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Bioenergy — Status Quo — Global Primary Energy Supply

Crude 0il

32.0% Nuciear power
Hydro power

energy

16.7%

Natural gas
20.9%
X ' Eee——Wind energy 0.30%

Coal -Geothermal energy 0.20%
24.9%

-Solar energy 0.10%

Substitution-Method (thermodynamically correct) Source: BP, 2008; REN21, 2008; GWEC,

2008
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Global uses of bioenergy — shares and categories
Biofuels

~Bioethanol 1.8%

— Biodiesel 0.4%

—Biopower 4.5%

Bioheat
traditional  modern
85.6% 7.8%

* Energy crops
 Residues and waste
e Traditional biomass

Source: BP, 2008; REN21, 2008; GWEC, 2008
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Global potential of bioenergy

Calculation of energy crop potential - excluding

» Areas for biodiversity conservation (beyond existing
protected areas)

» Existing cropland or potential new cropland

» Areas whose conversion must be expected to cause
GHG emissions that can not be compensated within 10
years

Energy crops: 30 — 120 EJ
Residues and waste: ca. 50 EJ
Traditional biomass: ca. 40 EJ
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Source: WBGU, 2008

] Little prospect of realizing the potential Bioenergy potential (GJ per ha and year)

in the short to medium term
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Risks of energy crop production

Food security

— Competition with other land uses, price effects, more land for food
required, area-intensive nutrition patterns

Biodiversity
— Monocultures, deforestation

Soil and water
— Degradation, exploitation, soil carbon, water use competition

Climate

— GHG emissions due to land-use changes, land use competition
(afforestation, black carbon)
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.1 Cropland/grazing land mosaic
I Cropland > 50% I Grazing land > 50% [1 Agriculture < 20% of land area
Bl Cropland > 85% I Grazing land > 85% or no growing season

Source: UNEP, 2007
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Changes in land use 1700-1995
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Emissions from deforestation
Other

\Venezuela Indonesia

Papa-
New Guinea

Peru
Nigeria
Zambia

Dem. Republic
of Congo

Myanmar
Brazil

Malaysia
Source: after Houghton et al., 2003
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Trade in forest products
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Although there is potential, biomass is a limited resource

-> strategic use, oriented at
Climate mitigation / GHG reduction potential
Technical supply security

Overcoming energy poverty

Source: FAO, 2007
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GHG emissions purely from direct/indirect land-use
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Rape - pasture

[Jjonly iLUG (50%-Level)
Ell|only iLUC (25%-Level)
El|only dLUC

Rape - cropland

Oil palm - trop. rainforest

il palm - degraded

Jatropha - cropland
Jatropha - marginal

Switchgrass - pasture

Switchgrass - cropland

Source: Fritsche and Wiegmann, 2008
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Reduction of GHG emissions in relation to final or useful
energy, in % compared to fossil baseline

Pellets Wood residues — pellets — coal-fired power plant-2005 D
Biomethane Organic wastes — biomethane — combined-cycle power plant-2005 [
Biogas Harvest residues/slurry — biogas — small-scale CHP-2005 g m
Wood chips Short-rotation — wood chips - central CHP — steam turbine-2030 -_8 °
Bio'. Grass silage/slurry — biomethane — combined-cycle power plant-2030* rjl'l -_91'
Biogas Maize silage - biogas — small-scale CTHP-2005 ‘g (=}
Rape — plant oil — small-scale CHP-2005 ‘(1 4'1%;

; Jatropha (degraded) — plant oil - small-scale CHP-2030
Plant oil 0il palm (degraded) - plant oil - small-scale CHP-2005
Qil palm (rainforest) — plant oil — small-scale CHP-2030

[

Wood residues — pellets — heating-2005
Short-rotation — pellets — heating-2030

Pellets

Electro- Wood residues/chips — central CHP — steam turbine — electric car-2030
mobility Switchgrass - biogas — small-scale CHP — electric car-2030
Bioethanol Sugar cane - ethanol — car-2005
Rape - bicdiesel — car-2005

