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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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consumption
in the residential sector

Direct Solar Energy 0.1%
in developing countries.

—\— Ocean Energy 0.002
/ 3 9y % Refers to the often
3 unsustainable use for

cooking and heating

The current global energy system is dominated by fossil fuels

" Traditional Biomass, 6.1%

Modern Biomass, 4.1%

Bioenergy
10.2%

Wind Energy 0.2%
Hydropower 2.3%

Nuclear
Energy 2.0% —

—— Geothermal Energy 0.1%

2008 Energy sources shares of Total Global Primary Energy Supply
2008 Heat Demand:

All renewables share: 27%

Bioenergy Concentrating Solar Power
11% 0.005% | 1 TWh o . g
L
228 TWh IR e Traditional biomass 17%
* Modern biomass 8%

/-— Geothermal Energy
—I__ 0.3% | 65 TWh :
S * Solar thermal/geothermal 2%

Ocean Energy 0.005% | 1 TWh

1.1%
219 TWh
2008 Global Road Transport

Fuel Demand:

¢ Biofuels share 2%
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Global Primary Energy Supply [Eliyr]
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RE growth has been increasing rapidly in recent years.

Primary Solid Biomass
for Heat and Electricity
Applications

Hydropower

[J siofuels (incl. Biogas)

M Wind Energy

B Geothermal Energy
Solar Thermal Energy

B Municipal Solid Waste
(Renewable Share}

[ Solar PV Energy

B Ocean Energy

1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

140 GW of new RE power plant
capacity was built in 2008-20009.

This equals 47% of all power
plants built during that period.

*|n 2009 RE capacity additions

- Wind power 32%, 38 GW

- Hydropower 3%, 31 GW

- Grid-connected PV 53%, 7 GW
- Geothermal power 4%, 0.4 GW

-Solar hot water/heating 21%,
31 GWth

* Biofuels — 2009 additions
- Ethanol 10%, 7 billion liters
-Biodiesel 9%, 2 billion liters
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The technical potential of renewable energy technologies to supply
energy services exceeds current demands.

Electricity Heat Primary Energy
= 100,000
|
v B Range of Estimates
g‘ Summarized in Chapters 2-7
é‘ 10,000 Maximum
E I
E Minimum
-
S
5 1,000
o Global Heat
E Demand, 2008: 164 EJ t
:E Global Primary Energy
] Supply, 2008: 492 EJ
R 100 ooy 200G
©
S t
o Global Electricity
Demand, 2008: 61 EJ
10
0 Ll
Geothermal Hydropower Ocean Wind Geothermal Biomass Direct Solar
Energy Energy Energy Energy Energy

Range of Estimates of Global Technical Potentials
Max (in EJ/yr) 1109 52 331 580 312 500 49837
Min (in El/yr) 118 50 7 85 10 50 1575
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Key resource potential relationships Bloenergy

I Biodiversity IQ—

Agricultural and Technology Change
Forestry Policies se— Agricultural /
Land prices Forestry Efficiency Different Indicators
(Yields) Reference

Materials Forestlands
Nano, Bio, ... and other
Plantations

Population
and
Economy

Yields

Land Degradation
Residues

Nature Conservation
Technology Change

Climate Policy

Other Energy

Carriers

Energy Poli Energy Use

JLoN Fertilizer Use

T Soil Carbon/Land Cover
Non-CO,

Consequences for Greenhouse
Gas Emissions

Water Use Efficiency

* Includes Short Rotation Forestry and Products

Climate Change Uncertainties

Agure 2.3 | Ovenview of key relationships redevant 0 Jssessment of Diomass resource potentials (moditied from Domburg & A, 2010). IdireCt [ang use Ind S0C3! K3ues Jre not
Gsplayed. Reproduced with permission from the Royal SoCety of Chemistry.
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Examples of global land suitability

