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 1.3E+16 litters of water in atmosphere

 Adsorption energy of water 2240 kJ/kg 
(678 Wh)

 Overall source potential to provide 
9600000 TWh of electricity

SOLAR: 2850X

RENEWABLE ENERGY SOURCES 
HAVE THE POTENTIAL TO PROVIDE 
3078 TIMES THE CURRENT GLOBAL 

ENERGY NEEDS

WIND: 200X

GEOTHERMAL: 5X

BIOMASS: 20X

MARINE: 2X

HYDRO: 1X

HUMIDITY: 500X

Energy Potential

Atmospheric Humidity: Theoretical Energy Ceiling

Parameter Value

Water mass in the atmosphere 1.29×10¹⁶ kg

Moles of H₂O 7.17×10¹⁷ mol

Global annual energy consumption 170,000 TWh

Latent adsorption energy (≈0.678 kWh/kg) 8.75×10⁶ TWh (~51×)

OH⁻ ions at 100% dissociation 
(1 per H₂O)

4.32×10⁴¹ ions

Electrochemical ceiling @ 0.5 V (1 e⁻ per OH⁻) 9.60×10⁶ TWh (~56×)

E=nFV
E — energy

n — number of moles of electrons (or moles of water at 1 e⁻ per OH⁻)
F — Faraday constant

V — potential
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Energy Generation

Energy sources and its harvesting
Fossils:
Coal – 8000 W/kg
Oil – 12000 W/kg
Nuclear – 45000000 W/kg
Renewables:
Sun – 800-1300 W/m2

Wind – 650 W/m2 (10 m/s)
Atm Humidity – 678 W/kg

The harvesting system will be large, but the reservoir is huge, and generation is continuous
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Energy Generation Classification
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Humidity-to-Electricity Converter (HEC) – Existing Types

1.Moisture-induced deformation

Responsive polymers/films → very low, unstable output.

2.Hygroelectric generators (ion flow in porous materials)

Different sub-mechanisms, all pulsed/unstable:

• Electrochemical contact – water triggers redox at surfaces.

• Pure ion transport – diffusion of H₂O/H⁺/OH⁻ through pores or 

gradients.

• Doped ion systems – added ions (Na⁺, K⁺ etc.) carried by adsorbed 

water.

3.Triboelectric systems

Moisture-laden surfaces + external motion/vibration → need 

mechanical input.

4.Condensation / fuel-cell like setups

Liquid water, temperature gradients or chemical fuels required → not 

ambient-driven.
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Active material Electrode Structure RH level [%] Output type Electricity output Refs.
CNPs CNTs Planar – Continuous 16.6 nW cm-2 1
g-GOF Au Sandwiched 30 Transient 0.42 mW cm-2 2
CNPs Ag Planar 100 Transient 50 mV, 0.6 nA cm-2 3
GO Au, Ag Sandwiched 80 Transient 30 mW cm-3 4
g-3D-GO Al Sandwiched 75 Transient 1 mW cm-2 5
TiO2 FTO, Al Sandwiched 85 Transient 4 mW cm-2 6
Gelatin Au Sandwiched 90 Transient 5.5 mW cm-2 7
CNPs CNTs Planar – Continuous 1.2 V, 20 nA cm-2 8
GO rGO Planar 60 Transient 70 mV, 12 mA cm-2 9
GO+QDs Au Planar 70 Transient 1.86 mW cm-2 10
PSSA Carbon Sandwiched 80 Transient 0.8 V, 0.1 mA cm-2 11
GOF Au Sandwiched 70 Transient 0.7 V, 25 mA cm-2 12
GO Au Sandwiched 70 Transient 0.72 V, 38 mA cm-2 12
Asymmetric GO Au Sandwiched 25 Continuous 0.45 V, 0.6 mA cm-2 13
GO+PAAS Au, Ag Sandwiched 80 Continuous 0.07 mW cm-2 14
Protein nanowire Au Sandwiched 50 Continuous 4 mW cm-3 15
Modified CNPs CNTs Planar – Continuous 5 V, 60 nA cm-2 16
CNPs CNTs Planar – Continuous 12.6 nW cm-2 17
Protein nanofiber Pt Sandwiched 55 Continuous 0.11 V, 22 nA cm-2 18
Na+ doped PPy Au Sandwiched 75 Transient 103 mW cm-2 19
CNTs Ni, Cu Planar – Continuous 2 mW cm-2 20
Cellulose paper Stainless steel Sandwiched 70 Transient 0.25 V, 10 nA cm-2 21
Wood Carbon paste Sandwiched – Continuous 18 nW cm-3 22
Si nanowire Graphite, Ag Sandwiched – Continuous 6 mW cm-2 23
GO fiber Ag Sandwiched 70 Transient 0.21 mW cm-2 24
GO rGO Planar 80 Transient 0.18 V, 9 mA cm-2 25
GO fiber rGO Planar 65 Transient 0.35 V, 1.06 mA cm-2 26
Graphite Au Planar 70 Transient 0.23 V, 0.4 mA cm-2 27
Al2O3 Carbon paste Planar – Continuous 7.8 nW cm-2 28
Cotton+CaCl2 – Planar 37 Continuous 20 mWh cm-3 29
PDA Ag Sandwiched 90 Transient 0.52 V, 0.246 mA cm-2 30
Li+ doped PPy Au Sandwiched 85 Transient 690 nW cm-2 31
PSS–PVA Ag nanowires Sandwiched 85 Transient 7.9 mW cm-2 32
Al3+ doped PPy Au Sandwiched 75 Transient 40 mW cm-3 33
TiO2+CNPs Carbon ink Planar – Continuous 1.6 V, 22 nA cm-2 34

