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1 Supplementary Methods

1.1 Materials and Reagents

Chlorella powder, nonwoven fabric, PV panels, carbon felt, aluminum foil, and
waterproof glue are purchased from the Alibaba platform (China).
Tris(hydroxymethyl)aminoethane buffer (Tris buffer, pH = 8.5) and uranium nitrate
(UO2(NO3)2-6H20, >99.8%) are from Macklin Biochemical Co., Ltd (Shanghai, China).
Polyethyleneimine (99%, Mw:10,000) and dopamine hydrochloride (98%) are bought
from Aladdin Biochemical Co., Ltd (Shanghai, China). SYTO 9 Green Fluorescent
Nucleic Acid Stain (SYTO9) is purchased from Shanghai Fushen Biotechnology Co.,
Ltd. (Shanghai, China). Other regents are all purchased from Sinopharm Chemical
Reagent Co., Ltd (Shanghai, China). All chemicals are of analytical grade and are used

directly without further purification.
1.2 The fabrication of PPC

PPC is synthesized through Mussel-inspired synthesis and Michael addition reaction'.
Typically, 5.0 g of Enteromorpha is calcined at 600 °C for 3 hours under a N>
atmosphere. The resulting product is washed with deionized water and dried at 70 °C
under vacuum to obtain the precursor of PPC. Subsequently, 1.0 g of this precursor, 1.0
g of dopamine hydrochloride, and 1.2 g of polyethyleneimine are added to 0.4 L of Tris
buffer (pH = 8.5). The mixture is stirred for 24 hours, after which the PPC is collected,

washed with deionized water, and dried at 70 °C under vacuum.
1.3 The fabrication of HMO

HMO is synthesized according to a previously reported method® 3. Typically, the
precursor is prepared by calcining a mixture of MnCO3 and Li,CO3 (with a Li/Mn molar
ratio of 1.33:1.67) at 500 °C for 4 h in air. Subsequently, Li*/H" ion exchange is carried
out by treating the precursor in 0.5 M HCl solution for 24 h. HMO is then obtained after
being washed with deionized water until the pH of the supernatant reaches
approximately 7.0, and dried at 70 °C under vacuum.
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1.4 Characterization

The morphologies are characterized by scanning electron microscopy (SEM, ZEISS
Gemini SEM 300, Germany), with the accompanying Energy-dispersive X-ray
spectroscopy (EDS) used to qualitatively analyse the elements contained in the sample
surface. The surface functional groups are measured by Fourier Transform Infrared
Spectrometer (FT-IR, Thermo Scientific Nicolet iIS10, USA) with a sweep wavenumber
range of 400-4000 cm™'. The chemical compositions are characterized by X-ray
photoelectron spectroscopy (XPS, Thermo Scientific K-Alpha, USA). The structural
characteristics are characterized by X-ray diffraction (XRD, Rigaku Ultima IV, Japan).
The optical absorption is measured by Ultraviolet-Visible-Near-Infrared (UV-Vis-NIR)
spectrophotometer (Shimadzu UV-3600, Japan) over a wavelength ranging from 300 to
2500 nm. The water contact angle is characterized by a surface tension-contact angle
meter (SL200B, Solon Tech, USA). The evaporation enthalpy is determined by a
differential scanning calorimeter (DSC, TA DSC25, USA). The water existing state in
SAU or SALi is characterized by Raman spectroscopy, and a laser with a wavelength
of 514 nm is used (Horiba LabRAM HR Evolution, Japan). Nitrogen adsorption-
desorption isotherms are obtained by using a fully automated surface area and porosity
analyzer (Quantachrome Autosorb 1Q, USA). Before analysis, all samples are degassed
under vacuum to remove physically adsorbed species. The specific surface area is
calculated using the Brunauer-Emmett-Teller (BET) method, and pore size distributions
are derived from the adsorption branch using density functional theory (DFT). The
mechanical properties are tested by a microcomputer-controlled electronic universal
testing machine (SANS CMT5105, China). Thermogravimetric analysis (TGA) is
conducted using a thermogravimetric analyzer (NETZSCH STA 449 F5 Jupiter,
Germany) under a nitrogen atmosphere. The total organic carbon (TOC) of the
condensed water is measured by a TOC analyzer (MULTI N/C 3100, Analytik Jena,
Germany). The total dissolved solids (TDS) of the condensed water are measured by a
TDS meter (SevenCompact S230, Mettler Toledo, Switzerland). pH is measured using
a pH meter (SevenCompact S210, Mettler Toledo, Switzerland).
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1.5 Solar-driven multi-product extraction experiments

To prevent cross-interference among the extraction of multiple products, the
indoor multi-product extraction experiments are conducted independently. For indoor
water production and electricity generation experiments, unless special statements, all
studies are conducted with the PV panel of ~20 cm?. The compositions of the inlet tank

for the solar-driven multi-product extraction experiments are summarized as follows:

Experiments Inlet tank
PV cooling Deionized water
Solar-driven clean water production Deionized water
Solar-driven uranium extraction 2.5 mg L' of uranium solution
Solar-driven lithium extraction 2.5 mg L' of lithium solution

For indoor adsorption experiments, unless special statements, all studies are
conducted with the SAU or SALIi of 4 cm? with a contact time of 0.1-48 h, and the ion
concentration ranges from 2.5 to 20 mg L™! at constant stirring (200 rpm). pH value is
adjusted by HCl and NaOH, respectively. The Langmuir model (Eq. S1) and Freundlich
model (Eq. S2) can be expressed as follows*:

:quLCe: qmce
L 14K, C, K'+C,

(S1)
Vny (S2)

Where g is the theoretical maximum adsorption capacity (g g™'); K is the constant
of the Langmuir model (L mg™!). Kr and 1/ny are the Freundlich constants representing
the adsorption capacity and adsorption intensity, respectively.

The cyclic experiments are conducted continuously for 20 cycles, with each cycle
lasting 2 days. During each cycle, brine is added to the inlet tank every 12 h to ensure
a sufficient brine supply, while the solution in the outlet tank is simultaneously removed
to prevent overflow. The compositions of the inlet tank for different cyclic experiments

are summarized as follows:
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Cyeclic experiment Inlet tank composition

Clean water production Real seawater (collected from the South China Sea)
Uranium extraction Real seawater spiked with 2.5 mg L' uranium ion
Lithium extraction Real seawater spiked with 2.5 mg L™ lithium ion

The performance testing procedure follows the same protocol described above.
For cyclic lithium extraction, SALIi is regenerated using 0.1 M HCI as the eluent after
adsorption saturation, whereas for cyclic uranium extraction, SAU is regenerated using
0.1 M NaxCOs. In both cases, the elution time is 24 h. The yield (Y) of the obtained
products (lithium salt and uranium product) is calculated based on the Eq. S3 where g4

and g, was desorbed amount and adsorbed amount.

