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Today

* Background & intro to CH, oxidation systems
* The CH, oxidation process & its driving factors

* Optimising CH, oxidation systems — design aspects
— O, transport

Methylobacter sp.
m

— Preferential flow paths i

* Conclusions
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Anthropogenic CH, emissions

Biomass
burning 5% Biofuels 3%

Fossil fuels 32%

Coal, oil, gas,
transport, industry

Agriculture 39%

Ruminants, manure, rice

Data from: IPCC, 2021: Climate Change 2021: The

: Physical Science Basis. Contribution of Working
TOta I a nt h ro poge nic Wa Ste 18% Group | to the Sixth Assessment Report of the

Intergovernmental Panel on Climate Change

sources = 356 Tg CH4/a Treatment & disposal doi:10.1017/9781009157896




To reach short-term climate

Cause & prOblem goals, reducing CH, emissions

should be a top priority!

1. Climate forcing

— Decay of waste organic matter under anaerobic conditions:
(CH,0),, = CH, + CO, = ‘Landfill gas’ or ‘Biogas’

— Typical composition: 50-60% CH,, 40-50% CO,

— Global warming potential of CH,
GWP, 100 years  28-36

GWP,, 20 years 84-87

2. Safety

CH, mixtures are explosive!

]
TUDelft

https://www.ridly.com.au/blog/how-to-separate-organic-and-inorganic-waste



Fate of CH, in the lifetime of a landfill
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gCH, m2d!

DiScovering 2200

the potential 0L, | somir et e
600 1 __
of microbial ] CHa ovidation % %
CH4 0X|dat|0n 4004 cover soils % %
300 / %
| n
Factor 103 higher than in / /
natural CH, influenced habitats %

(rice paddies, peatlands...)

Gebert et al., 2016

Landfill and soil profile no.
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We know who is there: Community composition

and related

]
T U D e I ft Methylocaldum

Methylobacter Methylomonas ‘ Methylococcus ylosinus




We know where they are: Bacterial colonization of material

AT
e e

o '.‘ - ’ 5 | e it
... & how they look like (e @ P )
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CH, oxidation in ‘anthropogenic smks
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Biofilter

— Stable exhausts from animal husbandry
(Melse & van der Werf, 2005; BiMoLa)

—Manure Storage (Oonk & Koopmans, 2012)
— Coal mine ventilation (Du Plessis et al., 2003)

— Landfills with gas collection system
(Streese & Stegmann, 2003; Gebert & Grongroft, 2006)

Biowindow

— Planned: Landfills without gas collection and
surface lining (pedersen etal, 2010)

— Remediation of emission hotspots on old non-
sanitary landfills (roweretal, 2012)

Biocover
— Landfills with or without gas collection and
surface Ilnlng (Huber-Humer et al., 2008; Geck et al., 2013)

Methane oxidation

CH;+20, —»C0;+2H,0 layer
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Microbial CH, oxidation: Design goals

CH, é CO, + 2 H,0 + energy

Process controls:

o Provide adequate physicochemical environment of
high structural stability

o Optimise diffusive O, supply
o Maximise spatial evenness of CH, load

o Robust dimensioning, adapted to CH, load

]
TUDelft



Controls on spatial evenness & O, supply

Hotspot

A

Conductivity [poL
Ak.,. LGbL

Atmospheric O,

A

A

A
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Optimize diffusive ingress

Flueg

of oxygen Mﬁ]m?ww

CH,+20, >CO,+2H,0 Methane oxidation
layer

G sdistributio

Aim: X
Maximize depth of aeration to / %/ ndfillgas / \ ndfill body

— Create thick and “redundant” CH,-oxidation layer

— Render oxidation process less susceptible to surface
effects (frost, drought, heat, cold)
12



Controls on O, transport

AFP {, due to construction

Water menisci

Air-filled porosity (AFP)

AN

Gas transport AFP {, due to climate
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Diffusivity depends on air-filled porosity

AFP changed by compaction AFP changed by moisture
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Gebert et al., 2019



Column experiment
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Impact of soil compaction

LOW: 1.25 g/cm? _ o
75% D,, Concentration [Vol.%] Oxidation [%]
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Impact of soil compaction

Concentration [Vol.%] Oxidation [%0]

O 10 20 30 40 50 60 70 80 O 2550 75100
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CH,load=1.5gm?2h!
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Impact of soil compaction

HIGH: 1.59 g/cm3

95% D,, Concentration [Vol.%)] Oxidation [%0]
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Hotspot remediation by enhancing aeration
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Soil textures meeting a target of 14 vol.% AFP
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Soil textures meeting target of 14 vol.% AFP
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Soil textures meeting a target of 14 vol.% AFP
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Spatial evenness
rotspot of gas load

A

%erogeneous cover

O‘H
-\T’QTT tt 10
I 1\\\(\\/

— Tap full system potential
— Avoid channelled advective transport 25
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Gas profiles with advection 1

| 141CH,m2n |

Concentration [Vol.%]
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4 BD = 1.59 g/cm?, 85 % Proctor
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Gas profiles with advection 1
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Gas profiles with advection 1

