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4Origins of Establishing the ITEWA Team

Reflections on a Science Paper:
Accepted in Late 2016, Published in April 2017

MIT's Evelyn N. Wang & UC Berkeley's Omar M. Yaghi: 
MOF-801-Based Atmospheric Water Harvesting (Science 2017)



5Attempt 1

Science 2017 2002

2016-2018

Lesson 1: Manuscript sent for review in Nat. Commun. but rejected due to prior publication in ATE journal. 
Incremental innovation insufficient for top-journals’requirements

Universal scalable sorption-based atmosphere water harvesting. Energy, 2018.
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2016-2017：Desiccant heat exchanger based heat pump, COP 100% increase

Lesson 2: Expanded publication scope and visibility achieved, yet Scientific Reports
remains distant from top journals.

Comfortable, high-efficiency heat pump with desiccant-coated, water-sorbing heat exchangers. Scientific Reports, 2017.

Attempt 2
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Aug. 2018:  Joule review on atmospheric water harvesting unlocked access to top tier 
journals

Progress and expectation of atmospheric water harvesting. Joule. 2018; 2(8): 1452-75. 

Attempt 3



8The foundation of ITEWA

September 2018: Established Innovation Team, Collaborated with World-Leading Research 
Groups to Expand Academic Vision

The Three Fundamental Elements 

for Human Survival: 

Energy, Water, and Air

0-1

Annual Target: 3-5 High-Impact Papers (IF>10)

2016，Pursuing  Breakthroughs in Nat. Commun.

2017，Published in Scientific Reports

2018，Review published in Joule

Based on Energy-Water-Air Nexus, 

from 0 to 1!
Energy
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April 2019: Completion of the First 
Research Paper (2 years ）

May 2019: Second Research Paper
iScience

Exploration



11Exploring Groundbreaking Basic Research from 0 to 1

June 2019: ITEWA Laboratory
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Adsorbents related to 

energy, water, and air

Ruzhu WANG

Shanghai Jiao Tong University

6th ASME International Conference of Micro-

Nano Scale Heat and Mass Transfer, Sweetland

Hotel, Dalian, China, July 8-10,2019

Advancing to the Global Frontier: Accepting the Presentation Task at ASME International Conference 



13Exploration

07/2018

10/2018

11/2018

03/2019

07/2019
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October 2019: Breakthrough in Advanced Materials (Submission-to-
Acceptance Timeline Exceeding One Year)

Exploration



15Surge in Academic Publications: The Spring Festival in 2020

January    Joule、Energy Storage Materials、
February  Energy & Environmental Science，Angewandte Chemie
March       Energy Storage Materials、 ACS Materials Letters



1607/2020:MIT International Colloquia on Thermal Innovations

Invited Online Lecture Series Presentation

during COVID-19 by Prof. Gang Chen

and Prof. Evelyn N. Wang at MIT.
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Extracting Water from Air
Energy-Water-Air  Nexus

Ruzhu WANG
Institute of Refrigeration and Cryogenics

Engineering Research Center of Solar Energy, MOE China

Shanghai Jiao Tong University

July 8, 2020
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Achievements of ITEWA  Since Establishment

