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nova-Institut GmbH – SME

• Comprehensive Communication 
& Dissemination in Research Projects

• Communication & Marketing Support
• Network of 60,000 Contacts to Companies, 

Associations & Institutes
• Targeted Newsletters for 17 Specialty Areas 

of the Industry
• Conferences, Workshops & nova Sessions 
• In-depth B2C Research

Communication

• Micro- and Macroeconomics
• Techno-Economic Evaluation (TEE) for 

Low & High TRL
• Target Price Analysis for Feedstock & Products
• Strategic Consulting for Industry, Policy & NGO’s
• Political Framework, Measures & Instruments
• Standards, Certification & Labelling

private and independent research institute;
multidisciplinary and international team of more than 40 scientists

Economy & Policy

• Market Research
• Innovation & Technology Scouting
• Trend & Competitive Analysis
• Supply & Demand Analysis
• Feasibility & Potential Studies
• Customised Expert Workshops

Technology & Markets

• Tailor-made Life Cycle Assessments
• Customised Carbon Footprint Calculation Tools
• Social Impact Assessment & Social Acceptance
• Comprehensive Sustainability Assessments
• Sustainability Integrated Technology 

Development (SUITED)
• Critical Reviews

Sustainability



Levulinic acid – A versatile platform 
chemical for a variety of market applications
Global market dynamics, demand/supply, trends and 
market potential

Authors: Achim Raschka, Pia Skoczinski, Raj Chinthapalli,
Ángel Puente and Michael Carus, nova-Institut GmbH, Germany

October 2019

This and other reports on the bio-based economy are available at 
www.bio-based.eu/reports
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Succinic acid – From a promising 
building block to a slow seller

Authors: Raj Chinthapalli, Ángel Puente, Pia Skoczinski, 
Achim Raschka, Michael Carus, nova-Institut GmbH, Germany 

October 2019

This and other reports on the bio-based economy are available at 
www.bio-based.eu/reports

Pharmaceutical/Cosmetic
 Q Acidic ingredient for denture cleaner/toothpaste 
 Q Antidote
 Q Calcium-succinate is anticarcinogenic
 Q Efferescent tablets
 Q Intermediate for perfumes
 Q Pharmaceutical intermediates (sedatives, 

antiphlegm/-phogistics, antibacterial, disinfectant)
 Q Preservative for toiletries
 Q Removes fish odour
 Q Used in the preparation of vitamin A

Industrial
 Q De-icer
 Q Engineering plastics and epoxy curing  

agents/hardeners
 Q Herbicides, fungicides, regulators of plantgrowth
 Q Intermediate for lacquers + photographic chemicals 
 Q Plasticizer (replaces phtalates, adipic acid) 
 Q Polymers
 Q Solvents, lubricants
 Q Surface cleaning agent  

(metal-/electronic-/semiconductor-industry) 

Other

 Q Anodizing Aluminium
 Q Chemical metal plating, electroplating baths
 Q Coatings, inks, pigments (powder/radiation-curable 

coating, resins for water-based paint,  
dye intermediate, photocurable ink, toners)

 Q Fabric finish, dyeing aid for fibres
 Q Part of antismut-treatment for barley seeds
 Q Preservative for cut flowers
 Q Soil-chelating agent

Food

 Q Bread-softening agent
 Q Flavour-enhancer
 Q Flavouring agent and acidic seasoning 

in beverages/food
 Q Microencapsulation of flavouring oils
 Q Preservative (chicken, dog food)
 Q Protein gelatinisation and in dry gelatine 

desserts/cake flavourings
 Q Used in synthesis of modified starch

Succinic
Acid

What will a realistic future market look like?

UPDATE

M
AY 20

20

Commercialisation updates on 
bio-based building blocks

©      -Institute.eu | 2020All figures available at www.bio-based.eu/markets
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Bio-based building blocks
Evolution of worldwide production capacities from 2011 to 2024

2011 2012 2013 2014 2015 2016 2017 2018 2019 2024

1

2

3

4
Adipic acid (AA)
11-Aminoundecanoic acid (11-AA)
1,4-Butanediol (1,4-BDO)
Dodecanedioic acid (DDDA)
Epichlorohydrin (ECH)
Ethylene
Furan derivatives
D-lactic acid (D-LA)
L-lactic acid (L-LA)
Lactide
Monoethylene glycol (MEG)
Monopropylene glycol (MPG)
Naphtha
1,5-Pentametylenediamine (DN5)
1,3-Propanediol (1,3-PDO)
Sebacic acid
Succinic acid (SA)

