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Overview of landfill covers 
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• Minimize leachate generation 
• Resist erosion due to wind/runoff 
• prevent exposure of waste to animals, insects 

& rodents & improve aesthetics 

Purpose of 
landfill covers 

Current USEPA regulations on final cover systems 

RCRA regulatory requirements for unlined landfill sites 

Illinois administrative code requirements 



Problems with LFG emissions 
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 Efficiency of gas extraction systems is only around 60% and 
remaining escapes to the atmosphere 

 Not cost effective to use gas extraction systems in old landfill 
sites  

 LFG major components – 50 to 55% CH4 and 40- 45% CO2 

 CH4 & CO2 are major greenhouse gases  

 GWP of CH4 is 25  

 Total annual global CH4 emissions – 600 Tg 

 Annual emissions from landfills worldwide is 35 – 69 Tg/yr 
(6,709 Gg during 2004 in U.S.) 

CH4 mitigation in landfills is a critical aspect of landfill cover 
system design!!  



Soil cover
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Design of Soil Covers with CH4 
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5 

CH4+2O2→CO2

+2H2O

Aerobic

Anaerobic

Landfill gas
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 Soil covers were designed to incorporate CH4 oxidation  

 Partial oxidation and removal of methane 

 Only 12% CH4  removed  (absence of  gas collection system) 

 Clay soil covers – widely used; formation of cracks  

 Limited CH4 diffusion through cover and issues with oxygen 
ingress  

 Lack of sufficient nutrients 

 Not a sustainable option (usage of soil from a different place) 



Evolution of Biocovers 
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 Organic rich materials that enhance CH4 oxidation and facilitates 
rapid microbial growth 

 Increased WHC, porosity, specific surface area, shear strength 
and slope stability 

 Furnished with nutrients (N & P) 

 Actively supports vegetative layer – erosion control 

 
Mature compost  Activated carbon 
Sewage sludge  Earthworm cast 
Mulch   Wheat straw 
Sugar beat   Bark chips 
Sedge peat moss  Wood chips 
Yard waste 

Biocover materials used: 



Implementation of Biocover 
Systems 
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• Biocover – Material is placed over the entire landfill site  
• Biowindow – Material is placed in sections & LFG routes itself 

naturally through the cover  
• Biofilter – Can be open bed/fully contained systems; operate as 

fixed-bed reactors; can be used if leachate collection wells are 
present to be able to supply LFG  



Limitations of Current Biocovers 
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• Degradation of the materiel itself if not mature 
enough 

• Formation of EPS 

• Limits gas diffusion & transport due to clogging 
of pores over time  

• Cannot contribute to CH4 adsorption  

• Competitive inhibition of methanotrophic activity 
due to presence of excessive nutrients  



Biochar  
– A Potential Landfill Cover Material 
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Biochar can be amended to landfill cover soils to enhance CH4 
adsorption and oxidation 

Biochar can be used 

Biochar is advantageous over current compost biocovers 
 
 Enhanced CH4 adsorption 

 Greater porosity and specific surface area (limits pore clogging 
due to EPS formation) 

 Favors growth and CH4 oxidation activity of methanotrophs 
which can conveniently exist within the highly porous biochar 

 Enhanced gas transport through the pores 

 Sustainable and cheap option to mitigate LFG  



Research Goals & Objectives 
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 To quantify the physical, chemical and geotechnical characteristics of 
biochars and biochar-amended soils. 

 To determine the adsorption and enhanced gas transport properties of 
biochars and biochar-amended landfill cover soils for CH4 and oxygen. 

 To characterize the main factors that affect CH4 oxidation. 

 To investigate adsorption and oxidation of CH4 under various 
conditions such as biochar composition and size, soil composition, CH4 
source strength, CH4 concentration, moisture content, and 
temperature. 

 To model the mechanisms of CH4 oxidation within biochars and 
biochar-amended landfill cover systems and determine kinetic 
parameters defining these mechanisms. 

 To conduct a full-scale field demonstration. 

 To prepare guidance manual to design biochar and biochar-amended 
landfill cover soil systems for landfill applications. 



