & ol
liquid fuel mode that can use low-grade fuel oils

Robust. reliable aenset. proven in the most challenging environ- The world’s largest combustion engine-based power plant, located in
* menlg' lable genset, proven in the most challenging enviro Jordan, is a perfect example of the power and flexibility that the Wért-
sild 50DF can offer, even in extremely challenging ambient conditions.

IPP3, Jordan
Customer AAEPC (IPP)
Type Wartsila 50DF multi-fuel
KEY FIGURES SYNC FULL power plant
. «.. GAS <3 <15
See legend on p. 14-15 1\ ’ ua <3 <15 Operating mode Flexible baseload
min We trust Wirtsild to profes- s
. eas <3 <10 sionally and competently Gensets 38 X Wrtsild 18V50DF
50-700 >100 . lead the EPC consortium in
w1 " o Lo <1 <1 0min this successful project” Total output 573 MW
3-36 x D S E . T Fuel Natural gas, HFO & LFO
1
18V50DF 30 3 m H
% % s EPC (Engineering, Procure-
GAS L cope ment & Construction)
L]
<1
48 45 \ min -
% % ﬂg’}ﬂ{; Young Jin Bae, CEO, Delivered 2014
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MULTI-FUEL POWER PLANTS

WARTSILA 34DF MULTI-FUEL POWER PLANT

Multi-fuel operation with full agility and flexibility combined with high
efficiency over the whole load range and in any operating profile
makes this plant excellent for both flexible baseload and peak load,
and supporting the grid with a variety of ancillary services like up—
and down- regulation.

o Ultimate combination of efficiency, operational flexibility and fuel
flexibility

o (Can operate on natural gas or any liquid fuel, including HFO ,
andhswit(ah between them back and forth while delivering power
to the grid.

o Full power can be achieved with a wide range of gas qualities,

o Combination of low emissions in gas mode with an efficient
liquid fuel mode that can use low-grade fuel oils

o Genset is easily transported in one piece to challenging locations

KEY FIGURES SYNC  FULL
See legend on p. 14-15 \’ GAS <3 <10
Q lo <1 <6
é 10-400 /Ili >100 GAS <2 <6
weo L %/min o <1 <3
L 1-36 x S 2 . n/a
I 20V34DF N 30 3 Q)!
% %
GAS  LIQ .
?7 48 45 \ <1 min
% %
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Wiértsild came up with a special engine configuration to enable the
power plant to efficiently meet a highly variable baseload demand.

GRANDE COTE, Senegal

Grande Cote Operations SA

Customer (Industrial)
Wirtsil4 34DF multi-fuel
Type power plant

Operating mode Flexible baseload

This is my third project Gensets 4 x Wartsild 20V34DF +
with Wartsilé and I've 1 x Wartsild 9L34DF
again appreciated Wért-
silé’s focus and support Total output 36 MW
for their customers as
their number one goal
during both construction Fuel HFO & LFO (Natural gas)
and operations.”
EPC (Engineering,
Scope Procurement &
Construction)

— Tony Warnett, Power Sta- ~
tion Superintendent, Grande Delivered 2013
Cote Operations
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MULTI-FUEL POWER PLANTS

WARTSILA 34DF GRID STABILITY/ EMERGENCY
MULTI-FUEL POWER PLANT

The most flexible power plant in all aspects, always ready to deliver
power to the grid instantly and efficiently, on any fuel. This makes
the plant perfect for peaking and reserve power applications in any
current or future fuel supply environment.

o Ultra fast start capability provides megawatts to the grid in
seconds and full plant output in 2 minutes

o Able to provide non-spinning secondary reserve thanks to a
30-second ultra fast sync time

o Highest efficiency in pulse load (short-time on-off and part-load)

operation : $ i '_: . f‘§ * e |
e Able to provide grid blackstart capability and re-energize a grid e | e 2 S
on diesel or low-pressure gas Elering, the Estonian Transmission System Operator, recently added
o Extremely low standby consumption, <1 kW per MW of installed 250 MW of reserve capacity to the national grid by means of a
power Wartsila SL}DF Grid staFmty/gmergeng)l/ m#lltl-fueILrlJ:%wer plé:mtk Oper-
. . . . . . ating mainly on natural gas but capable of using as a backup, it
o Genset is easily transported in one piece to challenging locations ensures the national grid is safe and sound at all times.
KIISA, Estonia
Customer Elering (Utility/TSO)
. bl \/Néirtsiléi 34DF glrti_d
e S emergency mulftl-
KEY FIGURES SYNG FULL o e power plant
See legend on p. 14-15 Y Gas <3 <10 Operating mode Peak load/stand-by &
Lo <1 <6 emergency
) m el Gensets 27 x Wartsild 20V34DF
é 20-400 7 >100 GAs <2 <6 VI’/:?ITSI"/jéi’s engi_nels Z/'mply
MW i I" 9%/min ua <1 <3 - goﬁlq‘l?on%” unrivale Total output 250 MW
o S E . Fuel Natural gas & LFO
2-36x [ Ly 0:30 130
20V34DF 30 3 " min/sec
% % EPC (Engineering, Procure-
ws o L scope e D htrcam
w3y <1
48 45 min ~
% % — llo Toom, Delivered 2013 & 2014
Project Manager, Elering
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MULTI-FUEL POWER PLANTS

WARTSILA 32GD MULTI-FUEL POWER PLANT WARTSILA 46GD MULTI-FUEL POWER PLANT
Seamless operation regardless on fuel make this plant great for flexi- e Same fuel flexibility as Wartsila 32GD multi-fuel power plant

ble baseload and industrial self-generation. Especially designed to use . o .
low-grade fuels, like associated gas, flare gas or crude oil, it is optimal e Astep further in terms of performance: a bigger unit size allows
for fuel supply varying in quantity and quality. the engine to be even more efficient

*  Ultimate fuel flexibility GD OPERATION: Original gas-diesel operation mode, where gas is

- ; _ the main source of energy, and pilot fuel oil injection is used to ignite
* ggge?]p%grtﬁ 82(;,](3;%&1}0932 \(I)Vrh?illgydhe?il\Jlgjriw; Ilsgvrbgrsg}ﬁg gsid the combustion. Available at any point between 30-100% of rated
) load, the plant can transfer to and from GD operation within this same

e Unique fuel-sharing mode: adjust the fuel mixture according to range.

the availability of gas and top up with liquid fuel FUEL SHARING: Available between 30-100% of rated load. Simulta-

e Genset is easily transported in one piece to challenging locations neous combustion of gaseous and liquid fuel, in a ratio that can be
adjusted flexibly. The fuel share set point can be adjusted online. The
operator may also change the set point at any time during operation.

FUEL OIL OPERATION: Regular Diesel-principle combustion. Available
for the whole load range and for any of the mentioned liquid fuels.

KEY FIGURES SYNC  FULL
See legend on p. 14-15 @ <1 <6

- . <1 <3
é 10 400 MW I/II'I >1 00 %/min m min
1-24 x S E - n/a
I 20V32GD D 03 mg
"7 45% L\:a <1 min
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LIQUID FUEL POWER PLANTS

Liquid fuel power plants make power available anywhere, anytime.
Proven long-term reliability makes these plants suitable for stationary
and floating baseload, and for stand-by applications.

Wartsila liquid fuel power plants bring great value to the table, such as

. Tremendous fuel flexibility, with the possibility of running on
hea}vy fuel oil, light fuel oil, crude oil, emulsified fuels or liquid
biofuel

. Great dispatch ability, ability to supply megawatts to grid
within seconds, and reach full plant load in minutes

° Utilising heavy fuel oil (HFQ) in the most efficient way possible

36

Wartsila 46 & Wartsilé 50DF* liquid fuel power plants

High efficiency combined with high reliability and flexibility. Able to
use any kind of fuel oil, excellent for covering larger and stable power
dﬁemandl?j. Powered by the most efficient diesel combustion engine in
the world.

Perfect for: Baseload, Flexible baseload

Wartsila 32 liquid fuel power plant

Agile and flexible, this plant delivers power with high efficiency, even

in the most challenging ambient and operational conditions. Based on

Lhe Wartsila 32 genset with more than 100 million cumulative running
ours.

Perfect for: Flexible baseload, peak load

V\{éirtsiléi 32 grid stability/emergency liquid fuel power
plant

Based on the Wartsila 32 genset, the fastest response in the whole
market is the main feature of this plant.

Perfect for: Standby & emergency, peak load

Wartsila OilCube

Fully pre-engineered solution for quick installation time with all the
great features of the Wartsila 32 liquid fuel power plant.

Perfect for: Small-sized power plants

* Liquid fuel optimised
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LIQUID FUEL POWER PLANTS

WARTSILA 46 & WARTSILA 50DF*
LIQUID FUEL POWER PLANTS

High efficiency and power on any liquid fuel combined with high re-
liability and flexibility make this solution perfect for flexible baseload
applications including daily starts and stops, also providing ancillary
services like up— and down-— regulation.

« Most efficient simple-cycle liquid fuel solution, up to 47%
efficiency

« Can operate on any liquid fuel, including HFO, LFO, liquid
biofuel, crude oil or fuel-water emulsions

« Robust, reliable genset, proven in the most challenging
environments

« Most compact HFO power plant in terms of footprint

*This Wartsila 50DF plant is optimized for liquid fuel operation,
providing the same features as the Wartsila 46 plus the option to
switch to gas when it becomes available.