Author:
Doris de Guzman, Tecnon OrbiChem, United Kingdom

Updated Executive Summary and Market Review May 2020 – 
Originally published February 2020

This and other reports on the bio- and CO2-based economy are 
available at www.bio-based.eu/reports

Market and Trend Reports
on Renewable Carbon

The Best Available 
on Bio- an CO2-
based Polymers & 
Building Blocks and 
Chemical Recycling

renewable-carbon.eu/
publications
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Save the Date

Contact: Mr. Dominik Vogt, +49 (0) 2233 48 14 49, dominik.vogt@nova-institut.de
All conferences at renewable-carbon.eu/events



Introduction – waste generation & treatment

Plastics waste in Europe
• 30 million tonnes plastic waste
• 29 million tonnes collected
• 1 million tonnes leaked

Plastics waste treatment
• Recycling
• Incineration
• Landfill

– 6 –

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Introduction – ambitions of the EU

Recycling quotas until 2030 (EU Directive 2018/852)
• 70 % for all packaging materials
• 55 % for plastic

The European green deal
• Until 2030 all packaging materials should be

• Recyclable
• Reusable

• Until 2050 the EU will be climate neutral

How do we achieve these targets?
à Prevention, Reduce, Re-use, Recycling, Alternative feedstocks
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| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Introduction – what are the options?

Prevention
• Economically and ecologically senseful for only few applications
• Non-existent/limited alternatives for most applications
• Reason (overall performance and efficiency):

• Density + strength (strong and lightweight materials)
• Processing properties (forming, re-shaping)
• Specialty and high performance materials (tailored properties)
• Better performance than other materials for most sustainability criteria 

Reduce/Re-use
• Certain potential (less generated waste, keep plastics in the loop)
• Re-use can’t fully prevent waste (“delayed waste generation”)

– 8 –

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Introduction – what are the options?

Alternative (renewable) feedstocks
• Bio-based or CO2-based
• Prevents the introduction of fossil carbon into the cycle
• No direct solution for wastes

Recycle
• Only direct solution for wastes to largely prevent landfill/incineration
• Keeps plastics in the loop
• Various options available
• Requires a fully established circular economy across the value chain
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| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 
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Life of a polymer without recycling
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Without recycling

• Linear
• Limited options
• Coupled with

• GHG emissions
• Environmental pollution

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Life of a polymer with recycling
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Pyrolysis
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depolymerisation
Enzymolysis
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ConversionDepolymerisation
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With recycling
(complementary approach)
• Circular
• Various options
• Reduction of

• GHG emissions (e.g. CCU)
• Environmental pollution

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Mechanical recycling – Definition

ISO 15270:20081 “Guidelines for the recovery and recycling of plastics waste”

mechanical recycling: processing of plastics waste into secondary raw material or products 
without significantly changing the chemical structure of the material.

– 12 –
1ISO 15270:2008 Plastics - Guidelines for the recovery and recycling of plastics waste. ISO copyright office (Ed.), Switzerland

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Mechanical recycling
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Mechanical recycling (primary & secondary recycling)
• Advantages

• Well established
• Simplicity

• Limitations
• Limited to thermoplastics
• Need of “pure fractions”
• No removal of contaminations
• Loss of molecular weight (e.g. 1x=26%, 3x=56% loss)
• Loss of quality (3x=13%IS, 8%TS)

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – Definition

ISO 15270:20081 “Guidelines for the recovery and recycling of plastics waste”

Chemical/feedstock recycling: conversion to monomer or production of new raw materials 
by changing the chemical structure of plastics waste through cracking, gasification or 
depolymerization, excluding energy recovery and incineration.
Note 1 to entry: Feedstock recycling and chemical recycling are synonyms.

• Includes: Solvolysis, Pyrolysis, Gasification, Enzymolysis
• Excludes: Dissolution

– 14 –
1ISO 15270:2008 Plastics - Guidelines for the recovery and recycling of plastics waste. ISO copyright office (Ed.), Switzerland

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – Definition

Chemical Recycling Europe

“According to Chemical Recycling Europe (CRE), Chemical Recycling is defined as any 
reprocessing technology that directly affects either the formulation of the polymeric waste or 
the polymer itself and converts them into chemical substances and/or products whether for the 
original or other purposes, excluding energy recovery.”1

• Includes: Dissolution, Solvolysis, Pyrolysis, Gasification, Enzymolysis

– 15 –
1ChemRecEurope (Chemical Recycling Europe) 2020. Chemical Recycling Europe calls for a faster recognition and legislation review to unlock the potential of chemical recycling. Brussels, Belgium