Short-rotation — Fischer-Tropsch diesel BtL — car-2030

Biodiesel Jatropha (degraded) — bicdiesel — car-2030
Qil palm (degraded) — biodiesel — car-2005

Qil palm {rainforest) — bicdiesel — car-2030

-80 -60 -40 -20 o 20 40 50 60 a0 100 120
GHG reduction in relation to final or useful energy
[ Life-cycle emissions excl. iLUC B Life-cycle emissions incl. iLUC, or iLUC irrelevant
== 50% reduction relative to chosen fossil baseline = 100% reduction relative to chosen fossil baseline

Presently under discussion in legislative process, but not purposeful as
standard, as it is not apparent how much biomass was deployed. Source: WBGU. 2008
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Absolute abatement of GHG emissions for temperate €  nergy crops, in
relation to cropping areaint CO ,-eq. per hectare and year

- 1
Short-rotation — pellets — coal-fired power plant-2030
Short-rotation — wood chips — central CHP - steam turbine-2030

Short-rotation — raw gas — gas turbine-2030

Short-rotation — biomethane - combined-cycle power plant-2030
Grass silage/slurry — biomethane - combined-cycle power plant-2030*
Grass silage/slurry — biomethane — small-scale CHP-2030"

Grass silage/slurry — biogas — fuel cell (SOFC)-2030"

Grass silage/slurry — biogas — small-scale CHP-2030"

Switchgrass — biogas — small-scale CHP-2030

Maize silage — biogas — small-scale CHP-2005

Rape — plant oil — small-scale CHP-2005

JLTMEETE]

Short-rotation — pellets — heating-2030
Switchgrass — pellets — heating-2030

1e0H

Switchgrass — biogas — small-scale CHP - electric car-2030
Short-rotation — biomethane — car-2030

Maize silage — biomethane — car-2005

Cereals — ethanol — car-2005

Maize grain — ethanol — car-2005

Rape - plant oil — car-2005

Rape - biodiesel — car-2005

Short-rotation — Fischer-Tropsch diesel Bil - car-2030

Aunqow

-10 -5 0 5 10 15 20 25
Absolute GHG reduction in relation to respective cropping area
[t CO2eqg/ha and year]

[ Life-cycle emissions excl. iLUG B Life-cycle emissions incl. iLUG, or iLUG irrelevant
Source: WBGU, 2008
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Absolute abatement of GHG emissions for tropical en ergy crops, in
relation to cropping area int CO ,-eq. per hectare and year

Jatropha (degraded) - plant gil - small-scale CHP-2030 Tropical plants g
Jatropha - plant oil - small-scale CHP-2030 a
Qil palm (degraded) — plant oil — small-scale CHP-2005 g
Oil palm (rainforest) — plant oil — small-scale CHP-2030 é-
Sugar cane (degraded) - ethanol — car-2030
Sugar cane - ethanol — car-2005 §
Jatropha (degraded) - biodiesel — car-2030 =3
Jatropha — biodiesel - car-2030 ]
0il palm (degraded) — biodiesel — car-2005 =
Qil palm (rainforest) — biodiesel — car-2030

-90 -80 -70 -60 -s0 -40 -30 -20 -0 0 10 20 30 40 50 60 7O

Absolute GHG reduction in relation to respective cropping area
[t CO2eq/ha and year]

[ Life-cycle emissions excl. iLUG B Life-cycle emissions incl. ILUG, or iLUC irrelevant

Weaknesses of this parameter:
- It cannot be applied to residues and waste
- The hectare yields and heating values of energy crops vary widely

Source: WBGU, 2008
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Why a new GHG criterion?

Greenhouse gas standards discussed in the past:
Reduction of GHG emissions per litre petrol or diesel (in %)
It is not asked how much biomass is needed in each case to produce the fuel.

Problem:
- limited quantity of sustainably producible biomass
- maximum climate change mitigation effect?
- area-related standard neither serves the purpose
(varying hectare yields, missing residues)

WBGU proposal for standard:
- level of GHG reduction with a given quantity of biomass.
Minimum standard: 30 t CO,eq reduction per TJ biomass feedstock deployed.

