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Introduction
• A number of landfill owners around the U.S. have 

reported landfills with elevated gas temperatures
• Elevated temperature landfills (ETLFs) present a number 

of potential problems:
• damage to gas and leachate collection systems
• low methane content and odorous gas
• high leachate strength (COD upwards of 50,000 mg/L)
• rapid settlement
• pressure accumulation

• A lot of speculation on causation
• Reactive wastes explain temperatures at some sites but some 

are largely MSW



 Provide an overview of available information on 
Elevated Temperature Landfills (ETLFs)

 Distinguish between what is known about ETLFs 
and what is still hypothesized

 Describe work being undertaken by the 
Environmental Research and Education Foundation 
(EREF) to:
• Understand the factors and mechanisms that 

contribute to ETLFs
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Defining Normal Operating Temperatures and 
Elevated Temperatures

Landfill Operating Temperatures

Normal Operating Temperatures under NSPS
(<131 °F or 50 °C)

◦ NSPS focus is to maintain methanogenesis
and guard against air intrusion and 
subsequent temperature increases

◦ High Operating Variances (HOVs) to allow 
temperatures above 131°F are not 
uncommon



Landfill Fire:  surface or 
near-surface event in 
which part of the waste is 
burning or smoldering 
under aerobic conditions
◦ hot load, lightening, hot 

equipment

Distinguishing between Fire and
Subsurface Reaction

Subsurface Reaction (SSR):  occurs 
relatively deep where conditions are 
anaerobic.  SSRs appear to be chemical 
and may be self-perpetuating.



 Increasing trends in gas temperature. 
 Smoke or smoldering odor emanating from the gas 

extraction system or landfill surface. 
 Rapid localized settlement (subsidence). 
 Softening and pinching off or collapse of gas wells. 
 Elevated carbon monoxide (CO) >1,000 ppm.
 Reduced methane (CH4). 
 Combustion residue in gas wells or headers. 
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 Increasing trends in gas (and waste) temperature.
 Odor 
 Sudden and widespread settlement 
 Softening and pinching off or collapse of gas wells.
 Elevated carbon monoxide (CO) >1,000 ppm
 Reduced methane (CH4) and CH4/CO2
 Increased quantity of liquid in the waste
 Increased strength of leachate (COD, salts, trace 

organics, carboxylic acids)
 Increased H2 in the gas
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1. Increased Temperature may threaten gas 
collection system

2. Increased and Strong Odors
3. Rapid and Widespread Settlement
4. Low CH4:CO2 Ratio in Gas
5. Increased Liquid in the Waste
6. Increased Strength of Leachate
7. Increased Hydrogen in Gas
8. Concerns for liner integrity



1. Increased Temperature



2.  Increased Odors:
 Damage to gas collection infrastructure reduces 

collection
 Decrease effectiveness of flare/need for supplemental 

fuel
 Increased gas output and gas pressures

3.  Rapid and Widespread Settlement:
 Municipal Solid Waste (MSW) consolidation normally 

produces a few feet of settlement over a few years.
 In ETLFs, settlement of several feet over periods of 

only a few weeks or months has been recorded. 



4.  Low Ratio of Methane to Carbon Dioxide
(CH4:CO2 ) in the Gas

1st Stage of Decomposition (Aerobic):
(Cellulose) C6H10O5 + 6O2 → 6CO2 + 5H2O

2nd Stage of Decomposition (Anaerobic):
C6H10O5 + H2O →    3CH4 + 3CO2

Normal CH4 : CO2 Ratio > 1  



4.  Low Ratio of Methane to Carbon Dioxide
(CH4:CO2 ) in the Gas

1st Stage of Decomposition (Aerobic):
(Cellulose) C6H10O5 + 6O2 → 6CO2 + 5H2O

BUT IF THE SECOND STAGE IS INHIBITED
2nd Stage of Decomposition (Anaerobic):

C6H10O5 + H2O →    3CH4 + 3CO2

In ETLFs  CH4 : CO2 Ratio < 1  



Landfill Reaction – Year 1



Landfill Reaction – Year 2



Landfill Reaction – Year 3



Landfill Reaction – Year 4



5.  Increased Liquid in the Waste

Contributing factors vary from site to site, and may include: 

