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Global Tasks ... Emission Gap still to big.

70

2010-Policies scenario

Current policies scenario

O

/CUnconditional NDC scenario

~ Conditional 3
NDC scenario

50 — \
Q
(o B 8
] Sle
Cl; Turquoise area shows 2 =
Q pathways limiting global Remammg.ga.p g E
(5} temperature increase to to s‘ay. w'fh'_“ S5
below 2°C with about ____2_EI|_m_|t _____ Median 3 §
0 | 66% chance estimate § §
of level oS
consistent = b=
with 2°C: o §
41 GtCOze SHE
(range 39-46) b =
Green area shows pathways
limiting global temperature
increase to below 1.5°C by
2100 and peak below 1.7°C
(both with 66% chance)
30
Median estimate
of level consistent
with 1.5°C:
25 GtCOze
(range 22-31)
704
20 I I 1 2010-Policies scenario
2015 2020 2025 2030 Sod / Current policy scenario
2 —4 Uncof\gmonal NDC scenario
50 = © Conditional NDC scenario
40
Annual total global greenhouse gas S
emissions in GtCO2e 20 2°C range
Source: UNEP Emissions Gap Report 2020 .
1.8°C range
10
1.5°C range
0 T 1 | |
2010 2020 2030 2040 2050




Resource use and its upward trend

&
‘ Global material extraction and material productivity, 1970 - 2017 é o Global resource use: more

than tripled since 1970
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Science Based Analysis ... Scenarios and Models




RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

RESCUE-Project

1400
Leistung (GW)
140
120 1200
o
M
Q 1000
o mWaste
S
3 LULUCF
€ 800
<
2 )
c mAgriculture
12345 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 o
= 600 .
M Geothermie | Lautwasser [l Onshorewind [l Offshorewind [ Photovaltaik E m Industrial processes, Solventsand

other product uses
m Transport

---Basislast = Gesamtlast mit Lastmanagement

m Energy (without Transport)

5 ;,'e":‘zy 2059
Nhoyse
®8as-neuty
2l Coung;
y

1990 2010 Scenario 2050

Den Weg zu einem
" treibhausgasneutralen
Deutschland ressourcen-

schonend gestalten 1600 1.400
1370
1400
1.200
1200

=]
=1
=)

1.000
\\

N\
400 \

N
200 . \\
0 —-—

o]
o
o

CO.eq
(2]

o

o
/

Mio. tonnes
@
=]
=]

@

3

=]
2
K

387

=
=1
=]

GHG emissions in million tonnes of

200 153 156 =
: | B ’
Biomass Metal ores Non-metalic Fossil energy Total 1990 2010 2030 2040 2050
minerals carriers

u Energy (without Transport) m Transport mIndustry mWaste = Agriculture

=2010 =2050

Umwelt
Bundesamt



Lessons ?




I RESCUE - Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality — UBA Germany

Transformation
energy- and material- |
supply in the future e

Cooling
gas \/

Transport

PtG
CHP,
PtG GT...
CHP
heat electricit fuels Raw material
(e.g. in chemical
PtH PtL: industry)
CCP,  kerosine,
CHP, CHP... benzine,
boilers... diesel...

Solid / liquid fuels




RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

CLIMATE PROTECTION

/ “Resource-Efficient Decarbonisation Pathways”




RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

Pathways to Greenhouse Gas Neutrality in the global context
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

RESCUE - Interaction of renewable energies and raw materials

* The temporary additional demand for raw materials can be reduced by a technology
mix and corresponding technological developments for substitution and avoidance.
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

RESCUE - Interaction between Material Needs and REN

Raw Material Consumption

a) Influenced by efficiency (energy and
material) — the more efficiently material is
used, the lower the curve

1 b) Timing & speed of RE integration — the
faster, the steeper the curve

C) Recycling or saving of primary raw
materials — the higher the recycling rate,
the lower the permanent extraction of
primary raw materials

fe

time

100% Renewable Energy




Choice of technology effects raw material demand Il
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

Global copper (Cu) demand for the renewable energy system
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

Final demand of selected raw materials as a share of global prim. Production in
2015/16 to reach GHG Neutrality
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RESCUE — Resource-Efficient Pathways towards Greenhouse-Gas-Neutrality

Final demand of selected raw materials as a share of global prim. Production in
2015/16 to reach GHG Neutrality
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Our mission PtXLab/i
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* Knowledge platform, initiator and contact for industry, politics
and science

» Market ramp up of PtX and deployment in aviation, shipping and Y
chemical industry - green-hydrogen-based fuels (e-kerosene,
e-methanol, ...)