The outcome: in electricity generation = much greater mitigation effect
than in transport sector with the same quantity of biomass

Source: WBGU, 2008




{@> WBGU

Absolute reduction of GHG emissions in relation to the energy
content of biomass feedstock, in  t CO,-eq. per TJ raw biomass

| | | D
Pellets Wood residues — pellets — coal-fired power plant-2005 Ex
Biomethane Organic wastes — biomethane - combined-cycle power plant-2005 %
Biogas Harvest residues/slurry — biogas — small-scale CHP-2005 8
W_{m'd chips Short-rotation — wood chips - central CHP —steam turbine2030 |~~~ —m——A—nr-"V——— ) 777777 m m
Bio- Grass silage/slurry — biomethane — combined-cycle power plant-2030* 2 a
g}z‘:::e Maize silage — biogas — small-scale CHP-2005 ——— é =
Rape — plant cil - small-scale CHP-2005 1 o Q.
Jatropha (degraded) - plant oil - small-scale CHP-2030 _g <
Plant il 0Oil palm (degraded) — plant oil - small-scale GHP-2005
Qil palm (rainforest) — plant cil — small-scale CHP-2030 -185
] ; 1
Pellets Wood residues — pellets — heating-2005 : %
Short-rotation — pellets — heating-2030 g' =%
] ) ] ) s
Electro- Wood residues/chips — central CHP — steam turbine — electric car-2030 D
mobility Switchgrass - biogas — small-scale CHP - electriccar-2030 |~~~ T T bYmmte——3%———— 7T 7777 iﬁn_
Bioethanol Sugar cane — ethanol — car-2005 2 Qg
Rape - bicdiesel — car-2005 g g
Short-rotation — Fischer-Tropsch diesel BiL — car-2030 @ &
Biodiesel Jatropha (degraded) - bicdiesel — car-2030 S
Qil palm (degraded) - biodiesel — car-2005 g
Qil palm (rainforest) — biodiesel — car-2030 i
T T T
-50 0 30 50 60 100 150 200
Absolute GHG reduction in relation to the quantity of biomass deployed (gross energy)
[t CO2eq/TJ]
[ Life-cycle emissions excl. iLUC I Life-cycle emissions incl. iLUG, or ILUC irrelevant

Source: WBGU, 2008
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GHG mitigation costs in EUR pert CO ,-eq.

Pellets Woed residues — pellets — coal-fired power pIant-ZGU-E
g;zrgn:sthane Organic wastes — biomethane — combined-cycle power plant-2005
. Harvest residues/slurry — biogas — small-scale CHP-2005
:l;g&-)d chips Short-rotation — wood chips — central CHP — steam turbine-2030
methane Grrass silage/slurry — biomethane — combined-cycle power plant-2030*
Biogas Maize silage — bicgas — small-scale CHP-2005
Rape — plant oil — small-scale CHP-2005
Plant oil . Rape — plant o?l — amall-scale CHP-2005
Oil palm (degraded) — plant oil - small-scale CHP-2005
Qil palm (rainforest) — plant oil - small-scale CHP-2030
Pellets Wood residues - pellets - heating-2005 |
Short-rotation - pellets — heating-2030
Erlgm; Wood residues/chips — central CHP — steam turbine — electric car-2030
Switchgrass — biogas — small-scale CHP - electric car-2030
Bioethanol Sugar cane - ethanol — car-2005
Rape — biodiesel — car-2005
Short-rotation — Fischer-Tropsch diesel BiL — car-2030 —
Biodiesel Jatropha (degraded) - biodiesel — car-2030 3
Qil palm (degraded) — biodiesel — car-2005
Qil palm (rainforest) — biodiesel - car-2030 M
T
0

L L] L T L L] L L] L L] L
50 100 1s0 200 2s0 300 350 400 450 sS00 550 600
GHG abatement costs [EUR /t CO2eq]

-50

[ Life-cycle emissions excl. iLUC I Life-cycle emissions incl. iLUC, or iLUGC irrelevant * No abatement

Source: WBGU, 2008
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False incentives created by the Kyoto Protocol

Emissions
generated

g

Real reduction

.
Fossil emissions
saved
= eligible reduction

P

=

Eligible reduction > real reduction
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Climate change mitigation potential

Sustainable technical bioenergy potential: 80 - 170 EJ per year,
economic: roughly half

Using this full potential with the best pathways 60 t CO.,eq per
TJ biomass feedstock

-> saving GHG emissions of 2-9 Gt CO,eq per year

Compared: Present global GHG emissions about 50 Gt CO,eq,
of which 32 Gt CO, are fossil energy and 6 Gt CO,, from land-
use changes.

