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E-Fuels yesterday and today not only for e-Fools
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E-Fuels yesterday and today not only for e-Fools
Arguments versus Concerns against ICEVs with e-fuel as no e-Fool strategy
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5. The existing ICEVs fleet — hydrocarbon e-fuel system: Existing & future ICEVs are the key

CO, Emission in on road EU secotr: appr. 900 Mio tonnes CO,/y

in DE: appr. 159 mio ton CO, road transport 2019,

2022: ~ 666 mio tonnes GHG in total in DE (~330 mio tonnes power generation, ~155

mio tonnes GHG inside sector buildings etc.) . . o . :
o ) ) .. ) ) o ) Figure 10  Split of greenhouse gas emissions in mobility sector in the

Ttw — CO, tail pipe consideration inside EU legislation of BEV is fixed (policy (2019)

stakeholders are resistent to any physic arguments:

New car sales are up to now more than 90% in 2023 ICEVs in DE.

Age of the fleets: 10,8 — 16,9 year of the car fleet, 12,8 — 20,9 years for long haul

Railways

ucks Maritime 1%

i / Other
Prohibition of ICEVs in 2035 will not save the situation now. 125 Transporation
Limited emission tail pipe standard EU5 —EU7 is not the main environmental problem.
The existing fleet is and will be the game changer for GHG target, not allone bt
the BEV sales in future time: Road R lediion
transport 0%

Energy demand EU road transport sector: 11.357 Pj Energy in total for all vehicles , 72% idioccycies

8.418 PJ/ 2,338 TWh,,, ICEVs energy demand (not HD Trucks etc.) e i 1%
e.g. Potential of RES in Morocko: 4,000 TWh,/400 Mio tonnes of e- | trucks and

buses

Methanol with LCOE <35 EUR/MWh,,, 1,5 EUR/I e-fuel gasoline costs*, i 18%

Import DE 2022: crude oil products: 110 mio tonnes (4,156 PJ/1,154 TWh,,), ~90 Bill.
m?3 (3,253 PJ/903 TWh;,) of natural gas: ~ 400 bn Euro market value T e R, | SN R
Maritime sector EU: 1.487 PJ in 2019 (413 TWhy,,), CO, world share: appr. 3 %

. | - | EKONAM
Source: EKONAMI, Statista, IW, EU parliament decision 10.23 e-fuel new car, *FH ISI, Breyer, Ekonami et.al., **DLR/WI/IZES: TFF: skologisch - preiswert - fair 6
~250 -350 Euro/MWHh, **** Future economics



E-fuel not only for e-Fools pro arguments
7. BEV efficiency on board of vehicle. Efficient charging in the region with low FLH wind/pv power conditions.

Efficiency factor definition: yield of energy per investment/output of RES at RES hot spot sites on the world (e.g.Australlia, Chile,
MENA) is more crucial due to highest Yield Factor of Full load hours (FLH) of operation time a wind/pv system. Only H, carrier can
transport these potentials to EU, due to low gravimetric energy density of electrochemical systems.
In e-fuel plant the products: H,, Heat utilization for district/project use, O, - cogeneration rise efficiency to ~ >90%,
Heat demand in DE e.g. accounts for 50% of total energy consumption. In remote sites use for chiller, water desalination et.al.
Figure 2. PV or wind capacity requirements in Germany for a BEV are almost as high as in
North Africa or Patagonia for a PtL-powered ICEV
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m ICEV ® BEV (onshore wind instaliations) population density 9 to 140 times lower
than in Germany

Source: Frontier Economics

Note: For details see chapler 4. =
_KONAM|

Source: EKONAMI, Kit; Frontier economics/MWYV study 2021 6kologisch - preiswert - fair



E-fuel not only for e-Fools pro arguments

8. BEV's and ICEVs will be an technology option: ICEVs share at Existing fleet: World: 1,3 Billions of vehicles,

EU: appr. 330 Mio cars/36 Mio light duty/heay dutyTrucks > 6 Mio., appr. 96-98% ICEVs share 2022, BEVs share
in DE: ~1 Mio units

9. Importer of renewable fuels from desired and preselected countries with H, carrier are feasible at once. (OEM
manfuacturing capacity of e-fuel plants is the limit.

10. Only chemical fuels like SNG/e-Methanol in an existing storage/transport infrastructure can cope long term
storage demand with high power supply demand.

11. Capital demand grid expansion in DE: 300 bn EUR/110 bn EUR ,EON Netz" up to 2045, without new BEV
charging grid reinforcement need, BEVs subsidiaries, Handling of grid fee tarif system regional/local clustering
context, Demand Side Management System, Power price Negawatt problemacy, grid fee

12. Resilience of the total energy system (electricity, natural gas, oil).

13. System stability not only in time periode with dark period and calm of wind power situtation.
Simultaneous energy character of electricity generation/demand requieres in a RES scenario must run storage
capacities to prevent power outages for long/short term ranges.

14. Hard to electrify sectors of mobility in marine/aviation are accepted. limitations and collateral damages with
bio-based fuels, rersources, water. Existing legal conditions for possible business cases are in place since 6.2023

EKONAM|

Source: EKONAMI Okologisch - preiswert - fair



|.  Differences electricity system — hydrocarbon e-fuel system: Simultaneousness, Local,
additional criteria request for direct electrification — but not for BEVS

Simple buffer tank for liquids vis a vie the electrical grid system exhibits a complex of dynamical interlocking mechanismen to stabilize erratic demands/RE

uency target 50 HZ/230'V Simultaneous production and consumption of electricity must take place in a fossil
b or RE scenario: Is a must!!!
—

Generation of power, erratic yls \é vis projectable —

and: BEV, | lght pump et.al.Actually we rely on the storage/dynamic capability of existing fossil power generator
flywheel masses as control reserve to cope unpredictable RES and BEVs supply
dynamic demands. In the future also by battery systems !!.

Outage of generatlon \\
‘\ ]

Change of scheduled/,eneratlpn ~

Erratic Outage ofload ~ Balancing of RE electricity and consumption at any time (day/night — PV/Wind,
geographical grid distribution problem also) is challenging/crucial. Up and downs of

Quick charging of BEVS load ¢y i10 0t hower generation leads to redispatch sossil energy losses 1

\ '/ Unpredictability load
Deviation of power generation (e.g. PV, wifrd] 2

Any additional consumption (in a fossil/RES systems) relies on a

o _ _ projectable/storable energy supply. Coal/gas electrical power generation now. 1
Application of control reserve service power in case of

schedule un ) Additional load demand balance must be covered at once by 1: rotationg flywheel-

mass (PCR*:400 MW 1), SCR, TCR regime will be released by generator systems -
- capacities/storages with high dynamics/power size is needed now.

er

Regime requests for BEVs charging are in place (see GB, CH - rules for BEVs

8 charging 1).
5
205 5 min 15 min ~60 min Average consideration of electricity system as a virtual buffer storage tank with
——— Pvv— —— REseciRa Y input of RE feed in systems are not useful, but widely stressed in political
alancing group . . . . . . I .

- f°gf1f;g;e§§5ve « Duty to balance discussion/strength as mind mapping for electrical direct electrification

e S s - balancing group
= Si capacity price capacity price argument.

01.07.2019 + Daily auction « Daily auction = Balancing by g : . o .

daily auction trading, e.g. on The existence of power price & energy price components inside the tariff structure

ey depicts this power supply aspect, liquids has not this challenge at the filling

station. c
EKONAM| .

