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Energy demand, GHG emissions
and climate change...
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Potential emissions from remad
fossil resources could
result in GHG concentration levels far
above 600npm.
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Energy system transformation...
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[GEA/van Vuuren et al CoSust, 2012]
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Advancing markets...pushégs
by technological progress and
pulled by high oil prices
» Advanced biofuels...(strong economic

perspective)
 Biorefining, biochemicals, biomaterials...
 Aviation and shipping...

» Likely to compete for the same resources...

» Should meet the same sustainability
criteria...(but that is not the case today!)

- Competition or synergy?

Coperiiicus Institute
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Biomass resources;
potentials <-> preconditions
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Deployment Levels
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Driving forces, dimensions,
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scales...
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Key factors
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biomass potentials

Issuel/effect Importance
Supply potential of biomass

mprovermentagricuttural managemertt falalad
Choice of crops ol
Food demands and human diet Fhk

Use of degraded land i
Competition for water *kk

—Use of agriculturaifforestry by-products

Protected area expansion
Water use efficiency
Climate change

Alternative protein chains
Demand for biomaterials

Demand potential of biomass
Bio-energy demand versus supply
Cost of biomass supply

Learning in energy conversion

*k
*k
*k
*%
*%

*

Dornburget al., Energy &
rrenmental Science 2010
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Contributors to langiuse--
change...

‘Subsistence farming
7,420 Mt COze
83%

942 Mt COze
Cattle ranching

6.6% Biofuels

= ‘ Toral LUC emissions were derived from FAQ (2005). Breakdown betwesn subsistenca 124 Mt e
t Copern tarming, fusl woad, catle ranching, tmber and permament agriculture were taken from
) FAO (1880). The condrbution of biofuels was based on the proporfion of commerdal
Sustain¢ agriculiural cutput alocsied o biofuels over he period 2000 - 2005.

Bioenergy production potential |
2050 for different levels of change
gricultural management
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GHG mitigation peformance
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Direct land use change GHG emissions examples

Site and prior use specific ....

Renewable Energy in the Context of Sustainable Development Chapter 9
Wheat (Europe) Maize (US) Sugarcane (Brazil) Jatropha (Tanzania) Soybean (Brazil} Palm (Southeast Asia)
Average Case 1.6004 @
B 5 COeqM), for Fuel Energy Comtert *
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Figure 9.10 | ustsative dirsect LUC-melated GHG emission estimates from selected Gnd wse types and first-genesation biobusl {ethancl and biodiesel) feeciaocks. Results are taken
from Hosfragek e al (2010) and Fargione et al (2008) and, when necessary, convened {assurming a 30-year timedrame) to the functional units displayed using data from Hoefrageh
et al (20100 and EPA (20108). Ranges are based on difierent co-product allocation methods (e, aliocation by mass, enengy and market value),
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~ TFigure 9.11 | Mustrative estmates of direct and indeect LUL-related GHG emissions
induced by several first-generation biofuel pathways, reported here as ranges in central
tendency and total reported uncertainty. Estimates reported here combine several dif
ferent uncerainty calcuiation methods and central tendency measures and assume a
30-year time frame. Reported under the x-axs is the number of references with results
fafling within these ranges (Sources: Seaechinger et al, 2008; Al-Riffai et 3, 2010; EPA,
2010b; Fritsche et al, 2010; Hertel et al, 2010; Tyner et al, 2010).
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ILUC,; scientific status, gaps
next steps...




Confrontation
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bottom-up vs. top down
ILUC modelling

Bottom-upinsights:

Key steps iLUC

modelling efforts:

CGE; historic data
basis

Model shock, short
term, BAU, current
technology.
Quantify LUC
Quantify GHG
implications (carbon
stocks)

Coverage of BBE options,
advancements in agriculture,
verification of changes (land,
production)

Gradual, sustainability driven,
longer term, technological
change (BBE, Agriculture

LUC depends on zoning,
productivity, socio-economic
drivers

Governing of forest, agriculture,

identification of “best” lands.
[IEA & other workshops, 2011-

2013; pubs under preparation]

Example: Corn ethanol

¥ Universiteit Utrecht

Results from PE & CGE models

B: Ethanol

Corn

Searchingeretal.[3]

LUC-related GHG emissions (g CO2e/M)J)

-100 -50 0 50 100

CARB [13]

EPA[18]