-> WBGU promotion standard can only be met if no land-use changes
are caused and biomass is deployed in the electricity sector (exception:

use of degraded land).
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Efficiencies of bioenergy pathways in %

WBGU

pellets Wood residues — pellets — coal-fired power plant-2ﬂﬂﬁ%:| %
Biomethan, Organic wastes — biomethane — combined-cycle power plant-200: | | g
Biogas Harvest residues/slurry - biogas — small-scale CHP-2005E i) | :_l _________________________ _l% A m
Wood chips Short-rotation — wood chips — central CHP — steam turbine-203 @ g
Bio- Grass silage/slurry — biomethane — combined-cycle power plant- 2030_::] o=
Qizth:sne Maize silage — biogas — small-scale CHP- 2005_ | ‘g %
9 Rape - plant oil - small-scale CHP-200: 1 E <
Jatropha (degraded) - plant oil — small-scale CHP-203 I d
Plant oil il palm (degraded) - plant oil - small-scale CHP-200: B
Qil palm {rainforest) — plant oil — small-scale CHP-203!
Weood residues — pellets — heating-2005- [ I _f_ %
Pellets Short-rotation — pellets — heating-2030] [ a =B
P4
Electro- Wood residues/chips — central CHP — steam turbine — electric car-203 I 1 ___. _g. =2
mobility Switchgrass - biogas — small-scale CHP — electric car-2031 I I = o
Bioethanol Sugar cane - ethanol — car-200: T w g
Rape — biodiesel — car-2005] E' i3
Short-rotation — Fischer-Tropsch diesel Bl — car-2030) d g
Biodiesel Jatropha (degraded) — bicdiesel — car-2030§ ] é
Qil palm (degraded) — bicdiesel — car-2005) S
0il palm (rainforest) — bicdiesel — car-2030) B
Y ¥ ¥ Y T T T T
0 10 20 30 40 50 60 70 80 a0 100
Efficiency [%]

[ Shaftpower/drive = 100% exergy Electricity = 100% exergy [ Heat — exergy

[IHeat — anergy

Source: WBGU, 2008

Bioenergy in the transport sector

WBGU

Efficiencies

100 — 100
“Direct generation™ of electricity Transmission of
—_ renewable
% %07 ‘\ Gasification: glectricity I %0 Electromotor:
e “ Raw gas T — Electricityf from direct generation
g 80 = . kg0 & (hydro, wind, solar)
- £
g ‘\ Battery, converter, 2
E 70 u electromotor | 79 2
E “ L c Electromotar:
Eﬁ 1 G!as purification, . @ == Electricity from biomass
5 60 o LN Gas purification, Flscher—Tropsch synthesisk g0 (wood, short-rotation, grass)
o “ methanization and and upgrading E
? 50 4 . thermal combined- > Fl-diesel (BIL) L, &
2 cycle power plant S ; ——
° L3 > Electricity 3 Internal-combustion engine:
g 1 \‘ I 9 = == 9nd-generation biofuel
£ 40 . 40 g (FT diesel (BtL) from short-rotation)
§ . R
N 30 \--.._____ A = 30 E
Separation, Dl 5 B . .
% extraction of Transesterification - = Internal conjbus!lon engine:
5 204 =3 Biodiese L 20 & = == 1st-generation biofuel
o rape oil Biodiesel @ t-g
%- =] (biodiesel from rape)
g 10 Tank, 10
o internal combustion engine"
0 T T = O

1st conversion stage  2nd conversion stage Target energy conversion

Source: WBGU, 2008
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Electric Motor
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Electromobility — Range of a car

