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Organic Matter Transformations; Fate of Carbon

Organic C
(energy source)

Humus Synthesis

10-30%

Approximately 2/3 carbon in biomass  CO2

Photosynthesis captures CO2

from the atmosphere and 

converts it to biomass

Plants die, we poop 

non-living biomass ends 

up on and in the soil

Microbial Biomass



Fossil Fuel Extraction Conversion of 

Long-Term Sequestered Organic 

Carbon  Carbon Dioxide

Disruption of the natural cycle of 

accumulating carbon  in the earth has 

increased CO2 levels in the atmosphere 

from 280 ppm  380+ since the start 

of the industrial revolution



Intensive Agricultural Tillage 

Increased Rate of Organic Matter 

Oxidation

Reservoir of  

soil organic 

carbon 

transformed to 

atmospheric 

CO2



Deforestation Organic matter-based 

carbon in both above-ground and 

below-ground biomass converted to 

atmospheric CO2



Slide on Conversion of Organic Matter 

to Methane and/or Nitrous Oxide

Other Variances from the 

Natural Carbon Cycle

•Fossil Fuel Inputs

•Conversion of organic carbon to methane (x 21)

•Conversion of proteins to nitrous oxide (x 310)



Carbon Accounting for  Sludge/Biosolids 

Management Options Consists of Quantifying 

•Carbon Dioxide Equivalent Debits (Greenhouse 

Gas Emissions) and 

•Credits (Avoidance of Greenhouse Gas Emissions 

and/or Carbon Sequestration in the Soil)



Processing Sludge/Biosolids-

DEBITS

Alkaline Stabilization
•If not using a recycled alkaline agent (such 

ash cement kiln dust or wood ash), supply 

chain emissions are also high

Polymers
•Supply chain emission (emissions are 

generated during the production of 

polymers, which are then purchased and 

used by WWTPs)



Processing Sludge/Biosolids-

DEBITS

Anaerobic Digestion
•Leaky digesters can increase overall GHG 

emissions quickly, because of the high CO2

equivalence of methane



Landfilling Sludge - DEBITS

Methane 

Formation

Sub-surface 

Moist 

Conditions

Methane rises through 

surface layers 

Atmosphere
Nitrous Oxide 

Emissions

Low carbon to 

nitrogen ratio (C:N)



Incinerating Sludge -

DEBITS

There is energy in the chemical bonds in the organic 

matter inherent in sludge that can be collected when 

oxidizing the material

Sludge is wet by nature; there is energy required to 

evaporate the water in sludge

The balance between energy potential in the organic 

matter and energy;required to remove the water 

determines fossil fuel inputs   Debit from use of fossil 

fuels



Composting Biosolids Composting 

Biosolids -

DEBITS

Methane 

Formation

Moist 

Conditions

No Biofilter

Methane rises through 

surface layers 

Atmosphere



Land Application of  Biosolids -

DEBITS

Methane 

Formation

Nitrous Oxide 

Formation

Stockpile storage prior to 

land application



Land Application of  

Biosolids - CREDITS

Carbon sequestration  from returning 

organic matter back to the soil

Most dramatic in reclamation settings, but 

also occurs at agricultural sites

Dr. Brown estimates 0.25 tons of CO2

sequestered for every dry ton of biosolids 

applied



Land Application of  Biosolids -

CREDITS

Fertilizer production is fossil fuel intensive
0.22 gallons of fuel oil used to produce and package each pound of 

nitrogen fertilizer

4 kg of CO2 equivalence saved for every kg of nitrogen 

offset by land applying biosolids

2 kg of CO2 equivalence per kg of phosphorus



Anaerobic Digestion- CREDITS from 

Energy Recovery

Simply converting organic matter in biosolids to methane 

and flaring the methane will reduce the amount of biosolids 

to be managed

Recovering the energy to provide heat and electricity for the 

WWTP process can offset significant fossil fuel-related 

greenhouse gas emissions



Landfill - CREDITS from Energy 

Recovery

Landfill gas recovery systems 

are becoming a more standard 

practice

Flaring reduces methane 

emissions, which are the largest 

source of GHG from landfills

Recovering the energy in gas 

turbines, further reduces the 

footprint

Landfills are not easily 

managed, closed systems as are 

anaerobic digesters  even with 

gas recovery systems they will 

be leaky



Incineration - CREDITS from 

Energy Recovery

Remove water efficiently prior to 

burning

Undigested sludge has the most 

potential energy

Newer technologies are more 

effective in improving the balance 

between evaporating the water in 

sludge and recovering energy 

from the organic matter in sludge