Hertel etal. [14]
Tyneretal. [15] - Group 1
Tyneretal. [15] - Group 2
Tyneretal. [15] - Group 3
Al-Riffai et al. [16]
Laborde [17]

/

¥ Copernicus Institute

[Wicke et al., Biofuels, 2012]
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IIUC mitigation options...
» Controlling (i)LUC
— Increasing efficiency in agriculture, livestock and
bioenergy production
— Integrating food, feed and fuel production
— Increasing chain efficiencies

— Minimizing degradation and abandonment of
agricultural land

» Controlling type of LUC

Sustainable land use planning (incl. monitoring)
Excluding high carbon stock and biodiversity areas
Using set-aside, idle or abandoned agricultural land
Using degraded and marginal land

ble Development and Innovation

o

Redesigning modelling frameworks & scenarie

Universiteit Utrecht

Coordinated 4 year program by Utrecht University

_ Supported by iLUC mitigation research in many countries.
B % Copernicus nstitute

ible Develop and Innovation
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Question form:

* Do we have enough modeling capabilities,
methods, data and tools to provide sufficient
answers to policy and the market (on iLUC)?

» Are the right questions being asked to
science? (quantify iLUC vs. mitigation of
iLUC)

» Honesty, limitations, uncertainties and the
science — policy interface...

» What are we trying to govern?; how to
prioritize GHG, energy, land-use, agriculture,
forestry, rural development...

Universiteit Utrecht

Policy debate

Changing perspectives: from iLUC to mitigation.

Broader support for the view that focus on
biomass/biofuels alone is inconsistent.

Modernization and efficiency of conventional
agriculture (and livestock essential in itself (!)

Leads to different perspective from avoiding
problems to achieve synergies (governance land).

Essential: “incentivise practices that prevent or
mitigate ILUC”; only penalizing leads to stagnation

Mitigation of iLUC can be translated into extended
sustainability criteria!

Y Copernicus Institute
ble Development and Innovation
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Contrast:

Modeling for iLUC factors is only half the science
we need; reactive instead of pro-active concept.

Biofuel policies also half the policy we need;
mandates without proper preconditions, resulting
in CONFLICTS

Versus

Interlinked agricultural& biobased economy
policies (agri, clima, energy...).

Investigate (and implement) Integral land use
strategies (agriculture, BBE, nature, rural
development) to achieve SYNERGIES

Copernicus Institute
i and Innovation

Universiteit Utrecht

Thanks for your attention

For more information, see:

Sciencedirect/Scopus (scientific)

Google scholar citations (personal)

http://srren.ipcc-wg3.de/report (IPCC)

www.bioenergytrade.org (IEA)
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Challenges for science,

business and policy

* Land & natural resources (local — global)

— Integral land use strategies (agriculture, BBE, nature,
rural development)

— Full impact analyses and optimization;

— Include ‘macro”-themes; iLUC, food security, rural
development, water/biodiversity.

— Governance...
* Drive down the learning curves

— Technologies (fuels, biomaterials, power, carbon
management (CCS)

— Cropping systems
— Logistics, markets, CoC
— Business models & investment.

14
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Yield projections Europe

Observed yield
CEEC and WEC

Linear 1
extrapolation of

historic trends
Widening yield gap

Applied scenarios
Low, baseline and high

Observed historic yields Projections

Yield [ton/ha]

960 1970 1980 1990 2000 2010 2020 2030
Source FAOSTAT

Qi . [Wit & Faaij, Biomass & bioenergy, 2010]
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Average annual yield growth rate
projections for Europe for the
period 2000-30 for four studies

Sugar 11%
Oils 0.9%
Grains 0.6% FAO
Sugar 0.9%
oils 04%
Grains 12%

Cereals 3.2%
Rapeseed 0.31%
Wheat (durum) | 0.02%
Cereals

EEA

Rapeseed
Wheat (durum)

Aggr.crops Ewert et al.

Aggr.crops
Aggr.crops
Aggr.crops

5.2%
2.3% REFUEL

0% 1% 2% 3%
N WEC CEEC Ukraine

o St Dot s oo De Wit, et al., RSER 2011
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Absolute productivity increases and
relative growth rates for the period

1961-2007 and per decade.

!