H Min B Max

Power from Wind-, Hydro- and Solar Energy

Power from Biomass

+ C€O,-Sequestration
possible in power plant

+ Utilisation of heat
possible in power plant

+ Clean

+ Silent

Power from Wind-, Hydro- and Solar Energy
in an Hydrogen - Fuel Cell

- CO,Emission at Exhaust
- Particulate Matter

- Noise

-  Fuel Cost

V708
ISE
|
0 1 2 3 4 5 6 7
Primary Energy Specific Range in km / kWh PE Source: Sterner, Schmid, 2008
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Energy efficiency — Transformation of Energy Systems
Increase of direct renewable generation

Unused
waste heat
Electricity Electricity
Efficiency 38% Efficiency 100%

Source: WBGU, 2008
+ Sterner et al, 2008
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Energy efficiency — Transformation of Energy Systems

Renewables and CHP heat

Today

: After
e o > transformation

Source: WBGU, 2008
+ Sterner et al, 2008
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Energy efficiency — Transformation of Energy Systems
Increase of renewable electromobility

Combustion engine
Efficiency 20%

Losses

Electric drive
Efficiency 80%

Source: WBGU, 2008
+ Sterner et al, 2008
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Energy efficiency — Transformation of
Renewable electromobility

Today Transformation :>
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Energy Systems

After
transformation

Source: WBGU, 2008
+ Sterner et al, 2008
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Energy efficiency — Transformation of

Energy Systems

Geothermal energy: renewable heat pumps

Direct combustion

Ambient heat

Electric heat pump

Source: WBGU, 2008
+ Sterner et al, 2008
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Energy efficiency — Transformation of Energy Systems
Geothermal energy and CHP heat

) After
Today Transformation > transformation Source: WBGU, 2008
ier et al, 2008
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Transformation of the energy system  — example Germany
Greenhouse gas reduction by 85% through energy effi ~ ciency

Efficiency gain through
direct generation and CHP

Efficiency gain through
electromonbility and heat pumps

Efficiency gain
through direct savings

Today Transformation > A don | SOUFce: WBGU, 2008
+ Sterner et al, 2008
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Stages of bioenergy use in industrialized countries

Biomass
displaces
mineral oil
and
natural gas

Biomass
substitutes
coal

Natural
gas

18t stage : Substitution of fossil
energy at low cost and without
major energy conversion losses
(preferably direct combustion)

2d stage : Biomass (ideally:
biomethane) for electricity.

Use of waste heat, renewable
electromobility and heat pumps

Direct generation
and biosnergy
substitute coal
and natural gas

_________

displaces
mineral oil

Source: WBGU, 2008
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Bioenergy in developing countries

 In the past: Inefficient and harmful to health

Efficiency: 5-10%

» Simple alternatives: Improved cooking stoves
(efficiency 30—40%) and small-scale biogas
digesters in households, small-scale plant-oil
CHP units, biomass gasification facilities
instead of coal -fired power plants for electricity

generation

Source: PrivatePhotos, 2008
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Conclusions on bioenergy (1)

» Climate protection and climate damage are close-up
- Use of perennials and marginal, degraded land

« Maximum climate change mitigation by bioenergy
—> substitute coal
- Power generation, CHP, not as biofuels in transport
promote instead electromobility

* Prevent emissions from land-use changes:
Prioritize use of residues

34

Conclusions on bioenergy (2)

« Main energy efficiency potential: Overcome traditional
bioenergy use and mitigate health hazards

» Bioenergy (Energy crops ) are a ,brigde‘ into a sustainable
energy future until 2030/2050

— All available fertile land —>nurish increased global population (by
2030, 50% more food comodities will be required)

— Future main strategic use of biomass - material use in industry
to substitute fossil feedstocks (chemicals, plastics, pharmaceutial
products, etc.)

Energy can be provided by other means, carbon not.

— Future energy demand - met by other renewable energy
sources in a more economic and climate friendly way

(almost no GHG emissions and no feedstock costs of wind,
solar, hydro, etc.)
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Thank you very much for your kind attention!