= @
9
The purity (P,p) of the obtained product is calculated based on Eq. S4 where C,,,

(S3)

and C,; are the target ion concentration and total ion concentration in the elution

solution.

P = Ctar S4
P Cy 54

1.6 Performance comparison and versatility test.

For the performance comparison in Fig. 3h, most performance data come from the
original literature. For LTO@NMC?®, n-HTO®, anti-hydrogel’, and GDHS, we
synthesize these materials and measure their equivalent adsorption capacity (unit is mg

m~instead of mg g™).

For the adsorbents in Supplementary Fig. 38, they are synthesized according to
the reported method (GDH®, and HR-COFs’). The corresponding six-stage ASP is

prepared according to Method Section in the text.

For the adsorbents in Supplementary Fig. 39, they are synthesized according to

0

the reported method (boron'® and cesium!''). The corresponding six-stage ASP is

prepared according to Method Section in the text.
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1.7 COMSOL simulations

A transient model is employed to study the salt distribution in capillary evaporation
wick. The details can be found in our reported works'?. The concentration ratio (CR) is
calculated based on Eq. S5 where Cic and C,. are inlet and outlet concentrations,

respectively.
COC
CR= S5
c (s5)

The geometric model is shown below. The length and thickness of the simulated domain

are 10 cm and 1 cm, which include the size of the lab-scale ASP.
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2 Supplementary Note

2.1 TOPSIS method

TOPSIS is a multi-criteria decision-making method to rank alternatives based on their
distances to the ideal and anti-ideal solutions'®. Although TOPSIS is not specifically
developed for adsorbent design, it has been widely applied in engineering optimization,
materials selection, and environmental decision-making problems, where multiple
conflicting criteria must be considered simultaneously'* !> 16, We use TOPSIS here
owing to its simplicity, transparency, and ability to quantitatively integrate multiple
performance indicators without requiring extensive subjective assumptions. Compared
with some other multi-criteria decision-making methods, TOPSIS provides an intuitive
geometric interpretation based on proximity to the ideal solution, making it particularly
suitable for systematically comparing adsorbents across multiple normalized criteria'’.
Assuming that “m” solutions and “n” evaluation indicators, the initial decision matrix

can be obtained:

X:

X1t Xin
P (S6)
Xml " Xmn

Where x;; is the original value of the “i”

i solution on the *;” indicator.

The decision matrix (R) is normalized by vector normalization method as follows:

Xij
L (S7)
e Xy
R= [rij]mxn (88)

The weight vector (W)= (w1, w2, wn) (W satisfied Zj’f:l w; = 1) is introduced to calculate
the weighting matrix (V):

V= [Vij]mxn (SIO)

7x)
1

The Euclidean distance from solution “/” to the positive ideal solution (D;) is calculated
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as follows:

Vi

. [ max (vij, vy,...v,) for benefit indicators
min (vy;, Vyj,...V,,;) for cost-based indicators

(S11)

(S12)

The Euclidean distance from solution “7” to the negative ideal solution (D;) is calculated

as follows:

) min (vy;, vy),...V,,;) for benefit indicators
7 | max (V1j» V2j»---Viy) Tor cost-based indicators

2,

lj=

2
| (Vz'j‘Vj)

(S13)

(S14)

The relative closeness of each solution (C;) is calculated as follows:

D;
D+ D;

i

(S15)

The maximum C; means the optimal solution. For uranium adsorbents and lithium

adsorbents selective, adsorption capacity and cycling adsorption ratio are selected as

“benefit indicators”, and equilibrium time is selected as “cost-based indicators”.

The pre-selected uranium adsorbents are shown below:

Uranium adsorbent

Uranium adsorbent

Uranium adsorbent

RGO-PDA/oxime!'®
rGO/LDH?!
PHCPs*
APGO?
CMNSC-Pro*
Porous MXene*
TMP-g-AO*
TPP-DFP*

MCFCP*#

NbsCs@UiO-66-NH,-PA ™
Fe;04@TisCo-NH,-PT2
PA-MIL-101@MWCNT?
GO-pDA-PEI
MB31
Fe;04/CFA3
Fe;04@Si0,”
MSD*

AOPAN*

CMC-PA-8%
GOG-RE®
NENP-126
HNU-50%
CSAOCF?
MIL-101-Cys3
EEA-AO%

AICH
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The pre-selected lithium adsorbents are shown below:

Lithium adsorbent

Lithium adsorbent

Lithium adsorbent

LiissFeMn, ¢7.04*
HTO-P¥
H,TiO;*
HTO-4%!

HTO-400%
HTO%
HTO-1V?’
CAC-Mn,,*
Nix-MnO2/BC%

HMO nanorods*
HMO spherical*®
HMO-R*
HMO-S*
HMO-F>°
HMO-3D*
HMACO-0.04%3
HMO-L®!

Hs4Mns01%

HMO-4%Mg*
HMO-4%Al1%
HMO*
LFMO0-0.05°?
MIL-121-H,>*
Li/Al-LDHs%
LIPs®
LMO®
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2.2 The characterization of SAU and SALi