Source: EKONAMI, PCR3: Primary control reserve <30 secs, TSO Tennet, Entso-E et.al. dkologisch - preiswert - fair




|. Differences electricity system — hydrocarbon e-fuel system: Simultaneousness, Local, additional

criteria,
Storage demand inside electricity grid is totally different to easy storable fuels: demand for Control power reserve events are
stressed?
« Kurzfristige Netztrennung einer Kraftwerkseinheit (> 1 GW) am 26.04.2016
Quelle: ENTSO-E, 2013 + Maximale Frequenzabweichung von -98 mHz
600 + Einsatz von ca. 50 % der verfligbaren Primarregelleistung (ENTSO-E)
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|. Differences electricity system — hydgocarbon & system: Simultaneousness, Local, additional criteria

Average Consideration of renewable electricity character at every time at every place is not a realistic scenario.
Does a BEV is charged by PV/Wind power in general and than exhibits no GHG emissions or does an average GHG emission level reflects BEV emission!

Stromerzeugung in Deutschland in Woche 25 2021

Nominal load:%60 GW,,, 20-30 GW,, night}(BEVs,Heatpumps)

40

Leistung (GW)

20

v

<4
0
21.06.2021 22.06.2021 23.06.2021 24.06.2021 25.06.2021 26.06.2021 27.06.2021
Datum (MESZ)
Wind offshore 50Hertz Wind offshore Tennet . Wind onshore 50Hertz » Wind onshore Amprion
Wind onshore Tennet Wind onshore Transnet BW @ Solar 50Hertz Solar Amprion

Solar Tennet Solar Transnet BW

Energy-Charts.info - letztes Update: 05.07.2021, 00:10 MESZ

Source: EKONAMI, energy chart, BNA, TSO, *: DIW, BDEW, Eon Netz et.al.

The meteorological erratical
breathing RE electricity
character : not at all times at all
places occur renewable energy

BEVs charging: >85% are
charged at home/worksite, in
winter time ?, at which place in
DE ?

Basic feature electricity system:
additional load must be
covered by projectable
generation capacity (To charge
at the wrong time slot and at
the wrong place efficiently is
not to neglible:

But not discussed in average
supply scenarios.

Bayern/BadenWirttemberg/NR
W exhibits the majority of BEVs
in DE, In Winter time BEVs
charging in BY!

EKONAM| .,
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|. Differences electricity system — hydrocarbon e-fuel system: Simultaneousness, Local,

additional criteria Grid is no copper plate for electricity

only north — south Grid bottleneck (i.a. 380 kV rule for transmission lines)

~ Heavy winds on the North Grid operators have to throttle
" Sea and Baltic Coast increase /i _ production from conventional power
| power production from T plants and/or wind farms in the
North German wind farms north, in order to stabilise the grid

Germany’k gffid expansion: Status quo end of 2020 ¢ 2 } /t\\r

L Powerlines connecting

7 the windy north to the

&~ industrial south become
congested, meaning

electricity cannot be
transported

Not yet in the approval procedu
Suppliers who bought

" . - d Rl
In the regional planning or feder ) " Pone' ;’:"""

sectoral planning procedure south may not recieve,
that power, putting

. Industry and house-

In or before the planning approv hobdias Tk ofaliad

or notification procedure supply

Approved or under construction ™ Grid operators tell

Regional/local perspective of the limited grid structure — internal losses — hinders the use of excesses of RE at the needed place and not

Local perspective has the same problem like north — south HV-DC gridline will adress: Theory wish: The PV/Wind plant in the neighbourhod
secures existing load demand — not in case of additional load and at the next colony, Kirchhoff/Ohm rules relentlessly to electr. losses

On time perspective and on geographical
perspective unlimited availibility of
renewable electricity is a wish:

The problem of internal grid losses
increases from year to year. Charging
losses on all levels of grid, local system
have to be reflected in efficiency thesis.

In 2020 on TSO/DSO level total electrical
losses exceeds 27,2 TWh,, (LV-grid: > ~8
bn Euro costs, MV — grid costs ~7 bn
Euro 1. increasing efforts needed,

Thesis of a blind grid (digital retrofitting,
smart grid, process of a centralized
power generation structure today to a mix
of cluster/decentralized structure is

5 2 e panding, takes time and money and will
Losmpan Brockiction o mabe . . . .
A 4 wwwso 10 keep in mind in BEV charging RE
I
< o " character.
‘ @ orsaso
Source: BNA et.al, LV/MV: low/middle voltage, TSO: Transmission Service Operator, DSO: Distribution Service Operator, 27 Twhel accounts for ~2.7 Mio tonnes of Methanol | “—A ]/\ :\(:\/ N A M | 12
in DE 6kologisch - preiswert - fair



|. Differences electricity system — hydrocarbon e-fuel system:

BEV- versus e-fuels/hydrocarbon Filling infrastructure Comparison: Efficiency of money impact for a adequate new infrastructure for the same convenience of
charging energy on board (BEV charging efficiency: up to 38%%*)

ABBILDUNG 9: MOGLICHE NETZANSCHLUSSKONFIGURATIONEN FUR LADE-HUBS wie s Lo Storage capability/high density backgrounds of
o _ | N hydrocarbons & efficiency of money impact on equivalent
TR .o un - | Aovinungan . BEV charging infrastructure/grid reinforcement necessity
Sammelschiene im dung iiber neues MS-Kabel  Netz mit eigens for same CommOdlty request like e- fuels/ Hydrocarbon
Umspannwerk iiber errichtetem HS- infrastructure-
neues MS-Kabel MS-Umspannwerk )
2. existing ~14,000 filling station grid in DE, 6
Snes < B MVA BMVA <5, <Z0MVA~ 20MVA<S,, <30MVA 5., > SOMVA lines/station/24-nozzles in parallel operation) temporar
UmspannWErkllHV Umspanﬂ\,ﬂ.fErklliﬂV """"""""" /l """ W unllmlted real StOrage & fl”lng Capablllty:
@ @ | V @ @ @ &W s 3. Heavy Duty truck filling station/6 lines: 80 L/min Diesel
MV 4  — —— (0.8 MWfuel/Imin, 12 MWfuel,s ., for 900 | tank storage
MS """""""""""""""""""""""""" ; S Eij on board (3,000 km autonomy range *)
| - 4. Comparison BEV quick charging 5 C (0.2 h/80% SOC)
______________________ MS-Ring charging infrastructure: 45 kWAC, 145 kWAC, 400
kwDC/600 A charge current on battery I2*R 1 impact!
5. 4,5MWel MCS/0,9 MWel for HD Truck, Quick charging
Investitionen und Realisationszeit* internal/external grid el. losses for equivalent charging
70-350 Tsd. € 0,4-2 Mio. € 2-5 Mio. € 6-20 Mio. £ service/time range Grid reinforcement need
el o — vis zu 10 Jahre Synchronism demand/gneration challenge at a glance:
e e 0 e 3 s N control power demand ~400 MWel PCR Power 1 at the
/ be fiir die Bewe

Mittelspannung (10-30 kY

ypen im Rahmen der Studie.

electrical grid system 1,000 TESLA at 400 kW chargers,
~>110,000 TESLA in D, 100 Heavy duty trucks !)

