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INTRODUCTION 

Biofiltration  has proven effective at treating odorous gas streams emitted fiom various  types of facilities including 
wastewater  treatment  plants,  sewage  pump stations, solid waste processing facilities, and composting  facilities. Widespread 
acceptance of  biofilter systems has  been limited due to mixed results and lack of understanding at some  facilities (Williams 
1994). Signhcant tnformation and mderstmding of operating parameters has developed over  the  past  few years which  has 
led to more biofilter installations. Thn understanding has been obtained through  pilot studies by vendors and owners on 
existmg gas streams, trial and m o r  by operators at existing full scale systems, and published research  by private firms and 
universities.  Most designers and operators of waste processing facilities have experience with other types of odor  control 
equipment such as thermal oxiduffs, chemical  scrubbers, or activated carbon, and have found biofilters to be  more effective 
at treating odorous gas streams both in odor  removal efficiencies and economically. As a  result,  numerous  biofilters have 
been  installed to retrofit existing waste processing facilities and  included in the design of new facilities to provide effective 
& control. "Ius paper outlines the economic considerations for a biofilter system  and provides  case hstory lnformation 
including capital costs and removal efficiencies at operating waste processing facilities. 

ECONOMIC CONSIDERATIONS 

Several factors affect the capital and operating costs of biofilter systems. The  sections  below outline these 
considerations as they relate to constructing and operating an  open  bed biofilter system for  odor  control. 

CaDItal 
Pm-treatment - Pre-treatment of gas streams to improve biofilter operations include removing  particulate matter, cooling, 
and humidlfying. OAen times some type of  spray system, either coarse or atomizing nozzles,  is used to  pre-treat the gas 
stream. Typical  applications may be at totally enclosed compostlng facilities for dust removal, for  cooling of  compost offgas, 
and humidifying exhaust gas from various enclosed odorous tanks. Complex pre-treatment systems result in increased 
biofilter  system c o s t .  

Concentration  and  Biodegradability of Compounds - Biofilters are effective at treating relatively low concentrations of 
odorous  compounds in exhaust gas  from  waste processing facilities. Odorous gas streams from some facilities that may 
result in lugh concentrations of particular compounds may result in increasing the size of the biofilter. This determination 
is made by evaluating the mass loading and biodegradability of specific compounds to determine  the  size of  the biofilter. 
tncreasing the biofilter size will increase the capital cost of constructing the system. 

Quantry of Air Being Treated - Generally,  the more air  being treated, the greater the size and cost of a biofilter system. 

Removal  Efjciency Requirements - Normally  the  design basis for  an odor control system is to remove as many odorous 
compounds as possible. In some applications a lower removal  efficiency may  be deemed  appropriate  for.reducing odor 
problems,  whde in other applications a greater  safety  factor to ensure maximum achevable  odor  treatment may be desired. 
These design considerations will  effect  the  biofilter size and cost. 

Ductwork - OAen times the cost to collect  and transport the odorous gas fiom the source to an area  appropriate for  the 
biofilter  is actually  more expensive than constructing the  biofilter itself Ductwork will  normally be constructed fiom 
currosion resistant  materials such as plastics, fiberglass, stamless steel, or aluminum. The  further the odor source is  located 
fiom the biofilter site, the hgher the  ductwork cost. 



Avoifobfe Spoce - Space limitations may result in requiring  walls  to  contain  the  media, special earth work techmques, or 
equipment access concerns that  could  increase  the  construction  cost  of  the  system. 

Degree  ofAulpmotion  Desired - A hgher degree of automation  for  monitoring such process variables as temperature, 
pressure, auflow rate, or equipment status will  result m increased  capital costs. 

Degree o/f;leubili!y - The degree of  flexibility  for  biofilter systems normally  includes the number of blowers or the number 
of  biofilter cells. Generally,  the  greater the flexibility in the  total  system,  the  greater the capital cost. ThIs results from 
increased ductwork costs, increased  installation costs, and  increased  air damperdcontrols. 

Design Foctors - Design factors such as detailed  pre-treatment  systems,  unusual site conditions or complex collection 
systems may result in lncreased enpeering costs. In addition, such factors as pilot studies or permitting requirements may 
increase capital costs. 