Compared to the commercial carbon felt (Supplementary Fig. 6a), the pores of SAU
and SALi are filled by their respective gels; that is, PPC-doped sodium alginate gel for
SAU (Supplementary Fig. 6b) and HMO-doped sodium alginate gel for SALi
(Supplementary Fig. 6¢). Elemental mapping analysis confirms the homogeneous
distribution of key elements (nitrogen (N) and manganese (Mg) for PPC and HMO,
respectively), indicating uniform dispersion of the above adsorbents inside
(Supplementary Fig. 7). Fourier-transform infrared spectroscopy (FTIR) spectra of
PPC and SAU are shown in Supplementary Fig. 8. For PPC (Supplementary Fig. 8a),
the peaks at about 1082 and 1422 cm™! are associated with C-N® % The peaks around
1460 and 1498 cm' can be attributed to C=C vibration®’” and N-H vibration®®,
respectively. The peaks at about 1389 and 1583 cm™ are associated with nitrogen
doping® and ring vibrations of PDA’. In comparison, characteristic peaks
corresponding to PPC are largely absent on the SAU surface (Supplementary Fig. 8b),
probably caused by the effective encapsulation by the sodium alginate gel matrix. The
large peak at about 3438 cm™ is indexed to the -OH stretching of sodium alginate gel
in SAU’!. X-ray photoelectron spectroscopy (XPS) analysis (Supplementary Fig. 9)
further corroborates the chemical state and surface functional groups of SAU. The Cls
peak can be divided into 284.3, 286.0, and 287.6 eV, indexed to C-C, C-O, and C=0,
respectively (Supplementary Fig. 9b)’> 3. The O1s peak can be fitted by two peaks at
around 532.4 and 530.5 eV, indexed to C-O and C=O0, respectively (Supplementary
Fig. 9b)’3. Finally, X-ray diffraction (XRD) patterns provide definitive evidence for the
presence of HMO in SALi (Supplementary Fig. 10). The water contact angle
measurements show that a 3 plLL water droplet is instantaneously absorbed upon the
surface of either SAU or SALi (Supplementary Fig. 11), demonstrating their strong

hydrophilic nature.
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2.3 Evaporation performance of ASP

Compared to the pure water system (0.33 kg m™ h™!), the single-stage SAU-based ASP

2 h') under 1 sun irradiation

exhibits a higher evaporation flux (1.77 kg m’
(Supplementary Fig. 16a), while the SALi-based ASP demonstrates a similar
evaporation performance (Supplementary Table 2). Both SAU and SALi possess low
evaporation enthalpies of 1.71 and 1.68 MJ kg™, respectively (Supplementary Table
2), contributing to their evaporation fluxes exceeding the thermodynamic evaporation
limit (1.47 kg m™ h™! under 1 sun). This reduced enthalpy is attributed to the presence
of intermediate water in SAU and SALi (Supplementary Fig. 17). We further evaluate
the evaporation performance of the single-stage SAU-based ASP under varying solar
fluxes (Supplementary Fig. 16b). As the light intensity increases from 0.5 sun to 1.5
sun irradiation, the evaporation flux rises from 0.88 to 2.72 kg m h!. The SALi-based

ASP shows comparable evaporation behavior (Supplementary Table 2).
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2.4 Thermal balance analysis

As the first chamber involves no phase-change heat recovery, the calculation is thus

performed on the second chamber to the sixth chamber of the 6-stage ASP. The phase-

change heat recovery efficiency (77,5 1=2, 3, ...6) is calculated based on the Eq. S16

where 71; is the evaporation flux of the i chamber (i=2, 3, ...6); h,, is the
evaporation enthalpy obtained by DSC measurements, shown in Supplementary Table
2; T,,, is the capillary wick’s temperature of the i’ chamber (i=2, 3, ...6); T} is the
inlet temperature (25 °C); WPR,., is the water production rate of the (i-1)™ chamber

(i=2, 3, ...6); M1y is the condensation latent heat of the (i-1)™ chamber (i=2, 3, ...6),

obtained from the Handbook of Thermodynamics. Note that the inlet water is preheated
during operation, providing additional sensible heat that contributes to vapour
generation. Given the complexity of the multiple water transfer pathways in the multi-
stage ASP the temperature of the bottom water container is adopted as the effective inlet
temperature (7,) for analysis.

. mi'(hlve+cp(Tcwi'TO))

THRE " WPR Ry (510)
The detailed parameters for each stage of ASP are shown below:
i m; (kgm?h")  T,; (°C)  WPR; (kgm?h™)  hy,; (MJI kg")
1 1.75 42.8 1.26 2.409
2 1.41 38.7 1.01 2.416
3 1.01 354 0.76 2.422
4 0.67 32.5 0.51 2.431
5 0.39 29.6 0.30 2.436
6 0.20 27.2 0.15 2.441

Note that 71, T.,;, WPRg, and h;,. are not used in the phase change heat recovery
calculation.

Based on the above parameters and Eq. S16, the phase-change heat recovery efficiency

(n HREi® i=2, 3, ...6) is calculated below:
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i 2 3 4 5 6

.. 82.3% 72.6% 63.4% 54.7% 47.1%

The phase-change heat recovery efficiency of the ASP declines gradually, mirroring the
trend observed in conventional multi-stage systems. In addition, we also compare the

temperature of the capillary wick (7,,,) and the condenser (7,;), as below:

i 1 2 3 4 5 6
T, (°C) 42.8 38.7 35.4 32.5 29.6 27.2
T.; (°C) 39.1 35.8 32.8 29.8 273 26.1

For each chamber, the temperature of the capillary wick is slightly lower than that of
the preceding condenser. As a result, a certain amount of heat loss is inevitable during
the phase-change heat recovery process, including non-ideal heat release during
condensation, conductive heat losses, and other irreversible thermal losses within the
enclosed chamber. The primary objective of this calculation is to demonstrate the
feasibility and overall trend of multi-stage phase-change heat recovery. Therefore, a
strict quantification of the highly coupled heat-transfer processes within the enclosed
chamber is not performed. Nevertheless, these heat losses do not alter the fundamental
physical mechanism or the main conclusions of this work, namely that the evaporation
temperature decreases progressively from chamber to chamber and that a portion of the
condensation heat is effectively recovered to drive subsequent evaporation.

Although the multi-stage phase-change heat recovery efficiency has been estimated, the
detail energy transfer in the multi-stage system is non-trivial due to the complex inter-
stage heat transfer, evaporation-condensation coupling, and distributed heat losses. In
particular, the recycled latent heat across stages cannot be clearly represented as
independent energy pathways without oversimplification. Therefore, we only evaluate
the energy transfer in first chamber of 6-stage ASP under 1 sun. The energy loss is

mainly composed of optical loss, radiation loss, convection loss and heat conduction

loss. The optical loss (Q ) is obtained from Supplementary Fig. 2. The PV electricity

generation (QEg) is obtained from Fig. 3a. The radiation loss Q. is calculated by Eq.
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S17 where A,y is the area of the PV panel; ¢ is the emissivity; and o was the

Boltzmann’s constant (5.67x10% W m? K™); T, is the steady-state average

temperature of the PV panel, and T, is the ambient temperature (K).

Q= Acgeo(T51-T50) (S17)
The convective loss O is calculated by Eq. S18 where A, is the convective heat
transfer coefficien.

