
As modern economies 
transition from non-
renewable energy sources 
and raw materials to 
those that can be naturally 
replenished, one of the most 
promising developments in 
this new paradigm has been 
the discovery of advanced 
new uses for wood and 
wood-based products. In the 
biomass sector, Wood Pellets 
have become especially well 
regarded in power plant 
electrical generation for their 
high durability and energy 
density.

Wood Pellets are growing in 
importance with U.S. exports in 2019 
reaching 6.9 million tons, as is the 
need to process and utilize them with 
maximum efficiency. Furthermore, 
across the United States and around 
the globe, environmental regulation 
is moving with speed to address 
growing concerns about sustainable 
development and any potential 
negative health risks associated with 
the emission of hazardous pollutants.

The burden of environmental 
compliance in the Wood Pellet 
industry has grown significantly 
over the last decade, and with that 
growth has come a substantial rise 
in the cost to comply. There is also 
pressure to maintain compliance 
while adhering to strict—and often 
tightening—budgets and regulatory 
requirements. With these competing 
obligations, there is little room for 
error.

The impact of those responsibilities 
is markedly lessened when 
environmental compliance is 
integrated into the organization’s 
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The quest for the best and most economical air 
emission control for industrial wood pellet plants

Figure 1. The first Hammer Mills RCO NESTEC installed in 2013 for the Wood Pellet Industry.
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overall business plan and priorities, 
as opposed to an end of the pipe 
approach. An upfront NESTEC 
evaluation of the air emission 
control system requirements, which 
integrates with your manufacturing 
execution system or other business 
planning, can ensure that the cost 
of air emission control compliance 
provides the best and most 
economical smart solution in the 
planning process.

Managing air emission control 
obligations for Wood Pellet facilities 
in the U.S. and other stringent 
regulatory environments requires 

understanding the complete plant 
operation, including:

1. Location of all emission sources 
(as well as the total VOC and HAP 
at each source)

2. Specialized plant needs
3. Wood source composition (ratio 

of softwood to hardwood) and 
associated potential emissions

4. Proven air emission control 
features that have been effective 
at Wood Pellet facilities

5. Capital and operating cost 
analysis that identifies the best 
and most economical smart 
solution for the application
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Figure 2. The first total air emission control system installed in 2013 by NESTEC for the 
Wood Pellet Industry.
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A properly designed air emission 
control system can prevent lost 
production time, lower energy 
consumption, and reduce the overall 
Wood Pellet cost.

Multiple Wood Pellet facilities 
in the U.S. are converting farm-
grown trees into wood pellets and 
shipping them to Europe to generate 
electricity. Tree farms safeguard 
sustainable development with a 
certification program and a written 
management plan that accounts for 
water quality, wildlife habitat, and 
soil conservation, as well as forest 
product production and protection 
of the land from fire, insects, and 
disease.

The Wood Pellet industry has 
grown almost 10-fold since 2009, 
converting millions of tons of trees 
into pellet fuel for power plants. 
These Wood Pellet mills operate 
on a much larger scale and emit 
substantially more air pollution than 
the traditional Wood Pellet mills that 
have been supplying the domestic 
heating market. Increased publicity 
of this rapidly growing industry has 
resulted in more and more attention 
from the EPA (Environmental 
Protection Agency) to ensure Wood 
Pellet facilities meet all regulatory 
requirements.

The EPA‘s Title V of the Clean Air 
Act established a federal operating 
permit program for facilities which 
emit or have the potential to emit any 
of the following:

• More than 100 tons per year of 
any regulated pollutant

• 25 tons per year of HAPs 
(Hazardous Air Pollutants, 
substances the EPA considers 
especially toxic or carcinogenic 
that are more strictly regulated 
under the Clean Air Act)

• 10 tons per year of any 
single HAP (e.g. Wood Pellet: 
acetaldehyde, formaldehyde, 
methanol, propionaldehyde, etc.)

Emission sources must apply for 
a Title V permit within a year of 
commencing operations.

New Source Review is the Clean Air 
Act’s permitting program designed 
to limit emissions from large 
sources of air pollution by requiring 
a permit before a “major source” 
begins construction or undertakes a 
modification. For Wood Pellet mills, 
“major source” means a facility 
with the potential (100% capacity) to 
emit more than 250 tons per year 
of a regulated pollutant, rather than 
actual emissions.

Regenerative Thermal Oxidizers 
(RTOs) have been used to control 
emissions from a variety of 
stationary industrial sources since 
the 1970s. Specialized RTO and RCO 
(Regenerative Catalytic Oxidizer) 
designs applicable in controlling 
VOCs and HAPs from forest and 
wood products manufacturing have 
been developed specifically for Wood 
Pellet applications by NESTEC. 
Particulate matter (PM), alpha and 
beta pinene condensable, and RTO-
RCO non-uniform airflow can plug 
the regenerative heat exchange 
media, substantially reducing the air 
emission control performance as well 
as limiting the dryer pellet production 
capacity.

