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THE SEPARATIONS REPORT – 2019: 

Commercial, Technical and R&D Assessment in Refining, 

Petrochemicals/Syngas, Natural Gas and Industrial Gases 

 

― 2nd Biennial Edition ― 
 

This TCGR multi-client study was launched in March 2019 and was completed in July 2019. The study’s 
scope, and specific contents (as depicted in the TofC on pages 13-23) reflect the inputs from a group of 
“charter” subscribers who have indicated their priorities for coverage, areas to be expanded/ deepened 
and focal points for emphasis in opportunity identification. These are leading industrial developers, 
suppliers, and end-users industrial separations technologies.  

 

I. BACKGROUND 
 

In 2017, The Catalyst Group Resources (TCGR) delivered to subscribers the inaugural (1st) 

edition of its biennial multi-client report series entitled “The Separations Report: Commercial, 

Technical and R&D Assessment in Refining, Petrochemical/Syngas, Natural Gas and 

Industrial Gases.” The assessment of the separations industries – from both commercial and 

technical perspectives - was the first of its kind to provide, on a global basis, comprehensive 

data on market size (volumes and values), growth rates and competitor profiles for applications 

across the separations industries. It depicted competitive offerings (by separation approach, 

including membranes, adsorbents, reactive separations, distillation, and integrated approaches, 

etc.) to provide industrial participants in commercial development, technology development and 

competitive/strategic planning with market opportunities for further pursuit. Critical to the report’s 

value was its unique scope and methodology: by excluding from coverage potable water 

purification applications; the report focused exclusively on industrial process streams and waste 

streams. The coverage detailed gas-gas; liquid-gas; liquid-liquid and mixed streams, thus 

allowing detailed and comprehensive assessments. Evaluations were provided on technology 

changes and their impacts on commercial offerings, permitting forecasts of penetration by new 

approaches and side-by-side comparisons between them, including remaining hurdles. It was 

“by the industry, for the industry,” and unlike anything available from other sources. 
 

TCGR is pleased to return to this subject area in 2019 and offer this updated, refined and further 

expanded industrial evaluation of separations. We have built on the 2017 version, increasing the 

detail level in both markets and materials. We have commented further on areas of particular 

importance or rapid change (e.g., reactive separations and hybrid/integrated approaches for 

improved life-cycle assessments). And we have highlighted participants/offerings which are certain 

to change the competitive landscape. As ever, TCGR has offered the opportunity for “charter” 

subscribers (i.e., those who signed-up prior to study launch) to provide input into the final scope and 

indicate areas of particular interest or importance to them – whether it is a market/application, an 

approach (membrane, adsorbent, etc.), a stream/process or a participant/competitor. This 2019 

update builds upon, but goes well beyond, the foundation established in 2017. 
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Following in the footsteps of The Intelligence Report, The Catalyst Group Resources’ 

(TCGR’s) biennial catalyst industry study that’s been in production for 34 years, TCGR’s new 

biennial report series, The Separations Report will be a new “gold standard” for the 

separations industry. TCGR has created the definitive resource for information about the market  

size and growth for separation and purity of product within industrial processes. The 

Separations Report goes beyond statistics to provide competitive insight and analysis 

vital to stakeholders in the refining, petrochemicals/syngas, natural gas and industrial 

gases markets while also providing strategic guidance for innovation, growth and 

investment opportunities across the entire value chain.  
 

II. INTRODUCTION 
 

All separation processes, whether they be distillation, extraction, adsorption, membrane and/or 

hybrids (including reactive separations), are becoming more sophisticated on an application by 

application basis. In the past, both commercially and scientifically (from an R&D perspective), 

each one has been treated as a somewhat independent chemical engineering discipline, so that 

choosing the best separation approach for a given application was always a complex but 

sometimes daunting task, involving both chemical and engineering economic challenges. There 

is a need to bring these divergent issues together into a more rational commercial 

understanding and to develop comparative systems, so in the future making these choices will 

be easier. The drivers/incentives for this effort are, of course economics, but also 

macroeconomic ones like regulation (tighter product specifications), the drive toward energy 

efficiency and environmental pressures like greenhouse gas (GHG) emissions reductions. 
 

A snapshot of the progress in technological and commercial developments in just the past two 

years reflects an ongoing commitment to gains along with a strong interest from industry to 

consider and evaluate the offerings. The following developments in each approach justify more 

careful consideration for documentation in TCGR’s recently completed study: 
 

Adsorbents 
 

Natural materials (e.g., clay, activated carbon, silica, etc.) once dominated the adsorption field, 

but now engineered materials such as zeolite molecular sieves (ZMS), modified aluminas and 

metal oxides have gained significant market share, especially in applications that benefit from 

increased performance. New materials like MOFs, COFs and ZIFs are finding increased attention. 

