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World transport energy use is growing
rapidly...
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Motes: Light-duty vehicles are cars and light trucks (up to 3.5 tonnes); heavy vehicles are trucks and buses.

Source: IEA Energy Technology Perspectives 2012

B Demand for transport fuels is growing rapidly as car-ownership
rates in emerging countries increase
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Spot Price of North Sea Brent (USD/bbl)

B World oil demand (mb/d)
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...With strong impact on oil demand
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...and CO, emissions

Transport CO, emissions
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CO, emissions from transport account for almost 25% of
world energy-related CO, emissions

© IEA/OECD 2013
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Why biofuels?

M Oil prices are rising and increasingly volatile

- The era of cheap oil is over!

M Global transport fuel demand is growing rapidly
- 50% increase in transport energy demand by 2050 in a business-as-usual scenario

- Biofuels replace fossil fuels
- Improved energy security
- Reduced oil import bills

B Agricultural sector has been suffering from high production costs and
relatively low commodity prices

- Biofuels can create additional income opportunities in rural areas

B Reduction of energy-related CO, emissions is needed to mitigate Climate
Change
—> biofuels can reduce transport CO, emissions compared to use of gasoline/diesel

- biofuels are the only low-carbon fuel suitable for heavy transport modes (planes, trucks,
marine vessels)

© IEA/OECD 2013



Biofuels
Some definitions

Biomass:

Any organic, i.e. decomposing, matter that is derived
from plants or animals

Biofuels:

Liquid and gaseous fuels produced from biomass,
used in the transport sector

Advanced biofuels Conventional biofuels

Basic and applied R&D Demonstration Early commercial Commercial

Ethanol from sugar

i Cellulosic ethanol
Bioethanol Lt and starch crops

Dieseltype | Biodiesel from microalgae; Btl'-diesel Hydrotreated Biodiesel
biofuels| Sugarbased hydrocarbons  (from gasification + FT°) vegetable oil (by transesterification)
I I
F ] £l
Other_ft_;els Movel fue:ls Blobui_:anol, DME; Methanol
and additives (e.g. furanics) Pyrolysisbased fuels
I I
Bi h Bio-SG* Biogas
lomethane - (anaerobic digestion)
| |
All other  Gasification Biogas
Hydrogen novel routes with reforming reforming
1 1
Liquid biofuel Gaseous biofuel Source: IEA Technology Roadmap: Biofuels for Transport

1. Biomass-to-liguids; 2. FischerTropsch; 3. Dimethylether; 4. Biosynthetic gas. 2013



Conventional biofuels

B Conventional biofuels (also referred to as 15t
generation)

® \Well-established technologies; commercial
production

® Ethanol: corn, sugarcane, wheat, sugarbeet, cassava
® Biodiesel: rapeseed, soybean, oil palm, sunflower

® Biogas: produced via anaerobic digestion of energy
crops (e.g. maize silage) and wastes (e.g. organic
waste, manure)

Courtesy: www.flashnewstoday.com;
www.palmEIantations.com.au:

soilcrop.t
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Grain ethanol production

DRY MILL ETHANOL PROCESS

© IEA/OECD 2013



FAME biodiesel production
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Purification

Disposal of impurities in the oil
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Trans-esterification

Reaction of oil with methanol
Production of methyl ester (biodiesel)

Purification Powered By
BIODIESEL
Separation of ester and giycerin

Washing, separation of ester and methanol
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Biofuel production 2000-12

Global Biofuels Supply

mb/d billion litres
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B Global biofuel production grew rapidly in the last decade
- Reached 110 billion litres in 2012
- 22% average annual growth 2000-10, but only 1.2% 2010-12

M Biofuels provide around 3% of total road transport fuel today

B Support policies main driver behind biofuel development

- more than 50 countries (including many developing countries) have now adopted blending
mandates and targets

© IEA/OECD 2013



Advanced biofuels

® Currently in R&D, pilot or demonstration phase

® Cellulosic-ethanol: different types of lignocellulosic
biomass

® Biomass-to-liquids (BtL)-diesel: different types of
lignocellulosic biomass

® Bio-synthetic gas (bio-SG): biomethane produced
from different types of biomass via gasification
® Other novel technologies in the R&D phase

+  Algae-biofuels
¢ Sugar-based hydrocarbons

B Advanced biofuels promise:
® high land-use efficiency
® use of non-arable land

® reduced fertiliser input through use of perennial
crops

® Can they meet these expectations?

Courtesy:
A. Eisentraut; www.biofuelstp.eu;
www.roulonspropre-roulonsnature.com

© IEA/OECD 2013




Cellulosic Ethanol

»Stillage Distillation
" waste
("'_E_;“ - - Product separation|
Sl - Hydrous ethanol
[Combustion | B\;%j !—H‘:ﬂz
Fermentation
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Lignir

En/_yr TS ——

Hydrolysis

Cellulose
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retreatment

Size reduction |

Ligno-ceallulosic feedstock -
wood, residues, grasses etc.

