
Process Economics Program (PEP) 
September 2025 

Electrified Reforming 
technologies for Low-
Carbon Hydrogen and 
Methanol 
PEP Report 148E 

Vijayanand Rajagopalan, Director, Process Economics Program 

https://www.spglobal.com/commodity-insights/en


spglobal.com PEP Report 148E Electrified Reforming technologies for Low-Carbon Hydrogen and Methanol | 2 
 

Table of contents 

1 Introduction 9 

2 Summary 10 
Commercial aspects 10 
Technical aspects 11 

Hydrogen from natural gas via electrified reforming (Nu:ionic) 11 
Hydrogen from biogas via electrified reforming (SYPOX) 12 
Methanol from biogas via electrified reforming (SYPOX) 13 

Process summary 13 
Environmental aspects 15 
Process economics 15 
Economics calculation modules for non-US regions 16 
Conclusions 17 

3 Industry status 18 
Hydrogen 18 
Consumption 18 
Methanol 19 

4 Technology review 22 
Hydrogen 22 

Properties 22 
Methanol 23 

Properties 23 
Steam methane reforming (SMR) 23 

Reformer design 24 
Reforming catalysts 25 
Electrical heating of endothermic reactors 26 

Topsoe’s electrified SMR (eREACTTM) technology 29 
Induction-heated reactor 32 

SYPOX’s electrified SMR technology 33 
Electrified SMR technology by Nu:ionic 37 
Other emerging technologies 38 
eSMR — Considerations for scaling-up and deployment 39 

5 Hydrogen from natural gas via electrified reforming 40 
Process overview 40 
Process description 42 

Section 100 — Syngas generation 42 
Section 200 — Hydrogen and CO2 recovery 43 



spglobal.com PEP Report 148E Electrified Reforming technologies for Low-Carbon Hydrogen and Methanol | 3 

Process discussion 44 
Cost estimate 49 

Capital costs 49 
Production costs 51 

6 Hydrogen from biogas via electrified reforming 55 
Process overview 55 
Process description 56 

Section 100 — Syngas generation and hydrogen recovery 56 
Process discussion 58 
Cost estimate 61 

Capital costs 62 
Production costs 63 

7 Methanol from biogas via electrified reforming 66 
Process overview 66 
Process description 67 

Section 100 — Syngas generation 68 
Section 200 — Methanol production 68 

Process discussion 70 
Cost estimate 75 

Capital costs 75 
Production costs 77 

Appendix A — Design and cost basis 81 
Design conditions 82 
Cost basis 82 

Capital investment 82 
Project construction timing 83 
Available utilities 83 
Production costs 84 
Effect of operating level on production costs 84 

Appendix B — Cited references 85 

Appendix C — Process flow diagrams 88 

Tables 
Table 2.1 Process summary for the electrified reforming technologies for hydrogen 14 
Table 2.2 Carbon and water footprints 15 
Table 2.3 Comparison of electrified reforming technologies for hydrogen and methanol — TFC investment                     15 
Table 2.4 Overall comparison of electrified reforming technologies — Production costs 16 
Table 3.1 Global hydrogen demand by sector 18 



spglobal.com PEP Report 148E Electrified Reforming technologies for Low-Carbon Hydrogen and Methanol | 4 