KEY FIGURES SYNC  FULL
See legend on p. 14-15 @ <3 <15 .

. o<1 <10
é 50 700 MW {" >100 Y%/min m i

3-36 x I N n/a
18V46 Dso 3 Qi)!
%
p:H <1

"
T a1%
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BETANO, East Timor

Customer Govt of Timor Leste
Wartsila 46 liquid fuel
Type power plant i

Operating mode Flexible baseload

Gensets 8 x Wartsild 18V46

Total output 137 MW

Fuel HFO

EEQ (Engineering &
Equipment)

Scope
i P!

Delivered



LIQUID FUEL POWER PLANTS

WARTSILA 32 LIQUID FUEL POWER PLANT

Agility and flexibility combined with high efficiency over the whole load
range and in any operating profile makes this plant excellent for both
flexible baseload and peak load, and also for supporting the grid with a
variety of ancillary services.

o Ultimate combination of efficiency, operational flexibility and
wide range of liquid fuels capability

o Two-stage turbocharging applied to the Wartsild 20V32TS
engine maintains efficiency and power regardless of challenging
ambient conditions, like high altitudes or hot temperatures

o (Can operate on any liquid fuel, including HFO, LFO, liquid biofuel
or crude oil

o (Genset is easily transported in one piece to challenging locations

SYNC FULL
1\: ) <1 <6
min

o<1 <3
fﬁ'l >100 %/min Q) S S Iilo

KEY FIGURES

See legend on p. 14-15

é 10-400

T 1-24x D S

A 20v321S 30 3
%

7] 47%

%
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ppy 0:30 1:30
1] min/sec
;\:H <1

- - -'F". n = = : ...- - - ": ==
k - - |- - . ' - . @ = Sa*
h a's - g - - - .,

=
e n

et N\

i
sy

City Cement Company B
(Industry)

Wirtsila 32 liquid fuel [] |
power plant [2=E

Flexible baseload

10 x Wértsila 20V32 L
-

80 MW E_L-.;___, '. "

| Fuel oy

2| Total output

EPC (Engineering, Procure-

Scope ment & Construction)

Delivered 2005, 2012




LIQUID FUEL POWER PLANTS

WARTSILA 32 GRID STABILITY/EMERGENCY
LIQUID FUEL POWER PLANT

Always ready to deliver power to the grid instantly and efficiently in
any operating profile makes this plant perfect for peaking and reserve
power applications.

o Ultra fast start capability provides megawatts to the grid in
seconds and full plant output in less than 3 minutes

o Able to provide non-spinning secondary reserve thanks to a
20-second ultra fast sync time

o Able to provide grid blackstart capability and re-energize a grid

o Extremely low standby consumption, <1 kW per MW of installed
power

o Genset is easily transported in one piece to challenging locations

UTE Viana (IPP)

Wartsilé 32 grid stability/

KEY FlGURES SYNG  FULL emergency liquid fuel
o » i, 3 B I £ N

See legend on p. 14-15 \; <1 <6 » ! - Peak Ioad/gm:jgg%ci

20 x Wartsila 20V32

) N <1 <3 Ll g
é 20-400 MW m'l >100 %/min @ S S min i - 175 MW

2-24 x S E - 0:20 1:00 . . R = . ..-- . .. HFO
}- 20v32 D 3 3 QQ! T e . e
R S el

EPC (Engineering, Procure-
Scope ment & Construction)

77 6% \: <1 .
q B i e Delivered 2008
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LIQUID FUEL POWER PLANTS

WARTSILA OILCUBE

All the great features of a Wartsild 32 plant in a compact, ready-to-use

pre-engineered package designed for fast delivery time with minimal .

site work. Consists of a self-contained design with one or several

modules, each housing one Wartsild 12V32, 16V32, 20V32 or 20V32TS - E] I
glenset, plus all the auxiliaries needed to make up a working power R . r—
plant. y :

\ \ Il
e Easy-to-install, pre-built solution for power needs of 5 to 30 MW '
o Great fuel flexibility like the Wartsila 32 liquid fuel power plant =
o Easy to expand with additional modules if power need grow with

time
o Quickest building and comissioning time

o Especially designed for environments where infrastructure may
be challenging

e Perfect for fast-track EPC deliveries.

KEY FIGURES SYNC  FULL
See legend on p. 14-15 @ <1 <6

min

) o <3 -
é 53 ﬁﬂ 100 Q) SR
1-4 x W32 S E .
Z D 30 3 ':i)! n/a
%

%

77 46% Q\:ﬁ <1 min
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WARTSILA FLEXICYCLE™

Flexicycle™ is an innovative concept trademarked by Wartsild, which
combines the excellent dynamic capabilities of combustion engines
with the superb efficiency offered by combined cycle solutions.

By adding a waste heat recovery system to the plant, consisting of a
heat recovery steam generator for each engine and a common steam
turbine and condenser for the plant, total efficiency can be improved
by a very significant 3-4 percent units. The plant can switch between
singllé: or combined cycle modes upon request, getting the best of both
worlds.

When the steam cycle is equipped with a dry condenser connected to
the radiator cooling circuit, the total water consumption of the plant is
negligible, making it also suitable for areas where water is a crucial
resource.

46

With 2.7 GW delivered to this day, Flexicycle™ represents the ultimate
solution for flexible baseload plants, in either its gas-fired or multi-fuel
configuation.

One configuration, two switchable operational modes, and the
advantages of both single and combined cycle: excellent flexibility and
unmatchable efficiency.
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FLEXICYCLE™ 505G
GAS POWER PLANT

Adding a flexible steam cycle (Flexicycle™) to the highly efficient
Wartsila 50SG engines makes this solution perfect for flexible base-
load or even pure baseload applications. Due to the flexibility of the
Wartsila 505G engine, this solution can provide all desirable ancillary
services.

o  Most efficient flexible baseload solution: up to 54% efficiency
without compromising flexibility

o  Suited for a larger amount of running hours per year, it can serve
large power needs with a very high efficiency

e  Can start up quickly and inexpensively with extremely high
efficiency

e  (Can switch between two operation modes:

« Dynamic single cycle (SC) (with all the benefits from a
Wartsila 50SG gas power plant) with up to 50% efficiency

o Combined cycle (CC), reaching up to 54% efficiency

KEY FIGURES SYNC FULL
See legend on p. 14-15 @ sc <2 <10
cc <40 <60
"% sc <2 <5
E >100
é Ll MW {“ %/min cc <30 <45
3-36 x S E -
Z 20V50SG N 30 3 QL)! n/a
+ steam turbine % %

SC CC .
50% 54% Qﬂ pL
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FLEXICYCLE™ 50DF
MULTI-FUEL POWER PLANT

Adding a flexible steam cycle (Flexicycle™) to the highly efficient
Wartsila 50DF engines makes this the ultimate solution for flexible
baseload, with complete fuel flexibility.

o Most efficient multi-fuel flexible baseload solution: up to 52%
efficiency without compromising flexibility

e  Suited for a larger amount of running hours per year, it can serve
large power needs with a very high efficiency

e  (an operate on natural gas or any liquid fuel, including HFO ,
and switch between them back and forth while delivering power
to the grid

e  Can start up quickly and inexpensively with extremely high
efficiency

o Can switch between two operation modes: . ) o )
« Dynamic single cycle (SC) (with all the benefits from a Weirt- Barrick and EGE Haina teamed up to build twin Flexicycle ™ 50DF

sild 50DF multi-fuel power plant) with up to 48% efficiency multi-fuel power plants in the Dominican Republic, providing efficient

« Combined cycle (CC), reaching up to 52% efficiency ggger.eliable power to a new gold mine and the local community at

QUISQUEYA, Dom. Republic

Barrick (Industrial) +

Customer EGE Haina (Utility)
Tvpe Flexicycle™ 50DF multi-
KEY FIGURES SYNC  FULL P fuel power plant
See | d .14-15 .
ee legend on p hS SC <3 <15 Operating mode Flexible baseload
J cc <40 <60
i We can vary the dispatch 12 + 12 x Wartsild
- 3 <10 to match the load without Gensets 18V50DF
60-700 75100 SC <9 < sacrificing efficiency or
o 1l II o/min e <30 <45 .?Uffeflng” maintenance Total output 430 MW
Tin impacts
T 3-36x D S E * Fuel Natural gas & HFO
A 20v500F 0 3 Oyt wa
i % % EPC (Engineering, Procure-
+ steam turbine sc ce : Scope (mgnt & Co%struction)
<1
48% 52% QPI i
Delivered 2013
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FLOATING POWER PLANTS

Wartsild’s floating power plants integrate our expertise in marine
technology with the many benefits of flexible, decentralised power
generation.

Floating power plants are based on tested components and system
solutions. They are constructed cost-effectively and rapidly in a
well-controlled industrial setting. When towed into place and con-
nected to the grid, the plants are fully functional, providing a fail-safe
option even in the remotest locations and under the most challenging
ambient conditions.

Floating power plants can also provide a rapid answer to an increase
in power demand in advance of new, land-based plants. Our turnkey
solutions include site preparation and operation and maintenance
services, according to customer needs. The lead time from contract
to start-up of commercial operations is short, guaranteeing a quick
return on investment.