* Grundlage fir die Investitionen und die Realisationszeit ist die Berechnung im Anhang (siehe Seite 59)
High voltage (HV)/middle voltage (MV)/low voltage (LV) refnforcement investments in el. Grid cause
> 0.4 — 20 Mio. Euro Inv. per charging point e NAM
dkologis I 13

Source: EKONAMI, BDEW, ADAC eta..*: 15 min base in electricity balance base dkologisch - preiswert - fair



|. Differences electricity system — hydrocarbon e-fuel system: Strong storage demand as main target

In systems with significant share of renewable energy in the electricity system, locally focused

a key challenge will be the utilization of energy surplus and the cope of dark periods of slack of wind (~ 214 days)

40

20

60r

Residual load without load management and pumped hvdro starace (scenario 2050)

Deficit:

Surplus: - 187.7

43¢

=20

=40

Residual Load [GW]

&0

-80

-100

Pumped hiydro

Norway (theory)

Uberschisse: -1B7.7 TWh

— Defizite: 43.5 TWh

Minimale Residuallast: -102.2 GW
Maximale Residuallast 48 2 GW

i i 1 | !
| || Power and energy
Pumped hydro
\. Germany
(E-‘_ii STO age 42 Mio. e-cars © Fraunhofar NVES 2010
Germany (theory)

_12?an Feb Mar

! [ I . Surplus (RE feed in > load)
Mow

Jul Aug Sep Dec

Deficit (load > RE feed in)

At high renewable energy share, the required energy storage capacity

(several weeks at average load) can only be provided by the existing gas storage

Simulation for a 100% RE scenario in the year 2050: Residual load [GW], deficit and surplus

Source: EKONAMI, Fraunhofer IWES 2010

EKONAM|
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|. Differences electricity system — hydrocarbon e-fuel system: Strong storage demand as main target
Each energy storage system has its own characteristic system frequency

The ratio between energy (E) and power (P) determines the typical cycle time: BEVs electrochemical power feed in & supply time is short in case
of windy time slots/discharge demand for stabilizing the electrical system

Charge Store Discharge
Use of the surplus Storage Provide in case of

deficits
examples

Batteries Pump storage

E/P =
unlimited

Short-term storage systems are not economically usable for long-term storage purposes
and to secure allocation of capacity to utilize surpluses

Source: EKONAMI EKONAMi )

Okologisch - preiswert - fair



|. Differences electricity system — hydrocarbon e-fuel system: Strong storage demand as main target
The electricity grid is able to store just ~0,6 hours of yearly demand. The gas storage system or the liquid fuel storage bunker system offers the

largest capacit
? hasly 0 E-mobility Storage with 45 mio. BEVS: appr. 0,45 TWh,, 6 hours

Energy consumption and storage capacities (Power, Natural gas, Liquid fuels) in Germany, 2008, The German gas infrastructure
is able to store energy for 2.000 hours of yearly demand, exisitng liquid fossil/e-fuel is capable for 3,000 h/year,

Consumption (TWh/a) Storage Capacity (TWh) Storage range (hours)

TWh/a 930

TWh 2503 h 3,1003

2173

707

1
oL 2,000°

0,042 0,62

B Power M Gas Liquid fuels
Source: EKONAMI,ZSW,*BGR 2012, MWV 2012 (ol Pl f
EKONAM; |,

6kologisch - preiswert - fair



|. Differences electricity system — hydrocarbon e-fuel system:

Electricity system versus e-fuel hydrocarbon system:
A secured renewable energy supply requires large storage capacities

Classification of different storage technologies according to their storage capacity and time

Power-to-gas allows seasonal storage in the TWh range

Renewable energies are discontinuous

Wind and solar energy are strongly fluctuating, with |
fluctuations caused by natural phenomena, which can not be L
influenced. e-Methan
1 month -
Nevertheless, renewable energy should be available in P
eneral and at any time ] hyg,
g y GE’ 1 day Compressed Hydrogen
= air
In today‘s power systems this is achieved by the storage of % h :
fossil fuels and their flywheel power generator short termi s o Baieries
storage, batteries in the future must @
. . . . Flywheel

Electricity supply is a special case:

Production and consumption must take place

simultaneously. \

The existing power storage capacity (pumped hydro) in AP AT ST Ao

Germany amounts to only 0,04 TWh, equivalent to the
electricity demand of less than one hour.

Storage capacity

Hydrocarbons e-fuel unlocks the existing natural gas network of Germany with capacity of >220 TWh

for the storage of wind and solar energy

EKONAM|

Source: EKONAMI,ZSW dkologisch - preiswert - fair



|. Differences electricity system — hydrocarbon e-fuel system: Strong storage demand as main target

Round-trip efficiency is only one of several criteria that can be used to compare storage technologies in a mutidimensional vector corridor

Round-trip efficiency vs. storage period, power vs. energy-specific invest costs (€/kW vs. €/ kWh) System frequency of short term storage systems like
electrochemical batteries with high efficiency verus longt term storage chemical storage systems

Efficiency

100

Round-trip efficiency vs. cycle time Power vs. energy-specific invest cost (€/kW vs. €/kWh)?

Values for 2012-2030

Speichertyp

mechanisch

Flywheel
95 /

90
85

elektrochemisch

chemisch

Li-lon

80 NaS Pumped hydro storage
75

70
65
60
55
50
45
40

Redox Flow

Oh 4 h 8h 12 h Wochen Monate
Storage duration

Source: EKONAMI et.al.,

2.000 Values for 2012-2030

CH,+CCGT (existing gas grid used) Storage type

mechanical

1.500

chemical

H,+CCGT (without infracstructure cost) .
/

1.000

500 -

Flywheel

| |
100 1000

Invest cost per storage volume (€/kWh)

EKONAM] .,
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|. Differences electricity system — hydrocarbon e-fuel system: strong storage and transport demand
transformation of existing natural gas grid

Storage capacity of e-fuels based on drop in character/reuse of existing infrastructure:
E.g. Linking Gas — Electricity network: An approach for transporting high energy fluxes/storage system

: : STV w W Gas storage
20KV =380 KV N fic e o) v torag
o (R AT '«-155'-5;\. s % Ao Gas pipeline > 60bar
L 2 ;: ._5”' LI . . .
\5\;‘%73_}M\? N % iR - HV AC transmission line 220 kV
$_.f\ ‘ﬁé’.‘:\pf" o / g :‘{ T HV AC transmission line 380 kV
ey S P
\4/&'\ \e,{{.‘ A (:\}: S
(= 4 2 ,;.'\--"\ L"s' - ] ?
Ao l\f b5, 2l
4 ,_l\\‘-l.'.‘i""’, ",_':} s e ;
]\);:\2/-'&::3 Wi \/}" \-\75\ ;:‘;! e il
AR EE e S A e gl
3 { ik,xﬂ ]’fg /f QS} 'f/ 1§ i{"f
AN F
¢ i

{ s :

5 o ! 2 ¢ >>,\ —~
‘r?'\ﬁ"';\j« ‘K,} f é?' S,
—.‘lﬂir‘;{; ’\\-.

IAEW RWTH Aachen: Bréuer, Echternach, Lindemann; Prof. Moser et. al.

Gas transportation and storage system in Germany (HP: >100.000 km, MP: > 140.000 km

Storage capacity: ca. 220 TWh,, 2011, target : 300 TWh,.) ~1,000 TWhy,/y energy transfer: 30 GWg,, power of a 1,2 m diam. pipeline (2 -3
pipeline existing)

Electricity grid ( 36.000 km, >220 kV, 75.000 km, 110 kV ) ~600 TWh/y energy transfer: Transport capacity: 380 KV, ~2-3 GW,,, HV-DC
transmission line north/south link: ~2-4 GW,, transport capacity per line

EKONAM; .,
Source: EKONAMI , BGA, Entso — G, Entso —E et.al.

6kologisch - preiswert - fair




|.  Differences electricity system — hydrocarbon e-fuel system: Storage and transport of e-fuels

In EU gas transport — storage capacity are well known since 24.2.2022, Methanation of H, with CO, shows 3 time higher energy density &
compatibility with all market players of natural gas: pipeline, consumer, storage instead of pure Hydrogen economy

Figure 13 Cross-border transport capacities for gas exceed those of electricity by far

. @8 Figure 14 Energy storage capacity as gas is almost 1000 times as large as
' electricity storage in eight analysed European countries'’

™ &

Cross border capacities in
GW (as of Oct 2018)

- + Electricity**
» Gas
. _— i .
—TE " Y ” Width of arrows represents
ES :/,/' - T capacities (with 2 GW per Y% pt)
Electricity storage
Source: Frontier Economics and IAEW (2019) based on Entso-E and Entso-G 0.6 TWh

Note: The study focuses on eight European countries, so does not include flows between the countries labelled in circles. In Source: Frontier Economics and IAEW (2019)
some cases published capacities vary slightly between flow directions. In that cases, the higher figures are depicted '

Source: Frontier economics, Entso - G E KONAM
20
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E-fuels message: We can transport electricity in liquid manner by truck from every remote
site to any other place : It is not a foolish thing!

