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‘Biomass — Opportunities and Constraints

Food
Bioenergy
Bioproducts

Soil health (soil protection,
soil organic matter, nutrients)

Climate forcing (carbon dioxide, methane, nitrous
oxide, black carbon)

“Waste” (agriculture, forestry, invasive species, pine
bark beetle, municipal yard wastes etc)
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' Biomass Systems — Trade-otfs and Synergies
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‘Biochar System — Core Principle
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Coproducts {oil, cosmetics)

Industry

- manure {C} 1“‘]%
- organic wastes
- biognergy crops (grasses, willows)
- crop residues
oroms
Residual heat

Returned to sail
as Bio-char

Lehmann, 2007, Frontiers in Ecology and the Environment 7, 381-387
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‘ Terra Preta as Bioch
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‘ The Value of Terra Preta
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‘Biochar Soil Improvement
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Liang et al., 2006, Soil Sci. Soc. Am. J. 70: 1719-1730
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‘ Biochar Benefits to Soil

= Nutrient retention
= Soil reaction, pH
= Soil structure and solil water relations

» Effects last longer due to greater stability of
charred organic matter

= Soil microbial ecology?

&?“‘“—mﬁ}
fof \ . .
E‘% Cornell University



‘ Nutrient Retention
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Yield Response
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‘ Soil Fertility Benetits Dependent on
Soil Properties and Crop
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Van Zwieten et al., 2009, Plant and Soil: DOI 10.1007/s11104-009-0050-x
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‘Biochar Properties

Carbon recovery (% of initial C)
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Lehmann, 2007, Frontiers in Ecology and the
Environment 7, 381-387
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Soil Physical Properties

Emerging information

88% infiltration increase
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Ayodele et al, 2009, RBCS 33, 137-145
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Soil Biological Properties
Insufficient and emerging information
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Biochar Stability

About 1.5to 2 orders of magnitude greater
than uncharred biomass

Mean residence time in soil: ~1000 years
(at 10°C)

Baldock and Smernik, 2002, Organic Geochemistry 33, 1093-1109

Bruun et al., 2008, Organic Geochemistry 39, 839-845

Cheng et al., 2008, Journal of Geophysical Research, 113, G02027

Lehmann et al, 2008, Nature Geoscience 1, 832 - 835

Liang et al, 2008, Geochimica et Cosmochimica Acta 72, 6096-6078

Kuzyakov et al., 2009, Soil Biology and Biochemistry 41, 210-219

Major et al., 2009, Global Change Biology, doi: 10.1111/].1365-2486.2009.02044.x
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‘Biochar Stability and Stabilization

Chemical stability + particulate nature

Total Carbon

Lehmann et al, 2009, in: Earthscan Publ .‘: Cornell University

Lehmann et al, 2008, Nature Geoscience 1, 238-242



‘Biochar Stability and Stabilization

Saturation (six et al, 2002, Plant and Soil 241: 155-176)

Ordinary organic matter
(plant residues, manures, compost)

Cin Soil

C Input
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‘Biochar Systems
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‘Biochar Systems - Motivation

What was or could be your primary motivation to
explore pyrolysis/biochar? p N

. no Interest in biochar
. soll fertility improvement
. bloenergy, bioproducts
. mitigation of climate change
carbon trading
management of wastes R ———
. systems approach to biomass management
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‘ Biochar Systems View

Life-cycle energy and emission balances
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‘ Lite-Cycle Energy and Emissions
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‘ Lite-Cycle Energy and Emissions
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FEconomic Analysis

(a)

Roberts et al., Environmental Science and Technology, in press g Cornell University



Sensitivity Analysis

Stover collection energy sensitivity: <2%
Stover collection emissions sensitivity: <12%
Biochar yield emissions sensitivity: <13%
Stable C emissions sensitivity: <25%

Syngas energy sensitivity
50% of

Energy yield input baseline (baseline)
Net energy (MJ) 1509 4116
% change -63% 0%
Net CO.e (kQ) -703 -864
% change -19% 0%

Roberts et al., Environmental Science and Technology, in press

150% of
baseline

6722
63%
-1025
19%
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Sensitivity Analysis

Transportation distance
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‘ Energy vs Soil Amendment

Biochar as fuel -617 kg CO,e tt dry stover
Biochar as soil amendment -864 kg CO,e t* dry stover +29%

fes[t . .
Roberts et al., Environmental Science and Technology, in press @)y Cornell University




'Global Biochar Systems
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Fuel Etticiency — Cook Stoves

Case Study Kenya Lower indoor pollution=lower respiratory
. + eye infections
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Fuel FEtficiency

Case Study Western Kenya (Kakamega)

Fuel reduction:

®* Fuel security

®* Lower fuel acquisition time

® | ower pressure on natural resources

Distance per headload: 2.1 km (0.1-6.3)

Wood saved: 4.9 t/household/year (0.9-19.2)
Time saved: 6.2 hours/household/week (0.5-32) &
(30 households) :

Torres, unpubl data




‘Biochar Systems Analysis
Case Study West-Virginia

West Virginia Poultry Farm

99,000 chickens
125-600 t/yr poultry litter

Pyrolysis of 300 kg/hr dry litter
(at 500°C)

Off-sets 114,000L propane gas
US$66,000 /yr

25-120 t/yr biochar
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‘ Biochar Systems

What systems
benefits have to
be harnessed?
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‘Biochar Systems

Social, Financial Benefits

&

¥

S
Cornell University
bm‘9



‘Biochar Systems

How many
opportunities
exist?

Social, Financial Benefits
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‘Biochar — The Way Forward

Not “WHETHER”, but “WHERE"




‘Biochar — The Way Forward

Based on solid science
Taking a “systems perspective”

R&D alongside implementation where
we know enough

CEE . .
Cornell University
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