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Wärtsilä’s new concept, The Dry Flexicycle™ power plant, is offering solution with high efficiency
reciprocating engines which are combined with a steam cycle, with close to zero water consumption –
making it possible to place power plant to dry areas in inland.
This new solution also reduces acquired land area for the power plant by placing the whole cooling
system on the roof of the power plant. It has a super fast start-up time and excellent load following
capabilities which are beneficial during peak hours, for example during hot summer days. Wärtsilä
power plants offer a wide range of reliable performance and operational flexibility, even in harshest
ambient conditions. Wärtsilä has delivered a 570 MW power plant in Jordan this year, consisting of 38
Wärtsilä 50 dual- fuel (DF) engines. The plant is operating at extreme ambient conditions, where the 22
engines provide base load and the rest 16 engines serve the peak load.
Energy consumption is increasing rapidly in the Middle East due to increasing population and economic
development. Especially electricity needed for cooling the residential and commercial sectors is rapidly
increasing. Even to the extent that some countries are having difficulties in meeting the demand, even
resulting power cuts during the peak times in the hot summer period– particularly there more efficient
flexible power generating capacity is needed.

Legal disclaimer
This document is provided for informational purposes only and may not be incorporated into any
agreement. The information and conclusions in this document are based upon calculations (including
software built-in assumptions), observations, assumptions, publicly available competitor information, and
other information obtained by Wärtsilä or provided to Wärtsilä by its customers, prospective customers
or other third parties (the ”information”) and is not intended to substitute independent evaluation. No
representation or warranty of any kind is made in respect of any such information. Wärtsilä expressly
disclaims any responsibility for, and does not guarantee, the correctness or the completeness of the
information. The calculations and assumptions included in the information do not necessarily take into
account all the factors that could be relevant.
Nothing in this document shall be construed as a guarantee or warranty of the performance of any
Wärtsilä equipment or installation or the savings or other benefits that could be achieved by using
Wärtsilä technology, equipment or installations instead of any or other technology.
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1. The power system future in the Middle East
The power demand in the Middle East and North African region is expected to increase 8.4%
during 2014-2018, which is more than three times the global average (APICORP). The
International Energy Agency (IEA) expects that 280 GW of new installed electrical generating
capacity is needed by the year 2035 in the Middle East region, considering that about 70 GW of
production will become obsolete by 2035. The fuel mix in Middle East remains highly depended
on oil and natural gas according to IEA. Also nuclear power is emerging in some countries in the
Middle East. The United Arab Emirates is building two out of four reactors at the moment and
Saudi Arabia is planning to build 16 nuclear reactors over the next 20 years. The nuclear power of
today is most suitable for baseload operation, as high capital costs and low operation cost favors
steady base load operation. Also technical flexibility capabilities are somewhat limited with
nuclear plant. Fast-responding and efficient power plants are needed to shave these power peaks.
While considering fossil fuel reserves, the Middle East is one of the world’s richest regions as
holding more than oil reserves and nearly half of gas reserves together with North Africa. (The
World Bank) In consequence most of the electricity generated in the Middle East is produced with
oil or natural gas. For example Saudi Arabia and Kuwait have been reliant on oil-based fuels for
generating electricity but to maximize oil exports they choose to move more into natural gasbased electricity generation. However, shortages in natural gas supply and even in fuel oil from
domestic refineries, some power plants are using crude oil in power plants. In the future, liquefied
natural gas (LNG) will be one fuel option. For example Jordan decided to produce electricity with
natural gas bought from the Arab Gas Pipeline connection from Egypt. For the security of supply
reasons Jordan also decided to invest in LNG terminal in Aqaba, Jordan. (Oil review, Middle
East)
As oil is going to be part of the power generation also in the future, more efficient ways of using
oil in power production is needed to maximize the amount of oil for exports. With high efficient
Wärtsilä combustion engines, oil can be used as efficiently as possible, increasing the profits from
oil exports.

