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Sustainable Aviation Fuel (SAF) is crucial for achieving carbon neutrality in the aviation sector. Among various production
methods, Fischer—Tropsch (FT) synthesis using eco-friendly syngas has garnered significant attention. Two primary routes
for producing syngas for FT synthesis—Dry Reforming of Methane (DRM) and Water Electrolysis combined with Reverse
Water Gas Shift WE&RWGS)—are actively being studied. As upstream processes, these routes are evaluated for their
potential to provide low-carbon syngas for FT synthesis. However, comprehensive comparisons between these two
pathways are limited, despite their importance for future technology planning and decision-making. In this study, we conduct
a comparative evaluation of DRM- and WE&RWGS-based SAF production systems using virtual process design, along with
life cycle assessment (LCA) and techno-economic analysis (TEA), to assess their environmental and economic viability as
future technologies. LCA results indicate that the DRM-based route has more than four times lower environmental impact
compared to the WE&RWGS-based system. The majority of the environmental burden arises from feedstock supply (CH,
and CO,) and energy inputs. TEA results suggest that while the base case scenario demonstrates limited economic
feasibility, future scenarios that incorporate economies of scale and policy incentives show promise for long-term economic

viability.
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Fig. 1 Schematic research overview. This graphic illustrates the carbon-neutral fuel production process via Fischer-Tropsch (FT) synthesis,
including Process 1 (DRM) and Process 2 (WE&RWGS), and associated analyses (LCA&TEA)
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Fig. 2 Simplified Process Flow Diagrams (PFDs). These simplified
diagrams highlight the key stages of each process. Detailed
temperature, pressure, and flow rates are provided in
Appendix Al.1
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Fig. 3 Life cycle assessment (LCA) results. (a) Relative damage assessment, showing impacts relative to the WE&RWGS+FT system
(normalized to 100%), (b) Overall single point comparison, (c¢) Elemental single point contribution for the DRM+FT process, and (d)
Elemental single point contribution for the WE&RWGS+FT process
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Table 1 CAPEX components. Description and percentage contribution of the four main CAPEX elements: TPC, Off-site cost, indirect cost, and

working capital

Unit Explanation Composition rate [%]
TPC Cost of purchasing all major equipment (excludes installation and utilities) 57.9
Off-site cost Includes land, utilities, and supporting facilities assumed to be 40% of TPC 23.1
Indirect cost Covers engineering, construction, contingency estimated as 10% of (TPC + Off-site) 9.0
Working capital Initial operating capital assumed to be 10% of total CAPEX 10.0

Table 2 Overview of key parameters used in the calculation of CAPEX components

Component Units for scaling lc{cfrfz‘::r?tcse Cost exponent Réf;,eglc ¢ Cogfcrf[:(t)iron Ref.
DRM reactor Mass flow rate, ton/h 2556 1 550.8 (Dec 2010) 7.04 [10]
FT reactor Volumetric flow rate, m*/h 7.14 x 10* 1 468.2 (Dec 2005) 9.56 [10]
PEM water electrolyzer Cost per kilowatt, $/kW 250 - Present - [14]
RWGS reactor Mass flow rate, ton/h 2556 1 550.8 (Dec 2010) 9.56 [10]
HC reactor Mass flow rate, kg/s 1.13 1 521.9 (Dec 2009) 9.56 [10]
Compressor Driver power, kW (260000, 2700) 0.75 532.9 (Jan 2010) 5.34-7.26 [20]
Pump Power, kW (4, 9840) 0.55 391.1 (Jan 2001) 2.5-3 [19]
Heating system Heat duty, MW (80000, 109000) 0.5 532.9 (Jan 2010) 5.44 [20]
Cooling system Flow, L/s (170000,1500) 0.9 532.9 (Jan 2010) 3.29 [20]
Heat exchanger Area, m? (28000, 54) 1.2 532.9 (Jan 2010) 7.33 [20]
Distillation process Mass, ton 8 0.82 391.1 (Jan 2001) 6.84 [19]

fu = Material Correction factor,
fp = Pressure Correction factor,

fr = Temperature Correction factor
~.TPC(Total Purchase Cost) =% PC,xf; Vi 6)
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Fig. 4 Comparative Analysis of CAPEX and OPEX Components. Identical cost components are indicated by the same color for each CAPEX

and OPEX category
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Fig. 5 Cash flow charts and economic indicators for the base case (BC). (a) DRM-FT results and (b) WE/RWGS-FT results. Economic
indicators are identical for both processes due to the application of the same assumptions
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Fig. 6 Cash flow charts and economic indicators for the future scenario (FS). (a) DRM-FT results and (b) WE/RWGS-FT results. Economic
indicators are calculated at the Break-Even Price (BEP), representing the minimum economic viability
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APPENDIX

A1 DWSIMZ 0188t 71 &8 24
A1.1 DWSIM Flow Table

Table A1 Flow table for DRM+FT process

o P Mass flow
Stream Type T [°C] [bar] [ton/h]
ch, feedstock In 50 0.86 16.04
CO,
feedstock In 50 0.86 44.01
Inlet 800 0.86 66.72
DRM reactor
Outlet 800 0.76 66.72
FT Inlet 220 26.7 109.4
reactor Outlet 220 26.6 109.4
HC Inlet 360 20 6.58
reactor Outlet 362 19.9 6.58
Llﬁh}tl 90 1.01 236
Liquid naphtha
product  e-Kerosene 90 1.01 7.1
FT wax 326 1.01 4.17
Gas CcO 191 30 28.01
product  Light gas 220 26.7 1.87

