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[bookmark: _Hlk46767104]Ad (1) from the methods section: Commercial uses of lignin presented in scientific papers in which natural sciences and technology approaches were used
In order to identify general assumptions about lignin, which are often made by the authors of papers and books who did not use market-based approaches, a snowball technique was applied. A number of technology-focused papers and books about lignin were selected randomly, and the statements made therein were reviewed and noted; where references were provided for the statements, these have also been reviewed. To emphasize current developments, 11 frequently cited and technology-focused papers from the year 2019 were added, and statements therein were also identified. We stopped the search once these were frequently repeated and saturation occurred, resulting in a total of 81 papers and books identified. The ten most frequently mentioned statements about lignin use were collected (altogether these occurred in 50 out of the 81 literature sources); these are shown in Table S.1.
Table S. 1: Market-related statements on lignin commonly found in papers (natural sciences and technology areas)
	STATEMENTS (THE GIST OF THE MATTER)
	REFERENCES
	∑

	Lignin is a very abundant resource.
	[S.2, S.4, S.5, S.6, S.8, S.9, S.10, S.12, S.13, S.14, S.18, S.20, S.21, S.24, S.25, S.26, S.27, S.28, S.29, S.30, S.32, S.33, S.34, S.35, S.36, S.37, S.38, S.39, S.40, S.41, S.42, S.43 S.44, S.45]
	34

	Currently, the market for lignin is limited (heat and power, vanillin, lignosulphonates, niche markets).
	[S.1, S.2, S.3, S.4, S.5, S.6, S.7, S.8, S.9, S.10, S.11, S.12, S.13, S.14, S.15, S.16, S.17, S.18, S.19, S.20, S.21, S.22, S.23, S.24, S.25, S.26, S.27, S.28, S.29, S.30, S.31, S.32]
	32

	There is a barrier to lignin utilization, and lignin valorization is a challenge for several reasons
	[S.1, S.5, S.6, S.9, S.10, S.12, S.14, S.15, S.18, S.21, S.24, S.25, S.26, S.27, S.28, S.29, S.30, S.31, S.33, S.35, S.38, S.41, S.42, S.43, S.45, S.46]
	26

	Further research and development/new processes could eventually enable the scalable production of lignin-based products: further research and development are needed.
	[S.2, S.6, S.10, S.15, S.20, S.21, S.22, S.24, S.26, S.27, S.28, S.29, S.30, S.32, S.33, S.34, S.36, S.37, S.38, S.41, S.43, S.48, S.49]
	23

	Lignin is underutilized.
	[S.5, S.6, S.10, S.12, S.14, S.17, S.18, S.19, S.21, S.22, S.24, S.25, S.26, S.27, S.29, S.32, S.36, S.39, S.41, S.45, S.47, S.48] 
	22

	Lignin plays a major role in biorefinery conception. 
	[S.9, S.11, S.15, S.24, S.26, S.27, S.28, S.29, S.30, S.33, S.36, S.45, S.50]
	13

	The use of lignin for certain applications could reduce costs.
	[S.3, S.5, S.13, S.22, S.26, S.28, S.29, S.30, S.33, S.35, S.37, S.41, S.43]
	13

	Lignin is a sustainable, environmentally friendly material.
	[S.22, S.26, S.27, S.28, S.32, S.33, S.34, S.35, S.36, S.39, S.40, S.43]
	12

	Lignin is a promising material and has the potential to serve as an alternative to other materials
	[S.3, S.5, S.22, S.26, S.27, S.28, S.30, S.32, S.35, S.42, S.46]
	11