1.1 Liquefied natural gas
According to IEA, gas for power generation will increasingly come from LNG. For
transportation, new LNG terminals are needed. LNG can provide natural gas to areas where gas
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pipes do not exist or where there is a shortage of supply. Additionally to power plants, Wärtsilä
also supplies natural gas liquefaction solutions
solutions. Wärtsilä has unique capabilities to deliver both
LNG terminals and complete power plants on turn
turn-key basis. Therefore it is also possible to
combine a LNG terminal and a Wärtsilä Dry Flexicycle™ power plant. Dry Flexicycle™
Flexicycle is an
important part of the LNG value chain
chain.. Wärtsilä is now offering LNG liquefaction, regasification
and LNG fuel systems combined with a power plant. When considering the power plant and the
LNG terminal as one there will surely be a consumer for the LNG. Likewise, there will surely
sure be
fuel for the power plant – a clear win - win situation.

Figure 1. An illustration of a 160 MW Dry Flexicycle power plant with dedicated short term LNG storage using pressurized
tanks.

1.2 Power system security of supply

Due to hot climate in the Middle East
East, electricity needed for the air-conditioning
conditioning is remarkable.
For example in Saudi Arabia electricity demand is 40% higher in the summer time compared to
winter, also baseload and peak load demand
mand differ largely between day and night. Kuwait suffers
daily blackouts during the summer months, electricity demand is growing and peak loa d is
expected to exceed 11 GW
W in summer of 2014 and if demand continues to rise at 5 to 7% rate,
national peak loadd demand will re
reach 25 GW by the year 2025. (Arab
Arab Times Kuwait)
Kuwait Due to these
reasons total installed power capacity needs to be considerably above baseload requirements.
Load following power plants are needed to meet the demand during peak hours,
hours especially during
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hot summer days, to avoid power outages. Likewise more baseload is needed to meet the
increasing power demand in total. The power system needs to include diverse power generation
technologies due to various needs of the power system, as each technology has its unique
characteristics and operational optimum.
To maintain power system security of supply, generation capacity must be greater than load and
therefore there should be different types of power generating plants to match the power demand.
In the load curve, above baseload there is intermediate load power plants, which are typically
started in the morning and stopped in the evening. At the top of the curve, there is peak load
plants, which should have highest flexibility and can be started and stopped several times a day.
These plants are used to balance the system. Finally there is reserve power plants, which can be
started in case of an emergency in the system. Wärtsilä’s engine based power plants can be used
across multiple generating profiles, from baseload power generation to load following to peaking
and emergency power. Wärtsilä power plants are designed for fast and repeated startup and
shutdown, without any impact on maintenance.
Figure 2 presents an example of two kinds of power systems. In the first scenario there is only
combined cycle gas turbines (CCGT) and in the second scenario there is Wärtsilä’s flexible load
following power plants added “on top” of the CCGTs. When adding load following capacity in
the power system the performance of the whole system will improve: CCGTs are not well suited
to operate at loads which are varying rapidly. In such operation, there is efficiency loss and
additional maintenance costs. Wärtsilä’s combustion engines are designed for load following
performance without any impacts on efficiency or maintenance.

Figure 2. When adding load following power plants to the system the whole affordability of the system will improve.
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1.3 Water resources
Earth’s temperature continues to rise due to climate change and this is expected to have a
significant impact on fresh water resources. Temperature increase causes increasing evaporation,
which can cause even more droughts. Currently 1.6 billion people live in countries with absolute
water scarcity and the number is expected to rise to 2.8 billion people by 2025 (The World Bank).
Water scarcity is severe issue in the Middle East, as the region has minor fresh water resources.
For example, Saudi Arabia has no permanent lakes or rivers and very little rainfall, therefore
Saudi Arabia is the greatest producer of desalinated water in the world. Jordan has of the lowest
levels of water resource availability, per capita, in the world and problem is becoming even
greater due to climate change and population growth.
Yearly variations in rainfall can cause rationing in water supply and this can cause political and
economical challenges. Water scarcity will require actions from energy producers and industrial
sector. Wärtsilä is a forerunner with its new Dry Flexicycle™ solution, which can cut water
consumption significantly in power production. Solution has the capacity to produce the same
profits as a system based on Combined Cycle Gas Turbine, using 96% less water.