Table 3.2 Global hydrogen demand by region 19 
Table 3.3 World supply/demand for methanol 21 
Table 4.1 Key properties of hydrogen 22 
Table 4.2 Major methanol-derived chemicals 22 
Table 4.3 Methanol purity associated with the main industrial grades 23 
Table 4.4 Specifications for federal AA-grade methanol 23 
Table 4.5 Comparison of electric heating methods for catalytic reactors 28 
Table 4.6 Design parameters for various Joule-heated reactor systems reported in literature 28 
Table 5.1 Hydrogen from natural gas via electrified reforming — Design bases and assumptions 41 
Table 5.2 Hydrogen from natural gas via electrified reforming — Major streams flow 43 
Table 5.3 Hydrogen from natural gas via electrified reforming — Utilities summary 44 
Table 5.4 Hydrogen from natural gas via electrified reforming — Carbon and water footprints 47 
Table 5.5 Hydrogen from natural gas via electrified reforming — Major equipment 48 
Table 5.6 Hydrogen from natural gas via electrified reforming — Total capital investment 50 
Table 5.7 Hydrogen from natural gas via electrified reforming — Capital investment by section 51 
Table 5.8 Hydrogen from natural gas via electrified reforming — Variable costs 52 
Table 5.9 Hydrogen from natural gas via electrified reforming — Production costs 53 
Table 6.1 Hydrogen from biogas via electrified reforming — Design bases and assumptions 56 
Table 6.2 Hydrogen from biogas via electrified reforming — Major streams flow 57 
Table 6.3 Hydrogen from biogas via electrified reforming — Utilities summary 58 
Table 6.4 Hydrogen from natural gas via electrified reforming — Carbon and water footprints 60 
Table 6.5 Hydrogen from biogas via electrified reforming — Major equipment 61 
Table 6.6 Hydrogen from biogas via electrified reforming — Total capital investment 62 
Table 6.7 Hydrogen from biogas via electrified reforming — Capital investment by section 63 
Table 6.8 Hydrogen from biogas via electrified reforming — Variable costs 64 
Table 6.9 Hydrogen from biogas via electrified reforming — Production costs 64 
Table 7.1 Methanol from biogas via electrified reforming — Design bases and assumptions 67 
Table 7.2 Methanol from biogas via electrified reforming — Major streams flow 69 
Table 7.3 Methanol from biogas via electrified reforming — Utilities summary 70 
Table 7.4 Methanol from biogas via electrified reforming — Carbon and water footprints 72 
Table 7.5 Methanol from biogas via electrified reforming — Major equipment 73 
Table 7.6 Methanol from biogas via electrified reforming — Total capital investment 76 
Table 7.7 Methanol from biogas via electrified reforming — Capital investment by section 77 
Table 7.8 Methanol from biogas via electrified reforming — Variable costs 78 
Table 7.9 Methanol from biogas via electrified reforming — Production costs 78 

Figures 
Figure 2.1 Hydrogen from natural gas via electrified reforming 12 
Figure 2.2 Hydrogen from biogas via electrified reforming 12 
Figure 2.3 Methanol from biogas via electrified reforming 13 
Figure 3.1 Feedstocks and processes for producing methanol 20 
Figure 4.1 Conventional SMR process for producing hydrogen 24 
Figure 4.2 Electrical heating of reactors for decarbonization 27 
Figure 4.3 Resistance-heated reactor system 30 
Figure 4.4 Electrified RWGS with eREACTTM technology 31 
Figure 4.5 Induction-heated reactor 33 
Figure 4.6 Schematic of the reactor system 35 
Figure 4.7 Low-carbon methanol process from biogas with SYPOX eSMR 37 
Figure 4.8 Nu:ionic eSMR process for hydrogen production 38 
Figure 5.1 Simplified block flow diagram of eSMR for hydrogen from natural gas 40 
Figure 5.2 Effect of electricity cost on hydrogen costs 54 
Figure 6.1 Simplified block flow diagram of eSMR for hydrogen from biogas 55 
Figure 6.2 Effect of electricity cost on hydrogen cost 65 
Figure 6.3 Effect of biogas cost on hydrogen costs 65 
Figure 7.1 Simplified block flow diagram of eSMR for methanol from biogas 66 



spglobal.com PEP Report 148E Electrified Reforming technologies for Low-Carbon Hydrogen and Methanol | 5 

Figure 7.2 Effect of electricity cost on methanol costs 79 
Figure 7.3 Effect of biogas cost on methanol costs 80 

Appendix C Figures 
Figure C1 Process flow diagram 1 of 2 — Hydrogen from natural gas via electrified reforming 89 
Figure C2 Process flow diagram 2 of 2 — Hydrogen from natural gas via electrified reforming 90 
Figure C3 Process flow diagram — Hydrogen from biogas via electrified reforming 91 
Figure C4 Process flow diagram 1 of 2 — Methanol from biogas via electrified reforming 92 
Figure C5 Process flow diagram 2 of 2 — Methanol from biogas via electrified reforming 93 



spglobal.com PEP Report 148E Electrified Reforming technologies for Low-Carbon Hydrogen and Methanol | 6 
 