AWH

Carbon 
capture

Thermal 
storage & 
management

Air Energy 
Harvesting

Heat pump

Desalination

Dehumidification

Refrigeration

◆ Nat Rev Mater, 2024, 9, 699

◆ Nat Water, 2024, 2, 663

◆ Nat Water, 2023, 1, 971

◆ Joule, 2024, 8, 280-286

◆ Joule, 2021, 7, 1678-1703

◆ Joule, 2018, 8, 1452-1475

◆ Energy Environ Sci, 2024, 17, 1083

◆ Energy Environ Sci, 2024, 17, 4988

◆ Energy Environ Sci, 2022, 15, 4867

◆ Energy Environ Sci, 2022, 15, 3223

◆ Energy Environ Sci, 2021, 14, 5979

◆ Nat Commun, 2024, 15, 7678

◆ Nat Commun, 2022, 13, 5406

◆ Nat Commun, 2022, 13, 6771

◆ Adv Mater, 2024, 2408977

◆ Adv Mater, 2023, 2210957

◆ Adv Mater, 2023, 2302038

◆ Angew Chem Int Edit, 2020, 59, 5202

◆ Adv Funct Mater, 2024, 2402839

◆ Adv Funct Mater, 2024, 2407127

◆ Joule, 2020, 2, 435

◆ Energy Environ Sci, 2024, 17, 800

◆ Nat Commun, 2023, 14, 8060

◆ Adv Mater, 2024, 2402897

◆ Adv Mater, 2023, 2310177

◆ Adv Mater, 2019, 31, 1905099

◆ Acs Energy Lett, 2023, 8, 1921

◆ Acs Energy Lett, 2023, 8, 5184

◆ Acs Energy Lett, 2021, 6, 1795

◆ Acs Central Sci, 2020, 6, 1542

◆ Matter, 2023, 6, 2490

◆ Matter, 2021, 4, 3385

◆ Acs Mater Lett, 2023, 5, 2019

◆ Nano Energy, 2021, 89, 106338

◆ Energy Storage Mater, 2024, 71, 103602

◆ Nat Water, 2023, 1, 391

◆ Joule, 2023, 10, 2274

◆ Energy Environ Sci, 2024, In press

◆ Energy Environ Sci, 2023, 16, 5325

◆ Energy Environ Sci, 2020, 13, 830

◆ Nat Commun, 2024, 15,7980

◆ Nat Commun. 2022, 13, 849

◆ Joule, 2022, 7, 1390

◆ Joule, 2019, 6, 1427

◆ Chem Eng J, 2023, 452, 139116

◆ Small Struct, 2023, 4, 2300055

◆ Chem Soc Rev, 2022, 51, 6574

◆ Matter, 2024, 7, 123

◆ Device, 2024, 2, 100510

◆ Adv Sci, 2023, 10, 2207253

◆ Energy Environ Sci, 2024, 17, 2081

◆ Energy Environ Sci, 2024, 17, 6943

◆ Engineering, 2023, 23, 13

◆ DeCarbon, 2024, 3, 100033

◆ Science, 2023, 380, 458

◆ Nat Energy, 2023, 8, 226

◆ Energy Environ Sci, 2024, 17, 2336

◆ Nat Commun, 2022, 13, 193

◆ Adv Energy Mater, 024, 2402667

◆ Device, 2023, 1, 100122

◆ Sci Bull, 2023, 68, 1493

◆ Nat Rev Mater, 2024, 9, 722

◆ Nat Nanotechnol, 2024, 19, 1243

◆ Matter, 2023, 6, 19–22

◆ Nano Energy, 2024, 126, 109673
18
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What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

04 Energy Storage
01 AWH

02 Electronic Thermal control 03 Dehumidification&

Humidity Control

05 Thermal & Humidity Management for

Solar Greenhouse & Crop Yield Increase
07 Solar-based Desalination06 Heat Pump Incremental Thermal

Storage & Energy Quality Control

Research Focus of ITEWA Team
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What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

01. Atmospheric Water Harvesting
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First author
Jiayun Wang

SAWH

Freshwater Shortage 

Belt &Road InitiativeSouth China Sea Safety

Off-grid water production

Zero energy consumption

Modular & Portable

Disaster emergency water supply

Kim et.al 2017 Science

AWH1: Target design R&D, The origin of ITEWA establishment

0-1

ATE 2016,100,893-901

ATE 2017,121,941-950

ATE 2017, 127, 1608-1616

Energy, 2017, 138, 542-551

Energy, 2018, 165, 387-395

1-100



AWH2: MOF-based composite for efficient AWH

Developed a high-performance composite sorbent for efficient AWH by confining hygroscopic 

salt in a metal-organic framework matrix (LiCl@MIL-101(Cr))

First author

Jiaxing Xu
Angew. Chem. Int. Ed.：Efficient solar-driven water harvesting from arid air with metal–organic 

frameworks modified by hygroscopic salt. 2020, 59, 5202-5210. (ESI highly cited paper)

❑ LiCl@MIL-101(Cr) composite sorbent ❑ Passive solar-driven AWH device
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This work



AWH3: Modular MOF AWH device and reflux synthesis of Ni2Cl2(BTDD) 

The proposed device with an integrated modular design showed ultrahigh water harvesting per 

unit volume of 23 L m–3 and water yield up to 840.5 g m–2 under one sun in 7 hours.

