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Table 14: Summary of PM Data for BC MOE Sources 

BC Data Summary 
Wood Fired 

Systems 

Particulate Matter mg/m3 @ 8% and kg/GJ 
Permit 
Limit 

No. of Tests 

APC Average Max Min Median mg/m3  

mg/m3 All 68 277 3 45 30-230 161 
g/GJ (pg/J) All 28 115 1 19   

mg/m3 ESP 59 277 6 30 30-120 152 
g/GJ (pg/J) ESP 25 115 2 13   

mg/m3 Cyclones 120 221 59 81   
g/GJ (pg/J) Cyclones 50 92 24.4 34  6 

mg/m3 Baghouses 62 122 3 62   
g/GJ (pg/J) Baghouses 26 51 nd 26  3 

 

7.2 EMISSIONS FROM GREENHOUSES IN METRO VANCOUVER 

 
There is an increasing volume of data available on greenhouse heaters in Metro Vancouver. This 
data has been discussed in earlier reports (See Ref. #20) and is summarized in Table 15. 

Table 15: Emission Data for Greenhouses in Metro Vancouver 

 Maximum Minimum Average Comments  

Control Devices mg/sm3 g/GJ mg/sm3 g/GJ mg/sm3 g/GJ   

Cyclone 275 86.1 58.6 18.4 178.5 55.9 Two Sources 3 measurements 

Multi-clones 79.7 25.0 78.5 24.6 79.1 24.8 One Source 3 measurements 

Cyclones & EPS  69 21.6 9.4 2.9 29.9 9.4 Three Sources 7 measurements 

Baghouse 76 23.8 2.6 0.8 29.6 9.3 Two Sources 3 measurements 

 
It should also be noted that Metro Vancouver (MV) reviewed the data on greenhouse heaters that 
formed the basis of Table 15, plus additional data they are continuing to collect on ESPs and 
baghouses. Their analysis concluded that under good operating conditions the total PM 
concentrations varied from 1 mg/m3 to 13 mg/m3, with an average result of 6 mg/m3 
(Ref MV verbal communication). For all conditions, there were 24 tests ranging from 
1-76 mg/m3, with an average of 12 mg/m3. While the range in the Table is comparable with the 
recent MV data, the average is less than half of the values in the Table. This difference maybe 
due in part to the inclusion of newer, better performing units in the MV average, or that the 
Table data includes a larger number of tests where the control equipment or combustors were not 
operating at peak performance.  In any event, the wide range of emissions (1 to 76 mg/m3) 
highlights the fact that there can be significant differences in emissions from the same 
(or similar) systems, depending on operating conditions. 
 
As emission limits tighten the importance of skilled operators that are able to respond to changes 
in fuel characteristics and operational upsets becomes increasingly important. Maintaining (and 
supporting) skilful operators is not usually a problem for larger facilities, such as a 50 MWel 
power plant, but can be an issue on smaller institutional or greenhouse sized units. Here, 
operation of the combustion equipment may not be a full-time responsibility or hands-on 
position; consequently, responses to changes in fuel or equipment upsets may not be completed 
in a timely manner that minimizes emission excursions.  
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Based on an analysis of the available data, Metro Vancouver proposed a set of emissions limits 
for wood burning equipment as shown in Table 16.  The table also shows the estimated number 
of units of each size in the Metro Vancouver area. Due to the differences in the distribution of 
commercial, institutional and industrial facilities between MV and the rest of BC, estimates of 
the number of similarly sized systems in BC could not reliably be extrapolated from the MV 
data. 
 

Table 16: Proposed Metro Vancouver Emission Limits 

Size / Capacity 

Example Uses 

Estimated 
# of Units 

Limit 

MW & MMBTU/hr 
GJ/hr and 
Boiler HP 

in MV mg/m3 

Large  large industrial facility,  
large university 
utilities 

0 15 >50 MW >180GJ/hr 
>170 MMBTU/hr >4100 B Hp 

Medium   mid-sized hospital, 
large commercial operation, 
greenhouses 
mid-sized university, 
Community Cogen 

25-35 15 
3-50 MW 11 – 180GJ/hr 

10 – 170 MMBTU/hr 250- 4100 B Hp 

Small   swimming pool ice rink, 
school, hotel, office building, 
small and large apartment 
building 

1-10 
15 

(rural: 30) 
<3 MW <11GJ/hr 

<10 MMBTU/hr <250 B Hp 

 
Ref.: http://www.gvrd.bc.ca/growth/keyfacts/popest.htm 
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7.3 EMISSION DATA FOR USA SOURCES 

 
Table 17 is a summary of a recent (February, 2008) search through the EPA’s RACT/BACT/LAER databases for wood burning 
systems. Appendix V presents a summary of the Massachusetts emission criteria, which are believed to be the most stringent in the 
USA. 
 

Table 17: USEPA BACT Data 

Boiler Size  
Boiler Type Control Method State 

Permit 
Date 

Particulate Matter 
Est Eff 

(%) 

MMBTU/hr MW 
lb/MM
BTU 

mg/m3 kg/GJ Grain/SCF  

1300 381.0 Boiler 
Mechanical Dust 
Collector, ESP 

ME 11/2001 0.03 34.14 0.01 0.01 99 

631 184.9 Boiler, Bark ESP KY 02/2002 0.1 103.10 0.04 0.05   

600 175.8 Boiler- Wood-fired 

Multicyclone and 
variable throat 

venturi type wet 
scrubber 

NC 10/2001 0.250 257.75 0.11 0.11   

550 161.2 Boiler Cyclone, ESP MN 11/2001 0.03 30.93 0.01 0.01 99 
315 92.3 Boiler #1 ESP Cyclone ME 04/1999 0.036 37.31 0.02 0.02 93 
310 90.8 Hog Fuel Boiler  ESP WA 10/2002 0.15 154.65 0.06 0.07   

265.1 77.7 Boiler, Multi-Fuel 
ESP and Wet 

Scrubber 
GA 11/1998 0.10 103.10 0.04 0.05 99 

230 67.4 Boiler, wood-fired ESP  MN 06/2005 0.025 25.78 0.01 0.01 98 
230 67.4 Boiler, wood-fired ESP  MN 06/2005 0.025 25.78 0.01 0.01 98 

120 35.2 Boilers, steam 
Good Combustion 
Practices and CEM 

VA 02/2002 0.150 154.65 0.06 0.07 98 

77 22.6 
Heat Energy Systems 
for Pellet Processing 

Setting Chambers 
and Cyclones 

VA 12/2005 0.09 103 0.04 0.04 90 

43 12.6 
Wood Thermal 

Oxidizers for Wood 
Pellet Process 

Setting Chambers 
and Cyclones 

VA 12//2005 0.09 93.51 0.04 0.04 99 

 

 (USEPA BACT LAER Website Data Shown in Appendix V) 
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Table 18 represents data from “Air Pollution Control Technologies for Small Wood-Fired 
Boilers”, a study completed in 2001 (Ref. #18). Average PM estimated from four different boiler 
manufacturers was 116 mg/m3 (0.05 kg/GJ), all using cyclones as emission control measures. 
 

Table 18: Emissions from Small Wood-Fired Boilers 

Heat Input  Type of 
Combustion Unit 

Control 
Method 

 Particulate Matter  

MMBTU/hr MW lb/MMBTU mg/m3 kg/GJ 

16.3 4.78 BCS Multi-clones 0.113 117 0.05 

6.0 1.76 KMW Cyclone 0.12 124 0.05 

2.8 0.82 Messersmith None 0.12 124 0.05 

2.2 0.64 Chiptec Cyclone 0.097 100 0.04 

 Averages 0.113 116 0.05 

     (Ref #18) 

 
This report goes on to say that combustion particulate emissions could be substantially reduced 
by replacing old units with new, automatically operated small-scale biomass combustion devices 
or at least by improving the operation of old systems. The main constituents of aerosols from the 
newer modern systems with complete burnout of the biomass (with good operation and control) 
are volatile elements such as K, S, Cl, and heavy metals with low melting points (Ref. #19). The 
following Table 19 provided by Hamon Research-Cottrell, an ESP supplier, summarizes the 
measured emissions from a variety of their ESPs operating in North America. Of the 
28 installations, 16 have emissions less than 25 mg/m3. 
 

Table 19: Equipment Supplier Data from Hamon Research-Cottrell 

CUSTOMER LOCATION 
Start 

up 
Flue Gas 

Volume (acfm) 
Estim. 

Size (MW) 
Flue Gas 
Temp (F) 

Outlet 

mg/m
3
 

St. Felician Quebec, Canada 2001 173,258 196 320 100 

Tasman Pulp #2 Kawerau, NZ 1992 115,590 131 415 100 

Tasman Pulp #3 Kawerau, NZ. 1992 135,610 153 415 100 

Alberta Pacific F.I. Alberta, Canada 1991 464,040 525 338 89 

Georgia Pacific Palatka, FlA 1987 230,000 260 420 75 

Avenor Dalhouse, NB 1998 220,719 252 432 50 

Ultrapower #3 Blue Lake, CA 1986 78,000 88 300 46 

Celgar Pulp Castlegar, BC 1992 148,300 168 374 45 

Container Corp. Fernandina B, FlA 1987 282,000 319 380 39 

Willamette Ind. Campti, LA 1992 392,750 445 350 39 

Yanke Energy Inc. Dinuba Station,CA. 1986 103,000 117 350 34 

Georgia Pacific Palatka, FlA 1987 230,000 260 420 25 

Atlantic Gulf Co. Martell, CA 1987 153,300 173 364 23 

Honey Lake Power Susanville, CA 1990 285,012 323 360 23 

James River Corp. Camas, WA 1992 202,000 229 350 23 

S.D.Warren Skowhegan, Maine 1991 310,730 352 350 23 

Tracy Constructors Tracy, CA 1991 140,000 158 320 23 

Zurn/Nepco New Bern, NC 1991 282,350 320 350 23 

Alternative Energy Livermore Falls, ME 1993 296,334 335 360 21 

Alternative Energy Cadillac, MI 1994 305,225 345 360 21 

Alternative Energy Ashland, Maine 1994 296,334 335 360 21 

Greif Bros. Corp. Riverville, VA 2001 110,000 124 350 17 

Yanke Energy North Fork, CA 1989 82,000 93 375 16 
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CUSTOMER LOCATION 
Start 

up 
Flue Gas 

Volume (acfm) 
Estim. 

Size (MW) 
Flue Gas 
Temp (F) 

Outlet 

mg/m
3
 

Yanke Energy Inc. Soledad, CA 1990 100,000 113 350 16 

Hemphill P&L Springfield, NH 1988 95,390 108 315 15 

Whitefield P&L Whitefield, NH 1988 95,390 108 315 15 

Gorbell P&L Athens, Maine 1988 101,730 115 330 15 

Average   1991 201,076 228 360 38 

Maximum   2001 464,040 525 432 100 

Minimum   1986 78,000 88 300 15 

Median   1991 173,258 196 350 23 

 
Table 20 presents emission data from another manufacturer, PCC Industries of Longview, 
Texas, who has several ESPs in operation in Canada.  The data shows that the guaranteed 
performance averages about 70 mg/m3, with the lowest guarantee being 37 mg/m3. It is 
informative to note the difference between the guarantee and the actual measured average 
performance, which was 20 mg/m3 or about 70% less than the guarantee. This compares to the 
BC data shown in Table 14, where the measured emission was about 40% less than the permit 
values. 
 

