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Biomass for bioenergy: Outline*

» What sources?

» Why?

» Which crops preferable?

» Current resources?
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What is Oak Ridge National Laboratory (ORNL)? U.S. Department
of Energy’s Largest Science and Energy Research Center:

- Nation’s
3,000
$500M largest
bug5§t em4 IAE)Oges relsjzgcs:h modernization materials
9 ploy agnnually investment researqh
. ~_portfolio
Most , .
powe.rfullc.)pen m ovs\{toi::?e?\s e World-class Natiqn’s bm;?fg(')r;g ‘
PR SC|ent|f|c . research most diverse US. [TER

computing reactor

& energy portfolio
_ facility

source

project

% OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE U.S. DEPARTMENT OF ENERGY



ORNL's Mission

Deliver scientific discoveries that accelerate the
development and deployment of solutions in clean
energy and global security, and in doing so, create
economic opportunities
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Bioenergy research at ORNL: basic sciences to applications
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Biomass for bioenergy: Outline

> What biomass to use?
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Q: What percent of
global population uses
biomass for bioenergy?
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Q: What percent of
global population uses
biomass for bioenergy?

alit depends on definitions)
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Defining biomass for bioenergy

* One cannot answer questions about what, where
or how much biomass for bioenergy until the
terms are clearly defined.

* Definitions are often political or regulatory.

 Example from Environmental Protection Agency
of USA (US EPA) for the final rule (2010), under
US Energy Independence and Security Act (EISA
law, December, 2007) also known as the
Renewable Fuel Standard-2 (RFS2):



Defining biomass for bioenergy

US RFS 2: “Renewable biomass means each of the following (including any incidental,
de minimis contaminants that are impractical to remove and are related to customary
feedstock production and transport):

1.

Planted crops and crop residue harvested from existing agricultural land cleared
or cultivated prior to December 19, 2007 and that was nonforested and either
actively managed or fallow on December 19, 2007.

Planted trees and tree residue from a tree plantation located on non-federal
land (including land belonging to an Indian tribe or an Indian individual that is
held in trust by the U.S. or subject to a restriction against alienation imposed by
the U.S.) that was cleared at any time prior to December 19, 2007 and actively
managed on December 19, 2007.

Animal waste material and animal byproducts.

Slash and pre-commercial thinnings from non-federal forestland (including
forestland belonging to an Indian tribe or an Indian individual, that are held in
trust by the United States or subject to a restriction against alienation imposed
by the United States) that is not ecologically sensitive forestland.

Biomass (organic matter that is available on a renewable or recurring basis)
obtained from the immediate vicinity of buildings and other areas regularly
occupied by people, or of public infrastructure, in an area at risk of wildfire.

Algae.

Separated yard waste or food waste, including recycled cooking and trap grease,
and materials described in § 80.1426(f)(5)(i). Source: http://www.epa.gov



http://www.epa.gov/

Defining biomass for bioenergy

* Simple definition: biomass, n—material
originating from living or recently living (non-
fossil) sources.

Examples include parts of or whole plants, animals,
algae and marine organisms.

Source: This was the shortest of several proposals to ASTM International Standard Committee,
based on similar definition in use in EU (current EN Standard); September, 2014 subcommittee
work group.



Defining biomass for bioenergy

Many other definitions — even in “international standards”:

From “ASTM E48.91” SUB-COMMITTEE ON TERMINOLOGY

Current Definitions of Biomass in E1705: [committee.sub], attribution,
Terminology Standard,

biomass—total weight 6f living matter in/a given volume. When considered as an
energy source, biomass is fur abdivided into: (1) primary biomass, rapidly
growing plant material that may be used directly or after a conversion process for
the production of energy, and ( 2) secondary biomass, biomass residues remaining
after the production of fiber, food, or other products of agriculture, or biomass by-
products from animal husbandry or food preparation that are modified physically
rather than chemically. Examples include waste materials from agriculture and
forestry industries (manure, sewage, etc.) from which energy may be produced
The above distinction noted between primary and secondary biomass is based on
economic factors; these are de erently in ecological science. E1126

biomass—any material{excluding f055|l fuels, which is or was a living organism

that can be used as a fuel @ 3 conversion process. Peat is not a
biomass. E1126, E1218

biomass, n — biological material including any materiat©other than fossil fuels
which is or was a living organism or component or pro ivi sm.