First author

Zhao Shao

❑ Reflux synthesis of Ni2Cl2(BTDD) ❑ Modular solar-driven MOF AWH device 

Device：High-performance solar-driven MOF AWH device with ultra-dense integrated modular design and 

reflux synthesis of Ni2Cl2(BTDD), 2023, 1, 3, 100058



AWH4: Vertically aligned porous sorbent for rapid-cycling AWH 

Energy & Environmental Science：Ultrahigh solar-driven atmospheric water production 

enabled by scalable rapid-cycling water harvester with vertically aligned nanocomposite sorbent. 2021, 

11, 5979-5994. (ESI highly cited paper and ESI hot paper)

❑ LiCl@rGO-SA nanocomposite sorbent ❑ Solar-driven rapid-cycling AWH device

Developed a vertically aligned nanocomposite sorbent and a rapid-cycling AWH device，

realizing eight water capture-collection cycles and high water productivity up to 2.3 L/m2/day

First author

Jiaxing Xu



AWH5: Batch-processing method for high-yield AWH in arid area

Nature Communications：Exceptional water production yield enabled by batch-processed portable 

water harvester in semi-arid climate. 2022;13(1):5406.

❑ Batch-processing method ❑ Real field test in Lanzhou and its global potential

A new batch processing is developed for the climates in arid areas, which matches the sorption 

rate and the desorption rate, thereby breaking through the water production limit of  AWH.

Condensation cover
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First author

He Shan



AWH6: Modular all-day continuous thermal-driven AWH 

A rotational operation strategy based on adsorption-desorption kinetic matching was developed, then an 

efficient waste-heat driven AWH was developed, which achieved continuous water yield for 12 cycles per day 

driven by low-grade heat and high water production performance of 2.11 Lwater kgMOF
−1 day−1

First author

Zhao Shao
Applied Physics Reviews：Modular all-day continuous thermal-driven atmospheric water harvester with 

rotating adsorption strategy. 2023, 10 (4): 041409.

❑ Rotating adsorption strategy ❑ Continuous thermal-driven AWH
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AHW7: Interconnected porous gel for highly efficient continuous SAWH

Nature Communications：Enhanced continuous atmospheric waterharvesting with scalable hygroscopic 

gel driven by natural sunlight and wind. 2024, 15(1), 7678.

❑ Hygroscopic interconnected porous gel ❑ Solar-wind combined driven SAWH device

Developed an interconnected porous gel and a solar-wind combined driven AWH device, realizing 

high water productivity up to 14.9 L/m2/day and high energy utilization efficiency of 25.7%

First author
Xinge Yang



What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

02. Electronic Thermal control



Joule：A thermal management strategy for electronic devices based on moisture sorption-desorption 

processes. 2020, 4(2): 435-447.

Demonstrate a passive thermal management strategy through desorption process

Maximum temperature drop of 8.6 oC, equivalent enthalpy of 1,950 J/gcoating

ETC1: Cooling electronic devices using moisture desorption

First author
Chenxi Wang

❑ Working principle & Experimental setup ❑ Experimental results



ETC2: Smart battery thermal management based on water sorption

Proposed a near-zero-energy smart BTM strategy: control the battery temperature below

45 °C, and realize self preheating with an increase in the battery capacity of 9.2%

First author

Jiaxing Xu
ACS Central Science：Near-Zero-Energy Smart Battery Thermal Management Enabled by Sorption 

Energy Harvesting from Air. 2020, 6, 1542–1554. (Cover Paper)

Cover Paper

Smart battery thermal management strategy

based on sorption energy harvesting from air



❑ Working principle & Experimental setup ❑ Experimental & simulation results

Device：Passive thermal management of electronic devices using sorption-based 

evaporative cooling. 2023, 100122.

