Turning Research into Practice

Cornell University’s Agricultural &
Forestry Research and Institutional
Actions
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* Land-grant university with “
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_____

international presence
 Recognized leader in Education, Research and Outreach
e 20,000 students taught by 3,000 faculty
* 319,000 metric ton CO,-e footprint

e College of Life Science and Agriculture manages
>14,000 acres of forest and farmland
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Linked Missions In Sustainability

e Atkinson Center for A
Sustainable Future
Physica

e 11 Undergraduate &
Plant

Graduate Colleges

e Cornell Cooperative
Extension

e Office of Energy &
Sustainability
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Climate Action Plan Portfolio

Business As Usual

GREENHOUSE GAS REDUCTION WEDGES

Current Path Without CAP

® Energy Conservation

ji——# Allernative Transportation

——& [Fuel Mix And Renewables

Offsetting Actions
@ |PCC Climate Stabilization

. ~~~~=® Neutrality Goal
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Cornell University

Climate Action Plan Portfolio
Agricultural & Forestry Options

Mitigation

Potential % of 2050 Savings
— (Tonsly) _ Portfolio ___(Cost) $/Ton_ .., - Current Path Without CAP
iﬂ:ﬂnﬁ\ﬁmﬁtiﬂn E:}HH‘\mNm\‘warm”w ,@MMF: "‘”wHm\‘HwH\NMNM\‘WH‘HHNM\‘WH‘HHJWHZ ) - 7 e LRy -
Forest
Management 5.0% 250000 - ® Enarn
§iqgmﬂvﬁmwmwmwmwmwumww é’iuwmwmwmwmwww "‘wwmwmwmmuwmwmwmwmvmwwwmmw30ff ; i .
Soil Tillage 77 | 0.1% 200000 - Alternative Transportation
Biomass
Gasification* 20.0% 150000 Fuel Mix And Renewables
Methane
Digestor — 100000 - Ag/Forestry Options
Total Ag &
Forestry 26% 50000 - Offsetting Actions

* Alternate heating option to deep hot rock geothermal 0 -
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Climate Action Plan Portfolio
Agricultural & Forestry Options

Mitigation Conservation Soil Tillage

Potential % of 2050 Savings . _
___________ (Tonslyr)  Portfolio __ (Cost) $/Ton_ *CO, sequestration rate = 0.4
Afforestation = 3,600  12% tons/acrelyear
Forest :
Management 15,000 -Curren_tly practiced on 900 acres
B e «Potential shot term expansion planed
Soil Tillage - 400
evRBL. .. 00 to 2000 acres.
Biomass Environmental
Gasification 60,000 1
Meﬂ”ﬂWWW”““““‘“““““”‘”‘”‘“““ e L
Digestor =
Total Ag &
Forestry 79,490 26%

Institutional » Social
Econ-omic N
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Cornell University

Climate Action Plan Portfolio

Agricultural & Forestry Options

Mitigation

Potential % of 2050 Savings

(Tonslyr) Portfolio (Cost) $/Ton
Afforestation 3,600 1.2% $(6.90)
Forest
Management $(1.35)

Biomass
Gasification 60,000 20.0% $35.00
MetM‘MWW‘N“‘“”?”‘“*“““”““‘ JMmMMwwwmw‘ ' ‘wwmwwww;

Digestor i
Total Ag &
Forestry 79,490 26%

sustainability.cornell.edu/

Afforestation & Forest Management
*1000 acres idle pasture/cropland
available for planting

« 3.8tons CO, /acrelyr
*Existing 6,636 acres of forest could
sequester an additional 0.9 tons CO,
lacrelyr

Environmental

4]
Institutional j Social
SUSTAINABILITY
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Forested Land

Coos

Forested = 100-250 Peoplelsq mi

500-1000
I ~>1000
Il Urban area

0 000 20 3000 4000 5000
Per Capita CO, Emissions (kg Clpersonlyear)
! Transportation WM Residential ! Commercial M Indust-a

Fuelwood harvesting Afforestation Forest preservation

Coos En I ) 7%

Grafton 29% ] 1% | - 139%

| Tompkins % 1 s ] _ 3% ] l
Chittenden E‘% | 0% ] 18% ]
Worcester 2% ] 1% ] 1% ]
Baltimore 1% ] | 3 ] 4% ]

Essex 1% ) 0% ] 5% I (Hubbard Brook
Middlesex 0% | 0% ] 2% | Research Foundation,
Baltimore City - ] o | [® ] 2010; Raciti et al.)

1 1 1 1 J 1 1 1 1 ] 1 1 L |

1
0 20 %0 &0 80 100 0 20 0 &0 80 00 © 20 %0 &0
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Institutional Social

Economic

Mitigation Potential: 9,000 Tons CO, (3% of projected 2050 campus footprint)
Energy Recovery resulting in $88/Ton CO, savings, with waste stream reduction
Research, Education and Demonstration Opportunity
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CURBI Operating Chart

Wood-based Crganics Non-Woody Organics Used Vegetable Gil
Sawdust, bedding, forest Food waste, hydrolysate,

- Compression o - Soil amendment - Soil amendment - Compression fo - Ferilizer

Bequid fuels - Carbon - Pyrolysis fusl lbuid fuseds. - Green filter

- Combined heat sequesiration - Vermiculture - Combined heat - Saleable product
and power (CHP) - Fuel source - and power (CHF)