[D02.12] D5864; [D02.14] D6469, 4175




Defining biomass for bioenergy

Key points:

 We cannot answer questions about “what,
where, or how much” biomass — current and
future — unless we start with a clear definition.

* Definitions vary depending on purpose.

* One consistent aspect of definitions: when
discussing bioenergy, definitions exclude
fossil fuel.
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sroear carson  Why biomass for bioenergy: Total Global Emissions

PROJECT

Total global emissions: 39.4 =& 3.4 GtCO, in 2013, 42% over 1990
Percentage land-use change: 36% in 1960, 19% in 1990, 8% in 2013

Data: CDIAC/GCP
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Three different methods have been used to estimate land-use change emissions,

indicated here by different shades of grey
Source: CDIAC; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014
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srosar carson  Why biomass for bioenergy: Global Carbon Budget

PROJECT

Emissions are partitioned between the atmosphere, land, and ocean

Data: CDIAC/NOAA-ESRL/GCP/Joos et al 2013/Khatiwala et al 2013
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Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Joos et al 2013; Khatiwala et al 2013;
Le Quéré et al 2014; Global Carbon Budget 2014
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http://www.globalcarbonproject.org/carbonbudget/

Why biomass for bioenergy?

Key points:

* Fossil fuel consumption is the problem. Impacts
— Air quality
— Sustainable employment
— Equity today and for future generations and
— Climate change

* Need effective alternatives to fossil. Bioenergy:

— |s dispatchable for power, electricity, heat, mobility and
other services

— Can replace liguid and gaseous fossil fuels in existing
systems

— Stores chemical energy for future use and helps balance
other more variable renewable resources



United Nations Environmental Program
(UNEP): Land degradation by soil erosion

e More than a billion
hectares affected
worldwide

e 2 -5 Mha cropland
severely degraded
every year

e Data and effects
with high variability

o Way forward to meet
future demands:
iImprove local land
management

Source: UNEP, Assessing Global Land Use (2013)




Why biomass for bioenergy?

Key points:

* Fossil fuels are primary climate change problem;
Land management is one part of the solution.

* Current land management must improve

* Society needs effective incentives to improve
land management.

* This leads to another topic requested for today...
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DOE Bioenergy Technology Office’s

g b Energy Efficiency &

Sustainability Activities ENERGY | renewable Energy

Identifying and addressing the challenges for sustainable bioenergy production
through field trials, applied research, capacity building, modeling, and analysis.

Feedstock
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e Evaluate air
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* Minimize water
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| Bomass Program
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Which crops preferable? Apply criteria: Indicators of

environmental and socioeconomic sustainability
Greenhouse gas emissions Social well being

. . . Social External
Productivity Soil quality acceptability irolia
Biological Water quality ~ Resource Energy
dlverSIty and quantity conservation security
Air quality Profitability

McBride et al. (2011) Dale et al. (2013)

Ecological Indicators Ecological Indicators

11:1277-1289 26:87-102.

Recognize that measures and interpretations are ¢
Efroymson et al. (2013) Environmental Management 5



N ATTONAL I ABORATORY

Looklng at the biofuel supply chain = ®ou e Nunoww: Lusowsrox

In terms of sustainability indicators

Feedstock Feedstock Conversion to : _ Biofuel
production logistics biofuel R — End uses
I_ . Harvesting Conversion | Engine type
Land condibions and collection process Transport and efficienc
f”xfﬁiiii&ﬁ]lll.{-_ 7 RANN 11522 I Y S e T S I I I
gz 77 it 17777 R 111 %22 c: e 077 AR 1] 255 |27 SR
J Feedstock type Processing Fuel type Storage - Blend conditions
vz III s - B N B N FHE SN
A BRI ISS = vzt PO
JManagement Storage Co-products
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i ﬁ] T fﬁffﬁii:iﬁ ] B IR
Transport Environmental Socioeconomic
B S g Soil quality FZz2 Profitability
ZZeall L Water Social well being
SS9 Greenhouse gases [ External trade
Efro_ymson etal. (2013) _ [ Biodiversity Energy security
Environmental Management 52:291-306. Air quality B350 Resource conservation

Dale et al. (2013)

Ecological Indicators 26:87-102.

atetyt

3 Productivity

EEE Social acceptability

[ Categories without major effects



Which biomass crops are preferable?