Table 20: Equipment Supplier Data from PPC 

ESP Location 

Emission PM Conc. Actual as % 
of  Guarantee Actual 

  mg/m3 mg/m3 Guarantee 

Boise-Cascade / La Grande, Oregon 46 21 46% 

Browning-Ferris / Bartow, Florida 46 8 18% 

Canfor / Vancouver, B.C. 50 28 55% 

Cochrane Power / Cochrane, Ontario 90 4 4% 

Georgia-Pacific / Holly Hill S. Carolina 52 18 34% 

International Paper / Sampit, S. Carolina 103 47 46% 

Owens-Brockway / Oakland, California 37 6 16% 

Plum Creek Manuf. / Pablo, Montana 103 3 3% 

Timber Energy / Telogia, Florida 103 47 46% 

Weyerhaeuser / Edson, Alberta 0.09 mg/kg 0.011 mg/kg 12% 

Welborn Cabinets / Ashland, Alabama 5.7 lbs/hr 1.28 lbs/hr 4% 

Deltic Timber / Waldo, Arkansas 4.8 lbs/hr 0.78 lbs/hr 16% 

Average mg/m3 or % 70 20 30% 

Median  mg/m3 or % 52 18 34% 

Maximum  mg/m3 or % 103 47 55% 

Minimum  mg/m3 or % 37 3 3% 

Ref. #1 
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7.4 RECENT INSTALLATIONS 

 
Onsite Energy in Medford, Oregon, is a 25 MWel Wood Fired Cogen Facility. They recently 
installed two 238,000 m3 ESPs to replace two existing scrubbers. The permit PM limit is 
14 mg/m3 @ 8% O2. The average test results on these two units were 4-5 mg/m3 @ 8% O2. 
 
In December 2007, the emissions from a small (~6GJ/hr input) Decker greenhouse boiler 
burning pine pellets in Manitoba (see Figure 10) were measured at 6.6 mg/m3 at 8% O2, with 
CO at 480 mg/m3 (Ref. #26). 
 
 

Figure 10: Decker Manufacturing Greenhouse Boilers 

 
 
New large wood-fired pulp mill power boilers proposed for Uruguay and Tasmania are both 
proposed to be in the 25 to 30 mg/m3 range (Ref. #21). 
 

7.5 OTHER JURISDICTIONS 

 
Representative emission factors and regulatory information from Europe and other jurisdictions 
are included in Appendix V. This table is for reference only, as many of the newer high 
performance wood combustors are made in Europe. This list is not intended to be a complete as 
such data is already available in other reports completed for BCMOE and MV (See Ref. #14). 
 
Appendix V also contains the New German Boiler Emission Limits from the latest Emission 
(Immission) Ordinance. Current particulate limits are between 90 and 100 mg/m3 for wood, and 
60 mg for pellets. Future limits (after 2014) will be 20 mg/m3 for all solid fuels. 
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8.0 ECONOMIC ANALYSIS OF WOOD COMBUSTOR AND CONTROL SYSTEMS 

8.1 RELATIVE COSTS OF COMBUSTORS 

 
The following tables show estimates of installed costs and operating costs for the three main 
combustion technologies –grate burners, fluidized beds, and two-stage combustors. For smaller 
systems around 100 tons per day (10 MW), grate burners and fixed-bed gasifiers are the most 
cost-effective technologies. For larger systems, fluidized bed technology (with or without 
gasification) becomes more attractive. This data is taken from a 2003 report, but its authors 
gauged it with manufacturers and experts for the 2007 Biomass CHP Catalog of Technologies 
(Ref. #7). Note that these costs do not include any power generation or gas cleanup equipment, 
but only represent plants delivering steam or syngas (two-stage combustor). 
 

Table 21: Grate Boiler Steam Plant Costs in U.S. Dollars [Ref. #7] 

 Size 1 Size 2 Size 3 

Net capacity, MMBTU/hr 35.4 297.5 446.3 
MW heat input 10 84 126 

Tons fuel /day (as received)  100 600 900 

Grate boiler equipment  $1,195,000  $7,980,000  $10,790,000 

Installation and balance of plant $795,000  $10,020,000  $12,460,000 

Biomass prep-yard $2,640,000  $5,430,000  $7,110,000 

Installed Cost $4,630,000  $23,430,000  $30,360,000 
Prep-yard labour costs  $400,000  $320,000  $320,000 

Boiler section O&M  $160,000  $1,095,000  $1,110,000 

Total Annual O&M (to steam)  $560,000  $1,415,000  $1,430,000 
Boiler O&M ($/1,000 lb steam)  $3.55 $1.09 $0.73 

 

Table 22: Circulating Fluidized Bed Boiler Costs in U.S. Dollars [Ref. #7] 

 Size 1 Size 2 Size 3 

Net capacity, MMBTU/hr 35.4 297.5 446.3 
MW heat input 10 84 126 

Tons/day (as received)  100 600 900 

Fluidized bed boiler equipment  $6,175,000 $14,490,000 $19,790,000 

Installation and balance of plant $795,000 $10,020,000 $12,460,000 

Biomass prep-yard $2,640,000 $5,430,000 $7,110,000 

Installed Cost $9,610,000 $29,940,000 $39,360,000 
Prep-yard labour costs  $400,000 $320,000 $320,000 

Boiler section O&M  $260,000 $1,190,000 $1,205,000 

Total Annual O&M (to steam)  $660,000 $1,510,000 $1,525,000 
Boiler O&M ($/1,000 lb steam)  $4.19 $1.09 $0.74 
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Table 23: Two-Stage Combustor Costs in U.S. Dollars (Ref. #7) 

Gasifier type 

Atmospheric 
Gasification 

Atmospheric 
Gasification 

Atmospheric 
Gasification 

High-Pressure 
Gasifier 

Fixed Fluidized Fluidized 
Fluidized / 

high-pressure 

Net capacity, MMBTU/hr  35.2 90.8 159.1 382.6 

MW heat input 10 32 63 170 

Tons/day (as received)  100 260 450 1,200 

Gasifier equipment  $1,225,000 $10,050,000 $15,158,000 $34,682,000 

Installation  $612,000 $5,024,000 $7,578,000 $17,338,000 

Biomass prep-yard $2,639,700 $3,947,400 $4,972,000 $9,685,766 

Installed Cost $4,476,700 $19,021,400 $27,708,000 $61,705,766 
Prep-yard labour costs  $400,000 $320,000 $320,000 $400,000 

Gasifier section O&M  $502,000 $634,500 $789,500 $2,235,800 

Total Annual O&M (to 
syngas)  

$902,000 $954,500 $1,109,500 $2,635,800 

Gasification O&M ($/GJ)  $3.43 $1.41 $0.93 $0.92 

Estim. steam cost* ($/1000lb) $4.16 $1.71 $1.13 $1.12 
* Not given in original source. Assumed 1150 Btu (1213 kJ) per lb of steam. 

 
Whereas the tables above deal with larger boilers, greenhouses will usually require boilers in the 
smaller size range between 2 and 40 MW (Size 1 in the tables above). The following graph 
presents the relative costs of natural gas, pellet, and wood chip (hog) fuel fired systems for 
greenhouse scale operations including pollution control system. It should be noted that 

greenhouses in BC require about 7,000 GJ/Acre/year (∼2 MW). As shown on the NRC data in 
Figure 11, the raw material handling, combustion, and APC systems required for wood chips 
with their higher moisture contents, lower energy density, higher ash, and variable physical 
sizing are much more costly than pellet or gas systems. 
 

Figure 11: Capital Cost of Energy Systems 
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Table 24 presents the annual operating costs for various sized greenhouses for various fuels. The 
detailed data is based on pellet fuel, and on information provided by Natural Resources Canada 
(NRC). 

Table 24: Annual Greenhouse Operating Costs (x 1000) 

Green-
house  

Boiler 
size  

Installed 
Cost –
Pellets 

Financing 
5yr@ 6% 

Nat. 
Gas for 

CO2 

Pellets 
$115/td 

Lab
our 

Ash 
@ 

$40/t 

Total Annual Cost (x$1000) 

Pellets 
$115/td 

Chips 
$40/td 

N. Gas 
$9/GJ 

Acres MW 1,000$Can 

1 2 175 41.5 13.5 88.8 10 .74 154.5 – 135 

2 4 175 41.5 27.0 117.6 10 1.5 257.6 – 270 

3 6 250 53.4 40.5 266.4 10 2.2 372.5 – 405 

4 8 325 77.2 54.0 355.1 15 3.0 504.3 – 540 

5 10 325 77.2 67.5 444.0 15 3.7 607.3 493 675 

10 20 550 130.6 135 888.0 30 7.4 1,191 986 1,350 

15 30 875 207.8 202.5 1,332 45 11.1 1,782 1,479 2,025 

20 40 1,000 260.0 270.0 1,776 60 14.8 2,382 1,912 2,700 

td = tonne delivered; chips 
 
It can be seen that at the energy costs shown for natural gas (e.g., $9.00/GJ), pellet and wood fuel 
are economic even for smaller greenhouses. However, the impediments to fuel switching 
(See ESI Report for MV), other than cost, will continue to constrain rapid or wholesale switching 
to wood fuel. It must be noted that the above NRC data includes data from other areas of Canada 
(e.g., Ontario) besides BC and the Lower Mainland, and therefore assumes a greater energy 
usage (~19,000 GJ/Acre versus 7,000 GJ/Acre) than the typical Lower Mainland greenhouse 
operation. However, the relative economic, capital and installed cost analysis still holds. 
 
For additional information, reference should be made to the Natural Resources Canada, 
CANMET Energy Centre Ottawa, which has done a lot of research and developed good cost 
information on the relative capital and operating costs of solid waste combustion systems versus 
natural gas or liquid fuels (Ref. #6). 

8.2 AIR POLLUTION CONTROL COSTS 

 
The following graphs Figure 12, Figure 13, and Figure 14 present the relative operational costs 
of pollution control systems necessary to meet specific limits.  This data is supplied by PPC who 
has supplied several of the ESPs currently operating in BC. The cost information is current to 
2007. The anomalies (curves) in the graphed data result from PPC’s modular approach to ESP 
installation. Rather than custom-build each ESP, an approach that would result in more linear 
curves, they supply a series of modular units, thus they may overlap. For example, on the figures 
the same size unit is applied to both the 30 and 40 MMBTU/hr applications, thus resulting in 
plateaus on the curves over this range. According to PPC, this modular approach also allows it to 
provide lower-cost systems, since they do not have to repeat detailed engineering and design 
studies for each project. 
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The curves indicate that for the larger units (50 GJ/hr or 14 MW), to go from 50 mg/m3 to 
20 mg/m3 (a 60% reduction in emissions) incurs a cost increase from $430,000 to $650,000, or 
about 50%.  The cost of control is more closely related to the incremental reduction in emissions 
rather than just overall efficiency. For example, if the inlet loading to the collection system is 
about 500 mg/m3 (similar ~0.50 lb/MMBTU values included in AP42), the reduction from 
50 to 20 mg/m3 implies that the control (or removal) efficiency increased from 90% to 96%, 
(i.e., by 6 %). This compares to the 60% reduction in emissions. Consequently, at high collection 
efficiencies it is the reduction, rather than just the total change in efficiency that informs the 
pollution control cost. Going from 50 to 15 mg/m3 implies a 70% reduction in emissions and 
therefore implies an approximate 60% increase in cost (to about $690,000) for the collection 
system based on the trend in the curve. These costs continue to increase as performance 
asymptotically approaches 100%. 

