An environmental comparison between
powdered activated carbon and biochar
for tertiary wastewater treatment

Kyle Thompson

Ph.D. Candidate
University of Colorado Boulder
Environmental Engineering

L

4’;«1—;
‘\
3

, 4 o i AP -
LAY A
M o m._&.,, '

Co-Authors: Dr. Sherri Cook, Josh

Kearns, Dr. Detlef Knappe, Kyle | J
Shimabuku, Dr. Scott Summers

@l University of Colorado
USBI 2016 Boulder

Oregon State University
Aug. 24th, 2016

Natlonal Science roundatlon

WHERE DISCOVERIES BEGIN




Acknowledgements

 National Science Foundation
e Jonah Levine of Biochar Solutions, Inc. and Confluence Energy, LLC
e Cole Sigmon of City of Boulder

 Dr. Sherri Cook & Dr. Scott Summers Lab Groups

o .,.;;F‘_ I‘h
Ol

& National Science Foundation

> WHERE DISCOVERIES BEGIN



Organic micropollutants from wastewater are a
pervasive threat to the aquatic environment.
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Powdered activated carbon (PAC) is a relatively sustainable
treatment method for organic micropollutants.
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Powdered activated carbon (PAC) is a relatively sustainable
treatment method for organic micropollutants.
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Biochar can have a net environmental benefit due to
renewable energy production and carbon sequestration.
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Biochar can have a net environmental benefit due to
renewable energy production and carbon sequestration.

Net carbon abatement (tonnes of CO2 eq. t1)
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Sulfamethoxazole (SMX) is one of the most challenging
organic micropollutants to remove by adsorption.

Percentage Removal with 5 mg/L PAC

0% 25% 50% 75%
ihupmfcnilﬁ“r’i ———— ——

L
1::rprmmde F005) T ———— :: :
menriahamare (3304) i ———{ : :
Rulﬂmtthnmzult Hﬁ ruﬁ . ——— — |
I

1

I

I

I

I

diclofenac (39%) T — s———] |
dilantin (4004 I — — s —————
DEET (409, n—ss————

ﬂdDIEUM_n T —————|

Eﬁthmmﬁcm H20 54@5 A
atrazine (60% T ———————————|

 estriol ) : |
diazenam (67% # - i
m,d_t,:.c.;, CHTLE {7 ) ——————]
I:'ﬂﬂ-f'lnﬂ 'l."ﬂ{}{.l L |
acemnunﬂphen 2 —————
esttone (16%% e ——-
111031{}][[.1.3 Farlhe. |
ethynylestradiol (77% g S——
testosterone (79% ]
androstenedione (400 0 T
trimethoprim 83%
progesterone (86% S ——————|
estradiol 34'{:,3 " e
..
T
oxybenzone (93% _

Westerhoff et al. Environmental Science & Technology, 2005, 39 (17).




This imhgap b a hifieCéy dgasd ebstimitionsadd TRAGIrg.

express environmental impacts in 10 midpoint categories.
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Three adsorbents: PAC, wood biochar, biosolids biochar
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Résatt bavehaorimaaliosdeteePATonmental impacts than PAC
in 8/10 categories.
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Biosolids biochar is worse than wood biochar in all
environmental impact categories.
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Wood biochar had higher impacts from adsorbent storage
and adsorbent disposal.
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Wood biochar had less impact from delivery and an
environmental benefit from pyrolysis energy.
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Biosolids biochar had more impact than wood biochar
because its generation is energy consuming.
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Emission Factors
(relative to California PAC)
o

The relative sustainability of wood biochar depends on its
adsorption capacity.
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Wood biochar usage is sufficient to offset the global
warming impact of an entire wastewater treatment plant.
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Conclusions
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The environmental benefit of wood
biochar is largely due energy
production during pyrolysis.
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Wood biochar has lower
environmental impacts than PAC
or biosolids biochar.
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Relative sustainability of wood
biochar depends on adsorption
capacity.
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