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SCOPE
 The concept and principles of Circularity in Chemicals, in terms of the relevance and 

requirements of technology. 

 The design of industrial catalytic processes for a circular economy, with reference to the types 

of chemical processes that can be applied therein, and the requirements for the catalysts used in 

circular processes. 

 The relationship between bio-economy and circularity, as current drivers, potentialities and 

challenges related to the role of chemical sciences in a circular economy − of fundamental 

importance when bio-resources are taken into account. 

 The circularity of plastics, as they could make a significant contribution to a circular economy 

when their entire life cycle is examined. 

 The opportunities for CO2 circularity, as CO2 is a crucial waste to reuse to close the carbon cycle 

and minimize the use of fossil fuels. 

 The technological and industrial possibility of using waste carbon-sources to produce chemicals 

as alternatives to fossil fuels.

This report introduces the main concepts of circularity in chemicals, the opportunities 

and initiatives in this area, and the technologies and catalysts needed to implement 

the new routes and close the cycle. 



DRIVERS ✓ Circularity in chemicals is of increasing industrial 

relevance for chemical industry and catalyst 

manufacturers.

✓ Catalysis plays a crucial role in the development of 

many new routes to enable circularity. 

✓ Circularity concepts and actions are in close 

relation to innovation for chemicals future. 

✓ The advent of the circular economy is likely to lead 

to significant changes for the industry, along with 

fundamental challenges. 

✓ Circularity presents major opportunities and 

significant risks for the chemical industry, when its 

premise and consequences are not viewed with a 

clear future vision.

While circularity is 

limited as a vision 

to minimize wastes 

by their reuse, the 

concept and impact 

are much larger and 

involves a system 

re-thinking. 

It is necessary for chemical producers and catalyst manufacturers to have an 

in-depth understanding of the concepts, limits and opportunities provided by 

circularity.



CHARACTERISTICS OF CIRCULARITY
 Waste does not exist and is designed out by intention.

 Diversity is valued as a means of building strength.

 The energy required to fuel the circular economy should be renewable by nature.

 Systems-thinking is applied broadly.

 Prices act as messages, and therefore need to reflect full costs in order to be effective

. 

The Circular Economy 

concept is a novel 

economic model 

aiming to foster 

sustainable economic 

growth, boost global 

competitiveness, and 

generate new jobs.



INDUSTRIAL CATALYTIC PROCESSES FOR 

A CIRCULAR ECONOMY
Safer and functional chemical design

informing development of catalytic

processes for a circular economy.

 Catalytic processes that contribute to a circular 

economy must convert renewables into benign, 

functional and degradable chemicals. 

 The design of such catalytic processes will 

necessitate efforts to develop new catalytic 

processes and design functional chemicals to be 

cycled that are inherently benign and either non-

persistent, or degradable chemically.

 The report highlights existing chemistry that is 

applicable to the design of catalytic processes for a 

circularity, and also identifies the framework for 

design of new processes to enable circularity. 

 It focuses on two types of process: those that enable 

valorization of current persistent waste streams, 

such as CO2, polyethylene, polycarbonates, 

polyesters, phosphorous and glycerol, and those that 

facilitate circularity by reversibility. 



CATALYTIC PROCESSES THAT CAN BE 

APPLIED TO A CIRCULAR ECONOMY
We can categorize processes that can contribute to a circular economy into two broad categories:

those that utilize (valorize) waste materials, and those that enable new chemistry for reversible

processes.

Processes that Allow Utilization of 

Current “Waste” as a Feedstock:

➢ Carbon Dioxide

➢ Polyethylene

➢ Polycarbonates

➢ Polyesters

➢ Phosphorous

➢ Glycerol

Processes that Facilitate Circularity by Enabling 

New Chemistry for Reversible Processes:

➢ Esterification-hydrolysis

➢ Dehydrogenation-hydrogenation

➢ Transfer Hydrogenation from Renewable H2-

sources

➢ Decarbonylation

This report highlights existing chemistry that is applicable to the design of 

catalytic processes for circularity and identifies the framework for design of 

new processes to enable circularity. 



FOCUS ON: 

INDUSTRIAL BIOTECHNOLOGY
RECENT DEVELOPMENTS IN: 

✓ PREPARATION

✓ CHARACTERIZATION

✓ APPLICATION 

Besides biofuels, valuable chemicals can also be 

obtained from feedstock and biorefinery processes 

and can be categorized into two strategies:

➢ Direct gasification and liquefaction of LCB by 

pyrolysis, after which the products formed, such 

as syngas, heat, power, biofuels, fertilizer, and 

biochar can be integrated into suitable industrial 

processes.

➢ Fractionating LCB into cellulose and lignin, and 

then separately converting the three biopolymers 

into important intermediates and/or final 

products.

With 16,061 million gallons of ethanol biofuel produced in 2018, which was 56% of the total ethanol biofuel 

produced globally, ethanol is the principal biofuel produced and used in the United States.