	The amount of available lignin will increase.
	[S.2, S.10, S.21, S.25, S.27, S.47]
	6
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Ad (2) and (3) from the methods section: Selection of the reviews, environmental and techno-economic assessments, and market-related papers
At the beginning, more than 50,000 papers were identified by screening the Scopus database using the search query TITLE-ABS-KEY ( lignin  OR  lignosul* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "re" ) ), and information such as the authors, year, title, and the whole abstract were exported to an Excel-File. To get an overview of the literature and to identify an ideal search query that would fit the aim of the study, a range of search terms were applied (to be searched in titles and abstracts), and the results were entered in columns (this allowed us to filter them by terms and identify patterns). The search terms that were included are shown in Table S.2.
Table S. 2: Search terms applied to titles and abstracts of lignin papers (exported from Scopus to Excel)
	LIST OF SEARCH TERMS (WORD FRAGMENTS)

	wood 
	market
	polymer
	diesel

	softwood
	econom, financ
	plastic, polyester, polyolefin, polyether, polystyr
	bio-oil, biooil, bio oil, pyrolysis-oil,
pyrolysis oil, biocrude, bio-crude

	hardwood
	techno-economic
	composite, blend
	heat

	pulp
	value-add, value add, added value,
added-value, add value
	paper
	inciner

	sulfite pulp, sulphite pulp, lignosulfo,
lignosulpho, sulfonate, sulphonate
	cost
	board
	combust

	kraft, black liquor
	price
	panel
	electr

	soda
	€, $, money
	foam
	batter, redox-flow, redox flow

	organosolv, organic solvent
	innov
	resin
	capacitor

	ionic liqu, ionic-liq
	valori
	epox
	coat

	steam explos, steam-ex
	decision
	urethan
	disper

	enzym
	business
	formaldehyd
	adhes

	alkal
	revenue
	rubber
	bind

	acid
	diffusion
	elastomer
	emuls

	acid hydroly, acidic hydroly
	adopt
	concrete, cement
	stabili

	hydroly
	environment
	asphalt, bitumen
	plasticis, plasticiz

	lysis, lyse
	green
	carbon fib
	flocculat

	biotech, bio-tech
	social
	activated carbon
	antioxid, anti-oxid, anti oxid

	base, basi
	chemical
	fertil
	filler

	catalys
	aromatic
	soil, humus
	adsorb

	b: lignoboost, ligno boost; f: lignoforce, ligno force
	phenol
	dye
	cidal, cides, antimicrob, anti-microb,
antibact, anti-bact, antivir, anti-vir, antifung, anti-fung

	product
	polyol
	vanillin
	chelat

	co-prod, by-prod, coprod, byprod 
	material
	medic, drug, pharma, cosmet
	polyol

	sustainab
	nano
	energ
	carbon black, carbon-black

	application
	poly
	fuel
	



After several combinations of search terms had been applied and checked to find conclusive patterns in the literature, the main body of literature was identified by conducting the following search query with the Scopus database:
TITLE ( ( lignin  OR  lignosul* OR "black liquor")  AND  ( sustainab*  OR  application  OR  market  OR  econom*  OR  financ*  OR  "techno-economic"  OR  value-add*  OR  "value add*"  OR  "added value"  OR  cost  OR  price  OR  money  OR  innov*  OR  valori*  OR  decision  OR  business  OR  revenue  OR  environment*  OR  green  OR  social  OR  "life-cycle"  OR  "life cycle" OR "LCA") )  AND  ( LIMIT-TO ( PUBYEAR ,  2019 )  OR  LIMIT-TO ( PUBYEAR ,  2018 )  OR  LIMIT-TO ( PUBYEAR ,  2017 )  OR  LIMIT-TO ( PUBYEAR ,  2016 )  OR  LIMIT-TO ( PUBYEAR ,  2015 ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-TO ( DOCTYPE ,  "re" ) )  

This search query resulted in 681 search results. All abstracts were screened and, thereby, the selection could be reduced to 76 sources. These papers were acquired where possible, then screened, and some additional references were included (mainly based on interesting references given in the respective papers). This led to a pre-selection of 90 papers (41 reviews, 16 environmental, 19 techno-economic assessments, 9 market-related papers, and 5 other) altogether.
These were narrowed down by applying the following criteria:
(1) relevance with regard to our research aim (forest-based lignin for non-energy applications),
(2) existence and transparency of a methodological part (except reviews), and
(3) a certain focus on lignin (papers were excluded when lignin use played only a marginal role in the paper).
To perform a detailed consideration of this literature, a core of 9 environmental, 10 TEA, and 7 market-related papers were chosen on the basis of the focus placed on wood-based lignin use for non-fuel applications and the transparent, methodological approach used. Out of these recent reviews, 31 were considered; 10 environmental and techno-economic papers, and 2 market-related papers beyond this core selection were also incorporated in the review.