Preferred biomass production systems —
* Promote improved land management
* Provide other services to society

* |Increase efficiency and help minimize or eliminate:
— fossil fuels
— “wastes”

 Reduce “climate forcing” (different from GHG emissions —
and worthy of a separate talk)

 Can compete in the local market
* Support adaptive management
* Promote continual improvement toward “sustainability”

What biomass sources are recommended?
- Those that most effectively achieve society goals



Biofuels need to be sustainably managed
BIOFUELS

HE STATUS QUO

INHERENTLY UNSUSTAINABLE

Production of Non-Conventional Pefroleum
with Loss of and Harm to Natural Ecosystems

INCREASING GREENHOUSE GAS EMISSIONS

Loss OF BIODIVERSITY
AND WILDLIFE HABITAT

ALTERED NATURAL
HYDROLOGY |

Decreasep LSt
*ﬂ SOIL ORGANIC | |NCREASING
£ CARBON TRANSPORTATION
' HAZARDS

ooy 4.8

INCREASING
COSTS TO FIND
AND ACCESS

DAMAGED WATER QUALITY

FEL LIS L S TSI L TS

IS

POORLY MANAGED

Use of Unsustainable Land Management
Practices and/or Conversion of Perennial
Ecosystems fo Intensive Agriculture

INCREASED GREENHOUSE
GAS EMISSIONS

DEecREASED SOIL
ORGANIC CARBON
.
INCREASED SOIL EROSION

INCREASED FERTILIZER USE
AND LEACHING/EMISSIONS

DAMAGED WATER QUALITY

SUSTAINABLY MANAGED

Development of Biofuels Based on
Sustainable Land Management Practices
and Perennial Feedstocks

REDUCED GREENHOUSE
X GAS EMISSIONS
-~

INCREASED
BIODIVERSITY AND
WILDUFE HABITAT

r
TR

INCREASED

e i i T
INCREASED SOIL

! ORGANIC CARBON
i 5 Hifl{ 2 TR 21
" INCREASED SUSTAINABLE

RURAL DEVELOPMENT

REDUCED SOIL EROSION

REDUCED FERTILIZER USE
AND LEACHING/EMISSIONS

IMPROVED WATER QUALITY

Dale B et al. (2014) Take a Closer Look: Biofuels Can Support Environmental, Economic and Social Goals. %OHK RIDGE
Environmental Science & Technology 48(13): 7200-7203.

- Mational Laboratory
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Q What percent of global
" population depends on
bioenergy as their primary
household fuel (e.g. for
cooklng and heatlng)’?



. What percent of global popuiétibn'd‘epéh-ds on
- bioenergy as their primary household fuel (e.qg. for
“». cooking and heating)?

lable 15.2: People Relying on Traditional Biomass (million)

2004 2015 2030

Sub-Saharan Africa 575 627 720
North Africa 4 5 5
India 740 777 782
China 480 453 394
Indonesia 156 171 180
Rest of Asia 489 521 561
Brazil 23 26 27
Rest of Latin America 60 60 58

Total 2528 2640 2727

{ Chapter 15 - Energy for Cooking in Develnplng Countries 431 ;|

A: 38% (2 5 billion-out of 65 J}w_ otal pop in"2006; -

' r*"r J,Mgr wryr:rr}/ @r I




Tradltlonal biomass (cooklng)
represents about 9% of primary
global energy use. Q: What
percent of primary global energy

comes from I|qU|d biofuels?



OSSN R .