Figure 12: ESP Size versus Cost 

 
This trend for costs to rapidly increase at high control efficiencies is shown in Figure 13, where it 
can bee seen that the cost control curves start to rise steeply at concentrations below about 
30- 40 mg/m3. 

Figure 13: ESP Cost versus Performance (Outlet Concentration) 
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Table 25 presents cost and performance data for a 45 MW (163 GJ/hr) ESP. A fixed set of 
electrodes is called a field. An ESP consists of one or more such fields in series. The data 
indicates that for units of this size (and from this supplier) the incremental costs of removing the 
next tonne of particulates start to escalate rapidly below 22 mg/m3 (Ref. #32). The outlet loading 
of course depends on a variety of factors including inlet loading, which for this case is assumed 
to be 550 mg/m3 (near that of AP42). The costs shown are current, but include only the basic 
ESP. Installations are very case specific, and extra costs are not included but can be expected to 
add another 30-50%. The data also indicate that although a two-field system may achieve 
22 mg/m3 the supplier would likely install at least one extra field to be able to provide a 
guarantee and cover non-design conditions. Incremental costs describe the additional cost of 
reducing the next tonne of particulates to achieve a lower flue gas concentration than is possible 
with the previous number of fields. These costs increase sharply after the second field is added. 

Table 25:  45 MWth ESP Cost Performance Data 

ESP Description Concentrations  Loadings Costs Collection Cost 

# of   mg/m3 tonnes/yr Capital $/tonne collected/yr 

Fields Efficiency Inlet Outlet Inlet Outlet Removed Change ESP Overall Incremental  

1 70.00% 550 165.0  327   98.17   229   229.07  500,000  2,183   2,183  
2 94.00% 550 33.0  327   19.63   308   78.54  750,000  2,438   3,183  
3 97.50% 550 13.8  327   8.18   319   11.45  1,000,000  3,134   21,828  
4 99.00% 550 5.5  327   3.27   324   4.91  1,250,000  3,858   50,931  
5 99.50% 550 2.8  327   1.64   326   1.64  1,500,000  4,607   152,794  

From PPC Ref #1 

 
Similar data from a 1996 USEPA (Ref. #28) study is shown in Figure 14.  For this current 
report, the costs have been updated to BC 2007 costs using both the Vatavuc cost factors 
(Ref. #27) as well as the BC construction cost data shown in Appendix VI. The USEPA data, 
which are for much larger units (~1130 and 565 MW) show a similar trend for costs to rapidly 
rise once the level of control exceeds 99%. Care should be taken with this data, for in addition to 
the extrapolation of costs over time, the original data would be based on combustors that were 
not as efficient or clean as current technologies. Therefore, the PM loads into the APC 
equipment would have much been higher than current combustors. Consequently, the reported 
removal efficiencies in 1996 would be higher than with current combustors to achieve the same 
loading in the stack. 

Figure 14: ESP Efficiency versus Capital Cost 
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Additional information of equipment costs used in this report is available from the USEPA and 
Metro Vancouver (Ref. #5). 
 

Table 26: Particulate Control Costs Analyses for ~2 MW (~7 GJ/hr) Boiler 

 
Source: Ref. #18 

 
Other studies (Ref. #18) have indicated that ESP control costs range from approximately $6,000 
to $28,000 per ton [per year] controlled. For smaller units, costs per ton removed using ESPs far 
exceed the normal range of costs for PM10 control.  For example, the capital and operating costs 
for a 2 MW combustor and particulate control system operating with a 75% annual load factor 
are shown in Table 26. The costs are based on an uncontrolled emission level of ~300 mg/m3 
leaving the combustor and before entering the APC system. This cost analysis also includes a 
“core separator”, which is a high-performance mechanical collector similar to a cyclone 
 
Table 27 presents a similar analysis for BC greenhouse boilers of various sizes (1.6 to 16 MW 
input). Here it can be seen that for the smaller units the cost of the APC system may exceed the 
cost of the combustor. For example, for the smaller 5 GJ/hr or 1.4 MW input system, the cost of 
the APC is over two times the cost of the combustions system. Thus, if an efficient low-emission 
combustion system is available that is capable of meeting acceptable criteria without add-on 
controls then the system capital and operating costs can be significantly reduced. 
 
Tables 29-34 all assume a 98% reduction in particulate emissions, i.e., an ESP with two fields 
(or a normal fabric filter), which is the usual setup for this technology. 
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Table 27: Greenhouse Boilers Capital and Pollution Control Equipment Costs 

Boiler Size 
(Input) 

Equipment Cost 
($1000s) 

 
Capital Costs 

($1000s) 
O&M Admin 

Fuel 
Saving 

ESP Cost 
as a % of 

MW 
1000 
lb/h 

steam 
Boiler Cyclone ESP Indirect Total 

Annual-
ized 

$1000/yr $1000/yr $/yr 
Boiler 
Cost 

Total 
Cap 
Cost 

Wood  

1.4 3.4 $78 $4 $190 $163 $491 $66 $20 $5 $71 245% 39% 

5.6 14 $203 $13 $210 $256 $770 $103 $62 $15 $282 103% 27% 

16.7 41 $535 $22 $230 $472 $1,423 $191 $161 $47 $847 43% 16% 

Natural Gas 
LNB Cost 
as a % of 

   
LNB        Boiler 

Total 
Cap 

1.4 3.4 $30 $6 $0 $22 $65 $9 $2 $0  20% 9% 

5.6 14 $120 $9 $0 $77 $232 $31 $6 $0  7% 4% 

16.7 41 $310 $40 $0 $210 $633 $85 $15 $0  13% 6% 

Source: From Metro Vancouver and Envirochem (LNB: Low-NOx burner; ESP: Electrostatic precipitator) 

 
Tables 31 to 33 compare operating costs of biomass boilers with different flue gas cleaning 
equipment with that of using natural gas without special flue gas cleaning. Three different plant 
sizes are being compared, as is done in Tables 24 and 25. The basic operational costs were taken 
over from those tables, and specific clean-up costs were estimated from Table 27 above. The 
price of natural gas was assumed to be $8 per GJ, and that of wood as $30 per bone-dry tonne.  
 
This may seem high for hog fuel, but given that very few mill residues remain for biomass 
energy projects in BC, this pricing level seems justified and would represent the economic 
circumstances of many current projects. For these assumptions, gas cleanup costs do not lead to 
higher costs than when natural gas is used as a heat source, although energy costs increase by up 
to 25%. When using cleaner-burning pellets, however, the fuel price (assumed to be $115/tonne) 
is already very close to that of natural gas when using a fabric filter (results for an ESP would be 
very similar). Requiring this type of flue gas treatment equipment for facilities using pellets 
would therefore likely discourage the use of pellets as a heat source in BC. 
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Table 28: Cost Comparison for Grate Burner 

 10 MW 84 MW 126 MW 

Basic annual operating costs ($) 560,000 1,415,000 1,430,000 

Biomass cost ($30/bdt) 431,961 3,630,179 5,445,878 

Natural gas cost 2,114,345 17,768,864 26,656,282 

Multi-cyclones 75,000 480,000 750,000 

Venturi scrubber 160,000 425,000 600,000 

ESP 270,000 1,180,000 1,800,000 

Fabric filter 200,000 940,000 1,420,000 

Cost of steam in $/1,000 lb 

No treatment 6.37 3.85 3.50 

Multi-cyclones 6.85 4.22 3.88 

Venturi scrubber 7.40 4.18 3.81 

ESP 8.10 4.76 4.42 

Fabric filter 7.65 4.57 4.22 

with natural gas ($8/GJ) 17.17 22.08 14.30 

with pellets ($115/tonne, fabric filter) 15.51 12.43 12.08 

 

Table 29: Cost Comparison for Fluidized Bed Burner 

 10 MW 84 MW 126 MW 

Basic annual operating costs ($) 660,000  1,510,000  1,525,000  

Biomass cost ($30/bdt) 431,961 3,630,179 5,445,878 

Natural gas cost 2,114,345 17,768,864 26,656,282 

Multi-cyclones 75,000 480,000 750,000 

Venturi scrubber 160,000 425,000 600,000 

ESP 270,000 1,180,000 1,800,000 

Fabric filter 200,000 940,000 1,420,000 

Cost of steam in $/1,000 lb 

No treatment 7.01 3.93 3.55 

Multi-cyclones 7.49 4.29 3.93 

Venturi scrubber 8.04 4.25 3.86 

ESP 8.74 4.83 4.47 

Fabric filter 8.29 4.64 4.27 

with natural gas ($8/GJ) 17.81 22.19 14.35 

with pellets ($115/tonne, fabric filter) 16.15 12.50 12.13 

 
For the gasifier section, the numbers from Table 23 were adapted to reflect the BTU energy 
inputs of Sizes 1, 2 and 3 of Tables 24 and 25. The steam production part is not included in the 
original table, but O&M figures appear exaggerated for two-stage combustion, given that some 
companies, such as Nexterra, claim lower O&M costs than comparable technologies. The higher 
costs assumed for two-stage combustion technologies are therefore questionable, but overall 
results remain very similar for all technologies. 
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Table 30: Cost Comparison for Two-Stage Combustors 

 10 MW 84 MW 126 MW 

Gasifier type Fixed Fluidized Entrained 
Basic annual operating costs ($) 902,000  2,074,646  3,074,641  

Biomass cost ($30/bdt) 431,961 3,630,179 5,445,878 

Natural gas cost 2,114,345 17,768,864 26,656,282 

Multi-cyclones 75,000 480,000 750,000 

Venturi scrubber 160,000 425,000 600,000 

ESP 270,000 1,180,000 1,800,000 

Fabric filter 200,000 940,000 1,420,000 

Cost of steam in $/1,000 lb 

No treatment 8.56 4.36 4.34 

Multi-cyclones 9.05 4.72 4.72 

Venturi scrubber 9.59 4.68 4.64 

ESP 10.30 5.26 5.26 

Fabric filter 9.85 5.08 5.06 

With natural gas ($8/GJ) 19.37 22.83 15.14 

With pellets ($115/tonne, fabric filter) 17.71 12.93 12.92 

 
Table 31 describes the economics of power boilers in BC, which are quite different from those 
of heat boilers discussed above. The power price was set to levels between $110 and $140 per 
MWel, plus the federal ecoENERGY incentive of $10 per MWel. The 50 and 10 MWel plants are 
supposed to be steam plants requiring at least three power engineers, whereas the smaller power 
plant is based on a non-steam system (Organic Rankine cycle or other) with fairly minimal 
maintenance and no need for a power engineer to supervise it. The necessary Return on 
Investment is assumed as 14%, using a mix of risk and bank financing. The cost parameters were 
adapted from Ref. #2 and are gauged against real examples of planned power plants in BC, 
although the economics may look somewhat different in each case. 
 

A $30 cost per tonne for wood fuel was assumed here as well, although a higher price of $50 or 
more per dry tonne may apply, especially where mill residues are no longer available and more 
expensive fuels, such as roadside residue, is used. The operational costs for the different flue gas 
cleaning options were derived from Table 27, based on the assumed BTU inputs, which are in 
turn calculated assuming different power plant conversion efficiencies for each plant size. 
Capital costs for the flue gas cleaning system will roughly double when residual emissions are 
reduced by 50%, and operational costs for the flue gas cleaning section will increase by 40-50%, 
based on the information  above. Although costs are high, ESP has been applied to units as small 
as 10 GJ/hr (3 MWth) (Ref. #32). 
 