NESTEC has established a wood 
pellet air emission control program 
to evaluate the complete Wood Pellet 
facility, which is the first step in 

finding the best and most economical 
smart solution for the application. 
It includes multiple options to allow 
the customer to select the most 
desirable for their application while 
still meeting emission requirements. 
A recently installed NESTEC air 
emission control system included a 
unique alternative to other offered 
solutions that netted more than 
$750,000 in capital savings.
The program includes:

1. An upfront evaluation of the 
location of all emission sources (as 
well as the total VOC and HAP at each 
source), which provides a substantial 
saving in equipment, installation, and 
operating cost.

The basic Wood Pellet VOC and HAP 
emission sources are:

• Green Chippers
• Dryer
• Hammer Mills
• Pellet Coolers and/or Steam 

Extraction
• Handling and Storage

The first complete Wood Pellet air 
emission control system, in addition 
to the dryer exhaust, was installed 
in 2013 by NESTEC. It included RCO 
units which are still meeting air 
emission requirements with virtually 
no auxiliary fuel consumption.
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Since the first NESTEC Wood Pellet air 
emission control system installation 
(figure 2), nine (9) additional complete 
systems have been or are presently 
being installed by NESTEC. These 
systems were customized to meet 
a variety of special plant needs and 
improved performance while reducing 
operating costs.

Three of the systems consolidated 
both the hammer mill and pellet 
cooler operation into a common 
redundant RCO control system, which 
provided over $750,000 savings, along 
with reduced operating costs.

The single, redundant forced draft 
MCC RTO-RCO system also offers:

• A single exhaust stack for 
compliance test with lower cost 
than multiple stacks

• The ability to shut down one 
RCO and still maintain greater 
than 70% of the total connected 
sources

• A full flow online bakeout feature 
to provide high temperature 
bakeout of each heat recovery 
chamber (much like a self-
cleaning oven, but without 
disruption to the process 
operation)
• No scheduled downtimes 

or lengthy maintenance 
processes necessary to 
complete an offline bake out

• Scheduling based on the 
needs of the RTO-RCO 
rather than available process 
downtime

• The capability to virtually 
eliminate large accumulations of 
organic material in the RCO

• Drastically reduces the potential 

for runaway fires that are 
typically experienced with the old-
style offline bake outs

• Heats each media recovery 
chamber from the purification 
chamber down, thus eliminating 
the potential for over 
temperature exposure of the 
catalyst or components

• Regeneration of the high 
temperature catalyst during the 
bake out process

• The elimination of excess energy 
consumption associated with 
offline bake outs

• Substantial additional capacity 
available for future expansion

2. Specialized plant needs.
A recently installed and operating 
system provided a refurbished/
upgraded WESP (Wet Electrostatic 
Precipitator) and MCC RTO for dryer 
exhaust. The upgrade included the 
latest NESTEC features to meet a 
very tight compliance schedule at 
an operating plant, thus eliminating 
potential compliance penalties or 
possible reduced production.

Figure 3. OR down flow.

Figure 4. Refurbished WESP with upgraded NESTEC 
features installed on a Wood Pellet dryer application.
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Another recent NESTEC pellet mill 
project included refurbishing and 
upgrading a troublesome rotary valve 
RTO with a simple, rugged, reliable 
NESTEC poppet valve assembly. 
Additionally, WESP hex tube bundles 
were replaced with round tubes. 
The thermal expansion and binding 
issues with the rotary valve were 
eliminated with the poppet valve 
assembly. The complete replacement 
involved simply removing the rotary 
valve assembly and sliding in a 
preassembled poppet valve assembly, 
as shown above.

3. Evaluation of the wood source 
composition (ratio of soft to 
hardwood).
Source material composition reveals 
the VOC and HAP source emissions. 
Along with the optimization of 
the control system, wood source 
evaluation is required to provide 
the best and most economical 
smart solution to meet emission 
requirements. The EPA has compiled 
a file of wood application test data 
that informs projections of VOC 
and HAP emissions based on the 

Figure 5. Replacement of a RTO rotary valve with a simple, rugged, reliable poppet valve assembly.

composition of the wood chips, along 
with the total tons of wood chips 
processed.

NESTEC’s air emission control 
program projects the VOCs and HAPs 
emissions for a specific process 
application, another component 
in the total emission evaluation 
that establishes the best and most 
economic air emission control smart 
solution.

4. Proven air emission control 
system features that are essential 
to ensure long term, reliable 
performance and minimize 
operational and maintenance costs.

The highly variable nature of many 
process emission sources and 
the potential for fluctuations in 
the individual hammer mills and/
or pelletizers necessitate proven 
features in the air emission control 
system to reap the best and 
most economical smart solution. 
Equipment design experience, 
knowledge, and intrinsic details 
that can automatically adjust the air 

emission control equipment operation 
to maintain maximum performance 
are essential.