Figure 4. IPP3 - Wärtsilä’s 38 x 18V50DF multi-fuel power plant in Jordan which provides peak and baseload with total output
of 570 MW. The plant has excellent peak load operation thanks to its high part-load performance and its ability to dispatch
with zero impact on maintenance.
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1.4 Decentralized energy
Wärtsilä Dry Flexicycle™ power plant can be located also into inland, near the power consumers,
thanks to its independence of cooling water - it does not need to be located at the coastal area. If
power generation is near consumption there are many benefits; avoided costs of expensive high
voltage transmission infrastructure and reduction of the transmission line losses, while ensuring
optimum usage of the existing energy infrastructure such as gas pipelines. Pipelines are a much
more efficient way of moving energy than high voltage transmission lines. Decentralized power
plants are faster to install and they can also start to produce power more quickly and efficiently
compared to the huge centralized power plants. Reducing transmission and distribution losses
provides higher efficiency than centralized power production does.

2 What is a Wärtsilä Dry Flexicycle™?
Wärtsilä Dry Flexicycle™ is a combined cycle power plant where electricity is generated from
the engines and the steam turbine. The plants can be optimized for power within 60 to 600 MW
range. Depending on the need, the number of prime movers, i.e. combustion engines, can vary
and any initial investment can easily be expanded in 10–20 MW blocks as and when required.
Each engine is equipped with a heat recovery steam generator and the plant utilizes a common
steam turbine with a water-cooled condenser.

2.1 Excellent performance figures of the Dry Flexicycle™
Figure 5 presents efficiencies of combined cycle gas turbine power plant and FlexicycleTM power
plant with different actual operating points. The most essential point for the plant owner is to look
at these numbers on a lifecycle basis. When examining the whole lifecycle of the power plant, it
can be seen that efficiency of an engine power plant is 2.3%-points better than that of a gas
turbine power plant in this example.
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Figure 5. Lifecycle basis comparison between CCGT and Flexicycle .

The Wärtsilä 18V50SG engine is the world´s largest gas engine and has the highest simple cycle
efficiency of all thermal prime movers. Unlike other thermal competing technologies, each unit
can be individually started, ramped up and down, and stopped according to need, without any
impact on the maintenance schedule. Wärtsilä 50SG engines can be synchronized in 30 seconds,
can ramp up to full output in just 5 minutes, and when needed, be ramped down and stopped in
less than a minute. This means that hundreds of MWs are available within 5 minutes of a plant
standstill. Contrary to other competing technologies, which start process takes at least 15 minutes
to full output. Figure 6 presents the fast start up time of the Wärtsilä simple cycle and combined
cycle power plant.
The plants can be operated from remote locations. The system operator benefits from the
possibility of supporting and stabilizing the grid in many situations, such as peaking power, load
following, ancillary services including regulation, spinning and non-spinning reserve, frequency
and voltage control, and black starts. Figure 7 shows a comparison of unloading and loading
between gas turbines and Wärtsilä’s engines. Combustion engines can increase or decrease load
even 130% per minute. This indicates that a 500 MW FlexicycleTM power plant with Wärtsilä
50SG engines can ramp up from 50 MW to full load in only 42 seconds. While operating at peak
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hours, for instance, this is a highly valuable feature. These
hese performance values have already been
proven in several commercial projects
projects, for example
ple in many projects in Turkey.
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Figure 6. Dry Flexicycle
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excellent plant flexibility can be seen as fast start up time – engines reach full power in 5 minutes
of time and after 45 minutes steam turbine reaches full load.

