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S1. Power calculation for numerical simulation
The effect of the temperature on the ionic transport can be presented by chemical

potential of the K™ and CI- ions is given by ':
4 =i +RT Inc/ +z,F ¢’ , (S1)
where 4 is the standard chemical potential, ¢/ is the concentration, and ¢’ is the

inner potential of the ionic species i. Hence, the diffusion potential is given as

H L
by =0" — 0" =(2t, _1)(RI]; inct &L lncLJ, (S2)
where the transference number (t.) is given by
I.
t,=—-"t—0. (S3)
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The current can be calculated by integrating the ionic flux through the nanopore cross

section. The current is obtained from ion species as:

= Fi [J.znds, (S4)

i=1

where n is the unit normal vector of the cross-section of the nanopore. (Note that in

J

H+7

J

performing the computation process, J;, J5, J;, Jy representJKHJ on-?

o
respectively.) Having obtained the diffusion current and voltage, the power generation
is given simply by

P=IxV. (S5)
The maximum power generation occurs when the open-circuit voltage V. and short-

circuit current / both have their half values, i.e.,

— Ne oc . (S6)

max power 4



S.2 Simulation setting

The ion concentration setting in boundary condition of reservoirs is adjusted based
on pH level 2. For pH> 7, [K*]=Cko-10-®PH-3)+ 10-04-pH)*3 (mM), [Cl-]=Ccip (mM),
[H*]=10®?H-3) (mM), [OH ]= 10-(14PH*3 (mM) (Assume that KOH is added into KCl
solution to obtain pH>7). Similarly, for pH< 7, [K*] =Cko (mM), [Cl-]=C¢jo +10-PH-3)-
10-14PH+3 (mM), [H]=10"PH-3) (mM), [OH-]= 10-(4PH)*3 (mM) (Assume that HCI is

added into KCl solution to obtain pH<7).
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Figure S1: Diffusion current as function of mesh number. Note that the simulations
consider a 1000-fold concentration gradient, a pore length of 500 nm. The model is
meshed using quadratic elements. A finer mesh size is applied in the region of the
electrical double layer (EDL). As shown in Fig. S1, a grid independence test was
performed using meshing schemes consisting of 60,000 to 195,000 elements. Based on

the simulation results, the mesh number was set in the model as 121,000.



Table S1: Boundary conditions for axisymmetric model.

Surface Electric Potential | Ion Transport | Flow Field Heat Transfer

AB Constant voltage | Low Pressure =0 Tr K
p=V concentration

BC, FG Zero charge | No flux Slip Thermal
nVg$=0 -nJ, =0 insulation

CD, EF Zero charge | No flux No slip Thermal
nVg$=0 -nJ, =0 insulation

DE Surface  charge | No flux No slip Thermal
density -nJ; =0 insulation
ng,e Vg =p,

GH Ground High Pressure =0 T K

concentration
HA Axisymmetric Axisymmetric | Axisymmetric | Axisymmetric

S.3 Effect of pH on surface charge density

Figure S1 shows surface charge varies with pH level in the range of 5 to 11. At pH

11, the surface charge density almost reaches to the basic charge (Eq.8). As pH level

further reduces, the surface charge distribution reduces because of more protons in the

nanopore.
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Figure S2: Surface charge density along nanopore varies with pH level in the range of

5~11.
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Figure S3: Surface charge density at 500 nm pore length, 100-fold concentration, and

pH 7 in the case of open circuit voltage.
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Figure S4: Surface charge density at 500 nm pore length, 1000-fold concentration, and

pH 7 in the case of short circuit current.



S.4 Experimental verification of simulation method
The simulation results based on the coupled Poisson-Nernst Plank and Navier-

Stokes equations (PNP-NS) were compared with the experimental data 3.
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Figure S5: Comparison of simulation and experimental results for salinity gradient from
1-to 1000-fold. Note that experiment used boron nitride nanotube with diameter of 40
nm and length of 1250 nm. Note also that the results refer to a KCI solution with
pH=5.5, hence, four species (K*, H*, Cl- and OH-) appeared in the system. The density
of the chargeable sites is set as 18 sites/nm? in accordance with the prediction of Siria

et al. 3.



S.5 Verification of simulation method based on coupled PNP-NS and heat transfer

equations
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Figure S6: Comparison of simulation results reported by Long et al. (Note that the
simulation based on coupling PNP-NS and heat transfer equations) 4. Two simulation
cases are considered, namely negative temperature difference (NTD) and isothermal
(ISO). Note that a temperature difference of 20 K was set on the low-concentration
reservoir side for the NTD case. For the isothermal case, a temperature of 298 K was
set on both sides. In the simulation setting, the axisymmetric simulation model is used

with a pore diameter and pore length of 10 nm and 50 nm, respectively.



S.6 Additional experiments

We conduct the experiments using polycarbonate track-etched membrane (6x 102
pore cm?2, effective area 0.785 cm? i.e., roughly million number of nanopores) to
consider the effect caused by temperature difference on the blue energy harvesting. The
effect of pH on the power generation had been reported in reference [2] but no thermal
effect.

Figure S7 (a) shows the power generation under effect of 4 thermal conditions at
pH 7, namely, (1) isothermal 298 K, (2) asymmetric thermal 298;/323r K, (3)
Isothermal 310 K, (4) asymmetric thermal-switching direction 323;/298z K. The
asymmetric thermal case 298, /323 K (higher temperature is set on low-concentration
reservoir) presents the highest power generation in comparing to the other three cases.
In the case of asymmetric thermal-switching direction 323, /298y K (higher temperature
is set on high-concentration reservoir), there is no improvement of power generation
compared to isothermal 298 K. It supports the finding shown in Fig. 2 in the main text,
in which high temperature at high-concentration reservoir has no contribution in
improving nanopore performance. Besides, the power generation of isothermal 310 K
case is 38 % smaller than that of case 2- asymmetric thermal 298,/323y K, even the
energy cost is nearly the same in these two cases.

Figure S7 (b) shows the power generation as function of temperature difference
OT in the range of 0- 36 K. As 6T increases from 0 to 25 K, the obtained power
generation increases proportionally. However, the power saturates as OT further
increases to 36 K. Fig. S7 (b) experimentally supports to the simulation result shown in

Fig. 7(a) in the main text.
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Figure S7: (a) power generation under effect of 4 thermal conditions at pH 7 (1)
Isothermal 298 K, (2) asymmetric thermal 298,/323r K, (3) Isothermal 310 K, (4)
asymmetric thermal-switch direction 323, /298y K. (b) power generation as function of

temperature difference OT.
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