QDeratine Costs 
Elecbiciv - Generally, electncity to operate the  blower(s) is the  largest  portion  of the operating cost for a  biofilter  system. 
Electricity  for water pumps, controls,  etc.  will add minimal cost. 

Medio Repfucement - The second largest  operating  cost  is  generally  media  replacement. Depending on various factors, 
m d a   r e p l m e n t  wdl typically occur after several years of operation. The cost for media replacement consists of  removing 
the  old  media, obtaining new  media,  and  placing  the  new  media. 

Periodic Inspection ond Testing - Labor  and  laboratory costs associated with monitoring and checking the biofilter  system 
are typically  minimal. 

Equipment Mointenunce - There a  few  mechanical parts associated  with  a  biofilter  system. As a result, maintenance costs 
are typically  minimal. 

Sidesmom Treoment - The only sidestream requiring further treatment is wastewater from the biofilter drain system. l lus 
amount is normally  small  and results in  minimal cost. There is no disposal cost  for the media as it does not require further 
treatment prior to uses such as landscaping. 

CASE HISTORIES 

Several  facilities have recently  constructed open bed biofilter  systems  for odor control. Most facilities have installed 
open  bed  systems instead  of  totally  enclosed  systems  for economic reasons. The increased process control provided  by 
totally enclosing  a  biofilter  has not justified  the  additional capital expenditure as documented by the successful odor control 
by numerous open  bed systems. The reasons for installation of biofilter  systems  vary fiom facility to facility  and  include: 
reacting to odor complaints from  neighbors,  installing odor control to reduce odorous emissions from new facilities, and 
complying with regulatory requirements. The technique used for reducing overall odor emissions from waste processing 
facilities varies from  facility to facility. Some facilities  collect  and treat the most odorous gas streams as is the case with 
amymstmg facdities that operate with  negahve -on and treat gas pulled  through the compost piles with a  biofilter. Other 
fechties have pinpointed speclfic areas w i h  a  facility  that  result  in the most si@kant odorous emission and collect gas 
from  that source and  treat  with  a  biofilter as is the case with covering various type tanks and treating exhaust through  a 
biotilter. Some facilities  totally enclose the entire treatment area and collect all of the building air. This is the case with a 
totally enclosed compostlng facility  which treafs all bddmg exhaust through a  biofilter  system. Table 1 summarizes the case 
histmy lnformntion by outhung the destgn and optxahng  data  for several facilities as well as the capital cost and the removal 
efficiency where available. Of the  facilities descnbed, several have not  conducted de ta~ led  testing for odor or speclfic 
ccmpomd removal  efflciencles. This generally  results  from  the  analytlcal costs involved  in conducting such testing. As a 
result, actual data m spec& compound removal efficiency is lirmted. More subjective analyses from owners and operators, 
such as there are no odors fiom  the  biofilter  surface  and  no odor complaints since the  biofilter was installed, have been used 
to evaluate biofilter  effectiveness. 



The  capital costs  indicated in Table 1 are the total capital cost for the biofilter system including  design, construction, 
and startup.  The  odorous gas collection system fcr  each  case  is not included in the capital cost as collection systems vary 
fn>m slmple  ducts to elaborate ducting and controls. The inclusion of collection systems can s ipfkant ly  increase the cost 
of mstahg an odor  control system and would be required with  any odor control technology selected.  Therefore, including 
the  collection %stem costs may skew the biofilter cost data and  not accurately allow comparisons of capital costs between 
different odor control technologies. Operating and maintenance (0 & M) costs for biofilter systems  are generally  not 
tabulated by operators. Therefore, actual operating costs are difficult to determine.  The  major  operating cost for a biofilter 
is normally electricity to operate the blower followed by periodic media replacement. Through the use of locally available 
materials, facilities are able to lower  &a replacement costs. Detailed economic analyses have been  performed for biofilter 
systems to emmate 0 & M costs. These estimates are normally accurate because  electncity use is  easily calculated. Total 
0 & M costs normally range &om $2 - $14 per CFM of exhaust gas treated (H’illiams and Boyette 1995).  The following 
sections  describe  various biofilter systems. 