The value provided by these advanced engineered adsorbents justify a premium and warrant this 

timely update on the new developments within the technologies and markets.  
 

• Well established Biogas upgrading, via adsorptive separation, has realized a 

step-change advancement. Improvements in process design enabled by novel 

adsorption/desorption cycles has created a significant improvement in methane 

recovery. The adsorptive separation process is a fast cycle pressure swing 

adsorption (PSA) technology. Xebec (Canada) has announced twelve (12) new 

projects for delivery in 2018 to upgrade up to 2,000 Nm3/hr of Biogas (Source: 

Xebec Adsorption Inc., 2018). 
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Figure 1. Xebec Adsorption: Fast-Cycle PSA 

         
 

Source: XEBEC Brochure 2018 

 

• Upstream gas separation technology, using process intensification (PI) concepts, 

has been investigated in which novel adsorptive separation processes such as rapid 

cycle pressure and/or thermal swing cycles can reduce adsorbent bed size factors 

and capital costs. Capital cost savings up to 50% have been claimed. Combined 

dehydration and carbon dioxide removal are currently under investigation using 

structured adsorbent beds to improve mass transfer and reduce pressure drop.  

 

 
Figure 2. Adsorption-based Upstream Gas Separations Technology 

 

 
 

Source: US Patent 10,080,992 B2, Assigned to: ExxonMobil Upstream Research, Sept. 25, 2018. 

 

Membranes 
 

The search for competitive advantage in the application of membranes continues unabated. 

Advances in design and manufacturing techniques have progressed to the point that 

membrane-based separations are an established reality in selected applications and  
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becoming increasingly viable in other/new applications. Indeed, membranes have begun to 

replace adsorbents and thermal separations processes, with some membranes even 

creating new revenue streams (e.g., the recovery of olefins from purge streams that have 

traditionally been unprofitable using thermal separation). In addition, membranes have been 

successfully used to recover hydrogen from refinery applications.  

 

• A new type of steam-reforming system that produces — in a single step — 

purified, compressed hydrogen from methane has been developed by a team 

of scientists from CoorsTek Membrane Sciences AS (Oslo). The so-called 

protonic membrane reformer (PMR) has been shown to achieve complete 

conversion of CH4 into two separate streams: wet CO2 and H2 with impurity 

levels of less than 4 parts per million (ppm) — clean enough for fuel-cell 

operation. A prototype membrane-manufacturing line is already operational, 

and an H2 mini-plant is now under construction with capacity to make up to 5 

kg/d of H2.  
 

 
Figure 3. CoorsTek Membrane for Steam Methane Reforming 

 

 
 

Source: Chemical Engineering, 1/2018, p.5. 
 

 

 

• With the development of a proprietary, silver-facilitated membrane, Compact 

Membrane Systems (CMS; Delaware, US) aims to provide an efficient 

technology for separating olefins from paraffins. The intent is that these 

membrane systems, called Optiperm, can be installed alongside distillation 

columns or reactors for debottlenecking, retrofits and capacity expansions to 

augment production yield by separating and concentrating olefins, and reduce 

waste and losses from small offtake streams or purge gases. 
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Figure 4. Principle of CMS OptiPerm Membrane 

 
Source: Chemical Engineering, 11/2017, p.14. 

 

 

• In the area of CO2 separation, Sumitomo Chemical Co. Ltd. will soon begin full-

scale sales of the company’s CO2 separation equipment. The equipment 

separates CO2 from mixed gas used in oil refineries and chemical plants and is far 

more energy efficient than conventional chemical absorption methods. The 

separator’s membrane uses metal carbonate as a carrier, which reacts specifically 

with CO2.  

 

Reactive Separations and Hybrid Approaches 
 

• Indian Oil Corp. Ltd. has developed INDAdeptG, a reactive adsorption-based 

process technology, to reduce the sulfur content in cracked gasoline streams 

in order to meet Euro-IV & VI specifications with minimum RON loss. Based on 

this technology, a 35-KTA capacity unit has been commissioned at Guwahati 

Refinery to produce gasoline component with <10 ppm sulfur from feeds 

containing sulfur in the range of 550-650 ppm.  