43 

ENVIROCHEM SERVICES INC. 
Emissions Report-July 3 FINAL.Doc 

 Table 31: Cost Comparison for Power Production 

 50 MWel 10 MWel 2 MWel 

Energy input, MMBTU/hr 600 170 49 

Power price per MWh $120  $150  $150  

Capital cost 170,000,000 40,000,000 7,000,000 

Salaries 1,890,000 900,000 12,500 

Maintenance 6,800,000 1,400,000 350,000 

Utilities, insurance etc. 400,000 40,000 20,000 

Property tax 400,000 40,000 15,000 

Property lease 0 60,000 20,000 

Fuel pre-treatment 800,000 0 0 

Wood fuel ($30/bdt) 9,000,000 3,000,000 900,000 

Financing cost (14%) 23,800,000 5,600,000 840,000 

Electricity sold 44,676,000 11,169,000 2,233,800 

Balance 1,586,000 129,000 76,300 

Multi-cyclone 1,000,000 280,000 95,000 

Venturi scrubber 775,000 315,000 185,000 

ESP 2,355,000 750,000 330,000 

Fabric filter 1,870,000 630,000 240,000 

 
As the table shows, flue gas cleaning is a fairly small part of the budget for a large 50 MWel 
power plant (about 1%), but gains increasing importance as the plant size decreases. Current 
large-scale power plants are usually built using the most efficient flue gas cleaning equipment 
such as electrostatic precipitators (e.g., Mackenzie Green Energy). For a 10 MWel power plant, 
adding a baghouse or ESP may mean the same as a $10 per MWhel reduction in the price paid for 
the power it produces or a $5/bdt increase in fuel cost, which may make or break a project. For a 
2 MWel project, this difference is even $20 per MWhel in the case of an ESP. 
 
Any of the options would use up the remaining profit of a small project, and would thus reduce 
the gains available to lenders, possibly leading to the project not being realized. Whereas the 
economics modelled will not apply to each single project, biomass power projects are generally 
difficult to realize in BC due to the low value of electricity. This is important when comparing 
mandated emission levels to other projects in the Eastern US, for example, where power pricing 
is much higher (allowing for a larger investment in flue gas treatment). The rates paid to 
independent power producers used in Table 31 are already optimistic in light of what BC Hydro 
was willing to pay in past years. On the other hand, combined heat and power projects will in 
many cases achieve better economics than shown here. 
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9.0 CONCLUSIONS 

9.1 CONCLUSIONS ON GAS CLEANUP TECHNOLOGIES 

 
Table 32 summarizes the levels of emissions that can be achieved with current technologies and 
without consideration of costs for one-micron size particles. The overall removal efficiencies 
will depend on the size profile of the emissions leaving the combustion zone, which in turn will 
depend on the type and operation of the combustion equipment. 
 

Table 32: Available Control Technology PM Removal for Five Technologies 

Control System Uncontrolled 
PM mg/m3 

Removal Efficiency % 
(for 1 µm Particles) 

 PM concentration 
mg/m3 at stack 

High Efficiency Cyclone 

330 

30-40 230-120 

Multicyclone 50 165 -120 

Venturi scrubber 96 15 

Electrostatic precipitator 98 7-4 

Baghouse 99 7-4 

(After AP42 Wet Wood and Stern) 
 

Figure 15: Cost-Effectiveness of PM Control Technologies 

 

 
Ref. #32 
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Figure 15 shows the cost curves start to increase rapidly at a flue gas flow rate of about 
20,000 cfm (34,000 m3 per hour). Below this flow (~23 MW, or about 4.5 MWel at 20% 
conversion efficiency), options other than cyclones become very expensive, although examples 
can be found where these are still used in this size range. Note, however, that power boilers are 
subjected to tighter economic circumstances than heat boilers – especially under 10 MWel. Gas 
cleanup costs for new plants are moving down over time as the performance of flue gas cleaning 
technologies improves, and as the raw gas PM content is reduced due to improved combustion 
and gasification technology. In the same way, increasing power and natural gas pricing is likely 
to leave more room to accommodate the increased capital costs of better flue gas cleaning 
equipment in the future. 
 
Key considerations in minimizing air emissions from biomass combustion are to use combustion 
and air pollution control systems designed for, and appropriate to, the specific fuel to be used. 
This should include taking into consideration the fuel’s moisture, ash, and chlorine (and sulphur 
if used with an auxiliary fuel) contents, as well as the fuel’s physical size and characteristics 
(e.g., dry chips, sander dust, or wet hog fuel). Changing biomass fuel type or characteristics, 
perhaps due to poor quality control by the fuel supplier, changes in fuel availability or in 
response to price variations, without taking into consideration the impact that such changes can 
have on burner operation and the pollution control equipment will frequently lead to increased 
emissions. Consequently, it is important to link (or restrict) the combustion and pollution control 
process to the type of fuel. In return, mandating strict emission levels may curtail a facility’s 
ability to use a variety of fuels. This may reduce economic returns and fuel supply security of 
energy systems. The aim should be to allow for common wood fuels, including roadside residue 
with bark, whereas using fuels with high salt content may warrant specific restrictions due to 
dioxin emissions. 

9.2 HEAT BOILERS/FURNACES 

 
For boilers without power generation, wood represents a fairly inexpensive fuel as compared to 
natural gas, being about 70-80% cheaper on an energy unit basis. Project ROI to move from 
natural gas to wood is therefore attractive and allows for some gas cleanup equipment. The 
question of emission controls then becomes one of the relative cost of additional reductions, as 
well as the operation of emission control equipment. For example, institutional heat boiler 
applications using a baghouse may be inadequate due to the high maintenance requirements and 
the potential fire hazard. This suggests demanding no other technology than cyclones for those 
smaller applications, or not using biomass at all if particulate emissions are a major concern. 
Front-end combustion technology may then determine back-end emissions, i.e., two-stage 
combustors may allow for lower emissions than other technologies. 
 
The economics of using wood as a heat source allow smaller heat boilers to still invest in high-
performance cleanup equipment without losing the economic advantage of wood. Medium and 
large systems will be equipped with baghouses or ESP. Their usual performance can guarantee 
low levels of particulate emissions. Whereas lower limits are technically possible and may even 
be economically feasible, the per-tonne reduction costs become very high below a guaranteed 
emission level of 40-50 mg/m3, and an ESP may cost as much or more than the heat boiler for 
sizes under 5 MW (See Table 27). A 50 mg/m3 limit is equivalent to a two-field ESP working at 
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a removal efficiency of 96-98% (See Table 25). At higher performance levels, the marginal 
reduction costs per tonne of particulates increases to more than $25,000 per year. This threshold 
should be reviewed over time as advances in technology may reduce this limit in the future. 
 
Whereas the results of Metro Vancouver showed even lower average limits (e.g., the Interfor 
Hammond Mill, which is burning clean cedar shavings and sawdust show emissions are under 
10 mg/m3 for a 10 MW boiler, Ref. #33), the ability to consistently achieve such low limits was 
not confirmed in this present work. As an example, the Powell River power boiler meets a 
20 mg/m3 standard for particulates, whereas the Port Alberni unit fails to do so although it is very 
similar [Ref. #8]. This speaks to the difficultly in predicting operational performance, especially 
at these low emissions levels. A common ESP with one or two fields will only guarantee levels 
around 50 mg/m3 (a number that is also deemed achievable by industry, see Ref. #8 and #34), 
and lower levels will require over-dimensioning, with associated higher costs. 
 
The lowest levels manufacturers are likely to guarantee are 10-15 mg/m3, but achieving these 
levels on an ongoing basis requires very good fuel quality control and close equipment 
surveillance in order to achieve maximum burnout and optimum ESP performance. PPC Ltd. 
installed an ESP guaranteeing 16 mg/m3 in the U.S., however, this boiler was designed for a 
variety of fuels, including tire-derived and other higher ash fuels, such that a five-field ESP was 
necessary to achieve this performance level [Ref. #1]. Similar situations (e.g., the need for 5 field 
ESPs) may arise at BC facilities trying to use a variety of higher ash or moisture content fuels. 
The findings of this report, based on interviews with manufacturers, show that only larger 
facilities with full time staff dedicated to boiler operation can consistently achieve such low 
emissions. The lower-end measurements obtained by Metro Vancouver should therefore not be 
taken as proof that these levels can be achieved in all situations. 
 
For smaller plants, however, requiring low emission levels appears to be equivalent to mandating 
specific combustion technology. Current permit levels of <120 mg/m3 can be achieved with well 
designed combustion systems and a cyclone. Two-stage combustors may be able to achieve 
lower concentrations of 50 mg/m3 (Nexterra’s claim). These emissions may be able to be 
reduced even further with cyclones. Prediction of the improvement, however, would require 
information on particle sizing, which is currently not available. 
 
Table 33 shows the results of the above research for power and heat applications using wood 
in BC. 
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Table 33: Achievable PM Emission Limits by Technology Size (Heat Boilers/Furnaces) 

Boilers and Furnaces  

Heat Input 40+ MWth 3-39 MWth 1-3 MWth <<<<1 MW 
 A. P. Controls ESP ESP/fabric filter ESP/fabric filter Cyclones 

Current Range 3-47 mg/m3 59-221 mg/m3 216–5,000 mg/m3 

Economically 
Achievable 
Limit 

20 mg/m3 35 mg/m3 50 mg/m3 120* mg/m3 

Rationale for E. 
A. Limit 

Large units are less 
sensitive to higher 
cleanup costs. 
Achievable with a 
3-4 field ESP. 

APC costs as 
much as boiler at 
about 5 MW size. 
Achievable 2-3 
field ESP. 

Can be achieved 
with cyclone and 1-
2-field ESP, but 
APC costs my 
exceed combustor. 

Feasible with cyclone 
or two-stage 
combustor. 

Even lower 
limits  

Technically 
feasible, but APC 
cost starts to 
increase sharply 
below this limit, 
especially for 
higher ash fuels 
such as hog. 

Would require 
technology 
demanding 
constant 
supervision.  

Would require 
technology 
demanding 
constant 
supervision.  

Would discourage use 
of wood as a fuel.  
*If gasification 
technology or pellets 
are used then 70 mg/m3 
is achievable. 

Note: Air pollution controls (APC) such as ESP and baghouses usually include cyclones as precollectors. 
The higher cost of pellet fuel relative to raw wood, reduces opportunity to fund enhanced APC 
(e.g., beyond cyclones) out of the fuel cost savings at current natural gas/pellet price differentials. 

 

9.3 ELECTRICAL POWER BOILERS 

 
Based on the calculations and other information above, larger power plants of 25 MWel and more 
are relatively insensitive to both operational and capital costs incurred by emission reduction 
measures. Assuming a particulate concentration of 330 - 500 mg/m3 in the raw flue gas, an 
electrostatic precipitator with 98% removal efficiency would be capable of reducing emissions to 
less than 10 mg/m3. An average emission performance of 20 mg/m3 is already envisaged by the 
Mackenzie Green Energy Centre (estimated based on the environmental assessment: 
7 g PM/s and using 417 m3 of flue gas per GJ), using an ESP. For actual performance data, it is 
important to note that equipment manufacturers usually only guarantee about twice the emission 
level their equipment can actually achieve, to reserve a safety margin. This is to allow for 
acceptable performance (emissions) when the actual operating conditions depart from the 
combustor or APC design conditions. 
 