Wirtsila offers floating power plants based on any of the gensets
reviewed previously in this catalogue.

Why a floating power plant?

o Provides fast supply of electricity to areas with limited
infrastructure

Is a mobile asset, possible to relocate or trade
Does not require a large site
Is not dependent of soil quality

Provides secure power supply in the event of an earth-
quake or flood

52
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R ESTRELLA DEL MAR II, Dom. Rep.

)

Customer

Seaboard Corporation (IPP)

- | Type

Flexicycle™ 50DF multi-
fuel floating power plant

\| Operating mode

Flexible baseload

Gensets

6 x Wartsild 18V50DF

4 Total output

106 MW

Fuel

Natural gas & HFO |

1 Scope

EPC (Engineering, Procure-

ment & Construction) | =




COMBINED HEAT AND POWER & TRIGENERATION

Combined Heat and Power (CHP) and trigeneration plants use fuel in
the most efficient way and at the same time help to reduce car-

bon dioxide emissions. Total plant efficiencies can reach over 90%
depending on the application. Wartsild’s CHP plants can run on various
liquid, gaseous and bio fuels, while maintaining low emissions and
high efficiency.

Thanks to a hang-on heat recovery system, the plant will maintain
the same high electrical efficiency and output, regardless of the heat
production and ambient conditions. The products can be steam and
hot or cold water.

In trigeneration power plants, Wartsila can deliver three valuable prod-
ucts for the customer; electricity, heating and cooling - all this in just
one power plant. This is possible without sacrificing the high reliability
and superb flexibility of an ordinary Wartsila power plant.

Wartsila offers CHP solutions to all customers with substantial heating
demands such as utilities and municipalities. Also large facilities such
as airports, shopping centers and other building complexes can utilize
the Wartsild CHP and trigeneration solutions.

Wirtsila offers CHP & trigeneration power plants based on any of
the gensets reviewed previously in this catalogue.

Benefits of Wirtsilda CHP solutions:

o An efficient plant with a high power-to-heat ratio enables more
electricity production

o Multiple units with fast start and ramp rates enable dynamic oper-
ation during low heat demand seasons at high efficiency

o Good dynamic capabilities (multiple units) enable opportunities in
ancillary services

o CHP plants are optimized for maximizing the customer’s profitabil-
ity in any existing DH network

o High efficiency and flexible operation over a wide load range

 Dynamically able to respond to electricity price variations and to
support intermittent, inflexible generation

o Flexibility can be further improved with heat storage.

. Plroven track record of more than 11 GW of installed Wartsila CHP
plants




Supply temperature
95°C 1000 105C 110 115C  120C 125C  130°C MAKUHARI, Japan
75°C 4 . . L L . . "

Customer Energy Advance Co. (Utility)

Wartsila 34SG gas
Type trigeneration power plant

Operating mode Flexible baseload

60°C 1
1 x Wrtsilé 20V34SG +
Gensets 1 x Wartsila 16V34SG

Return temperature

Total output 15.7 MWe + 10.85 MWth

50°C § Fuel Natural gas

EEQ (Engineered Equip-
ment Delivery)

45°C
m82%-84% 1184%-86% 86%-88% [88%-90% W90%-92% scope

Total attainable efficiency for a Wértsila CHP system depending on hot water
supply and return temperatures. Delivered 2007

Diestrict heating retwon
CHP Mgduly

Erging, ‘Wirksls 200VILES
Exhansst pas bodar
Exhaust gas stack
Ganarator

Edscaracity

Hatal gas

Rigaptar

S -G e G B

Coupling of the hang-on CHP system, which enables the extremely high total efficien-
cy of the plant without affecting its electrical output.
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LNG SOLUTIONS

LNG SOLUTIONS Wirtsild in the LNG value chain

Besides building Power Plants, Wartsila now have the capability to de-
velop and plan the entire LNG/LEG/LPG/LBG fuel supply chain together f & &l
with our PP customers and other gas consumers.

all A

We help our customer to develop concepts arong the fuel supply chain
and supporting them with our broad experience in Project Develop-
ment & Financing. (see p. 66 for more information)

LOGISTICS

I
z
[
=
o
=
[=]
<)
3
o

We are also utilizing Wértsila Marine divisions experience, knowhow
and network when developing the LNG/LEG/LPG/LBG fuel supply
chain. Thanks to this we can also plan & develop the shipping side of
the fuel logistics.

For Terminals and Liquefaction projects we are able to provide the
same full range of project and life cycle support services, as we
provide in the Power Plant deliveries. Scope of supply can be anything
from engineering & equipment deliveries to full EPC (see p. 70-71 for
more information) with guaranteed performance and delivery time.
Regarding the life cycle support we are capable to run & maintain the
facilitities during their entire life time.

MEDIUM SCALE RECEIVING TERMINAL
( LNG storage tank & re-gasification system )
( Typical terminal capasity range: 10 000 m?— 160 000 m?)

TERMINAL
USAGE DISTRIBUTION

Combining our Project and Lifecycle management capabilities with ﬁ «T 7777777777777777777777777 i
the gas processing knowledge and proven marine experience makes ; W ! I I W ]
Wartsila the most valued business partner you can have when it oo truck || S1P.re-oading] | Re-gesiication f ship bunkring | [Re-gasification
comes to LNG Solutions. poadingstationj) s ystem || ® yetem @5 1. ° acility || system (LP) |
7] == =====----
24 :
=g de (| el
w t' LNG tank trucks LNG feeders Gas pipeline Ships | Power plants
i) | 10600 MW
= w || Mw dem || T
| Satellite | gmay scale Residences Merchant Residences
| s |f oermnae
3£ | CEEEEet {| 2000-10000 m} Jamn
=3 A T TR Container
F g 2 & i | } ships Industry
i Mining industry | Power plants{ | Power plants | de=
. | 10-50MW || 10-200 MW | Passenger
tﬁ%END |_ f d N t | G L ] i vessels
iqufied Natural Gas a— . L - —
LEG quUfIEd Ethane GaS T Wartsila core offerings .. Desi n, studies, engineering & life cycle support
LPG Liqufied Petroleum Gas
LBG Liquified Bio Gas _ NOTE ! Aditional information of Wirtsili’s LNG solutions is
EPC Engineering, Procurement & Construction available on request.
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PLANT TECHNOLOGY MODULARITY

MODULARITY
A module is a self-contained component of a system, which has a controlled manufacturing, cleaning, and painting processes associated
well-defined interface to the other components. Something is modular with modularisation, have a positive environmental impact. For our
if it includes or uses modules, which can be interchanged as units customers, modularised design means higher return of their power
without disassembly of the module. As energy demand grows, the high plant investment.
modularity of Wartsild’s products makes it easy to expand a power
plant to meet increasing future demand. Some of the benefits of modularisation are:

T . * Apre-designed solution that can be customised to suit specific
The common interfaces and flexibility of Wartsil&d’s modular design, ne%ds 9 P

fulfilling a range of specifications and recommendations, addresses
both the demand of today’s customer and potential future needs. The
focus of modularisation is around the engine and inside the power
house, even though modules are also used elsewhere, starting with
the unloading of fuel, lubricating oil and other process-related items.
By using predefined modular solutions, Wartsild can ensure that set
performance targets are reached.

Fast and easy installation on site
Proven design

Reliable and thorough quality control
Optimised piping layout

Compact assembly

Standardised connection interfaces
Optimised transport dimensions

Rapid installation time is one of the main benefits. Prefabrication also
ensures consistent high quality. Other benefits include the compact
and predefined design for container transportation, and the use of
well-proven components from well-known suppliers. The use of
portfolio modules leads to higher documentation quality during the
tender phase. When compared to carrying out such work on site, the

VED Fuond O Meduls |
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PLANT TECHNOLOGY ELECTRICAL & AUTOMATION

ELECTRICAL & AUTOMATION

The Wartsila Power Plant Electrical and Automation concept provides
a complete plant management solution with standardised modules,
generators, switchgears and transformers, which can be tuned to the
customers or utility requirements. Wartsila Power Plant Automation is
based on the following building blocks. All these systems have been
developed with complete integration, and have clear and easy user
interfaces providing a uniform interface and logic for the operators.
« WOIS (Wértsila Operators Interface System) is the operator’s
workstation, for process displays, control actions, trends, alarm
and event lists

«  WISE (Wértsila Information System Environment) is the worksta-
f[iq[n rffor reports, logbook, electronic documentation and 3rd party
interfaces

« UNIC is the engine embedded control system, handling all
the control, monitoring and protection functions of the engine,
together with the PLC

« PLC based process control system handles all the control, moni-
toring and control functions of the genset and plant equipment

« Remote connection provides a secure internet or satellite link,
to gtive remote access to the information in the WOIS and WISE
systems

« Condition Based Maintenance (GBM) reporting system, is a sub-
scriber based condition evaluation and reporting system created
by Wartsila experts.

AUTOMATED OPERATION MODES

Operational flexibility is applied in the same package supporting either
baseload, intermediate, peak load or stand-by power generation.
Thanks to the intelligent controllers, the Wartsila solution provides:

« An optional Archiving Station enables a lifelong storage of the « True MW control with embedded frequency support and power

plant’s operational data factor control for easy plant power management and import/

P— export control

« Isochronous load sharing of both active and reactive power for
island mode operation support

« Droop mode as a backup and traditional operation mode.