Cape Mqv Counw hiunicipal Utilities Authoriv (C.LiCAUUA), Cape . k i q  Court House, NJ - CMCMUA  operates a 20 dry 
ton per  dav m vessel composting facility in Cape May Court House, New Jersey. Biosolids are  composted in  an in-vessel 
system for  14 days, followed by an aerated static pile curing process for  21 days. Fourteen days of aerated curing is 
performed under negative aeration with exhaust gas treated through a biofilter system. The  negative aeratlon used in the 
cunng process is accomplished through the use of  contmuousiy operating blowers.  The biofilter was  designed to treat a total 
of 2,400 CFM at a loadmg rate of 4 C M S F .  Pre-treatment of the exhaust air is accomplished through either of two spray 
chambers designed to cool  the exhaust gas prior to treatment by the biofilter. The exhaust air from  the curing blowers is 
collected through a ducting system maintained under negative pressure by two biofilter blowers.  Each of  the  biofilter 
blowers serves either of two equal size biofilters. The biofilter media consists of  locally available yard waste compost  and 
wood chps. The biofilter was placed in senice in  July 1996 and was constructed for a total capital  cost of 949,800.  The 
biofilter  has been treating odors with the operators  commenting that  no odors &om the biofilter surface  are noticeable. 
Performance testing of the  biofilter  system is scheduled for September  1996 (Donojrio 1996). 

Centml C o n m  Costa Sanitary Dirbicl (CCCSD), Martinez. CA - CCCSD  operates  a  45  MGD  activated sludge secondary 
wastewater treatment plant OKWTp). To reduce odorous emissions from the facility, CCCSD  installed covers on three 
k l v e d  au flotation (DM) tanks. A ducting system was installed to collect odorous air and reduce corrosion inside the 
t a n k s .  The biofilter system treats 3,500 CFM of odorous exhaust gas. The system consists of in-line spray nozzles to 
inrrease hurmdity  of exhaust gas  and two equal size  cells  to treat the odorous gas. The  media consists of  locally available 
yard waste compost  and  wood  chips. The biofilter is 700 square feet  and designed at a loading rate of 5 CFM/SF. The  media 
is four  feet deep and  the  nominal open bed residence time  is 48 seconds. System pressures  and temperatures are 
continuously monitored and recorded. The biofilter began operation m July 1996.  The total capital cost of the biofilter 
system not including covers or collection ducting was $ 129.700. Performance testing of the odor removal efficiency of the 
system 1s scheduled for September 1996 (Kaweah 1996; Pomroy 1996). 

Davenport. Iowa - The city  of Davenport  operates  a 28 dry tons per day aerated static pile biosolids composting facility. 
The m h g  and compostmg areas are totally enclosed with 2  10,000 CFM of exhaust treated through a biofiltration system. 
The system i n c l u d e s  two separate biofilters with each one divided into four separate cells. Each  cell has i t s  own individual 
blower mth an in-ltne spray d e  for humidification. The biofilter media  consists of yard waste compost and  wood chips 
and is four fwt deep. The biofilter was designed at 5 C M S F  and the total treatment area of the biofilter is 42,000  square 
f i .  The  b1oNter system was constructed for S495,500 and  began operatlons in June 1995.  Odor removal testing  on  two 
cells was conducted in October 1995 and  the resulting removal efficiencies averaged 86% (Plert 1996; Zarn 1995; E& 
1996) 

E a c r  Ifampron, New York - East  Harnpton operates  a 35 tons per day agtated bed municipal solid waste  (MSW)hiosolids 
cornpostmg fncdity. MSWhiosolids composting is  conducted inside a totally enclosed building.  A biofilter is located 
adjacent to the b d h g  and treats 50,000 CFM  of building exhaust gas. The faclllty  began operations m March 1995.  The 
biofilter media consists of  wood chps  and  leaf compost with  media placed three feet deep.  The  biofilter was designed at 
5 CFM/SF wth a mhce tune of  36 seconds.  The total capital cost of the biofilter was SI 35,400. No odor testing of the 
system h a s  been performed, but  facllity operators have not  noticed  anv odors Gorn the biofilter surface (Alix 199.5). 
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Everen Washington - The  city  of Everett is constructing a biofdter to treat odorou~ emissions fiom the head works  area of 
the W W T P .  The biofilter was designed to treat 15.000 CFM  of exhaust gas at a loading rate of 2.67 C M S F .  The  media 
will be placed  four feet deep and the residence time  will  be 90 seconds. The media  will consist of locally available compost 
and  wood  chips. Pre-treatment of the gas consists of in-line spray nozzles for  humidification. The biofilter consists of two 
separate 2.8  10 SF cells with each cell having its own individual blower. The biofilter is scheduled to be operational at the 
end of 1996 (Saner 1996). 