Herbaceous
& woody
lignocellulosic
plants

SI> 75:Very High
SI> 63: High

St > 50: Good

St > 35: Medium
SI> 20: Modearte
SI> 10: Marginal

SI > 0: Very Marginal
HNot Suitable

Water

E0EEEO0CEE0O

Annual crops,
perennial
sugarcane, &
jatropha

Undefined -

St > 75: Very High

Si> 63: High

S > S0: Good

SI > 35: Medum

St > 20: Modearte

SI > 10: Marginal

I > 0; Very Marginal

Not Suitable 3

Water i s

sﬁ‘f s ﬁ_,__.-m ﬂ“WH
. Pgure 2.4 | Giodd [2ng sutabiity for bicenzrgy plntations, The upper map shows Sty Jor Neraceous Ind woody DNOCHISSKC plants M acanthus, SWRCHRASS, reed canary

—— Grass, popl, Wilow, eUCyRAS) 3nd the lower m3D Shows SUltatiilty for finst-generation biofuel feedsiocts (SUQANTane, MAIZe, CASIVA, rapesead, SoyDean, paim ol bdopha) ™Te — -

SULtabity Incex {S4)° cescribes the spatial suRadiity of each pixal and reNiects the match Detween (Top requitements and prevaiing cimate, soll and temain condifions. e map SNOWS l D C C
@) &
WO
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SUtabiity under rain-fed CUtVItion and A0ENCEE MaNIgEMEnt SYSIEmS that assume availatiity of suMicent nutrients, 20equate pest COntral and MECNaniZation, 3G OMer praciices
Resuits fof imgated condtions or ow- gt maragement systems would resuft In dfierent pictures (Fischer et al, 2009; reptodacad with permission from the Intesrational instste
for Applied Sysiems Aralysis (IASA)).
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Terrestrial biomass for energy

2008 Global
Energy Demand

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

2008 Global
Biomass Energy

2050
Global

Energy
AR4,
2007

Technical
Potential

2050 Global
Biomass AR4,

2007

Past Literature
Range of Technical
Potentials go from

0to 1500 EJ
(Theoretical)

Technical Potential
Based on 2008
Model and Literature
Assessment

Plant
Productivity
Improvement

WETGEL)
Degraded Land
Surplus

Good Land

Surplus Forestry

Model assumptions:
Plant Productivity Improvement includes advanced management practices.
Marginal/Degraded Land assumes mildly and severely degraded and water stressed areas not used for agriculture.

Surplus Good Land is former agricultural land that is not needed for food production. This surplus land depends on the demands for food and
materials and the subsequent price effects. Type of diet determines feed crop land and grazing land requirements in the future.

Surplus forestry includes net annual increment of forest growth not used for wood products

Deployment Levels
for Different CO,
Concentrations Targets
From Chapter 10 Review

Possible
Deployment
Levels Chapter 2 440-600 -
Review ppm
ﬂ Maximum
300 265
2011 IPCC Percentile
Review 190 < 75th
150 I » median
'S 80 118 55 < 51
20 25

== Minimum

2050 Projections
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Commercial Bioenergy Routes

i (Biomass Upgrading®) +
0Oil Crops :
(Rape, Sunflower, etc.), . Combustion

Transesterification
or Hydrogenation
Sugar and Starch Crops

'I (Hydrolysis) + Fermentation

Waste Oils, Animal Fats

Lignocellulosic Biomass
(Wood, Straw, Energy Crop,

Gasification
MSW, etc.) (+ Secondary Process)

Sewage Sludge, Manure, Wet

Wastes (Farm and Food Wastes) Anaerobic Digestion®
(+ Biogas Upgrading)

Figure 2.6 | Schematic view of commerdial bioenergy routes (modified from IEA, Bioenergy, 2009).

Notes: 1. Parts of each feedstock, for example, crop residues, could aiso be used in other routes. 2. Each route also gives co-products. 3. Biomass upgrading includes any one of the
densification processes (pelletization, pyrolysis, etc.). 4. Anaerobic digestion processes release methane and CO, and removal of CO, provides essentially methane, the main component

of natural gas; the upgraded gas is called biomethane. e
I D CC @) @



RE costs are still higher than existing energy prices,
but in various settings RE is already competitive.