All these operating modes are inbuilt and transfer between the modes
is automatic and smooth.
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PLANT TECHNOLOGY EMISSION REDUCTION & MONITORING

EMISSIONS REDUCTION AND MONITORING

Wartsila Power Plants maintains a high level of expertise in emission
cleaning methods for power plant effluents and stack emissions, in
order to offer a variety of proven reduction technologies for different
market needs.

EMISSIONS REDUCTION FOR GAS POWER PLANTS
Sulphur dioxide (SO,) and particulate matter (PM) emissions are insig-
nificant for power pfants running on natural gas. Nitrogen oxide (NO,)
emissions are also low.

DRY METHODS (PRIMARY)

Wartsila gas engines use a lean-burn combustion process. In this
process, natural gas and air are premixed in a low air/fuel ratio
(lambda 2-2.5) before being fed into the cylinders. The lean-burn
process efficiently reduces NO, emissions due to a lower combustion
temperature. Another advantage with the lean-burn process is the
increased output and efficiency of the engine. Wertsild gas engines
have sufficiently low NO, emissions to comply with most national/local
regulations using lean- burn primary method only.

SELECTIVE CATALYTIC REDUCTION (SCR) S
emissions the engmes can Humboldt, Eureka, California (10 x Wartsila 18V5()DF, 162 MW)

In areas with more stringent control of Nob The multi-fuel DF engines can operate on light fuel oil as back-up. The plant
be equipped with SCR units. In the SCR, NO, is reduced by a catalyst, is equipped with combined SCRs and oxidation catalysts and meets the strict

Comblned W|th a reagent that IS elthel‘ an aqueous SO|U’[I0n Of urea or Californian emission requirements both in gas and ||qu|d fuel mode.
ammonia.

OXIDATION CATALYSTS

Gas (SG) engines and multi-fuel (DF) engines can be equipped with
oxidation catalysts for the abatement of carbon monoxide (CO) and/or
hydrocarbon (HC) emissions, if required by national regulations.

WARTSILA 10XI

The Wartsil4 10XI (Integrated Oxidation Catalyst) is a compact, cost
efficient solution for moderate CO and formaldehyde (CH,0) reduction
from gas engines. Gas engines equipped with 10XI ensure compliance
with most stack emission limits.

COMBINED SCR AND OXIDATION CATALYST

In some areas efficient multi-component emissions reduction is
required. The combined catalyst system comprises SCR for NO, emis-
sions and oxidation catalyst for CO and/or HC emissions.
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PLANT TECHNOLOGY EMISSION REDUCTION & MONITORING

EMISSIONS REDUCTION FOR LIQUID FUEL POWER wet calcium carbonate (CaC0,) FGD in larger plants. Wet FGD systems
PLANTS are typically capable of removmg up to 90% of the SO, emissions. All
wet FGD solutions require large quantities of water and reagents.

NO,, SO, and particulate matter are the main emissions of interest re-

garding stationary liquid fuel engines. SO, and PM emissions are mainly The FGD end products, either liquid or solid depending on the chosen
related to the quality of the liquid fuel. Wartsila liquid fuel engines have FGD technique, need to be disposed of in an environmentally accept-
low carbon monoxide (CO) and hydrocarbon (HC) emissions thanks to able way. The composition of the end product depends on the fuel oil
their high thermal efficiency. used, lubrication oil, process water and reagents. The disposal and

utilisation options available for the end product should be examined in
Wirtsild's liquid fuel power plants are designed to meet the stack the environmental assessment of the project.
emission limits set by the World Bank/IFC Guidelines for liquid fuel
gower placlints up to 300 Mr:lvgh (§1 40 IéilIWe)ﬂin non-degraded airshﬁdé; ELECTROSTATIC PRECIPITATOR (ESP)

y using dry primary methods. Secondary flue gas treatment methods A dry ESP unit can be used to reduce PM emissions. The ESP
?ngg‘;gag%fﬁgrggﬁ s;cg}larl%?:latlons, or when only low grade liquid technique provides a stable, low pressure-loss option to reduce PM
v : emissions. ESP’s Erﬁ/ end prct)dtl)cht, fly a%n, needs to_?e disfpt?]sed (g‘

in an environmentally acceptable way. The composition of the en
DRY METHODS (PRIMARY) product depends on the fuel and lubrication oil used. The disposal and
The primary method (Low NO, combustion process) used in Wartsila utilisation options available for the end product should be examined in
liquid fuel engines is de&gneé for the best overall emissions perfor- the environmental assessment of the project.
mance, while maintaining the good thermal efficiency of the engine.
The main elements of the low NO, combustion process are: CONTINUOUS EMISSIONS MONITORING (CEMS)
«  Latefuel injection start In cases where continuous data on emission levels is required, indic-
«  High compression ratio ative or parametric emissions monitoring systems will provide robust,
«  Optimised combustion chamber and fuel injection rate profile good quality and cost efficient emissions monitoring. In these systems,
«  Early inlet valve closing (Miller concept) together with high boost emissions are calculated based on process data, such as engine

parameters, fuel composition and ambient data. In some installations,
continuous emissions monitoring systems (CEMS) based on analysers
are required.

pressure.

These are the key elements for suppressing the combustion peak
temperatures, resulting in reduced NO, formation.

There are many different CEMS on the market and the choice of sys-
SI.E.LE(;'.I.'IVI? GATALYTIC REDUCTION (SCR) ] ] ) tem needs to take into careful consideration the installation’s specific
Wartsila’s liquid fuel power plants can be equipped with SCR units to features, such as measured components, fuel and stack configuration.
reduce NO, emissions if required. The integration of emissions data handling and reporting into the plant

system is a crucial part of a successful emissions monitoring system.

NO, emissions are typically reduced by up to 80-90% by using a
reagent that is either an aqueous solution of urea or ammonia. The REDUCING CONTAMINATED WATER

composition and structure of the catalyst element are selected based The oily water collection and treatment system is an essential part of

on fuel properties. At high reduction rates, the size of the SCR reactor the enai - 0
h . P gl : gine power plant. The system is designed to collect water from
increases and more complicated premixing and reagent injection sys areas that are potentially contaminated with oil and other impurities

tems are needed. In addition the control system becomes very critical for treatment. Before dischar ;
: e h . ge from the plant, contaminated water
due to operation within a narrow window. can be either treated on-site by the Wartsild oily water treatment
(OWT) unit or transported for proper treatment. In areas that are

FLUE GAS DE-SULPHURISATION (FGD) subject to stringent effluent limits, biological treatment might also
Several FGD types are available for the power plant market. The most be required. Wartsild Senitec Biosys is a biological treatment system
feasible methods in stationary engine plants have generally been for grey water, treated oily water and/or similar effluents from power
proven to be wet sodium hydroxide (NaOH) FGD in smaller plants, and plants.
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WARTSILA DEVELOPMENT & FINANCIAL PROJECT MANAGEMENT SERVICES
SERVICES

A global team of power plant project developers and finance profes-
sionals in Wartsila Development & Financial Services (WDFS) offers
expert services to Wartsila’s customers worldwide.

FINANCIAL SERVICES

WDFS supports clients with advice and assistance in deal structuring
and financing. Through its strong relationships with both local and
international financing institutions, including export credit agencies
(ECA), commercial banks and development banks, WDFS is well
positioned to structure financing to suit each customer’s requirements.
A manufacturing presence in several countries provides a competitive
advantage for accessing ECA guarantees and funding, especially
through Finnvera (Finland) and SACE (Italy). WDFS also offers financial
advisory services including financial modelling and feasibility studies.

PROJECT DEVELOPMENT

WDFS develops independent power producer (IPP) projects based on
Wirtsila ICE technology and know-how with a focus on environmen-
tally responsible power projects with sound financing structures. With
a proven track record since 1991, WDFS has successfully developed
and closed over 30 highly feasible IPP projects (approx. 3500 MW)
around the world. WDFS structures and negotiates project financing
for IPP projects on a limited recourse or non-recourse basis. WDFS has
over the years proven its ability to mobilize capital from multilateral
and bilateral institutions, local and international commercial banks,
and equity investors.

The Power Plants Project Management organisation plans, leads,
manages and executes projects for our customers. We support our
customers with cost estimates, scheduling and project planning. The
projects are managed by our personnel using professional project
management methodology and best practices, which have been
developed over the years within Wartsila Power Plants.

We have broad experience in building power plants in challenging
geotechnical locations, including areas where earthquakes, landslides,
swelling soil and liquefaction may occur.The project locations range
from the African jungle to the Siberian tundra.
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The properties of foundations and structures are selected individually
to ensure the best possible outcome taking all the ambient conditions
into consideration. The buildings mainly consist of high-quality prefab-
ricated structures to ensure shorter construction time and improved
risk assessment. By choosing the right materials, even the energy
efficiency can be improved, while the plant’s environmental impact is
significantly reduced.

Our aim is also to enhance safety and offer the best possible working
conditions for the plant operators.

Wartsild’s civil engineer teams have conducted more than 500 pro-
jects over three decades with an unbeatable track record. Our services
include everything from pre-planning inspections to installation.

wartsila offers the following options of scope of supply & contract
pes:

Basic EEQ (Basic Engineered Equipment Delivery) is the most basic
service where only the main equipment and related auxiliaries are
engineered and supplied. The service includes configuration and engi-
neering for supplied equipment and materials, transport, and technical
advisory for installation and commissioning.