FROM FEEDTOCK TO 

BIOFUELS AND CHEMICALS
✓ 1st Generation Starch-based and 2nd Generation Lignocellulosic Biomass-based - To improve biofuel ethanol production by S. cerevisiae in the starch-

based 1st generation fermentations, various methods have been studied, including genetic enhancements, pretreatments of asubstrate, and 

hydrodynamic cavitation to improve starch release.

✓ Food Supply Chain Waste Consisting of Carbohydrates, Proteins, and Oils - Researchers at Universities and R&D departments of companies have 

already started to spin the circular economy by focusing on and valorization of off-balance material generated in the food supply chain, which should 

increase in the years ahead.

✓ Lignin Valorization - Current commercial non-energy applications of various types of lignins include dispersants in construction and agrochemical 

industries, emulsifiers, foams –plastics/polymers, aromatics, and stiffness enhancers in board products, and other future applications.

✓ Carbohydrates Replacing Hydrocarbons as Basic Chemicals - Compared to fossil-based methods, the development of processes to produce these 

compounds from biomass offers exciting opportunities to achieve a sustainable supply from renewable sources.

✓ Syngas Fermentation - Valuable patent activity has occurred in this area, including a method to produce raw syngas; production of a conditioned syngas

stream; biological conversion of syngas to ethanol and recycling a portion of the tail gas to the fermentor.

✓ Bio Hydrogen - In a recent study, an innovative free ammonia pretreatment technology was demonstrated to improve H2 production by microalgae

cultivated from secondary effluent during anaerobic, dark fermentation.

✓ Valorization of Bio-based Platform Chemicals - Since lignin is the only natural source of aromatic compounds, it can serve as a renewable and 

sustainable source of specialty liquid fuels and chemicals, and these fine chemicals can find their roles in various significant industries such as medicine, 

cosmetics, and telecommunication.

✓ Industrial Monomers – Important industrial monomers can be used as precursors for polymers which can be further used in various industries from food 

and feed, medicine, cosmetics, to biofuel and agriculture.

✓ Enzymatic Polyester and Polyamide Production and Degradation - In the quest for potential polyester-degrading bacterial strains, a polyester 

biodegradable plastic, such as polylactic acid (PLA), polycaprolactone (PCL), poly-(butylene succinate) (PBS) or polybutylene succinate-co-adipate (PBSA) 

is usually used as the sole carbon source and growth substrate.



FOCUS ON:

CIRCULARITY OF PLASTICS
Properties and Applications of Plastics - Despite the great
diversity of materials synthesized possessing plastics properties, those
having large scale commercial applications includes a relatively
reduced number of resins.

Waste Plastics – This report discusses Generation and Management
Options, Environmental Impact, Limitation of Mechanical Recycling,
and Feedstock Recycling.

Chemical Depolymerization - Report discusses Glycolysis,
Methanolysis, Hydrolysis, and Current Trends.

Gasification – Report discusses effects of operating conditions,
commercial processes, market trends, and co-gasification with
biomass, MWS and other feedstocks.

Pyrolysis – Report discusses Pyrolysis Products, Gases, Solids,
Waxes, Oil, Catalytic Pyrolysis, Catalysts, Processes, and Co-
pyrolysis of Plastics with Other Wastes.

Hydrocracking - Report discusses Effect of Operating Conditions,
Catalysts, Hydrogen Pressure and Temperature, Type of Plastic,
Projects and Industrial Facilities.

Halogen Removal - Report discusses Dehalogenation Processes,
Thermal Decomposition, Thermo-catalytic Dehalogenation Using
Metal Oxides and Their Mixtures, Thermo-catalytic Dehalogenation
Using Acid Catalysts, Catalytic Hydrodehalogenation (HDH) of the
Pyrolysis Oil, Hydrothermal Treatment, and Commercial Processes.

Different circular economy business models in the Value Hill.



FOCUS ON:

OPPORTUNITIES FOR CO2 CIRCULARITY

KEY POINTS INCLUDE:

 Opportunities and gaps in CO2 circularity, including aspects related to 

impact and benefits. 

 Limits in the often-reported considerations on these aspects, including 

accounting impact in CO2 use in terms for example of impact on climate 

change mitigation.

 Approaching CO2 circularity from this different perspective creates new 

business opportunities which are shortly analyzed. 

 CO2 circularity new approaches to address climate change objective and 

close carbon-cycle to enable a circular economy and enhance the rate of 

introduction of renewable energy sources in the energy mix, as well as 

considerably lowering the industrial carbon footprint. 

 Carbon recycle is a key element in circularity, because of the impact on 

environment and society it has a linear rather than a circular carbon 

economy. 

 Catalysis is a crucial element for these technologies and processes.

 The techno-economic feasibility of some of the main routes is analyzed, 

together with some case examples and processes. 

The report analyzes of the concept of chemical reuse of CO2, with some preliminary consideration also on whether 

a CO2capture step is a necessary element of chemical reuse of CO2, and whether H2 (as gas molecule) is really 

needed in the main path of CO2use by reduction. 