“The levelized cost of energy represents the cost of an energy generating system over its
lifetime; it is calculated as the per-unit price at which energy must be generated from a
specific source over its lifetime to break even. It usually includes all private costs that
accrue upstream in the value chain, but does not include the downstream cost of delivery
to the final customer; the cost of integration, or external environmental or other costs.
Subsidies and tax credits are also not included.”

15t time that IPCC assembles comparative costs of all renewables and, in particular,
with multiple biomass options to electricity, heat and electricity, biofuels and some
biorefineries. This was only possible because of NREL's participation (Rich Bain).

Bruckner, T., H. Chum, A. Jager-Waldau, A. Killingtveit, L. Gutiérrez-Negrin, J. Nyboer,
W. Musial, A. Verbruggen, R. Wiser, 2011: Annex lll: Cost Table. In IPCC Special Report
on Renewable Energy Sources and Climate Change Mitigation [O. Edenhofer, R. Pichs-
Madruga, Y. Sokona, K. Seyboth, P. Matschoss, S. Kadner, T. Zwickel, P. Eickemeier, G.
Hansen, S. Schlémer, C. von Stechow (eds)], Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.



Typical levelized cost at 7% discount rate, feedstock cost
region/application specific or for multiple countries for biofuels

[UScents,, . /kWh]

Commercially Available Bioenergy 5 g - & " 5 T

Power (Direct Fired, BFB & Stoker), 25 - 100 MW
Power (Co-Firing), 25 - 100 MW
CHP (Stoker), 25 - 100 MW
- -
LCO Electricity
CHP (ORC), 0.65 - 1.6 MW

CHP (Steam Turbine), 2.5 - 10 MW

CHP (Gasification ICE), 2.2 - 13 MW

CHP (MSW), 1 - 10 MW

_ CHP (Steam Turbine), 12 - 14 MW S

CHP (Anaerobic Digestion), 0.5 - 5 MW

Heat (Domestic Pellet Heating), 5 - 100 kW |

Intermediate Fuel (Pyrolysis Fuel Oil) -
s Levelized Cost of Electricity'
Lco Fuel Transport Fuel from Sugarcane (Ethanol, Sugar, Electricity) _
. Levelized Cost of Heat?
from biomass at Transport Fuel from Com (Ethanol, Feed - Dry Mill) - B Levelized Cost of Intermediate Fuel
. Levelized Cost of Transport Fuel
flxed coprOduct Transpon Fuel from Wheat (EthmOI' Feed) _ ! The LCOE of CHP options account for the
heat output as by-product revenue;
‘1 (Rindi % The LCOH of CHP options do only account
revenue Transpon Fuel from 50)’ Oil (Biodiesel) _ for the heat-related cost shares.
Transport Fuel from Palm Oil (Biodiesel) —
Sugar at $22/GJ market price . v . ' . . . ' -
0 10 20 30 40 50 60 70 80 90
[USD,,, /GJ]
Figure 2.18 | Typical recent levelized cost of ensrgy service from commercially avaiiable bioenergy systems at 7% discount rate. Feadstock cost ranges differ batween technologies. H
For levelized cost at other discount zates (3 and 10%) see Annex Il and Section 10.5. For biofuels, the range of LCOF represents production in a wide range of countries whesaas LCOE I D C C By
and LCOH are gven only for maior user markets of the technologies for which data were avaiable. The underlying cost and performance assumptions used in the calculations are gf) AL/

summarized in Annex lil. Calculations are based on HHV.

Abbresdations: BFB: Bubbling fluidized bed; ORC: Organic Raniine cycle; ICE: internal combustion engine



LCOF sensitivity to feedstock/investment costs and discount rate
for midpoints of other variables™ in multiple countries

= 50
o
\m 'O
8 S
e 45
=] Sugar coproduct
1 a value fixed at $22/G)J
o — .
',,% market price
= (Avg. 2005-2008)
- 35
173
S
E 30 ===emw=mnns Sygarcane Ethanol, Low Investment Cost, 3% DR
% — Sugarcane Ethanol, Medium Investment Cost, 7% DR
3 = w= we == = Sugarcane Ethanol, High Investment Cost, 10% DR
- swsssssssss Com Ethanol Low Investment Cost, 3% DR