SCOPE OF SUPPLY
Scope

Options for
all scopes

EPC
[ Foundations & on site infastructure

[IPiGeEsS EEQMII N EPC above O-level
. Installation / power generation
I Ercm (Construction Management Service)

[EdendedEEQ
EPCM

. BOP equipment and materials, detailed plant engineering

|IBESICEEQN N Basic equipment and process engineering / power generation

Added value
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Extended EEQ (Extended Engineered Equipment Delivery) is a com-
plete supply solution for defined scope including detailed engineering
for total solutions, all materials and equipment plus technical advisory
services for installation and commissioning. The customer needs to
hire a contractor to perform installation and civil works on site.

EPCM (Engineering, Procurement, Construction & Management) is
a service contract adding Construction Management services to
the scope. It includes construction and site management, project
and construction scheduling, sub-contracting, site supervision and
documentation services for site works and subcontracts. It includes
assistance to customers in local work, monitoring and reporting on
the performance of subcontractors. This service contract is made in
connection with extended EEQ contracts.

EPC (Engineering, Procurement & Construction) is a solution where
the customer has only one point of contact, thereby minimising their
risks. The contract covers project management site management
and supervision, engineering, materials and equipment, civil works,
foundation and site infrastructure works, transport and installation,
and commissioning, as well as schedule and performance guarantees
for the entire solution.

Process EPC includes the same features as EPC, but installation is
only done above floor level. Subsoil and foundation works, under-
ground materials supply and site works are performed or subcontract-
ed by the customer.
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SERVICES

POWER PLANT LIFECYCLE

Optimising your operations and preventing the unexpected is our
shared passion — we serve you whenever, wherever.

With nearly 7 GW of power plants under asset management agree-
ments and close to 5 GW under maintenance agreements, Wértsild is
recognised by customers as their preferred service supplier in ensur-
ing the availability and cost-efficient operation of their installations.
They benefit from having their entire power system fully serviced by
one global supplier.

Wartsila serves and supports customers in improving and optimising
their operational efficiency throughout the whole lifecycle of the instal-
lation. Our Services organisation currently features more than 11,000
dedicated professionals in almost 70 countries.

Our Services solutions cover everything from product support with
parts, field service and technical support, to service agreements, per-
formance optimisation including upgrades and conversions, environ-
mental solutions, training, and online support.

The choice available extends from parts and maintenance services to

a variety of comprehensive, customised long-term service agree-
ments, including performance and asset management agreements.

On the basis of our experience in operating and maintaining around
500 marine and land-based installations located in almost 70 different

Wartsila adds value to your business at every stage in the lifecycle of
your installations. With us as your service partner, you receive many
measurable and guaranteed benefits, such as availability and perfor-
mance, productivity gains and cost benefits. Above all, you have peace
of mind in the knowledge that your installation is being serviced by the
most experienced partner you could have.

countries, and through the know-how and support of Wartsila’s
worldwide organisation, a Wartsild service agreement has become
established as a proven and reliable instrument for both parties.

A variety of comprehensive, customized long-term
service agreements, including performance guarantees,
and operations & management are available for our
power plant customers. Based on our experience in
operating and maintaining hundreds of installations all
over the world, we can offer you unique know-how and
the support of our global organisation.

Full responsibility for operations &
maintenance

Lifecycle cost guarantee

Risk management

Performance guarantee
Extending lifetime of asset

Classification society
approved concept
Maintenance planning
Maintenance cost prediction
Condition evaluation
Condition monitoring
Periodical inspections

Responsibility for maintenance
Financial predictability
Partnership with common goals
Ensured performance

Online operational support
World class technical expertise
Global and local coordination

Consisting of one or more

of the following

* Manpower

Spare parts

Workshop services

Online services

Competence development 73
and training



OPERATION OF A MULTI-UNIT POWER PLANT

There are often significant seasonal, weekly and daily variations in
power demand. In a multi-unit power plant the units can be started
and stopped as per demand. It is possible to optimise the usage of
each single unit by choosing to either provide spinning reserve or to
run it flat-out to obtain maximum efficiency.

A multi-unit power plant can be run in various ways dependent on the
situation at hand. Basically, there are two main operating principles:

In spinning mode, the gensets are synchronized and running, but at a
reduced load. This way the plant is fully ready to take large, immedi-
ate load increases just in seconds.

In efficiency mode, the minimum amount of gensets are running at
full load to meet the current load demand, thereby allowing them to
operate at their best thermal efficiency. Still, the remaining gensets,
which are in stand-by mode, can come online and reach full load in a
matter of a few minutes to meet any unforeseen load increases.

Plant efficiency depending on load

[T

40
—— Efficiency mode
——— Spinning mode
30 ’
20

T T 1
0 20 40 60 80 100
Plant load (%)

50

Efficiency (%)

Plant features in the two
different operation modes

Load-taking capability

— 100

— 80

- 60

L 40

20

Load increase / minute
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INTERNAL COMBUSTION ENGINE MAINTENANCE

Maintenance of gas, dual-fuel and liquid fuel engines is easy. Keeping
strategic spare parts for exchange purposes on site considerably
reduces the downtime required for maintenance. All maintenance can
be effectively performed on site. One engine at a time can be main-
tained, without affecting the operation of the other units of the plant.

The multi-unit setup means that the annual average unit running
hours, depending on the actual load profile, can be considerably lower
than the annual plant running hours. In @ multi-unit plant the units can
be dispatched, so that the running hours are unequally spread on each
unit. This allows for scheduling the maintenance one unit at a time,
thereby maximising the available power generation capacity at any
given time. Ideally, the maintenance is scheduled at periods of lower
power demand.

For Wartsild’s internal combustion engines (ICEs) there is no equivalent
operating hours (EOH) calculation. This means that the maintenance
schedule is not affected by the number of starts and stops.

Fmmn




MAINTENANCE SCHEDULING

Thanks to condition-based, flexible maintenance, engine servicing
can be performed when it best suits the customer’s operations. The
following figures illustrate three different scheduling principles for the
maintenance of a Wartsila power plant.

Principle 1: One at a time

o Maximum firm capacity due to sequential maintenance of one unit
atatime

« High reliability and unsensitiveness to unscheduled maintenance
outages thanks to multiple units

Capacity %
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Principle 2: All at once

o Availability of the full plant output when it is most needed, by con-
centrating all maintenance in the off-season

¢ Minimised maintenance costs

« High reliability and unsensitiveness to unschedule maintenance
outages thanks to multiple units

Principle 2
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RELIABILITY & AVAILABILITY

Combining principles 1 and 2: Thanks to the multi-unit configuration, the highest availability and
reliability targets can be achieved.
» Adjustable maintenance schedule suitable for seasonal operating

variations The below figure illustrates the typical operational availability of a
« Allows fluctuating business to switch between the maintenance Wiéirtsila power plant. If the plant capacity matches the actual max-
profiles as needed imum load (corresponding to the power generated by n units), the

availability of the plant capacity is above 96.5%. By adding a stand-
by unit, the availability can be increased to >99%, and a second
stand-by unit further raises the availability to >99.9%.

Combining principles 1 and 2
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FUEL FLEXIBILITY

APPROVED FUELS

Wartsild power plants are able to run on a wide selection of fuels,
ranging from natural gas to fuel-water emulsions. Detailed specifica-
tions for the approved fuels are available upon request.

GASEOQUS FUELS & LNG

NATURAL GAS

Natural gas consists mainly of methane plus small quantities of
heavier hydrocarbons, carbon dioxide and nitrogen. Commercial gas
is processed to meet specifications for heating value, Wobbe index
and cleanliness.

LIQUEFIED NATURAL GAS (LNG)

LNG is natural gas that has been converted to liquid form for easier
transport and storage. LNG takes up about 1/600th of the volume of
natural gas in gaseous state.

COAL BED NATURAL GAS

Coal bed natural gas is found in underground coal layers. It contains
methane, water and carbon dioxide in varying proportions. Coal bed
gas contains more heavier hydrocarbons than conventional natural
gas, but no natural gas condensate.

Natural gas (/LNG) Biogas LPG (>97% propane)  Associated gas
Density (kg/m3) 0.7-0.8 ~08 1.3-1.4 1.3-2.5
Viscosity (cSt) N/A N/A N/A N/A
Wartsila 345G ° ° °
Wartsila 50SG o [}
Wartsila 34DF ° °
Wartsila 50DF [} o
Wartsila 32GD ° L] L]
Wartsila 46GD [} [} L]

Wiirtsila 32/32TS
Wartsild 46
Wiairtsild 50DF!

" liquid fuel optimised
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SHALE GAS

Shale gas is natural gas trapped in fine-grained sedimentary rock,
particularly quartz and calcite. Together with coal bed gas and meth-
ane hydrates, shale gas is an unconventional source of natural gas.

BIOGAS

Biogas is the result of treating organic matter in digesters or through
other decomposing processes. The resulting gas consists mainly of
methane and carbon dioxide.

ASSOCIATED GAS

Associated gas is separated from crude oil in field degassing
equipment. The methane content is lower than in natural gas, but the
concentration of heavier hydrocarbons is higher, normally yielding

a higher energy density. GD engines are very suitable for burning
associated gas, also when operating in fuel sharing mode.

