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The Billion Ton Study
(I_?erlack et al., 2005)

Mega-biorefineries

~1800 ‘Mg dry matter per day
AII corn stover from —500 mi?
[-Qafg-lll Biorefinery, Eddyville, 1A




Integrated Cellulosic Biorefinery
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Nutrient Grain| Stover| Total
Nitrogen (N) 134 57 192
Phosphorous (P,Ox) 64 16 80
Potassium (K,O)

Calcium (Ca) 1 32 34
Magnesium (Mg) 9 24 32
Sulfur (S) 10 8 18
Zinc (Zn) 0.11 0.17 0.28
Boron (B) 0.03 0.11 0.15
Manganese (Mn) 0.08 0.37 0.45
Iron (Fe) 0.07 1.23 1.30
Copper (Cu) 0.02 0.10 0.12




Chisel

Plow

Nelull

NTRM plots Rosemont MN after 19 years.
Thanks to ARS team in St. Paul.

Depth (cm) Not Removed | Removed % change
0-5 22.4 19.5|-12.9%***
5-15 22.4 20.9| -7.0%***
15-30 AORC 19.2| -5.3***
0-5 21.7 20.3| -6.2%**
5-15 22.4 20.9| -6.8¥***
15-30 20.0 19.9| -0.6

0-5 21.9 20.1| -8.0**
5-15 23.0 22.3| -3.1
15-30 19.5 20.7| 6.4%**




Depth (cm) Not Removed | Removed % change
0-5 0.38 0.36| -5.9
Chisel |55 0.77 0.67 | -11.9*
15-30 0.61 0.55| -9.1
0-5 0.34 0.44| 31.0***
Plow (515 0.67 0.64| -4.4
15-30 0.58 0.56| -2.6
No-till 0-5 0.76 0.38| -50.3***
5-15 0.88 0.79| -10.3***
15-30 0.66 0.66| -0.9

NTRM plots Rosemont MN after 19 years.

Thanks to ARS team in St. Paul.




Chisel

Plow

No-till

Depth (cm) | Not Removed |Removed |% change
0-5 2.95 2.471-16.5%***
5-15 2.78 2.47|-11.1%***
15-30 2.03 2.03| 0.2
0-5 2.71 2.45| -9.4***
5-15 2.12 2.32 |-14.8****
15-30 2.32 2.26| -2.5
0-5 3.17 2.58| -18.5*
5-15 2.67 2.60| -2.5
15-30 1.96 2.05| 4.7

NTRM plots Rosemont MN after 19 years.
Thanks to ARS team in St. Paul.




Chisel

Plow

No-till

Depth (cm) | Not Removed |Removed |% change
0-5 0.255 0.212|-16.9****
5-15 0.248 0.216 [-12.7%***
15-30 0.173 0.174| 0.9
0-5 0.228 0.210| -7.7***
5-15 0.233 0.206| -11.4****
15-30 0.198 0.198| 0.3
0-5 0.280 0.226|-19.3*
5-15 0.238 0.220| -7.6**
15-30 0.168 0.1/0| 1.2

NTRM plots Rosemont MN after 19 years.
Thanks to ARS team in St. Paul.




Chisel

Plow

NeRull

Depth (cm) | Not Removed | Removed | % change
0-5 73.2 53.8 | -26.6™*
5-15 49.6 36.3 | -26.8***
15-30 22.8 15.5(-32.2***
0-5 47.3 33.8|-28.7***
5-15 40.6 32.4|-20.1**
15-30 28.2 21.0|-25.5**
0-5 75.4 37.8|-49.9**
5-15 44.8 38.3|-14.4

15-30 21.3 15.7|-26.3***

NTRM plots Rosemont MN after 19 years.

Thanks to ARS team in St. Paul.




Decline in soils ability to supply nutrients

Soil will need more fertilizer (N, P, & K)
Decrease in water holding capacity of soill

More vulnerable to drought
Degradation of soil structure

More erosion, soil will need more tillage
Increased leaching of N and P

Degradation of water quality
Greenhouse gas reductions from use of bioenergy
will be significantly discounted due to the loss of
SOC and increased energy demand for fertilizer

production and increased tillage.



Current debate:
auch biomass can_
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Pyrolysis

Biomass + heat == Bio-oil + Syngas + Charcoal

Bio-oil energy product (heating value ~19 vs ~43 MJ/kg for
fuel oil). Bio-oil can be refined to make transportation
fuels & co-products. R R N

.-'4' T

Syngas powers the pyrolyser .

Charcoal returned to the soil :f

Red Arrow Products Co.
70 ton per day RPT™ reactor
Operated by Ensyn, Inc.

http://www.ensyn.com/what/rtp.htm




",f:[_'éfﬁ{_ﬁ?hman_n — Modern Fast Pyrolyzer
e Dynamotive Energy Systems Co.


http://upload.wikimedia.org/wikipedia/commons/2/21/Charcoal_pile_05.jpg
http://upload.wikimedia.org/wikipedia/commons/9/98/Charcoal_Kiln.JPG
http://upload.wikimedia.org/wikipedia/commons/7/7a/Charcoal_retorts_cm01.jpg

Fast Pyrolysis

Biomass

Bio-oll
storage
tank

electricity
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Glaser et al. 2001. Naturwissenschaften (2001) 88:37-41



Seifritz, W.: 1993, ‘Should we store carbon in charcoal?', International Journal
of Hydrogen Energy 18 : 405-407.