25

s Comn Ethanol, Medium Investment Cost, 7% DR
= w we we = Com Ethanol, High Investment Cost, 10% DR
=sssessnuns Wheat Ethanol, Low Investment Cost, 3% DR
s \Wheat Ethanol, Medium Investment Cost, 7% DR
= w= e we = Wheat Ethanol, High Investment Cost, 10% DR
----------- Soy Biodiesel, Low Investment Cost, 3% DR

Soy Biodiesel, Medium Investment Cost, 7% DR
————— Soy Biodiesel, High Investment Cost, 10% DR
wensnsnsens Palm Oil Biodiesel, Low Investment Cost, 3% DR
s Palm Oil Biodiesel, Medium Investment Cost, 7% DR
= == we == = Palm Oil Biodiesel, High Investment Cost, 10% DR
----------- Pyrolytic Fuel Oil, Low Investment Cost, 3% DR
s PyrOlytic Fuel Oil, Medium Investment Cost, 7% DR

k *fixed and non_feed Operating Costs = e we e = PyrOlytic Fuel Oil, High Investment Cost, 10% DR

0 T T T T 1

0 10 20 30 40 50
Feedstock Cost [USD,,./GJ]

Reserences: Deita-T Corporation (1997), Sheehan et 2 (19580) McNoon et al (2000) Rosiio-Cale &t 3l {2000) McDoraid and Scrrattennclzes (2001) IDsen et 2L (2005) Jecera

{2005); Bohimarn (2006); CBOT (2006); Haas et 2L (2006} Ofverio {2006); Ofiverio and Ridakro (2006); Ringer &t 3l (2006); Shapowr! and S3asy (2006); USDA [2006) Ban (2007) ipcc
Kine et al (2007 USDA (2007} Arstad {2008); RFA (2011); Unhersity of Ilinois {2011). @) 5;
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Attributional GHG emissions from modern bioenergy chains compared
to fossil fuel energy systems, excluding land-use change effects.

*CCS=Carbon Capture and Storage
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Direct land use change GHG emissions examples

Chapter 9

Renewable Energy in the Context of Sustainable Development

Wheat (Europe) Maize (US) Sugarcane (Brazil) Jatropha (Tanzania) Soybean (Brazil) Palm (Southeast Asia)
Average Case 16001 @
1,000 :
B g CO,eq/MJ, for Fuel Energy Content L 2
o @ tCO,eq/ha of Land Use Change
600 'S
400 *
200
L 2 L 2
B . * -
o T 1r T LY ———— | — 1r T .= T 1 l’ — T T 1T o | T )
. j=—] ‘
L 4
-200
g3 8 2 9 S8 a 5 E 2 -8 S S a o o2 4 =& s &£
Ex e &S = o ¢ v S %S =2 g =g = o g &
S22 & 3 S o ) 23 8= 5 © 5 2 B & 2
£ 8 5 3 g = s 3
£ = 2 5
Q.

Figure 9.10 | lbustrative direct LUC-related GHG emission estimates from selected iand use types and first-generation biofuel (ethanol and biodiesel) feedstocks. Results are taken
from Hoefnageks et al. (2010) and Fargione et al. (2008) and, where necessary, converted (assuming a 30-year timeframe) to the functional units displayed using data from Hoefragels
et al (2010) and EPA (2010D). Ranges are based on different co-product allocation methods (Le., allocation by mass, ensrgy and market value). ;
IPCC o @
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GHG Emissions from Land Use Change [g CO,eq/MJ]
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Land use change — Take | (Chapter 2)

2012, 2017, 2022 2020 Projections 2010 and 2015 2010 Projections 2016
Pro:’ecltlgr:s EU - Al-Riffai et al. (2010), Projections :;lcilrect. o.nly, Projection
oo D o Hiederer et al. (2010) US - Tyner et al. (2010), £ tel: n:‘m:s - US - Searchinger
compare impacts Hertel et al. (2010a) melnonolody et al. (2008)
of US 2007 (vs. :
2005) legislation EU = Fritsche etal
g ¢ Maize (2010)
US EPA (2010)
A  Wheat
@ Sugarcane
X Rapeseed 6
Soya
o <=  Fuel Average
£
b %ot
¢ P ]
®
L L l L L] L . ’ Ll L L . L) L
05 + 1 150 0.5 1 150 0.5 1 0.5 1 0.5 1

