
1

Biogas Production Rates in
Response to Bioreactor

Environments

E. McBean, Ph.D., P.Eng., P.E.
School of Engineering
University of Guelph

©

Forms of Bioreactors Include

• Aerobic- liquid and air added - rapid
organic decomposition, minimal CH4, high
temperatures

• Anaerobic - rapid biogas production
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Gas Production Modeling

• Mechanistic
– equations describing basic processes

• microbiology, atmospheric pressure, etc.

• Empirical
– equation that is consistent with observations

Gas Production Models
 EPA Model
G = WLo Ke-Kt

♦  G is  annual methane generation for a specific year t (ft3 CH 4/yr);
♦  W  is the annual burial rate (tons);
♦  L o is landfill gas yield potential (ft3 CH 4/ton of waste);
♦  t is  tim e after initial waste placem ent (yr);
♦  k  is first order decay rate constant (1/yr)
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Gas Production Models

• Importance of
– yield (Lo)
– decay (k)

• Relate Production to Recovery Emissions

Effect of Lo on Gas Production
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Parameters Affecting Lo

• Ultimate Yield
– constant in theory for constant waste composition
– varies in practice, depending on time horizon

• Waste Composition
– inert vs. food waste

• Shredding
• Recycling

Effect of k on Gas Production
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Parameters Affecting k

• k represents how fast waste decomposes
• Waste Composition

– paper (slow) vs. food waste (fast)
• Moisture/Climate
• Temperature
• pH
• Particle Size
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Parameters Affecting k

• k will be higher for a bioreactor
– major implication is collect the gas more

aggressively

Additional Considerations

• Heating methodologies - as per Arrhenius
relationship
35oC (95o F) is mesophilic optimum Arithmetic relationship

     (Ea (T2-T1)
 RT2T1

kT2 = kT1e
T= Temp (oK)
Ea= 20 kcal. Mol-1

R = 1.987 cal K -1  Mol -1
kT = CH4 production rate (m3/d)
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Implication of Elevated Temperature on
Degradation Rates

• Temperature Degradation Rate
• 35 C 1.00
• 45 C 1.47
• 55 C 2.12
• 65 C 3.02

Model Summary
• Parameters to vary

– decay rate (k)
– methane yield (Lo)

• Regulatory
– input values may be specified

• 2.72 ft3 CH4/lb to 1.76 ft3  CH4/lb
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Model Calibration

• Limitations of matching observed gas
recovery to gas collection
– production versus collection
– varying waste inputs

• quantity
• composition

Model Calibration
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Relating Gas Production to
Emissions

• Collection efficiency
• Oxidation in cover soil
• Gas treatment method

Collection Efficiency

• Gas production models often neglect
difference between production and
collection
– get some collection in quickly
– delay onset of gas production in bioreactors?

• Efficiency varies prior to final closure
– use of weighted averages or annual inputs in

models
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Gas Management

• Influence of gas flow rate on gas
management
– when is an IC engine used?
– when is a flare used?
– when is the gas collection system turned off?

Gas Management
Modeled Behavior of Traditional 

and Bioreactor Landfills
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Elapsed Time for Generation of LFG -Effect of
Bioreactor Acceleration

5.8125Time to get 95 % of
LFG generated

1.328.8Time to get 50% of
LFG generated

Bioreactor
Landfilling (years)

Conventional
Landfilling (years)
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• Are the refuse bags open?
• Impacts of daily cover
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Equipment for Compaction in
Biocells

• Equipment for biocells
– Dozer 800-1000 lb/yd3   475- 595 kg/m3
– Compactor 1200-1600 715-950 kg/m3

Densification Efforts

• Performance is premised on extensive water
movement within biocell

• Avoid leachate breakout
• Shredding of wastes
• Bag openers
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Costs of Shredding

• Capital cost approximately 400 K
• Electric power for shredder 6 d/wk; 600 kw;

.06 $/kwh equivalent to 142K per year
• Additional - repairs & maintenance

– 360 K/year