Glossary 
¢/lb    Cents per pound 
¢/kWh    Cents per kilowatt-hour 
¢/Mgal    Cents per thousand gallons 
$/kg    Dollar per kilogram 
$/Mgal    Dollars per thousand gallons  
$/t    Dollars per metric ton 
AC    Alternating current 
atm    Atmospheres 
Bcm    Billion cubic meters 
Bhp    Brake horsepower  
BFD    Block flow diagram 
BFW    Boiler feedwater 
BLI    Battery limits investment 
Btu    British thermal units 
Btu/h-ft2    British thermal units per hour-square foot 
CCUS    Carbon capture, utilization, and storage 
°C    Degrees Celsius 
cf/ft3    Cubic feet 
cP    Centipoise 
CRU    Carbon dioxide recovery unit 
CW    Cooling water 
DME    Dimethyl ether 
DRM    Dry reforming of methane 
eSMR    Electrified steam methane reforming 
FOB    Freight on board 
g    Grams 
G&A    General and administrative 
GHG    Greenhouse gas 
GJ/t    Gigajoule per metric ton 
g/mol    Grams per mole 
gpm    Gallons per minute 
h    Hours 
HHV    Higher heating value 
HTS    High-temperature shift 
IEA    International Energy Agency 
ISBL    Inside battery limits 
kcal/m2/h   Kilocalories per square meter per hour 
kg    Kilograms 
kg/h    Kilograms per hour 
kg/m3    Kilograms per cubic meter 
kg/m2/h    Kilograms per square meter per hour 
kJ    Kilojoules 
kJg-1    Kilojoules per gram 
KO    Knockout 
kPa    Kilopascals 
kt/y    Kilotons per year 
kW    Kilowatts 
kW/m2     Kilowatts per square meter 
kWh/Nm3  Kilowatt-hours per normal cubic meter 
lb/h    Pounds per hour 
lb/y    Pounds per year 
LHV    Lower heating value 
LNG    Liquefied natural gas 
LTCS    Low-temperature carbon steel 
LTS    Low-temperature shift 
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m2/m3    Meter square per cubic meter 
Mgal    Thousand gallons  
Mlb    Thousand pounds  
MCM    Mobil composition of matter 
mJ    Millijoules 
mm    Millimeters 
MMlb/y    Million pounds per year 
MMt    Million metric tons 
MMtoe    Million metric tons of oil equivalent 
MMt/y    Million metric tons per year  
mol%    Molar percent 
mPa    Megapascals 
MTBE    Methyl tert-butyl ether 
MTO    Methanol-to-olefins 
MW    Megawatts 
NG    Natural gas 
Nm3/h    Normal cubic meters per hour 
Ω.m    Ohm-meter   
OSBL    Outside battery limits 
PEP    Process Economics Program 
PFD    Process flow diagram 
PPA    Power purchase agreements 
ppb    Parts per billion  
ppm    Parts per million 
PSA    Pressure-swing adsorption 
psi    Pounds per square inch  
psia    Pounds per square inch absolute 
psig    Pounds per square inch gauge 
ROI    Return on investment 
RWGS    Reverse water gas shift 
s    Second(s) 
SBA    Santa Barbara Amorphous 
S/C    Steam-to-carbon 
scf    Standard cubic feet 
scm    Standard cubic meters 
SHS    Super-heated steam 
SMR    Steam methane reforming 
SN    Stoichiometric number 
sq ft    Square feet 
SS    Stainless steel 
STP    Standard temperature and pressure 
syngas    Synthesis gas 
t    Metric tons 
TC    Temperature Controller 
t/d    Metric tons per day 
t/t    Metric tons per metric ton 
t/y     Metric tons per year 
TFC    Total fixed capital 
TRL    Technology readiness level 
USGC    United States Gulf Coast 
V    Volts 
vol%    Volume percent 
w/w    Weight for weight 
WT    Waste treatment 
wt%    Weight percent 
y     Year 
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Abstract 
As the world strives to meet the increasing demand for clean energy in a shift toward decarbonization, and with long-term 
net-zero goals in mind, the significance of emerging technologies that enable the transition toward a hydrogen economy 
continues to grow. Currently, fossil fuels — especially natural gas and coal — are the predominant sources of hydrogen 
production. Traditional steam methane reforming processes, which rely heavily on fossil fuels for heat generation, 
contribute to about 3% of global CO₂ emissions. Electrified reforming is an emerging technology that decarbonizes 
syngas production by replacing conventional fossil-fueled reforming with electrically driven processes, enabling highly 
efficient and flexible operations with significantly reduced emissions. This approach lowers the carbon footprint of syngas 
generation and facilitates decarbonization of the production of derived fuels and chemicals such as hydrogen, methanol, 
ammonia, and aviation fuel. 