— CAPEX-optimised turn-key plants Power to SNG/methanol with AEL/PtX(L) technologies in modulized, standardized skid mounted device of chemical and

electrochemical conversion plants

(Ammonia not included)

— CAPEX-optimised turn-key plants: H,-
Electrolysis needed

— Power-to-SNG/MeOH as methanation,
MeOH plant) is needed

- e e =

CO, -rich
Feedgas

(steel, cement mills, lime stone,
waste inceneration, biogas
bioethanol), DAC?

Power Electrolysis

— Modularized, standardized prefabricated
synthesis for shipment to remote sites of RE

— Low cost p-AEL (no noble metal electrolysis
manufactured in mass fabrication way, OEM)

Source: EKONAMI , MAERSK

Methanantion/
Methanol
"~ H,Truck, FCEV
steam

— ‘“smart energy conversion”, SNG/methanol synthesis skids in flexible, dynamical operation mode according the volatility of RE like PV, Wind power profile.

— Energy carrier of H, via H,-to-SNG/PtL
(Methanol for maritime shipment f.i. to
Europe)

(e-LNG or e-Methanol as output product

W —— Y

EKEKONAM|
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Fuel Typ Characteristic

Synthetic natural Gas
SNG/e-LNG
CH4

Methanol, CH;OH
MtG/MtK as
gasoline/Diesel, SAF

Synth. Diesel/Benzin, CxHy,
Derivate, Naphta, Waxes
et.al. SAF Kerosine

Ammonia NHs

Hinterior (energy value
gravim.)

Synthesedruck

Katalysator

TRL continous operation
without concept for
fluctuating feed Gas Hz,
GHG saving potential.

World market fossil, e-fuel

H2 per kg Product,
kg Hz/kg COz2 (Hz per N2)
Pel aux.

PtX eta Synthesis, eta PtX
mit EL without O2-/heat

EKO NAMl utilization

Okologisch - preiswert - fair

Source: EKONAMI

Methanation, Sabatier, 1902

13,86 kWh/kg, 50 MJ/kg

8 — 30 bar

Nickel Industry standard

9/ > 90 % without Methane

slip (GHG impact > 25 -100)

during combustion fuel
burning

Global Erdgas fossil,
e-LNG, e-SNG single
projects

0,5 kg/kg CHa,
0,18 kg/kg COa,
1,39 MJ/kg

PtG, Eta Synt. = 83%, eta
AEL = 66% (80% opt. AEL),
etag. = 0,55%, 26,5
MWhei/t CH4 plant, Flex.
Operation 70%-100% dem.,
H, buffer for dynamic, low
H, buffer/compr. CAPEX

Kerosine

Methanol synthesis
1923, BASF
5,5 MWh/kg, 20 MJ/kg

40 — 100 bar

Cu, Zn, Al Industry standard

9/> 90 % without GHG slip
during combustion engine
burnig, limeted emission
neglible

» 107 Mio. t/a fossil,
> e-MeOH 0 ton

0,195 kg/kg MeOH.
0,14kg /kg CO,
1,02 MJ/kg 40bar — 80 bar

PtMeOH eta Synth.
88%/84%, eta AEL=66%

(80% opt. AEL) eta g= 55%.

, 10,25 MWhe/t MeOH
plant, Flex. operation 10-
100% dem. BSE/MAN, no

H, buffer needed

Fischer-Tropsch,
1925 IG Farben, Shell,Sasol
12,2 kWh/kg, 44 MJ/kg

20 — 30 bar

Fe/Co Industry standard

FT 9, rWGS Reaction 5-7/ >
90 % without GHG slip during
combustion engine burning,
limeted emission negblible

Qatar, Malaysia GtL, Qatar
SMR/Route, ZA et.al.
E-FT Synthesis Pilot plant

0,533 kg/ kg Synt.
0,13 kg/kg CO-
2,24 MJ/kg

PtFT Synt. eta = 44,6- 68%,
eta SOEC/AEL = 66%(80%
opt. AEL) Erzeugung im RE
Betrieb
22,37 MWhe/ton Syn.Gas
H, buffer for Dynamics, high
H, buffer/compr. CAPEX

Haber-Bosch,
1908/194
5,2 kWh/kg, 18,72 MJ/kg

200 — 350 bar

Fe Industry standard

9 (must be demonstrated for
RE operation/ > 90 %
without N»O slip (GHG

impact ~300) during
combustion fuel burning

>180 Mio t/a via SMR etc.
e_-NHas: Pilot plant O ton

0,176 kg/kg NHs,
- (no COy)
1,4 MWheicompr. /t NH3 for
H2, 0,55 MWhg/ton (ASU)
N2

PtNH3 eta = < 69%, eta AEL
= 66%(80% opt. AEL) ASU
for N2 Prod. 10 — 12,5
MWhgyton NH3
H. buffer for Dynamics, high
H. buffer/compr. CAPEX



Fuel Typ
Characteristic

Existing
Infrastructure,
transport costs
MENA-EU, SAF

CO:z2 per kg fuel,
N2 per kg fuel

Storage condition:

Health/Environme
ntal sustainability/
Risk

Source: EKONAMI

Synthetic natural Gas
SNG/e-LNG
CH,

Gas Pipeline,
Shippingt, LNG
Bunkering increase in
ports, LNG Transport
for Natural Gas < 20
Euro / tonne SNG

2.75

LNG: -162°C liquid

No/ methane slip with
high GHG impact
atmosphere (wtw
balance maritime due
to methane slip with
~25/100 GHG equiv.)

Methanol, MeOH,
CH;OH MtG/MtK as
gasoline/Diesel, SAF
Kerosin Derivate

Shipping MeOH
Shipping, Bunkering in
ports, Simple barge
filling/20 — 40
Euro/tonne MeoH
SAF ASTM process in
2-3 years i.e. by Exxon

1.37

At atm. Cond. liquid,
commodity like
gasoline, MGO

toxic
non carcinogenic,
/biodegradable,

Synth. Diesel/Benzin,
C,Hy, Derivate, Naphta,
Waxes et.al. SAF
Kerosine

MGO
Shipping, Bunkering in
ports, Simple barge

filling/10 — 20 Euro/tonne

SAF as ASTM FT SPI
etc. existent

4.185

At atm. Cond. liquid,
commodity of different
Synthesis components

like gasoline, MGO

toxic
carcinogenic,
/non biodegradable
Depending on fraction

Ammonia, NH,

Shipping, Bunkering in ports big
industrial ports, No IMO bunker fuel ,no
decentral filling infrastructure with high
security impact on populated area! /20 —
40 Euro/ton NH3 shipping fertilizer fuel

No SAF target existent

N»:0.82, ,no CO,

-33°C at atm. p., liquid at 9 bar,industrial
tanks, vessels

high toxic bunker fuel !!
high pollutend/
high toxic for water organism
Ammonia/N,O slip as bunker fuel, (wtw
balance maritime with ~300 GHG equiv.)