LIQUEFIED PETROLEUM GAS (LPG)

Liquefied petroleum gases, also referred to as simply propane or
butane, are flammable mixtures of hydrocarbon gases. LPG, vaporised
at atmospheric pressure, has a higher calorific value (94 MJ/m3
equivalent to 26.1kWh/m3) than natural gas (methane) (38 MJ/m3
equivalent to 10.6 kWh/m3).

Liquid

HFO Fuel-water

Crude LFO/diesel Liquid biofuel e aision

835-1002 810-900 ~910-930 920-1010 1005 @30% water
2-70@50°C ~2-11@40°C ~26@50°C 100 - 700@50°C 350-450@50°C
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FUEL FLEXIBILITY

LIQUID FUELS

LIGHT FUEL OIL

Light fuel oils or diesel oils are high value distillates that have tradi-
tionally been used to fuel diesel engine power plants, both for stand-
by operation and baseload applications. Light fuel oil is typically used
in backup power plants and installations in islands or arctic conditions
where cheaper alternatives are not available.

HEAVY FUEL OIL

Heavy fuel oils are blended products based on the residues from refin-
ery distillation and cracking processes. They are black viscous liquids
which require heating for storage and combustion. Heavy fuel oils are
used for diesel engines in power plant and marine applications.

CRUDE OIL

Crude oil is a highly complex mixture of hydrocarbons and other com-
ponents. The flash point of crude oil is low, typically below the ambient
temperature. Crude oil can also be used as fuel in power plants with
diesel engines, for example in oilfield power production. Another
application is for pumping stations located along a crude oil pipeline,
where fuel from the pipeline can be used for the prime movers.

Natural gas (/LNG) Biogas LPG (>97% propane) Associated gas
Density (kg/m3) 0.7-0.8 ~08 1.3-14 1.3-25
Viscosity (cSt) N/A N/A N/A N/A
Wartsila 34SG L] L] [
Wartsila 50SG (] (]
Wiartsila 34DF ° °
Wartsila 50DF o o
Wartsila 32GD ° ° °
Wartsila 46GD . o [}

Wartsila 32/32TS
Wartsila 46
Wartsila 50DF'

"liquid fuel optimised
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LIQuID BIOFUELS

Liquid biofuels are derived from biological material and can be
produced from a variety of carbon sources. Common liquid biofuels
approved for use in Wartsila engines include oils from various oil-
seeds, such as palm oil, palm stearin, rape seed oil, sunflower oil and
jatropha oil. Liquid biofuels can also be of non vegetable origin, i.e.
oils or fats from fish, poultry and animals. Refined biofuel qualities,
such as transesterified biodiesel or hydrogenated renewable diesel,
can also be used.

FUEL-WATER EMULSIONS

An oil-in-water type emulsion is one way of utilising the residue
coming from a refinery as fuel in a diesel power plant. By making an
emulsion with water the viscosity is dramatically reduced, enabling

it to be pumped at ambient temperature in warm countries. Using it
in the diesel engine requires only a fraction of the heating needed for
heavy fuel oil.

Liquid

: IR Fuel-water
Crude LFO/diesel Liquid biofuel HFO emulsion
835-1002 810-900 ~910- 930 920-1010 1005 @30% water
2-70@50°C ~2-11@40°C ~ 26@50°C 100 - 700@50°C 350-450@50°C
° . °
o o °
° o ° ° °
[} ° . [} [}
° ° ° ° °
[} ° ° [} [}
[} ° . ° °
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WORLDWIDE CONTACTS

OUR POWER PLANTS SALES DIRECTORS

Wayne Elmore

Gregorio Morales

Alberto Fernandez

Jorge Alcaide

Tony van Velzen

Christer Strandvall

Alf Doktar

84

16330 Air Center Boulevard, Houston, TX 77032 (USA)
E-mai wayne.elmore@wartsila.com
Tel +1678 4270125

Av. Ricardo Palma N° 341, Centro Empresarial Platino, Piso 6, Oficina 604,
Miraflores, Lima 18 (Pert)

E-mail.........ccccoveverivnunneeene.gregorio. morales@wartsila.com

Tel +51 985 420958

Tronador 963, C1427CRS Buenos Aires (Argentina)
E-mail... ...alberto.fernandez@wartsila.com
Tel +54 11 56057706

Rua da Alfandega, 33 / 8° andar Centro, Rio de Janeiro - CEP 20070-000

(Brazil)
E-mail jorge tsila.com
Tel +55 21 985180517

Hanzelaan 95, 8017 JE, Zwolle (The Netherlands)
E-mail tonyvan. tsila.com
Tel +31 653 452008

Puotikuja 1, Powergate, 65380 Vaasa (Finland)
E-mail christer.str tsila.com
Tel +358 40 8307732

Puotikuja 1, Powergate, 65380 Vaasa (Finland)
E-mail alf.doktar@wartsila.com
Tel +358 40 5866946

Sushil Purohit

Frederic Carron

Nandkumar Pai

Lars-Ake Kiell

11 Pandan Crescent, 128467 (Singapore)
E-mail sushil i tsila.com
Tel +65 97713424

11 Pandan Crescent, 128467 (Singapore)
E-mail. frederic.carron@wartsila.com
Tel +65 97209510

Kesar Solitaire, 21st Floor, Plot No. 5, Sector No. 19, Palm Beach Road,
Sanpada, 400 705 Navi Mumbai (India)

E-mail r pai@wartsila.com

Tel +91 22 27818300

Dubai Investment Park 2, DIP Plot 597-572, Dubai (UAE)
E-mail lars-ake.kj tsila.com
Tel +9714 8857222
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WORLDWIDE CONTACTS

HEADQUARTERS

Wartsila Corporation
John Stenbergin ranta 2, Helsinki (Finland)

Tel .+358 10 709 0000
ARGENTINA

Wirtsild Argentina S.A

Tronador 963, C1427CRS Buenos Aires
Teleoeeeeevreerereeeeenene+54 11 4555 1331/0164
AUSTRALIA

Wirtsild Australia Pty Ltd. (Sydney)
48 Huntingwood Drive Huntingwood, NSW 2148

Tel... +612 9672 8200
Wartsﬂa Australla Pty Ltd. (Perth)

19 Alacrity Place, Henderson, WA 6166

Tel... < +618 9410 1300
Wartsna Australla Pty Ltd. (Melbourne)
Suite 10 (Lot 20) Bldg. 1 Portpark Corporate, 574
Plummer Street Port Melbourne, VIC 3207

Tel... . ...+61 396452620
Wartsna Australla Pty Ltd. (Adelaide)
283-287 Sir Bradman Drive Brooklyn Park, Adelaide,

SA 5032

Tl +61 88 2383473
AZERBAIJAN

Wartsila Azerbaijan LLC (Baku)
Salyan Highway 22, Baku, AZ1023

Tel............ ...+99412 5459141
24hrs phone. ...+994 50 2502352
BANGLADESH

Wartsila Bangladesh Ltd. (Dhaka)
SMC Tower (3rd Floor) 33 Banani C/A, Dhaka-1213
Tel... RO ...+880 2 9821070

BRAZIL

Wartsila Brasil Ltda. (Rio de Janeiro)
Rua da Alfandega, 33 - 7 to 9 floors,

Centro — Rio de Janeiro - RJ 20070-000

Tel... . +55 21 2206 2500
Wirtsilé Brasil Ltda. (Manaus)

Rua Acard, 12 - Distrito Industrial, 69075-030 -

Manaus - AM - Brazil

Tel.... ceverrereenseseneen+ 05 92 32373579
24hrs phone ....+55 92 88025525

CANADA

Wartsila Canada Inc. (Vancouver, BC)
1771 Savage Road, Richmond, BC V6V 1R1

Tel... ..+1604 244 8181
WartSIIa Canada Inc (Victoria, BC)
118-1759 Sean Heights, Sannichton Victoria,

BC V8M 0A5

Tl 1 250 360 1557
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CANADA

Wartsila Canada Inc. (Halifax, NS)
164 Akerley Boulevard, Halifax, Dartmouth,

NS. B3B 125

Tel... ...+1902 4681 264

Wartsﬂa Canada Inc (St. John’s, NL)
27 Sagona Ave., Mount Pearl, NL ATN 4P8
Tel... e ...+1709 747 4600

CHILE

Wirtsila Chile Ltd. (Valparaiso)
Avenida Brasil 2060, Valparaiso, Chile

Tel.......... +56 32 2570600
24hrs phone.. .+56 96 2186310

Wirtsila Chile Ltd. (Santiago)
Orinoco 90, Oficina 2121, Las Condes.

Santlago de Chile, Chile

Tel... cevirereennnnntD6 2 2573 7766 5

CHINA

Wirtsild China Ltd. (Hong Kong)
TYTL 108RP, Sai Tso Wan Road,Tsing Yi Island, NT,
Hong Kong

Tel... ...+852 2528 6605

Wartsﬂa Chma Ltd (Beumg)

Room 2601 Full Tower No. 9 DongSanHuan Middle
Road, Chaoyang District, Beijing 100020 China
Tel... ...+86 10 6409 6211
Wirtsila China Ltd. (Shanghal)
Building 11, 170 Jin Feng Road

Pudong New District, Shanghai 201201

Tel......... ..+86 21 5858 5500
24hrs phone.. ..+86 400 111 0056
COLOMBIA

Wirtsild Colombia S.A. (Bogota)
Cra 19B # 83-63 Piso 5°, Bogota

Tel +57 16358168
Cellular... +57 3152420655
Wirtsila Colombia S.A. (Ibagué)
Km. 3 via Buenos Aires - Payandé, Planta Caracolito,
Ibagué

Tel +57 8 2709170

DENMARK

Wiartsila Danmark A/S (Aalborg)
Kystvejen 100, DK-9400 Norresundby

Tel... ... +45 99 56 99 56
Emall dklnfu@wartsna com

Wirtsild Danmark A/S (Copenhagen)
H.C. Andersens Boulevard 11, 3rd floor, DK-1553
Copenhagen V.

