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Table S1.  Summary of the key parameters for the CNT based SWP under weak solar irradiation 

Title  Year  Materials used   Solar in-

tensity 

(kWm-2)  

Evapora-

tion rate 

 (kg m-2h-1) 

Evapora-

tion effi-

ciency  

Ref. 

Superwetting Monolithic 

Hollow-Carbon-Nanotubes 

Aerogels with Hierarchically 

Nanoporous Structure for Ef-

ficient Solar Steam Genera-

tion 

Mu et al. 

(2018) 

CMP based car-

bon aerogel  

1 1.446 86.8% 51 

Enhanced solar steam gener-

ation using carbon nanotube 

membrane distillation device 

with heat localization 

 

Miao et al. 

(2018) 

CNT membrane,   1 1.31 84.6% 45 

Flexible and Washable CNT-

Embedded PAN Nonwoven 

Fabrics for Solar-Enabled 

Evaporation and Desalina-

tion of Seawater.  

Zhu et al. 

(2019) 

polyacrylonitrile 

(PAN) and CNTs 

1 1.44 81% 42 

Self-floating aerogel com-

posed of carbon nanotubes 

and ultralong hydroxyapatite 

nanowires for highly efficient 

solar energy-assisted water 

purification 

 

Qin et al. 

(2019) 

Hydroxyapatite 

(HAP) nanowire 

aerogel and CNTs 

1 1.34 89.4% 37 

Energy Matching for Boost-

ing Water Evaporation in Di-

rect Solar Steam Generation 

Mu et al. 

(2020) 

bilayer-structures 

of carbon nano-

tubes aerogel 

(CA)-coated wood 

(CACW) 

1 2.22 93.2% 40 

Highly Efficient Solar Steam 

Generation under Low Solar 

Flux via Carbon-Nanotube-

Modified Sugarcane 

Yang et al. 

(2021) 

CNT-sugarcane 

bilayer structure  

1 1.63 94.2% 56 

One-step fabrication of a 

stretchable and anti-oil-

He et al. 

(2021) 

Polydopamine-

encapsulated 

1 1.44 90.1% 41 
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fouling nanofiber membrane 

for solar steam generation 

carbon nano-

tube/polyure-

thane 

(PDA@CNT/PU) 

nanofiber mem-

brane 

Gradient Heating Effect 

Modulated by Hydropho-

bic/Hydrophilic Carbon 

Nanotube Network Struc-

tures for Ultrafast Solar 

Steam Generation 

Cao et al. 

(2021) 
Hydrophobic 

CNT film (Heat-

ing layer) and hy-

drophilic polyvi-

nyl alcohol 

(PVA)/CNT foam 

(evaporating 

layer) 

 

1 4.2 — 

 

57 

Simple and robust 

MXene/carbon nano-

tubes/cotton fabrics for textile 

wastewater purification via 

solar-driven interfacial water 

evaporation 

Wang et al. 

(2021) 

MXene/CNTs/cot-

ton fabrics   

1 1.35 88.2% 58 

Synergy of photothermal ef-

fect in integrated 0D Ti2O3 

nanoparticles/1D carbox-

ylated carbon nanotubes for 

multifunctional water purifi-

cation 

Li et al. 

(2022) 

PDA@Ti2O3 NPs 

and CNTs 

1 1.81 92.4% 52 

Carbon-supported nano 

tungsten bronze aerogels 

with synergistically en-

hanced photothermal conver-

sion performance: Fabrica-

tion and application in solar 

evaporation 

Li et al. 

(2022) 

rGC-CWO/corn 

straw 

 

1 1.93 85.9% 54 

High-Performance Freshwa-

ter Harvesting System by 

Coupling Solar Desalination 

and Fog Collection with Hier-

archical Porous Microneedle 

Arrays 

Zhou et al. 

(2022) 

polyethylene gly-

col diacrylate 

(PEGDA)/ So-

dium alginate 

(SA)/CNT 

(MNPSC)  

1 2.46 91.14% 50 

Asymmetric Cellulose/Car-

bon Nanotubes Membrane 

with Interconnected Pores 

Fabricated by Droplet 

Method for Solar-Driven In-

terfacial Evaporation and De-

salination 

Yang et al. 

(2022) 
Asymmetric Cel-

lulose/CNTs 

membrane 

 

1 1.6 89% 55 
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Table S2. Key parameters of three-dimensional structured CNT based solar absorbers 

Title  Year  Materials used  Solar in-

tensity  

(kWm-2) 

Evapora-

tion rate  

(kg m-2h-1) 

Evapora-

tion effi-

ciency  

Ref. 

Nature-Inspired, 3D Origami So-

lar Steam Generator toward Near 

Full Utilization of Solar Energy 

Hong 

et al. 