EKONAM]
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Fuel Typ Synthetic natural Gas | Methanol, CH;OH MtG/MtK as Synth. Diesel/gasoline, | Ammonia, NH,

Characteristic SNG/e-LNG gasoline/Diesel, SAF Kerosine Derivate C,H,, Derivate,
CH4 Naphta, Waxes et.al.
SAF Kerosine
Safety/safety . - . i i . i
Explosive/existing Explosive/existing Flammable/existing Explosive/existing

standards
Boil off during . . 0
industrial- Low in central Very Low in central loading/0,012% per 3 Very Low in central Lowin centrg;loz:jc;:liglo,045m per 3
decentral remote loading/0,68% per 3 day storing loading/0,012% per 3 _— y S 9 :

. : : Signifcant especially at remote site
site day storing - day storing

handling/transport handling, shipping, bunkering chain

Existing NH3 Infrastructure is
suitable in Fertilizer UREA industry
sites (industrial ports)
no common Infratructure in maritime
infrastructure for bargin /populated
urbanization ares, H, cracking
requires about 30% of
heat/electricity of NH3) decentralized
bunkering , IMO status pending,
difficult in decentralized PtX handling
effords (local handling at site

Existing Methanol Infrastructure is
suitable in ports, bargin transport to
ships, landing stations easy to adapt for
bunkering/loading to refineries,
customers via haul, train, shipment
to/from remote RE sites, commodity
transport

Existing Natural Gas
Piping/LNG
Infrastructure is
suitable worldwide,
urban/industry sites,
commodity transport

Existing CxHy
Infrastructure is
suitable in refineries,
ports, difficult at PtX
decentral site multy
fuel character,

Infrastructure at
PtX project,
general

Compatibility with
existing
road/maritime
fleet in the
respective time
period

CNG/LNG tankstation,
maritimer bunkering
existsyes

Drop in capability as Blend in fuel for
road (3% EN228, MTBE), maritime
bunkering and engines available, MeOH
vessel, MtG/MtK route demonstrated,
MtK — route: hydrotreating/oligo-
merization steps in refineries only

Drop in capability as
Syngas. Components
like Diesel,wax, naphta,
FT Kerosin use the
existing road/maritime
markets

Decentralized NHs carrier

post 2030

EKONAM

Okologisch - preiswert - fair

infrastrucutre new, NHs; cracking
new, large scale at ports commaoditiy,
in maritime sector IMO standard

| .



EU legal framework of e-fuels/BEV in energy sectors transport: on road, Marine, Aviation

Fuel Typ Characteristic Road transport RED |,

Legal framework rules

RE originality of electricity

CO2 reduction requirements for
Advanced Biofuels/RFNBO as e-
fuel: fossil CO, Reference value:
94,9 g/MJ M road fossil fuel
emission level, 91,16 g/ maritime
standard fossil standard emission)

Source: EKONAMI

renewables share target and CO2
emissions standards limitations EU:

90% GHG emission reduction by 2050 (vs.

2005 levels inlcdg. aviation) EU: 2030
renewables share target in transportation
projected to be increased to 24% with a
cap on biofuels, RED I, Il, CO, fleet
reduction: 95 g/km TtW, -55% until 2030,
2035 no ICE cars selling allowed, CO, -
Heavy duty trucks reduction level under
negociation

1’st Gen. Biofuel CAP at 7%, Blending of
3% M ) 8)

BEX electricity supply via grid idNaccepted

Maritime sector FuelEU maritime, IMO
2023, ETS

Fuel EU maritime; CO, Obligation of GHG

reduction for ship operators starts 1.1.2025

, ETS, Well to Wake balance incl. GHG slip
emssion during ship operation like CH,,
N,O, Inclusion of CO,, allows fair

comparison of fuels Global (IMO): 50% GHG

emission reduction by 2050 (vs. 2008
levels) To reduce ships GHG emissions via
measuring energy efficiency metrics. (EEXI
and Cll) IMO target GHG shipping Emission
reduction by 40% (2030) ,70% (2050

Electricity supply for RFNBO as e-fuel:
13.2.2023 REDII Delegated acts definition:
Aditionality of RE, ppa with country

as RE, matters no CO2 footprint o
country electricity supply

> 90% for 2°Gen. Adv. Biofuels like wood
based ligno-cellulose, used cooking oil,
minimum of 70% CO, savings is a must of
Biofuel /RFNBO

footprint for CO, emission footprint is
possible, Temporal RE generation and PtX
plant consume, Geographical context of

generation and consume of RE-Pt, No EU

large deployment of PtX plants!

RFNBO rules are in place! D: local rules/fees

for grid connection of Electrolysis/not
connected to the grid!!!

= >90% for RFNBO

e-methanol,

(@ammonia not IMO certified), 82 g
CO,/MJ, RFNBO play a significant role
with first mover incentive until 2033
(double counting) RFNBO Methanol
saves up to 3.45 tons of CO,

Aviation, jet Fuel SAF, ETS, Re Fuel
blending, RED Il

implementation of the global
carbon offsetting and reduction
scheme for international aviation
(CORSIA) through the EU ETS
Global: net aviation CO, emissions
capped at 2019 level towards 2050
EU Aviation Regulation * EU ETS for
the aviation sector and RED |lI
increased target * Working on the
ReFuelEU proposal aiming to
propose a target for SAF ¢

See requirementes for PtX e-fuels in
maritme sector REDII:

forcing increasing blend of e-
kerosene

Special targets RFNBO SAF subquota
blending : 2026, 0,5%, 2030: 2%,
200,000 tons PtL for German air
traffic by 2030 beside Adv. Biofuels
HEFA (Anexl! 1X, 2018/2001) and fuel
versus food conflict

>90 % for RFNBO e-Methanol based
MTK SAF, 3 tons e-methanol per ton
SAF, ASTM certification process by
Exxon in the next 2-3 years, FT-
SPK/A ASTM certification: 50% share
is accepted

EKONAM| 2
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EU legal framework of e-fuels:

Fuel Typ

Characteristic

Penalty for non-
conformity costs
approx. to ship
operator

Market price of
CO,saving SBC
stock (no fuel
price, ~480
EUR/ton

Price scheme
for e-fuel
RFNBO:

GHG savings of
the fuel are
important

Source: EKONAMI, EU DG

Road transport RED
LI

600 EUR/ton CO.eq,

495 Euro/ton

2 Gen Bioethanol
Wood cellulose, 2.000
EUR/ton, e-MeOH
1.200 — 2.000 EUR/ton

16 Mio ton/year for e-
Methanol Quota RED
Fuel Recast 2021,
RED II, DK/CN fuel,
No MeOH ICE/ Trucks
fuel line infrastructure
in EU expected (local)

fit for 55% What are the markets for e-fuel now?

Maritime sector
FuelEU maritime, IMO
2023, ETS

630 EUR/ton CO,eq

Aviation, jet Fuel
SAF, ETS, Re Fuel
blending, RED I

by at least

s’ 55%

495 EUR/ton

2 by 2030?

EE@ \
2 Gen Bioethanol Wood SAF FT-SPK: 9,000 - >
cellulose, > 2.000 EUR/ton 2023, I - o
EUR/ton, e-MeOH HEFA, biofuel with i’ @ﬁ

limited Potential due
to fuel & food
conflict, MeOH 3.000
EUR/ton

single counting ~1.500
EUR/t , 2 Counting for
1'mover: > 2.000
EUR/ton (2033)

Ships above 5000 GT,
100 % intra-EU traffic +
50% extra-EU, EU ports
(same as for ETS Non-
compliance — deterrent
financial penalty

okologlsch preiswert - fa|r|
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== - How will the EU reduce its ~
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7 greenhouse gas emissions



Real market for Methanol ship orders today: >190 vessel 2 stroke engines in order (9.2023)
and Methanol demand

. Methanol,LNG = IMO standards in alliance with the IMO
safety regulations, IMO: ammonia post poned 2030, wtw
slip?