 Investigation of environmentally compatible and sustainable
production and use of climate-neutral PtX products
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« Economic and legal framework conditions for a successful and
rapid market introduction

* Focus on the entire value chain of the relevant technologies
and sectors and their integration into the circular economy

» Construction and operation of a PtL demonstration plant in
Lusatia
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Why aviation and maritime transport? PtX| abi
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Global GHG emission: 2.8 % international aviation (+ non-CO: effects)
2.9 % international maritime transport

100 %

100 % Transformation of the transport sector
Avoiding traffic +

shifting traffic +

increasing efficiency

60 %

Oistock/bfk92

Energy transition
in the transport sector

40 %

Alternative drives +
Alternative fuels

0%  Greenhouse gas neutrality 0%

©istock/jazzIRT \ LA



BtL — PtL — Synthetic Fuels — Priorities

« Biomass to Liquid ->Land intensive
+ high water demand

» Power to Liquid = Energy intensive

Achievable air mileage for an A320neo per ha of land [km/(ha-yr)]:

0 2000 4000 6000 8000

PtL wind power

B Minimum
B Bandwidth
PtL photovo
-on fotation forestry
Water demand: Source: LBST/BHL, 2016
-Oil i i PtL Algae oil Alcohol- H
to-Jet
-I-to-.let sugar crops > 6 6
wind, open sugar
solar pond beet

2N\
PtXLabi

LAUSITZ \1}5/

Power to Liquid fuels

energy losses
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ReFuel EU PtXLabi
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The ReFuelEU aviation regulation will oblige:

1. aircraft fuel suppliers at EU airports to
gradually increase the share of sustainable fuels
(notably synthetic fuels) that they distribute

6%

/ 2025 2030 2035 2040 2045 2050

; iz 2%
Minimum share of

supply of sustainable
aviation fuels (in %)

Source — EU https://www.consilium.europa.eu/en/infographics
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ReFuel EU Martime PtXL ab
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The FuelEU maritime regulation o
will oblige vessels above 5000 gross -
tonnes calling at European ports
(with exceptions such as fishing ships):
Vessels >5 000 of all ships of CO2
gross tonnes emissions from
the maritime
> to reduce the greenhouse sector

gas intensity of the energy
used on board as follows

Annual average carbon intensity reduction compared to the average in 2020

-2% -6% -14.5% -31% -62% -80%

2025 2030 2035 2040 2045 2050

Source — EU https://www.consilium.europa.eu/en/infographics
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Projected PtL Kerosene Demand PtX
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PtL Kerosene demand

« Planning and construction 9.000.000
time of 2 to 5 years

8.000.000
=0-Germany =@=EU
* We need to start 7000.000
building production 6.000.000
i 1

capacity now! 5 5000000

=
2 4.000.000

IATA 2050 NET ZERO
Compensation/ 3.000.000

Carbon Capture

19% 2.000.000

Infrastructure/ 1.000.000

Organisation
3%

2020 2025 2030 2035 2040 2045 2050 2055
Year
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PtL demonstration plant in Lusatia PtX| abi

LAUSITZ Iq}i/

- Sustainable production of PtL kerosene

close to an industrial scale.
* Production target: 10,000 t/a (kerosene) j}_ e - .
- Green hydrogen: approx. 9,000 t/a — B = L
« Closed CO: cycle: approx. 66,000 t/a { ' :
« Energy-efficient and flexible operation W‘T 12°.------------.'
« All individual processes are available

- now it is a question of combining all

the processes and realize |t Source: UBA and LBST/BHL, 2016

* Aim of this study:

* Identification of suitable sites in Lusatia
for a PtL demonstration plant.

+ Qualified site recommendation as starting
point for further planning




Sustanability - Smart Indicators -> certification

Dimension / Criterion

= CO,-Source

= GHG Mitigation

= Resource efficiency
= Availability of water

= Land use or change of land
use

= Social Standards

= Requirements for electricity
(renewability & additionality)

e  Criterion CO,-Source

Direct Air Capture (DAC)
Geothermal sources

Biogenic CO, from residues
(no factory farming)

Biogenic CO, from biogas
from factory farming

Biogenic CO, from biogas or
bioethanol from crops

CO, from other industrial
sources

-

0
0

Sab N
PtXLabi

LAUSITZ ,
\ai/
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Sustainability — E.G. Closed CO2 cycle PtXLab/i

LAUSITZ .
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Non CO2

COzcapture o Climate Effects
COzemission e.g. ConTrails

CO2
DAC
Biomass @]
production N
PtL-
Jet
Biogenic Fuel
residue
utilization co
r_\' 2
—_— < Water
H>

PtL-
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Project Status Demonstrator PtXL ab
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1. Study to find suitable locations (done)
« Special look to the CO2 source
2. Feasibility Study (in progress)
« Evaluation of 3 particular suitable sites
« Evaluation of possibilities for H2 production
and COz2 availability
« Compliance with sustainability criteria
Basic Engineering
Detail Engineering

o0k W

Plant Construction o 300 W ELBE-ELSTER
. ater b e,
PtL delivery —
250 Green . Status OBERSPREEWALD-
H2 of the

200 30 | area in
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Factor X

Quellen : retail.be, dreamstime.co , kaffeepads



Factor Circularity ??