Power generation based on steam turbines requires the presence of two or more power engineers 
for the constant supervision of the power generation system. Smaller-scale power generation 
systems under 10 MWel will likely be non-steam systems that are based on oil or other thermal 
fluids and which do not require the constant presence of an engineer or supervisor. 
The BC Government is currently considering legislation to remove the need for a constant 
presence of two power engineers also for smaller-scale steam plants, such that smaller steam 
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plants might be built in the future. The main concern is, however, the ability of flue gas cleaning 
systems to function on their own without adding to the safety risk: incomplete burnout, which is 
also more likely in less controlled, smaller systems, may lead to a build up of carbonic matter on 
the fabric filter, which may be ignited by a spark from the boiler (fire hazard). Given very tight 
economics for biomass power plants in BC, emission control costs can curtail their development. 
The limits in Table 34 therefore seem to be the minimum levels that can be achieved without 
unduly reducing a plant’s ability to raise capital and use different fuel types. Note that setting a 
limit of 20 mg/m3 implies that the manufacturer will typically design the unit for an average 
performance at about 50% of that level, i.e. around 10-15 mg/m3. Thus it appears to be the 
current lower limit that can be achieved without having to spend undue efforts on controlling the 
combustion process. 
 
The economics of electric power boilers are very different from those of heat boilers. The 
difficulty of securing large amounts of biomass leads to most biomass power plants being built in 
sizes between ten and fifty megawatts (electric), as opposed to more efficient coal and natural 
gas plants of several hundred megawatts. Electricity is only produced at an efficiency of around 
30% or less (compared to a natural gas combined cycle plant that generates at 50% efficiency or 
more), and there are higher gas cleanup and fuel handling costs than for natural gas. Current 
pricing in BC is not advantageous for wood fuelled power plants in comparison to European 
countries, where power prices are higher and in addition certificate trading systems exist that 
sometimes double the value of the electricity sold. The industry, including the pellet sector, is 
able to pay up to $30 per dry tonne of wood, but most remaining resources, such as roadside 
residue, cost $50 per tonne or more. A power price of 10 cents per kWh is then no longer enough 
to profitably operate such a plant. Especially smaller power plants in the 10 MWel range are 
therefore sensitive to increased flue gas treatment costs. A reduction to 25 mg/m3 (from 50) 
could double the cost of an ESP, which translates into a 5% capital cost increase. Such an 
increase may, in combination with fuel price insecurity, lead to the abandonment of wood-based 
power projects in BC. For these reasons, emission levels for power plants are set slightly 
differently than for heat boilers. Cogeneration systems will generally have better economics than 
power-only systems due to the increased income from heat sales. 
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Table 34: Achievable PM Emission Limits by Technology Size (Electrical Power Plants) 

Electrical Power Plants 

Heat Input 90+MW 45-89 MWth 0.8-44 MWth 

Power Output* 25+ MWel 10-25 MWel
* 0.1-9 MWel 

Technology Steam Steam Non-steam 

Economically 
Achievable Limit 

20 mg/m3 50 mg/m3 120 mg/m3 

Rationale for 
E.A. Limit 

Large units are less 
sensitive to higher 
cleanup costs. This 
can be achieved with 
a 3-4 field ESP. 

Achievable with 
cyclones and 1-2-field 
ESP while allowing 
fuel and operational 
flexibility. 

Confidently achievable with 
cyclone while allowing fuel and 
operational flexibility. 

Even lower limits 

May require 
additional ESP fields 
and near the limit 
currently guaranteed 
by manufacturers. 
Requires constant 
system optimization. 
May limit the ash 
content in fuels 
(e.g., clean low ash 
wood). 

Would increase ESP 
costs more than 
economics of small 
systems can tolerate. 

Would require technology 
demanding constant 
supervision; increases capital 
costs by at least 5% (more for 
systems under 2 MWel); would 
mandate fixed-bed gasification 
technology (which can achieve 
70 mg/m3, see previous table) 
and/or reduced fuel flexibility. 

 
* MWel output is derived from heat input using appropriate electric conversion efficiencies 
 

9.4 PELLET FUELS 

 
The use of pellets in itself can be viewed as an emission reduction measure, since pellets are of 
very consistent quality (relative to other wood fuels), burn very cleanly as they do not contain 
any bark (white premium pellets), thus have very low ash contents of around 0.5% with 
consistent and low moisture of about 8%. Their high delivered cost (around 72% the cost of 
natural gas on a per GJ basis); however, may preclude economically adding additional emission 
reduction measures. 
 
Any demand on installing emission controls when using pellets will quickly shift the economic 
advantage towards natural gas as a fuel. Depending on the combustion technology, particulate 
emissions using pellets may be as low as 70 mg/ and small-scale two-stage combustors 
(gasifiers) with expected very low emissions 50-70 mg/m3) are currently under development. 
Again, the argument that maintenance-intensive fabric filters and ESP will deter the use of wood 
as a fuel in many small-scale applications. Likewise, the potential fire hazard will preclude their 
use in small units without constant supervision (outside the common industrial sectors, such as 
pulp & paper). 
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9.5 COMPARISON TO OTHER JURISDICTIONS 

 
The limit values identified as feasible in the preceding tables are more stringent than those 
currently used in other jurisdictions, such as Germany, Austria, or Switzerland 
(See Appendix V). Generally, 120 mg/m3 can be achieved with most technologies using good 
combustion practices and a cyclone. Lower emission levels will require more sophisticated 
end-of-pipe treatment (fabric filter or ESP). 
 

9.6 AIRSHED CONSIDERATIONS 

 
Populated settings or sensitive air sheds may require special consideration. Thus, it may be 
necessary to require limits stricter than the proposed economically achievable levels, even for 
smaller units. In such cases the economics may then require subsidies, without which the wood-
fired projects may be abandoned in these areas. Community resistance to wood burner emissions 
can be very strong (recent problems in realizing a district heating project in Prince George and in 
the Olympic Village in Vancouver). In Prince George, even though the average emissions of the 
proposed district heating system would have been in quite low (average of 15 mg/m3), the system 
was still not accepted by the local community.  
 
In such sensitive air shed cases it may be more informative to regulate the sources based on total 
mass emissions (loadings) to the local air shed, rather than just setting concentration criteria. 
Such an approach may present a clearer understanding of the impacts on (or relative addition to) 
the local air shed. This approach should also include consideration of the various size fractions in 
the emissions. 
 

9.7 DIOXIN FORMATION CONSIDERATIONS 

 
Due to the potential for dioxin formation from salt containing hog or wood fuel, the use of such 
fuels should be limited in smaller combustors that have not been specifically designed or 
demonstrated to minimize dioxin formation. 
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CEN/TC 335 is the technical committee developing the draft standard to describe all forms 
of solid biofuels within Europe, including wood chips, wood pellets and briquettes, logs, 
sawdust,and straw bales.  

 
 

About CEN/TC 335 
CEN/TC 335 allows all relevant properties of the fuel to be described, and includes both 
normative information that must be provided about the fuel, and informative information that 
can be included but is not required.  As well as the physical and chemical characteristics of 
the fuel as it is, CEN/TC 335 also provides information on the source of the material.  

 
Technical standards 
For specified parameters to be relevant it is important that there is a standard way of 
measuring them to ensure that measurements are reproducible and unambiguous. 
 
There are therefore, a list of technical standards that define terminology, measurement 
methods and sampling methods. 

 
Published technical standards 

Standard reference Title 
 

CEN/TS 14588:2004 Solid biofuels - Terminology, definitions and descriptions 

CEN/TS 14774-1:2004 Solid biofuels - Methods for determination of moisture content 
Oven dry method - Part 1: Total moisture - Reference method 

CEN/TS 14774-2:2004 Solid biofuels - Methods for the determination of moisture 
content 
Oven dry method - Part 2: Total moisture - Simplified method 

CEN/TS 14774-3:2004 Solid biofuels - Methods for the determination of moisture 
content Oven dry method - Part 3: Moisture in general analysis 
sample 

CEN/TS 14775:2004 Solid biofuels - Method for the determination of ash content 

CEN/TS 14778-1:2005 Solid biofuels - Sampling - Part 1: Methods for sampling 
CEN/TS 14778-2:2005 Solid biofuels - Sampling - Part 2: Methods for sampling 

particulate material transported in lorries 

CEN/TS 14779:2005 Solid biofuels - Sampling - Methods for preparing sampling plans 
and sampling certificates 

CEN/TS 14780:2005 Solid biofuels - Methods for sample preparation 

CEN/TS 14918:2005 Solid Biofuels - Method for the determination of calorific value 

CEN/TS 14961:2005 Solid biofuels - Fuel specifications and classes 

CEN/TS 15103:2005 Solid biofuels - Methods for the determination of bulk density 

CEN/TS 15104:2005 Solid biofuels - Determination of total content of carbon, 
hydrogen and nitrogen - Instrumental methods 

CEN/TS 15105:2005 Solid biofuels - Methods for determination of the water soluble 
content of chloride, sodium and potassium 

CEN/TS 15148:2005 Solid biofuels - Method for the determination of the content of 
volatile matter 

 
CEN/TS 15149-1:2006 

 
Solid biofuels - Methods for the determination of particle size 
distribution - Part 1: Oscillating screen method using sieve 
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Published technical standards 
Standard reference Title 

apertures of 3,15 mm and above 

CEN/TS 15149-2:2006 Solid biofuels - Methods for the determination of particle size 
distribution - Part 2: Vibrating screen method using sieve 
apertures of 3,15 mm and below 

CEN/TS 15149-3:2006 Solid biofuels - Methods for the determination of particle size 
distribution - Part 3: Rotary screen method 

CEN/TS 15150:2005 Solid biofuels - Methods for the determination of particle density 

CEN/TS 15210-1:2005 Solid biofuels - Methods for the determination of mechanical 
durability of pellets and briquettes - Part 1: Pellets 

CEN/TS 15210-2:2005 Solid biofuels - Methods for the determination of mechanical 
durability of pellets and briquettes - Part 2: Briquettes 

CEN/TS 15234:2006 Solid biofuels - Fuel quality assurance 

CEN/TS 15289:2006 Solid Biofuels - Determination of total content of sulphur and 
chlorine 

CEN/TS 15290:2006 Solid Biofuels - Determination of major elements 
CEN/TS 15296:2006 Solid Biofuels - Calculation of analyses to different bases 

CEN/TS 15297:2006 Solid Biofuels - Determination of minor elements 

CEN/TS 15370-1:2006 Solid Biofuels - Method for the determination of ash melting 
behaviour - Part 1: Characteristic temperatures method 
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Species MC-db Dry Green MC-db MC-wb Dry

% kg/m3 kg/m3 % % kg/m3

Red Cedar 62% 329 533 3.10% 1.91% 16.45

Doug fir 45% 450 652 20.30% 13.97% 202.5

Balsam 12% 335 730 2.40% 2.11% 67

Hemlock 85% 423 782 25.50% 13.78% 126.9

Average 51% 384 674 51.20% 31.80% 413

Flue Gas Conversions

1.0 GJ  =  417 m3

0.948 MMBTU 417 m3

m3 1MMBTU 440 m4

1 unit 5.664 1.0 kg/GJ = 2398  mg/m3

1 unit 5.664 1.0 lb/MMBTU = 0.43 kg/GJ

1.0 lb/MMBTU = 1031 mg/m3

high Aver dry Half Dry

Solid wood Dry 413 1 0.74

Solid wood Green 701 1.7 1.26

Solid wood Half dry 557 1.35 1

Pulp chips 320 288 0.7 0.52

Sawdust 352 320 0.78 0.57

bark 449 377 0.91 0.68

hog fuel 384 336 0.81 0.6

Planer shavings 

green 64 0.16 0.11

 dry loose 88 0.21 0.16

dry compacted 136 0.33 0.24

Trucking Coastal Forest Mix (cf. Timber West-Van Isl)

1 tandem truck 10 m
3

 5% western red cedar;

1 Large truck 45m3 45% Douglas fir;

1 chip Truck (8 units) 42% hemlock/balsam;

Cost $100 -$150.hr 8% cypress, Sitka spruce and other species.