(2018) 

Graphene ox-

ide/CNT compo-

site  

1 1.59 >85% 59 

Highly efficient three-dimen-

sional solar evaporator for high 

salinity desalination by localized 

crystallization 

Wu et 

al. 

(2020) 

Nano composite 

of CNTs and cit-

rate sodium  

1 2.63 >96% 60 

Hierarchically Designed Three-

Dimensional Composite Structure 

on a Cellulose-Based Solar Steam 

Generator 

Jin et 

al. 

(2022)

  

Bacterial Cellulose 

(BC)/ reduced 

Graphene ox-

ide(RGO)/CNTs 

1 1.85 90.2% 61 

 

 

Table S3. Key parameters of CNT based solar absorbers for water purification under strong solar intensity 

Name  Year  Materials used  Solar In-

tensity 

(kWm-2)  

Evapora-

tion rate  

(kg m-2h-1) 

Evapora-

tion effi-

ciency  

Ref. 

Lightweight, Mesoporous, and 

Highly Absorptive All-Nano-

fiber Aerogel for Efficient Solar 

Steam Generation 

Jiag et 

al. 

(2017) 

Cellulose nano-

fibril (CNF)-CNT 

bilayer aerogel  

1 1.11 76.3% 44 

3 3.52 81.4% 

Simple, Low-Dose, Durable, and 

Carbon-Nanotube-Based Float-

ing Solar Still for Efficient Desal-

ination and Purification 

Gan et 

al. 

(2019) 

1) MWCNTs 2) 

Air-laid paper 

with BET surface 

area 3) Polyure-

thane sponge 

(PUS) Name: ALP-

CNTs -5mg 

 

2 1.58 — 

 

62 

Flame Synthesis of Superhydro-

philic Carbon Nanotubes/Ni 

Foam Decorated with Fe2O3 Na-

noparticles for Water Purifica-

tion via Solar Steam Generation 

Han et 

al. 

(2020) 

Fe2O3/CNT/Ni 

Foam 

nanocomposite  

2 3 91.3% 43 

3 4.27 93.8% 

Coating of Wood with 

Fe2O3‑Decorated Carbon Nano‑

tubes by One Step Combustion 

for Efficient Solar Steam Genera-

tion 

Li et al. 

(2021) 

Beech wood, Ferric 

acetylacetonate, 

CNT 

10 14.01 — 

 

67 
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An Ultrathin Flexible 2D Mem-

brane Based on Single-Walled 

Nanotube–MoS2 Hybrid Film 

for High Performance Solar 

Steam Generation 

Yang et 

al. 

(2017) 

SWNT-MoS2 film  5 6.6 91.5% 64 

Highly Flexible and Efficient So-

lar Steam Generation Device 

Chen et 

al. 2017 

CNT coated Balsa 

wood  

10 11.22  81% 66 

Extremely Black Vertically 

Aligned Carbon Nanotube Ar-

rays for Solar Steam Generation 

Yin et 

al. 2017 

VACNTs array  15 10 90% 49 

Enhanced direct steam genera-

tion via a bio-inspired solar heat-

ing method using carbon nano-

tube films 

Wang et 

al. 

(2017) 

CNT films 5 3.615 40% 47 

Recyclable Fe3O4@CNT nano-

particles for high-efficiency solar 

vapor 

Generation 

Shi et al. 

(2017) 

CNTs with mag-

netic 

Fe3O4(Fe3O4@CNT) 

1 — 43.8% 65 

3 — 23.3% 

10 — 60.32%  

All Natural, High Efficient 

Groundwater Extraction via So-

lar Steam/Vapor Generation 

Wang et 

al. 

(2018) 

CNTs 10 12 86% 48 

Multiscale Preparation of Gra-

phene Oxide/Carbon Nanotube-

Based Membrane Evaporators 

by a Spray Method for Efficient 

Solar Steam Generation 

Zhang 

et al. 

(2022) 

Graphene oxide 

(GO)/CNT 

5 4.3 70.5% 46 

 

 

Table S4. Key parameters of CNT based Solar thermoelectric generators 

Title  Year Materials Used Solar in-

tensity 

Temp. dif-

ference 

Voltage Power Ref. 

A demo solar thermoe-

lectric conversion de-

vice based on Bi2Te3 

and carbon nanotubes 

Xia et al. 

(2015) 

Bi2Te3 module and 

CNTs used as a 

cover 

110 

mWcm-2 
— 

 

400 mV — 

 

81 

Combined solar con-

centration and carbon 

nanotube absorber for 

high performance so-

lar thermoelectric gen-

erators 

Li et al. 

(2018) 
customized Be2Te3 

modules and CNTs 

absorber used in 

hot side  

6 kWm-2 

to 200 

kWm-2 

170 °C 11.6 V 11.2 W 78 

Solar Harvesting: a 

Unique Opportunity 

for Organic Thermoe-

lectrics? 

