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IPCC publishes Special Report on Renewable

Energy Sources and Climate Change Mitigation
Potsdam, 11 May 2011 - By 2050, a maximum of 77 percent
of the world's energy supply could be provided from
renewable energy sources. The share of renewable energy
in the future global energy mix differs substantially among
scientific scenarios....A comprehensive review by the IPCC
outlines the large potential of renewable energy sources to
mitigate emissions of greenhouse gases and anthropogenic
climate change. Special Report on Renewable Energy
Sources and Climate Change Mitigation” (SRREN) has been
approved by government representatives for IPCC member
countries at the 11th Session of Working Group il in

Abu Dhabi. United Arab Emirates.
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Biomass & bioenergy
flows according to IEA

+ other refs (2008)
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Direct Solar Energy 0.1%
Ocean Energy 0.002%

sk
Primary ~Average SeEc:n-::- Er:.dary
Type Energy, Efficiency, - arrigr
EJly Yo EJly ’
Traditional Biomass
Accounted by IEA_ 2010 30.7" Jto6
10 to 20
Unaccounted - informal sectors 6to 12 06to24
Total Traditional Biomass 37-42 361084
Modern Biomass (IEA, 2010)
Power sector: Electricity (0.82 EJ*), Heat, and 59 60 31
CHP from biomass, MSW (0.58 EJ”), biogas ' )
Residential and Others :Total residential heat
(33.7 EJ*) minus |EA traditional biomass; biogas 4.1* 60 to 80 24-32
heating, public/commercial buildings heating | PCC
Road Transport Fuels (ethanol, biodiesel, ETBE) 31 65 1.9% ’[
Total Modern Bioenergy 12 4 60-65 741083 ’SR R E N 2011]
(as accounted by IEA | 11.4 EJ for values”) )

Note: (*) Direct data from 2010 [EA Energy Balances Statistics for 2008. Others denive from combmnations of data
across biomass souvrces and sectors of the IEA publication.



2050 Bioenergy Potentials &
Deployment Levels
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Global RE supply by source in Annex |
(ANI) and Non-Annex | (NAI) countries in
164 lona-term scenarios (2030 and 2050).
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Thick black line= median,
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Whiskers= total range across all reviewed scenario
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Global primary energy supply of biomass in
164 long-term scenarios in 2020, 2030 and
2050, grouped by different categories of
atmospheric CO2 concentration level in 2100
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Range of LCOE for selected commercially
available RE technologies compared to
recent non-RE costs.
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Projected production costs estimated
for selected developing technologies

Energy Sector 2020-2030 Projected
Select Bioenergy Technology (Electricity, Thermal, Production Costs
Transport)* US$(2005)/GJ
Integrated Gasification Combined Cycle Electricity and/or 12.8-19.1 (4 6-6.9
{IGEC}‘ Transport cents/kKWh)
: : Transport and
Renewable diesel & jet fuel electricity 15-30
Lignocellulose sugar-based biofuels” 6-30
Lignocellulose syngas-based biofuels” Transport 12 -25
Lignocellulose pyrolysis-based biofuels® 14-24 (blendstock)
Gaseous biofuels” Thermal and Transport | 6-12
Aquatic plant derived fuels, chemicals Transport 30-140

"Feed cost $3.1/G], IGCC (future) 30-300 MW, 20 yr life. 10% Discount Rate; “ethanol. butanols, microbial
hydrocarbons and microbial hydrocarbons from sugar or starch crops: * syndiesel. methanol and gasoline. etc_; syngas
fermentation routes to ethanol; * biomass pyrolysis (or other thermal treatment) and catalytic upgrading to gasoline and
diesel blendstocks or to jet fuels: ° synfuel to SNG. methane_ dimethylether, hydrogen from biomass thermochemical
and anaerobic digestion (larger scale)

v Copernicus Institute [I P CC 'S R R E N y 20 11]
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Direct land use change GHG emissions examples

Renewable Energy in the Context of Sustainable Development

Chapter 9
Wheat (Europe) Maize (US)
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Figure 9.10 | lbustzative dizect LUC-related GHG emission estimates from selected land use types and first-ganesation biofuel (ethanol and biodiesel) feedstocks. Results are taken
from Hoefnagek et al. (2010) and Fargione 2t al. (2008) and, where necessary, converted (assuming a 30-year timeframe) to the functional units displayed using data from Hoefnagels
et al (2010) and EPA (2010D). Ranges are based on different co-product allocation methods (e, allocation by mass, ensegy and market value). "
Site and prior use specific .... AL PN chmareDchanee @e



Direct and indirect land use GHG emissions — Take Il (Chapter 9)
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Total Uncertainty Range
150 M Central Tendancy Range
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LUC-Related GHG Emissions [g CO, eq/MJ]

0 T T T T
-50 2 e
European US Maize Brazilian Soybean Rapeseed
Wheat Ethanol Sugarcane Biodiesel Biodiesel
Ethanol Ethanol
References: 3 5 2 3 J_ 2

~ Figure 9.11 | lliustrative estimates of direct and indrect LUCrelated GHG emissions
induced by several first-genaration biofue! pathways, reported here as ranges in central
tendency and total reported uncertainty. Estimates reported here combine several dif-
fesent uncertainty calculation methods and central tendency measures and assume a
30-year time frame. Reported under the x-axs is the number of references with results
faling within these ranges (Sources: Seaschanger et al, 2008; Al-Riffai et al, 2010; EPA
2010b; Fritsche et al, 2010; Hertel et al, 2010; Tyner et al, 2010).