Uniform airflow distribution is a key 
design feature with all NESTEC’s 
MCC RTO-RCOs in achieving 
maximum Thermal Energy Recovery 
(TER) and Destruction Removal 
Efficiency (DRE) — especially 
with large heat recovery chamber 
units, which are typical for Wood 
Pellet applications. Uniform 
airflow maintains a uniform 
temperature profile, thus reducing 
overall operating costs. NESTEC 
incorporates a specially designed 
airflow distribution nozzle and heat 
exchange media support system for 
each application. The nozzle design is 
fine-tuned to adjust flow distribution 
precisely and achieve the highest 
level of performance or effectiveness 
in the MCC RTO-RCO operation.

Elimination of RTO-RCO Heat 
Exchange Media support failures, 
especially during a bake out cycle, 
is also necessary for optimal 
performance. NESTEC’s unique 



airflow distribution nozzle makes it 
simple to locate the heat exchange 
media support beams outside of the 
unit, away from the process flow, 
thus eliminating the potential for 
failure due to thermal expansion and 
chloride-induced stress corrosion 
cracking.

Maximized RTO-RCO flow control 
valve reliability and performance, 
which is the heart of the RTO-RCO 
system, is critical for minimizing 
downtime. If the valves do not work, 
the entire RTO-RCO system does not 
work. Test data proves that NESTEC’s 
high performance, horizontal shaft, 
fast-acting, poppet flow control valve 
results in virtually zero (nil) leakage 
and minimal maintenance thanks to 
simple, rugged, and reliable operation 
with easy access.

The NESTEC integral horizontal shaft 
poppet valve is designed into all MCC 
RTO-RCO inlet, outlet, and bottom 
cold face plenums for maximum 
performance and rapid action. This 
configuration allows a single valve 
to control the flow with maximum 
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Figure 6. VOC versus HAP emissions associated with Wood Pellet chip composition.

Figure 7. With and without thermal alignment.
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Capital and operating cost analysis 
for the life of the RTO-RCO 
equipment options must be taken 
into consideration in the final design 
and selection based on the projected 
return on investment. Increasing 
the initial MCC RTO-RCO energy 
saving design features often provide 
a short-term payback period for any 
differential cost.

air distribution to heat recovery 
beds. Both the inlet seat and outlet 
seat are designed for continuous 
self-cleaning, ensuring tight closure 
of the valve. Thermal expansion 
compensation is also built into the 
heavy-duty disk, unions, and bolted 
sections, which allows for quick, easy 
maintenance without completely 
removing or replacing the valve. 
The integral horizontal shaft poppet 
design also includes a walk-in, quick-
acting, easy-access door to both sides 
of the seats for inspection, cleaning, 
and maintenance.

Energy saving design features are 
fundamental to achieving a long-term 
economical solution. There is always 
pressure during the initial design 
phase to control capital outlays, 
however that inclination must be 
balanced against the associated 
operating and maintenance costs. 
Optimal component selection and 
system layout will impact the initial 
purchase price as well as the 
operating and maintenance costs over 
the life of the RTO-RCO system.

NESTEC offers several proprietary, 
innovative, energy-saving features 
that can be incorporated initially or in 
the future, depending on associated 
process, fuel, and electrical costs.

NESTEC includes an Auto-Thermal 
Alignment (ATA) feature with MCC 
RTO-RCO units to keep the mass 
balanced in the heat recovery 
chambers. The ATA feature maintains 
the maximum thermal energy 
recovery (TER) and provides additional 
energy savings. Typical savings 
are shown in the attached graph, 
which reflects actual data from a 
NESTEC MCC RTO-RCO operating 
unit (with and without the Auto-
Thermal Alignment feature turned 
on). In the Wood Pellet industry, with 
an associated large dryer exhaust 
volume, the NESTEC ATA offers 
$150,000 in savings annually for 
a 100,000 wet standard cubic feet 
per minute (wSCFM) dryer exhaust 
(~$1,500 per year for each 1,000 
wSCFM dryer exhaust). 

Both mass flow and cycle time will 
have a major effect on the RTO-RCO 
thermal energy recovery efficiency 
and destruction removal efficiency, as 
well as associated equipment cost. 
Increasing or decreasing the size of 
the RTO-RCO heat recovery media 
chamber will directly increase or 
decrease the cost and TER. Similarly, 
increasing the valve cycle time will 
decrease the TER. Increased cycle 
time is often utilized to compensate 
for flow control valve leakage.

Both of these influential design 
variables are evaluated with 
NESTEC’s air emission control 
program for every MCC RTO-RCO 
system to achieve the best and most 
economical smart solution for the 
application.

A Forced Draft (FD) fan, versus 
an Induced Draft (ID) fan, offers 
additional operating cost savings, 
plus supplementary benefits:

• Continuous and stable fan RPM 
operation

• Reduced cycling of the VFD, 
motor, and fan (and the 
associated wear)

• Thorough mixing of the process 
stream prior to the RTO unit

• Faster response to process 
changes

Contact NESTEC for a free process 
analysis and proposal
Office: 610.323.7670
Jim Nester, President:           
jnester@nestecinc.com

Rick Reimlinger, Vice President:  
rick.reimlinger@nestecinc.com
Rodney L Pennington, 
PE, Senior Director:                         
rpennington@nestecinc.com
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Figure 8. RTO exhaust temperature.

Figure 9. Forced versus induced Draft fan.