- Methanol engines as dual fuel engines 2/4 stroke engines
from MAN ES (methanol/diesel) Has the highest CO,
savings Potential; MAN B&W, Sulzer, Caterpillar, Anglo
Belgian, WinGD for large vessels >40 MW, Wartsila, Rolls
Royce MTU, ScanDiesel, VolvoPenta et.al in smaller power
range 3-4 MW

- There are now additional Emissions at the stack of the
vessel with e-methanol (slip emission balance wtwake)

- Bunkering infrastructure with decentralized barge transport
of Methanol in ports berthes or jetty around the world is in
alliance with the FuelEU Maritime > 5.000 tons

* Methanol bunkering per global container ship: Maerks: >19
ships, (20.000 tons MeOH per roundtrip&ship, equivalent the
output of a 30 MW, PtMeOH plant yearly capacity with
~7,000 FLH operation with RE, PV: MENA state 2,500 FLH,
Wind: 4,500 FLH)

« other Shipping company's joining the strategy, Order book
Alpha Liner ~30% LNG vessel, ~60% methanol vessel ,2022
IRENA, e.g.

+ Evergreen: 24 ships
+ COSCO: 12 ships
+ CMA, MSC et.al.

|
Source: EKONAMI, IRENA, Maersk et.al E KONAM | 27
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FuelEU Maritime Target as real market demand for today for erection of PtMeOH plants

FuelEU Maritime energh demand: ~ 400 limits on the yearly average GHG emission intensity of the

TWhfuel in 2030 (307 TWh;,(1,105 PJ)l in energy used on-board (CO,ea/MJ) by:

2021), Energy demand reduction for the future

by optimization of energy demand or slow Wtw Wtw Wtw Wtw Wtw wtw
steaming e.g. or reduction by use of carbon reductionin | reductionin | reductionin | reductionin | reductionin | reductionin

neutral fuels 2025 pLE]Y 2035 2040 2045 2050

4 TWhy,, for 1% subquota_ RFNBO, 24 TWh; 2% 6% 13/14,5% 26/31% 59/62% 75/80%
energy demand for fuels with zero wtw 10.2

MWhel for 1 ton Methanol, _10 TWHel for 1 Mio Auf den Weltmeeren herrscht Hochbetrieb
ton Of e-methan0| RFENBO is needed (40 bar Anzahl der Schiffe in der Welthandelsflotte im Jahr 2022 nach Schiffstypen

synthesis pressure level),
) . o Stiickgutschiffe / Roll-on-Roll-off- | Massengutschiffe Chemikalientanker | Containerschiffe
RE potentials in Europe are limited due to FLh i

of PV/Wind power generation, legal hurdles by &
RED Il

Maersk published demand of 6 Mio. t in 2030
- The demand alone by MAERSK amounts
750,000 tons of e-fuel® methanol per year in
2025

) ) Rohéltanker Passagierschiffe
1200 vessel in 2030 with a e-methanol 8258 =

demand 48 Mio.t, IRENA 2023

Production of e-methanol as carbon neutral

fuel O | I Grafik: joth. / Quelle: ISL / Datenrecherche: Matthias Janson (Statista)

LOI, MOU anouncements all over the world
but offtake agreements for bankability ?

Source: EKONAMI, RFuel maritime, Maersk, IRENA , Statista et.al. E KO NAM .
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@SB IRENA

Iemational Renewatle Enecgy Agency

IRENA Report. Renewable
Methanol 2021

= E- Methanol is a way to increase the value of green
energy and store it safely.

=  Current demand of methanol: 98 Mio. t per year (2020)
= Anticipated total demand of renewable methanol:
. 385 Mio. t per year in 2050

= for complete e-methanol plants as prefabricated and
standardized modules

=  >60-150 GW (< 1,000 GW) electrolysis/e-fuel plant

capacity is needed (EU or in high RES locations world INNOVATION
wide) OUTLOOK
=  Who will build these capacities of PV/Wind/Electrolysis-
e-fuel plants with which business case for which RENEWABLE
markets METHANOL
Power-based production becomes the
most prospective and realistic production METHANOL

Source: EKONAMI, IRENA, BSE, frontierrégngtmgs e?a.[ m et h an O I ] E KO NAM i 29
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Resource of CO,from
concentrated point
resources in EU

(Commission Delegated
Regulation (EU) 2023/1185),

under ET system !

H2,CH4 direct reduction travel ?

Renewable character

Renewable character

Renewable character

Partial renewable character, ETS
2024 starting

Unavoidable calcination reaction

Unaavoidable reaction

Sum without Direct Air Capture
resources, power generation (up to

CO2 utilization 41 2020,, et.al.

Steel (without H,
direct reduction)

Biogas/Bioethanol

Solid Biomass
fired power
generation

Pulp/paper

Inceneration

Cement/grinding
klinker (2041
revise)

Lime stone

2036?:or comparison: Worldwide production:
2.900 Mio t/a Cement Production,
1.389 Mio t/a Steel Production, D: appr. 40 Mio t/a
Electricity production in total: D appr. 550 TWh,/a 2022, RE share 2022: ~45%

CO,
amount in
Mio t/a

110

69,7
437

90
eie!

25

847 (737 without
steel )

Methanol in Mio

t/a

80
51

319

16

66

68
18

Source: Ketelsen, Billig, Stolten et.al, UBA, EU Biogas Ass., Jorunal of CO2 utilization 31 (2019), Rodin, Lindorfer, Béhm Journal of

TWh, RE demand for H,
Production (no Synthesis
electricity demand for
compressing , anciliary
et.al.)

15
10

60

12

13

EKONAM
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755
478

2,998

151

618

638
172


https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1185&qid=1691402179691
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32023R1185&qid=1691402179691

CO2 carbon capture plant, storage and transportation (shipment, railroad, truck) for external
supply of remote site RE-PtX projects: CO, costs: 100 -150 EUR/ton*

Treated flue gas

ission Control
nti-Mist™

[ CO, to transport
o,

compression

i
 Water wash

i Absorption
| Section
'

Flue gas
inlet

'
0 B Rich/lean
[EEERl  hcat exch

A : . e = Pp————
Flue gas Absorber CO; Storage at the Ecofuels Biogas Upgrading Plant in Well, The Netherlands

fan

PtMeOH plant at remote site:

Transport of liquified CO,, ~-75°C/atm. Pressure., e.g. from ETS activities in
Europe is commodity buisiness: No hurdle for remote site PtMeOH plants with
high RE potential, water, access to renewable electricity, land securing

ISO cryogenic CO, standard 40 TEU container shipment,
local storage at site, source: Bofort

Okologisch - preiswert - fair
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Source: EKONAMI, Union Pentair, Bofort, *: steam/electricity cost impact, DAC: 200 -300 Euro/ton, ETS savings not included



Aviation Fuel Blending Obligation

« 2018: EU aviation fuel demand was 62,8 millions tonnes (2,890 PJ) , 99,9% fossil character)

 Aviation fuels must contain a certain amount of e-fuels (advanced biofuel SAF with fuel versus food proble!
or limited biomass feedstock, RFNBO SAF, FT SPF/K or MtK SAF: 2050/2,001 PJ))

 All departing flights which are fueled in Germany must contain ,power-based aviation fuels” (e-fuel) as
follows according to the binding quota (energetically):

2026 2030 2040: 2050

4

Binding Quato 0.5 % 2.0 % (10% in
GBe.g.)
Methanol 100,000 430,000 8,5 Mio t/a 56 Mio t/a
demand for
Binding E-
Kerosene/SAF
could reach
[t/a]

a@NAM|

=

Source: EKONAMI, Nova Institut, LBST, BSE et.al. 6kologisch - preiswert - fair



Sustainability of PtX for Aviation e.g.: land and water demand aspects of e-methanol