ETC3: Cooling 5G base station via desorption 

Evaluate the performance of sorption-based evaporative cooling on 5G base station

20 oC maximum temperature reduction, 602 W/m2 maximum cooling power 

Co-first author

Haoran Liu

Co-first author

Jiaqi Yu



ETC4: Passive thermal management of electronic devices

Device: Passive thermal management of electronic devices. 2025, 100684

❑ Different cooling technologies ❑ Application in different devices

Summarize the classification, evaluation indexes , application scenarios, and key challenges of 

different thermal management technologies. 

First author

Haoran Liu



ETC5: PV-sorbent system for coupled water and electricity production 

❑ Analysis of PV-sorbent system based on the global carbon neutrality strategy ❑ Analysis framework and application scenario analysis for the system

PV-adsorbent system for co-production of water and electricity is analyzed from the

global carbon-neutral perspective. The comprehensive analytical framework is presented.

First author

Zhao Shao
Joule：Photovoltaic-sorbent system for water and electricity generation. 2024， DOI: 

https://doi.org/10.1016/j.joule.2024.01.006



What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

03. Dehumidification & Humidity Control



Joule：A full-solid-state humidity pump for localized humidity control. 2019, 3(6): 1427-1436.

❑ Working principle & Experimental setup ❑ Experimental results

Demonstrate a full-solid-state humidity pump using thermoelectric

Liquid water free with the humidity transfer rate of 0.61 g W −1 h −1 （ 28.38 g h−1 ）

DH1: A full-solid-state humidity pump for humidity control 

First author
Bangjun Li



Nano Energy ：Exergy-efficient boundary and design guidelines for atmospheric water 

harvesters with nano-porous sorbents. 2021, 85: 105977.

Propose a robust method of energy assessment, identify scope of application for AWH technologies, 

outline materials and operational parameters choice guidelines

❑ Simulation results

DH2: Exergy-efficient boundary and design guidelines for humidity control

First author
Lingji Hua

❑ Working principle



DH3: Dual-use devices for sustainable cooling and AWH

Science：Sustainable cooling with water generation. 2023, 380, 458-459.

Presented scientific concept for efficient cooling with atmospheric water generation using a 

dual-use device，with desiccant-coated heat pump, radiative sky cooling and solar energy.

First author

Primož Poredoš



DH4:  Dual-functional humidity pump for continuous AWH

Nano Energy ：Continuous atmospheric water production coupled with humidity regulation enabled by a 

MOF-based humidity pump. 2024, 125, 109596.

❑ MOF-based rapid cycling ❑ Continuous AWH & humidity regulation

Developed a TEC-based rapid-cycling design，realizing a bifunctional coupling of continuous AWH 

and humidity regulation and achieving a high water yield of 2510 mL kg-1 day-1

First author

Zhihui Chen



What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

04. Energy Storage



Advanced Materials：High‐performance thermally conductive phase change composites by large‐size 

oriented graphite sheets for scalable thermal energy harvesting. 2019, 31, 1905099. (ESI highly cited paper)

❑ Constructing thermally conductive network ❑ High-power latent heat storage device/system

Developed a novel method to prepare thermally conductive phase-change composites and high-

power LHS device, realizing record high K enhancement, 2~6 times higher than previous reports

2 mm

Composite block

5 mm

Aligned large-size graphite nanosheet Nanosheet framework

Remove

PCM

（30x30x30 mm）

Modular heat storage unit

Graphite fin

1 kWh x15
1000x1000x440mm

High thermal conductivity & 

high thermal effusivity

ES1: Large-size oriented graphite sheet for high-power-density 

phase-change latent heat storage

First author

Si Wu



Energy Storage Materials：Air humidity assisted sorption thermal battery governed by reaction wave 

model. 2020, 27: 9-16.