In this report, we review the current industrial status of hydrogen and methanol production. A brief technology overview of 
various processes to produce hydrogen and methanol, via electrified reforming, is presented, covering aspects such as 
process design, reactor performance, energy efficiency, and overall technology readiness. A further in-depth analysis, 
including technoeconomic evaluations, is presented for the following three processes: 

‒  Hydrogen from natural gas via electrified reforming (based on Nu:ionic’s technology) 

‒  Hydrogen from biogas via electrified reforming (based on SYPOX’s technology) 

‒  Methanol from biogas via electrified reforming (based on SYPOX’s technology) 

This report serves as a valuable resource for industry professionals, researchers, and policymakers seeking to 
understand the current landscape and prospects of electrified reforming technologies to produce industrial gases and 
chemicals. 

The production economics assessment in this report is based on a US Gulf Coast (USGC) location. An iPEP Navigator 
tool is also attached with the electronic version of this report. The interactive iPEP Navigator module provides an 
economic snapshot for each of the processes, with options to choose from different units as well as regions of interest. 
Apart from the technical and economic analyses, we have included the material balance tables, a sized equipment list, 
and process flow diagrams for each of these technologies. 

The technological and economic assessment of the process is the Process Economics Program (PEP)’s independent 
interpretation of a potential commercial process. Each is based on the information presented in the open literature, such 
as patents or technical articles, and may not reflect in whole or in part the actual plant configuration. We do believe that 
these sources are sufficient to represent the process and process economics within the range of accuracy necessary for 
the economic evaluations of the conceptual process design. 

  



 

Contacts 
Vijayanand Rajagopalan 
Director, Process Economics Program 
vijayanand.rajagopalan@spglobal.com  

Rajiv Narang 
Executive Director, Process Economics Program 
rajiv.narang@spglobal.com  

  



 

CONTACTS 
 
Europe, Middle East, Africa: +44 (0) 203 367 0681 
Americas: +1 800 332 6077 
Asia-Pacific: +60 4 296 1125 
 
www.spglobal.com/commodityinsights/en 
www.spglobal.com/en/enterprise/about/contact-us.html 

 

 

 

 

© 2025 by S&P Global Inc. All rights reserved. 

S&P Global, the S&P Global logo, S&P Global Commodity Insights, and Platts are trademarks of S&P Global Inc.  Permission for 
any commercial use of these trademarks must be obtained in writing from S&P Global Inc. 

You may view or otherwise use the information, prices, indices, assessments and other related information, graphs, tables and 
images (“Data”) in this publication only for your personal use or, if you or your company has a license for the Data from S&P Global 
Commodity Insights and you are an authorized user, for your company’s internal business use only. You may not publish, 
reproduce, extract, distribute, retransmit, resell, create any derivative work from and/or otherwise provide access to the Data or any 
portion thereof to any person (either within or outside your company, including as part of or via any internal electronic system or 
intranet), firm or entity, including any subsidiary, parent, or other entity that is affiliated with your company, without S&P Global 
Commodity Insights’ prior written consent or as otherwise authorized under license from S&P Global Commodity Insights. Any use 
or distribution of the Data beyond the express uses authorized in this paragraph above is subject to the payment of additional fees 
to S&P Global Commodity Insights. 

