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Fig. S1 A scheme to illustrate the subject categories of hydrochar in environmental applications.



Fig. S2 A scheme to illustrate the journal categories of hydrochar in environmental applications.



Fig. S3 A scheme to illustrate the institutional and their cooperation relationships of hydrochar in environmental applications. The use of co-authored articles as part of academic collaboration is an important method of collaborating on research projects. Hence, it is crucial to know how academics communicate, as well as their institutions. Institutions collaborated on hydrochar in environmental applications between 2011 and 2021.



[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Fig. S4 A scheme of the most cited author contributed to hydrochar in environmental applications. A high co-citation frequency shows that peers recognize the author’s expertise and knowledge.



[bookmark: _GoBack]Fig. S5 The keywords network map of hydrochar in environmental applications during 2011−2016.


Table S1 Top 10 countries with publications of hydrochar in environmental applications during 2011−2021.
	Rank
	Country
	Publications
	Percentage (%)
	First published year

	1
	China
	1009
	41.99
	2010

	2
	United States
	319
	13.28
	2011

	3
	Germany
	253
	10.53
	2011

	4
	Spain
	141
	5.87
	2009

	5
	Italy
	120
	4.99
	2013

	6
	England
	101
	4.20
	2013

	7
	[bookmark: _Hlk121665448]Australia
	100
	4.16
	2014

	8
	[bookmark: _Hlk121665496]Korea
	99
	4.12
	2010

	9
	[bookmark: _Hlk121665528]India
	94
	3.91
	2011

	10
	[bookmark: _Hlk121665537]Canada
	92
	3.83
	2012





Table S2 Top 10 institutions with publications of hydrochar in environmental applications during 2011−2021.
	Rank
	Institution
	Country
	Publications

	1
	Chinese Academy of Sciences
	China
	116

	2
	University Hohenheim
	Germany
	87

	3
	Fudan University
	China
	61

	4
	Hunan University
	China
	48

	5
	South China University of Technology
	China
	42

	6
	Jiangsu University
	China
	40

	7
	China Agricultural University
	China
	35

	8
	University of Trento
	Italy
	35

	9
	Zhejiang University
	China
	34

	10
	University of Florida
	United States
	32
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Table S3 Top 10 cited literature of hydrochar in environmental applications during 2011−2021.
	Title
	First Author
	Institution
	Journal
	Citations Frequency
	Year of publication

	A comparative review of biochar and hydrochar in terms of production, physico-chemical properties and applications
	[bookmark: _Hlk106893098]Kambo, Harpreet Singh
	University of Guelph
	Renewable & Sustainable Energy Reviews
	774
	2015

	Hydrothermal conversion of biomass waste to activated carbon with high porosity: A review
	Jain, Akshay
	National University of Singapore
	Chemical Engineering Journal
	567
	2016

	A review of the hydrothermal carbonization of biomass waste for hydrochar formation: Process conditions, fundamentals, and physicochemical properties
	Wang, Tengfei
	Hunan University
	Bioresource Technology
	500
	2018

	Minireview of potential applications of hydrochar derived from hydrothermal carbonization of biomass
	Fang, June
	University of Florida
	Journal of Industrial and Engineering Chemistry 
	440
	2018

	Hydrogen peroxide modification enhances the ability of biochar (hydrochar) produced from hydrothermal carbonization of peanut hull to remove aqueous heavy metals: Batch and column tests
	Xue, Yingwen
	University of Florida
	Chemical Engineering Journal
	427
	2018

	Hydrothermal carbonization of municipal waste streams
	Berge, Nicole D
	University of South Carolina
	Chemical Engineering Journal
	416
	2011

	Effects of feedstock type, production method, and pyrolysis temperature on biochar and hydrochar properties
	Sun, Yining
	University of Florida
	Geoderma
	410
	2014





Continue Table S3
	Impact of biochar and hydrochar addition on water retention and water repellency of sandy soil
	Abel, Stefan
	Technical University of Berlin
	Renewable & Sustainable Energy Reviews
	403
	2013

	Conversion of sewage sludge to clean solid fuel using hydrothermal carbonization: Hydrochar fuel characteristics and combustion behavior
	He, Chao
	Nanyang Technological University
	Applied Energy
	390
	2013

	Chemical, structural and combustion characteristics of carbonaceous products obtained by hydrothermal carbonization of palm empty fruit bunches
	Parshetti, Ganesh K
	National University of Singapore
	Bioresource Technology
	273
	2013





Table S4 Keyword clustering information of hydrochar in environmental applications during 2011−2021.
	Clustering
	Label words
	Key keywords
	Cross the timeline

