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Agenda

� LCA parameters which cause large deviations

– Soil N2O

– Land use change

– GWP factors

– CO2 sources for power-to-methane and power-to-liquid
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Soil N
2
O emissions

� Large bandwidth  for soil N2O-emissions according to 2006 IPCC 
Guidelines

Code Unit Default Min Max

EF6 Direct N7 O kg N7 O-N/(kg N-input) 0.01 0.003 0.03

EF8 Indirect N7 O from NH9 -N and 
NO: -N

kg N7 O-N/(kg NH9 -N and NO: -N) 0.010 0.002 0.05

EF; Indirect N7 O from leaching N kg N7 O-N/(kg N leaching/runoff) 0.0075 0.0005 0.025

Frac< = > ? Volatilization from synthetic 
fertilizer

kg (NH9 -N + NO: -N)/kg of 
synthetic fertilizer-N

0.100 0.03 0.3

Frac@ A = B C N losses by leaching/runoff kg N/kg of synthetic fertilizer-N 0.300 0.1 0.8
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Soil N
2
O emissions

� Comparison of results for FAME from rapeseed as an example

� Large deviations due to deviations of soil N2O emissions

Unit Default Min Max

Crop yield t� � � � � /(ha*yr) 3.15

Fertilizer input kg N/(ha*yr) 142

Direct N� O kg N� O-N/(ha*yr) 2.12 0.64 6.37

Indirect N� O from NHE and 
NOF emissions

kg N� O-N/(ha*yr) 0.14 0.01 2.13

Indirect N� O from N 
leaching/runoff

kg N� O-N/(ha*yr) 0.48 0.01 4.25

Total kg N� O-N/(ha*yr) 2.74 0.66 12.75

Soil N� O emissions g N� O/MJG H � I 0.0550 0.0132 0.2557

g CO� � J /MJG H � I 16.4 3.9 76.2
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Soil N
2
O emissions

� Comparison of results for FAME from rapeseed as an example

� Soil N2O emissions alone can exceed the threshold for overall GHG 
emissions for biofuel supply in the recast of the Renewable Energy 
Directive

At least 65% GHG savings 

compared to fossil fuel 

comparator: 94 g CO2eq/MJ
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� Comparison of results for FAME from rapeseed as an example

� In case of default soil N2O emissions GHG emissions from cultivation 
limit the GHG savings to about 68%

Impact of soil N
2
O emissions, production of 

agrochemicals, and diesel use

At least 65% GHG savings 

compared to fossil fuel 

comparator: 94 g CO2eq/MJ

Soil 

N2O
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Soil N
2
O emissions in the EU

� Median value: 
1.71 kg N

2
O-N/(ha*yr)

� Large deviations between 
the different regions from 
less than 0.50 to more than 
8.01 kg N

2
O-N/(ha*yr)
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Uncertainty of soil N
2
O emissions in the EU

� Uncertainty: 10 to 20% 
within a dedicated region
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Land use change

� CO2 emissions from land use change (LUC) can have a significant impact 
on the overall GHG footprint of biofuels

� CO2 emissions from LUC occur:

– Removal of aboveground biomass

– Oxidation of carbon in the soil

– Peat fires

� Large bandwidth e.g. for CO2 emissions from LUC for oil palm grown on 
peatlands

� The assessment of indirect land use change (ILUC) is very difficult
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Land use change

� GHG emissions from LUC for oil palm grown on peatlands based on 
[Hashim et al. 2017]

– Degraded peatland (grassland)

– Lightly logged-over peat swamp forest

� LUC alone can lead to extremely high CO2 emissions of more than seven 
times of the GHG emissions of the fossil fuel comparator in the recast of 
the RED (94 g CO2eq/MJ)

Carbon stock CO4 Å Æ emissions

(t C/ha) (t /(ha*yr))� (g/MJG H � I )�

Aboveground biomass 13-180 -3.2 to 21.3 -30 to 195

Peat oxidation 13 to 53 119 to 486

LUC total 9.8 to 74.3 90 to 681

a: Growing period: 25 yr: Carbon stock oil palm: 35 t/ha

b: 15.1 t FFB/(ha*yr); 0.2 t CPO/(t FFB)
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GWP factors

� The global warming factors (GWP) have changed from the IPCC forth 
assessment report (AR4) to the fifth assessment report (AR5)

� Example FAME from rapeseed: AR5 leads to 8% less GHG emissions 
from combined soil N2O emissions and fertilizer supply compared to 
AR4 if IPPC default values are applied for soil N2O

AR4 
(g CO4 equivalent/g)

AR5
(g CO4 equivalent/g)

CO� 1 1

CH¿ 25 30

N� O 298 265
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CO
2

source for PtCH
4

and PtL

� Technologies

– CO
2

from biogas upgrading

– Direct methanation of CO
2

in crude biogas stream

– CO
2

from industrial waste gases e.g. calcination (CaO production)

– CO
2

from flue gases

– Direct air capture (DAC) of CO
2

� CO2 from flue gases

– CO
2

from biomass combustion: CO
2

neutral

– CO
2

from fossil fuel combustion: Fossil CO
2

is emitted

� How to allocate fossil CO2 used for fuel production?

� How to take into account lock-in effects?
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CO
2

from fossil fuel combustion for PtCH
4

and PtL

� CO2 from concentrated fossil fuel combustion used for fuel production 
means shifting CO2 emissions from the ETS sector (e.g. power stations) 
to the non-ETS sector (e.g. road transport)

Coal power 
station

PtL plant
CO� capture 
from flue gas

CO7

CO7

Vehicle

CO7Diesel 
Kerosene
Diesel

Renewable electricity Renewable electricityFossil electricity

ETS Non-ETS

Coal km
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CO2 supply | Concentrated sources & sustainability

� Not all CO2 sources are equally sustainable:

� Sustainability safeguards are necessary to avoid unintended collateral 
damages, such as the lock-in of fossil technologies.

� A robust sustainability framework is furthermore important to give 
stakeholders the confidence for building value chains (bankability), 
e.g. regarding CO2 burden sharing (no leakage into unregulated sectors).

COÇ sources Environm. sustainability Alternative COÇ uses Towards carbon-neutrality

Extraction from air Subject to electricity source

Biogas upgrading Subject to feedstock & process Synthesis with PtHÈ Other biomass uses

Solid biomass fired heat 
(and power) plants

Subject to feedstock & process Bio-CCS Other biomass uses

Fermentation to alcohols Subject to feedstock & process Mineral water, tap bev’s, Coke Other biomass uses

Geothermal sources Subject to geo-phys. COÈ cycle COÈ re-injection (closed-loop) Hot dry rock a potential no-go

Cement production What level is ‘unavoidable’? Power-to-chemicals Shift to alternative materials

Steel production Short-term exemptions? Top-gas for heating&reduction Shift to direct reduction w/ HÈ

Fossil fuel firing Short-term exemptions? CCS Phase-out, technology lock-in ÉÊ
ËÌ

ÍÎ
ÏÐ

ÑÒ
ÏÓ

ÒÏ
Ñ
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LBST · Ludwig-Bölkow-Systemtechnik GmbH

Profile

� Independent expert for sustainable energy 
and mobility for over 30 years

� Bridging technology, markets, and policy

� Renewable energies, fuels, infrastructure

� Technology-based strategy consulting, 
System and technology studies, 
Sustainability assessment

� Global and long term perspective

� Rigorous system approach – thinking outside the box

� Serving international clients in industry, finance, politics, and NGOs
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Water demand
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Water demand
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