A: While traditional biomass |
represents about 9% of
primary global energy use,
less than 1% currently comes
from liquid biofuels,

\

\t Aangts.



What are current sources of biomass? |
Global consumption: traditional, heat

Estimated Renewable Energy Share of Global Final Energy Consumption, 2012

Biomass/
Modern Renewables geothermal/
10? solar heat
(e}
4.2%

Fossil fuels

78.4%

Wind/solar/\, Biofuel

.

biomass/
geothermal
power
2-6%
Nuclear power
RENZ2 15"
HERARBEO

RENZ21. 2014. Renewables 2014 Global Status Report (Paris: REN21 Secretariat).
F F &




Current biomass sources: biofuels
Ethanol, Biodiesel, and HVO Global Production, 2000-2013

Billion Litres World Total

120 116.5 Billion Litres

100 B Hydrotreated Vegetable Oil (HVO)
I Biodiesel
I Ethanol

80

60

40

20

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

REN2 15k
REN21. 2014. Renewables 2014 Global Status Report (Paris: REN21 Secretariat). RS0




Current biomass sources: wood pellets

Figure 7. Wood Pellet Global Production, by Country or Region, 2000-2013

Million Tonnes
25 World Total

23.6 Million Tonnes

I Rest of World

20 Rest of Asia
i China
M Russia
15 M United States and Canada

" European Union (EU-27)

10

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

www.ren2l1.net



http://www.ren21.net/

Current biomass sources: Large losses =
opportunities for future improvement

Biomass Resources and Energy Pathways

Purpose- Forest Agriculture Food and Municipal
grown and forest fibre wastes*
crops residues processing

‘“ residues

il m 4z ~da !la
= all

o D A &> ER

Food %L\ergg;al %Z%Ttggll( Materials Energy

Modern
bioenergy

Losses
Industry

Buildings

* Organic solid and liquid wastes

REN21. 2014. Renewables 2014 Global Status Report (Paris: REN21 Secretariat).

55.6 EJ

Traditional biomas:

Fuel wood,

crop residues,

dung from harvesting
and scavenging

&

Global annual
primary biomass
demand

21:
EZ%!!ID




1 Kg of LPG (liquid petroleum gas) is approx.
equivalent to 6.5 to 30 kg of traditional biomass:

Efficiency Typeofstoves

Woodequivalent(inkg)
*'g Improved
5 28%
8
=
Traditional
20%
Replacementinwood equivalent (inkg)
Improved (] 7.3 retort (1) 35%
20% -...l 25 ) 99PDSVRIB(10,2 improvediiln @) 25%
GO DIVDDHODOD@DOE@C 21,2 vadionalkin @ 17%
£
o

Traditional » 10,2 ‘
12% DOP4:5 ) eV VVVEVOODE 143 ,

@SOSV ISPIDTIIIDIOODBE 29,7

Source: Sepp 2014 (giz)
S YEE R Y '\




» What?
» Why?

» What are future sources?

» Examples |
» Discussion |
> Resources for more,igformatie



What are future sources of biomass for
bioenergy?

r. . | ‘-_

Photo credit: Ron Savage http: //51erraV|sta|maqes zenfolio.com/




Q: What are future sources of biomass for
bioenergy?

A: Lots more. .
of the same [i
in near term ¢ %' |

Photo credit: Ron Savage
"’W P http://sierravistaimages.zenfolio.com/
L ey




LA Optlons exist that If developed with
care, could contribute to enhanced
food AND energy security
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Projections of future biomass resources
depend on targets —> wide range of estimates:

— 675
. = 675 EJ

B

w

i Agreement in the Literature A

=

"E. 125 B o

2 B Wedium

=

- M High

g 1001 ... Global Bicenergy Use in 2010

2

Fad

o

E 7

Bs

B

<]

5 v
e

>50 EJ
(less than
current use)

25

Projected Industrial ~ Forestand Dedicated Optimal

Reduced Organic Agriculture Crops Forest
Demand of Residues Residues Harvesting
Traditional

Biomass
Figure 11.20. Global Technical Bioenergy Potential by main resource category for the year 2050. The
figure shows the ranges in the estimates by major resource category of the global technical bioenergy
potential. The color grading is intended to show qualitatively the degree of agreement in the
estimates, from blue (large agreement in the literature) to purple (medium agreement) to red (small
agreement). In addition, reducing traditional biomass demand by increasing its use efficiency could
release the saved biomass for other energy purposes with large benefits from a sustainable
development perspective.