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling
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Advanced/Chemical recycling (tertiary recycling)
• Advantages

• Not limited to thermoplastics
• No need of “pure fractions”
• Removal of contaminations
• High quality of recycled material (“virgin quality”)

• Limitations
• Complex
• Not well established (lack of large-scale units)
• Difficulties to proof sustainability

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – Dissolution
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Advantages
• Selectivity
• Mixed/Multilayer material can be addressed
• Output can be directly used (no polymerisation 

necessary)
• Removal of hazardous substances

Disadvantages
• Requirements on the composition of input material
• Limited to thermoplastics
• Purification of solvents necessary

Stats – nova report

Identified providers: 6

Max. capacity: 8,000 t a-1

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – Solvolysis
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Advantages
• Selectivity
• Mixed/Multilayer material can be addressed
• Removal of hazardous substances

Disadvantages
• Requirements on the composition of input material
• Purification of solvents necessary
• Processing of polyolefines or polystyrene

excluded

BHET: Bis(hydroxyethyl)terephthalate
DMT: Dimethyl terephthalate
TPA: Terephthalic acid

Stats – nova report

Identified providers: 14

Max. capacity: 10,800 t a-1

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – Pyrolysis
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Advantages
• Wide range of possible input materials
• Large spectrum of obtained products 
• Removal of hazardous substances

Disadvantages
• High energy demand, emission of pollutants
• Less selectivity for products (wide product spectrum)
• Products often needs to be further processed/upgraded
• low tolerance to PVC

Stats – nova report

Identified providers: 44

Max. capacity: 38,000 t a-1

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – Gasification
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Advantages
• Very robust regarding input material
• Various applications for produced synthesis gas
• Removal of hazardous substances

Disadvantages
• High energy demand due to high temperatures and 

pressures, generation of pollutants
• Generation of higher tar contents upon gasification of 

plastics limits the utilisation in turbines/engines and 
further processing is necessary

• reduced caloric value of product due to oxygenation

Stats – nova report

Identified providers: 8

Max. capacity: 100,000 t a-1

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Advantages
• Depolymerisation via biocatalysts
• Highly specific (chemo-, regio-, enatio-, stereo-)
• Mild conditions (e.g. room temperature, atmospheric pressure)
• Fine tuning via enzyme- and metabolic engineering

Disadvantages
• Rarely developed
• Lab-scale
• Relatively slow turnover

Chemical recycling – Enzymolysis

– 21 –

Stats – nova report

Identified providers: 1

Max. capacity: Lab scale

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Chemical recycling – A complementary approach
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Crediting for recycling rates?

• Life Cycle Assessment (LCA)
• Different approaches available
• GHG emissions in comparison to other waste treatments
• GHG emissions in comparison to the production of fossil based polymers

– 23 –
1BASF 2020. Slide Deck - ChemCycling: Environmental Evaluation by Life Cycle Assessment (LCA). BASF, Ludwigshafen, Germany

| Introduction | Life of a polymer | Recycling definitions | Chemical recycling technologies | Crediting/LCA | Summary | 



Report on chemical recycling
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„A modern, sustainable plastics industry that fits 
into a circular economy cannot do without chemical 
recycling since the targets set up in the EU plastic 
strategy will not be achievable without 
implementing chemical recycling technologies. 
However, supporters call for a clear policy 
framework from EU policy makers.“

„Critics of chemical recycling refer to the low 
maturity of the technologies and the wide 
uncertainty ranges of existing assessments. Another 
overarching point of criticism refers to gasification 
and pyrolysis, which could undermine meaningful 
activities towards the circular economy.“

-vs.-

• Sector is characterised by great dynamics, high expectations and investment interest
• Great uncertainties and scepticism as to how the new technologies should be evaluated and regulated
• In Europe, the chemical recycling sector is waiting for the start signal via clear political framework 

conditions
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Report on chemical recycling
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• Published in November 2020
• Overview of main polymer types and their

applications
• Status quo of plastic recycling (incl. statistics)
• Description of chemical recycling technologies (Dissolution, 

Solvolysis, Pyrolysis, Gasification, Enzymolysis)
• Market and technology data for 2020 (70 company profiles)
• Literature review of available LCAs 
• Status quo and ambitions of Policy including directives, definitions, 

waste hierarchy, quotas
• Industries’ point of view

• 190 pages
• 2.500 € – www.bio-based.eu/reports

http://www.bio-based.eu/reports


Report on chemical recycling – 70 Company profiles
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Report on chemical recycling –
11 Associations/Industry-groups profiles
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Report on chemical recycling –
21 waste management companies
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