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Waste-to-XEnergy

Water

• Wastewater-to-fertilizer

• Wastewater-to-CO2 capture

• Seawater-to-H2

• Low-energy Desalination

• Water Treatment

• Spent Lithium-ion Batteries

• Seawater Battery

• Urine Power Cell

- Explainable AI

- Automation
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Physical (RO) vs. Electrochemical (CDI)

ΔР > Δπ

Reverse Osmosis (RO)

AEM

CEMe−

Eapplied > E0
cell

Capacitive Deionization (CDI)

Chem. Eng. J, 2015 & 2016

Artificial water channel

Replenishable nano-film

Environ. Sci. Technol. Lett. 2018
Desalination. 2020

Environ. Sci. Technol., 2020

Environ. Sci. Technol., 2019
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CDI: Electrochemical Desalination

Current Opinion in Electrochemistry, 2021

Ion non-selective (CDI: Capacitive De-Ionization)

Ion selective (BDI: Battery electrode De-Ionization)
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Challenges in CDI

Conventional Capacitive Deionization (CDI) Battery Deionization (BDI)

Zhang, Changyong, et al. Water Res. (2018), 128, 314-330
Suss, Matthew E. et al. Joule (2018), 2, 10-15
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Battery Electrodes for Desalination: BDI

Na+Cu[FeⅢ(CN)6] + xNa+ + xe–

= Na+
1+xCu[FeⅡ(CN)6]x[Fe

Ⅲ(CN)6] 1–x

A site: 0.16~0.46 nm 
vs. 

Na+: 0.36 nm (Stokes)

⚫ Ion selective
⚫ BDI (0.03 kWh m-3) vs. CDI (0.3 kWh m-3) vs. 

Reverse Osmosis (3 kWh m-3)

Kim et al., Environ. Sci. Technol. Lett., 2017
Son et al., Environ. Sci. Technol., 2020

*Brackishwater, ~20% removal

**Seawater, ~100% removal
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Direct Reuse of Lithium-ion-Battery

Under Review
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Techno-Economical Analysis (TEA)

Under Review
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BDI for Fertilizer (NH4
+ & PO4

3-)

Son et al., Environ. Sci.: Water Res. Technol. Technol., 2020 (a)
Son et al., Environ. Sci.: Water Res. Technol. Technol., 2020 (b)

d
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PO4
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Green Solvent for Rare Metal Recovery

NCA cathode, Chem. Eng. News, 97 (28) (2019)

H2SO4

/HCl
NaOH

Na2SO4

Na2CO3

Li2CO3 Rec.Co/Mn/Ni Rec.

DES

Hydrometallurgical Deep Eutectic Solvent

DES

Co/Mn/Ni/Li Rec.

Contamination
Solvent Recycle

① Hydrogen Bond Doner

③Cation

②AnionSpent Lithium Batteries

Metal Melting

①

② ③

In Preparation

Battery Recycling Pathways

1/5 1/20 1/80
0

100

200

300

400

500

600

M
e

ta
l 

c
o

n
c

e
n

tr
a

ti
o

n
 (

p
p

m
)

Dilution factor

 Co

 Li

HBD

H
B
A



12

Artificial Intelligence for Environ. Eng.

2019 2020 2021 2022 2023 2024 2025

First ML study
Desalination

Real-time fouling monitoring

Desalination

Explainable DL
Desalination

Process Automation (ML vs. RL)
Water Res.

Numerical
Modeling

Process Automation (RL)
Water Res.

ML: Machine Leaning, RL: Reinforcement Learning, DL: Deep Learning

Year
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Autonomous Water Treatment Process
Control current or voltage for low-energy & high production

Low Energy Consumption

High Water Production

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑚3) = ∅ ∗  𝑇𝑎𝑑𝑠  1 

𝑆𝐸𝐶 (kWh m−3) =  
 (V × I)

(Q × t)
 

𝑇𝐸𝐸 % =  
∆g

SEC
 × 100  

∆𝑔 =  2𝑅𝑇  
𝐶𝑜

𝛾
 ln  

𝐶𝑜  −  𝛾𝐶𝐷

𝐶𝑜(1 −  𝛾)
 −  𝐶𝐷 ln  

𝐶𝑜  −  𝛾𝐶𝐷

𝐶𝐷(1 −  𝛾)
   

 1 

Thermodynamic Energy Efficiency

Specific Energy Consumption

Gibbs energy of mixing

- A 22% reduction in specific energy consumption (from 0.054 to 0.042 kWh m−3)
- A 11% increase in water desalted water volume per cycle (from 1.96×10−5 to 2.19×10−5 m3)
- Achieving the desired degree of desalination, compared to the first episode

Water Research, 2022
Water Research, 2025
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AI Sensor for Micropollutant Monitoring
aerobic

anoxic

Physicochemical properties

* Accuracy 0.38~0.77

* Literature: <0.38

npj Clean Water, 2023
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AI for Environ. Material Sci.

J. Water Process Eng., 2024

Determining Membrane Performances using a Machine Learning Pipeline
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