Ham'sonburg - Rockingham Regional  Sewer  Authority (HRREA), Mount  Crawford. VA - HRRSA constructed a 5.5 dry 
tans per day biosolids composhng facility  which began operations in December  1995.  3,150 CFh4  of exhaust gas fiom the 
compostlng process is collected and treated through a biofilter system to reduce odors fiom the compost facility. The system 
collsists of a spray  chamber to humid@ and cool exhaust gas. The biofilter was designed at a loading rate of 4 CFM/SF and 
is 790 square feet The &a mnsists ofbiosolids cOmpOSt and wood chips and was placed four feet deep. The system was 
ded for a total capital cost of $58,000 (Hannan 1995). 

Hoosac Water Qualiv District, MA - Hwsac operates an aerated static pile biosolids composting facility. The facility 
received numerous odor cornplaints fiom neighbors of the facility. As a result, four biofilters were constructed to treat 
15,600 CFM  of compost p'ocess exhaust gas. The biofilter m d a  consists of  locally available wood chips and  leaf compost 
placed three feet deep.  The  biofilters  were placed in service in 1992 and have eliminated odor complaints fiom neighbors 
of the fachty. Odor removal efficiency by the biofilter has been measured at 61% to 94%. Hoosac is currently expanding 
the  capacity of the composting facility  which will include'construction of additional biofilters for odor control fiom the 
additional composting areas (E& 1993). 

Rivanna  Water  and Sewer  Authority (R W U ) ,  Charlottesville, VA - The RWSA operates a 15 MGD pump station located 
a d p e n t  to the R~anna   hve r  in Charloaesvllle,  Virginia. Neighbors are witiun approximately 150 feet of the pump station 
and had complained about odorous emissions from the  wet well. Based on capital constraints, RWSA initially installed a 
counteractant agent spray system which resulted in a slight reduction in odor problems at the facility. In 1995 RWSA 
lostalled a biofilter system to treat the 2,825 CFM of  wet  well exhaust to provide more effective odor treatment. The system 
includes a spray chamber to humidify the air. The biofilter was designed at 5 C W S F  and is  565  square feet in size.  The 
system  began operations in September  1995.  Odor removal efficiencies were  measured at 76% in October 1995.  Since 
the  biofilter has  been in operation, no odor complaints have resulted fiom the pump station. The lower odor removal 
efficiency was due to low odor levels of the  inlet  gas, 75 DR.  The outlet odor level was  18 DR which is typical  of  well 
operating biofiltas. The biofilter was constructed by the  authority for a total capital cost of $4 1.300 (E& 1995; Wescoat 
1996). 

Seviervrlle, TN - Bedminster Corporation operates a 225 tons per day municipal solid waste and municipal biosolids co- 
composting facility in Sevierville. Tennessee. The MSW and biosolids are loaded into an in-vessel composting system 
followed by an aerated static  pile curing. The aerated static pile curing occurs in a totally enclosed building with 80,000 
CFM  of  blllldmg  exhaust btated through a biofiltration systern The biofilter is comprised of two blowers and  five individual 
cells wtuch are approximately  3,960 square feet each and was constructed in 1995. Performance testing of the biofilter was 
conducted in 1996. Odor removal efficiency of 91% was obtained. Specific compound removal efficiencies were also 
measured with a total volatile organic compounds (VOC's) removal efficiency of 93% obtained (E& 1996). 