1.04

1.67

0.48

304 2.29

288 2.2

256 2.16

288 2.27

Type of Residue low /GPU

Densities of Various Fuels Ratios tokg/m3 m3 of SWE

200

200

Gravity Packed Unit (GPU)

20% 146

46% 30% 234.6

100% 700.65

% kg/m3

5% 26.65

31% 45% 293.4

ft3

% Moisture Green Density Forest Mix Weighted MC Density Wted.

GreenMC-wb

38%

11%

31%

%

From Forintek Conversion Factors

Solid Wood Densities (kg/m3), Coastal Forest Mix, and Moisture Contents  
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Energy units

    * 1.0 joule (J) = one Newton applied over a distance of one meter (= 1 kg m2/s2).

    * 1.0 joule = 0.239  calories (cal)1.0 calorie = 4.187 J

    * 1.0 GJ = 1000000000 Joules =10
9
 Joules

    * 1.0 GJ = 0.948 MMBTU 1MMBTU = 1.055 GJ

    * 1.0 GJ = 278 kWh

    1.0 BTU = 1055 J 1.055 kJ

    1. 0 Therm = 100000 BTU  ~=100 scf Nat Gas

    1.0 Quad = 1 quadrillion Btu (1015 Btu) = 1.055 exajoules (EJ), 

    1.0 Quad =             ~ 172 million barrels of oil equivalent boe

    1000 Btu/lb = 2.33 GJ/Tonne = 2.00 MM BTU/ton

    1 MMBTU/ton  =  1.17  GJ/Tonne

    1000 Btu/US gallon = 0.279 megajoules per liter (MJ/l)

    1 BTU/HR  = 0.2931 watts

Orders of Magnitude (Size)

Expont. Name Abrev. Description Example

10
−2 centi c Hundredth cg/g

10
−3 milli m Thousandth mg/g  or  g/kg

10
−6 micro µ Millionth ug/g  or  ppm

10
−9 nano n Billionth ng/g  or  ppb

10
−12 pico p Trillionth pg/g

10
−15 femto f Quadrillionth fg/g

Excess Air  Oxygen Correction

Corrected Contaminant Concentration to Specifed O2 = (Measured Contaminant Concentration) * (0.21-Specified Standard O2Conc.)

(0.21-Measured O2 Conc)

Example Calculator

Measured Contaminant Concentration 250 500 <--Enter

Measured O2 Concentration 13% 13% <--Enter

Specified Standard O2 Concentrations 8% 8% <--Enter

Corrected Contaminant Concentration to Specifed O2 406.3 812.5 <--Calculate (DO NOT enter values here)

0.001

0.01

Decimal

0.000 000 000 001 

0.000 000 000 000 001

0.000 000 001 

0.000 001 

Appendix III Useful Conversion Factors PAB.xls
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Appendix IV Available Control Technology for Biomass Fired Boilers CO DATA
(100 - 750 MMBTU/hr size`range)

Facility Description
Boiler Size 

MMBtu/hr
Boiler Type

Primary 

Fuel
Facility Name

Facility 

State

Permit 

Date

Limit 1 

lb/MMBtu
kg/GJ Limit 1 Avg

Control Method (% 

removal)
Notes

Simpson mill manufactures bleached and unbleached kraft 

pulp and linerboard
595

Hog Fuel Boiler (Power Boiler 

#7)

Wood 

waste

Simpson Tacoma Kraft 

Company
WA 05/22/2007 0.35 0.15

30 day 

rolling avg

 Combustion Controls with 

Overfire Air System

Seven boilers purchased from an ethanol plant, permit is to 

retrofit these boilers to burn wood or wood waste to 

generate power

318 Wood Fired Boilers Wood
South Point Biomass 

Generation
OH 4/4/2006 0.1 0.04 Oxidation Catalyst

Designed to produce about 300 million board feet of lumber 

annually and run 430 MMBtu/hr waste wood fired boiler as 

a 30 MW cogen unit

430
Wood Fired Cogeneration 

Unit

Bark & 

Waste 

Wood

Skagit County Lumber 

Mill
WA 01/25/2006 0.93 0.39

Manufacture of wood pellets-No Coatings 77
Heat Energy Systems for 

Pellet Processing

Wood / 

Wood 

Paste

International Biofuels. 

INC
VA 12/13/2005 0.19 0.08

Thermal Oxidizers and CEM 

System

Manufacture of wood pellets-No Coatings 43
Wood Thermal Oxidizers for 

Wood Pellet Process

Wood / 

Wood 

Paste

International Biofuels. 

INC
VA 12/13/2005 0.38 0.16

Thermal Oxidizers and CEM 

System

Wood fired cogeneration facility adjacent to an existing mill 403 Wood waste-Fired Boiler
Wood 

Waste

Darrington Energy 

Cogen Power Plant
WA 11/2/2005 0.35 0.15 24-Hour Good Combustion Practices

Pulp & Paper Mill. Project involves addition of 30 

MMBTU/hr Natural Gas-Fired air heaters to the under grate 

air system of the No.12 Boiler, potentially allowing more 

steam to be produced on both a short and long term basis

787.5 No.12 Hogged Fuel Boiler Bark Bogalusa Mill LA 11/23/2004 0.62 0.26 Hourly Max
Overfire Air System & Good 

Combustion Practices

150 MW fossil fuel fired power plant consisting of three 50 

MW units. Unit #5 is wood fired with coal as a back-up 

fuel.The two other units are coal fired.

720
Wood Fired Boiler, CFB Unit 

#5
Biomass Schiller Station NH 10/25/2004 0.10 0.04

24 

Hour/Above 

50% Load

 Good Combustion 

Practices with the fluidized 

bed design

The facility manufactures unbleached kraft linerboard 856 Boiler, Solid Fuel Bark

Inland Paperboard and 

Packaging Inc - Rome 

Linerboard Mill

GA 10/13/2004 0.423 0.18
Staged combustion and 

good combustion practices

Emission 

limit as 

LB/MMBtu is 

not available

Sugar Mill and Refinery 936
External Combustion, Multiple 

Fuels
Bagasse

Clewiston Sugar Mill 

and Refinery
FL 11/18/2003 0.380 0.16

12 month 

rolling avg.

 Good combustion and 

operating practices

12 month 

rolling avg 

avoids BACT

Vegetable Oil Plant 200 Boilers, 2 Wellons Hulls

Archer Daniels Midland 

Co. - Northern Sun 

Veg. Oil

ND 9/7/1998 0.630 0.27

Vegetable Oil Plant 280 Boiler, JTA Hulls

Archer Daniels Midland 

Co. - Northern Sun 

Veg. Oil

ND 9/7/1998 0.630 0.27

Turkey Manure and other biomass fueled power plant 50 

MW output, 792 MMBtu/hr heat input
792 Boiler, Multi-Fuel Manure

Fibrominn Biomass 

Power Plant
MN 10/23/2002 0.240 0.10 24-HR avg Good Combustion Practices

Hog fuel boiler will use SNCR for Nox control to 0.15 

LB/MMBtu (24 Hr Avg) and 0.1 LB/MMBtu (Annual Avg), 

ESP for PM control to 0.02 LB/MMBtu (24 HR AVG) AND 

good combustion practice for CO control to 300 PPMDV 

(24 hr avg)

310 Hog Fuel Boiler 
Waste 

Wood
Aberdeen Division WA 10/17/2002 0.350 0.15 Good Combustion Practices

Note: 0.17

Approximate unit conversions for Emissions of PM, Nox and CO CO : 217 lb/hr = 0.23 lb/MMBTu = 4.3 lb/MWh
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Appendix IV USEPA - BACT Data - NOx

Facility Description
Boiler Size 

MMBtu/hr

Boiler Size 

MW
Boiler Type Primary Fuel Facility Name

Facility 

State

Permit 

Date

Limit 1 

lb/MMBtu

Limit 1 

kg/GJ
Control Method

Estimated 

Efficiency 

(%)

Limit 1 Avg

Simpson mill manufactures bleached and 

unbleached kraft pulp and linerboard
595 174

Hog Fuel Boiler 

(Power Boiler #7)
Wood waste

Simpson Tacoma Kraft 

Company
WA 05/22/2007 0.2 0.08

Combustion Controls 

with Overfire Air 

System

30 day rolling 

avg

Seven boilers purchased from an ethanol plant, 

permit is to retrofit these boilers to burn wood or 

wood waste to generate power

318 93 Wood Fired Boilers Wood
South Point Biomass 

Generation
OH 4/4/2006 0.087 0.04

Selective Catalytic 

Reduction
80

Designed to produce about 300 million board feet of 

lumber annually and run 430 MMBtu/hr waste wood 

fired boiler as a 30 MW cogen unit

430 126
Wood Fired 

Cogeneration Unit

Bark & Waste 

Wood

Skagit County Lumber 

Mill
WA 01/25/2006 0.13 0.06

Selective Non-Catalytic 

Reduction (SNCR)
48 Calendar Day

Manufacture of wood pellets-No Coatings 77 23
Heat Energy Systems 

for Pellet Processing

Wood / Wood 

Paste

International Biofuels. 

INC
VA 12/13/2005 0.22 0.09

Thermal Oxidizers and 

CEM System
99

Manufacture of wood pellets-No Coatings 43 13
Heat Energy Systems 

for Pellet Processing

Wood / Wood 

Paste

International Biofuels. 

INC
VA 12/13/2005 0.44 0.19

Thermal Oxidizers and 

CEM System
99

Wood fired cogeneration facility adjacent to an 

existing mill
403 118

Wood waste-Fired 

Boiler
Wood Waste

Darrington Energy 

Cogen Power Plant
WA 11/2/2005 0.12 0.05 SNCR 24-Hour

Pulp & Paper Mill. Project involves addition of 30 

MMBTU/hr Natural Gas-Fired air heaters to the 

under grate air system of the No.12 Boiler, 

potentially allowing more steam to be produced on 

both a short and long term basis

787.5 231
No.12 Hogged Fuel 

Boiler
Bark Bogalusa Mill LA 11/23/2004 0.45 0.19

Overfire air system with 

low Nox burners in the 

under grate air heater 

system & good 

combustion practices

Hourly Max

150 MW fossil fuel fired power plant consisting of 

three 50 MW units. Unit #5 is wood fired with coal 

as a back-up fuel.The two other units are coal fired.

720 211
Wood Fired Boiler, 

CFB Unit #5
Biomass Schiller Station NH 10/25/2004 0.08 0.03 SNCR 65

24 Hour 

Average

Hog fuel boiler will use SNCR for Nox control to 0.15 

LB/MMBtu (24 Hr Avg) and 0.1 LB/MMBtu (Annual 

Avg), ESP for PM control to 0.02 LB/MMBtu (24 HR 

AVG) AND good combustion practice for CO control 

to 300 PPMDV (24 hr avg)

310 91 Hog Fuel Boiler Waste Wood Aberdeen Division WA 10/17/2002 0.15 0.06 SNCR, Boiler Design 24 hr avg.