‘ The economy can keep on
k -
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since the growth is GREBS! o
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Business can actually
profit from being ecologicall
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Lifestyles... wellbeing
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Solar Catalunia - move on

A Pathway to a 100% Renewable Energy System for Catalonia
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Simulation results, week 9 - 10
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I Conclusions

- Sufficiency — Efficiency — Substitution — Redesign — Reuse — Circularity

» Substitution: Replacing greenhouse gas- and resource-intensive technologies and
products with greenhouse gas-neutral or greenhouse gas- and resource-poor
alternatives.

» Avoidance: Reduced consumption of products and activities through efficiency ,
sufficiency and consistency, leading to low greenhouse gas emissions, low primary raw
material consumption and resource consumption.

» Carbon sinks: The removal of CO2 already emitted from the atmosphere by carbon
sinks (CDRs) to reduce greenhouse gases.

Next to material efficiency approaches, changes to our consumer behavior are
important in reducing the overall consumption of primary raw materials

The earlier we act, the more leeway we have.
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Dr. Harry Lehmann
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Study of Ressources and crit. Krit. Materials needed PtX| abi
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Summary PtXLabi

Transformation and energy transition in the transport sector is necessary

The use of PtL must be prioritized: if possible, direct electrification should be implemented

In long-haul aviation (and maritime) transport, direct electrification is not feasible in the
near future

A fast ramp up of PtL production is necessary to substitude fossil fuels
- renewable energies are needed!

* Production of Power to Liquids (and SAF in general) has to be realized in a sustainable
way
* Hydrogen must be green
* CO2 cycle must be closed
« Social Standards must be covered
» Ressources efficiency
* Land use and change
« Water availability
* GHG emissions ...
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Focus on PtL-Kerosene PtXLabi
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* International aviation is responsible for 2.8 per cent of global greenhouse gas emissions

 Alternative aviation propulsion systems are not expected to become widespread until after
2040

* PtL are energy-intensive and should only be used where direct electrification is not
possible

Achievable air mileage for an A320neo per ha of land [km/(ha-yr)]:

CONTRIBUTION OF MEASURES FOR REDUCING

- 4000

= INTERNATIONAL AVIATION NET CO2 EMISSIONS 2 200 i £oa0

g PtL wind power B Minimum
‘@ --_- B Bandwidth
ué @ Operational IMprovements ... .

5 P4 PtL photovoltaics

S 5

3 @ Aircraft Technology .. 2 lotation forest

p -

2 2 Water demand: Source: LBST/BHL, 2016
2 2

= o

< ® ops PLL  Algaeoil  Alcohol- H

© @ to-Jet

c
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e bl-to-Jet sugar crops 2 6 6

5 Carbon Neutral Growth from 2020

€ wind, open sugar

- solar pond beet

https://www.icao.int/environmental-
protection/CORSIA/Documents/CORSIA%20Brochure/CorsiaBrochure_ ENG-Mar2019_Web.pdf
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Structural Strengthening Act PtX| abi
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* Implements the structural policy recommendations of the "Growth, Structural Change and
Employment" Commission

» Defines the Lusatian mining area at the district level:
Dahme-Spreewald, Spree-NeilRe, Oberspreewald-Lausitz, Elbe-Elster, Gorlitz,
Bautzen and the city of Cottbus.

« PtX Lab Lausitz and the PtL demonstration plant are anchored in the Structural
Strengthening Act for Coal Regions

« PtX Lab Lausitz realises the planning, construction and operation of the PtL
demonstration plant in Lausitz)



Ziel: Prozesskonfiguration Fischer-Tropsch-Route
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Summary PtXLabi
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 Transformation and energy transition in the transport sector is necessary

* The use of PtL must be prioritized: if possible, direct electrification should
be implemented

* In long-haul aviation and maritime transport, direct electrification is not
feasible in the near
future

 Afast ramp up of PtL production is necessary to substitude fossil fuels
-> renewable energies are needed!

* Production of Power to Liquids has to be realized in a sustainable way
(green hydrogen, closed CO2 cycle)



Sustainability criteria for PtL for aviation

Dimension / Criterion

CO, Source

GHG Mitigation

Resource efficiency

Availability of water

Land use or change of land use

Social Standards

Requirements for electricity (renewability & additionality)
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