❑ “Reaction wave” model

Build “reaction wave” model, provide design criterion for obtaining stable output

Warm up air from 20 °C to 38.1 °C for 5.51 ​h, obtain storage density of 240 ​kWh/m3

ES2: Air humidity assisted sorption thermal battery 

First author
Yannan Zhang

❑ Working principle



ES3: Adsorption thermal battery for day and night heating

Proposed a building envelope concept of solar ATB wall with ultrahigh energy storage dnesity , 

enabling day & night heating, near-zero energy consumption, and controlable thermal comfort

First author

Ziya Zeng
Cell Reports Physical Science：Passive day and night heating for zero energy buildings with 

solar-based adsorption thermal battery, 2021, 2(9), 100578.

❑ High energy density ATB ❑ Solar ATB for space heating❑ Material-device-system advances



ES4: Solar ATB for day & night heating in low-carbon scenario 

Developed a novel solar ATB wall system, realizing 24-hour effective heat delivery for low-carbon 

building heating, and an energy consumption reduction by 54.2% compared to electric heating

First author

Ziya Zeng

❑ Scalable solar-based ATB wall apparatus❑ Design and performance of ATB reactor

Energy & Environmental Science：Scalable solar-based adsorption thermal battery for day 

and night heating in low-carbon scenario, 2024, DOI: 10.1039/D3EE03519K.



ES5: Polyzwitterionic gel for harvesting energy and water from air

ACS Energy Letters：Harvesting Thermal Energy and Freshwater from Air through Sorption Thermal 

Battery Enabled by Polyzwitterionic Gel. 2023, 8, 12, 5184–5191

❑ Polyzwitterionic hydrogel

Leveraging the adjustable swelling of polyzwitterionic hydrogels in salt solutions to 

create high-performance gel for efficient water and energy harvesting from air.

❑ Water and energy harvesting modes

First author

He Shan



What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

05. Thermal & Humidity Management for

Solar Greenhouse & Crop Yield Increase



GH1: Transparent RC film for greenhouse cooling

Cell Reports Physical Science ：Eliminating greenhouse heat stress with transparent 

radiative cooling film. 2023, 4, 101539.

❑ High PAR transmittance T-RC film ❑ Increase crop yield and quality with 0 energy

Developed a transparent RC film is as covering material for greenhouses, realizing 

excellent cooling effect of 18.6oC with 20% crop yield promotion

Co-first author

Chenxi Wang

Co-first author

Hao Zou



GH2: Radiative cooling mulch for Food-Water-Energy Nexus 

Nexus：Enhancing food production in hot climates through radiative 

cooling mulch: A nexus approach. 2024, 100002.

❑ Yield promotion in the field test

Developed a soil cooling strategy based on the radiative cooling mulch ，effectively

alleviating heat stress in hot climates, promoting corps growth, reducing soil

evaporation, increasing Chinese Cabbage yield by 127.4%

❑ Soil thermal regime under radiative 

cooling mulch

10cm

RC WM BM NM

First author
Chenxi Wang Hao Zou

Co-author



GH2: Radiative cooling mulch for Food-Water-Energy Nexus 

Nexus：Enhancing food production in hot climates through radiative 

cooling mulch: A nexus approach. 2024, 100002. First author
Chenxi Wang Hao Zou

Co-author

(Screenshot from April 14th)Cover & 1st Paper
Now, 20 citations



GH3: Integrating Rooftop Agriculture and Atmospheric Water Harvesting

for Water-Food Production

First author

Adv. Func. Mat.： Integrating Rooftop Agriculture and Atmospheric Water Harvesting for Water-Food 

Production Based on Hygroscopic Manganese Complex. 2024, 2402839.

❑ Implementation of the atmospheric 

water-irrigated rooftop farm

❑ Water harvesting enabled by the hydrogel

He Shan

Moisture

Solar Energy

Food

Water

AWH-driven Rooftop Farm

A
d

s
o

rp
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n

Desorption

Coupling AWH with rooftop farming for precision irrigation offers a novel solution for joint urban food-

water production. In a 14-day autonomous trial, it yielded 879.9 g/m² of water and 1.28 kg/m² of food, 

fostering sustainable city development.