Overview of CO2 Conversion Routes



FOCUS ON:

WASTE TO CHEMIALS
 Routes and Opportunities — Waste-based biorefineries mainly use 

homogeneous waste streams from agriculture and food processing as 

feedstock. Mixed-biowaste biorefinery concepts are possible, e.g., the 

organic fraction of municipal solid waste (OFMSW) as feedstock, producing 

enzymes, bioplastics, biopesticides and other high value products.

 Techno-economic Feasibility — After the waste conversion step to syngas 

and the subsequent purification of the raw gas, the syngas should be 

further processes first to adjust the COx to H2 ratio to that need for further 

down-processing, and then send to the unit(s) of catalytic processing, 

which scheme depends on the target chemicals. 

 Raw Materials and Type of Products — The non-recyclable fraction of MSW 

is currently either disposed by landfill or used in combustion processes to 

generate heat/electrical energy. However, the co-generated heat often 

cannot be exploited, and thus the process energy efficiency is limited. 

 Waste to Methanol, Its Use as Biofuel — Methanol has only half the energy 

content per liter of gasoline, while ethanol is two-thirds the intensity of 

gasoline. However, in situations like in Europe where first-generation 

ethanol production at rather cheap costs is not possible, there is an 

advantage in terms of energy unit cost in the case of biomethanol versus 

bioethanol. 

The results presented in the report highlight that in the waste to chemical route by using specific components of the biowaste, a 

quite careful analysis of the market opportunities is necessary, because it is an area where risk of investment is high. The other 

route via syngas and high degree of carbon utilization in the waste requires higher investments and degree of integration with 

local logistics but has better prospects in terms of industrialization.

Definition and context of resource potentials.



➢ The advent of the circular economy is likely to lead to significant changes and challenges for 

European chemical companies, while also presenting a major opportunity for the chemical industry.

➢ Circularity is not a technical fix or a management solution. It requires a complex understanding and 

complex solutions that demand integrating approaches from other sectors of society, like consumers, 

civil society, and unions. 

 Industrial biotechnology has an exciting role in circularity and that by further process evolution, 

sustainable development models should unleash a new wave of operational improvements.

 Time is the only resource that cannot be substituted by other resources; it needs to be valued if 

we want to establish a strong circular economy system. 

 Plastics present a collection of relevant properties, which have made them able to replace other 

materials in applications. Yet the current situation of the plastic sector is quite far from circularity. 

 CO2 (re)use is a crucial element for circularity in chemicals, but the effective impact for reducing 

GHG emissions and the market opportunities in this area require to use a systems approach rather 

than limited to single cases and to use more extended assessment tools.

 Waste to chemicals is an important component for circularity in chemicals, and it is a valuable 

carbon source necessary to close carbon cycle and progressively substitute the use of fossil fuels. 

The concept is linked to the concepts of waste or green biorefineries. 

CONCLUSIONS & RECOMMENDATIONS 



Access to Deliverables is Exclusive to CAP Members

Catalytic

Advances

Program

(CAP)

The Catalytic Advances Program (CAP) is an information resource for research and 

development organizations in the chemical, polymer, and petroleum industries.

Via their annual membership, companies that join CAP combine their resources to jointly 

explore the world’s most promising catalytic technologies. Every year, the program 

publishes three in-depth technical reports that are written by leading scientists and 

experienced industry professionals. These reports examine new process technologies and 

the very latest in technical developments with topics selected by the membership.

✓ REPORTS

Depending on their membership choice, either Full Member or Associate Member, CAP 

members may receive all three or just two of these reports.

✓ Weekly CAP COMMUNICATIONS

This bulletin, delivered via e-mail, provides the latest updates on technical 

breakthroughs, commercial advancements, noteworthy conference proceedings, and 

exclusive development opportunities.

✓ ANNUAL MEETINGS

Membership also includes attendance at a CAP Annual Meeting, with dates, location, and 

topics selected by the membership. It is an opportunity to see the latest work presented 

by leading scientists.



Contact & More Information

More information about this and other services of the Catalytic Advances Program (CAP) 
can be seen at https://www.catalystgrp.com/tcg-resources/member-programs/

catalytic-advances-program/. 

Call +1-215-628-4447 or e-mail Chris Dziedziak cdziedziak@catalystgrp.com,

and we’ll be happy to discuss these and other interesting membership benefits.

www.CatalystGrp.com

The Catalyst Group Resources (TCGR), a member of The Catalyst Group Inc., 

is dedicated to monitoring and analyzing technical and commercial developments in catalysis as they apply to the 

global refining, petrochemical, fine/specialty chemical, pharmaceutical, polymer/elastomer and environmental 

industries.

https://www.catalystgrp.com/tcg-resources/member-programs/catalytic-advances-program/
mailto:John.J.Murphy@catalystgrp.com
http://www.catalystgrp.com/