Why do global biomass potential
estimates vary so much? a—

350 N=137
€O, Concentration Levels

300 | M Baselines
Cat. lll + IV (440 - 600 ppm)

| Cat.] + 11 (<440 ppm)

e “Technical Potential”
750-1500 EJ pPer year (smeets et al. 2007)

250

Primary Energy Supply [EJ/yr]

200

e “Sustainable potential” I
300-500 EJ per year b o
- Dornburg et al. 2010 o= L I -----------
e “Conservative potential” L

IPCC 2012 Special Report on

— HlmpOSS|b|e that blOenergy Renewables and CC Mitigation
could physically provide more than 250 EJ /yr in

2050” -Haberl et al. 2013 (Environ. Res. Lett. 8)

Assumptions about land available without
impacting food security are key to estimates.

%
Slide adapted from Kline presentation to “Pathways to Climate Solutions: Assessing Energy Technology and Policy ‘ ‘,!\\
Innovation” Workshop organized by the Aspen Global Change Institute; 24-28 February, 2014. Aspen CO. ‘ o T



IPCC Special Report Renewable Energy

“most likely range is 80-190 EJ” but estimates depend on land assumptions

E 1000

m)

>

= 2050 Global
A TPES
5 AR4, 2007
@ 750

o

(V8]

oy

[1+]

§=

a

3 2008 Global TPES

8 500

2000 Total Biomass
Harvested for Food/
750 | Fodder/Fibre Caloric Value

Technical
Potential

2050 Global
Biomass

for Energy
AR4, 2007

2008 Global TPES
from Biomass

50

Literature Technical
Potentials Range:
0 to 1500 EJ
(Theoretical)

Technical Potential
Based on 2008

Model and Literature Deployment Levels

Assessment Chapter 10
' Scenario Assessment
Plant
Productivity
Improvement 440-600 <440 ppm
Potential Deployment ppm
Land Use 5 Marginal Levels
Million km? Degraded Land 300 - 300 - < Maximum
265 o i
landUse3 Surplus I 7| i 1 T 1 T
Million km? ——  Good Land Chapter 2 - -
Review - N e
Surplus Forestry —
100 = ool 118 = < 25th
| -- 20_- - 25 _-_-‘ M-Inimum

2050 Projections

Figure 2.25 | On the left-hand side, the lines represent the 2008 global primary energy supply from biomass, the primary energy supply, and the equivalent energy of
the world's total harvest for food, fodder and fibre in 2000. A summary of major global 2050 projections of primary energy supply from biomass is shown from left to right:

-IPCC 2012 Special Report on Renewables
and Climate Change Mitigation



Future biomass for bioenergy sources must
address perceived obstacles

— Markets: lack of security for investment in
Increased production

— Food security and land concerns

— LUC-related effects on biodiversity, carbon
debt, water

— Distribution of benefits and costs

— Need for integrated policy across
agriculture, forestry, waste management,
urban planning, environment, energy...

— Sector- and nation-specific challenges:
e.g., policies, “blend wall,” distribution
Infrastructure

Source: Kline presentation to “Pathways to Climate Solutions: Assessing Energy Technology and Policy
Innovation” Workshop organized by the Aspen Global Change Institute; 24-28 February, 2014. Aspen CO.



IPCC Special Report Renewable Energy
To achieve climate mitigation scenarios — BIOENERGY has important role
relative to other potential renewable energy sources.