GH4: Solar-driven hygroscopic gel for irrigation recycling in greenhouse 

Nature Water：Solar-driven Scalable Hygroscopic Gel for Passive Plant Transpiration and Soil 

Evaporation Water Recycling. 2024, 2: 663-673.

❑ Transpiration & evaporation adsorption device 

Developed a hygroscopic porous gel and a transpiration & evaporation adsorption device,

realizing high water productivity up to 1.8 L/m2/day and  water-saving effect of 44.9%

❑ TiN-PAAS-Curdlan composite hydrogel 

Hao Zou

First author



GH5: A Nexus Approach to Greenhouse Water Supply

This afternoon oral session (16:00 at BC301)：A Nexus Approach to Greenhouse Water Supply 

Utilizing Sorption-Based Atmospheric Water Harvesting.

❑ Exploration of greenhouse water-saving technology ❑ Greenhouses sustainable water management via SAWH

Developed a nexus strategy for greenhouses sustainable water management via SAWH, 

recycle the wasted water inside the greenhouse by adsorption-desorption cycle. 

Hao Zou

Reporter



What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

06. Heat Pump Incremental Thermal Storage 

& Energy Quality Control



HP1:Water vapor high-temperature heat pump: Utilize industrial waste

High-temperature heat pump with water as refrigerant capable of
outputting 120-150℃ high temperature, with system efficiency
higher than others

36

Performance Te=82.9 ℃;Tc=115.0 ℃ Te=80.4 ℃;Tc=120.5 ℃ Te=81.4 ℃;Tc=130.5 ℃

Heating capacity (kw) 260.12 211.07 199.58

Power consumption (kw) 45.61 46.84 57.1

COP 5.7 4.51 3.49



HP1:Water vapor high-temperature heat pump: Utilize industrial waste

High-temperature heat pump with water as refrigerant capable of
outputting 120-150℃ high temperature, with system efficiency
higher than others

36

Performance Te=82.9 ℃;Tc=115.0 ℃ Te=80.4 ℃;Tc=120.5 ℃ Te=81.4 ℃;Tc=130.5 ℃

Heating capacity (kw) 260.12 211.07 199.58

Power consumption (kw) 45.61 46.84 57.1

COP 5.7 4.51 3.49

First place in the Best Student

Paper at the 25th International

Refrigeration Conference

(Montreal, Canada, August 2019),

with related achievements

incubated at Shanghai Nuotong

New Energy Technology Co., Ltd



HP2: DCHE-based system designed for high-speed rail 

Energy： Highly efficient desiccant-coated heat exchanger-based heat pump to 

decarbonize rail transportation. 2023, 271, 127014.

❑Application of  DCHE technology in train ❑Doubled COP under railway standard conditions

The engineering prototype achieved a doubled COP compared to existing units. Technology 

transfer to Jinxin Merak, a leading company in rail HVAC systems

First author

Zhao Shao
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Zhenggen Wang



HP2: DCHE-based system designed for high-speed rail 

Energy： Highly efficient desiccant-coated heat exchanger-based heat pump to 

decarbonize rail transportation. 2023, 271, 127014.

❑Application of  DCHE technology in train ❑Doubled COP under railway standard conditions

The engineering prototype achieved a doubled COP compared to existing units. Technology 

transfer to Jinxin Merak, a leading company in rail HVAC systems

First author

Zhao Shao
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Phase 2

Awarded 1st Prize llR Best Student Paper CompetitionTechnology transfer

Zhenggen Wang

First place in the Best Student Thesis of 
the 26th International University of 

Refrigeration (Paris, France, August 2023)



HP3: Heat pumps as a sustainable bridge for global heating and

cooling at multi-scale

Energy & Environmental Science：Heat pumps as a sustainable bridge for global heating and cooling 

at multi-scale. 2024:10.1039.D3EE04246D (Hongzhi Yan, …. , Ruzhu Wang*)

Explored the potential of heat pumps in global heating and cooling, proposed a multi-scale, cross-

region strategy for heat pumps, established the interdisciplinary research approach and multi-

sector collaboration mode for sustainable cooling&heating energy utilization

First author

Hongzhi Yan

❑ Multi-scale, cross-regional strategy ❑ Interdisciplinary research approach and 

multi-sector collaboration 



HP4: Heat pump integrated with latent heat energy storage

Baoshan XIE
First author

Energy & Environmental Science：Xie B., Du S., Wang R.Z.*, et al.. Heat pump integrated with 

latent heat energy storage. 17, 6943 – 6973 (2024).