 

Distillation/Thermal Approaches 
 

• Toyo Engineering has commercialized the SUPERHIDIC energy saving 

distillation system for MEK separation at Maruzen (Chiba, JP). This system 

has achieved energy savings of over 50% compared with conventional 

distillation, a thermal energy intensive operation where the bottom of distillation 

towers is heated using a reboiler and, at the same time, overhead gas is cooled 

using a condenser.  

 

 



 

6 

 
Gwynedd Office Park ● P.O. Box 680 ● Spring House, PA 19477 ● Phone: 215-628-4447 ● Fax: 215-628-2267 

E-mail: tcgr@catalystgrp.com ● Web Site: www.catalystgrp.com  

 

 
Figure 5. SUPERHIDIC Process Flow for Energy Saving Distillation 

 

 
Source: http://www.koch-glitsch.com/process/pages/superhidic.aspx 

 

 
 

III. THE NEED FOR THE STUDY 
 

The 2019 (2nd biennial) edition of The Separation Report captured the following technical 

and commercial advances: 
 

• The overall/global market size for membranes and adsorbents in industrial 

applications was $987M in 2019 with an overall projected growth rate through 

2024 of over 6.2% annually.  Areas of particularly strong growth include 

membranes in petrochemical separations at >10% per year and adsorbents 

in petrochemicals gas separations at nearly 6% per year. 
 

Table 1. Worldwide Separations Market (Adsorbents and Membranes) 
by Application Segment, 2019-2024 ($MM USD) 

 

Market Segment Type CAGR 

Refining 
Adsorbents 3.7 

Membranes 3.3 

Petrochemical 
Adsorbents 5.7 

Membranes 11 

Industrial Gas 
Adsorbents 4.7 

Membranes 2.2 

Natural Gas 
Adsorbents 2.8 

Membranes 8.6 

Other 
Adsorbents 2.6 

Membranes 5.1 

Source: TCGR, The Separations Report, 2019 

http://www.koch-glitsch.com/process/pages/superhidic.aspx
http://www.koch-glitsch.com/process/pages/superhidic.aspx
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• The overall global market size for membranes and adsorbents for the segments 

defined will amount to $978 million in 2019 and will grow to $1.32 billion in 2024, a 

CAGR of 6.2%.  Market growth is driven by underlying strong growth rates in 

chemical manufacture, natural gas processing, and industrial gas usage. Both 

membrane- and adsorbent-based separations technologies will continue to find 

acceptance in new applications, which will further drive their respective growth rates.  

 
Figure 6. Worldwide Separations Market in 2024 (Adsorbents  

and Membranes only) by Industrial Process Area 

 

• Membrane technology continues to advance across the natural gas, industrial gas, 

refining, petrochemical, water treatment, and CO2 capture markets. Increasing 

concerns over GHG emissions, air pollution, water scarcity and sustainability in 

general are driving the development of membranes. Membrane performance 

continues to improve through materials innovations and system control/optimization 

advancements. 

• There are a large number of separations-intensive, high total-energy-consumption, 

end-products that provide an array of opportunities for adsorptive separations and 

materials. Among those that are currently distillation applications are olefin/paraffin, 

organic/water azeotropes, dilute organics removal from water, polyols separations, 

cryogenic air separation and isomer separations.  

• CO2 removal for carbon capture or natural gas purification is best done at large scale 

through the use of absorbent/solvent technology. State-of-the-art absorbents/solvent 

remain hindered amines, but other solvents like mixed salts and ionic liquids have 

shown some promise. In addition, much of the recent research has focused on 

minimizing the energy consumption for solvent regeneration, improving the absorption 

efficiency and increasing capacity. 
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• Much of the recent activity in distillation has been around process intensification 

concepts like reactive distillation, heat integration, and divided wall concepts. 

Highlights of these include high-G distillation, usually involving a packed bed, which 

has seen a few industrial applications, and the first commercialization of 

SUPERHIDiC heat-integrated distillation column water/MEK separation at Maruzen 

Petrochemical. 

• Systems engineering and process intensification (PI) should not be forgotten. 

Separations materials themselves account for only 10-20% of system costs, so 

advances in process technology could create the step change that allows for further 

implementation of membranes and adsorbents. At the same time, advanced 

distillation techniques are making existing separations more economical, putting 

further pressure on the membranes and adsorbents to become more cost effective in 

a feedback loop. 