 As solids are converted to gas, the field capacity of the 
waste decreases (i.e., the ability of the solids to retain 
liquids decreases)

 Challenges with gas system may decrease removal of 
moisture 

 Challenges with leachate collection system may reduce 
removal of liquid from the waste

 Increased leachate quantity and strength may require 
temporary liquid accumulation until suitable 
treatment/disposal outlets are established



6.  Increased Strength of Leachate:
 BOD:

• Normal leachate BOD is 1000 ~ 5000 mg/L
• In some ETLFs, BOD >100,000 mg/L

 Increases in trace organics, carboxylic acids, 
salts

 Low pH



7.  Increased Hydrogen in the Gas

1st Stage of Fermentation:

(Glucose)C6H12O6 + 2H2O →
2(Acetate)C2H4O2 + 2CO2 + 4H2

2nd Stage:

4H2+ CO2 → CH4 + 2H2O



7.  Increased Hydrogen in the Gas

1st Stage of Fermentation:

(Glucose)C6H12O6 + 2H2O →
2(Acetate)C2H4O2 + 2CO2 + 4H2

BUT IF THE SECOND STAGE IS INHIBITED
2nd Stage:

4H2+ CO2 → CH4 + 2H2O
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Use data to differentiate SSR from fire
 Measure CO and H2
 Measure oxygen % and nitrogen % in balance gas to 

assess if air is being pulled into the waste.
 Beware, results with some hand-held field gas 

meters can mistakenly be interpreted as:
• N2 when the gas is actually H2
• CO when the gas is actually H2

• Detection at wells and not the header or flare more 
likely



 Interpretation of gas data:
• High N2 suggests over pulling on gas system
• High H2 suggests an anaerobic reaction (i.e., SSR)

 Response actions could be different:  
• Elevated N2 (indicative of air intrusion) - reduce vacuum
• Elevated H2 (indicative of SSR) - keep extracting the gas

For either case, take soundings in subject well(s) to detect 
watering out, pinching off, or pipe bucking.



 Reduces pressure and gaseous 
substrate for chemical reactions

 Removes heat by removing hot 
gas

 Helps control odors
 Must continue to monitor gas to 

ensure air does not get drawn 
into waste
◦ May need to supplement with 

propoane



 Install additional gas wells in the vicinity of 
subject well(s).

 If pipes have been pinched or collapsed, then 
might need to use alternative materials for 
gas infrastructure that are resistant to 
elevated temperatures



Design Considerations:
 May influence waste fill sequencing and future waste 

configurations
 Take time to procure, install, ensure stability, proper 

ballasting, and maintain
 May be increased maintenance due to settlement

Cover systems are interrelated 
with gas system:
 Reduce gas and odor emissions
 Reduce potential for air intrusion
 Reduce infiltration of rain
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 Hydrogen is an intermediate
• production is normal; accumulation is not
• elevated temperatures inhibit methanogens while 

other fermentative bacteria survive 
o This is one mechanism for H2 accumulation



Anaerobic Waste Decomposition – Intermediate Reaction
C6H12O6 + 2H2O  2CH3COOH + 2CO2 + 4H2

Microbial CO Generation
H2 + CO2  CO + H2O

observed in literature at up to 80°C
CO production can be coupled to CH4 production

Methane Generation
4H2 + CO2  CH4 + 2H2O

Anaerobic iron corrosion
Fe(s) + 2H2O(l) Fe2+ + 2OH- + H2(g)



 Refuse incubated at 180°F initially, cooled at Day 50, then heated.
 Cooling to 129°F stimulated methane generation in reactors 

incubated at 151°F faster than in the reactors incubated at 180°F. 
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 The literature suggests that biological 
reactions may result in landfills at perhaps 
160-170°F
◦ How do we get above 200°F? 



Pyrolysis “a thermochemical decomposition of organic 
material at elevated temperatures in the absence of 
oxygen.”

Products:
Char/solid  - rich in C
Tars – polyaromatics, volatiles, oxygenated HCs
Gases – CO2, CO, H2, CH4, other species

Product mix is a function of substrate and 
environmental conditions

Endothermic – requires energy
Exothermic – releases energy



Can Pyrolysis Reactions Release Heat?

There is confusion in the literature on this point.

