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Energy transition in the transport sector (EiV) — Beniver: Scientific supervision
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[1] Albrecht et al. (2017). A Standardized Methodology for the Techno-Economic Evaluation of Alternative Fuels
[2] Maier et al. (2021) Techno-economically-driven identification of ideal plant configurations for a new biomass-to-liquid process

[3] Weyand et al. (2023) Process design analysis of a hybrid Power-and-Biomass-to-Liquid process
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Global e-fuel assessment — Summary EC 234#7
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Global e-fuel assessment — Summary EC 234#7
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Large scale e-Methane production ECCE 23#
(SNG w. 98 vol.% CH,) AB DLR

Chemical and Biochemical Engineering -
TREMP™-process

Acting Together

s — £
= TREMP" process
co2 (7
=
HX1
H2 T
M1
EX1 |
A
/"'R : . .: ~ HXE : ™~
HX2 R R2 R3 ® R4
Y
\f@* E1 F2
HX3 Hx4 HX5 HX7
to steam cycle
Hz0 H20

Assumptions in the simulation:
* No impurities
* No side reactions

[1] Rénsch, S., et al., 2016




Large scale e-Methane production ECCE 23#
(SNG w. 98 vol.% CH,) AB DLR

Chemical and Biochemical Engineering -
TREMP™-process

Acting Together

______________________________________________________________________________________________________________________________________________ (1 « High temperature in R1
c1 TREMP" process « Steam cycle
Coz c2
[
- HX1

EX1 7 N
L2 /’fnR 7:2\ jﬂa\ HX@ R4 1000

HX3 HX4 HX5 HX7 (@] 600
to steam cycle Q
H20 H20 E 4DD A{cla
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, °
5 / stream|~ |
Assumptions in the simulation: © 200 Y
«  No impurities :’é_i R1 R2 R3 H
 No side reactions 8 o | | | | . . . . S

0 10 20 30 40 50 60 70 80 a0 100
[1] Rénsch, S., et al., 2016 0’,.’0 methanE, dry
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Large scale e-Methane production CE
(SNG w. 98 vol.% CH,) ECA823

Advanced TREMP™-process

_____________________________________________________________________________________________________________________________________________________ , « High temperature in R1
o TREMP" process Polishing reactor | Water removal . Steam Cyc|e

DLR

Chemical and Biochemical Engineering -
Acting Together

« Composition adjustment
N = Transport: DIN EN 16723-2:2017-10

Gas grid: DVGW G260
» Polishing reactor & water removal

EX1
A
‘e R ;\ ;\ HX8 ;\
HX2 R R2 R3 R4
@

HX3 HX4 HX5 HX7
to steam cycle

Assumptions in the simulation:
* No impurities
* No side reactions

[1] Rénsch, S., et al., 2016
[2] Heimann, N. et al (2023), Standardized tea of SCNG and HCNG, to be submitted
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Large scale e-Methane production CE
(SNG w. 98 vol.% CH,) ECA823
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 Polishing reactor: Water removal

| H2
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Large scale e-Methane production CE
(SNG w. 98 vol.% CH,) ECx:23
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ering -

[1]

SNG production exergy flow

Raw materials input: 100%

SNG plant: 66.3%

SNG: 55.4%

H2: 64.8%
Electricity: 96.6%

C02: 1.5%
Generated electricity: 6.1%

Residential heat: 0.4%
Exergy destruction - Electrolysis: 30.5%

Heat: 3.4%

Exergy destructions: 4.3%

Exergy destruction - CO2 capture: 3.2% Exergy losses: 0.1%

« Exergy reuse: steam-cycle and residential heat
« Highly exergy efficiency optimized

[1] Heimann, N. et al (2023), Standardized tea of SNG and HSNG, to be submitted
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Hythane (HCNG) in transport? ECREBZ3‘#7
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Chemical and Biochemical Engineering -
Acting Together

Combifuel project of Graforce GmbH, Berlin .

» Plasma-derived HCNG production from wastewater treatment plant
= up to 60 % H, achievable
= First driver experiences

= Synthetic production
of Hythane?

=» Hythane versus SNG?