2050
5 200 —
=
— = Maximum B Bioenergy
150 ! H - ?E‘t:j‘ B Hydropower
— Median
Wind Ener
— — 25th u %
— Minimum | Direct Solar Energy

100 —3 Bl B Geothermal Energy

il!_:JEDb_:

-IPCC 2012 Special Report on Renewables
and Climate Change Mitigation

So we should figure out
how to do it right!
(more sustainably)



Where will biomass come from in the future?
- Depends on laws and regulations

40
US Renewable Fuel Standard mandates annual volumes
35 1° Conventional biofuel capped at 15 BGY in 2014. B
« Conventional biofuels must show GHG reduction of 20%
 Advanced biofuels must show reduction of 50% Conventional
30 <—AIrvolumes are ethanol equivalent, except bio-diesel, mioruel
which are actual
25 +—~+—Demandforadvancedfuels under Us RFS— — — — —
2. will be met primarily with residues Other
9 oo over next5-10years ..~ = Advanced
8 Biofuels
- Bio-diesel
QO
- Cellulosic
Ethanol
2006 2010 2015 N ;g,OAK RIDGE

Source: http://www.epa.gov/otag/fuels/renewablefuels/regulations.htm

- Mational Laboratory



Biomass for bioenergy: Outline

» Examples of future sources, assessment




Future resources: US assessme

Billion-Ton Study of 2005 helped support
US renewable fuel volumes

Billion Ton Update of 2011 included
county-level cost & supply projections

Conclusion: US has ample feedstock to
replace up to 1/3 of petroleum with
advanced biofuels

Feedstock is roughly 1/3 cost of fuel:
cost reductions and efficiency in
feedstock supply are imperative

Multi-institutional effort (DOE & USDA) o oemeieme fnes feseest oo

— 20-year projections of economic availability of
biomass at county level at any year

— price, location, scenario
Primary Resources

— Forest resources (residues)

— Ag resources (corn stover)

— Energy crops (switchgrass)

A ‘\.\i OAK
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U.S. Bioenergy supply model
Billion Ton Update (USDOE 2011)

* Forecasts of potential biomass —

— POLYSYS partial equilibrium model of
US agricultural and forestry sectors.

— 20-year projections of economic
availability of biomass (price, location,

scenario)
* Forest resources » Agricultural resources
— Logging residues — Crop residues
— Forest thinnings (fuel treatments) — Grains to biofuels
— Conventional wood — Perennial grasses
— Fuelwood — Perennial woody crops
— Primary mill residues — Animal manures
— Secondary mill residues — Food/feed processing residues
— Pulping liquors — MSW and landfill gases
— Urban wood residues — Annual energy crop (added for 2011)

— [Algae is separate study]
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Example: US county-level Supply Projections
All feedstocks -- Baseline scenario -- $60 dry ton!

Potentially Available Biomass Resources

Includes all potential primary agricultural resources and primary and dary forestry re excluding Federal Lands (when available) at $80 per dry ton or less.
N Agricultural Residues of Major Crops, Logging Residues, Simulated Forest Thinnings, Other R | Resid
Treatment Thinnings (other forestiand), Conventional Pulpwood 1o Bic gy, Woody Municipal Soid Waste, Unused Mill Residue

2017 County-level Estimates

Baseline Sce
Dry Tons/Year
[ 0-1000
1,001 - 25.000

125001 -50,000
I 50.001 - 150,000
B 150,001 - 250,000
B 250.001 - 500,000
I 500,001 - 10,000,000 b pocasg

Source U.S Depariment of Energy. 2011. U S, 88on-Ton Update. Blomass Supply for 8 Bloenergy and Bicproducts
RD Pedack and B J Stokes (Leads), ORNLTM-2011224 Ouk Ricdge National Laborstery. Qak Risge, TN 227p

: or 4 e u U, DEPARTMENT OF E"WY E"‘CW &
Deta o the oy K Discovery F i easatgytet al, § pthatt. ENERGY renewabie Energy

Author Laurence Eaton (eatonimi@ond gow - Decsenber 4 2012

155 million DT/yr by 2017 is required to meet EISA targets (85 gal/ton conversion efficiency)



