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INTRODUCTION
Fossil fired power stations worldwide are exposed to increasing pressure to operate with
maximum efficiency and minimum emissions.
A power station built in 2020 is significantly more efficient, both economically and environmentally, than a power station built in 2000, 1980, or 1960. In spite of these technical leaps,
chimneys today are essentially the same as forty years ago, except for the fact that they use
different materials of construction for their internal flues.
This paper will suggest five concepts that should be considered when any new chimney is
built, either for a new power station or for an existing power station that is being modernized.
The five concepts concern the use of:
An FGD Wet Stack;
Hadek's New Chimney Design;
The Special WetReady Guide Vanes;
A Top Diffusor;
Hadek's Pennguard™ lining placed in the 45ºHigh Velocity Pattern.

FGD WET STACK
Most or all of today's coal fired power stations are fitted with flue gas desulphurization
plants ("FGD plants") to minimize their emissions of SO2. In the majority of cases, government regulators demand that the entire gas stream is desulphurized. Following its treatment
in an FGD absorber, the flue gas stream is usually cool and saturated with water vapor.
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In many power stations built in the 1980's-2000's, especially in Europe and Southeast Asia,
the flue gas stream exiting the FGD absorber was subsequently reheated to improve
buoyancy of the exit plume and minimize the amount of flue gas condensate formed in the
chimney.
It is important to understand though that "reheating" is a very expensive technology, which
makes a power station less efficient to run and which increases emissions, especially CO2
emissions as these are a direct function of power station efficiency.
Based on experience gathered in the United States over a period of over 20 years, it is now
possible to operate power stations without flue gas reheat responsibly, avoiding emissions of
acid droplets (so called "spitting"). The guide lines for designing an environmentally safe FGD
Wet Stack have been summarized in the EPRI Revised Wet Stack Design Guide, which was
sponsored jointly by EPRI and CICIND.

FGD Wet Stack

Using an FGD Wet Stack, instead of reheating flue gas prior to entry into the chimney, offers
significant advantages. The cost of initial power plant construction is reduced by millions due
to the avoidance of reheat equipment (usually Gas-to-Gas Heaters) and the simplification of
the ductwork surrounding the absorber. The cost of power plant operation is significantly reduced also, thanks to reduced pressure losses and reduced maintenance cost.
One important caution for using FGD Wet Stacks is, that these must be built using well proven materials of construction and using a highly efficient system of liquid collectors and
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drains. The additional cost of these materials and systems are far smaller than the savings
achieved through the elimination of reheat.

NEW CHIMNEY DESIGN
Before the wide spread adoption of high efficiency dust filters, FGD plants and DeNOx
plants, power stations depended on using very high chimneys to spread their emissions over
a very large land area. In order to limit the cost of these high chimneys, most were built as
multi flue chimneys, serving multiple power generating units. The internal flues would typically be constructed in acid resistant brick, fiber reinforced plastic or internally lined steel.
The emissions from modern, state-of-the-art power stations are very low and consequently,
dispersion of the flue gas stream over a large land area is no longer a concern. It follows that
the required height of chimneys is usually smaller now. Chimneys currently being contracted
are often 150 meters tall, or less.

New Chimney Design

For chimneys of less than 200 meters high, the use of Hadek's “New Chimney Design", a concrete chimney protected by Hadek's insulating borosilicate lining system, can be a significant
money saver. The construction cost of NCD chimneys is 30 % lower than that of chimneys
with internal steel or FRP flues. In addition to the cost reduction, there is also a construction
time reduction of some 5 months.

4

Even owners constructing chimneys for several units at the same time are finding it more
economical to build multiple NCD chimneys, usually one per unit, than to build a single chimney with multiple internal flues. Using one chimney per unit will also result in very short FGD
outlet ducts.

WET-READY GUIDE VANES
As described above, FGD Wet Stacks are the economically superior option for modern power stations but one drawback of FGD Wet Stack operation is, that it is not recommended to
use guide vanes in the chimney entrance. Normal guide vanes will collect liquid condensate
on their surfaces and serve as a "launch pad" for droplets to enter the gas stream and to be
ejected from the top of the chimney as harmful "spitting".
In cooperation with US based specialist Alden Research Laboratory, Hadek has developed a
special guide vane, the “WetReady Guide Vane”, which has the capability to catch and drain
liquid from the flue gas stream, while at the same time reducing chimney inlet pressure
losses by 70%. Even though the cost of the WetReady Guide Vane (patent pending) is considerable, the reduction in pressure losses and the improved environmental performance of
the chimney will make this a highly recommended investment.

WetReady Guide Vanes
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TOP DIFFUSOR
One further complication of using FGD Wet Stack is, that the flue gas temperature in such
chimneys is low, which will result in reduced draft as well as positive pressure, especially for
power stations operating in hot climates.
In cooperation with German design specialist Constructure, Hadek has developed a specific
diffusor that is to be placed at the top of an NCD chimney, which has a height of 15 m and
runs outward under an angle of 8 degrees. The use of this top diffusor will increase the draft
in the chimney by 60 %, while also preventing the problem of damaging positive pressure.
The proposed top diffusor (patent pending) could be constructed as part of the normal slip
forming process and its limited additional cost would typically be earned back within 5 years.

Top Diffusor

45 DEGREE HIGH VELOCITY PATTERN
As mentioned above, avoiding flue gas reheat and running an FGD Wet Stack offers great savings in both the construction cost and the operating cost of a coal fired power station. One
serious complication of FGD Wet Stack operation is the risk of "spitting", the spreading of
acidic droplets in the environment surrounding the power station.
In order to minimize the risk of spitting, the flue gas velocity in an FGD Wet Stack must be limited and it is different for every material of construction.
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Hadek's lining system has been thoroughly tested for its Wet Stack properties and, in its normal configuration with the borosilicate glass blocks placed upright, it will not allow liquid to
break free from its surface at gas velocities up to 19.8 m/s. Using a 1.5 m/s safety margin, it is
normally recommended that Pennguard lined chimneys should be restricted to a flue gas velocity of 18.3 m/s.
Unfortunately, 18.3 m/s is sometimes not enough. Some owners want to re-use an existing
chimney, where flue gas velocity will be greater than 18.3 m/s. Other owners want to build a
new chimney that respects the 18.3 m/s limit during normal operation, but they cannot rule
out higher velocities in some operating cases. Finally, some FGD outlet ducts have "strange"
geometries that result in a very uneven gas distribution in the chimney entry zone.

45º High Velocity Pattern

To address this problem, Hadek has once again worked with Alden Research Laboratory and
developed the "45 Degree High Velocity Pattern". Put simply, this is a lining where the Pennguard Blocks are placed under a 45 degree angle, avoiding the use of any horizontal joints.
The effect of using the 45 Degree High Velocity Pattern is significant. When placed in this
configuration, the lining will hold on to liquids on its surface at gas velocities up to 22.9 m/s.
The 45 Degree High Velocity Pattern (patent pending) does not create additional cost in the
chimney construction process, other than a slight increase in installation man-hours.
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CONCLUSION
If a power plant owner constructing a new chimney for a 600 MW coal fired power station
would use all five of the ideas presented in this paper, he would save well over 4 million USD
in initial construction cost. He would also save an estimated 1.5 - 2.0 million USD per year in
operating and maintenance cost.
Additionally, the owner would reduce his emissions and minimize his risk of harmful stack liquid discharge ("spitting").

Pennguard™ is a registered trademark of Ergon Asphalt & Emulsions, Inc.
WetReady Guide Vane™ patent pending
Top Diffusor™ patent pending
45º High Velocity Pattern™ patent pending
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