[351CH, m2n |
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Oxidation efficiency with advection
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The higher the bulk density, the more susceptible the efficiency is to load
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Spatial variability of soil gas composition in a landfill cover soil

CH4 [%] | - 5om
14 uir : s ¥681,9mNN

Grid size =16 m 20 cm
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Methane concentration at hotspot

06.11.2009 27.11.2009 10.01.2010 29.01.2010
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Morphology of hotspot soil profile
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Preferential pathways
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Designhed cover

CH,+20,—>CO,+2H,0
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Requirements on gas distribution layer

1. <2% CaCOq —> Avoid precipitation of CO,
2. Purely mineral — High structural stability
3. High gas conductivity = Keas_apL >> Keas_mow » SO that

2 ( Rx1+x2+x3) >> Z( Rxl) s

Methane

—> Sum resistance INNARRRGARR KRR
oxidation layer I

homogenous over all

path lengths |
- Horizontal gas transport p—. |
favoured in GDL

Gas distribution
layer

Waste body ‘/Z.

With R = l/kGas i | ~~V -“::T‘”



Conclusions

*  Well designed methane oxidation systems are highly effective —
removal rates of up to 300 g CH, m2d! have been measured!

* Gas transport properties of soil are key, are known and can be
modelled

* Choice of suitable soil types and construction practice crucial
* Gas distribution layers are an essential element of design

* Technology is being implemented on full scale in several
countries CH, oxidation window on

landfill Francop
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Design of Microbial Methane
Oxidation Systems for Landfills

Julla Gebert™*, Marlon Huber-Humer and Alexandre R. Cabral”

" Cnparment of Giaos gbnae and Enginasing, Facully of CIT, D Linkersiy of Teanoigy, Daf, Maherizncs, “Cepanment of
et htiute of Linkarily of Natural Faour o and Like Scisnces Ve,
Wiorma, Acsivi, “Dapariment of i and Sulitihg Engihearng, ol of EngRednng, Lnversié de Shariooss, Shertiooe,
0, Canads

Landfill mathana curnantly represants the bBroed global sourca of greanhousa gas
amissions fom the sold waste saclor. Emissions are axpactad 1o incraase dua to
ncreasng waste generation, parboulady n countres still Bndiiling  biodegradabia
wastes, Az a complamantary meaasura to gas axdraction with subseguant fladng or
anargy convarsion, o for amissions meduction fom old Badiils o from Endfils
containing wastes wih a low gas potertial, microbial mathana aadation systams
MMOS) am consgdead a promiging Bchnaogy. Mumenus studes emblng to
controling factors and anhancament of microbial mathans oddation n biocovers,
biowindows or binfilars, both in Bbomatory and in large scale fisld sattings, hava boaan
publshed. The design of optimized MMOS requires thorough understanding of the
nvalved  procagsas, spacifically the biclogical ones and of those roblad o the
transport of gas and water in porous media, and of the impact of materdal properies
and axtemal envionmantal factors on thesa processes. Congsaguantly, the salaction of
rmatariak that ars sutabia from a biogaochamical and fom a gactachnical pont of veaw,
mesting the required water and gas tansport properties, are key aspects in the design
procoss, Ths paper ravews the scantific background of tha ralavant concapts and
rocamsas dictating MMOS padomanca, and provides guidanca on ayout and design
s, nauding chaioa of materdak and guality contral, Further, a dacizsion trea to support
the chote of MMOS is proposad. Ths papsr provides the soiantific foundation for
upcoming technical guidance documeants.

Meyworls Methane oxidaBon, biofFler, Biocover, design,

INTRODUCTION

Anserobic degradation of organic waste mater in hodills lesds to the production of laodfll g,
which contain mainly methane {CHy; around 60%) and cabon dioside (O0y; around 40%). The
ghobal warming potentia] (GWE) of CH, is 28 over 2 100 years dbservation period; however, within 2
peried of 20 vesrs, the GWP of CH., amaouwnts to 84 (A tal, 2019). On 2 globul perspective,
CH, emissions from landfills represent the largest direct source of GHG emissions from the solid
wasste sector. Acconding 1o the fifih IPCC ssesment report, landfill contribution to greenhouse gases
amounts to approximately 630 Mi O0zeq (Fishedick et al, 2018) Global kndfill emissions are
expected iy rise, since waste generslion per cxpita is expected 10 increase, particularly in developing
naaticons, wholandfill lirge qua tities of hodegradable organic matter | Herous el
high short-term GWE, the nature of bdfills s 2 point source and the magnitude of GHG emisions

. Grivens the

Fronars. iIn Eruronmanital Soisnan | w Sronsemn o 1 Septarmier P2 | VolLma 10 | Arscks DOTEER

Guidance is available!

T e

Task group CLEAR of the
International Waste Working Group
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