Absolute Relative
1961-2007 1961-2007 '61-69 ‘7079 ‘8089 ‘9099 ‘0007
kg ha' y* 0%
kg animal™ y*
France Wheat 104 36 5.2 25 25 16 -0.9
Rapeseed 40 25 14 03 -0.3 21 12
Sugarbeet 1024 31 36 02 24 10 28
Catfle 28 16 05 12 0.9 0.1 0.9
Netherlands Wheat 110 27 0.7 38 14 05 -0.6
Rapeseed 25 10 0.6 -18 -01 0.6 0.2
Sugarbeet 489 12 26 01 14 -1.9 25
Cattle 11 0.6 0.7 09 21 0.9 -10
Poland Wheat 39 18 36 23 41 0.6 16
Rapeseed 21 14 17 04 -04 -0.6 4.0
Sugarbeet 319 12 35 05 26 10 37
Catfle 25 27 36 6.1 49 0.6 101
Wkraine (USSR)®  Wheat na na 5.1 10 36 4.5 -0.2
Rapeseed na na 35 27 -04 7.4 94
Sugarbeet n.a na 9.0 03 5.0 -3.2 113
Cattle n.a na 6.3 21 21 -4.9 12
| Copernicus Institute .
insble Development and Innovation M: DeWit, et al., RSER, 2012

"

§d own calculations
Universiteit Utrecht

nd

Source: FAOST

Developments in yields
Inputs

Wheat Fertilizer application
10 0.40
5 5
s 1 NL L 030
5 7 -
- FR 2 g2
n G 5 .25
= c
g 54 8o
g, & NL
iy PL B 545
3 hrs/\/\,\’ A3 FR
= 31 £ ']“\ =
SO ukR S 010
2 4 i J w Paa PL
14 USSR 9059 }
UssR % UKR
0 T T T T T Q.00 T T T T T
1860 1970 1980 1590 2000 2010 1960 1970 1920 1990 2000 2010
Time. ¥ Time.y
Yoroene [De Wit et al, RSER 2011]
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Selected remarks on yields

* Yield growth projections in WEC at 0.5-1.5% y-1, are
modest when compared to historic developments between
1961-2007, but seems high compared to developments in
the last two decades. Declining growth rates in the latter
period, explained by an expansion in organic farming, set-
aside obligations and a decoupling of production support.
REFUEL projections (0.4% y-1) for the WEC seem
conservative in this respect.

» Projected growth rates for the CEEC around 1% y-1 — as
projected by FAO (0.9% y-1) and EEA (1.2% y-1) — seem
modest when compared to average growth figures
between 1961 and 2007, even more so when compared to
growth rates prior to 1990 and past 2000.

¥ Copernicus Institute

ble Development and Innovaion DeWit, et al., RSER 2012
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Results - spatial productio

potential
Arable land available for dedicated
bio-energy crops divided by the S
total land e
| | > 31%
Potential Countries

Low NL, BE, LU, AT,
potential <6,5% CH, NO, SE and FI

Moderate 6,5% FR, ES, PT, GE,

potential -17% UK, DK, IE, IT and
GR

High > 17% PL, LT, LV, HU, SL,

potential SK, CZ, EST, RO,
BU and UKR
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Results - spatial cost
distribution

Production cost (€ GJ?) for
Grassy crops

Potential Countries

Low < 2,00 PL, PT, CZ, LT, LV,

Cost UK, RO, BU, HU, SL,
SK, EST, UKR

High > 3,20 NL, BE, LU, UK, GR,
Cost DK, CH, AT

) St Deslogment nd Imovation [Wit & Faaij, Biomass & Bioenergy, 2010]

Crop specific supply curves™

» Feedstock potentials
Produced on 65 Mha arable and 24
Mha on pastures (grass and wood)

Summary baseline 2030

« Significant difference = .
between ‘1st and 2nd

generation crops’

2nd

Production Costs (€/GJ)

» Supply potentials high
compared to demand
2010 (0,78 EJ/yr) and 2020 (1,48

12
EJ/yr) Supply (EJlyear)

1 EJ (ExaJoule) = 24 Mtoe

% Copernicus Institute

b Deslogmentand lonotion [Wit & Faaij, Biomass & Bioenergy, 2010]
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Results — cost-supply curves

Production costs vs.
Supply pOtentIa| Grass crops

010 030 AE0
for 2010, 2020 and 2030

Variation areas indicated
around the curves represent
uncertainties and scenario
variables.
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e [Wit & Faaij, Biomass & Bioenergy, 2010]
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Total annual biomass supply
potential, per European country.

