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Abstract

Overreliance on fossil fuels has contributed to a critical energy crisis and increased the greenhouse gas (GHG) emissions
in the atmosphere. Human activities like industrialization and deforestation are primarily responsible for most of the GHG
emissions. Carbon dioxide is one of the most dangerous GHGs to global warming and climate changes. According to the
International Energy Agency (IEA), about 36 billion tons of CO: are emitted each year through transportation, power
generation, cement manufacturing, deforestation, agriculture and many other practices.* 2 The United Nations
Framework Convention on Climate Change (UNFCCC) proposed a treaty to limit global warming to below 2°C, preferably
to 1.5°C, namely the Paris Agreement in 2015.3 4

CO:2 accounts for more than 75% of the total GHG emissions, seriously affecting the environment and having detrimental
effects on human health, such as headaches and respiratory diseases. Carbon capture, utilization and storage (CCUS)
technologies can play a key role in curbing the CO2 emissions by capturing the CO: at source, recycling and utilizing as
feedstock to other value-added chemicals production. A plethora of CO2 novel capture methodologies are under
investigation by different institutions and organizations. The intent of these technologies is to capture CO2 from air or
industrial waste gases and sequester it in the ground. Many companies are working on the same issue, i.e., to reduce the
CO:2 emissions, capture at source, recycle or utilize to produce some other value-added products. These companies
include Sunfire, Hitachi Hozen Inova/ETOGAS, Haldor Topsge, Det Norske Veritas (DNV), Carbon Recycling
International (CRI), Carbon Engineering, BSE Engineering, Dimensional Energy, and others.

Process Economics Program (PEP) has previously evaluated Sunfire and ETOGAS CO: utilization technologies for
production of synthesis gas and methane, two major feedstocks for several chemical products. These evaluations and
analyses were provided in PEP Report 285A. In this report, we have examined the following technologies to utilize CO: to
produce value-added chemical products:

— Haldor Topsge eCO™ technology to produce carbon monoxide using high-temperature solid oxide electrolysis
cell (SOEC) process

— CRI's Vulcanol™ technology to produce methanol via syngas route

— Haldor Topsge TREMP™ technology to produce methane by upgrading biogas with hydrogen produced from
high-temperature SOEC

spglobal.com PEP Report 285C Small-scale CO2 utilization plant | 8



Contacts

Rajesh Verma

Director, Process Economics Program
rajesh.verma@spglobal.com

Dipti Dave

Associate Director, Process Economics Program
dipti.dave@spglobal.com

Richard Charlesworth

Executive Director, Process Economics Program
richard.charlesworth@spglobal.com



CONTACTS

Europe, Middle East, Africa: +44 (0) 203 367 0681
Americas: +1 800 332 6077
Asia-Pacific: +60 4 296 1125

www.spalobal.com/commodityinsights/en
www.spalobal.com/en/enterprise/about/contact-us.html

© 2023 by S&P Global Inc. All rights reserved.

S&P Global, the S&P Global logo, S&P Global Commaodity 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
Commaodity 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 fithess 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
	3 Industry status
	Haldor Topsøe eCOTM technology to produce CO using high-temperature solid oxide electrolysis cell (SOEC) process
	Carbon Recycling International Vulcanol™ technology to produce methanol via syngas route
	Haldor Topsøe TREMPTM technology to produce methane using biogas and H2 (from SOEC)
	CO2 and H2 credits

	4 Technology review
	Greenhouse gases and global warming
	Carbon capture and storage
	CO2 utilization
	Chemistry and properties
	Thermochemical CO2 conversion
	Electrochemical and photochemical CO2 conversion
	CO2 carbonation or mineralization
	Biological CO2 use
	Copolymerization of CO2

	Opportunities and challenges
	Some developing technologies for CO2 utilization and their commercial status
	Sunfire GmbH co-electrolysis technology
	Hitachi Hozen Inova/ETOGAS “Power-to-Gas” process
	Det Norske Veritas GL electro-catalytic technology
	George Washington University “Carbon nanotubes” (C2NT) process
	Sandia National Laboratory “Sunshine to Petrol” (S2P) process
	Carbon Engineering technology for synfuels
	BSE Engineering technology for FlexMethanol process
	LanzaTech bioconversion process
	Joule Unlimited Technologies bioconversion process
	Asahi Kasei Chemicals Corporation CO2-based polycarbonate process
	Covestro polyols process
	Novomer, Inc. polyols process
	Newlight Technologies AirCarbon process
	Econic Technologies polyols process
	CarbonCure Technologies, CarbonCure process
	Solidia Technologies CementTM process
	Carbon8 Systems Accelerated Carbonation Technology (ACT)


	5 Haldor Topsoe’s eCOTM process for CO2 electroreduction to CO
	CO2 utilization to CO
	Thermodynamics of CO2 electrolysis
	CO2 electrolysis
	Solid oxide electrolysis
	Molten carbonate electrolysis
	Low-temperature electrolysis

	SOEC configuration and operation
	Carbon monoxide purification
	Patents information
	Haldor Topsoe’s eCOTM process
	Performance monitoring of an electrolyzer
	Faradaic efficiency
	Current density and electrode area
	Polarization curves
	Energetic efficiency (EE)
	Overpotentials and applied cell voltage
	Electric power consumption
	Degradation rate and stability of the electrodes

	Challenges and future prospects

	Process design basis
	Storage and transportation
	Material of construction

	Process description
	Process discussion
	CO2 feed source, composition and carbon capture
	Process scheme and design capacity
	Oxygen recovery system
	SOEC configuration
	Product CO purification

	Cost estimates
	Fixed capital costs
	Production costs


	6 Carbon Recycling International (CRI) VulcanolTM process to produce methanol
	CO2 hydrogenation to methanol
	Patent information
	Carbon Recycling International’s process
	Process design basis
	Storage and transportation
	Material of construction

	Process description
	Process discussion
	CO2 feed source, composition and carbon capture
	Process scheme and design capacity
	Hydrogen recovery system
	Reactor arrangement
	Catalyst
	Methanol separation and purification

	Cost estimates
	Fixed capital costs
	Production costs


	7 Biogas upgrading by Haldor Topsoe TREMP™ Methanation
	Biogas
	Biogas upgrading to biomethane by CO2 removal
	Biogas upgrading to biomethane by CO2 utilization
	Removal of sulfur contaminants from raw biogas

	CO2 utilization by chemical processes
	Catalytic methanation
	Catalyst
	Reactors
	Reaction conditions

	Biological methanation

	Haldor Topsoe technology for SNG
	Background of the TREMP™ methanation technology
	Solid oxide electrolyzer cell

	Process design basis
	Process description
	Biogas upgrading by Haldor Topsoe TREMP™ methanation
	Process discussion
	Feedstock
	Renewable electric energy
	Selection and design of methanation reactors
	Design choices
	Plant size
	Materials of construction


	Cost estimates
	Fixed capital costs
	Production costs
	Economics for integrated H2 SOEC with biogas methanation
	Cost conclusions
	Natural gas price



	Appendix A — Design and cost basis
	Design bases
	Cost bases
	Capital investment
	Project construction timing
	Available utilities

	Production costs

	Appendix B — Cited references
	Appendix C — Process flow diagrams