[IPCC-SRREN,
2011]
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Status ILUC (an opinio

A Diverging outcomes; more sophisticated approaches;
from 0.8 to later analyses: 0.3 -> 0.2.

AMore detailed regional stud
on rate of improvement in agricultural and livestock
management.

A CGE: extrapolates past developments, very sensitive to
| nput data, poor 1 n tacklin

ILUC Is a reactive concept while we actually want to
proactivei n avoi ding 1t altoge

A defining ilUC factors has received most attention versus
very limited focus on mitigation of ILUC [Faaii, 2011)

v Copernicus Institu.
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Example: Corn ethanol %
Results from PE & CGE models

B: Ethanol .
ano LUCrelated GHG emissions (g CO2e/V
-100 50 0 50 100
Corn
Searchingeretal.[3
CARB [13]
4
EPA[18]

Hertel etal. [14]

Tyner et al. [15¢ Group 1
Tyner et al. [15¢ Group 2
Tyner et al. [15¢ Group 3
Al-Riffai et al. [16]
Laborde [17]

& % Copemicus Institute

J’ Sustainable Development and Innovation Management [WICke et al" BlOfUGIS, 2012]



Importance of model veritfication:
2001-2009 Data Do Not Support
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ILUC data on US corn ethanol

Harvested cropland
changed little since 1990
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Exports Up 50% from 2002-07,
as Use for Ethanol Quintupled

[Oladosu G., et al., Biofuels,
Bioprod. Bioref. (2011)]




Driving forces, @wWdime

Environmental Impacts

Interactions
inspace &
time

1. Good
Governance
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The oil

scam?&e

How palm oil is threatenl‘
the orang-uta

& W Copernicus Institute
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LUC in Indonesia O e

Bl Rest
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< 100
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— 60
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40
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A Forest plantation

20
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"‘ Copernicus Institute

"“J’Sustainable Development and Innovation Management[WiCke, et al_’ 2011’ Land use pO“Cy



LUC until 2020 Indonesia

Business as Usual 1
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Sustainability 1
Past trends (improved)
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[Wicke, et al., 2011
(land use policy)]
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GHG Balances and land conversion issues™™ ™

39;72 g CO2eq / KWh

GHG emissions (g CO2-eq/kWh cpo)

I
—

-200
-400 L
-600 = — ”
b = o I
2 ¢ £ ¢ g & & & & @
c L - @8 > > 2 w® °© ©
2 § £ T 2T ¢ o 2 2
0 g ST &8 &8 D = o
I S = = o s >
5 O 8 ) 7)) q>_) c <
z @) §
CPO electricity Fossil reference electricity
Cases production

Forested peatlanextremely
high emissions

Natural rainforesthigh
emissions

Base caselogged over
forest:emissions about hal
of modern natural gas pow

Degraded landCO2 uptake

[Wicke, et al.,
Biomass & Bioenergy, 200



IEA Biofuel Roadmap iy U
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Biomethane M Biojet B Biodiesel - advanced Biodiesel - conventional

[ Ethanol - cellulosic Ethanol - cane Ethanol - conventional

A Global biofuel supply grows from 2.5 EJ today to 32 EJ in 2050

A Large-scale deployment of advanced biofuels will be vital to meet the roadmap
targets

® % Copernicus Institute
Sustainable Development and Innovation Management



Biofuel Production Costs
2010-50
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Petroleum gasoline

Biodiesel - advanced (BtL)

Ethanol - cellulosic

Bio-synthetic gas

A Most conventional biofuels still have some potential for cost improvements

A Advanced biofuels reach cost parity around 2030 in an optimistic case

® % Copernicus Institute
J Sustainable Development and Innovation Management
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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
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960 1970 1980 1990 2000 2010 2020 2030
Source FAOSTAT

* % Copernicus Institute [W|t & Faaij, 20 10]
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Results - spatial productio
potential

Arable land available for dedicated

bio-energy crops divided by the gy
total land B o
R
Potential Countries
Low NL, BE, LU, AT,
potentia| < 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,
potentia| SK, CZ, EST, RO,
BU and UKR

& W Copernicus Institute

& Sustainable Development and Innovation ManaWT & Faaij, Biomass & Bioenergy, 201(
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Results - spatial cost
distribution

Production cost (i GJ1) for 202
Grassy crops . B

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, , S ot N

Cost DK, CH, AT 3 " \ c
= q‘f; < * : >

o~
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Results i cost-supply curves

Production costs vs.
Supply pOtential Grass crops

for 2010, 2020 and 2030 2010 2020 2050
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Variation areas indicated
around the curves represent
uncertainties and scenario
variables.
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Simulated Biomass trade flows 2020
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2009 2015 2020
(pellets) | Low Import High Import| Low Import High Import

Total trade (Mtoe) 1.6 5.4 6.2 12.6 17.4
Total trade (Mt wood pellet

eq.)* 3.8 12 14 29 40
Of which Intra-EU 55% 38% 32% 52% 32%
Of which Inter-EU 45% 62% 68% 48% 68%

*) Mt eq. = million metric tonne pellet equivalent (18 MJ/kQ)

Low Import scenario

High Import scenario

Yearor2)BRstirute
& Sustainable Development and Innovation Management[H Oefn agels et al’ U U/TaSk 40, 2011