H,O Demand for Hydrogen stoichiometrically is :

8.94 Litres* of water /kg H, , PEM: 10 liters/kg H,, (tap water quality)
Hm:u far | could fly Water demand of 10 m? results for 1 ton of H, equivalent ~ 5 tonnes of
with the energy from one hectare MeOH

Achievable air mileage for an A320neo per ha of land Ground-, brackage-, irrigation water quallity needs higher water demand due
(km/(ha-yr)) to brine reject losses

PtL wind power Comparison: virtual water consume of crops/wheat production: 7 kg wheat
& , needs 10 m3 H,O, Morocco: 2 m3/kg wheat
photovoltaics

BtL short rotation forestry

Water is produced during MeOH synthesis:

HEFA oil crops - 0,56 t H,0/ t MeOH and use as service water for wet bulb cooling
systems, PV glass cleaning, Agri PV of the RE projects and for fertilzer of
sewage purification plants

Water utilization concept at remote sites in arid country regions are crucial

Alcohol-to-)et sugar crops

0 2000 4000 6000 8000 10000

B Minimum M Bandwidth

Source: LBST/BHL, 2016

Source: EKONAM (*Zelt 2021), Niklal3 eta.al. 2016, LBST, UBA et.al. -
EKONAM| _
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State of the Art of Power-based Kerosene: Sustainability land and water impact
E-kerosene has the lowest land and water consumption in comparison with Biofuels

Figure 5. Water consumption of hydrogen in 2050 compared with selected sectors today

Water demand per liter of jet fuel Thilllon cubic motres)

PtL water demand compared to selected biofuels
(volume representation, PtL water demand ~ 1.4 LH:0/Ljetfuel)

- ¢+ 3 “ 2 Z69 -

PtL Algae oil Alcohol-to-Jet
wind, open sugar HEFA
solar pond beet jatropha

T8 m* ‘ 464 m* 34.7 - 24.8

— ~1 L T
Source: LBST/BHL, 2016 GOonE o = T L) E
Agriculbure Industrial MMunicipal Dresalimaticom Hydrooen
producticorm procucticr

CFONED (2050)

Green hydrogen processes represent an opportunity to improwve water securty. Desalination can be
costly for sectors like agriculivre or small indusiries, making water supplhy critical.

Desalination for green hydrogen adds 1—2%%: to energy consumption and the cost of production,
where the electricity consumead is the determining factor. Thus, green hvdrogen gives a spur to the
desalination industrny, resulting in a massive scale-up of desalination capacity.

This could also increase the supply of fresthrerater for other purposes beyvond electrolysis, or drive down
the cost of desalination (IRERNA, 2020a). It should be noted, howewver, that desalination plants
produce brime enriched with salt and chemicals, so ecological effects arising from s retumnm to the

sea will be addressed-

Source: UBA 2016, Frontier economics/BC et.al. E KO NAM i 34
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State of the art of power based kerosene: Comparison of Methanol — FT pathway seems
similar — but the details are different,

PtL production via Fischer-Tropsch pathway (high-temperature electrolysis optional) PtL production via methanol pathway (high-temperature electrolysis optional)
ey ,
. 2w . 20
N
@ % @;’ CO; capture @ E’% @ €0, capiure
Steam generator co: l Steam generalor
i " ﬁ Co;
Heat Heal
} Water ..‘ Inverse CO-shift Water ‘..‘ t

N P - l I T, &

Electrolysis Fischer-Tropsch synthesis Upgrading Transport & distribut Electrolysis Methanol synthesis Conversion & upgrading Transport & distribution
(high-temperature) (high-temperature)

Sowice Source: LEST

EKONAM|

Source: UBA; LBST 2016 = ; 3 :
Okologisch - preiswert - fair
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State of the art of power based kerosene: The Methanol to gasoline route is similar to MtK

MTG chemistry

Methanol Dimethyl Ether

2 CH3OH z (CH3)2O + Hzo

Methanol Di-Methyl Ether
- Hzo\ -H,0

G, to C: Olefins * Ch |3C| 1, Ch |3OCI 13 Light Olefins + H20
2 5
Methanol, Di-MethyI Ether

ZCHQOH CHgOCH; +* Hzo

L

Light Olefins Cs+ Olefins

Hydrocarbon

pro ducts Paraffins
Cs+ Olefins Naphthgnes Gasoline
Aromatics

P

!

Aromatics ) ]
Paraffins Theoretical Chemisuy

Naphthenes CH30H — H20 + CH2 + Heat
D Mass 32 18 14
wt% 100% 56% 44%

!
I
|
|
I
I
: C,+ Olefins
I
I
|
I
I

\—_-_-_--—-

a() 40

EKONAM|
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State of the art of power based kerosene: Exxon MtG plant history since 1985 in NZ, China, lack
of commercial advantage with fossil based hydrocarbons instead of the classical oil pathway

ExxonMobil MTG development history

Fixed bed:

v MTG catalyst discovered in the early 1970’s
v MTG catalyst limits the synthesis reactions to

Fluid bed:

v Mobil studied fluid bed MTG options in

pilot unit T o 70’s at 4BPD MeOH pilot plant scale

Commercial scale

v 100 B/D Fluid Bed MTG Unit was built in the early
1980’s in Germany

Demo unit v Was considered “Technically Ready”
. 100 BPD v No recycle

v New Zealand,14.5KBD MTG - 1985-1997
v JAMG-1, China, 2.5KBD MTG S/U in 2009 .
v JAMG-2, China, 2016, 12.5KBD X 2 v EM and SEG Fluid Bed CDA (2014 -2017)

v Was considered “Technically Ready”
v With recycle

‘ p
gasoline range hydrocarbons only y @
v Mobil studied fixed bed MTG options in
70's at 4BPD MeOH pilot plant scale
S

ource: ExxonMobil E KO N A M i 37
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State of the art of power based kerosene: The Methanol to gasoline route is similar to Methanol
to Kerosine pathway with slightly higher chain length for Kerosene

CAC/TU Freiberg operates a demo plant, The Methanol will be transported to the refinery, where the MtK step will take
place (Isomerization, oligomerization)

| Fixed bed MTG process: today fluidized bed reactor design is preferred and more efficient

Source: ExxonMobil E KO N AM i 38
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Process overview

Fixed bed MTG

DME catalyst converts MeOH to a
| mixture of MeOH, Di Methyl Ether, &
MeOH > Water

DME Rx Chemistry:
2CH,OF" CH; -0~ CH, +H,0 + Heat

Each MTG reactor is
regenerated about every 20
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State of the art of power based kerosene: Comparison of Methanol to Kerosene — FT pathway

Methanol pathway: MtK

The methanol based route to Kerosene is the most mature technology

(TRL 8-9 of all power based routes
Methanol and kerosene production can be decoupled because of
good handling and trading of Methanol as a commododity with existing
infrastructure of hydrotreating/oligomerization at refineries

. Efficiency of the whole proces is linked to what Decentral smaller scale prodgction feasible to wind/py profil'e (
prOdUCt y|e|d ( diesel, WhaX, naphta, I|ght ends et.al) +40 MW — 150 MMWe|)Vp|atlllty and'g(.)Od handllng Wlth flexible .

- Investment cost are for FT (2,317 EUR/KW,, acc. oper_atlon of the synthesis PtMeOH is in a decentrallz_ed prO(_JIu_ctlon

feasible and the transport of the MeOH to the centralized existing
refinery infrastructure an easy way to implement

* Investment in MtK facilities (588 EUR/kKW,, in 2050 — 726 EUR/KW,in
2030)* and MeOH reactor systems (400 -600 EUR/kW,)* due to OEM
Mass fabrication of Reactor modules at a different level

» Product stream can be tailored to higher Kerosene yield, which was
demonstrated by Exxon in several plants in NZ, China et.al.