Biofuel Shock [EJ]

Biofuel Shock [EJ]

Increased Spatial Resolution of Land Use Distribution and/or Use Options

Biofuel Shock [EJ]

Biofuel Shock [EJ]

Biofuel Shock [EJ]




Direct and indirect land use GHG emissions — Take Il (Chapter 9)

200

Total Uncertainty Range
150 | B Central Tendancy Range
100

LUC-Related GHG Emissions [g CO, eq/MJ]

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 LUC-related GHG emissions
induced by several first-ganacation biofuel 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 a3
30-year time frame. Reported under the x-axs is the number of references with results
faling within these ranges (Sources: Seaschinger et al, 2008; Al-Riffai et al, 2010; EPA
2010b; Fritsche et al, 2010; Hertel et al, 2010; Tyner et al, 2010).
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Land-use change and bioenergy

e The positive greenhouse gas balance of biofuels
can be affected by direct and indirect land-use changes.

e Proper governance of land use, zoning, and
choice of biomass production systems are

key challenges for policy makers.

Risks

1. Business as Usual

2. Un-Reconciled Growth
and Environment

* Food vs. Fuel

Dynamic
Interactions

in Space &
Time

. Biomass &

Water

Land Use

Food, Fodder, Fibre, Fuel

Micro Scale:
e.g., Biodiversity

Meso Scale:

Ecoloaical Services,

Ecological Areas

Enablers

1. Good Governance
* Supportive Policies
2. Sustainable
Use of Resources
* Ecosystems Services

Doomsters vs. Boomsters

simplified scenarios can be
replaced by win-win synergistic
strategies such as:

*Bioenergy uses (including
cascading uses) improve post
harvest biomass use efficiency

» Wise integration of bioenergy into
agriculture and forestry landscapes
can increase total biomass output
from land and also mitigate several
of the well documented
consequences of present day

agriculture and forestry (e.g.,
eutrophication, soil degradation, spread
of resistant pests, “gene leakage” to
outside croplands producing super
weeds, shrinking lakes and falling
groundwater tables, and others....)
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Quantifying and managing land use effects of bioenergy, Campinas, Brazil, September 19th — 21th, 2011, http://www.ieabioenergy-
task38.org/workshops/campinas2011/. This workshop was a joint effort of the Greenhouse Gas Balances of Biomass and Bioenergy
Systems IEA Task 38, in collaboration with Task 40: Sustainable International Bioenergy Trade - Securing Supply and Demand and Task
43: Biomass Feedstocks for Energy Markets.

The co-chair of the IEA Bioenergy Task Group 38, Neil Bird, Joanneum Research, Austria, and task members Professor Annette Cowie,
The National Centre for Rural Greenhouse Gas Research, Australia; Dr Francesco Cherubini, Norwegian University of Science and
Technology, Norway; and Dr Gerfried Jungmeier from Joanneum Research, Austria have finalized the strategic IEA report “Using a Life
Cycle Assessment Approach to Estimate the Net Greenhouse Gas Emissions of Bioenergy” (attached). It can be found at
http://www.ieabioenergy.com/Medialtem.aspx?id=7099. It includes data of case studies conducted by that Task Group over the years
(not a survey of screened literature shown in the IPCC SRREN). Alison Goss Eng is the U.S. representative to that IEA Bioenergy group.

Another report that just came out is the Bioenergy, Land Use Change and Climate Change Mitigation - Background Technical Report
(lead author Goeran Berndes, co-author of the SRREN’s Bioenergy) is now available
http://www.ieabioenergy.com/Libltem.aspx?id=6927. It was done at the same time as the IPCC report and used some of the same data
of the IPCC report.