- Fuel cell - Digester additives - Saleable product - cell

technology - Saleable product technodogy

- Direct power or - Direct power or

heating heating

URBI

Renswabile Blcanargy Initiatve



RESOQURCES

R T T e e T e e e T e TR R SR SET TR
: .',...)...,...)...-,...,...)...,...,..:......‘,...\...._....)...)...)...,..‘..:....<.-.{...{...( ..... : .o
- - CO, OFFSETS

Support Energy Efficiency
in the Community

snsdesoad snad sond sond sasd =

OFFSETTING ACTIONS SUMMARY

APPROX ANNUAL GHG REDUCTION ACTION STARTS NEXT STEPS FINANCIAL
Metric Tons Percent of 2050
(CO, Equivalent) Footprint
defined mission- 23,000 7% near-term generate costs money
linked offsets project plan
undefined mission- 61,000 19% long-term define in costs money
linked offsets future
community 3,000 1% mid-term develop protocol costs money
offsets with community
TOTAL 87,000 27%
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Agricultural Carbon
Management for Climate Change
Mitigation

Johannes Lehmann

Department of Crop and Soil Sciences

David R. Atkinson Center for a Sustainable
Future

Sam Bosco
Department of Horticulture
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Cornell University

More organic carbon in solils than in all plants and the
atmosphere combined

Every 14 years, all carbon in the atmosphere is taken
up by plants and recycled through soil

Biomass Land use Manual Land Net primary
Cement Fossil fuel energy change Fires fires  respiration  sink production

'y

0.1 34 /521-04 1.8 57

0.4 0.5 0.6

River
Weathering | outgassing

Frozen soils .
[400] Wetland soils
[450]

e

_____
= ~

1.1
________ - Export to ocean

Units are Pg C for
reservoirs and Pg C yr~ for fluxes

Sabine, 2005, Encyclopedia of Life Science
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Cornell University

Some soils have lost 20 to 80 tons OC/ha
Historic losses of 44 to 537 Gt of OC through agriculture

Lal, 2004, Science

sustainability.cornell.edu/ SUSTAINABILITY

AT CORNELL



Cornell University
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Cornell University
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Assessment:

Measurement-based?

Practice-based?
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sas, Quality matters!

30 -
20 -
10 - 12 t C/halyr
: After two
0 years
Biochar Tithonia
. (n=3)
Kimetu et al., 2010, AJSR 48, 577-585
A
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Absolute Soil Carbon Change (mg/qg)

300

250 A
200 A
150
100 A
50 A

50 -
100

300

200 A

100 A

Kimetu et al., 2010, AJSR 48, 57 1—o55
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! Green Manure
| fr Stabilized Carbon.
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Time of continuous soil use (years)

120

[ T

Qd 2l qk \S
ks Soil organic C (%) ke

T

(n=3 for regressions)
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Moebius et al., 2008, SSSAJ 72:960-969
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Chronosequence,
Western Kenya
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Soil Carbon (mg/g)

(n=2-4; means and SE)

Compiled from Solomon et al., 2007, GCB; Ngoze et al., 2008, GCB;
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Fossil fuels

|
| production
| L —
| Electricity Pyrolysis facility
production Heat exhaust ,
| 4 Biochar :
| v v T v Soil |
Biomass collection Shredding Drying ] Slow pyrolysis application
I A A A I
I T ; Syngas g I
i heat g
| i product T ! ) I
. 5 [ ;
| | Farm equipment, |! . - |
e | : Fertilizers
| | agrochemicals : (_) T (_) i |
I : Construction Natural gas pro_duction |
| (a) Compost materials & combustion |
L e e e e e e e e e e e e e e e e e e e e e e e e e e — |

Roberts et al, 2010, Environmental Science and Technology 44, 827-833
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Cornell University

Greenhouse gases (kg CO.e t* dry feedstock) Biochar Systems
0 300 600 900

@ & emi 1 Net = - 864 LUC & field
® 9o emiss.

> reduct. |G W agrochems
>3 emi W Net=- 793 field ops
T 9
+ @ reduct. | NG m other
S fn emit. B Net=-442 W stable C
= s
0 _Sreduct. I avoid foss fuel
- m - gen. & comb.
§ 7 emit Net = +3EI W land-use seq.
? sfeduct reduced soil

L emit. _ N20O emiss.
B Net=-885 M avoid compost
> Zreduct. | NG [

Roberts et al, 2010, Environmental Science and Technology 44, 827-833
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Cornell University
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Late stover, high C price

Slow pyrolysis
(1-10 tons/hr capacity)

Roberts et al, 2010, Environmental Science and Technology 44, 827-833
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Measurement-based?

Practice-based possible, but:
- Must include soil/climate information

- Must recognize system-accounting
(Combination between measurement/practice-based)

Predictable variability # uncertainty!
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Cornell University
David R. Atkinson Center
for a Sustainable Future
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f President Skorton’s Cornell's Climate
Tﬂ' Climate Commitment R R
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ACSF 350+
Leadership Faculty
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Team d ~| engaged

Atkinson Center for a \_with AC
Sustainable Future (ACSF)

Academic
- 4 Venture Fund
{ T : L A[itrateg'n: Faculty ]
i, ; Cluster Hiring
" ; - 1l il | Y "..‘Jh.._ .‘

Topical Lunches symposiaand
build teams Workshops