In order to gain the most complete overview of the literature and to support the writing process, the papers were loaded into the MaxQDA Plus 2020 software and coded. Every paper was double-coded by either Verena Haas and Julia Wenger, or by Martin Popowicz and Julia Wenger, assigning papers to the following categories:
Table S. 3: List of codes used for coding the papers in MaxQDA Plus 2020
	LIST OF MAXQDA CODES

	Paraphrased segments\Approach

	Approach\Focus\Aim

	Approach\Method

	Approach\Findings

	Approach\Sensitive Factors

	Approach\Region

	Approach\Year

	Paraphrased segments\Raw Material

	Raw Material\Not forest-based

	Raw Material\Forest-based

	Paraphrased segments\Processes

	Processes\Process to gain lignin

	Processes\Process for lignin product

	Paraphrased segments\Lignin Application

	Lignin Application\Materials\Chemicals

	Lignin Application\Energy

	Lignin Application\Lignin Function

	Lignin Application\Substituted material

	Paraphrased segments\Lignin Market

	Lignin Market\Companies\Plants

	Lignin Market\Volumes

	Lignin Market\Prices\Values

	Lignin Market\Costs

	Lignin Market\Important features\Opportunities

	Lignin Market\Challenges\Barriers

	Lignin Market\Investments

	Paraphrased segments\Interesting!

	Paraphrased segments\Economic (non-scientific sources)


Illustrations: data extraction and processing
Figure 1
Scopus search query for Figure 1 (Number of papers published between 1990 and 2019, that have lignin or lingnosul* in their title):
· TITLE ( ( lignin  OR  lignosul* ) )  AND  PUBYEAR  >  1989  AND  PUBYEAR  <  2020  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) ) 
· TITLE ( ( lignin  OR  lignosul* ) )  AND  PUBYEAR  >  1989  AND  PUBYEAR  <  2020  AND  ( LIMIT-TO ( DOCTYPE ,  "re" ) ) 
The terms were also searched in titles, keywords, and abstracts, which led to a higher number of, but similar relative increase in, the research articles identified. Because far more of these papers were not actually about lignin, the search query in which only the papers’ titles were considered was found to be more appropriate for the illustration. Data were processed in Microsoft Excel.

Figure 2
Scopus search queries for Figure 2: The search hits with selected, application-related search terms that occur in the titles, abstracts, or keywords of articles form a body of literature (16,700 papers) on the topic of lignin (Scopus database, articles up until 2019 included; TITLE(lignin or lignosul*)) are illustrated in Table S. 4. Data were processed in Microsoft Excel.

[bookmark: _Ref35624712]Table S. 4: Search terms used related to articles about selected lignin applications; number of search results
	SEARCH QUERY
	HITS

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *composite*  OR  *blend* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	1438

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *nano* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	989

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *vanill* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	908

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *plastic  OR  *plastics*  OR  *polyester*  OR  *polyolefin*  OR  *polyether*  OR  *polystyr* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	748

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *resin* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	855

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *concrete*  OR  *cement* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	717

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *formaldehyd*  OR  *form-aldehyd* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	501

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *carbon  AND fib*  OR  *carbonfib*  OR  *carbon-fib*  OR  "*carbon material*"  )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	388

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *board*  OR  *panel* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	300

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *urethan* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	254

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( "*activ* *carbon*" )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	259

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *batter*  OR  *capacitor* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	220

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *epox* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	224

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *rubber*  OR  *elastom* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	168

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *foam* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	167

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *medical*  OR  *medicin*  OR  *pharma*  OR  *cosmet* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
	255

	TITLE ( lignin  OR  lignosul* )  AND  TITLE-ABS-KEY ( *fertil* )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( EXCLUDE ( PUBYEAR ,  2020 ) ) 
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Figure 3
To create Figure 3, relevant drivers and barriers for lignin innovation diffusion were collected from the identified papers on socio-economic assessments in lignin research, thematically grouped, and assigned to components of the socio-technical regime (based on the multi-level perspective on transitions [100]). The identification and thematical grouping of drivers and barriers were double-checked by Julia Wenger and Verena Haas.
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