Relative to the question on the NRC report on Biofuel Policy report, the October monthly report of the Center for BioEnergy
Sustainability (http://www.ornl.gov/sci/ees/cbes/Reports.shtml), includes the report by our ORNL colleague Virginia Dale who served
in the Panel:

“The National Research Council (NRC) report on “Potential Economic and Environmental Effects of U.S. Biofuel Policy” was released on
October 4. As one of the authors of this report, Virginia Dale talked with several people about her concerns that the report can be
misleading if the assumptions of the analysis are not considered. She points out that with any scientific process, it is difficult to reach
conclusions when (a) the data are inadequate, (b) some models are applied at scales inappropriate to the situation, or (c) key
processes are not included in the theories. All of these limitations, she says, are applicable to current analyses of the effects of
biofuels. The answer to the question of what are the economic and environmental effects of biofuels is that 'it always depends' on a
broad set of preexisting conditions, trends and available options, with no one solution being the best for all situations. Her perspective
was reported in several places:

) http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
) http://blog.25x25.0rg/
) http://news.medill.northwestern.edu/chicago/news.aspx?id=189869

| am sure that Virginia will discuss her concerns with you [dalevh@ornl.gov].

The sentence: “The answer to the question of what are the economic and environmental effects of biofuels is that 'it always depends'
on a broad set of preexisting conditions, trends and available options, with no one solution being the best for all situations.” is also
reflected in much of the SRREN Bioenergy Report.


http://www.ieabioenergy-task38.org/workshops/campinas2011/
http://www.ieabioenergy-task38.org/workshops/campinas2011/
http://www.ieabioenergy-task38.org/workshops/campinas2011/
http://www.ieabioenergy.com/MediaItem.aspx?id=7099
http://www.ieabioenergy.com/LibItem.aspx?id=6927
http://www.ornl.gov/sci/ees/cbes/Reports.shtml
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://news.sciencemag.org/scienceinsider/2011/10/panel-doubts-us-biofuels-goals.html
http://blog.25x25.org/
http://news.medill.northwestern.edu/chicago/news.aspx?id=189869

Back up materials



Biofuels Sustainability

A Maze in 2010
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Biofuel feedstock and fuel costs have declined for sugarcane and ethanol...

and also for corn ethanol Cumulative Ethanol Production in Brazil [10° m’]
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Figure 2.21 | Braziian sugarcane and ethanol production cost leaming curves for between 1975 and 2005 and extrapolated to 2020 (in USD,.). Progress ratio (PR=1-LR) is obtained |
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Complex set of options - approximate development stages ()

Chapter 2 Bioenergy

Table 2.5 | Examples of stages of development of bicenergy: thermochemical (orange), biochemical (blue), and chemical routes (red) for heat, power, and liquid and gaseous fuels from solid fignocel-
lulosic and wet waste biomass streams, sugars from sugarcane or starch crops, and vegetable oils (IEA Bioenergy, 2009; Alper and Stephanopoulos, 2009; Regalbuto, 2009).

Type of Type of Stage of Development of Process for Product(s) or System(s)
Product Basic and Applied R&D Early Commercial
Densified
Biomass
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g Co-Combution
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Gaslfication (G)
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ORC = Organic Rankine Cycle

PCC 9o



Complex set of options - approximate development stages (ll)

Chapter 2

Table 2.5 | Examples of stages of development of bicenergy: thermochemical (orange), biochemical (blue), and chemical routes (red) for heat, power, and liquid and gaseous fuels from solid lignocel-
lulosic and wet waste biomass streams, sugars from sugarcane or starch crops, and vegetable oils (IEA Bioenergy, 2009; Alper and Stephanopoulos, 2009; Regalbuto, 2009).

Type of Type of Stage of Development of Process for Product(s) or System(s)
Ie Basic and Applied R&D Demonstration Early Commerdial Commercial
Anaeroblic Digestion to Blogas
Q
i | v i
= or Power Microbial Fuel Cell
[P | emtemonewe
=
a Sugar Fermentation
58 [ s T
g' € Microblal Processing’
5 S T T
% Fuels Extraction and Esterification ’
= _""""Esel
a9 Extraction and Hydrogenation
o8 | Reebeded
<
g Extraction and Refining
v
$ S mRe

Notes: 1. ORC: Organic Rankine Cycle; 2. genetically engineered yeasts or bacteria to make, for instance, isobutanol (or hydracarbons) developed either with tools of synthetic biology
or through metabolic engineering. 3. Several four-carbon alcohols are possible and isobutanol is a key chemical building biock for gasoline, diesel, kerosene and jet fuel and other

products. .