Heat cascaded 
utilization

Renewable energy 
electricity

Off-peak electricity on 
time-of-use tariffs

Increase quality

Improve quantity

Heat pump +latent 
heat storage

Summarized the coupling principle, heat matching mechanism, and heat cascaded utilization methods of the heat pump-latent 

heat storage integrated system, and clarifying the technical principle and prospects of the integrated system based on phase 

change material in terms of “Scalable Thermal Energy Storage and Conversion Regulation System”.



HP5: Intermediate thermal storage for both heating and cooling

Energy & Environmental Science：Fewer temperature ties: scalable integration and broad selection of 

phase change materials for both heating and cooling. 2025, https://doi.org/10.1039/D4EE04223A. First author
Xiaoxue Kou

 Intermediate thermal storage system & 

application potential
 Performance evaluation in typical regions

Developed an intermediate thermal energy storage solution, matching the optimal materials for 51 countries 

and 95 subnational regions worldwide. The energy efficiency in typical areas is improved by 11.73-21.99%.



HP6: Heat Pumps Integrating Direct Air Capture Processes

Applied Energy：Innovative Process Integrating High Temperature Heat Pump and Direct Air Capture. 

2024, https://doi.org/10.1016/j.apenergy.2023.122229 First author
Bingyao Ge

The combination of  heat pump and DAC system offers a substantial reduction in thermal energy consumption, 

the deep thermal integration led to the reducing energy consumption by 69.5%.

Figure 1. The flowsheet of simple DAC with Heat Pump system (H-DAC)

Figure 2. The flowsheet of deeply integrated DAC with heat pump system (I-DAC)
Components boiler chiller fan vacuum compressor pump

Total 

(𝐆𝐉 𝐭𝐂𝐎𝟐
−𝟏 )

I-DAC 0 0 0.46 0.50 1.81 0 2.77 

H-DAC 0 0.60 0.46 0.50 1.965 0.004 3.53 

Table1. Energy consumption analysis of H-DAC and I-DAC system



Heat Pumps Integrated DAC demonstration-CarbonBox
600tons/year  CO2 capture from air

           

     

           

     

   

             

      

   

           

          

         

     

          

          

         

         

         

     

Kou X, Wang R*, Du S, Xu Z, Zhu X. Heat pump assists in energy transition: Challenges and approaches. DeCarbon 2023:100033.

https://doi.org/10.1016/j.decarb.2023.100033.

Zhu, X.; Xie, W.;…; O‘Hare, D.; Li, J.; Ge, T.*; Wang, R.*, Recent advances in direct air capture by adsorption. Chem. Soc. Rev. 2022, 51

(15), 6574-6651.



What we have done? 0-1 and 1-100 in Energy-Water-Air-Food nexus.

Research Focus of ITEWA Team

07. Solar-based Desalination



SD1: Ultrahigh-efficiency multistage solar desalination

With thermally-localized multistage solar still, 385% solar GOR and 5.78 L m-2 h-1

production rate were demonstrated, which is 2 times higher than previous record 

(Top MIT research stories 2020).

First author

Zhenyuan Xu
Energy & Environmental Science：Ultrahigh-efficiency desalination via a thermally-localized 

multistage solar still. 2020, 13, 830-839.

❑ Thermally-localized multistage solar still ❑ Distillation performance enhancement

10 times

2 times

385%

Nat. Commun., 
2019, 10:3012Nat. Sustain.,

2018, 1:763–772



SD2: Hypersaline desalination via thermohaline convection

❑ Mechanism of thermohaline convection ❑ Solar-driven multistage TSMD device

Enhanced salt rejection and heat transfer by initiating thermohaline convection，

realizing stable water productivity of 1.78 kg m-2 h-1 with 20 wt% hypersaline brine

First author

Jintong GaoJoule：Extreme salt-resisting multistage solar distillation with thermohaline 

convection. 2023, 7, 1-17.