Figure 7. Unloading and loading performances of gas turbines aand Wärtsilä's flexible combustion engines.
engines
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As FlexicycleTM power plants consist of several generating sets in parallel, they have high fuel
efficiency to be maintained across a wide load range, even in part-load operation. Upon high fuel
efficiency, tremendous reductions in fuel costs can be achieved. Figure 8 presents layout of
Wärtsilä Dry Flexicycle™ plant where every engine has its own heat recovery steam generator.
The plant can be operated at all loads while maintaining almost the same efficiency. If operating
one or several generating units at part load, there is an in-built spinning reserve in the load range
from 30 to 100% for each unit.

Figure 8. Compact layout of 120 MW Dry Flexicycle

TM

power plant.

Figure 9 presents the part-load efficiency of the Dry Flexicycle™ while demonstrating that the
efficiency of the power plant remains high over the whole output range. While the efficiency of
the power plant is splendid the power losses can be minimized and the profitability of the power
plant is maximized.

11 | P a g e

DryFlexi - Part load efficiency
%

55
50
45

Plant net efficiency (LHV)

40
35
30
25
20
15
10
5
0

0%

10%

20%

30%

40%

50%

Plant load

60%

70%

80%

90%

100%

TM

Figure 99. Dry Flexicycle ’s superior plant net efficiency.

2.2 Unique cooling
ooling system of Dry Flexicycle™
Typically, the cooling of a power plant is arranged so that the combustion engines are cooled with
closed loop radiators and the steam cycle with cooling towers. The cooling tower working
principle is based on the evaporation of water, which lleads to cooling water losses in the system.
system
So-called air-cooled condensers
ondensers (ACC) have been used as an alternative for the cooling towers
when a limited amount of water is available. This way the water consumption can be cut to 15%
of the cooling towers’ consumption. One challenge with ACC cooling system is the tremendous
size. Also the price impact on the whole power plant can be significant.
Until lately, ACC’s have been the only alternative for reducing water consumption in a engine
based combined cycle power plant. But nnow
ow there is another solution available. Dry Flexicycle™
Flexicycle
integrates the engine cooling system to the steam turbine condenser, and all the cooling in the
power plant is managed by radiato
radiators. The
he water consumption of the power plant remains at the
same level as with ACC’s, but by placing the radiators on the roof of the building the required
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footprint is cut down by almost 15% compared to the use of ACC’s and by almost 10% compared
to cooling towers. Wärtsilä has patented the Dry Flexicycle™ concept.
Not only is the water consumption cut down to minimum and the footprint optimized, also the
investment costs of a Dry Flexicycle™ power plant is very competitive. Further, Dry
Flexicycle™ power plants can operate in ambient conditions where operation of traditional
cooling towers is not possible.
Additional cooling option is traditional once-through cooling system, however, investment cost of
the seawater intake station and related equipment is typically high, especially compared to Dry
Flexicycle™ cooling system presented in Figure 10. In some areas once-through cooling systems
are even prohibited.

Figure 10. In the Dry Flexicycle

TM

water-cooled condenser is interconnected to engine radiator cooling circuit. It is a closed
loop cooling system with zero water consumption.

Saving water is also an economical aspect. If, for example, water cost is 0.4 USD/m3 with plant
size of 250 MW and 4000 annual running hours, the savings of Dry Flexicycle™ solution
compared to a typical CCGT power plant with radiators are about 10 million USD. A comparison
between different power generation solutions regarding to water consumption is seen in Figure
11.
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Figure 11. Comparison of water consumption between different Wärtsilä solutions, gas turbine and typical steam plant.
plant