Future sources depend on supply costs and yields -
Residues play major role (USA projections, 2022)

o
$120 g 8
s “ 87
[ | Wood residues oD g
. . = 5 [{49
$100 - I Agricultural residues g = g9
|| Dedicated feedstocks
$80 -
Stover
= $70
2
N
@ $60
=
[
o
g
=
£ $40
[
i
$20
$0
S J ABE B AdSN RBRR O e
Source: Langholtz et al. 2014 (BioFPR) Supply (million dry tons)
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Herbaceous Energy Crops- yield modeling

Lowland Switchgrass

Sorghum

CRP Grasses

Average Annual Yield Potential, 1981 - 2010
Lowland Switchgrass

Average Annual Yield Potential, 1981 - 2010
Sorghum for Biomass

;.,,_,,,,”\,,,_““
T

Average Annual Yield Potential, 1981 - 2010
CRP Lands

30-year Average Yield %03 A e —
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Upland Switchgrass

Miscanthus x giganteus

Energycane
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Woody Energy Crops- yield modeling

Average Annual Yield Potential, 1981 - 2010
Poplar

Poplar
Pine

Average Annual Yield Potential, 1981 - 2010
Pine
30-year Average
Yield (Tons/Ac)
<1
/J11-2
[J21-3
[J31-4
e
Ml -8
M-
.- 0
30-year Average Yield Average Annual Yield Potential, 1981 - 2010
(dry tons/acre) i Willow
[Jo<1
-2 {3
[J21-3
[131-4 o
-6
Wl -8 53
si-0 %
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¢
v »
A1
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[J21-3
Willow | i
-6 L
| AR}
-0
.- 0

Plus eucalypts and others...
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Current and future sources: woody
and vegetative wastes
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Current and future sources: crop
residues (sorghum grits
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t: Jim Spet, Bienergy Technologies Office




Current and future sources: corn
stover (maize residue) for ethanol

l; AWAN w POET-DSM Project LIBERTY, Emmetsburg, IA
% e 3 . Expected to produce 20 million gallons per year of cellulosic ethanol at full
- _/ \ 3 \ capacity

& \ Ribbon cutting 2014
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Credit: Jim Spaeth, Bioenergy Technologies Office



Current and future sources: corn
stover (maize residue) for ethanol and
electricity




Biomass for bioenergy: Outline

“You can’t know where
you’re headed if you don’t
know where you’ve been”

And it helps to understand
where you are right now.

“Prediction is very difficult,
especially about the future”

> DiSCUSSion -Niels Bohr, Danish physicist.




Thoughts for discussion e

e Many studies of global biomass potential
begin with assumed limitations of land.
Is land the primary constraint to biomass
production? - No -
— Social, political, economic/market issues
— Institutions, governance, water...
* Needed: Incentives for improved
soil/water (resource) management
— Increase carbon and nutrient retention
— And capacity to store carbon

* On the sustainability radar:

— Integrated land-use plans and production
systems (ILUP)

— Urban food-energy systems for nutrient,
water and energy recycling

Source: Kline presentation to “Pathways to Climate Solutions: Assessing Energy Technology an
Workshop organized by the Aspen Global Change Institute; 24-28 February, 2014. Aspen CO.

o
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Conclusions — we have no shortage of hiomass

Different places, contexts, needs and goals require

un| ue solutlons
n QM‘G

‘ v

We need to

* Learn from experiences

* Build partnerships

* Develop and apply a suite of metrics that 5
reflect local stakeholder priorities for “sustainability’ &



Thank you!

Center for BioEnergy
Sustainability




For more information:

™™ BIOENERGY

KNOWLEDGE DISCOVERY FRAMEWORK

KDF U.S. DEPARTMENT OF ENERGY

Bioenergykdf.net
aop

=

Consumers can learn about the
newest sustainability standards

Consumers

KDF

bioenergykdf.net

F
i)

and explore the latest research
on the impact of the bioenergy

rivate Industry

Policy Makers e
» Federal
« State
* Local

Policy makers can decide on areas for
research and demonstration funds and
assess vulnerabilities in the bioenergy
supply system, such as the impact of
crop failures, transportation shutdowns,
or lower-than-anticipated volumes

of biofuel production.

l“‘

industry on the economy, &atlons
environment, and local ‘;)\
communities. Scalable ard
high-performance - i
gsirrr)wlations ; c}\‘a\‘lat'o”
A\
© and TOO/& Interaction and
o interoperable
to Bioenergy visualization
infrastructure
analysis, models, 6\{\'\°W'edg
and tools 2 96¢
I %o
& : .