* Not certified yet (but Exxon is ongoing in activities to certify the
production, in 2-3 years, Fluidized bed MtK reactors leads to cost
reduction), EU will accept for own aviation activities this in EU
framework.

« Endothermal process (Exxon et.al.) showed Conversion efficiency
form Methanol to Kerosene with 90% (MtKerosene/Mtgasoline)

* New dedicated production capacity of PtMeOH is needed.

« Lower CAPEX expected due to flexibility operation of the Methanol
synthesis modules in OEM mass fabrication and the avoiding of huge
H, buffer tanks storage for this production, The MtK step will take
place in normal refineries condition.

Fischer Tropsch Pathway:

The chemical efficiency of theoretical Fischer-Tropsch
route is not higher than the e-methanol kerosene route.
* Process and product already ASTM certified

Faishi 2016, Konig 2016 et.al.) more centralized,
single track chemical plant with H, buffer Capex
needs

» Product stream compromises a mix of hydocarbon
with different chain lengths at the site (remote site
production leads to logistic challenges)

« Syncrude is no commodity and varies in composition
, ho gloabl trading in place yet,

« High flexibility of refining process is needed and a
needed huge H, buffer storage for FT causes huge
investement

« Favorable for rather large-scale centralized
production and utilization of existing refining facilities

« Short term benefit form establish certification and
existing refining and distribution network

Source: *Fahisi 2016, K6nig 2016, Albrecht 2016 , Schemme, Brynolf, UBA et.al. |l | ) N A M | 39
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Production costs < 1.5 EUR/I of e-gasoline in the MENA states with PV/Wind are feasible:
Additional economical/social benefits are worth to think about this
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Impact of PtX fuels production in MENA states is a
win - win situation:

76 bn EUR assistance for developping MENA states
Green e-fuels will be produced in countries of our
choice and transported to EU

Return of investment cause a social benefit in
these countries with > 10 yield factor per EUR
invest

Contribution to the local workforce market,
stability by incomes and add on for local potable
wate supply, irrigation & agriculture

|
Source: DLR, Wuppertal Institut, IZESS 2023 ; University Eichstatt, Breyer et.al., 2020: Preissler, Habisch E KO NAM I 40
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Summary and conclusion:

e fuels as Drop in fuel can adress in short terms the existing ICEVs fleet as the the majority part of onroad
sector to abate at once GHG emission level and will not disturbe BEV ramp up.

Blending character of e-fuels can save money and time due to existing infrastructure of gaseous, liquid
Hydrocarbons.

Study situation of e-fuel/BEV is accomplished and no add on of knowledge is to be expected.
No further legislative acts of stake holder in EU will support e-fuels, 2023/2024*.

Due to OPEX e-fuels costs are determined by RES prices (> 90 %) and availability of RE core project
realization will take place in MENA, ZA, Namibia, Australia, South America .

Short term markets for e-fuel plants will be MeOH in maritime sector, SAF aviation fuel based on FT or MtK
by integration of existing refinery infrastructure.

» Declining of costs for Electrolyzer, Synthesis units by cheap, widely available, no noble metal concepts and
OEM mass manufacturing of standardized prefabricated modules , Knowledge of Car OEM manufacturing is
needed.

 Due to RES project realization needs to secure land etc. for PV/Wind projects: sizes of more than 40 — 100
MW, PV/Wind (~80,000 tonnes MeOHy/year) is the next phase.

« Derisking of logistic, hardware challenges can achieved by Modularity of decentral chemical plant
realization output in short term track realization.

EKONAM| _

Source: EKONAMI SE, *: EU process Truck, new car e-fuel regime is pending okolog|sch Srsloweit - Fair



2012: First module skid mounted Methanation SNG project by Audi: Engineering/EPC.:
ETOGAS (Subcontractor MAN ES)

SNG Methane Skid mounted device from ETOGAS (ramping-up in 1-2
years possible, 3 months of permission BImSchV)
The world’s so far largest industrial Power-to-SNG project since 2012

under operation
» shows OEM potential of modulized skid mounted turn key solutions with OEM
manufacturing potential for short term realization projects

Need for OEM manufactured Electrolyzer, Methanation, Methanol Synthesis Skids will be large:
LCA results of available metal/no noble metal groups Nickel: ~1.9 Mio tonly, Ir: ~4-8 ton/year*
Rethinking of chemical plants to operate based on the volatile power of PV/Wind means
effiency of project realization: KEEP IT SIMPLE and flexible Operation of chemical

plants
Due to remote site characteristics/land securing problems at major decentralized site is

PV/Wind and easy project steps locally: no customized engineering with harmonized, CE
marked, prefabricated, tested skid

* Max power use of RE for heat, steam, cooling, service-/water, H,, MeOH, O, & services
at local sites at all load stages

» High flexible operating of chemical plant with low capex impact according RE
characteristic and thesis:Modularity is a key solution in terms of reliability, scaling up

+ Fast deployment/permission capabilities at all world sites no classical chem. Plant project Methanation reactor

+ Potential for module, standardized OEM production

* Workshop and commissioning in easy way of module shipment to any place NAMI "
Source: EKONAMI, ETOGAS, Audi, *: FVV IV b study Kremer, Bothe et.al., BSE, Bockris/Winsel: Smolinka, Fh ISE, 2018, NEL, Stolten et.al. Okologisch - preiswert - fair



Modulized, standardized Skids of PtMeOH units for scaling up (BSE, MAN ES, BASF):

FlexMethanol

MAN DWE?® power-to-liquid (PtL) solutions

Decarbonizing the global economy Benefits at a glance

requires carbon-neutral liquid fuels

and chemicals. E-methanol, made from - Very low power consumption
CO: and renewable H;, answers these - Modular approach for fast
needs as a base chemical, maritime project implementation

fuel, or feedstock for e-kerosene. Our
FlexMethanol modules enable the
production of green methanol. Mild
process conditions of 40 bar pressure

- Maximum operational flexibility

and 240 °C enable fast ramping
between 10-100 % load to cope with
potential fluctuations in the renewable
electricity supply. FlexMethanol approach Applications
E-methanol is made from feedstocks that allows a methanol plant to operate  Typical CO. sources for
with widely varying availability: with fluctuating renewable energy FlexMethanol modules
renewable energy, green Hz and CO..  sources even in off-grid operation. - Waste incineration plants
The FlexMethanol pr isdesigned  To enable fast implementation of PtL - Biomass-fired power plants
to overcome the challenges of proj FlexMethanol takes a modul - Pulp and paper industry
fluctuating feed streams and partial approach with pi Qi d skids. - R ble energy plants
load. Each skid can run operational C ity can be | d by simply
loads from 10 - 100 %. Costly H; buffer adding more skids. This significantly ~ Direct uses of e-methanol
tanks are not needed for ramping up shortens all project steps from planning - Marine fuel
or down. D ing the operating to c¢ issioning. - Power generation
pressure to 40 bar is the key innovation - Hydrogen carrier
D of th
- Synthetic fuels for road
Methanol synthesis and air transport
- Chemicals (e.q. olefins,
o Q. formaldehyde, MTBE, acetic
acid, methylamines, MMA,
—g chloromethanes, DME)
& 55 i © Feed gas compressor
© Recycle gas compressor
In cooparation with © Methanol converter
methanol © Steam drum R —
° ° © Recuperator 94469 Deggendorf, Germany
© Heat exchanger P +49991381-0
© Separator dwe-infa@man.ae ~nm

Source: MAN ES, BSE methanol

“"EKONAM
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Let the fossil rest in peace: Triebel

But as quick as possible: Rieke
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