Total hicmass resource potential 2020
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Total energy potential under
three different crop schemes.

Total bi resource potential under different crop choices

& &
Low yielding crops’: ( 6 77

all arable land
available planted
with oil crops.
‘High yielding
crops’: all available
land planted with
grass crops.

Jiyear]

; —
| -

aoertizl [
pur

3 I
lowe y elding crops average hgh yielding croas
B Copernicus Institute i B . .
) St Deslogment nd Imovation [Wit & Faaij, Biomass & Bioenergy, 2010]
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Developments coupled to drive

Example: the Netherlands
Inputs (fertilizer, machinery, labour and pesticides)
Outputs (wheat, sugarbeet, rapeseed and cattle)

210 The Netherlands

100

180

150 Output

120 Input

Index , 1961

90 + T T T T T T T T T
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

EnVironmeml M anure application restrictions Environmental requlations
Rural development|  Holdingup-scaling byre-allotmentofagr.land  Diversifcation of (non-farming act.

Supply security and intervention prices Decoupling support
price stability intensification and up-scaling Quotation and fallow regulations
B % Copernicus Institute [ 1 ]
D St De Wit et al, RSER 2011
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Cumulative mitigation balance 2004-2030.

Gl
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m Sod organic carbon [SOC)
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m Nitrous oxide (N.0) emissions
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Abated emissions through biofuel use
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Example:

GHG balance of
combined
agricultural
intensification +
bioenergy

production in
Europe + Ukraine

[Wit et al., GCB-B
Under review]

B % Copernicus Institute

ible Develop and Innovat tior

n
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Key resource potential relationships loenergy

Biodiversity | +———
il

Farestry Effickency Different Indcators
[fieleds} Rederence

Forestlands
Crapland and athes Woodlands
Plantations

(Crop Types, Land

Population
and
Economy

Canversian Processes

Potential {Secondary Bioenergy)
{Costs and Potentiall

[Dornburg et al., 2010
Climate Change Uncertainties | n: IPCC-SRREN y 20]1]

Figue 2.3 | Owovtew 01 Ky teQUCPA fNant T J5MvEment of DIOMIIA APOUTE POWCETN {ROJM H10m DOmbarg It 2, 2010} RARC 1Ad LM 300 100 RauM I hot
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Breakdown of CO2 reduction 3 ————
options for aviation till 2050

|9 050

Qe [I1ATA, 2010}
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Biobased chemicals; not covered in
current global scenario’s (to date...)!

o | oviate
Energy demand s mame:
for major I ionag
Chemicals " »
towards g
2100 with "
and W|th0ut 015.10 030 2050 2070 2000 ama an 2050 e a0
Biomass =
deployment HVCs

including
recycling

snn EL) ALl EITE] A st AR sl ELEY EEEH

[Daioglou et al., 2013 (forthcoming)]
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Biofuels; they are not
going away.

3y
13
30 - N
) 1.
25 -~
20
- 2 e
- [ K
o = =
15 £ =
i
10 -
B 1
0 : : : ; - : } 200 2020 2030 2040 2050
2010 2015 2020 2025 2030 2035 2040 2045 2050
Biomethane W Giciet W Biocliese! - acvancer Bodiesel - comvertional
W Ethznal - wellulosi Etanol - tzne Ethzrol - convenzional

m Large-scale deployment of advanced biofuels vital to meet the roadmap targets
= Advanced biofuels reach cost parity around 2030 in an optimistic case

B % Copernicus Institute

P — [IEA Biofuels Roadmap]
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A future vision on global
bioenergy markets (2050...)

W Lonocelulosic creps tingl, grasses) - ROMEregy lows from Sgnocellulosic

250 Mha = 100 E;~—-
= 5%_39 I a.nd I paﬂ UFe - e ";" :‘:‘:111:::1::\ formst
= 1/3 BraZille 35  Avalsble copianc tr He)

8 Fventoun » [GIRACT FFF Scenario project; Faaij, 2008]

| Biofuels Sustainability ]wom
Bodies’

Carbon Cestification Sy: (BEFCS)

[Seee.g: van Dan y , 2010] Mé“

* Australia Subnational, NSW

Source: NREL (Chum, Wamer), UNICA

24