Projected production cost range estimated for
groups of technologies

Bioenergy Chapter 2

Table 2.18 | Projected production cost ranges estimated for developing technologies (see Section 2.6.3).

Selected Bioenergy Technologies W Energy Sector 2020-2030 Projected Production Costs
(Electricity, Thermal, Transport)* (USD,,.,/GJ)

IGCC! Electricity and/or transport 12.8-19.1 (4.6-6.9 cents/kWh)

Oil plant-based renewable diesel and jet fuel Transport and electricity 15-30

Lignocellulose sugar-based biofuels’ 6-30

Lignocellulose syngas-based biofuels? Transport 12-25

Lignocellulose pyrolysis-based biofuels* 14-24 (fuel blend components)

Gaseous biofuels® Thermal and transport 6-12

Aquatic plant-derived fuels, chemicals Transport 30-140

Notes: 1. Feed cost USD,,, 3.1/GJ, IGCC (future) 30 to 300 MW, 20-yr life, 10% discount rate; 2. ethanol butanols, microbial hydrocarbons from sugar or starch crops or
lignocellulose sugars; 3. syndiesel, methanol and gasoline, etc.; syngas fermentation routes to ethanol; 4. biomass pyrolysis (or other thermal treatment) and catalytic upgrading to
gasoline and diesel fuel blend components or to jet fuels; 5. synfuel to SNG, methane, dimethyl ether, or H, from biomass thermochemical and anaerobic digestion (larger scale).
*Several applications could be coupled with CCS when these technologies, including CCS, are mature and thus could remove GHGs from the atmosphere.

See companion Table 2.15 with summary of ~ 25 developing technologies with estimated production costs projected for 2030 biofuel
productionand their 2010 industrial developmentlevel.

Difficulties: Most assessments reported under different financial assumptionsand report on technologies at different stages of development.
Many examples provide nth plant costs projected from bench or pilot, a few from demonstrations, and many reflect first-of-a -kind

plant with company specificrisk factors. Data comparability suffers.
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Chapter 10 Bioenergy Scenario Results
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Key conclusions (l)

Technical potential of up to 500 EJ/year by 2050, with large
uncertainty around market and policy conditions that affect this
potential.

100-300 EJ/year possible deployment levels by 2050.

Major challenge but would contribute up to 1/3 to the world’s
primary energy demand in 2050.

Bioenergy has significant potential to mitigate greenhouse gases if
resources are sustainably developed and efficient technologies are
applied.

“For the increased and sustainable use of bioenergy, proper design,
implementation and monitoring of sustainability frameworks can
minimize negative impacts and maximize benefits with regard to
social, economic and environmental issues.”



Key conclusions (ll)

 The impacts and performance of biomass production and use are region-
and site-specific.
Key options examples:

— Sugarcane ethanol production, waste to-energy systems, efficient cookstoves,
biomass-based CHP are competitive

— Lignocellulosic based process heat and space heating in the near term partially
substitute fossil fuels; biofuels and bioelectricity options, and biorefinery
concepts can offer competitive deployment of bioenergy post 2020

— Bio-CCS can offer negative carbon emissions when technologies are developed.
— New biomaterials are promising but less understood.
— Potential role aquatic biomass (algae) highly uncertain.

* Rapidly changing policy contexts, recent market activity, increasing support
for advanced biorefineries & lignocellulosic biofuel options, and in particular
the development of sustainability criteria and frameworks, push bioenergy
systems and their deployment in sustainable directions.



Chapter 2

pioenergy implementation scenarios that are equally possible
leading to sustainable outcomes or not depending on their development.