230 67 spreader stoker Waste Wood 6/30/2005 0.15 0.06 SNCR, Boiler Design 50.00 30 day avg.

230 67 spreader stoker Waste Wood 6/30/2005 0.15 0.06 SNCR, Boiler Design 50.00 30 day avg.

175 51 Waste Wood 1/5/2004 0.44 0.19 SCR, Boiler Design 80.00

120 35 Waste Wood 2/15/2002 0.4 0.17 GCP

291 85 gasifier & combustor Waste Wood 2/28/2003 0.3 0.13 GCP

600 176 Waste Wood 5/10/2001 0.25 0.11 GCP

0.237 0.100

0.446 0.189

0.075 0.032

Note:

Approximate unit conversions for Emissions of PM, Nox and CO NOx :  223 lb/hr = 0.24 lb/MMBtu = 4.5 lb/MWh

Average NOx

Hi 

Low 

Appendix IV USEPA - BACT Data final.xls NOx 5/2/2008



Appendix IV USEPA - BACT Data - Particulate Matter (PM)

Boiler 

Size 

MMBtu/hr

Boiler Size 

MW
Boiler Type Primary Fuel Facility Name

Facility 

State
Facility Description

Permit 

Date

Limit 1 

lb/MMBtu

Limit 1 

mg/m3

Limit 1 

kg/GJ

Limit 1 

Grain/SCF
Control Method

Estimated 

Efficiency 

(%)

77 22.6
Heat Energy Systems for 

Pellet Processing

Wood / Wood 

Paste

International 

Biofuels. INC
VA

Manufacture of wood pellets-No 

Coatings
12/13/2005 0.09 92.39 0.04 #REF!

Setting 

Chambers and 

Cyclones

90

43 12.6
Wood Thermal Oxidizers 

for Wood Pellet Process

Wood / Wood 

Paste

International 

Biofuels. INC
VA

Manufacture of wood pellets-No 

Coatings
12/13/2005 0.09 93.51 0.04 #REF!

Setting 

Chambers and 

Cyclones

99

310 90.8 Hog Fuel Boiler Waste Wood
Aberdeen 

Division
WA

Hog fuel boiler will use SNCR for Nox 

control to 0.15 LB/MMBtu (24 Hr Avg) 

and 0.1 LB/MMBtu (Annual Avg), ESP 

for PM control to 0.02 LB/MMBtu (24 

HR AVG) AND good combustion 

practice for CO control to 300 PPMDV 

(24 hr avg)

10/17/2002 0.15 154.65 0.06 #REF! ESP

631 184.9 Boiler, Bark Bark

Meadwestvaco 

Kentucky, Inc / 

Wicklife

KY Pulp and Paper Mill 02/27/2002 0.1 103.10 0.04 #REF! ESP

1300 381.0 Boiler Wood Waste
S.D. Warren Co. - 

Skowhegan
ME Kraft Pulp Mill 11/27/2001 0.03 34.14 0.01 #REF!

Mechanical Dust 

Collector,ESP
99

550 161.2 Boiler Wood Waste
District Energy 

St. Paul Inc
MN

District Heating with Electricity 

Cogeneration
11/15/2001 0.03 30.93 0.01 #REF! Cyclone, ESP 99

315 92.3 Boiler #1 Wood

Wheelabrator 

Sherman Energy 

Company

ME Wood Fired Electric Generating Facility 04/0/1999 0.036 37.31 0.02 #REF! ESP, Cyclone 93

265.1 77.7 Boiler, Multi-Fuel Biomass Tri-Gen Biopower GA

Multi-fuel waste boiler and steam plant 

that combusts primarily woodwaste and 

papermill sludge from the adjacent 

durango-georgia paper company facility.

11/24/1998 0.10 103.10 0.04 #REF!
ESP and Wet 

Scrubber
99

230 67.4 Boiler, wood-fired wood

Virginia 

Department of 

Public Utilities

MN 06/30/2005 0.025 25.78 0.01 #REF! ESP 98

230 67.4 Boiler, wood-fired Wood
Hibbing Public 

Utilities
MN 06/30/2005 0.025 25.78 0.01 #REF! ESP 98

120 35.2 Boilers, steam Wood Thermal Ventures VA

Seven boilers purchased from an 

ethanol plant, rebuilt to burn wood and 

to generate power, using wood waste

02/15/2002 0.150 154.65 0.06 #REF!

Good 

Combustion 

Practices and 

Continuous 

emission 

monitoring 

device

98

600 175.8 Boiler- Wood-fired Wood waste Riegel Wood Mill NC 10/5/2001 0.250 257.75 0.11 #REF!

Multiclone and 

variable throat 

venturi type wet 

scrubber

0.090 92.8 0.039 #REF!

0.250 258 0.107 #REF!

0.025 26 0.011 #REF!

0.090 93 0.039 #REF!

Note:

Approximate unit conversions for Emissions of PM

PM : 50 mg/m3 = 0.05 lb/MMBtu 

Average PM 

HI 

Low 

Median
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Appendix IV USEPA BACT  PM10 DATA

Facility Description
Boiler Size 

MMBtu/hr
Boiler Type Primary Fuel Facility Name

Facility 

State
SIC NAICS Permit Date

Limit 1 

lb/MMBtu

Limit 1 

mg/m3

Limit 1 

kg/GJ
Limit 1 Avg

Limit 2     

T/yr

Limit 2 

Avg

Standard 

Emission 

Limit 

Lb/MMBTU

Standard 

Emission 

Limit 

GR/DSCF

Control Method
Estimated 

Efficiency (%)

Compliance 

Verified

Incremental 

Cost 

Effectiveness

Simpson mill manufactures bleached and 

unbleached kraft pulp and linerboard
595

Hog Fuel Boiler (Power 

Boiler #7)
Wood waste

Simpson Tacoma 

Kraft Company
WA 2611 322121 05/22/2007 0.02 20 0.05 Calendar day / Filterable 99

12 month 

rolling 

total

Electrostatic Precipitator (ESP) 99 Yes

GHP is an existing PM with two paper 

machines.
379

Wood waste hog fuel 

boilers #6 and #8 & Gas 

fired boiler #9

Wood waste
Grays Harbour Paper 

LP
WA 2621 322121 11/17/2006 0.14 140 0.34 Calendar day / Filterable Multiclone & Scrubber Unknown

GHP is an existing PM with two paper 

machines.
227

Wood waste hog fuel 

boilers #6 and #8 & Gas 

fired boiler #9

Wood waste
Grays Harbour Paper 

LP
WA 2621 322121 11/17/2006 0.34 340 0.82 Calendar day / Filterable

1.Multiclones - Western precipitation 

type 9VG, size 189-7, 2.Secondary 

multiclones 3.Secondary  scrubber 

packed, wet venturi 

Unknown

Seven boilers purchased from an ethanol plant, 

permit is to retrofit these boilers to burn wood 

or wood waste to generate power

318 Wood Fired Boilers Wood
South Point Biomass 

Generation
OH 4911 221119 4/4/2006 0.012 12 0.03 17.39

Per rolling 

12 

months

0.0064 Pulse Jet Baghouse No

Designed to produce about 300 million board 

feet of lumber annually and run 430 MMBtu/hr 

waste wood fired boiler as a 30 MW cogen unit

430
Wood Fired Cogeneration 

Unit

Bark & Waste 

Wood

Skagit County 

Lumber Mill
WA 831 01/25/2006 0.02 20 0.05 24-Hour 37.7

Per rolling 

12 

months

0.02 99 Unknown

Manufacture of wood pellets-No Coatings 77
Heat Energy Systems for 

Pellet Processing

Wood / Wood 

Paste

International Biofuels. 

INC
VA 5211 321999 12/13/2005 0.08 81 0.19 25.4 Not Available Setting Chambers and Cyclones 90 Unknown

Manufacture of wood pellets-No Coatings 43
Wood Thermal Oxidizers 

for Wood Pellet Process

Wood / Wood 

Paste

International Biofuels. 

INC
VA 5211 321999 12/13/2005 0.08 79 0.19 14.2 Not Available Setting Chambers and Cyclones 99 Unknown

Wood fired cogeneration facility adjacent to an 

existing mill
403 Wood waste-Fired Boiler Wood Waste

Darrington Energy 

Cogen Power Plant
WA 4911 221112 11/2/2005 0.02 20 0.05 24-Hour Dry ESP Unknown

Pulp & Paper Mill. Project involves addition of 

30 MMBTU/hr Natural Gas-Fired air heaters to 

the under grate air system of the No.12 Boiler, 

potentially allowing more steam to be produced 

on both a short and long term basis

787.5 No.12 Hogged Fuel Boiler Bark Bogalusa Mill LA 2611 322110 11/23/2004 0.15 155 0.37 Hourly Max 357.97
Annual 

Max
0.15 Wet Scrubber 80 Unknown

150 MW fossil fuel fired power plant consisting 

of three 50 MW units. Unit #5 is wood fired with 

coal as a back-up fuel.The two other units are 

coal fired.

720
Wood Fired Boiler, CFB 

Unit #5
Biomass Schiller Station NH 4911 221112 10/25/2004 0.03 25 0.06

No averaging period / 

MACT
0.04

24 hour 

average
0.03 Fabric Filter 99 Unknown

The facility manufactures unbleached kraft 

linerboard
856 Boiler, Solid Fuel Bark

Inland Paperboard 

and Packaging Inc - 

Rome Linerboard Mill

GA 2631 322130 10/13/2004 0.025 25 0.06 0.025 ESP Unknown

Turkey Manure and other biomass fueled power 

plant 50 MW output, 792 MMBtu/hr heat input
792 Boiler, Multi-Fuel Manure

Fibrominn Biomass 

Power Plant
MN 4911 221119 10/23/2002 0.020 20 0.05 3-HR Test 0.02 Fabric Filter 99 Unknown

Modification of existing Multi-fuel Boiler 

increasing the heat input rate from 265.1 to 

302.2 MMBTu/hr. Multi-fuel waste boiler and 

steam plant that combusts primarily woodwaste 

and papermill sludge from the adjacent 

durango-georgia paper company facility

302.2 Boiler, Multi-Fuel

Wood Waste 

and papermill 

sludge

Tri-Gen Biopower GA 4931 221119 05/24/2001 0.03 26 0.06 0.026 ESP and Wet Scrubber Unknown

Multi-fuel waste boiler and steam plant that 

combusts primarily woodwaste and papermill 

sludge from the adjacent durango-georgia 

paper company facility.

265.1 Boiler, Multi-Fuel Biomass Tri-Gen Biopower GA 4931 221119 11/24/1998 0.03 30 0.07 0.03 ESP and Wet Scrubber 99 Unknown

Facility produces plywood, dry veneer, chips, 

landscape timbers, and studs as products from 

southern pine.