I/MsyN. Wiarnanrlo. H I  - UMSYN operates a food  waste digestion facility in Wiamanilo, Hawaii. In an  effort to reduce 
odorous emissions fkom the  facility  and resulting off site odor impacts, the facility installed covers over the receiving tank, 
two storage tanks. and the hervest tank. A ductmg system was installed to collect odorous air for  tceatment by a biofilter 
system A temporary biofilta was cmstrwted in two weeks  utilizing  on site personnel and local contractors to meet  facility 
permit requirements. The biofilter was designed to treat 2,500 CFM of exhaust gas. The biofilter is  625  square feet  and 
b g n e d  at a loading  rate of 4 CFM/SF with medra lhree f& six inches deep. The media consists of  compost  and overs fiom 
a local yard waste cornposting facility. The temporary  system was installed for $1 1,400 not including tank covers and 
collation ductmg.  The system began operations in September  1995. Performance testing was conducted in October 1995. 
Inlet odorconcentratmnsranged from 13,700 to 25,100 D/T and a 82% removal efficiency was obtained. A total reduced 
sulfur (TRS) removal  efficiency of 9 9 9 h  was also obtained (E& 1995). 
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Western Lake Superior Sanitary  District (WLSSD), Duluth, MN - The WLSSD operates  a 45 MGD WWTP. The  facility 
has received odor complaints from residents in Duluth's lower  west end neighborhood resulting fiom the W W T P .  In on- 
going efforts to - odorous emission h the plant,  the distnct  is installing a biofilter system to treat  exhaust gases fiom 
the building  enclosing the gnt  room, the sludge hckener room,  and  the in-feed screw pumps.  Wastewater channel air is 
maUy used & make-up air for a solid  waste  incmerator. In the event the incinerator is down  for  maintenance, the channel 
air will be diverted to the biofilter s y s t e m .  Phase I of the exhaust collection system includes ducting  fiom  the channel air, 
gnt mom, and thickener room. Phase I1 of the exhaust gas collection system  will  include mtluent screw pump covers and 
duchng to the biofilter system. The biofilter system is designed to treat 50,OOO CFh4 of exhaust gas with hydrogen suifide 
concentration d at 1 - 20 ppmv. Exhaust gas is pre-treated through a spray chamber  designed to increase humidity 
and m o v e  particle matter prior to treatment by the biofilter. The spray chamber  consists of an existing  concrete channel 
that was moddied  with a compressed airhater spray n o d e  system. The biofilter system includes three individual cells with 
each d e s i g n e d  to treat 16,670 CFM of exhaust air. The biofilter is 1 1,800 square feet  and designed  at  a loading rate of4.2 
C M S F .  The m d a  c0I)siSts of  yard waste produced by the distnct and  wood chips from a  local paper mill.  The media  is 
four  feet deep with a nominal open bed residence tune of 57 seconds. Construction of the biofilter  system  began in August 
19%,  and  the system is anticipated to be on-he by November 1996. Total capital cost of the  biofilter  system  was  $387,000 
(Hamel 1996). 

SUMMARY 

The  case histories discussed outline biofilter systems that  have  been successhl in treating odorous exhaust gas  from 
various  types of waste processing facilities. Table 1 outlines the design and operating data as well as the capital cost for 
these fecllities. odor removal  efficiencies  have  ranged from 76% to 94% for the five biofilters tested. TRS compounds have 
been reduced by 99%  or  greater at the two facilities tested. One facility achieved a 93% VOC removal efficiencies. Ths 
data, as well as operator comments, lnckcate that open bed biofilter systems are effective  at reducing odorous emissions from 
waste processing facilities. 

The capital cost of a biofilter system is b a d  on several factors including type  and  quantity  of exhaust gas being treated 
and locai slte conditions. Table 1 shows the capital cost for several biofilter systems. Figure 1 shows  the  capital cost range 
per CFM of exhaust gas treated. Unit costs for smaller biofilter systems are higher  due to a  greater  percentage of the  cost 
resulhng h m  engineering and contractor mobilization. For  small biofilters treating less than 15,000 CFM of exhaust gas, 
cap~tal costs range  from approximately $10 to $38 per CFM of air treated. For large biofilters treating  more than 100,000 
CFM of evhaust  gas, capid costs range h m  approsimately $2.50 to $5 per CFM of air treated.  Figure  2  shows the capital 
costs per  square foot of biofilter surface area. For smaller biofilters, capital costs range from approximately $45 to $185 
per square foot  of  bioiilter surface area.  For larger biofilters, capital costs range from approximately 6 12 to $20 per square 
foot  of biofilter surface area. These capital costs can be used  for  budgetary estimates and for comparison with  other odor 
control technologes. 

Based on  the continued documented effectiveness of biofilter systems, more waste processing facilities will  view 
biofiltrahon as an economically favorable odor control alternative. 
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