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Abstract

Bioenergy combustion has increased dramatically in 
importance as a source of energy due to increased 
pressures on other energy sources, along with the 
need to control air emissions and global warming. 
Increased efficiency in biomass combustion utilizing 
advanced material science technology from the NASA 
Space Exploration Program has significantly changed 
the combustion and ancillary systems in many indus-
trial and utility applications. This technology found 
in Emisshield® systems can significantly enhance and 
improve combustion and heat transfer in the process 

THESE PERFORMANCE IMPROVEMENTS ARE:

•	 Increased production efficiency by 10%
•	 Fuel changes/Reduced cost (10% less fuel and 12% reduction in fuel cost)
•	 Improved Air Emissions:

•	 NOx - Reduced 20–25%
•	 CO - Reduced 40-50%
•	 CO2 - Reduced 10% (calculated basis)
•	 Particulate – Reduced 20+%

•	 Increased life of refractory and metal components/Reduced maintenance
•	 Reduced flyash generation and disposal costs
•	 Reduced slagging and soot formation

Keywords: bioenergy management, boilers, CO2 emission reduction, emission  
reduction, wood chips

tubes while reducing NOx, CO, CO2, and particulate 
emissions. Reduction in biomass combustion facility 
maintenance, increased refractory life, and reduced 
flyash disposal are also possible. This technology 
created by material science advances is designed 
to improve the performance of existing materials or 
substrates such as refractory and metals. The appli-
cation of Emisshield® systems provided significant 
performance enhancements to a biomass combustor 
operated by E.ON in Mora, Sweden, for district heating. 

Reprinted from World Bioenergy Conference, May 2008, Stockholm, Sweden. 
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1. Furnace  
Thermal Efficiency Theory

Heat transfer by radiative heat transfer is comple-
tely different than that produced by conduction or 
convection. Electromagnetic waves transmit the 
energy rather than a medium in radiative heat transfer. 
To improve the thermal efficiency of any biomass 
combustor and its process tubes it is necessary to 
know that radiation by gases and solid surfaces are
very different. Emisshield® systems alter, among other 
things, the emissivity of the furnace walls and process 
tubes, which decreases the amount of reflected 
energy and increases the amount absorbed and rera-
diated energy (or increased thermal flux) depending 
upon the flow of heat and location of the process 
loads. Flue gas emissivity is important in the deter-
mination of the benefits derived by increasing these 
emissivities. The amount of gas radiation absorbed 
and reradiated from the biomass combustor wall 
occurs over a complete electromagnetic spectrum 

for radiative heat; hence, the combustor’s thermal 
efficiency significantly improves if the emissivity of 
the walls are changed. Likewise, when the process 
tube’s emissivity is changed, radiant heat is absorbed, 
and thermal flux increases across the tube to the 
hot water. Heat transfer thermal efficiency and its 
associated benefits are all positively impacted in the 
combustor and process tubes by Emisshield® systems. 
Figure 1 indicates the result of the application of 
Emisshield® systems on refractory emissivity versus 
the temperature the refractory is exposed to. As a 
result, any combustion system is much improved, and 
performance is enhanced as reflected by a uniform 
emissivity over a broad temperature range. This, in 
turn, positively impacts air emissions, soot formation, 
slagging, flyash generation, fuel requirements, and 
other issues of combustion.

Figure 1:
Emisshield® is applied to the surface 
of a hard refractory resulting in a  
uniform emissivity over a wide  
temperature bandwidth.
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2. General Combustion/Heat  
Transfer Biomass Improvements

Improvements to combustion systems have been 
attempted for centuries; however, the basic combus-
tion chamber and process tubes have remained 
essentially the same over that period. Only minor 
changes in dimensions or materials of construc-
tion have been made in the last 20 years. Through 
advancements in material science, new materials 
can provide changes in the properties and perfor-
mance of existing refractory and metal components 
for combustion systems. The properties of any mate-
rial’s surface tend to dominate 80-90% of that mate-
rial performance in heat and combustion systems. 
The use of Emisshield® systems results in significant 
changes primarily to the following unit processes in 
biomass combustors:

•	 Combustion Chamber
•	 Process Tubes/Boiler Tubes

Emisshield® systems have excellent adhesion, thin 
film thickness, and multifunctional properties when 
applied to refractory or metals. By changing the 
performance through the use of Emisshield® systems 

on the combustion chamber walls and process tubes, 
the following are observed:

•	 Reduced NOX, CO, CO2, particulate, and air  
emissions

•	 Reduced fuel and utilization of a greater ratio of a 
lower grade higher moisture fuel while increasing 
heat production

•	 Increased operational responsiveness of the 
combustion system

•	 Reduced soot, slagging, and flyash generation
•	 Reduced maintenance and downtime at the 

facility

The optimization of the combustion process and 
increased thermal flux of the process tubes provided 
by the system results in improvements in the areas 
noted. The system-coated metal process tubes are 
also uniformly heated and protected from thermal 
oxidation, corrosion, and thermally induced stress. 
Emisshield® Product(s) can withstand temperatures 
in excess of 1900°C.
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3. Project

Continued on page 6

A project was undertaken in January 2008 in Mora, 
Sweden, at a biomass combustion district heating 
plant owned and operated by E.ON Sverige AB. The 
facility was constructed in 1997 to burn biomass and 
generally consists of the following:

•	 Size – 10MW
•	 Combustion System – ETT – Walking Grate
•	 Boiler System – Osby
•	 Process Tubes – Hot Water/Gas flow through 

inside of tubes/420 Tubes, 64-52mm inside 
diameter

•	 Condenser
•	 Baghouse/ Air Monitoring
•	 Fuel Preprocessing: Wood Chips and Bark
•	 Continuous Air Emission Monitoring for NOx  

and CO

Different Emisshield® Products were chosen for appli-
cation to the combustion chamber castable refractory 
versus the process boiler tubes.