Jurado 

et al. 

(2019)

  

CoMoCat CNTs  

eDIPS CNT com-

posite   

2 kWm-2 30K — 

 

180 nW 76 
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Heat source free water 

floating carbon nano-

tube thermoelectric 

generator 

Chiba et 

al. 

(2021) 

SWCNTs 1 kWm-2 80 °C 1300 µV  22.8 

nW 

75 

Intelligent light-driven 

flexible solar thermoe-

lectric system  

Zhang et 

al. 

(2021) 

SWCNT,polyvinyl-

ide fluoride 

(PVDF) thermoe-

lectric module  

100 

mWcm-2 

50K 6.4 mV 65.7 

nW 

 

82 

Enhanced thermoelec-

tric performance and 

tunable polarity in 2D 

Cu2S-phenol superlat-

tices composites for so-

lar energy conversion 

Li et al. 

(2021) 
 p-type 

CPSL/CNT30 and 

n-type CP-SL/PEI-

CNT30 

4 pair TE module  

5 kWm-2 — 

 

6.86 mV 534.7 

nW 

71 

Novel Wearable Py-

rothermoelectric Hy-

brid Generator for So-

lar Energy Harvesting 

Zhang et 

al. 

(2022) 

CNT/CT solar ab-

sorber 

 

1.5 kWm-

2 
— 

 

3.7V — 

 

80 

All-in-one single-piece 

flexible solar thermoe-

lectric generator with 

scissored heat rectify-

ing p-n modules 

Li et al. 

(2022) 

MWCNTs  4 kWm-2 70.9 °C 3.57 mV 

per leg   

1709.2 

nW 

77 

 

 

Table S5. Key parameters of CNT based Solar hybrid generators 

Title  Year  Materials Used  Solar in-

tensity  

Voltage   Power 

density  

Power   Ref. 

Solar-driven simultane-

ous steam production 

and electricity generation 

from salinity 

Yang 

et al. 

(2017) 

CNT modified filter 

paper as light ab-

sorber Nafion mem-

brane used as the ion 

selective membrane 

and Ag/AgCl as the 

electrode system 

Natural 

solar 

power 

(avg solar 

flux 0.7 

kWm-2) 

66 mV — 

 

3 mW  86 

Exploring Interface Con-

fined Water Flow and 

Evaporation Enables So-

lar-Thermal Electro Inte-

gration Towards Clean 

Water and Electricity 

Harvest via Asymmetric 

Functionalization Strat-

egy 

Xiao 

et al. 

(2019) 

CNTs film on modi-

fied PDMS filter pa-

per 

1 kWm-2  0.55 V un-

der 1 G 

ohm load 

resistance  

— 

 

2.1 

µW 

85 

Shape Conformal and 

Thermal Insulative Or-

ganic Solar 

Zhu 

et al. 

(2019) 

Bucky sponge 

(CNT/cellulose nano-

crystals composite on 

5 kWm-2 

 

— 

 

— 

 

5.38 

mW 

73 
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Absorber Sponge for 

Photothermal Water 

Evaporation 

and Thermoelectric 

Power Generation 

a polydimethylsilox-

ane (PDMS) sponge) 

Covered the conven-

tional TE module by 

bucky sponge 

Carbon Nanotube Net-

work-Based Solar-Ther-

mal Water Evaporator 

and Thermoelectric 

Module for Electricity 

Generation 

Cao 

et al. 

(2021) 

 

CNT film covers the 

TE module 

1 kWm-2 — 

 

1.1  

Wm-2 

0.38 

mW 

72 

CNTs/Wood Composite 

Nanogenerator for Pro-

ducing Both Steam 

and Electricity 

Ding 

et al. 

(2021)  

MWCNTs modified 

woodblock 

1 kWm-2 — 

 

0.35 

mWm-2 
— 

 

84 

 

 

Table S6. Key parameters of CNT based solar water heaters  

Title  Year  Materials Used  Solar collec-

tor type and 

size  

 Solar 

inten-

sity  

(Wm-2) 

Thermal 

effi-

ciency   

Ref. 

Experimental evaluation of flat 

plate solar collector using 

nanofluids 

Verma 

et al. 

(2017) 

0.2% 

MWCNT/base 

fluid water  

 

FPC 1300  23.47% 

enhance-

ment 

com-

pared 

with wa-

ter  

107 

Evacuated tube solar collector 

with multifunctional absorber 

layers 

Sobhan-

sarbandi 

et al. 

(2017) 

‘dry-drawable” 

Carbon Nanotube 

(CNT) sheet coat-

ing 

15 layer densified 

MWCNT + 14g  

paraffin  

Evacuated 

tube Collec-

tor (ETC) 

temp in-

creased to 50 

deg C. 