Tel... .. +45 99 56 99 56

DOMINICAN REPUBLIC

Wiartsila Dominicana, SRL
C/El Recodo #4, Bella Vista, Santo Domingo
Tel... . ...+1809 564 4440

ECUADOR

Wirtsila Ecuador S.A

Los Floripondios N57—120 y Leonardo Murialdo
(esquina). Edificio Wartsila, Quito
Tel

EGYPT

Wartsila Egypt

5A El Hassan St., El Moushier Ahmed Ismal Masaken
Sheraton, Cairo

Tel

FINLAND

Wartsild Corporation

John Stenbergin ranta 2, Helsinki (Finland)

Tel... +358 10 709 0000
Wanslla leand Oy (Vaasa)
Puotikuja 1, Powergate, 65380 Vaasa

.+5932 2811 215

.+202 2266 7272

Tel ..+358 10 709 0000
Fax +358 6 356 9133
Fax (Services):... ....+358 6 356 7355

Wirtsila Finland Oy (Vaasa)
Jérvikatu 2-4, P.0.Box 244, 65101 Vaasa

Tel... ...+358 10 709 0000
Wartsua leand Oy (Turku)
Stélarminkatu 45, P.0.Box 50, 20811 Turku

Tel......... ..+358 10 709 0000
24hrs phone... ..+358 10 709 0900
FRANCE

Wirtsild France S.A.S. (Mulhouse)
100 Quai d’Alger, CS 91210, 68054 Mulhouse CEDEX
Tel......... ...+33 3 89 666 868
24hrs phone... +33 147 897 748
Wartsild France S.A.S. (Surgéres)

La Combe, BP 113 F-17700 Surgéres
Wirtsild France S.A.S. (Marseille)

Enceinte Portuaire, porte 4, CIMM F-13344 Marseille
Tel... ...+33 491 03 99 20

Wartsua France S. AS (Paris)

Les Collines de I’Arche, Imm. Opera E, 76, Route de la
Demi-Lune, F-92057 Paris
Tel... ..+33 14776 89 20

Power Sa/es fur french speakmg Africa and French
overseas territories are also handled from this office.

GERMANY

Wirtsila Deutschland GmbH (Hamburg)

SchlenzigstraBe 6, 21107 Hamburg

Tel... . .+4940 751900
Email: Powerplams Hamburg@warIsna com
GREECE

Wirtsila Greece S.A. (Piraeus)
25, Akti Miaouli, 18535 Piraeus

Tel.... ...+30 210 413 5450
24hrs phone.. ...+30 694 459 4562
HUNGARY

Wirtsila Hungary Kft., (Budadrs)
Gyar utca 2, HU-2040, Budadrs Pf: 43 Budadrs

Tel... coeennen+36 30 743 2701
Emall sales whu@warIsna com

INDIA

Wirtsila India Ltd (Navi Mumbai)
Kesar Solitaire, 21st Floor, Plot No. 5, Sector No. 19,
Palm Beach Road, Sanpada, Navi Mumbai 400 705
Tel. ..+91-22-2781 8300 / 8550

Wirtsilé India Ltd. (Secunderabad)
Flat #301, Oxford Plaza, S.D. Road,
Secunderabad-500 003

..+9140 2771 5383
oida)

Plot A-98, Sector 5, Noida, Dlst Gautam Budh Nagar,
Uttar Pradesh 201 301

Tel... ...+91 120 419 2000
Wiartsil India Ltd. (Chennal)

Shreyas Vriddhi 132, Velachery Main Road, Guindy,
Chennai-600 032
Tl 91 44 2230 1080

INDONESIA

PT. Wartsila Indonesia, (Cikarang)
JI. Jababeka XVI Kav. W-28, Cikarang Industrial
Estate, Bekasi 17530

Tel +62 21 8937654
PT. Wartsila Indonesia, Jakarta
Tempo Scan Tower 19th Floor

JI. H.R. Rasuna Said Kav. 3-4, Jakarta 12950

-...+62 21 57930515

ITALY

Wartsila Italia S.p.A. (Trieste)

Bagnoli della Rosandra, 334, 34018, San Dorligo della
Valle, Trieste

Tel... .....+39 040 319 5000
Wirtsila Italia S. p. A (Milano)

Piazza Duca D’Aosta, 8, 20124 Milano

Tel oo +39 02 669 7648

JAPAN

Wirtsild Japan Ltd. (Tokyo)

Yaesu MID Bldg. 5F, 1-11-2, Kyobashi, Chuo-ku,
Tokyo 104-0031

Tel... ..+8135159 8700
Wiartsila Japan Ltd. (Kobe)

6-7-2, Minatojima, Chuo-ku, Kobe 650-0045

+8178 304 7501
81901913 0474

KENYA

Wirtsilé Eastern Africa Ltd. (Nairobi)
ABC Towers - 7A, ABC Place

Waiyaki Way, P.0.Box 66782-00800, Nairobi

Tel..... <ot 254 20 760240
Email: info.wea@wartsila.com

MADAGASCAR

Wirtsild South Africa (Pty) Ltd.
Fort Dauphin (Taolagnaro), QMM Madena,

Fort Dauphin, 614

L. +261 20 224 3267
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WORLDWIDE CONTACTS

MALAYSIA

Wartsila Malaysia Sdn. Bhd. (KL)
Suite C 10-05, Plaza Mont Kiara

No.2 Jalan 1/70C, 50480 Kuala Lumpur

Tel +603 62035072

MEXICO

Wirtsild Mexico S.A. de C.V. (Campeche)
Av. Edzna #7 Int. 3, Col. Mundo Maya,

Cd. del Carmen, CP. 24150 Campeche

Tel... . ...+521 938 138 1500

THE NETHERLANDS

Wartsila Netherlands B.V. (Zwolle)
Hanzelaan 95, 8017 JE, Zwolle

Tel... .+31038 4253253
Wartsﬂa Netherlands B.V. (Drunen)
Lipsstraat 52, 5151RP, Drunen

Tel... .+310416 388115
Wartslla Netherlands B.V. (Schiedam)
Havenstraat 18-24, 3115 HD, Schiedam
Telorvovmenesesoesossesesesnent 31 0104 277100

NEW ZEALAND

Wartsila Australia Pty Ltd. (New Zealand)
HMNZ Dockyard, Queens Parade,

Devonport Auckland 0624

Tel +64 944 534 95

NORWAY

Wartsila Norway AS (Rubbestadneset)
N-5420 Rubbestadneset

Tel +47 53 42 25 00
24hrs phone. . +47 53 42 25 00
Power Sales for Norway are handled from Wartsild
Sweden Ab, Gothenburg.

PAKISTAN

Wirtsilé Pakistan Pvt Ltd. (Lahore)
16 km Raiwind Road, Lahore
Tel... +92 42 3590 5900

Wartsﬂa Paklstan (Pvt) Ltd. (Karachi)
Plot No F-8, KDA Scheme #1,Tipu Sultan Road,

Karachi

Telooiierenisesenesesienn.+92 021 3437 5830

PANAMA

Wartsila Panama, S. A. (Panama)
Brujas Ave., Business International Park., Former
Howard Air Force Base, Corregimiento de Veracruz
Distrito de Arraijan, Panama

L O

PERU
Wartsila Perd S.A.C. (Lima)

Av. Ricardo Palma N° 341, Centro Empresarial Platino
Piso 6, Oficina 604, Miraflores, Lima 18, Per(
Tel +5112 417030

....+507 304 7400

88

PHILIPPINES

Wartsila Philippines, Inc. (Laguna)
No. 6 Diode St., Light Industry and Science Park, Bo.
Diezmo, Cabuyao, Laguna

L +63 918 910 8392

POLAND

Wartsilé Polska Sp. z.0.0. (Warsaw)
Ul. Jakuba Kubickiego 13, 02-954 Warsaw
Tel... +48 22 550 61 72

Wirtsiléd Polska Sp. z.0.0. (Gdansk)
Ul. Twarda 12, 80-871 Gdansk
O +48 58 347 85 00

PORTUGAL

Wartsila Portugal, Lda. (Maia)

Rua de Joaquim Dias Rocha 361, PT-4470-211 Maia
Tl +351 93 723 1644

PUERTO RICO

Wirtsila Caribbean Inc. (Carolina)
Road 887 Km 0.6, Street A Lot 5, Industrial Park Julio
N. Matos, PR 00987 Carolina, P.0. Box 7039

Tl +1787 701 2288

RUSSIA
Wirtsild Vostok LLC, (St. Petersburg)

Business centre Linkor, 36 A Petrogradskaya
Naberezhnaya, St. Petersburg, 197101

Tel.... +7 812448 32 48
Email: office.spp@wartsila.com

Wirtsila Vostok LLC (Moscow)

