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Pennguard Lining protects Steel Chimney Flues  
from Overheating and Collapse during Fire 

Introduction 

Fire safety is a very important concern for FGD plants and for 
corrosion resistant chimneys. FGD plant and chimney fires have 
occurred all over the world.  

In 2005 Technical Consultant Exponent investigated different 
chimney flue designs when exposed to various fire conditions. 
This came from the realization that very little information is 
available regarding the fire behavior of different chimney flue 
designs used today. One of the tests was a two hour ASTM E-
119 fire test to evaluate the performance of a Pennguard lining 
installed onto carbon steel when exposed to temperatures 
exceeding 1000ºC. The test set-up and results are being 
described in this paper.  

Two FGD plant fire accidents have occurred recently in Cyprus 
and in Vietnam. Both fires spread from the FGD unit to the 
Pennguard lined steel chimney flues. Chimney lining 
inspections were carried out checking the performance of the 
Pennguard lining system after the destructive fires. The overall 
test results including pictures are presented in this paper.  

Performance of different chimney flue 
designs during large power plant fires 

Technical Consultant Exponent investigated different chimney 
flue designs when exposed to various fire conditions. One of the 
designs tested is a Pennguard lined steel surface. A Pennguard 
lining is not only protecting steel chimney flues against acid 
dewpoint corrosion, the system has also excellent thermal 
insulating properties. 

In order to determine the behavior of the Pennguard lining 
system under fire exposure, Exponent performed a test executed 
according to test procedure ASTM E-119. ASTM E-119 is a 
Standard Test Method for Fire Tests of Building Constructions 
and Materials. For this a Pennguard lined carbon steel plate with 
a size of 1,5m x 2,0m (picture 1) was used and attached to a fire 
chamber with gas burners. Thermocouples were installed at the 
back of the steel plate registering the surface temperature of the 
Pennguard blocks and the backside of the steel plate.  

Figure 1 shows the temperature during the two hour ASTM E-
119 fire exposure test. The Pennguard lining in the chamber was 
directly exposed to temperatures up to 1000ºC. It was found that 
due to the Pennguard lining the steel plate temperature never 
exceeded 240ºC. Pictures 2 and 3 show the condition of the 
Pennguard lining after the ASTM E-119 test. It appears that the 
backside of the Pennguard lining and primer are in good 
condition.  The Pennguard lining was able to protect the steel 
surface from heat damage over the entire duration of the test.  
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Picture 1: Pennguard lined test panel  
before ASTM E-119 test  

Figure 1: Temperature of fire, Pennguard lining surface and 
steel plate during ASTM E-119 test  
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At temperatures of over 500ºC it was found that alloy clad flues 
are at risk of collapse, and FRP flues are likely to catch fire, 
even with fire retardants. 

If an FGD system at the base of the chimney catches fire, the 
temperature in the chimney flue will rise above 1000ºC very 
quickly. A steel flue collapse could compromise the integrity of 
the whole chimney. In a multi flue chimney the collapse of one 
steel flue could also destroy the other flues. 

Chimney lining inspection after destructive 
FGD plant fire at Vasilikos Power Station, 
Cyprus 

Vasilikos Power Station is a 3 x 130 MW Heavy Fuel Oil fired 
power station in Cyprus (picture 4). Unit 3 has sea water FGD 
and GGH reheat. To protect the Unit 3 steel chimney flue 
against the highly corrosive environment, the inside steel 
surface was protected with a 41 mm thick Pennguard lining in 
2004. In November 2016 a fire accident destroyed the sea water 
FGD and FRP outlet duct completely (picture 5). Electricity 
Authority of Cyprus, the owner of Vasilikos Power Station, 
invited Hadek in February 2017 to check the condition of the 
Pennguard lining in the steel flue after the fire accident. 

