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Objectives

Be able to define Carbon Sequestration and 
the types

Understand how carbon is stored / 
sequestered in a landfill

Identify the models and calculations used 

Understand the basics for reporting landfill 
carbon storage/ sequestration



Carbon Sequestration

Biological Geological Technological

Process of securing/ storing Carbon Dioxide (CO2) to prevent 
it from entering the Earth’s atmosphere



Carbon Sequestration

Biological

Where carbon is 
stored biologically as 

part of the 
carbon cycle

Image Sourced from (UCAR Center for Science & Education)



Carbon Sequestration

Geological

Storing CO2 geological 
formations, largely via 

injection in porous 
rocks

Image Sourced from (Kansas Geological Survey)

https://www.kgs.ku.edu/Publications/PIC/pic27.html


Carbon Sequestration

Technological

Innovative methods & 
technology to remove 

and store carbon  

Image Sourced from (Klein. E, 2022, Long International) 

https://www.long-intl.com/blog/direct-air-capture/


Geologic Carbon Sequestration 

Image Sourced from (USGS)



Geological Carbon Sequestration 

Carbon oxide must be transported and 
captured at a qualifying facility

Include enhanced oil or natural gas recovery 
& secure geological storage

One Big Beautiful Bill Act, July 2025

The Act explains how to claim the 45Q carbon 
capture credit for secure geological storage

Map from: Clean Air Task Force, US Carbon Capture 

Activity and Project Map



Carbon Sequestration/ Storage
- Waste Management

• These activities “prolong the phenomena of sequestration over time, and, in 
this sense, play the role of carbon sinks” – GHG Protocol (2013) 

Landfilling and compost spreading both contribute



Carbon Sequestration/ Storage 
– Waste Management

• These activities “prolong the phenomena of sequestration over time, and, in 
this sense, play the role of carbon sinks” – GHG Protocol (2013) 

• Carbon Storage from compost spreading based on:  
1) Direct storage of Carbon in depleted soils,
2) Non-reactive humus compounds
- EPA WARM  V.16 (2023)

Landfilling and compost spreading both contribute
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C

Generated GHGs 

are either emitted to 

atmosphere or 

recovered

Where organics are not 

decayed, carbon is stored 

long-term in landfill

Carbon Sequestration/ Storage - Landfills



Carbon Sequestration/ Storage - Landfills

• “When organic materials derived from biomass are 
landfilled, a portion of the carbon in these materials 
does not decompose”

• “The carbon in those materials that does not fully 
decompose in landfills (anaerobically) is removed from 
the global carbon cycle, is said to be ‘stored’ and is 
counted as an anthropogenic sink.”

- EPA, Landfill Carbon Storage in WARM (2010)
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Carbon Sequestration/ Storage - Landfills

• Carbon strategies account for GHG emissions

• Remaining Carbon is stored, not emitted

• We want to quantify carbon storage in waste mass

• Allows complete picture from a life-cycle perspective
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Carbon Cycle of Manufactured Products

Biogenic carbon stored for 

>100years



Accounting for Landfill Carbon Storage

Solid Waste Industry for Climate Solutions 

Landfill Emissions Model (SWICS LEM)

EPA WAste Reduction Model (WARM)

Intergovernmental Panel on Climate Change (IPCC)



IPCC: Carbon Storage

• “Landfills are a significant source of CH4 emissions, but they are also a long-term 
sink for carbon (Bogner, 1992; Barlaz, 1998). 

• Carbon storage makes landfilling a more competitive alternative from a climate 
change perspective, especially where landfill gas recovery is combined with 
energy use (Flugsrud et al. 2001; Micales and Skog, 1997; Pingoud et al. 1996; Pipatti and Savolainen, 1996; Pipatti
and Wihersaari, 1998). 

• The fraction of carbon storage in landfills can vary over a wide range, depending on original 
waste composition and landfill conditions (for example, see Hashimoto and Moriguchi, 2004 for a review 

addressing harvested wood products). “

• - AR4 (Fourth assessment Report), 2007, 10.4.2, CH4 Management in Landfills



IPCC: Carbon Storage

DOCm long-term stored T = WT • DOC • (1-DOCf) • MCF

WT : Mass of waste disposed in year

DOC: Degradable Organic Carbon

DOCf :Fraction of DOC that can decompose anaerobically in LF

MCF: CH4 Correction Factor

IPCC DOCf Assumption

0.5
50% of the disposed Degradable Organic 

Carbon will remain for long-term



EPA WARM: Carbon Storage Factors

Material
Net  Carbon Storage 

(MTCO2E/Wet Ton)

Yard Trimmings 0.54 

Grass 0.14 

Leaves 0.79 

Branches 1.06 

Mixed Paper (general) 0.72 

Mixed Paper (primarily residential) 0.76 

Mixed Paper (primarily from offices) 0.64 

Mixed Recyclables 0.65 

Mixed Organics 0.34 

Mixed MSW 0.21

Barlaz (1998), Wang et al (2013), Wang et al (2011), Levis et al. (2013)



Sequestered Carbon = MSW • CSF • CF

MSW: Short wet tons

CSF: SWICS Carbon Storage Factor

CF: Conversion Factor: 3.67 MTCO2e

Moisture % CSF (MTCE/ Wet short ton)

15% 0.0925

20% 0.0781

25% 0.0816

SWICS LEM: Carbon Storage Factors



Landfill’s Carbon 
Footprint 



Reporting 

Demonstrates the entire Landfill Carbon 
footprint

Shows benefits, especially when paired with 
aggressive gas collection & recovery

The full life-cycle picture of a landfill

Reported separately to Scope 1, 2 and 3 
emissions



Shift in Focus

Kyoto Protocol (1997)

Includes general carbon 

storage guidelines

IPCC (2006)

National GHG Inventories account 

for sequestered carbon in landfills 

from disposed forest & yard 

trimmings

Barlaz (1998, 2008)

Biodegrative Analysis of 

MSW in Lab-scale Landfills

European Commission (2001)

Waste Management & Climate Change

Evaluates waste activities with & without 

sequestration

USEPA (2006 onwards)

EPA WARM Model

GHG Protocol (2013)

Waste Sector GHG Protocol

SWICS (2009, 2025)

Defines model and factors



Conclusions

Landfill Carbon Storage/ Sequestration helps to demonstrate the entire life-cycle and 

footprint of the landfill

It’s acknowledged by the IPCC, EPA, CARB & EREF

Alongside an efficient gas collection 

system, it can show that landfills can be 

a competitive alternative from a 

climate change perspective (IPCC)



Questions…

Do you know if the landfills you operate calculate & report sequestered/ stored carbon in 

the landfill?

Is it useful for landfills to report carbon sequestration alongside gas collection?

How can our industry continue to 

promote the entire carbon life-cycle of 

landfills?



Thank you

Kate Howe
Sustainability Project Manager

katehowe@wcgrp.com