Qo= Aeﬁheﬂ(T s1-Ts0) (S18)
The conduction loss Q. is calculated by Eq. S19 where C, is the specific heat

capacity of water; m is the mass of water in the bottom tank ; AT was the temperature

change of water in the bottom tank within a certain irradiation time.

Qcond: CPmAT (819)
The energy consumption required for evaporation (Q, ) is calculated by Eq. S20.

Qeva:1OO_Qcond_Qconv_Qrad_Qol_QEg (820)
Based on the above Equations, a Sankey diagram can be obtained in Supplementary

Fig. 18.
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2.5 Outdoor experiments

The outdoor experiments are conducted in Shenzhen (China). The experiment is
conducted in natural seawater (from the South China Sea). The weather conditions are
recorded by the weather station (FT-SQS5, China; TES-1333R, China). The PV output
is recorded by PV meter (PVT801, China). The condensed water is collected every 2
hours to calculate the outdoor water production rate. The sum of the water production
rate is water production amount. The related weather conditions and water production

performance for each time period are as follows:

Average solar ~ Average wind ~ Average WPR PV temperature
Time period

flux (kW m?)  speed (ms™) (kg m? h') (°C)
08:00-10:00 0.48 1.09 1.93 27.8
10:00-12:00 0.71 2.44 2.55 40.1
12:00-14:00 0.72 2.08 2.59 40.6
14:00-16:00 0.51 1.40 2.11 36.1
16:00-18:00 0.17 0.82 0.81 28.1

The ion concentrations in the corresponding condensed water, the original seawater,
and the concentrated seawater are measured by ICP-OES. Before calculating the
adsorption capacity (4C), the solution in the tank is replenished to its original weight
with deionized water. The adsorption capacity (4AC) is still calculated using Eq. 3,
where Cp and C. are provided in Supplementary Tables 5 and 6; V'is 40 L, and S is
1920 cm?. The ion recovery efficiency (IRE) is calculated according to Eq. S21, ca

83.2% for lithium and 90.1% for uranium, respectively.

IRE =

7 Co (S21)
The ASP’s selectivity for lithium and uranium ion under the competing cations of
seawater is analyzed by using the selectivity coefficient, which can be calculated by

Egs. S22 and S237%.
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; q e—Li/ Ce-Li
fo = — S22
M qe—Me/ Ce-Me ( )
oy, = v/ Cev. (523)
qe—Me/ Ce-Me

Where o}, and oY, are the selectivity coefficient of lithium ion and uranium ion to
other metal ions, respectively; ¢, ,. and g, are the lithium and uranium adsorption

capacity in seawater, respectively; C,;; and C,; are the lithium ion and uranium ion

concentration after outdoor experiments, respectively; is the adsorption capacity

qe—Me
of other metal ions in seawater; C,_ isthe ion concentration of other metal ions after
outdoor experiments. All above parameters are provided in Supplementary Tables 5

and 6.
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2.6 Technology and economic analysis

(1) The annual output estimation of ASP

The ASP’s output is calculated below: The average solar flux of the outdoor experiment
is about 0.52 sun, and the outdoor operation time is about 10 h. Based on this outdoor
data and the average daily solar flux in Hong Kong (~ 5.2 kWh m™), the annual ASP

output can be estimated below:

PV output (kW h m?) WPR (kg m?)
Outdoor Total solar flux: 1.02 19.82
experiments 5.2 kW h m™ Uranium (mg m~) Lithium (mg m?)
0.71 31.23
PV output (kW h m?) WPR (kg m)
Estimated annual Total solar flux: 286 5570
ASP output 1460 kW h m™ Uranium (g m) Lithium (g m?)
0.20 8.77

In view that LiCl and UO2CO3-Na,COs are the typical high-value chemical products
for the lithium and uranium industries, the products of the ASP can be converted into
industrial products of equivalent value based on the principle of conservation of

elements. The annual ASP output can be estimated below:

Items Output Items Output
PV output (kW h) 286 Electricity (kW h) 286
WPR (kg) 5570 Clean water (kg) 5570
Uranium ion (g) 0.20 UO,CO3-NaxCOs (g) 0.403
Lithium ion (g) 8.77 LiCl (g) 53.5

The annual ASP output can be estimated below. Note: The price of the electricity, water,
UO2CO3-NaxCO;s and LiCl come from

https://www.globalpetrolprices.com/China/electricity prices/

https://www.energymonitor.ai/tech/can-desalination-save-a-drying-world/,
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https://www.cameco.com/invest/markets/uranium-price

and

https://www.cbcie.com/lithium/price/list/600593.html, respectively. The area of ASP is

about 1 m%:
Items Output Items Profit (US$)
Electricity (kW h) 286 Electricity 20.03
Clean water (kg) 5570 Clean water 5.56
UO,CO;3NaxCOs (g) 0.403 UO,CO;3NaxCOs 0.065
LiCl (g) 53.5 LiCl 0.54
Total - Total 26.20 US$

(2) The extraction cost analysis

From a complete life-cycle perspective, the total cost of seawater resource extraction
by ASP can be divided into fabrication, operating, maintenance and decommissioning
cost.

B The fabrication cost of ASP

The costs of each unit when fabricating 1 m? 6-stage ASP (the first three stages are SAU

and the last three are SALi) are listed below:

Item Value Amount Sum (USS$)
PV panel ~US$ 42.1 m? 1 m? 42.1
Waterproof glue ~US$4.02L" 0.5L 2.01
Aluminum tape ~US$ 2.1 m? 6 m? 12.6
Acrylic frame ~US$ 10.2 m™ 1.2 m? 12.24
Bolt ~US$ 0.14 item™! 12 items 1.7
Condensation plate ~US$ 4.2 m? 1 m? 4.2
Human resource ~US$ 3.7 m? 1 m? 3.7
Total USS$ 78.55

Assuming the capillary wick (SAU and SALi) is replaced annually (see below), the

capillary wick related costs are included in the maintenance and operating cost.


https://www.cameco.com/invest/markets/uranium-price
https://www.cbcie.com/lithium/price/list/600593.html

B The operation and maintenance cost of the ASP

Since the ASP operates under natural solar irradiation, its operating costs mainly come
from seawater pumping cost and capillary regeneration cost (including displacement
and crystallization cost). Given the saturated adsorption capacity of SAU and SALAi,
SAU and SALi in the ASP needs to be regenerated every ~1/3 year and > 3 years,
respectively. SALi is regenerated by hydrochloric acid solution, and the resulting
solution is evaporated and crystallized to obtain pure LiCl. The cost of displacement
and crystallization is approximately US$ 1.68 kg™! LiCl. SAU is regenerated using
sodium carbonate solution, and the resulting solution is desorbed, impurity-removed,
evaporated and crystallized to obtain UO2CO3;'NaxCO;. The related cost is
approximately US$ 1.79 kg™! UO.COj3-Na,COs. Based on the ASP output, the cost of

the regeneration process is shown below (Note: The area of ASP is about 1 m?):

Items Output (g) Items Cost
UO,CO3-NaxCOs 0.403 UO0,CO;-NaxCO; 0.72 x 107

LiCl 53.5 LiCl 9.01 x 10

Total - Total US$9.08 x 102

We assume that the capillary wick is replaced annually. Rather than recycling the
adsorbent from the capillary wick, the wick is incinerated, which leads to negligible

disposal costs. The capillary wick-related costs are shown below.