Summary and comparison of Humidity convertors
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𝑈 =
8𝜀𝜀0𝜁𝐿

𝜋𝐾𝑅4 𝑄

where, 

R is the radius of the channel, 
ζ is the zeta potential of the 

channel walls, 

εε0 is the permittivity of the 

solution, 

Q is the volumetric flow rate, 

Κ is the conductivity of the 

solution, 

L is the length of the channel.

Streaming potential

Summary and comparison of Humidity convertors



CATCHER | Technical Overview Presentation 7

Active material Electrode Structure RH level [%] Output type Electricity output Refs.
CNPs CNTs Planar – Continuous 16.6 nW cm-2 1

2
3
4
5
6
7

CNPs CNTs Planar – Continuous 1.2 V, 20 nA cm-2 8
9

10
11
12
12

Asymmetric GO Au Sandwiched 25 Continuous 0.45 V, 0.6 mA cm-2 13
GO+PAAS Au, Ag Sandwiched 80 Continuous 0.07 mW cm-2 14
Protein nanowire Au Sandwiched 50 Continuous 4 mW cm-3 15
Modified CNPs CNTs Planar – Continuous 5 V, 60 nA cm-2 16
CNPs CNTs Planar – Continuous 12.6 nW cm-2 17
Protein nanofiber Pt Sandwiched 55 Continuous 0.11 V, 22 nA cm-2 18

19
CNTs Ni, Cu Planar – Continuous 2 mW cm-2 20

21
Wood Carbon paste Sandwiched – Continuous 18 nW cm-3 22
Si nanowire Graphite, Ag Sandwiched – Continuous 6 µW cm-2 23

24
25
26
27

Al2O3 Carbon paste Planar – Continuous 7.8 nW cm-2 28
Cotton+CaCl2 – Planar 37 Continuous 20 mWh cm-3 29

30
31
32
33

TiO2+CNPs Carbon ink Planar – Continuous 1.6 V, 22 nA cm-2 34

Humidity gradient by deliquescent chemical

Gradient by adsorption properties – different 
adsorption properties of layers

Sun exposed device – sea water

Summary and comparison of Humidity convertors
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SiO2 nanofiber, and rGO nanosheet

Summary and comparison of Humidity convertors
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Summary and comparison of Humidity convertors

1 MOhm
lithium-ion 
battery with 
a capacity of 
0.3 mAh
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Summary and comparison of Humidity convertors

lithium ion 
battery with a 
capacity of 0.3 
mAh
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Scope and overview of project Summary and comparison of Humidity convertors

Voc-1.3V Ads – 60%wt
Jsc-1.31 mA/cm2 CaCl2
P - 0.11mW/cm2 RH - 80%

Long term gradient – 30 days
Fast adsorption – 240 mins
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Scope and overview of project Summary and comparison of Humidity convertors

PEDOT Oxydation?