4 Dobryninsky per., bld. 8, Office E02-300,

Moscow, 119049

Tel.... +7 495 937 75 89
Wirtsila Vostok LLC (Vladivostok)
Utkinskaya ul., 9, Viadivostok, 690091

+7 4232 401 600

SAUDI ARABIA

Wartsila Power Contracting Co. (Jeddah)
Office No: 805B, 8th floor Tower B, Bin Homran Com-

ercial Centre, Prince Mohammed Bin Abdulaziz Street,

Ar Rawdah, Dist, P.0. Box 2132, 21451 Jeddah

+966 92000 1898

SENEGAL
Wirtsild West Africa (Dakar)

Immeuble Le Thiargane, 7éme étage, Mermoz, Place
OMVS, B.P. 21861 Dakar-Ponty, Dakar

Tel.... +221 33 865 41 00
Email: West.africa@wartsila.com

SINGAPORE

Wirtsild Singapore Pte. Ltd.
11 Pandan Crescent, Singapore 128467
Tel +65 62659122

SOUTH AFRICA

Wartsild South Africa Pty Ltd. (Cape town)
20 Dorsetshire Street, Paarden, Eiland 7405,
Cape Town

... +27 215111230

Wirtsila South Africa Pty Ltd. (Johann.)
2nd Floor, West Tower, Nelson Mandela Sq., Maude

St.. Sandton, 2196 Johannesburg
Tl +27 11 881 5953

SOUTH KOREA

Wirtsila Korea Ltd. (Busan)

15-36, Gangbyeon-daero, 456beon-gil, Sasang-gu,
Busan, 617-831

Tel...

SPAIN
Wirtsila Ibérica S.A. (Bermeo)

Poligono Industrial Landabaso, s/n

48370 Bermeo, Vizcaya

Tel +34 946 170100
Email: wartsilaib@iafrica.com

Wirtsila Ibérica S.A. (Las Palmas)
Avda. de las Petroliferas, s/n (Astican)

35008 Las Palmas de G. Canaria, Las Palmas

Tel +34 946 170100

SWEDEN

Wirtsild Sweden AB, (Gothenburg)
Gotaverksgatan 10, Box 8006

SE-402 77 Gothenburg, Sweden

Tel o +46 0 317 444 600

SWITZERLAND

Wiartsila Switzerland Ltd.

P.0. Box 414 Ziirchestr. 12, CH-8401 Winterthur

Tel... e t441 52 262 4922
Emall mail- ch@wartsna com

Power Sales for Switzerland are handled from
Wertsilé France s.a.s., Paris

TAIWAN

Wartsild Taiwan

&t LE S AL BR2E% 6857448 4F. , No.68,
Sec.2, Zhongshan N. Road, Zhongshan District

Taipei city Tel +886 2 25 39

THAILAND

Wartsila Singapore Pte Ltd (Thailand)
571 RSU Tower, Unit 4-5. 10th floor, Sukhumvit 31
Sukhumvit Rd., Klongton-Nua. Wattana,

Bangkok 10110

Teloeeeiercrcecssereecseeeene.+66 0 2259 6921

....+82 51 329 0500

TURKEY

Wirtsila Enpa Dis Tic.A.S. (Istanbul)
Aydintepe Mah. D-100 Karayolu (E-5) Cad. No: 14/E
Bahar Is Merkezi 34947 Tuzla Istanbull

Tel oo +90 216 494 50 50

UKRAINE

Wirtsild Ukraine LLC (Odessa)

20/1, Transportnaya Str., lllyichevsk

Odessa region 68000
Telooi s +380 48 796 5646.
UNITED ARAB EMIRATES

Wirtsild Gulf FZE (Dubai)

P.0. Box 61494, Dubai Investment Park 2, Dubai

Tel +9714 8857222

UNITED KINGDOM
Wartsild UK Ltd. (Glasgow)

Inchinnan Business Park, Cartside Avenue

Paisley, Renfrewshire, PA4 9RX

Tel. .+44 141 812 2888
Wartsila UK Ltd. (Segensworth)

30 Brunel Way, Segensworth

Fareham, Hampshire, P015 55D

Tel.

US.A

Wirtsila North America, Inc. (USA
Headquarters, Houston)

16330 Air Center Boulevard, Houston, TX 77032
Tel..... +1281 2336200
24hrs phon +1 877 927 8745
Wirtsild North America, Inc.(Ft Lauderdale)
2900 SW 42nd Street, Fort Lauderdale, FL 33312
Tel.......... +1 954 327 4700
24hrs phon +1 877 927 8745
Wirtsild North America, Inc. (NOLA)
819 Central Ave. Jefferson, New Orleans, LA 70121
Tel......... +1504 733 2500
24hrs phon +1877 927 8745

Wartsila Defense, Inc. (Chesapeake)
3617 Koppens Way, Chesapeake, VA 23323
Tel. +1 757 558 3625

Wartsila Defense, Inc. (Poulsbo)
26264 Twelve Trees Lane, Poulsbo, WA 98370
Tel... ...+1360 779 1444

Warts a North Amerlca, Inc. (Long Beach)
4007 Paramount Blvd. #103, Lakewood, CA 90712

Tel........ +1281233 6200

24hrs phon +1 877 927 8745

Wartsila North America, Inc. (San Diego)
1313 Bay Marina Dr., National City, CA 91950

Tel........ +1281233 6200

24hrs phon +1877 927 8745
Wartsila North America, Inc. (Annapolis)
900 Bestgate Road, Suite 400, Annapolis, MD 21401

Tel... ...+1 410573 2100
Wartsr E] North Amerlca Inc. (Seattle)
3257 17th Avenue West #3, eattle, WA 98119

Tel... [RRR ...+1 425 640 8280

VENEZUELA

Wartsila Venezuela C.A. (Valencia)
Zona Industrial Il, Av. Branger, Centro Empresarial e
Industrial Arturo Michelena, Local 13, Valencia
Telcireicceceec .+ 58 241 838 4659

VIETNAM

Wairtsiléd Vietnam Co. Ltd.

Saigon Trade Center, Unit 702B, 7th Floor

37 Ton Duc Thang Street, Ben Nghe Ward,

District 1, Ho Chi Minh Clty

Tel... R ...+84 8 3911 5496 /97

.+44 1489 550050
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POWER PLANT GENSETS

POWER PLANT GENSETS £ | 85
Lo w % 5o 1

The core of a power plant solution is the genset. Wartsild gensets con- c |2, €4 2 ol gT
sist of a four-stroke medium-speed engine, connected to a generator 52 | 8% | 85| 2= =%
via a flywheel and coupling, mounted on a common baseframe. The ©°f5 |e5 | 05| T B
genset is aligned, fine-tuned and pre-tested in the factory, fully ready , =2 |tz | 22| 35| 2%
for installation with minimal work at site. Engine o5 | & g 5| 82
Fuel (speed, 50/60 Hz) o o a (0] oz

Wartsila 50SG 18V50SG | 18320 | 18760 | 365 210

(600/514 rpm) 0L34SG | 4340 | 4170 | 77 .
Wartsila 34SG | 16v34SG | 7740 | 7430 | 120 | 50
(750/720 rpm) 20V34SG | 9730 | 9340 | 130 | 65
Wertsila 50DF | 18VS0DF | 16640 | 17080 | 369 | 215
gas opt. (500/5141Pm) | 91 34DF | 4340 | 4170 | 79 -

Wartsila 34DF 16V34DF | 7740 | 7430 | 120 50
(750/720 rpm) 20V34DF | 9730 | 9340 | 134 65
Wartsila 46 GD | 12v46GD | 11380 | 11380 | 272 | 209
(500/514 rpm) 18V46GD | 17080 | 17080 | 370 | 298
Wirtsila 32GD | 6L32GD | 2640 | 2580 | 58 -
(750/720 rpm) 9L32GD | 3970 | 3890 | 79 -
12V32GD | 5300 | 5180 | 93 -
16V32GD | 7120 | 6970 | 120 -
20V32GD | 8920 | 8730 | 131 -

Small and medium sized gensets (based on Wartsila 32/32TS/32GD/
34DF/34SG) are normally transported as complete gensets. If required
by the logistics of the project, the gensets can also be delivered split
into two blocks: engines mounted on the baseframe and generators

Wartsila 50DF
liquid opt. (500/514 rpm) 18V50DF | 18320 | 18320 | 369 297

shipped separately. Wartsia 46 | 12v46 | 11380 | 11380 | 269 | 207
I . 500/514

Larger gensets (based on Wartsild 46/46GD/50DF/50SG engines) are ( o) | 1gvae | 17080 | 17080 | 368 | 296

normally delivered in two blocks: engine and generator mounted on Wartsila 32 6L32 2640 | 2580 | 53 =

its own base frames, ready to be bolted together at site. This allows a (750/720 rom) | oL32 4340 | 4170 | 78

considerably reduced transportation weight.
12V32 5790 5560 92 =

16V32 7740 7430 17 -
18v32 8730 7380 128 =
20v32 9730 9340 130 -

Wartsilda 32TS

TEn TRy | NS D e | el

0 91



oA .ﬂ.ud.rl..‘.__.%u‘_m-._ Wy Gy Rl B

¥ o

by 50

s
<
<
3
£
&©
=
=