Preliminary Results  
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•Significant amount of CH4 
oxidation observed for biochar 
amended landfill cover soil 
(Column 2 – around 20% CH4 
oxidation as compared to < 5% 
oxidation in column 1) 



Ongoing research 
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Procedure Feedstock 

Element 

Ash VM pH N2 SSA CEC References 

C H N O P S Ca Mg K 

Pretreatment 
(If digested) 

Digested sugar beet 
tailing 

↓ ↓ ↑ ↑ ↑ ↑ ↑ ↑ ↑     ↑ ↑   (Yao et al., 2011) 

Pyrolysis 
tempereature 
(If increased) 

Agri- 
cultural 
residues  

Corn stalk ↓ ↓ ↑ ↑ ↑ (Feng et al., 2012) 

Wheat 
residues 

↑ ↓ ↓ ↑↓ (Chun et al., 2004) 

Tall fescue 
straw 

↑ ↓ ↑↓ ↓ ↑ ↓ ↑ (Keiluweit et al., 2010) 

Rice straw ↑ ↑↓ ↓ ↑ ↑ ↓ (Peng et al., 2011) 

Wood 

Ponderosa 
pine 

↑ ↓ - ↓ ↑↓ ↓ ↑ (Keiluweit et al., 2010) 

Pitch pine ↑ ↓ - ↓ ↑ ↑ (Kim et al., 2012) 

Red gum 
wood 

                    ↑ (Yu et al., 2009) 

Algae 
Ulva 
flexuousa 

↓ ↓ ↓           ↑ ↑   ↑ ↑ ↑↓ (Bird et al., 2011) 

Residence 
time 
(If increased) 

Rice straw ↑   ↑   ↑       ↑ ↑ ↓       (Peng et al., 2011) 

Table 1 
Impact of pretreatment, pyrolysis temperature and residence time on biochar properties 

[1] The carbon content decreased from 56.98% at 300℃ to 48.4% at 500℃ 
[2] The specific surface area decreased after 600℃, from 438 m2/g at 600℃ to 363 m2/g at 700℃ 
[3] The nitrogen content increased from 0.64% at 100℃ to 1.24% at 400℃, then decreased to 0.70% at 700℃ 
[4] The nitrogen content increased from 1.09% at 250℃ to 1.46% at 400℃, then decreased to 0.97% at 450℃ 
[5] The nitrogen content had no significant change 
[6] The ash content increased from 1.2% at 100℃ to 3.7% at 600℃, then decreased to 1.7% at 700℃ 
[7] The nitrogen content had no significant change 
[8] The cation exchange capacit inreased from 29cmol/kg at 305℃ to 41cmol/kg at 450℃̆ then decreased to 36cmol/kg at 512℃ 
[9] The carbon content increased when residence time increased from 2h to 4h, but after that changed little, even if the residence time 
increased to 8h. 

The properties of biochar varies a lot with the change of 
feedstock and production process. 

Compositions of VM and C content in biochar from wood 
were relatively higher than that from agricultural residues. 

With the increase of pyrolytic temperature, the C content 
increased while the O and H contents decreased. 

In general, a dramatic rise in both porosity and SSA is 
observed with increasing temperature and residence time. 

Digest before heating and add of activating agent can 
increase the SSA significantly. 

Evaluate the CH4 adsorption and oxidation potential for various 
biochars (different feed stocks & different production processes) 



Most Recent Results 
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Evaluated pine wood biochar 
obtained from slow pyrolysis (350 
– 6000C for 6 hrs) 

R² = 0.8102 
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General Characteristics of Biochar  

Property Value 

pH 8.60 

Moisture Content (% dw) 1.85 

Organic Content (%) 34 

Average Particle Size (mm) 0.7 

Specific Gravity 0.915 
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Future Goals and Objectives  
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Characterize different biochars in the lab for their physical-
chemical and geotechnical properties 

Conduct adsorption & oxidation experiments in the lab 

Develop an effective design based on modeling the 
laboratory results and determine optimum biocover size 
for field implementation 

Test the biochar in the field and monitor its performance 
for LFG mitigation 

1 

2 
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Thank you! 15 