Picture 2: Condition of the Pennguard lining after  
the two hour ASTM E-119 fire test  

Picture 3: Condition of the Pennguard lining after the two 
hour ASTM E-119 fire test. The backside of the Pennguard 

lining and the primer appear to be in good condition  

Picture 4: Condition of the Pennguard lining after the two 
hour ASTM E-119 fire test. The backside of the Pennguard 

lining and the primer appear to be in good condition  

Picture 5: Fire destroyed sea water FGD and FRP outlet duct 
completely at Vasilikos Power Station  

Picture 6: Condition of the Pennguard lining following  
Vasilikos fire   
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The inspection was carried out by two Hadek QA inspectors. 
The inside and outside surface of the Pennguard lined steel 
flue was inspected simultaneously. This to identify and 
analyze any abnormality to either site of the steel flue. Picture 
6 shows the condition of the Pennguard lining at the level of 
the sample ports. The Pennguard blocks were glazed, affected 
by the fire. Picture 7 shows a spot check at +60m where the 
back of the Pennguard lining and primer are still in good 
condition. During inspection of the external surface of the flue, 
it appears that there is no structural damage. Picture 8 shows 
the outside surface of the Unit 3 steel flue. Also, there is no 
discoloration of externally applied paint systems found. The 
spot check testing of the Pennguard lining showed that the 
lining system lost its original properties and structure due to 
the fire. The lining needs to be replaced. However, the 
Pennguard lining played an important role in protecting the 
steel flue from overheating and collapse during the fire.  

Picture 7:  The backside of the Pennguard lining and primer 
are in good condition    

Picture 8: No structural damage found to Unit 3  
steel chimney flue (left)     

Picture 9: 2 x 600 MW coal fired Vinh Tan 4 Power Station, 
Vietnam  

Chimney lining inspection after FGD fire 
accident at Vinh Tan 4 Power Station, 
Vietnam 

Vinh Tan 4 Power Station is part of the Vinh Tan Power 
Complex located at Binh Thuan province, about 250 km North 
East of Ho Chi Minh City (picture 9). It is a 2 x 600 MW coal 
fired power station with a total generation of 7.2 billion KWh 
per year. The plant is equipped with sea water FGD to reduce 
the SO2 emissions and it has GGH reheat. Following 
desulphurization in the FGD plants, the flue gas is reheated to a 
temperature of 80ºC and emitted through a 210m high 
reinforced concrete chimney with two Pennguard lined steel 
flues. The internal surfaces of the carbon steel flues are both 
lined with a 41 mm thick Pennguard lining. 

During 9 March 2017 an intensive fire occurred in the Unit 1 
FGD plant, see picture 10. The fire spread to the top of the 
chimney flue very quickly. 16 March 2017 an inspection took 
place, executed by one of Hadek’s Quality Assurance inspectors 
to check the condition of the Pennguard lining in the Unit 1 
chimney flue after the fire accident. Pictures 11 and 12 show the 
condition of the Pennguard lining following the Vinh Tan 4 
Unit 1 fire. The backside of the Pennguard lining and primer are 
in good condition (picture 13) and no structural damage was 
found to the Unit 1 steel chimney flue (picture 14). 
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Conclusions 

Inspection of the Pennguard lining system in the Unit 3 steel 
chimney flue of Vasilikos Power Station and in the Unit 1 steel 
chimney flue of Vinh Tan 4 Power Station after the fire 
accidents, result in the following conclusions. 

1) The Pennguard lining system suffered damage from fire and 
must be replaced. 

2) The primer is intact. If the Pennguard lining will be removed 
carefully, no-reblasting and re-primering is needed. 

3) There is no structural damage to the steel flues. No 
discoloration of externally applied paint systems was found. 

4) The Pennguard lining played an important role protecting the 
steel flues from overheating and collapse due to its excellent 
thermal insulating properties. 

 

Picture 10:  FFire destroyed the Sea Water FGD of Unit 1 
completely  

Picture 11:  Condition of the Pennguard lining on the ent-
rance door after the Vinh Tan 4 Unit 1 fire  

Picture 12:  Condition of the Pennguard lining after the 
Vinh Tan 4 Unit 1 fire  

Picture 13:  Backside of the Pennguard lining and the primer 
appear to be in good condition after the Vinh Tan 4 Unit 1 

Picture 14:  There is no structural damage to Vinh Tan 4 
Unit 1 steel chimney flue  