Item Value Amount Sum (USS)
SAU ~US$ 1.4 m? 3 m? 4.2
SALi ~US$ 3.4 m? 3 m? 10.2
Non-woven fabrics ~US$ 0.2 m? 12 m? 2.4
Total USS$ 16.8

The seawater pumping cost is estimated as follows: In the one-day outdoor experiment,
the PV panel of ASP has an area of 0.192 m?, and the corresponding ASP water tank

volume is 57.6 L. Under the same operating conditions, the annual seawater pumping
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volume for a 1 m?> ASP can be obtained. The used pump has a pump efficiency of 50%,
and an electricity price of approximately US$ 0.10 kWh!, thus resulting in an estimated
energy consumption of approximately 0.02 kWh m™ seawater. Based on these, the
annual pumping energy consumption and associated cost for a 1 m? ASP can be

calculated below.

Project Value Project Value
Daily seawater pumping Annual pumping energy
300 L 2.2 kWh
amount consumption

Annual seawater pumping
110 m? Annual pumping cost US$ 0.20
amount

Because the ASP is essentially a type of PV system, its maintenance cost can be
estimated following standard PV TEA methodology. Typically, annual maintenance
costs account for approximately 1% of the initial capital investment (~ US$ 1.02)".
Overall, the annual operation and maintenance cost of the 1 m? ASP is approximately
US$ 18.11.

B The decommissioning cost of ASP

Since the ASP is essentially a type of PV system, its decommissioning cost can be
estimated following standard PV TEA methodology. Typically, the decommissioning
costs are negligible’®, as materials such as aluminum from the dismantled PV panels
can be recycled.

B The total annual extraction cost of ASP

Before calculation, we assume that the service life of ASP is 20 years. The total annual
extraction cost of ASP can be calculated based on Eq. S24 where C,., Cy, C,., and

C,. are the total annual extraction cost, fabrication cost, operating and maintenance

cost, and decommissioning cost, respectively.

Cr + Cppex20 + C
Caec _ ‘fc omzco dc (824)

Given that the ASP can produce various products, including electricity, water, lithium,

and uranium, the extraction cost of these products is calculated using the product profit
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allocation method based on Eq. S25 where C,,.; is the extraction cost of different

products (i=¢lectricity, water, lithium, and uranium), C,

p-i 18 the product annual profit

(i=electricity, water, lithium, and uranium), and C,, is the product annual profit.

Cop-i
Caec-i = g_pcaec (825)
pp

The extraction cost of various product is shown in Supplementary Table 7.
(3) Sensitivity analysis of annual net income

The annual net income over the entire service life (assumed as 20 years here) is
influenced by the lifespan of the capillary wicks. Therefore, a sensitivity analysis of the
ASP is performed on the annual net income under different lifespan of the capillary
wicks based on Eq. S26 where C,,; is the annual net income; C,. and C,,. are the
regeneration cost and maintenance cost, respectively (the sum of C,. and C,,. are
USS$ 1.31); C,., isthe cost of capillary wicks (US$ 16.8); N is the lifespan of capillary
wicks (1, 2, 3,... and 20).

20
Cpp* 20 - Cp CpetCre)* 20- 57 XCoy (S26)

C P—
ani 20
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2.7 Environmental impact analysis of ASP based on a cradle-to-grave

life cycle assessment (LCA)

(1) Objectives, scope, and system boundary

This study conducts a LCA to quantify the environmental impacts associated with ASP,
primarily including the following indexes: Global Warming Potential, Primary Energy
Demand, Water Consumption, Eutrophication Potential, and Human Toxicity Potential,
etc. The LCA methods follow ISO 14040 and ISO 14044 standards’”-7®. The functional
unit is defined as the treatment of 1 m® of seawater using the ASP. All environmental
impact indicators are normalized to this functional unit to ensure comparability and
consistency. The system boundary contains three main stages: (i) ASP fabrication,
including PV panel manufacturing, capillary wick fabrication, and the production of
external frames and connectors; (ii) operation and maintenance, such as capillary wick
regeneration and replacement, as well as pumping processes; and (iii) decommissioning,
including the recovery of high-value components and the disposal of non-recyclable
materials. Infrastructure construction, transportation, capital equipment, and human
resources are excluded from the assessment, consistent with laboratory-scale LCA
practices and not expected to change comparative conclusions. The service life of the
ASP is assumed to be 20 years, while the capillary wicks (SAU and SAL1i) are replaced

annually.

(2) Life cycle inventory

B The fabrication inventory

The abbreviations of “Global Warming Potential, Primary Energy Demand, Water
Consumption, Eutrophication Potential, and Human Toxicity Potential” is GWP, PED,
WC, EP, and HTP, respectively, with the unit of “kg CO»-eq unit!, MJ unit!, L unit ™,
kg POs-eq unit!, kg 1,4-DCB-eq unit'”. The emission factors used in the fabrication
section are shown below (Note: (1) The most used data come from the Ecoinvent v3.8

database; (2) Aluminum materials assume secondary aluminum production):

S25



Component Unit GWP PED WC EP HTP
PV module m? 900 12000 2000 0.5 150
Aluminum tape kg 2.5 20 10 2.0 %107 0.5
Acrylic frame kg 3.8 90 30 4.0x 1073 1.1
Steel (bolt) kg 2.1 35 15 2.5x107 0.6
Waterproof glue kg 3.2 80 25 3.5x10% 0.9
Condensation plate kg 8.6 150 80 1.0 x 102 2.4

B The regeneration and operation inventory:

Emission factors used in this section are shown below:

Component Unit GwWP PED WwC EP HTP
Electricity
kW h 0.7 8.5 2 1.8 x 10 0.12
(China grid)
HCI (Industrial) kg 1.6 12 15 3.0 x 107 0.45
N32C03
kg 1 8 10 2.0x 107 0.35
(Solvay process)
Fresh water
m? 0.35 5 1000 8.0 x 107 0.05
(Process)

B The capillary wick replacement inventory (annual):
Emission factors used in this section are shown below (the disposal emission of the

capillary wick is included inside):

Component Unit GWP PED wC EP HTP
SAU + non-woven
m? 39 82.5 60 6.25 x 1073 1.275
fabrics
SALIi + non-woven
m? 4.3 87.5 65 7.25 % 107 1.425

fabrics

B The decommissioning inventory:

The decommissioning impacts of the ASP mainly arise from the treatment of PV
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modules and structural metallic components, particularly aluminum. Aluminum
components are assumed to be recycled at high recovery rates (>95%), consistent with
industrial practice for construction-grade aluminum. Therefore, aluminum-related
decommissioning emissions are substantially reduced but not assumed to be zero. For
a typical PV system, the decommissioning stage typically contributes approximately
less than 10% of total cradle-to-grave emissions’, with the majority of impacts

occurring during PV manufacturing stages.
(3) Environmental indicators

Based on the above parameters, the detailed environmental indicators can be obtained,

as shown below:

Environmental indicators Value per m*
GWP 15.4 kg CO2-eq
PED 195 MJ
WC 470 L
EP 1.9 x 10? kg POs-eq
HTP 5.3 kg 1,4-DCB-eq

Based on the profit margin of each product, the total emissions are allocated to each
product, with the results shown in Supplementary Table 8. Given that ASP enables
the co-production of four products, that is, electricity, freshwater, lithium salts, and
uranium compounds, we have benchmarked their environmental impacts against
established industry technologies, namely PV (~49.9 g CO-eq per kW h)*°, seawater
381

reverse osmosis (~3.258 kg COz-eq per m”)*", brine-based lithium extraction (~17.4 kg

COs-eq per kg)®, and conventional uranium processing systems (~52 kg COs-eq per
kg)®!. The comparison results are shown in Fig. 5i. Note that while additional
environmental indicators (e.g., PED, WC, EP, and HTP) are also relevant, GWP is
selected for benchmarking because it is the most consistently reported metric across

LCA studies of the above systems, thereby ensuring comparability.
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(4) Sensitivity analysis

To evaluate the influence of capillary wick lifespan on the overall environmental
performance of the ASP, a one-factor sensitivity analysis is conducted, taking GWP as
an example. In this sensitivity analysis, the total GWP values are calculated by varying
the capillary wick lifespan from 1 to 20 years while keeping all other parameters

constant. The results are shown in Fig. 5j.
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3 Supplementary Figures and Tables
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Supplementary Fig. 1 | The schematic diagram of ASP.
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Supplementary Fig. 2 | Photothermal conversion ability of commercial PV panel. (a) UV-
Vis-NIR spectra of commercial PV panel; and (b) Infrared photos of PV panel with or without

SAU under different solar flux.
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Supplementary Fig. 3 | The water collection rate (WCR) of the aluminum foil with different

wettability and air gap distance (Data are presented as mean values + standard deviation from

three independent experiments).

Supplementary Fig. 4 | SEM images: (a) PPC; and (b) HMO.
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Supplementary Fig. 5 | EDS mapping images of PPC.

Supplementary Fig. 6 | SEM images: (a) carbon felt; (b) SAU; and (c¢) SALI.
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Supplementary Fig. 7 | EDS mapping images of SAU and SALI.
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Supplementary Fig. 8 | FTIR spectra: (a) PPC; and (b) SAU
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Supplementary Fig. 9 | XPS spectra of SAU: (a) Full survey spectrum; (b) The high-resolution

Cls; and (c) The high-resolution Ols.

Supplementary Fig. 10 | XRD patterns of SALI.
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Supplementary Fig. 11 | Water contact angle of (a) SAU; and (b) SALI.
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Supplementary Fig. 12 | Thermogravimetric curves: (a) SAU; and (b) SALI.
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Supplementary Fig. 13 | Pore size distribution of (a) PPC, SA, and SAU; and (b) HMO, SA,

and SALI.
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Supplementary Fig. 14 | Adsorption capacity based on adsorbent (Data are presented as mean
values =+ standard deviation from three independent experiments). Compared to pristine powder
adsorbents (PPC and HMO), the adsorption capacity of SAU and SALi reduces ~4.5% and
8.9%, respectively. The adsorption experiments are conducted in 2.5 mg L' uranium solution

or 2.5 mg L' lithium solution.
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Supplementary Fig. 15 | The adsorption isotherms: (a) SAU; (b) SALI.
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Supplementary Fig. 16 | (a) Mass change curves of SAU-based single-stage ASP and pure
water under 1 sun; and (b) Mass change curves of SAU-based single-stage ASP under different

solar flux.
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Supplementary Fig. 17 | Raman curves of water in (a) SAU; and (b) SALI.
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Supplementary Fig. 18 | Sankey diagram of the energy transfer in the first chamber of the 6-

stage ASP under 1 sun.
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Supplementary Fig. 19 | The outlet and inlet salinity of the capillary wick in the first chamber
of the 6-stage ASP during the cycle experiments. The outlet and inlet salinity is recorded by a
salinity meter (ADSTR-501, ADVA Lab, USA). The wick in the first chamber exhibits the
highest evaporation flux, resulting in the highest outlet salinity. As saturation is not reached in

the wick of the first chamber, all subsequent chambers of the 6-stage remain below saturation.
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Before cycle