947  — 

 

115 

Performance evaluation of the 

senergy polycarbonate and as-

phalt carbon nanotube solar wa-

ter heating collectors for build-

ing integration 

Pugsley 

et al. 

(2017) 

Senergy polycar-

bonate CNT 

(PCNT) and as-

phalt 

CNT(ACNT)  

FPC and ETC  800  

 

62% 

 

 

93 

Performance analysis of hybrid 

nanofluids in flat plate solar col-

lector as an advanced working 

fluid 

Verma 

et al. 

(2018) 

80% MgO and 

20% MWCNTs 

hybrid nanofluid 

FPC 800   71.54% 94 



 7 of 8 
 

 

and base fluid 

water  

Carbon nanotube nanofluid in 

enhancing the efficiency of 

evacuated tube solar collector 

Mahbu-

bul et al. 

(2018) 

0.2% SWCNT na-

noparticle with 

base fluid water.  

ETC 

  

900  66.7% 105 

Performance assessment of lin-

ear Fresnel solar reflector using 

MWCNTs_DW nanofluids 

Ghod-

bane et 

al. 

(2019) 

0.3% MWCNTs 

nanofluid mixed 

with distilled wa-

ter  

Linear Fres-

nel solar re-

flector  

   750 33.8% 103 

Thermal-hydraulic and thermo-

dynamic performances of liquid 

metal 

based nanofluid in parabolic 

trough solar receiver tube 

 

Peng et 

al. 

(2019) 

Ga-CNT nanoflu-

ids 

Parabolic 

trough col-

lector (PTCs) 

1000 

 

 

45.2% 102 

Energy and exergy analysis of a 

thermosiphon and forced-circu-

lation flat-plate solar collector 

using MWCNT/water nanofluid 

 

Eltaweel 

et al. 

(2019) 

Thermosiphn 

Nanofluid 

MWCNT/water 

FPC size re-

duced 34% 

by using 0.1  

wt% 

MWCNTs 

From 

520  

to  

914  

— 

 

106 

0.01wt% 51.29% 

0.05 wt% 56.41% 

0.1 wt% 70.67% 

Comparative investigation of ef-

ficiency sensitivity in a flat plate 

solar 

collector according to nanofluids 

Tong et 

al. 

(2020) 

0.005 vol% con-

centration 20 nm 

MWCNT 

FPC 1500  87% 98 

The stability, optical properties 

and solar-thermal conversion 

performance 

of SiC-MWCNTs hybrid 

nanofluids for the direct absorp-

tion solar collector 

(DASC) application 

Li et al. 

(2020)  
Ethylene glycol 

based SiC-

MWCNTs 

nanofluid with 

concentration of 1 

wt% hybrid 

nanofluid  

Direct Ab-

sorption So-

lar Collector 

(DASC) 

  

— 

” 

97.3% 109 

An experimental and numerical 

investigation on a paraffin 

wax/graphene oxide/carbon 

nanotubes composite material 

for solar thermal storage appli-

cations 

 

Chen et 

al. 

(2020) 

Paraffin wax/gra-

phene aerogel 

composed of gra-

phene oxide and 

CNT  

 

FPC 1000  73% 96 
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Augmenting the potable water 

produced from single slope so-

lar still using CNT‑doped paraf‑

fin wax as energy storage: ex-

perimental approach 

Cham-

kha et al. 

(2020) 

CNT-doped par-

affin wax 

Phase 

Change Ma-

terial (PCM) 

material 

thermal en-

ergy storage  

1010  58.7% 116 

Thermal Efficiency, Heat Trans-

fer, and Friction Factor Analyses 

of MWCNT + Fe3O4_Water Hy-

brid Nanofluids in a Solar Flat 

Plate Collector under Ther-

mosyphon Condition 

Saleh et 

al. 

(2021) 

0.3% volume con-

centration of 

MWCNTs+Fe3O4 

based fluid 

FPC 785  63.85% 92 

A comparison between flat-

plate and evacuated tube solar 

collectors in terms of energy 

and exergy analysis by using 

nanofluid 

Eltaweel 

et al. 

(2021) 

 

0.05% 

MWCNTs/water 

fluid  

ETC — 

 

55% 89 

Improving environmental per-

formance of a direct absorption 

parabolic trough collector by us-

ing hybrid nanofluids 

Mash-

hadian 

et al. 

(2021) 

Hybrid nanofluid 

0.04 wt% 

AlO3/MWCNTs  

Base fluid water  

Direct ab-

sorption PTC  
856  64.9% 112 

The performance response of a 

heat pipe evacuated tube solar 

collector using MgO/MWCNT 

hybrid nanofluid as a working 

fluid 

Henein 

et al. 

(2022) 

MgO/MWCNT 

And base fluid is 

water.  

 

ETC  

15 tubes  

Mass flow 

rate 1-3L/min  

— 

 

 

55.84% 111 

 

 