.g Dynamic collection,

] integration,

-

© management, and

o dissemination of P

‘.' diverse data
resources b
Researchers

)

* Academia
« National Laboratories
« Non-Governmental Organizations

Researchers and engineers can share
data on sustainability metrics—such as
water availability, soil type, land-use
patterns, and climate trends—and
connect multiple institutions that

£

s m—————e

and Engineers

For video, see: https://www.youtube.com/watch?v=sm1Yt-
kPZpE&list=UUSRLgX2RF5hWFxb2AY891wqg

B e TN

» Feedstock Producers

* Biorefinery

» Transportation Sector

« Distribution and Retail

* Transportation Technology
Developers

Private industry can identify feed-
stock production potential, energy-
demand patterns, and available
infrastructure in order to develop
market strategies and invest in
bioenergy business opportunities.


https://www.youtube.com/watch?v=sm1Yt-kPZpE&list=UUSRLqX2RF5hWFxb2AY891wg
https://www.youtube.com/watch?v=sm1Yt-kPZpE&list=UUSRLqX2RF5hWFxb2AY891wg
https://www.youtube.com/watch?v=sm1Yt-kPZpE&list=UUSRLqX2RF5hWFxb2AY891wg
https://www.youtube.com/watch?v=sm1Yt-kPZpE&list=UUSRLqX2RF5hWFxb2AY891wg
https://www.youtube.com/watch?v=sm1Yt-kPZpE&list=UUSRLqX2RF5hWFxb2AY891wg

Bioenergy KDF Resources
Corn Stover Supply

Figur 411:Spplyur\fasfpttl n stovar production for

» Billion Ton Data Explorer st

— Visualize custom supplies from the
BT2 findings

— Available for all potential resources
identified as new biomass sources .
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Thank you

Center for Bioenergy Sustainability
http://www.ornl.gov/sci/ees/cbes/

See the website for

Reports
e Forums
e QOther presentations
e Recent publications

e Bibliography and extra slides follow
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Jobs are important for social and political sustainability —
Fossil fuels = boom/bust cycles, while...

Bioenergy
(Biomass, Biofuels,
Biogas)

Geothermal

o) Hydropower
(Small-scale)

Solar Energy
(Solar PV, CSP,

Solar Heating/Cooling)

H Wind Power

9
w = 40,000 jobs

i - Employment information for large-sca

e
e M M 6.5 Million Jobs
le hydropower is incomplete and not included.

Source: www.ren2l1.net



http://www.ren21.net/

Win-Win LUC Opportunities

e Precision management and nutrient recycling
[9plele) /= el| » Reduce disturbance/tillage intensity
& water e Crop mix, rotations, cover crops
e Epies @ Land restoration
e Technology (seed, microbe, equipment)

e Reduce inputs/increase yields
Increase e Open, transparent markets
Efficiency e Minimize transaction costs
e Prioritize, incentivize, measure

e Uses and markets
Diversify e Substitution options
e Bases of production

Adopt e Multi-scale
Systems e Long term and adaptive
Perspective e |Integrated land-use plans

Source: K.Kline presentation to Coordinating Research Council CR

onne IL, 1_3 O\




Research challenges to better address issues
about food security and biofuels

e Accurate representations based on clear definitions
for variables and conditions of concern:

— land attributes
— management practices
— baseline trends and dynamics

e “Causal analysis” that can be validated at multiple
scales

* Adequate empirical data to test models and
hypotheses

e Multi-disciplinary, multi-institutional learning and
problem-solving mechanisms

Source: adapted from K.Kline presentation to Coordinating Research Council CRC, Argonne IL, 13 Oct 2013