B Enzymatic or acidic hydrolysis of lignocellulosic biomass into sugars and
subsequent fermentation to ethanol

M Relatively advanced process with several pilot and demo plants in place
and first pre-commercial plants starting up

M Pretreatment process suitable for butanol, sugar-to-diesel and other

advanced biofuel pathways
© IEA/OECD 2013




Thermo-Chemical Conversion
Biomass Gasification

Syngas
CO, H,* some CH,

Ash,incrganics

OXYGE e} - ash. ingrganics

Tar cracker |
Syngas, tars, ash,
inorganics

Homogenous,
dry particles

Oxygen or air
Steam

&

Ligno-cellulosic feedstock -
wood, residues, grasses etc.

B Thermo-chemical conversion of biomass into synthesis gas (CO, H2 + CH4)

B Feedstocks need to be dry and relatively homogenous to ensure
highprocess efficiency

© IEA/OECD 2013



Biomass Gasification

Biomass

l

CO+H,
Syngas

Hydrogen Syncrude Methanol
Ammonia|| Refinery
products [DMIM | DME|
Acetic acid Synthetic

LPG

D = dimethoxy methane; DME = dimethyl ether

B A broad range of biofuels can be produced from the syngas
B Can potentially serve other sectors as well (e.g. chemical industry)
M Key is to produce clean, high quality syngas

© IEA/OECD 2013



d The advanced biofuels industry is
| expanding

© IEA/OECD 2013



GHG-Reduction Potential of Biofuels

Advanced biofuels Conventional biofuels
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Note: The assessments exclude emissions from indirect land-use change. Emission savings of more than 100% are possible through use of co-products.
Source: IEA analysis based on UNEP and IEA review of 60 LCA studies, published in OECD, 2008; IEA, 2009; DBFZ, 2009.

B Most biofuels can reduce GHG-emissions compared to gasoline/diesel

However, uncertainty on the impact of land-use change on GHG balance
remains

m All biofuels should provide at least 50% life-cycle GHG emission reductions
by 2020 © IEA/OECD 2013




Sustainability of biofuels is an important issue

Sustainability

A
._ Employment GHG emissions and air quality Energy security and selfsufficiency
Land issues Soil quality Balance of payments
Smallholder integration Water use and quality Financing
Food security Biodiversity Fuel cost

{ = Biofuels’ impact on food security remains important topic that
needs to be addressed

g 8 Environmental sustainability continues to be questioned

> Deforestation; Indirect land-use change emissions; biodiversity impact; water
consumption

m Social aspects are critical in particular in developing countries

B Economic impact of biofuels support measures needs to be
monitored

Possible solutions:

m Sustainability relevant to whole agricultural sector - holistic policy
approach needed

m GBEP sustainability indicators as basis for solid certification schemes
: for biofuels © IEA/OECD 2013



Biofuels’ place in the agricultural sector

Vegetable oil use (worldwide)
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Source: FAQ, International Grains Council -
www.unendlich-viel-energie.de |5 J

m Biofuels are cultivated on 30 Mha of land toady, less than 1% of all
agricultural land globally

B 6% of world grain production and <10% of world vegetable oil
production is used for biofuels

- Biofuel production is not the key driver for agricultural commodity
prices
->Weather, oil prices, population growth (i.e. growth in demand),
speculation and exchange rates are the strongest drivers

© IEA/OECD 2013



Electric vehicles & Plug-in hybrids can make
a difference

4
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Source: http://dicodelauto.yakarouler.comiatdtolib%E2%80%99-le-bilan-apres-6-mois

Key requirement for emission
reductions is use of low-carbon
electricity

Source: http://www.ecochunk.com/2015/2012/08/27/sunstation-
to-charge-your-electric-car-with-renewable-solar-energy/
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ittp://inhabitat.com/honda-unveils-all-new-electric-scooter-the-ev-neo/
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Sales of electric 2-wheelers in China

match gasoline-powered scooters
after just a decade in the market

M Electric

Millicn wehicles

JE— Gasoline

n I T T T T 1
1585 1950 1595 2000 2005 2010

Source: IEA Energy Technology Perspectives 2012
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Hydrogen might also play a role as vehicle fuel in
the future

Electrical Grid 3 Wind Turbines Hydrogen Prodution
1\ |
Electricity Electricity
Hydrogen
2 CHP's, Combined Heat &
and Power Plants y
g q - Hydrogen
[ Storage
£ Variable
Electricity Mix Hydrogen (
Mixing Valve
Heat |co2
af o, Carbon Dloxide

Local Heat
CH4

¥, pydrogen
gicige INTe water and e-gas,

e-gas Station
A vast growing number of e-gas
stations supplies e-gas driven cars

Source: Enertrag.com
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Alternative fuel options for heavy and long-
distance transport are limited

High energy density of fuels is key criterion for planes,
marine vessels and long-haul trucks

—> Electrification and use of hydrogen are no realistic options at the
moment

© IEA/OECD 2013
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Further reading

Transport, energy and CO, - Moving towards sustainability (2009)
Horizon 2050, all energy sources relevant to transport
www.iea.orq

From 15t- to 2"d-Generation Biofuel Technologies (2009)
Current state of the art of 2nd-generation biofuel industry

Sustainable Production of Second-Generation Biofuels (2010)

Potential for biofuels form agricultural and forestry residues
Both publications available at www.iea.org

IEA Technology Roadmap - Biofuels for Transport (2011)
Focus on global biofuel deployment to 2050
www.iea.org/roadmaps

B Contact: Anselm.Eisentraut@iea.org
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