[1] Schlussbericht CombiFuel, FKZ 03EIV091A, Graforce GmbH, Synreform GmbH, 2022
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Large scale e-Hythane production
(HSNG w. 30 vol.% H,)

(2]

Adopted TREMP ™ process

c1 TREMP" process - Polishing reactor | Water removal

L co2 c2

” 4’&{ HXA1
; N

/———-

Hx2 R1 R2 R3 V@ \ R
Y

SNG

HX3 Hx4 HX5 HX7
to steam cycle

Assumptions in the simulation:
* No impurities
* No side reactions

[1] Rénsch, S., et al., 2016
[2] Heimann, et al 2023, to be submitted
[3] Schlussbericht CombiFuel, FKZ 03EIV091A, Graforce GmbH, Synreform GmbH, 2022
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Chemical and Biochemical Engineering -
Acting Together

DLR

* High temperature in R1

Steam cycle

« Composition adjustment
30 vol.% H, content > HSNG-30

Number of reactors reduced
Partial H, bypass

Smaller reactors for same output
less H,O production
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Large scale e-Hythane production CE
(HSNG-30) €Cx23

Process simulation Aspen Plus®

DLR

Chemical and Biochemical Engineering -
Acting Together

Heat to steam-cycle
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Large scale e-Hythane production CE
(HSNG-30) €Cx23

Process simulation Aspen Plus®

DLR

T PO — Chemical and Biochemical Engineering -
Acting Together

H, bypass

80% H2 CH4 coz co 5.0%
70%
CO; — —mmm—e—3P " 40%
]
H — E 60%
2 IN 3,0%
Heat to steam-cycle el
> © 50%
il
8 2,0%
S 40%
E | N
8
1,0%
. . 30%
Design spec.:
+ CO,<0.21 Vol.%
20% 0,0%
0 0,5 1 15 2

Lenghtin m

, CO,, / mol.%

Dry mol fraction
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Large scale e-Hythane production CE ‘#7
(HSNG-30) ECA323 DLR

Chemical and Biochemical Engineering —
jether

]

HSNG production exergy flow[l

Bypass: 6.3%

SNG plant: 60.1%

Raw materials input: 100%

HSNG: 56.5%

H2: 65.1%
Electricity: 96.9%

C02:1.3%
Generated electricity: 5.5%

Residential heat: 0.4%
Exergy destruction - Electrolysis: 30.7%

Heat: 3.1%

Exergy destructions: 3.9%

Exergy destruction - CO2 capture: 2.9% Exergy losses: 0.1%

« 1.1 % more power to fuel than SNG
* 5.5 % reused in steam-cycle (compared to 6.1 %)

[1] Heimann, N. et al (2023), to be submitted
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Comparison of e-fuels ECE\E823‘#7
DLR

Chemical and Biochemical Engineering -
Acting Together

NPC breakdown (electrolyzer excluded)

Begleitforschung Energiewende im Verkehr

(1
173 166
2018 180 mEm ____ sCAPEX Ay
Hydrogen
o 0
plant + electrolysis —120
Full-load Hours 8,000 h/a § Electricity
% € S 100 et U
H m Other
semt  Rgy 162 159
50 bar; 50 °C O Steam sales
69 €. g o
CO, feed conditions 3 bar; 25 °C 40 = Labor costs
9% " “ Indirect OPEX
0

[1] Heimann et. al. 2023, to be submitted -20 SNG HSNG-30
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Comparison of e-fuels EC%EB234#7
DLR

Chemical and Biochemical Engineering -
Acting Together

S EniVer

Begleitforschung Energiewende im Verkehr

NPC breakdown (electrolyzer excluded)

(1]

173 -4%) 166
2018 180 =' T—==——  =CAPEX Annuity
€t rydrogen
300 MW, B 140 m Carbon dioxide
8,000 h/a = 120 Electricity
soeu i 2100
e - L o ® Other RM & UT
50 bar; 50 °C O Steam sales
et | D 6
3 bar; 25 °C 40 " Laborcosts
2 20 Mean border-crossing zy_ ™ Indirect OPEX
41 €, gas price 2018
:

[1] Heimann et. al. 2023, to be submitted _
[2] BAFA - Erdgasstatistik 20 SNG HSNG-30



https://www.bafa.de/DE/Energie/Rohstoffe/Erdgasstatistik/erdgas_node.html
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Comparison of e-fuels E(:CE :23‘#7
Chemical and Bﬁe?cal Engineering - D LR
BE&niVer
FCI breakdown | | |
Begleitforschung Energiewende im Verkehr

Acting Together
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= :2 m Compressors
&g 30 Heat exchangers
g 25 m Reactor
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Comparison of e-fuels

B

FCI breakdown

50
45
40
35
30
25
20
15
10

39

-23 %
30

FCI [M€314]

| I

SNG HSNG-30

€Ci523 4%

Chemical and Biochemical Engineering -
Acting Together

—niVVer

m Steam Cycle

Separation train

B Reactor

Begleitforschung Energiewende im Verkehr

FCI reduction for Hythan30

compared to SNG
= 23 %

m Compressors
Heat exchangers Slgnificant reduction in

compressors and reactors

steam cycle, heat-exchangers
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Comparison of e-fuels
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Comparison of e-fuels
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Comparison of e-fuels ECE\IEB23‘#7
DLR
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[1] BAFA - Erdgasstatistik



https://www.bafa.de/DE/Energie/Rohstoffe/Erdgasstatistik/erdgas_node.html
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Practical experience using HCNG in transport [1]EC5\323‘#
DLR

Chemical and Biochemical Engineering -
Acting Together

Combifuel project of Graforce GmbH, Berlin

= Application on test fleet

» Modification of gasoline passenger car (tank system of VW Caddy 2.0 EcoFuel, 2009)
= Unmodified CNG passenger car (VW Caddy 1.4 TGI, 2020)

[1] Schlussbericht CombiFuel, FKZ 03EIV091A, Graforce GmbH, Synreform GmbH, 2022
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Practical experience using HCNG in transport [1]EC 234#7

cal a i[ixlF;
Acting Together

Combifuel project of Graforce GmbH, Berlin

= Application on test fleet

» Modification of gasoline passenger car (tank system of VW Caddy 2.0 EcoFuel, 2009)
= Unmodified CNG passenger car (VW Caddy 1.4 TGl, 2020)

* Emission measurement program
= Motor power testing station (HTW Berlin)
» Portable Emission Measurement System (real life emissions, TU Berlin)
= OEM tests (VW Innovation Group, Wolfsburg)

[1] Schlussbericht CombiFuel, FKZ 03EIV091A, Graforce GmbH, Synreform GmbH, 2022
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Practical experlence using HCNG iIn transport [1]EC 234#7

Combifuel project of Graforce GmbH, Berlin

» Power decrease 3.3 % HCNG-30 versus CNG @ 3 % less fuel consumption
» Emission reduction for CO,, CO, HC, increase for NOXx

oo RDE Emmisions, Caddy 2009 10 RDE Emmisions, Caddy 2009
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» Power decrease 3.3 % HCNG-30 versus CNG @ 3 % less fuel consumption

» Emission reduction for CO,, CO, HC, increase for NOXx
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Global e-fuel assessment — Hythane included EC 234#7

Comparing generic fuels / designer fuels

lmj

Nper [%0]
NPC 173 166\ 204 321 360 329 298
[€2018/ MWh, ]
Application « Heavytruck | ¢ Combifuel |- Certified * Better * Better * Better
parameter examples <« Drivetrain * Heavy Chin inable combusti combustion combustion
retrofit truck « Lowvap on . Blendlng . Blendlng
Drivetrain 7
retrofit y HSNG-30 can be produced with highest efficiency
cheapest e-fuel of EiV
Ecological assessment still pending
L Application assessment just started p
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Opportunities and challenges for electro-fuels ECCE 23#
In future aviation AB DLR

» Sustainable transport = cheap, sustainable, scalable fuels required

» Cheapest carbon containing e-fuels are methane and hythane

* HSNG-30 (compared to SNG)
= Efficiency: +1 %
* NPC: -3.9 %
» FCI: - 23 %
* less emissions in production and drive tests

=» Outlook: Identical HSNG spec. for both heat and transport applications

Transparent, standardized DLR assessment methodology available
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