After cycle

Digital photos Fluorescence images

Supplementary Fig. 20 | Digital photographs and partial three-dimensional fluorescence
images of the SAU before and after cyclic experiments. Live-cell staining is performed using
SYTO 9 Green Fluorescent Nucleic Acid Stain (SYTO9). Samples are incubated with SYTO9
at a final concentration of 5 pM at room temperature for 30 min in the dark. After staining,
samples are mounted on glass slides and imaged using a laser scanning confocal microscope.
SYTO9 fluorescence is excited at 488 nm and detected between 500 and 550 nm. Green
fluorescence indicates living cells. Even after cyclic experiments, no noticeable salt deposition
or biofilm formation is observed on the surface of the capillary wick. Although the seawater
and capillary wick are not sterilized, only a sparse microbial presence is detected on the wick
surface under long-term operating conditions. Importantly, the high-salinity environment of the
capillary wick effectively suppresses microbial proliferation, thereby preventing the formation

of a thick and continuous biofilm.
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Supplementary Fig. 21 | EDS mapping images of SAU after the cycle experiment. After
the cycling experiments, the unwashed SAU samples are directly dried and subjected to EDS
analysis, representing a worst-case scenario for potential salt accumulation. Considering that
SAU is crosslinked by Ca*" and that Ca**, Na*, Mg*", and K" are the major ions present in
seawater, the elemental analysis focused on Na*, Mg*", and K'. The results show that the
potassium (K) signal is below the detection limit, and therefore, no corresponding elemental
mapping is presented. The atomic contents of magnesium (Mg) and sodium (Na) are relatively
low, at 0.66% and 1.88%, respectively. In addition, SEM observations revealed no obvious large
salt crystallization from the side part of SAU. These observations indicate that no significant
macroscopic salt accumulation or surface pore blockage occurs on SAU after repeated cycling.
Combined with the stable adsorption performance over multiple cycles, the results suggest that

pore clogging does not occur.
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Supplementary Fig. 22 | SEM images of SAU: (a) before and (b) after cyclic experiments.
SEM images of SALi: (c) before and (d) after cyclic experiments. After cyclic experiments,

the surface of the capillary wicks (SAU and SALi) became smooth.
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Supplementary Fig. 23 | FTIR spectra of SAU before and after regeneration.
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Supplementary Fig. 24 | XRD patterns of SALi before and after regeneration.
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Supplementary Fig. 25 | The water contact angle of different samples. SAU and SALi still

exhibit hydrophilicity after cycle experiment because their water contact angle remained ~ 0°.
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Supplementary Fig. 26 | Tensile stress-strain curves: (a) SAU before and after cyclic
experiments and (b) SALi before and after cyclic experiments. From these curves, the tensile
strength of SAU shows little change (0.19 MPa before vs. 0.18 MPa after cycling), while that
of SALi decreases by about 13% (from 0.19 MPa to 0.16 MPa). Correspondingly, the mass
losses after cycling are 3.7% for SAU and 5.5% for SALi. Overall, both SAU and SALi exhibit

good mechanical performance and mass integrity after repeated cycling, with SAU exhibiting

slightly better stability.
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Supplementary Fig. 27 | Structural diagram of the series connection of 6-stage SAU-based

ASP and SALi-based ASP.
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Supplementary Fig. 28 | Structural diagram of the parallel combination of SAU and SALi in

a single six-stage ASP.
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Supplementary Fig. 29 | Diagram of the ASP scaling way when large-area implementation.

Note that every ASP has its own solution inlet.
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Supplementary Fig. 30 | The uranium ion (U) and lithium ion (Li) extraction amounts by ASP
under different modes (Data are presented as mean values + standard deviation from three
independent experiments). The extraction experiments are conducted in real seawater spiked

with 2.5 mg L' uranium ion and 2.5 mg L' lithium ion.

Supplementary Fig. 31 | The digital photos of seawater flow in single-stage ASP under dark
conditions. The flow behavior of a multi-stage ASP under dark conditions is similar to that of

a single-stage ASP.
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Supplementary Fig. 32 | (a) The uranium adsorption capacity and (b) the lithium adsorption
capacity of parallel ASP architecture (Data are presented as mean values + standard deviation
from three independent experiments). Given that the actual outdoor average solar flux does not
exceed 1 sun, the intermittent adsorption performance of ASP is evaluated only under 0.5 sun
and 1 sun conditions. For the 0.5 sun test, ASP is irradiated under 0.5 sun for 8 h, after which
its adsorption performance at day is calculated. The ASP is then transferred to dark conditions
and maintained for 16 h, followed by evaluation of its adsorption performance at night. The 1
sun test is conducted using the same procedure. The results indicate that ASP can still adsorb
target ions, albeit with reduced adsorption performance under dark conditions. In other words,
the ions adsorbed on the ASP do not desorb under dark conditions. The adsorption experiments

are conducted in real seawater spiked with 2.5 mg L' uranium ion or 2.5 mg L™! lithium ion.
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Supplementary Fig. 33 | Mean squared displacement (MSD) of UO»?* in SAU within different
temperatures. Note that the slope of the curve represents the simulated diffusion coefficient.

The calculation method can be found in the reported work®?.
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Supplementary Fig. 34 | (a) The uranium adsorption capacity of SAU; and (b) The lithium
adsorption capacity of SALi under different temperature. The adsorption experiments are

conducted in 2.5 mg L™ uranium solution or 2.5 mg L™ lithium solution.
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Supplementary Fig. 35 | (a) The uranium adsorption capacity of SAU; and (b) The lithium

adsorption capacity of SALi under different concentration.
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Supplementary Fig. 36 | Effect of ionic strength on the adsorption capacity of SAU and SALIi
(Data are presented as mean values + standard deviation from three independent experiments).

The adsorption experiments are conducted in 2.5 mg L' uranium solution or 2.5 mg L™! lithium

solution.
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Supplementary Fig. 37 | The adsorption capacity of ASP in real seawater: (a) uranium

adsorption by SAU-based ASP; and (b) lithium adsorption by SALi-based ASP (Data are

presented as mean values + standard deviation from three independent experiments).
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Supplementary Fig. 38 | The uranium adsorption capacity of ASP fabricated by different

adsorbents: GDH® and HR-COFs’. The fabrication details are provided in Supplementary

Method. The adsorption experiments are conducted in 2.5 mg L' uranium solution.
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Supplementary Fig. 39 | The cesium and boron adsorption capacity of ASP fabricated by the
corresponding adsorbents (Data are presented as mean values + standard deviation from three

independent experiments).
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Supplementary Fig. 40 | (a) Future design of ASP for multi-product extraction; (b) Optimized
design of ASP based on multi-objective optimization (such as concentration, capacity

performance, and competing ions, etc).
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Supplementary Fig. 42 | The outdoor weather conditions. RH-relative humidity; T-ambient

temperature; WS-wind speed.
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Supplementary Fig. 43 | The high-resolution XPS spectra of U4f: (a) SAU before and (b) after

uranium adsorption.
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Supplementary Fig. 44 | The XRD pattern of SALi before and after lithium adsorption.
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Supplementary Fig. 45 | The ion concentrations in the pristine seawater and distilled water.
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Supplementary Table 1 | Comparison of ASP with representative seawater resource extraction approaches

