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Landfill gas

a Clay soil covers — widely used; formation
of cracks

a Issues with oxygen ingress
o Insufficient nutrients
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e Gas distribution / flow
77 balancing layer

Wa.ste layers

Advantage:

Enhanced CH,
oxidation compared to
soil cover

Biocover materials used:

Mature Compost
Sewage sludge
Mulch

Sugar beat
Sedge peat moss
Yard waste

Activated Carbon
Earthworm cast
Wheat straw
Bark chips

Wood chips
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Coarse material
L i

be used?
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Which type of biochar is suitable?

Can methane adsorb to biochar? If so, how much?

\ J
e R
What environmental factors affect methane

adsorption?
_ y,
-

p
How does the biochar amendment enhance

kmethane oxidation in soil covers? )

( )
How to quantify transport, adsorption and oxidation

kin biochar-amended soil covers?

J
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‘Biochars Selected

BS (Biochar Pine Wood Slow 350 - 600°C 6 hrs Screened

solutions pyrolysis through 3mm

Inc.) mesh

CK (Char 90% pine & | Fast > 5000C <1hr Activated with

King Intl.) 10% fir pyrolysis oxygen

wood
AW (Aztec Aged wood Pyrolysis - ~ 4000C NA Inoculated with
Wonder, LLC) | chips conventional microbes &
kiln screened through

4mm mesh

CE-WP1 Wood Pellets | Gasification ~ 5200C NA N/A

CE-WP2 Wood Pellets | Gasification | ~ 520°C NA Not subjected to
fine ash filtration

CE-AWP Wood Pellets | Gasification ~5200C NA Fine ash
separated

CE-WC Wood Chips | Gasification | ~520°C NA N/A

GAC was obtained from Fisher Scientific and tested
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. Parameter |  Method |
ASTM D 2216
ASTM D 2974
 PpH,ORP,EC | ASTM D 4972
ASTM D 422
| Specificgravity =~ ASTM D 854
 Drydensity = ASTM D 2937
Water holding capacit ASTM D 2980
ASTM D 2434
ASTM D 2435
 Shearstrength ASTM D 3080
ASTM D 3172-07a
CHN Elemental Analyzer
Zeta Meter 3.0+ System
EPA SW8270C
EPA SW6020

SEM Imaging Porosity & surface area .
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Expected Outcomes

O To what extent CH, adsorption
OCCUrs in various biochars &
biochar-amended soils?

Batch Experiments

d What biochar properties
control CH, adsorption
characteristics?

d To what extent do varying
levels of moisture,
temperature and exposed CH,
concentrations affect
adsorption characteristics?




Maximum adsorption capacity, mol/Kg
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Batch Experimental Results — 259C
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BS

CK

AW CE-WP1 CE-WP2 CE-AWP CE-WC

Biochar type
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Column Experiments

Expected Outcome

e T What are the effects of
E CHL} loading rate &
moisture on combined
transport & adsorption
o
characteristics-
B |Synthetic LFG Cylinder
Ll




Effluent CHg conc. (mol/m3)

Results for CE-WP2 biochar

(A) Dry Conditions
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Pre-incubation of soil

Sampling
port w/

septum

Landfill soil ]

{}

[

Gas mix - (25%
CH,, 25% CO, &
50% N,) & air

]

:[ Gravel ]
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Batch incubation tests

Syringe}\?'
| |

Septum w/
aluminum
cripms

S
125 ml
serum vials

Biochar-
amended soil

O How much of CH, reduction is achieved
through combined adsorption &
oxidation?

O What is the rate at which CH, reduction
occurs at varying amendment ratios,

moisture & temperature conditions?
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CE-WP2 at 25% WHC & 25°C
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Average Headspace CH, Concn. (%, v/v)
N
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Soil S+29% BC S+5% BC S+10% BC S+20% BC
Sample
EDay 1 mDay 2 = Day 3 mDay 4 mDay 5
= Day 6 = Day 7 = Day 9 ~“Day 11 = Day 12
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Col. 1 | Soil control Research Goal: To
Col. 2 | 2% biochar-amended soil at 20-40 cm examine long-term
depth only trends in CH, oxidation
Col. 3 | 10% biochar-amended soil at 20-40 cm efficiency in simulated
depth only landfill covers with
Col. 4 | 10% biochar amendment throughout 60 different biochar
amendment amounts &

configurations

Sensors:

« TDR sensors at 3
depths measure:
Temp., volumetric
water content, & EC

« Column tensiometers
at 25 cm depth

- Data logged
continuously on
CR1000 data Iogger15
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Inlet and CH, oxidation efficiency calculated What are long-term and

outlet CH, via mass balance max. oxidation efficiencies in

concentrations each test setup? How do
these rates change over
time?

Weekly gas Gas profiles compared over time At what depth is maximum

profiles of CH,, | and among columns; extent of O, zone of oxidation?

CO,, O, ingress

Initial & « Cover physical-chemical « Assess changes in cover

Terminal properties: OM, MC, pH, ORP, EC, properties after

sampling of hydraulic conductivity, specific incubation

substrates gravity, GSD « Relative abundance &

after 1 year « DNA/RNA-based assays for MMO activity of methane-

incubation genes (qPCR, community oxidizing bacteria (MOB)

profiling) « MOB community
composition

Batch Rates and kinetics of CH, oxidation | How do oxidation rates vary

incubation with depth in each soil after with depth and cover type?

testing incubation
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« Plan to install field-scale systems within
intermediate covers at two active landfills in IL

« Results of ongoing tests will inform selection of
field-scale design (i.e. % amendment and
method of application)

Field scale application will
allow investigation of
seasonal and long term
impacts on biochar-
amended landfill covers
using typical cover soils

(left) DeKalb Co. landfill
Sep. 24, 2013
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Illinois Sustainability Technology Center (ISTC)
Illinois Biochar Group

Chip Energy, Inc.
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