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Global Carbon Pools

Atmosphere, 750 Gt
Fossil fuels, 4000 Gt
Terrestrial, 2000 Gt
l >Soil 1550 Gt
—Biota 450 Gt

38,000 Gt

Lal et al. (1995)
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1970-1999 1990-1999 2000-2006
Sources (billion tons / yr)

Fossil Fuel 5.6 6.5 7.6
Land Use Change 1.5 1.6 1.5
Subtotal 7.0 8.0 9.1
Sinks

Atmosphere 3.1 3.2 4.1
Ocean 2.0 2.2 2.2
Land 2.0 2.7 2.8

Distribution of Emissions (%)

Atmosphere 44 39 45
Ocean 28 27 24
Land 28 34 30

Canadell, et.al. 2007. PNAS
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1990 2000 2005

Emissions

Electricity 16.9 23.3 18.9
Residential, Comm., Ind. 18.6 20.3 19.4
Transportation 37.5 45.9 44.5
Fossil fuel industry 0.5 0.7 0.9
Industrial processes 7.0 6.6 3.3
Waste Management 1.5 2.2 2.4
Agriculture 6.4 6.4 5.4
Subtotal 88.4 105.4 94.8
Sinks

Forestry / Land Use -28.6 -28.6 -28.6
Agricultural Soils -1.4 -1.4 -1.4
Subtotal -30 -30 -30
Net Emissions (MMT COze) 58.4 75.4 64.8

http://www.ecy.wa.gov/climatechange/docs/WA GHGInventoryReferenceCaseProjections 1990-2020.pdf



http://www.ecy.wa.gov/climatechange/docs/WA_GHGInventoryReferenceCaseProjections_1990-2020.pdf
http://www.ecy.wa.gov/climatechange/docs/WA_GHGInventoryReferenceCaseProjections_1990-2020.pdf
http://www.ecy.wa.gov/climatechange/docs/WA_GHGInventoryReferenceCaseProjections_1990-2020.pdf
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Long-term soil carbon trends (measured & modeled) for
Pendleton, Oregon. Winter Wheat — Fallow, conventional tillage
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At least 19.5 Million Dry Tons Biomass in Washington (2009)

Removing 20% of total C
annually ~10% of
Washington’s Net CO2

® Carbon
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Field Animal Forest Food  Municipal
Residue Manures Residue Processing

Total

Nitrogen (Thuosand Dry Tons/yr)

Biomass Inventory C & N:
Over-simplified math to illustrate a point
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176,000 MT of
synthetic N fertilizer
inputs in 2001

m Nitrogen

Field Animal Forest Food Municipal Total
Residue = Manures Residue Processing
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Current Generation Soil Amendment Products

Composts, biosolids, manures, etc.:
Recovered C, N, other nutrients,
microbial activity, etc.

Costs of Production
* Winter Wheat ~$300 — 400 / acre
* Winter Canola ~$200 — 250 / acre
N fertilizer up to 40% of cost
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Closing the Loop on Organics:
Next Generation Bioproducts

Critical Characteristics for Next Generation
Organic Soil Amendments

« Consistency and reliability
* Predictability
* Precision

Cost / Value of Production »
 Potatoes - ~$3,000+ / acre Brassica Seed Meal
» Spinach Seed - $3,000 / acre
» Sweet Cherries- ~$9,500 / acre
« Greenhouse / Nursery -- $600k — $800k / acre

Digested Dairy
Solids

Biochar .+ JI® roitifis
e

¢ ertilizerR
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Next Gen Bioproduct Example:
BSM for pathogen suppression / fertility
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L. Carpenter-Bogas. 2009  weeks
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A final sustainability
concern: trade-offs

Ethanol produced from winter wheat straw 7=
(gallons/ac)
87 -100

100-120 Fijeld average:
120-140 145 gal/ac

0 750 1,500 3,000

Residue C annually returned to soil

(kg/ha) :
1000-1500 Fieldaverage:
1563 kg C/ha
1,500 - 2,000
B 2.000- 2,500

A

Annual C additions needed to maintain soil organic matter: 2000-2500 kg C/ha
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Trade-offs from residue removal for energy

Nutrient Removal in Baled WW Straw
Yield : 90 bu/ac - WW N WW P205 WW K20 WW S

BriodAverage;: 3170 Ibsiagy ‘ 7 (Ibs/ac) (Ibs/ac) (Ibs/ac) (Ibs/ac)

| |853-1054 [ |330-418[ |1987-2453[  |1.83-226
| |1054-1254[  |418-498[ |2453-2020[ |226-269
I |1254-1a55[  |498-577 [ ]| 29.20-3387 2.69-3.12
B 1455-1655 [ 577 - 6.57 [ 3387 -38.53 [ 3.12- 355
I 1655- 1856 I 657 - 7.36 | 38.53- 43.20 ] 355- 3.98

WS &= ’ -+ WW N WW P205  WW K20 WW S
s T " S ($/ac) ($/ac) ($/ac) ($/ac)
[ Jae9-580 [ |203-251[ |497-6.13 [ ]095-1.17
[ |s580-6900 [ ]251-299[ ]6.13-730 [ ]1.17-1.40
[ ]e690-800 [ ]399-346[  |730-847 [ ]140-162
B soo-910 [ 346-394 [ 8.47-963 [ 1.62-1.84
B o10-1021 |l 394-4.42 | 263-10.80 ] 1.84-2.07

Average $7.85/ac $3.40/ac $8.31/ac $1.59/ac

Nutrients in 1 Ton of WW straw = >$13 (NPV summer 07)

WSU Cook Agronomy Farm, Pullman, WA
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Conclusions

World Class. Face to Face.

Comprehensive climate change mitigation efforts need to addre
terrestrial carbon pool (soils, vegetation, organic wastes)

Organic wastes represent sources of carbon, nitrogen, other
nutrients and benefits as well as fuel and GHG reduction

Research to develop next generation technologies / products will
maximize benefits of using organic materials

There will still be sustainability trade-offs that need to be understood
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2000-
1980's 1990's 2005
Net sources
Fossil fuel CO2 emissions 54 6.4 7.2
Land use change flux 1.4 1.6 NA
Net sinks
Ocean-atmosphere flux -1.8 -2.2 -2.2
Residual Land Sink -0.3 -1.0 NA
(Net land-atmosphere flux) -0.3 -1.0 -0.9
Atmospheric Increase (Gt / yr) 3.3 3.2 4.1

Adapted and simplified from 4t IPCC Report: the Physical Science Basis. 2007