• Consolidation in the market that was noted two years ago (2017) continues apace, 

most notably with the merger of Linde and Praxair. However, many small companies, 

especially for the development of membranes and distillation technology, still have 

their niches and could become large if they succeed with their breakthrough 

strategies in areas like olefin-paraffin separation or CO2 capture. Other fast-growing 

applications like natural gas purification and biogas purification have established 

technologies but are ripe for disruption due to their rapid growth and the commercial 

potential they offer.  

Over the past several years, TCGR has completed the following studies in the areas of 

industrial separations:  
 

• The Separations Report: Commercial, Technical and R&D Assessment in Refining, 

Petrochemical/Syngas, Natural Gas and Industrial Gases (October, 2017) 

• Membranes in Separations: Commercial Advances in Refinery, Petrochemical/ 

Chemical and Industrial Gases Applications (November, 2016) 

• The Industrial Adsorbents Business: Commercial Strategy, Technical and R&D 

Assessment in Refining, Chemicals/Syngas, Natural Gas and Industrial Gases  

(July, 2013) 

 

Based on the industry’s strong support for TCGR’s 2017 inaugural edition, our clients made it 

clear that there is industry interest in a regularly-scheduled update, on a biennial basis, to 

focus on all aspects of separations and product purity. Capturing the breadth of 

developments across separations applications and types, in one place, allows for 

comparisons and assessments in which incumbent vs. new can be made, providing 

additional value to subscribers. 
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IV. SCOPE AND METHODOLOGY 

 

TCGR’s study documents and assesses, on both scientific and techno-economic bases, recent 

developments in separation and purity of product technologies and compares them to current 

industrial state-of-the-art alternatives with the objective of providing insightful, timely advice in 

both R&D/ technical and commercial directions.  
 

Topics included are: 

• Market size/growth, key trends and competitor profiles 

• Application advances by industry 

• Technical advances by separations approach (i.e., adsorbents, membranes, 

distillation/thermal, reactive separations, etc.) 

• Strategic analysis and competitive implications  
 

As depicted in the actual Table of Contents reflecting “charter” subscriber inputs (see pages  

13-23), TCGR’s study begins by completing an overview of the market size and growth for 

separations by application and creating key market profiles of players with pertinent, recent 

industrial trends (Section III).  
 

Section IV. Advances in Separations Applications, documents new products and processes that 

have recently debuted and the progress towards commercialization for various applications. It is 

in this section that TCGR’s “charter” subscribers have provided input/guidance regarding the 

applications, by industry and separations method, of greatest interest to them. 
 

Section V. Technical Advances in Separations, documents R&D and technical trends through 

expert review and analysis of recent trade literature and conference proceedings as well as 

pertinent patent analyses. An outlook on which changes might be expected in the market from 

technical advances, beyond the status quo is highlighted. 
 

Section VI. Competition and Commercial Impacts, provides an insightful analysis on the future 

impact new technologies and applications. The potential timeline and extent of replacement will 

analyzed to understand implications on incumbent technologies and suppliers.  
 

Section VII. Strategic Analysis and Business Recommendations delineates TCGR’s guidance on 

opportunities and next steps.  
 

All TCGR studies are characterized by competitive and strategic insights for industrial and 

financial investment companies to evaluate. These include key trends, concerns, and conclusions 

on the best return on investment (ROI) actions, competitive expectations and strategic SWOT’s 

on the players. TCGR is noted for its sound strategic advice in over 35 years of experience. 
 

 

TCGR’s unique background and established global Dialog Group® ensures expert 

capability and skill level in this study area. TCGR will utilize numerous deeply experienced 

experts in adsorbents, membranes and separations to assist us to provide insights beyond 

what other sources that do not have the reach and industrial experience can provide.  
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V. QUALIFICATIONS 
 

The Catalyst Group Resources, a member of The Catalyst Group, works with clients to develop 

sustainable competitive advantage in technology-driven industries such as chemicals, refining, 

petrochemicals, polymers, specialty/fine chemicals, biotechnology, pharmaceuticals, and 

environmental protection. We provide concrete proven solutions based on our understanding of how 

technology impacts business. 
 

Using our in-depth knowledge of molecular structures, process systems, and commercial 

applications, we offer a unique combination of business solutions and technology skills through a 

range of client-focused services. Often working as a member of our clients' planning teams, we 

combine our knowledge of cutting-edge technology with commercial expertise to: 
 

• Define the business and commercial impacts of leading-edge technologies 

• Develop technology strategies that support business objectives. 

• Assess technology options through strategy development, including: 

- Independent appraisals and valuations of technology/potential 

- Acquisition consulting, planning and due diligence 

• Provide leading-edge financial methodology for shareholder value creation 

• Lead and/or manage client-sponsored R&D programs targeted through our opportunity 

identification process. 