225 Hogged Fuel Fired Boiler Wood Florien Plywood Plant LA 2436 321212 07/18/2007 0.10 100 0.24 Hourly Max 98.55
Annual 

Max
0.1

Multiclones with a variable throat, 

venturi-type scrubber and good 

combustion practices

Unknown

230 Boiler, wood-fired Wood
Virginia Department 

of Public Utilities
MN 4911 221119 06/30/2005 0.025 25 0.06 3-Hr Test 0.025 ESP 98 Unknown

230 Boiler, wood-fired Wood
Hibbing Public 

Utilities
MN 4911 221119 06/30/2005 0.025 25 0.06 3-Hr Test 0.025 ESP 90 Unknown

Seven boilers purchased from an ethanol plant, 

rebuilt to burn wood and to generate power, 

using wood waste

175 Boilers, wood-fired Wood
Biomass Energy, LLC 

South Point Power
OH 4911 221119 5/1/2004 0.023 23 0.05 17.39

Per rolling 

12 

months

0.0125
Pulse Jet Baghouse, designed at 

0.004 GR/CF
98 Unknown

Seven boilers purchased from an ethanol plant, 

rebuilt to burn wood and to generate power, 

using wood waste

120 Boilers, steam Wood Thermal Ventures VA 4961 221330 02/15/2002 0.140 140 0.34 73.60 0.14

Good Combustion Practices and 

Continuous emission monitoring 

device

Unknown

69 0.16

340 0.82

12 0.03

25 0

Average PM 

HI 

Low 

Median
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Appendix IV USEPA - BACT Data - SOx

Facility Description
Boiler Size 

MMBtu/hr

Boiler Size 

MW
Boiler Type

Primary 

Fuel
Facility Name

Facility 

State
SIC NAICS Permit Date

Limit 1 

lb/MMBtu

Limit 1 

kg/GJ

Control 

Method

Estimated 

Efficiency (%)

Seven boilers purchased 

from an ethanol plant, permit 

is to retrofit these boilers to 

burn wood or wood waste to 

generate power

318 93
Wood Fired 

Boilers
Wood

South Point 

Biomass 

Generation

OH 4911 221119 4/4/2006 0.069 0.03

Spray Dryer 

Adsorber or dry 

sodium 

bicarbonate 

injection 

system

20

Designed to produce about 

300 million board feet of 

lumber annually and run 430 

MMBtu/hr waste wood fired 

boiler as a 30 MW cogen 

unit

430 126

Wood Fired 

Cogeneration 

Unit

Bark & 

Waste 

Wood

Skagit County 

Lumber Mill
WA 831 01/25/2006 0.025 0.01

Manufacture of wood pellets-

No Coatings
77 23

Heat Energy 

Systems for 

Pellet 

Processing

Wood / 

Wood 

Paste

International 

Biofuels. INC
VA 5211 321999 12/13/2005 0.05 0.02

Thermal 

Oxidizers and 

CEM System

99

Manufacture of wood pellets-

No Coatings
43 13

Wood 

Thermal 

Oxidizers for 

Wood Pellet 

Process

Wood / 

Wood 

Paste

International 

Biofuels. INC
VA 5211 321999 12/13/2005 0.05 0.02

Setting 

Chambers and 

Cyclones

99

Pulp & Paper Mill. Project 

involves addition of 30 

MMBTU/hr Natural Gas-

Fired air heaters to the under 

grate air system of the No.12 

Boiler, potentially allowing 

more steam to be produced 

on both a short and long 

term basis

787.5 231

No.12 

Hogged Fuel 

Boiler

Bark Bogalusa Mill LA 2611 322110 11/23/2004 1.54 0.66

Limit annual 

fuel oil capacity 

factor to 

<=10%

150 MW fossil fuel fired 

power plant consisting of 

three 50 MW units. Unit #5 is 

wood fired with coal as a 

back-up fuel.The two other 

units are coal fired.

720 211

Wood Fired 

Boiler, CFB 

Unit #5

Biomass
Schiller 

Station
NH 4911 221112 10/25/2004 0.02 0.01 Lime Injection 70

0.292 0.13

1.536 0.660

0.020 0.009

Average SOx

Hi 

Low
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Appendix IV USEAP BACT VOC DATA

Boiler Size 

MMBtu/hr
Boiler Type Primary Fuel Facility Description Facility Name

Facility 

State
SIC NAICS

Permit 

Date

Limit 1 

lb/MMBtu

Limit 1 

ppm

Limit 1 

Avg

Limit 2     

T/yr

Limit 2 

Avg

Standard 

Emission 

Limit 

lb/MMBtu

Control Method

Estimated 

Efficiency 

(%)

Compliance 

Verified

Incremental 

Cost 

Effectiveness

Notes

318 Wood Fired Boilers Wood

Seven boilers purchased from an 

ethanol plant, permit is to retrofit these 

boilers to burn wood or wood waste to 

generate power

South Point Biomass 

Generation
OH 4911 221119 4/4/2006 0.013 17.78

Per rolling 

12 

months

0.013
Good Combustion practices and 

use of oxidation catalyst
No

430
Wood Fired Cogeneration 

Unit

Bark & Waste 

Wood

Designed to produce about 300 million 

board feet of lumber annually and run 

430 MMBtu/hr waste wood fired boiler 

as a 30 MW cogen unit

Skagit County Lumber Mill WA 831 01/25/2006 0.019 One Hour 35.8

Per rolling 

12 

months

Unknown

720
Wood Fired Boiler, CFB Unit 

#5
Biomass

150 MW fossil fuel fired power plant 

consisting of three 50 MW units. Unit 

#5 is wood fired with coal as a back-

up fuel.The two other units are coal 

fired.

Schiller Station NH 4911 221112 10/25/2004 0.005
24 hour 

avg
14.30 Good Combustion practices 99 Unknown

856 Boiler, Solid Fuel Bark
The facility manufactures unbleached 

kraft linerboard

Inland Paperboard and 

Packaging Inc - Rome 

Linerboard Mill

GA 2631 322130 10/13/2004 0.05
Staged combustion and good 

combustion practices
Unknown

936
External Combustion, 

Multiple Fuels
Bagasse Sugar Mill and Refinery

Clewiston Sugar Mill and 

Refinery
FL 2061 311311 11/18/2003 1/0/1900 185.92

as 

propane
0.05

 Good combustion and operating 

practices

VOC is defined as 

total hydrocarbons, 

less the sum of 

methane and 

ethane emissions
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Appendix V: Emission Limits from Other Jurisdictions 
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Emission Limits for Wood Fueled Furnaces according to the German Emission 
Regulation (“1. BlmSchV”) 
 

 
fuel type 

furnace heating 
capacity, 

kW 

max. emission, 
g per m³ of flue gas 

particulate matter CO 
pieces of untreated 
timber, incl. bark 
attached to it  
untreated wood in form 
of wood chips, sawdust, 
sanding dust and  bark 

≤ 50 kW 0.15 4.0 

50 – 150 kW 0.15 2.0 

150 – 500 kW 0.15 1.0 

> 500 kW 0.15 0.5 
 

 
fuel type 

furnace heating 
capacity, 

kW 

max. emission, 
g per m³ of flue gas 

particulate matter CO 
painted, varnished, 
coated wood, ply wood, 
OSB boards, press 
boards, and chunks or 
residue of the before 
mentioned not 
containing and halogen-
organic coating or 
preservative chemicals 
Plywood, OSB boards, 
press boards or otherwise 
glued wood and residue 
thereof, as long as they 
have not been treated 
with preservatives and 
coatings that do not 
contain any halogen-
organic chemicals 

50 – 100 kW 0.15 2.0 

100 – 500 kW 0.15 1.0 

> 500 kW 0.15 0.5 

 

 
fuel type 

furnace heating 
capacity, 

kW 

max. emission, 
g per m³ of flue gas 

particulate matter CO 
straw and alike plant 
materials 

≤ 50 kW 0.15 4.0 

50 – 100 kW 0.15 2.0 
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Comments: 

• units with a capacity < 15 kW are not subject to mandatory emission testing 

Further European Regulations on Wood Furnaces 
 

Emission Limit Values – Austria (LRG-K) 
Vol. % O2 Size PM (mg/m³) CO (mg/m³) NOx (mg/m³) 

13% < 2 MW 150 (no limit) 300 

13% 2 - 5 MW 120 250 300 

13% > 5 MW 50 250 200-300 

 
Emission Limit Values – Switzerland (LRV) 

Vol. % O2 Size PM (mg/m³) CO (mg/m³) NOx (mg/m³) 

13% < 2 MW 150 500-4,000 250 

13% 2 - 5 MW 50 250 250 

13% > 5 MW 50 250 250 

 
Emission Limit Values Germany (TA-Luft) 

Vol. % O2 Size PM (mg/m³) CO (mg/m³) NOx (mg/m³) 

11% ≥ 5 MW 20 250 250 

11% 2,5 - 5 MW 50 250 250 

11% < 2,5 MW 100 250 250 

 

New German Emission Limits for Biomass Boilers 

 Fuel Size (kW) Dust (mg/m3) CO (mg/m3) 
Installations starting 
operations after 
ordinance comes into 
force 

Coal, char coal 4-500 90 1000 
>500 90 500 

Wood, bark 4-500 100 1000 

>500 100 500 

Pellets 4-500 60 800 

>500 60 500 

Treated wood, 
presswood 

50-100 100 800 

>100-500 100 500 
>500 100 300 

Straw and other 
solid 

agricultural 
fuels 

4-100 100 1000 

Installations starting 
operations in 2015 or 
later 

Coal, wood, 
pellets 

>=4 20 400 

Treated wood 50-500 20 400 

>500 20 400 

Agric. fuels 4 < 100 20 400 

Source: Novellierung der 1. BImSchV - Heizkessel 
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RAINS is the Regional Air Pollution Information and Simulation module developed by the 
Austrian International Institute for Applied Systems Analysis (IIASA) [RAINS 2008]. It is 
used to estimate emission reduction potentials and costs in Europe. The emission factors in 
the following table therefore represent levels that IIASA considers representative for 
European applications. 
 

Particulate matter emission factors used in the RAINS model for wood burning 

Sector 
kg/GJ mg/m3 

PM2.5 PM10 TSP TSP 

Eastern Europe         

Fireplaces, stoves 0.279 0.288 0.3 719 

Small domestic boilers 0.093 - 0.230 0.096 - 0.240 0.100 - 0.250 420 

Large residential boilers 0.077 - 0.150 0.089 - 0.180 0.100 - 0.200 360 

Industry 1) 0.185 0.214 0.24 576 

Western Europe      

Fireplaces, stoves 0.067 - 0.186 0.070 - 0.192 0.072 - 0.200 326 

Small domestic boilers 0.060 - 0.167 0.062 - 0.172 0.065 - 0.180 294 

Large residential boilers 1) 0.050 - 0.120 0.060 - 0.134 0.065 - 0.150 258 

Industry 1) 0.185 0.214 0.24 576 

 
(Europe as quoted in Klimont et al., 2002) (Ref #9) 

 
It should be noted that in AP42, the U.S. EPA’s Emission Factors, PM10 is defined as less 
than 10 µm (i.e., including the PM2.5 fraction), while more recent USEPA documents define 
PM10 as smaller than10 µm, but larger than 2.5µm. 
 

Massachusetts Emission Guidelines 

Contaminant 
Units 

lb/MMBTU or otherwise stated mg/m3 

SO2 0.02 20 

NOx 0.015 15 

Ammonia 2 PPM @ 3%O2 0.51 

CO 0.01 10 

PM  0.012 12 

VOC 0.01 10 

Opacity 5%     

HCl (biomass containing chlorinated compounds)  20 ppm @ 3% O2 1.08 

Toxics  - arsenic, antimony,  beryllium, cadmium, 
chromium III, chromium VI, copper, lead, mercury, 
nickel, and selenium (wood containing C&D wood) 

85% removal of mercury and 99% 
removal of the other metals, or reduce 
emissions below the detection limit. 

  

Monitoring 
CEMS - NOx, Opacity, NH3, SO2 
Annual PM. For, C&D, also metals 
testing. 

  

Reporting Quarterly, annually   
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Construction Cost Trends in BC 

 

 
Ref. #31 

 
 

 