Glaser, B., J. Lehnmann, W. Zech (2002) Ameliorating physical and chemical
properties of highly weathered soils in the tropics with charcoal — a review.
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http://www.valuechains.org/bewg/Conf2005/Sessions/conservation.htm

Soil Series TOC Char
----g C kg! soil==--
Brennyville (sl) 18.6 1.8
Elliott (sl) 28.7 6.6
Houston Black (c) 36.9 7.6
Vallers (scl) 41.3 13.6
Walla Walla (sl) 10.3 3.6

Skjemstad et al. (2002) Soil Sci. Soc. Am. J. 66:1249-1255.
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Soll 0% 15% 30% 45%
------- % available water (V/V)--------
Sand 6.7 7.1 7.5 7.9

Loam 10.6 10.6 10.6 10.6
Clay 17.8 16.6 15.4 14.2

Data presented by Glaser et al. (2002) Biol Fertil Soils 35:219-230.
Based on work of Tryon (1948).



1 Cation Exchange Capacity
100 to 1000 cmol kg

Charcoal ECEC BS Available K Available Ca Available P
(% VIV) (cmolc kg1) (%) (cmolc kg?) (cmolc kg1) (mg kg?)

0 3.4 35 0.03 1.00 7.0
15 4.2 155 0.22 6.01 ACH)
30 5.1 281 0.46 13.46 37.4
45 5.9 336 0.57 18.56 37.7

Data presented by Glaser et al. (2002) Biol Fertil Soils 35:219-230.
Based on work of Tryon (1948).



Char (Mghatl) Biomass Crop Solil type Reference

0 100 Maize Alfisol Mbagwu &
0.2 118 Maize Alfisol Piccolo (1997)
2.0 176 Maize Alfisol
20.0 132 Maize Alfisol

0 100 Pea Dehli soil Iswaran et al.
0.5 160 Pea Dehli soil (1980)

0 (0[O Moong Dehli soil
0.5 122 Moong Dehli soil

0 (0[O Soybean Volcanic ash loam Kishimoto &
0.5 151 Soybean Volcanic ash loam Sugiura
5.0 63 Soybean Volcanic ash loam (1985)

15.0 AY) Soybean Volcanic ash loam




HRTEM soil charcoal
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Impact of bio-char on manure mineralization

Charcoal: 0, 5, 10, and 20 g kg!

" X 5
125 mL syringe to control Initial bulk density ~1.1 g cm

i drip rate of leachate Leached weekly with 200 mL 0.005 M CacCl,
5 g dry swine manure (3.9% N) added week 1z
i Measure NO,, DOC, BD, CO,, Si and total P
S

«— Fiberglass filter

«<— Column holding 1 kg soil

«— 80 mL sand
<«— Fitting with fiber glass plug

<« 250 mL bottle to catch lechate




Bulk Density (g cm 3 )
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mg NO3-N leached percolumn

Post manure addition
Change in NO, leaching

/7]

Char Manure Control
5 g/kg -6% -6%
10 g/kg -10% -7%
20 g/kg -11%  +64%
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Unanswered questions:

Half life of charcoal in soils 10s to 1000s years?
Potential reduction in N,O emissions?
Stimulate biogenic humus formation?

Conservative guess:

Assuming 1.1x10° Mg biomass:

Then permanently sequester 139 Tg of C and
displace 224 Tg of fossil fuel C per year.

Total C credit = 363 Tg of C per year
(10% of annual U.S. CO,-C emissions)



Assuming 1.1x10° Mg biomass: Then the U.S.
can displace 1.9 billion barrels of fossil oil with bio-oill
(approximately 25% of U.S. annual oil consumption).

Residue required for sustainability (continuous corn)
4 Wilhelm et al., 2007, Agron. J.
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Atrazine (Laird et al. 1994. Env. Sci. & Tech. 28:1054-1061)

Copper (Wu, et al. 1999. J. Envir. Qual. 28:334-338).

The 230t ACS National Meeting in Washington , DC,

Aug 28-Sept 1, 2005
Characterization and Properties of Environmentally Relevant

Black Carbon Particles -- 25 presentations
http://oasys.acs.org/acs/230nm/techprogram/ENVR.HTM

Increasing soil charcoal will enhance water quality!



Scale — flexible and potentially mobile
Feedstock — any dry organic material

Greenhouse gas negative energy — net removal
CO, from the atmosphere.

Farmers — use existing equipment, harvest
sequentially, more biomass, biomass quality is of
little concern, on-farm storage

Build soil quality — increase crop and biomass
production

Improve water quality — bio-char in soil will reduce
leaching of nutrients and pesticides.

Enhance rural economies — LLC’s or local CO-OP
with local financing

Technology — simple, relatively inexpensive, and
nearly ready to implement.



1) Not economical, unless the value of putting
charcoal in soil is considered (Carbon credit or
green payment).

2) Crop production may require new management
systems. Compatibility with no-till? Cover crops?

3) Technology: Optimum pyrolyzer design?
Refining of bio-o1l? Bio-char handling and
application equipment?

4) Research: Soil and Environmental Science,
Engineering, Economics, and Policy.



	Integrated Cellulosic Biorefinery
	Recent literature on the impact of biomass harvesting on soils
	Impact of residue removal on CEC (cmol/kg-soil)
	Impact of residue removal on aggregation �(mass aggregates > 0.25 mm/mass soil)
	Impact of residue removal on % organic C
	Impact of residue removal on % total N
	Impact of residue removal on N mineralization potential (mg-N/kg-soil)
	Fast Pyrolysis
	Interest in soil charcoal  amendments is growing rapidly
	Residue required for sustainability (continuous corn)�Wilhelm et al., 2007, Agron. J.