Example reaction: A + B  C + D

• If enthalpy of reaction is > 0 – endothermic (heat 
must be provided to make the reaction go to the 
right)

• If enthalpy of reaction is < 0 – exothermic (heat 
will be released as the reaction goes to the right)



Where center temperature exceeds surface temperature from 
an externally heated sample (Ciuta et al., 2014)

• Some literature shows pyrolytic reactions become exothermic under 
certain conditions (Park et al., 2010)

• Some literature shows pyrolytic reactions are always endothermic 
(Gauthier et al., 2013)

These results have been found for 
similar (sometimes identical) 
types of samples 
 heterogeneity must play a role 

Example of data acquisition

Can Pyrolysis Reactions Release Heat?



• Low flow (i.e. minimal removal of volatile gases) may create a more exothermic 
environment

• The volatiles in the gas can become reactants; their removal eliminates a 
potential source of energy

• Moisture may reduce the temperature at which the reaction become exothermic 
though there is no data applicable to the range of moisture contents typically 
found in landfills.

• Very hot water (~ 212°F) likely extracts chemicals from lignin which adds to the 
pool of soluble reactants

• In other systems, heat release increases as the pressure increases

• In summary, multiple parameters (pressure, flow, moisture content) determine 
release or absorbance of heat

• Work with MSW is limited
• MSW is a highly heterogeneous substrate (cellulose, hemicellulose, lignin, 

plastic, rubber, leather)
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 Understand and explain why elevated 
temperatures develop in some landfills but 
not in others

 Develop and validate a methodology to 
predict temperatures in landfills



 Description of biological reactions
 Description of chemical reactions at typical temperatures
◦ Acid-base, metal corrosion, ash/lime hydration

 Description of chemical reactions at elevated temperatures
 Known Causes
 Heat and Fluid Properties



 Define the chemical reactions that contribute to excessive heat 
accumulation
◦ Focus on the temperature regime above which biological 

reactions contribute to heat
◦ Quantitative description of anaerobic chemical reactions that 

drive heat accumulation (kinetics, energy, mass balances)

 Define the parameters used to describe reactions (e.g., 
moisture content, pressure, elemental analysis)

 Lab experiments with fresh and decomposed MSW at 
relevant conditions to understand thermal behavior



 Develop a knowledge base of the parameters that 
control heat transport within landfills
◦ Fluid and heat transmission properties of waste
◦ Evaluate and describe best available measurement methods
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3. Model Formulation, Validation, and Calibration



 Base on thermodynamic principles
 Calibrate with field data

Representation of coupled 
heat and mass transfer with 
flexible sources, sinks, and 
boundary conditions to be 
incorporated



Simulation model (MSW)
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Simulation model (MSW+Ash+Al)
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Summary – What do we Know?

Operating Temperatures

• There are many landfills with gas wells with high 
operating variances that are performing in a 
manner that would be considered typical with 
respect to gas and leachate quality and waste 
settlement.

• There are a few landfills in which a subsurface 
reaction (SSR) is resulting in elevated temperatures 
and atypical gas, leachate, and waste settlement 
characteristics.



Summary – What do we Know?

Management Strategies
• Managing ETLFs is challenging.

• Must differentiate between heat from fire or anaerobic 
subsurface reaction – they are different and require different 
management strategies.

• Determine balance gas composition – N2, H2, CO

• If the source of heat is an anaerobic subsurface reaction, 
then reducing vacuum at gas wells may not be the correct 
response action

• Response Action Plans must be flexible to account for unique 
site conditions that will likely change with time.



Summary – What do we Know?

Landfill Infrastructure 

• Maintaining and operating landfill infrastructure is 
paramount

• Gas Collection and Control System

• Leachate Collection System

• Cover Systems



Summary – What are the Knowledge Gaps?

• A complete heat balance on a full-scale landfill is needed to 
facilitate understanding:

• Under what conditions does heat accumulate?

• How do we describe the reactions mathematically so they can be 
coupled with known heat sources and sinks?

• What are the most important factors that control heat generation 
and accumulation?

• What are the best parameters to describe heat transfer?

• How/why does heat accumulate to a level that initiates pyrolysis?

• What are the reaction mechanisms that drive pyrolysis to change 
from endothermic to exothermic in a landfill with MSW as the 
substrate?
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