5 et

Food Trade: Maximal High Low
Meat Consumption: High High
Technology Development: High Low
Food Crop Fertilization: Very High High
Crop Intensity Growth: High Low
2050 Population (Billion): 8.7 13
2100 Population (Billion): 71 15.1
Relative 2100 GDP:

Globally Oriented

Food Trade:

Meat Consumption:
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Environment/Social

Figure 2.26 | Storylines for the key scenario variables of the IPCC SRES (IPCC, 2000) used to model biomass and bioenergy by Hoogwijk et al. (2005, reproduced with permission

from Elsevier B.V), the basis for the 2050 sketches adapted for this report and used to derive the stacked bar showing the upper bound of the biomass technical potential for energy
in Fiqure 2.25.



Key Preconditions

* High energy demand rewsits in Ngh energy prices and drive strong
Biomass demand,

* Limited oversight on teomass production and use. Largely defven by
market demand,

 Fully iberalized markets for bioenergy a5 well as o agricuture as a whole.

* Smong techaclogy development leading 1o increased demand for bicchemicals
and advanced Waripon Soels from biomans.

Key Impacts

* Production emghasi is on higher quality ind, converted pastures, ot

* Biomans produced and wied in Large scale opetation, lmaing small
Laomnwry’ benefity,

* Large scalle global trade and comversion capacity developed in major seaports,

« Competition with comventional agriculture for the better quaiity land, driving
wp food prices and Increasing pressure on forest resources,

* GHG benefits overall but seb-optimal due 10 sigaficam LUC effects.

Globally Oriented

Key Preconditions

* Wel working sustanabilty frameworks and strong polcies are implemented,

* Well developed bioenergy markets.

* Progressive techaslogy developesent, ¢.g. Bioredineries, new goneration Biotuels
and multiple products, successful uie of degraded lands

* Deweloping countries wcceed in transiticning 2o higher eficency technologies
and amplomant Biorelimeries at scales compatible with awallable resowrces,

* Sateiine proceiiing emetge

Key impacts

* 35% blomass feom residues and wastes, 25% Som marginaldegraded lands
and 40% from arable and pasture lands (3 and ™ million ke, respectively),

* Modeeate enmrgy price (notably oll) due %0 strong increase of blomass and
biotuels supply.

® Food and fuel confilcts Largely avoided due 10 strong land use planning and
alignment of bioener gy proSuction Capaciy with efficiency increases in
agriculture and lvestock management.

= Soil quality and sol carbon imgrove and negative biodiversity impacts ace
mirdmived wiing diverse and miced cropping syitems.

Key Preconditions

© High fossil fu peices expected dur 10 high Samand and limited nncation,
which pushes demand for Biofuels wie from an energy security peripective,
* Increased biomans demand drectly affects food markets,

Key Impacts

* Increased biomans demand partly covered by residues and wastes, partly by
annual crops

* Addnonal crop demand leads to significant ILUC effects and

* Overall increased food peices linked %0 high ofl prices.

* Lissted net GHG benefits

* Sub-optismal ocio-economic benedits.

Regionally Oriented

Key Preconditions

* Foous on umalier scale Sechnologies, utifzation of residues, waste streams and
smalier scale cropping schemes (0.9 Jatheopha) and a lwge arvay of specitc
cropping schomes.

* ktermational trade is constrained and trade baeriers remain.

* Effective national policy framewsrks control Bloenergy deployment, pet priority
on food and cptimige Blomass production and ue for wpecific
regional conditions,

Key Impacts

* Blomass comes from residues, organic wastes and cultivation om more
marginal Lands.

* Smaller scale bloenergy applications developed specially and used locally.

* Substantial Benefits provided for fural economies in terms of employment and

* Food, landane and nature cosdenvation conflicts are Ligely avoided.

o Sigreficant GHG mitigation benefits are constrained by Rmited
bioenergy deployment.

« Transport sector 32l wies 2 high share of petroleum 10 cover energy needs.




Attributional lifecycle GHG emissions of RE technologies are, in general, considerably
lower than those of fossil fuel options.
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Except for hydropower, operational water consumption from RE technologies are, or can be,
in general, considerably lower than those of fossil fuel options. s BB
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