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As response to framing in media gpergy Academy Europe

André Faaijaccording to KNAW:  Andre Faaij(as is):

A Lobbyist.

A Industry funded (thus
biased) research.

A Incrowdat Utrecht
University

A BijzondeHoogleraar
biomass

A Selfproclaimed expert

Most points made in this presentation
have been forwarded to KNAW prior to
LJdzo t A OI O Hpaysf orﬁ)léFeneng a Q

A Distinguished professor
(universiteitshoogleragrEnergy
System Analysis (RUG)

A Highly cited scientist (global top 1%;
thomsonreuters)

A Global research community
ALt/ /X L9!'ES !'bxE 29

A Some 5% industry funding in some 2&
MEuroacquired research funds to
date (largelygovt, EC, science

foundation)
‘O’ '
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Energy Academy Europe

A 300 EJ deployment®half of this century needed

A Bio-CCS (negative emissions) now paramount (e.g. in
advancediorefining

A Especially for advancdiofuelsand biomaterials (ratio
some 10¢5 : 1, comparable to oil use today).

A Leads to substantial moderation of mitigation costs (vs
no BBE).

A Many BBE options competitive vs. fossil reference on
medium term.
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Energy Academy Europe
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R Energy Academy Europe
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‘ Energy savings (efficiency, conservation,

w2000 and behavio

g‘ Phase-out of oil in the medium term "
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Fossil CCS (optional bridging technology)

Bio-CCS & negative emissions (long-termn)
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Share of Total Primary Energy [%]

BECCS Share [%]
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Al ROF yYOSR 0A2FdzSt aXo0aidNz
perspective)

A Biorefining biochemicalE 0 A 2 Y I (0 SN&A I §

Al AL GA2Y YR AKALILAY3IX

A[ A1Steée 2 O2YLISOS

A{K2dzZ R YSSiO GKS
that is not the case today!)

A Competition or synergy?




Fnergy use in transport  Energy Academy Europe

World Energy Use by Mode
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Energy Academy Europe
Breakdown of CO2 reduction options for aviation till 20804G 2012)

NO ACTION

CARBON-NEUTRAL

COz2 emissons indexed to 2005

GROWTH
1. improve fleet 2. cap net 3. by 2050, net -50% BY 2050
fuel efficient by emissions from aviation carbon
1.5% per year from 2020 through emissions will be
now until 2020 carbon neutral half what they
growth were in 2005.
[
= o
s g 8 2 3 2
E ﬁ o4 | o o
L] Known technology, operations B  Economic measures

and infrastructure measures o )
— Net emissions trajectory

Biofuels and additional
new-generation technologies

eee ‘No actions’ trajectory
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Energy Academy Europe
Biofuels demand and learning
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Biomethane B Biojet B Biodiesel - advanced Biodiese! - conventional
[ Ethanol - cellulosic | Ethanol - cane Ethanol - conventional

A Largescale deployment of advanced biofuels vital to meet the roadmap targets
A Advanced biofuels reach cost parity around 2030 in an optimistic case
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Production costs sugarcane [US$/tonne] and ethanol [US$/m°]

Cumulative ethanol production [10° m?]

Energy Academy Europe

Explaining the
experience curve:

Cost reductions of
Brazilian ethanol from
sugarcane

J.D. van den Wall Bake,
M. Junginger, A. Faaij,
T.Poot, A. da Silva
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| Ethanol prod. cost (excl. feedstock) 2020
= Expected range of cane prod. costs in 2020
[ Expected range of ethanol prod. costs in 2020
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Range of LCOE for selected commercially
available RE technologies compared t£Rergy Academy Europe
non-RE costs.

[UScent, . /kWh]

0 60 70 80 90 100

Biomass Electricity

10 20 30 a0 50
Solar Electricity -
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' } Medum Valees . Electticity
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. =

Hydropower
. Heat
Ocean Electricity -
S— . Transport Fuels
Wind Electricity | M
—_—
Range of Non-Renewable
Electricity Cost

Biomass Heat

Geothermal Heat

Solar Thermal Heat | IR

;taooe of Oil and Gas

Based Heating Cost
miofuols | | NI
[IPCCSRREN, 2011]
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Power (Direct Fired, BFB & Stoker), 25 - 100 MW
Power (Co-Firing), 25- 100 MW

CHP (Stoker), 25 - 100 MW

CHP (ORC),0.65- 1.6 MW

CHP (Steam Turbine), 2.5 - 10 MW

CHP (GasificationICE), 2.2 - 13 MW

CHP (MSW), 1 - 10 MW

CHP (Steam Turbine), 12 - 14 MW

CHP (Anaerobic Digestion), 0.5- 5 MW

Heat (Domestic Pellet Heating), 5 - 100 kW
Intermediate Fuel (Pyrolysis Fuel Qil)

Transport Fuel Sugarcane (Ethanol, Sugar, Electricity)
Transport Fuel Maize (Ethanol, Feed - dry mill)
Transport Fuel Wheat (Ethanol, Feed)

Transport Fuel (Biodiesel, Soy Qil)

Transport Fuel (Biodiesel, Palm Qil)

Energy Academy Europe
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_ ! The LCOE of CHP options account

forthe heat output as by-product
revenue;

— 2 The LCOH of CHP options only

* account for the heat-related cost

10 20 30 40 a0 50 70 80 a0
US$/Glyny

D
g9 , sronmngen TN Giingen T MU G J



Energy Academy Europe

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/kWh)
: : Transport and
Renewable diesel & jet fuel electricity 13-30
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)



Energy Academy Europe

A Suffice for 300 EJ (some 80 EJ residues, 20 EJ organic
wastes, 150 EJ from 500ha better quality land and some
50 EJ from 50Mhadegraded lands.

A Providedagriculture modernizes fast enough to absorb
growing food demand on less land.

A Yield gaps in livestock and cropping sufficient to do so
(some 10% of arable & pasture lands, 5,0dlth, needed).

A Can also be done fast enough in coming @ecades.

A Can provide major synergies in improved resource
efficiency (land, water, nutrients) and increased carbon
stocks.

A Major addition economic value in rural areas and marginal
lands.
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Key factors Energy Academy Europe
biomass potentials

[Dornburget al., Energy &
Environmental Scienc2010]