	#0
	nanoparticle
	removal; carbonization; mechanism; performance; structural property; degradation; composite; phosphorus; manure; process parameter; oxidation; porosity; nanosheet; grape pomace; co-combustion; carbon dioxide; humic acid; hydrogen; chlorella vulgaris; feedstock type; one pot synthesis; KOH; hydrothermal carbonization process
	2011–2021

	#1
	porous carbon
	nitrogen; biomass waste; KOH activation; graphene; electrode material; energy storage; CO2 capture; CO2 adsorption; pore size; high surface area; surface chemistry; transport; energy density; high performance; hydrogen storage; double layer capacitor; electrochemical performance; capacity; anode material; nanotube; electrode
	2015–2021

	#2
	temperature
	hydrochar; hydrothermal carbonization; lignocellulosic biomass; torrefaction; adsorbent; chemical activation; fast pyrolysis; optimization; feedstock; thermochemical conversion; agricultural waste; bio-sorption; surface; plant material; by-product; component; surface area; mesoporous activated carbon; contaminant; spectroscopy; degradation kinetics
	2011–2021

	#3
	adsorption
	anaerobic digestion; municipal solid waste; waste biomass; combustion characteristics; gasification; physicochemical property; coal; technology; soil amendment; swine manure; renewable energy; hydrothermal carbonization; straw; stability; biogas; combustion kinetics; corn stalk; storage; lignite; agricultural residue; ash deposition
	2013–2021

	#4
	methylene blue
	activated carbon; aqueous solution; adsorption; heavy metal; sorption; energy; lignin; slow pyrolysis; equilibrium; water treatment; polycyclic aromatic hydrocarbon; heavy metal ion; dye; graphene oxide; hydrochar production; corn stover; layered double hydroxide; sustainable agriculture; model; contaminated soil; biomass pellet
	2011–2021

	#5
	hydrothermal treatment
	waste; soil; product; combustion; behavior; acid; recovery; transformation; fate; immobilization; chemical composition; polyvinyl chloride; co-hydrothermal carbonization; dissolved organic matter; carbon microsphere; pH; biochar application; C13; biochar amendment
	2012–2021

	#6
	reactivity
	biochar; carbon; bio oil; chemistry; rice straw; char; extraction; hydrogen production; steam gasification; evolution; biomass gasification; catalyst; wet; supercritical water; fuel production; fractionation; syngas production; alkali; bed fast pyrolysis
	2011–2020

	#7
	conversion
	pyrolysis; fuel; carbon material; wood; woody biomass; rice husk; hydrolysis; activation; pillarization; parameter; reactivity; solid waste; hot compressed water; sequestration; engineered biochar; doped porous carbon; durability; mineralization
	2011–2021

	#8
	hexavalent chromium
	magnetic biochar; waste water treatment; zero-valent iron; persistent free radical; plant; bisphenol A; enhanced adsorption; copper; reduction; sludge derived biochar; wastewater treatment; iron; solid acid catalyst; organic pollutant; carbonaceous material; Cr(VI) ; biochar
	2016–2021

	#9
	hydrothermal liquefaction
	subcritical water; biofuel production; chemical property; supercritical water; microalgae; phosphate; bio-oil production; low cost; aqueous phase; oil; fabrication; fermentation; nutrient; chlorella pyrenoidosa; co-liquefaction; biocrude; poultry litter
	2013–2021

	#10
	hydrothermal carbonization
	biomass; black carbon; life cycle assessment; greenhouse gas emission; organic matter; biofuel; emission; algae; spent coffee ground; quality; blend; bioavailability; amendment; plant growth; desorption; agricultural soil; bioenergy
	2011–2021

	#11
	wet torrefaction
	sewage sludge; pretreatment; solid fuel; combustion behavior; growth; hydrochar fuel; fuel property; solid biofuel; liquid; co-pyrolysis; yield; environmental risk; hydrothermal conversion; residence time; thermal hydrolysis; germination; forest
	2013–2021

	#12
	carbon sequestration
	water; pyrolysis temperature; glucose; impact; wheat straw; charcoal; management; levulinic acid; availability; carbon sphere; acetic acid; catalytic conversion; state; arbuscular mycorrhiza
	2011–2021

	[bookmark: _Hlk107060599]#13
	adsorption mechanism
	waste water; kinetics; ion; cadmium; sugarcane bagasse; residue; decomposition; lead; nanocomposite; efficient removal; Pb(II) ; biomass pyrolysis; phosphoric acid; heterogeneous catalyst; hydrogen peroxide; cationic dye
	2013–2021

	#14
	anaerobic digestion
	cellulose; liquefaction; food waste; sludge; process water; co-digestion; phosphorus recovery; energy recovery; methane production; interspecies electron transfer; nutrient recovery; biogas production; organic fraction; microbial community; sphere
	2013–2021
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