• Provide leading information and knowledge through: 

- World-class seminars, conferences and courses 

- Timely technical publications 
 

The client-confidential assignments conducted by The Catalyst Group include projects in: 

• Reinventing R&D pipelines 

• Technology alliances 

• Technology acquisition 

• Market strategy 
 

We have built our consulting practice on long-term client relationships, dedication, and integrity. 

Our philosophy is clear and focused: 
 
 
 

We Provide the "Catalysts" for Business Growth by Linking Technology 

and Leading-Edge Business Practices to Market Opportunities 
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VI. DELIVERABLES AND PRICING 

 

This report is timely and strategically important to those industry participants and observers both 

monitoring and investing in the development and implementation of new technology in separations 

for application in the refining, petrochemicals/syngas, natural gas and industrial gases industries. 

TCGR’s report, based on technology evaluations, commercial/market assessments and interviews 

with key players goes beyond public domain information. As a result, subscribers are requested to 

complete and sign the “Order Form and Secrecy Agreement” on the following page. 

 

The study, “The Separations Report - 2019: Commercial, Technical and R&D Assessment 

in Refining, Petrochemical/Syngas, Natural Gas and Industrial Gases (2nd biennial 

edition)” was completed in July 2019.  

Participation  Price 

 

Post-production subscribers  US$23,000 

 

The Separations Report 2019: Commercial, Technical and R&D Assessment in Refining, 

Petrochemicals/Syngas, Natural Gas and Industrial Gases (2nd biennial edition) 

 

Report in PDF format, in addition to subscription price US$1,000 

 

 
* * * * * 

 
 

Notice to Subscribers of TCGR’s 2017 edition of The Separations Report (1st edition): 
 

Due to the complementary nature of this study to TCGR’s previous report in this area, 
namely The Separations Report – 2017 (1st edition) completed in October 2017, 
TCGR is offering a discount of $1,000 off “The Separations Report – 2019 (2nd 
edition)” to subscribers of that study. Subscribers are requested to contact Steve 
Deutsch at +1.215.628.4447, or sdeutsche@catalystgrp.com if further details are 
required or to determine if your organization is entitled. When completing the order form, 
please make sure to indicate your company’s subscription to the earlier report. 

mailto:sdeutsche@catalystgrp.com
mailto:sdeutsche@catalystgrp.com
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ORDER FORM AND SECRECY AGREEMENT 

The Catalyst Group Resources, Inc. Tel: +1.215.628.4447 
Gwynedd Office Park Fax: +1.215.628.2267 
P.O. Box 680 e-mail: tcgr@catalystgrp.com 
Spring House, PA 19477 - USA - website: www.catalystgrp.com 

Please enter our order for “The Separations Report – 2019: Commercial, Technical and 

R&D Assessment in Refining, Petrochemicals/Syngas, Natural Gas and Industrial Gases 

(2nd biennial edition),” completed in July 2019, as follows: 

 

 ____  The Separations Report – 2019: Commercial, Technical and R&D Assessment in 
Refining, Petrochemicals/Syngas, Natural Gas and Industrial Gases (2nd biennial 
edition), for US$23,000 (post-production). 

 ____  Please enter our order for the study to be delivered in PDF (Adobe Acrobat) format for 
use across our sites/locations (i.e., site license) for an additional US$1,000. 

 ____  Please send us ______ additional printed copies @ US$250 each. 

 

 ____  * * * We are subscribers to the 2017 edition of The Separations Report (1st edition) 
and are therefore entitled to the $1,000 discount off the subscription rate. * * * 

In signing this order form, our company agrees to hold this report confidential and not 
make it available to subsidiaries unless a controlling interest (>50%) exists. 
 

Signature: ______________________________________  Date: ______________________  

Name: ________________________________________  Title: _______________________  

Company: ____________________________________________________________________  

Billing Address: _______________________________________________________________  

Shipping Address (no P.O. Boxes): ________________________________________________  

 ____________________________________________________________________________  

Express delivery services will not deliver to P.O. Boxes 

City: __________________________________________  State/Country: _______________  

Zip/Postal Code: ________________________________  Phone: _____________________  

E-mail: ________________________________________  Fax: _______________________  

 
 

 

This report and our study findings are sold for the exclusive use of the client companies and their 
employees only. No other use, duplication, or publication of this report or any part contained herein is 

permitted without the expressed written consent of The Catalyst Group Resources. 
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