Table A2 Flow table for WE&RWGS+FT process

Stream Type T P Mass flow
P [°C] [bar] [ton/h]
Water
feedstock In 25 1.01 90.08
CO,
foedstock In -20 26.7 44.01
Inlet 80.1 26.7 90.08
PEM Outlet 80.1 26.6 75.95
unit
Outlet (H,0) 80.1 26.6 14.12
RWGS Inlet 800 26.4 76.18
reactor Outlet 800 26.3 76.18
Inlet 220 26.7 101.69
FT reactor
Outlet 220 26.6 101.69
Inlet 360 20 3.07
HC reactor
Outlet 362 19.9 3.07
NLlihltl 90 1.01 1.76
Liquid aphtha
product  e-Kerosene 90 1.01 5.19
FT wax 326 1.01 2.77
H, 80 26.3 222
0, 73.9 16.7 66.45
Gas product
CcO 220 26.6 2.94

Light gas 220 26.6 1.5
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Table Al, A2= 7} ZAo A-8F AN 2%, 49, 85 % Table A3 Continued
AL AT]51%tt. Heat Exchanger, Heater, Cooler, Compressor, Nickel 1.00.E-05
Pump?] Q5+ B S A H = ksl Platinum 4.08.E-08
Cooling water 2040.0299
A1.2 DWSIM Reactord M5 HFSA| Inputs from Technosphere: Materials/fuels [kg]
AL1.2.1 FT Reactor ¥-5-4] Methane 3.0756
Carbon dioxide, liquified 8.4374
CO+n 2H2_)2 nCifyiy T L0, Vie[l,22] - (12) Alumina, at plant 1.41.E-04
il Zeolite, powder 4.04.E-06
where n, = (1—a)ya " Vie[l, 1] Inputs from Technosphere: electricity/heat [kWh]
u . ) Electricity 3.3651
W = S (i+ D +1=3-aVie[l,111] (13)
Heat 15.8253

Emissions to air [kg]
A(12) 2 A3 B AE AR BE0 $e 2e

Hydrogen 1.1838

Anderson-Shulz-Flory (ASF) &% & wl2cta 7F43519S

£

Emissions to water [kg]

o Mg ol FAULR T A LE serel B

g Adksiglon, €23 ool BE £AL eRE s Waste water >0
3 E22l Docosane (C22)0. 2 E*“:__.}' Zglste] mAlgshy]
t}H10]. Table A4 Life cycle inventory for WE&RWGS+FT process
Functional unit: [1kg of e-kerosene] 1 kg
A1.2.2 HC Reactor §1-3-4] Avoided products [kg]
” Light Naphtha (C5-C7) 0.3394
CyHys+n "Hy—2n,CH,y,,y, Vie[l,21] (14) FT wax (C17-C21) 05323
Methane 0.0400
A (14)e FT 3404 AAE 712 Sa(Wax)E 49} vt Ethane 0.0661
A7 T FHe AER A%sks HC A0 whsAolt, Propane 0.0847
9P B B9l Docosaned NHS-BE 7Hsto] ALt Butane 0.0956
Carbon monoxide 0.5677
A2 LCl Inputs from nature [kg]
Cobalt 1.27E-08
Tables A3 @ A4 7+ ZA o] LCIE ®ojZ21 Qirk. 1 kg Nickel A8TEOT
e-kerosene At Wash 2hgle] oz} wjEEL B ool Platinum HOSEO8
Hayslo] 9k Cooling water 3616.8125
Inputs from Technosphere: Materials/fuels [kg]
Table A3 Life cycle inventory for DRM+FT process Carbon dioxide, liquified 8.4720
Functional unit: [1 kg of e-kerosene] 1 kg Alumina, at plant 5.51.E-05
Avoided products [kg] Zeolite, powder 4.04.E-06
Light Naphtha (C5-C7) 0.3384 Ultra-pure water (UPW) 17.3402
FT Wax (C17-C21) 0.5393 Inputs from TECHNOSPHERE: electricity/heat [kWh]
Methane 0.0385 Electricity 81.2329
Ethane 0.0636 Heat 16.0978
Propane 0.0816 Emissions to air [kg]
Butane 0.0950 Hydrogen 0.5528
Carbon monoxide 5.3700 Oxygen 12.7910
Inputs from nature [kg] Emissions to water [kg]

Cobalt 1.27.E-08 ‘Waste water 9.5560
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A3. OPEX M & HH

Table A5 Average Costs of Components for calculating OPEX. This
table summarizes the unit costs of components, referenced

from various sources

Materials Average cost [$/kg] Ref.
CH4 0.8 [27]
CcOo2 0.55 [28]
Water 0.01 [10]

Energy Average cost [$/kWh] Ref.

Electricity 0.0943 [10]

Heat 0.0424 [10]
Product Average cost [$/kg] Ref.
Naphtha 0.53 [29]

Residual fuel 221 [30]

Cl1 gas 1 [27]

C2 gas 1 [27]

C3 gas 0.62 [31]

C4 gas 0.62 [31]

CO gas 0.3 [28]
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