Current output decrease on Pt, Au contacts. Used electrodes Al-C

1. Need for dehydration 
2. Decrease of performance for 

following cycles
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Summary and comparison of Humidity convertors

1. Most of the porous materials of appropriate design/properties allow HEC

2. Continuity of the HEC process is still not resolved

3. Ions movement is the main driver for HEC

4. Amount of adsorbed water is crucial for HEC performance
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Conversion Mechanism

Mechanism of Humidity-to-Electricity Conversion
1.Adsorption of water vapor on porous/ionic material surface.
2.Dissociation of H₂O molecules into mobile charge carriers
(H⁺, OH⁻).
3.Selective ion transport inside nanochannels: surface charges
guide one type of ion, blocking the other.
4.Charge separation creates an internal electric field across the
device.
5.Conversion to electronic current: ions drive electron flow
through the external circuit → continuous DC output.

Electrode Reactions:

Anode (OH⁻ side): 4OH−→2H2O+O2+4e-

Cathode (H⁺ side): 4H++4e−→2H2

I generation

YZrO2

RH
high 

RH
low 

C C

𝑈 =
8𝜀𝜀0𝜁𝐿

𝜋𝐾𝑅4
𝑄

Voc ~100 mV

I50k ~ 40 nA

pH = 3.5 ~ 10-10.5 OH-
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I generation

YZrO2 +C

RH

AFS

C a Electric power 18 W

Graphite concentration - 5 wt%, AC - 2.5wt% 

The internal resistance decreased in 500 times 

to 3 kOhm

C

10 nW electric 

power in the 

load 280 kOhm.

CATCHER achievements – gradient problem

RH high RH equal 𝑑𝑅𝐻

𝑑𝑥

𝑑𝐶

𝑑𝑥
H+, OH- continuous

[Al(H2PO4)3]n

H2PO4
- +H2O  HPO4

2- +H3O
+. Kd=7.2

НPO4
2- +H2O  H2PO4

- + OH- Kh = 6.8

RH low
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CATCHER achievements

III generation +

HEC converters generates:

Voc – 500-550 mV

I_imp – 120 mA

Ropt –100 Ohm

Iopt – 6 mA

Popt – 1.5 mW

II generation

YZrO2+50%C

Increasing of graphite concentration in 

the second layer led to increase of the 

electric power from 5.7 µW to 28 µW, 

wherein the internal resistance 

decreased from 5 to 1 kOhm

YZrO2+7,5%C

𝐸 =
𝑅𝑇

𝑧𝐹
𝑙𝑛
𝐾𝑒
𝐾𝑖

= 0.059 lg
𝐾𝑒
𝐾𝑖

Emax=0.826 V
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Conversion Stability

Comparison of working cycles of converter and 1.5V AA battery

Cycle: 1mins - 10 Ohm, 30mins – recovery, RH 80% 

AA battery complete depletion 30 days



Conclusions

(i) Development the structure with anisotropy with respect to surface properties of materials with the aim to
increase the amount of charge carriers in the reaction zone.

(ii) Increasing of the number of the reaction zones (3D net electrodes) for the increasing the number of electrons
generated/donates in the converter;

(iii) Obtaining multilayer architectures with a gradient of acidic/basic properties to increasing the number of charges
generated on both sides of the converter, capable of providing the maximum possible flow of electrons in the
external circuit.

# P, W Rin, Ohm

One layer 8YSZ 5.8*10-9 500000

One layer 8YSZ+AFS 10.5*10-9 280000

Gen I+ 18*10-6 3000

Gen II 35*10-5 1000

Optimized Gen III+ 1.5*10-3 50-100

Output Power 
increased in 

~260 000 times
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SkyQB design

SKYQB PROTOTYPE
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SkyQB design
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SkyQB design
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