The installation of Emisshield® was accomplished by a 
crew of three (3) from Macon AB in approximately four 
(4) 12-hour days. The castable refractory application 
consisted of cleaning followed by application. The 
metal process tubes were lightly wire brushed and 
cleaned with a liquid cleaning system, followed by 
application with a special tube internal application 
system.

An essential requirement of thermal efficiency 
changes made by the use of Emisshield® systems in 
the combustion chamber and boiler tubes requires 
and mandates the need to change the operational 
setup and procedures of the biomass combustion 
plant. By changing the surface properties of the key 
components, improvements result that then require 
changes in excess air, fuel put through, temperature 
set points, and monitoring parameters. 

4. Emisshield® 
Application Results

Monitoring and operational changes in the Mora plant 
have occurred and will continue since the installa-
tion of the Emisshield® systems in late January 2008. 
Field performance data has been collected by the 
E.ON Mora facility staff and scrutinized by E.ON, and 
Wessex, Inc. Performance results and improvements 
were projected and described by Wessex prior to the 
Project installation based upon the performance of 
Emisshield® in other industrial/utility applications 
such as:

•	 Coal/Oil-Fired Power Generation
•	 Petrochemical: Ethylene/Vinyl Chloride 

Monomer/Thermal Oxidizer
•	 Brick/Tile: Tunnel Kilns
•	 Iron and Steel Furnaces- Primary and Secon-

dary

This project for Emisshield® has equaled the esti-
mated performance proposed by Wessex when a 
review of the significant amounts of data collected to 
date occurred. Further updates to this performance 
data will be provided at the World Bioenergy Confe-
rence in May 2008.

Any combustion system will not change by itself after 
the application of the Emisshield® System, and opera-
tional changes must be implemented. 
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Parameter

Production of Hot Water

Fuel Load

Fuel Economy Savings/Change in 
Fuel Type and Moisture

Biomass Facility  
Operational Responsiveness

NOx

CO

CO2 (calculated)

Combustion Air

Flyash

Soot

Slagging Furnace Wall

Results (3 month data) Average Values

Increased 7-10%

Reduced 7-10%

Reduced 10-12%

Improved

Reduced 25-30%

Reduced 40-50%

Reduced 5-10%

Reduced from 5.0% to 0.5%

Reduced Generation - 20%  
(under assessment)

Eliminated

Eliminated

4. Emisshield® 
Application Results Continued

The performance data to date at Mora can be broken 
down into the following general areas:

•	 Combustor/Process Tube Thermal Efficiency
•	  Air Emissions
•	  Fuel Type and Load
•	  Operational Issues
•	  By-product Generation

PLC data from the continuous monitoring of   
thermocouples and other sensors, as well as air emis-
sions and operational parameters, have resulted in the 
following performance enhancement data summa-
rized in Table I.

These preliminary results indicate significant and 
multiple improvements, cost savings, and income 
improvements based upon the material science 
changes made to the biomass combustor and process 
tubes. The Emisshield® systems have indicated their 
multifunctional capabilities as they have previously 
done in other industrial applications over the last 
several years. Monitoring of the entire facility is conti-
nuing, and operational changes for further improve-
ment continue.

Table I: E.ON, Mora Biomass Combustor Emisshield® 
Performance Enhancement Results
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5. Future Projects/
Value Proposition 6. Summary

Future projects for Emisshield® Products will 
include other types of combustor configu-
rations for biomass combustion to enhance 
thermal efficiency and operational perfor-
mance. Understoker, bubbling fluid beds, and 
co-fired units will be considered. Waste-to-
energy plants are also possible projects for 
performance enhancements offering potential 
solutions to downstream high-temperature 
thermal corrosion issues. In any waste-to-
energy facility, it may be wise to optimize the 
combustion chamber and modify by-product 
production before addressing downstream 
corrosion issues. New Emisshield® systems 
have been developed and tested to address 
these problematic furnace types.

The Value Proposition used to quantify the 
results of the installation of any Emisshield® 
System normally results in a payback period 
of less than one (1) year, assuming a one (1) 
year Emisshield® System life. Emisshield® 
systems last in the range of two (2) to five (5) 
years, depending upon the field of applica-
tion. Five (5) year annual service/maintenance 
agreements with the owner ensure conti-
nual optimal performance of each installed 
System and are considered an integral part of  
each project.

With the application of an Emisshield® System 
comprised of advanced material science 
concepts, significant improvements can 
be realized in most biomass combustion 
processes worldwide. The initial performance 
results from the E.ON Mora, Sweden facility 
after the application of Emisshield® indicate 
improvements in the thermal efficiency of the 
biomass combustion resulting in:

•	 Increased production of heated water
•	 Reduced fuel load
•	 Revised fuel economics/lower value and 

increased moisture
•	 Improved air emissions with respect to 

NOx, CO, CO2, and particulate
•	 Reduced slagging, flyash generation, and 

overall maintenance

Most types of biomass combustion systems can 
be improved with the installation of Emisshield® 
systems to change the combustion chamber 
and process tube thermal transfer dynamics. 
Continuous research and development will 
result in numerous new systems to address all 
types of material performance issues within 
biomass combustors and related bioenergy 
process systems.
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