2.3 Other benefits of the Dry Flexicycle™ concept
Byy choosing Wärtsilä Dry Flexicycle
Flexicycle™,, the owner saves water and the footprint is significantly
smaller compared to alternative technologies thanks to no extra space needed for cooling towers
or ACC’s. Also, the flexibility of the power plant is unique because of rapid starting and stopping
as well as quick ramping of the power plant. But this is not all.
Wärtsilä
ilä is known for the fast
fast-track EPC (engineering, procurement, and construction) projects.
EPC power plant construction projects can take as little as 10 months, from the notice to proceed
to final handing over. This is made possible partly by the standardized pre-designs
designs as well as by
the modular concept of Wärtsilä power plants, which is also utilized in Dry Flexicycle™
F
power
plants. Wärtsilä has delivered two Flexicycle TM power plants with EPC contracts in Pakistan in
2010 both plants having 11 x Wärtsilä 18V46 HFO engines with 200 MW output. In total
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Wärtsilä has delivered output of 1 GW combined cycle power plants in Pakistan. The high overall
efficiency of the plant will enable the generating costs to be competitive as Wärtsilä is leading
provider of power plants for distributed and flexible power generation.

Figure 12. The Aliaga combined cycle power plant in Turkey producing more than 270 MW of electricity and is based on 28
Wärtsilä 20V34SG engines.

Investments of combustion engine power plants can easily be made in several steps. There are
several sizes of engine generating sets available, and the number of units can be chosen to match
exactly the needed power. For example, the engineering of a 24 unit FlexicycleTM plant requires
only slightly more time than engineering of a six engine plant, which is a big advantage in terms
of cost and time.
The initial investment can, for example, be for six units having an output of 20 MWe per unit.
The decision to invest in additional units can be made at any time later. Heat recovery steam
generators and steam turbines can also be installed later, to close the cycle for combined cycle
application.
Environment is one of our major concerns. The emission levels of the gas engines are low
because of the clean combustion technique. Therefore the solution is also suitable for urban
surroundings. The emissions can be further reduced by e.g. a selective catalytic reactor hence
meeting any emission regulations. Also the noise level of the power plant is low.

15 | P a g e

These power plants can be located close to consumers, and can be architecturally designed to fit
into urban surroundings. Also, the requirement for pipeline gas pressure is just 5 bar. These
properties make it possible to establish a Wärtsilä FlexicycleTM power plant to the most
demanding areas from inland desert to urban city – or anything in between.
Wärtsilä Services is available any hour of the day, any day of the week. Wärtsilä Services support
its customers throughout the lifecycle of their installations by optimizing efficiency and offers
solutions for basic support, installation and commissioning, performance optimization, upgrades,
conversions and environmental solutions. A service agreement ensures reliable performance from
receiving of fuel to supplying energy which releases customers from many day-to-day operational
concerns so that they can focus on their core business. Operations & Maintenance agreement can
be tailored to the customer’s needs covering full operation, management and maintenance
services as well as performance guarantees of an installation. Wärtsilä delivers its services
through its service stations, workshops and ship repair centers that form its service network in 70
countries worldwide.

3 Conclusions
Wärtsilä Dry Flexicycle™ offers power producers a possibility of reducing water consumption
significantly. It is an unique solution with its high efficiency, reliability, low emissions, reduced
footprint and outstanding load-following ability. For the Middle East, Dry Flexicycle™ can offer
a vital solution for areas which are struggling with droughts and for areas where land is highly
valuable and every square meter will count. Wärtsilä dual fuel engines can offer flexibility to the
fuel utilization, hence increasing the power production reliability. To maintain power system
balance during the peak hours of the hot summer day flexible, fast reacting peaking power is
needed and Wärtsilä engine power plants are the best solution for that thanks to their outstanding
performance in fast and repeated startups and shutdowns without any impact in maintenance as
they are designed to be used across multiple operation profiles while still maintaining high
efficiency even at part load operation. With these features, there is a great opportunity for a low
cost power generation, with minimal environmental impact.
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Wärtsilä Dry Flexicycle™ features and
benefits









Maximum efficiency over a wide load range
Decentralized production
High reliability
Superb load-following ability
Low emissions
Negligible water consumption
Limited footprint
Easy plant operation
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