S&P Global Commodity Insights, its affiliates and all of their third-party licensors disclaim any and all warranties, express or implied, 
including, but not limited to, any warranties of merchantability or fitness for a particular purpose or use as to the Data, or the results 
obtained by its use or as to the performance thereof. Data in this publication includes independent and verifiable data collected 
from actual market participants. Any user of the Data should not rely on any information and/or assessment contained therein in 
making any investment, trading, risk management or other decision. S&P Global Commodity Insights, its affiliates and their third-
party licensors do not guarantee the adequacy, accuracy, timeliness and/or completeness of the Data or any component thereof or 
any communications (whether written, oral, electronic or in other format), and shall not be subject to any damages or liability, 
including but not limited to any indirect, special, incidental, punitive or consequential damages (including but not limited to, loss of 
profits, trading losses and loss of goodwill). 

ICE index data and NYMEX futures data used herein are provided under S&P Global Commodity Insights’ commercial licensing 
agreements with ICE and with NYMEX. You acknowledge that the ICE index data and NYMEX futures data herein are confidential 
and are proprietary trade secrets and data of ICE and NYMEX or its licensors/suppliers, and you shall use best efforts to prevent 
the unauthorized publication, disclosure or copying of the ICE index data and/or NYMEX futures data. 

Permission is granted for those registered with the Copyright Clearance Center (CCC) to copy material herein for internal reference 
or personal use only, provided that appropriate payment is made to the CCC, 222 Rosewood Drive, Danvers, MA 01923, phone +1-
978-750-8400. Reproduction in any other form, or for any other purpose, is forbidden without the express prior permission of S&P 
Global Inc. For article reprints contact: The YGS Group, phone +1-717-505-9701 x105 (800-501-9571 from the U.S.). 

For all other queries or requests pursuant to this notice, please contact S&P Global Inc. via email at ci.support@spglobal.com 

http://www.spglobal.com/commodityinsights/en
https://www.spglobal.com/en/enterprise/about/contact-us.html

	1 Introduction
	2 Summary
	Commercial aspects
	Technical aspects
	Hydrogen from natural gas via electrified reforming (Nu:ionic)
	Hydrogen from biogas via electrified reforming (SYPOX)
	Methanol from biogas via electrified reforming (SYPOX)

	Process summary
	Environmental aspects
	Process economics
	Economics calculation modules for non-US regions
	Conclusions

	3 Industry status
	Hydrogen
	Consumption
	Methanol

	4 Technology review
	Hydrogen
	Properties

	Methanol
	Properties

	Steam methane reforming (SMR)
	Reformer design
	Reforming catalysts
	Electrical heating of endothermic reactors

	Topsoe’s electrified SMR (eREACTTM) technology
	Induction-heated reactor

	SYPOX’s electrified SMR technology
	Electrified SMR technology by Nu:ionic
	Other emerging technologies
	eSMR — Considerations for scaling-up and deployment

	5 Hydrogen from natural gas via electrified reforming
	Process overview
	Process description
	Section 100 — Syngas generation
	Section 200 — Hydrogen and CO2 recovery

	Process discussion
	Cost estimate
	Capital costs
	Production costs


	6 Hydrogen from biogas via electrified reforming
	Process overview
	Process description
	Section 100 — Syngas generation and hydrogen recovery

	Process discussion
	Cost estimate
	Capital costs
	Production costs


	7 Methanol from biogas via electrified reforming
	Process overview
	Process description
	Section 100 — Syngas generation
	Section 200 — Methanol production

	Process discussion
	Cost estimate
	Capital costs
	Production costs


	Appendix A — Design and cost basis
	Design conditions
	Cost basis
	Capital investment
	Project construction timing
	Available utilities
	Production costs
	Effect of operating level on production costs


	Appendix B — Cited references
	Appendix C — Process flow diagrams