84, 85 86, 87, 88, 89, 90

A N Driving force/Energy Control system Mass transport/Separation Efficiency & Key limitations under off-grid
pproac . . : . . o
input complexity mechanism productivity marine conditions
High energy demand;
_ complex control; electrode
: : High : o o o
] Continuous electrical ) . Electric-field-driven ion Low under ultra- degradation; limited stability
Electrochemistry . (Including electrolytic o ) - ) _ )
input migration dilute conditions in marine off-grid
cells, pumps, etc.) ) )
environments; typically for
single-resource extraction
Material degradation; limited
. Moderate ) . o
) Continuous or _ ) Photo-induced redox or Low under ultra-  scalability and stability in real
Photochemistry ) ) o (Including adsorption . ) - . )
intermittent light input adsorption processes dilute conditions seawater; mainly for uranium
reactor, pumps, etc.) )
extraction
. Membrane fouling; limited
Moderate to high ) o o
. ) _ Size/charge-based selectivity in complex ionic
Continuous electrical (Including membrane ) Low under ultra- . o
Membrane selective transport through matrices; non-negligible

input

module, pumps, pressure

control, etc.)

membranes
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Sluggish kinetics; incomplete

Moderate Low to moderate active-site utilization;
Passive or low external Diffusion-limited selective
Adsorption (Including adsorption under ultra-dilute  potential material degradation
energy adsorption
reactor, pumps, etc.) conditions in multi cycles; typically for
single-resource extraction
Moderate to high
Evaporation-induced Moderate under Currently limited by
Continuous or (Including passive
ASP (this work) capillary flow + selective ultra-dilute adsorption material selectivity

intermittent light input

evaporator, PV panel,

etc.)

adsorption

conditions

and long-term durability
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Supplementary Table 2 | The performance comparison of SAU and SALi-based single-stage

ASP.
Performance

Solar flux SAU SALi

indicators
0.5 sun 0.88 0.84

Evaporation flux

1.0 sun 1.75 1.73

(kgm?h™)
1.5 sun 2.72 2.70
0.5 sun 0.62 0.63

Water production rate

1.0 sun 1.26 1.24

(kg m? h')
1.5 sun 1.84 1.87
0.5 sun 63.2 61.8

PV output
1.0 sun 124.6 125.4

(mW)
1.5 sun 186.1 185.7
Evaporation enthalpy

- 1.71 1.68

(MJkg™")

Supplementary Table 3 | The TOC, TDS, and pH value of condensed water.

TOC (mg L) TDS (mg L) pH
Ist cycle 1.8 2.7 7.2
Sth cycle 1.6 2.4 7.2
10th cycle 1.7 23 7.1
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Supplementary Table 4 | The adsorption capacity and temperature of every chamber’s
capillary wick in the 6-stage ASP when operating in natural seawater for 7 days under 1 sun

(Data are presented as mean values =+ standard deviation from three independent experiments)...

. Temperature Uranium adsorption Lithium adsorption
l (°C) capacity (mg m) capacity (mg m)
1 42.6 +0.02 2.9+0.05 173.1+2.7

2 38.9+0.01 1.9+ 0.04 113.2+33

3 35.1+£0.06 1.7+0.08 945+1.5

4 324+0.04 1.4+0.04 69.8+2.4

5 29.8 +£0.02 1.0+£0.17 61.8+4.4

6 27.5+£0.04 0.8+£0.22 51.8+0.3

Supplementary Table 5 | Lithium separation performance of ASP from other cations in natural

seawater (Some data are presented as mean values + standard deviation from three independent

experiments).
Co C. AC q.
Cations aki,
(mmol L") (mmolL?') (mmolm?) (mmolg!HMO)
Li ~0.026 ~0.004 4.50+0.02 0.177 £0.002 1
Na ~462.2 ~462.198 0.48 +0.03 0.018 +0.002 ~1.08 x 10°
K ~10.3 ~10.298 0.37 £0.01 0.015+0.002 ~3.13 x 10*
Mg ~53.1 ~53.097 0.56 £0.17 0.022 + 0.006 ~1.07 x 10°
Ca ~9.8 ~9.798 0.47+0.02 0.018 £0.001 ~2.35x10*
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Supplementary Table 6 | Uranium separation performance of ASP from other cations in natural

seawater (Some data are presented as mean values + standard deviation from three independent

experiments).
Go C. AC qe
Cations ayre
(nmol L) (umol L) (umol m?) (umol g' PPC)
~0.014 ~0.0013 2.63+0.04 0.103 +0.006 1
~0.037 ~0.0354 0.33+0.03 0.013 +0.005 ~204
Fe ~0.010 ~0.007 0.49 +£0.05 0.019 £ 0.007 ~30.1
Ni ~0.008 ~0.007 0.08 £0.03 0.003 +0.005 ~ 190
Cu ~0.004 ~0.003 0.23+0.04 0.009 + 0.006 ~24.1
Zn ~0.008 ~0.006 0.31+0.03 0.012 +0.005 ~40.6
Supplementary Table 7 | The extraction cost of ASP.
Items Final extraction cost Normalized extraction cost
Electricity USS 16.85 US$ 0.0589 (kW h)!
Clean water US$ 4.67 US$ 0.00084 kg'!
UO,CO3-NaxCO3 USS$ 0.055 US$ 136 kg!
LiCl USS$ 0.454 USS$ 8.49 kg!
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Supplementary Table 8 | The LCA impact indicators of electricity, freshwater, lithium chloride,

and uranium product generated by ASP.

Product Indicator Value per KW h
GWP 41 g COz-eq
PED 0.52 MJ
Electricity wC 1.26 L
EP 5.1 x 107 kg POs-eq
HTP 0.014 kg 1,4-DCB-eq
Product Indicator Value per m?
GWP 3.3 kg CO2-eq
PED 41 MJ
Clean water WC 100 L
EP 4.0 x 107 kg POs-eq
HTP 1.1 kg 1,4-DCB-eq
Product Indicator Value per kg
GWP 5.9 kg COz-eq
PED 75 MJ
LiCl WwC 180 L
EP 7.7 x 107 kg POs-eq
HTP 2.1 kg 1,4-DCB-eq
Product Indicator Value per kg
GWP 95 kg CO»r-eq
PED 1200 MJ
UO,C0O;3-NaxCO3 WC 280 L
EP 0.12 x 107 kg POs-eq
HTP 33 kg 1,4-DCB-eq
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