SD3: Solar evaporation towards real-world applications 

Developing solar evaporation with solute replacement, realizing fouling free when treating 

CaSO4 solution, and 478% performance enhancement when treating NaAlg solution

First author

Zhenyuan Xu
Energy & Environmental Science：Solar evaporation with solute replacement towards real-world 

applications. 2023, 16, 5325-5338. 

❑ Solute replacement strategy ❑ Evaporation performance enhancement 



SD4: Thermally-pressurized distillation for high

❑ Mechanism analysis ❑ Multistage MD and performance

Proposed a pressurization strategy to increase the vapor flux of membrane distillation，

realizing total distillate flux over 9.0 L m-2 h-1 and per-stage distillate flux up to 1.13 L m-2 h-1

Nature Communications：Ultra-high freshwater production in multistage solar 

membrane distillation via waste heat injection to condenser. 2024, 15, 7890.

water production rate

Primož Poredoš, Jintong Gao, He Shan
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Chinese Scientists with Cell Press Best Paper Award 2020/2021/2022/2023/2024

2023 Chinese Scientists with 
Cell Press Best Paper Award

（Ten Papers in Sustainable Development）

2023 Chinese Scientists with 
Cell Press Best Paper Award

（Ten Papers in the Field of Materials Science）
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72Exploring Groundbreaking Basic Research from 0 to 1

April 2024: ITEWA Laboratory

Science 、Nature Research Journals

publications in IF>15 journals
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April 2024: Expansion of Laboratory Space

GEL204 Peripheral Lab Setups and Measurement Tools

Exploring Groundbreaking Basic Research from 0 to 1



AWH commercialization (AtmosWell, GE Water+SJTU)



Market requirements: 10L, 20L, 50L, 100L, 500L, 1000L/day  (condensing units for RH>=40%)

Market requirements: 1L, 10L, 50L, 100L/day  (Sorption units, for RH=20~50%)

AWH commercialization (AtmosWell, GE Water+SJTU)

Typical 1 ton/day AWH product
Heat exchanger design and 

system installation

More R&D is going on

Solar Sorption AWH
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Expected for large scale commercialization 

AWH commercialization (AtmosWell)

Residential/business 20L/day        Public service (solar PV+Battery+AWH+Clean Water)
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Expected for large scale commercialization 

AWH commercialization (AtmosWell)

Residential/business 20L/day        Public service (solar PV+Battery+AWH+Clean Water)



ITEWA Park

Inverters & 
batteries

Air-made water 
dispenser

Rooftop photovoltaic system

Outdoor Indoor

Plant factory

Prefabricated apartment

Green exhibition hall

Air-made water 
dispenser

Inverter 
battery

Small temperature 
difference floor wind tray

ASHP

Illumination

LED screen

Air dispenser

Rest area

DAC

Water

CO2

ITEWA Park.mp4
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2021 ITEWA Team
Faculty Members: 
Ruzhu Wang; 
Tingxian Li; 
Tianshu Ge; 
Zhenyuan Xu; 
Xuncan Zhu 
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NSFC Innovative Research Group with Excellence (2021)

NSFC Major Program (Newly Approved in 2022)

Shanghai Leading Talent Program of Eastern Talent Plan（2023）

Faculty Selected into 
National-Level 
Talents

Dual-focused Research (0~1 & 1~100) helps Academic Team Development



82My research group (all faculty members & research staffs)
82
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• Understanding 0-to-1 and 1-to-100 Paradigms

• Inspire young researchers

• Team work

• Excel in Pioneering Innovations from 0 to 1 while

Scaling Up from 1 to 100

Concluding Remarks

Energy-water-air-food: a nexus approach
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• Understanding 0-to-1 and 1-to-100 Paradigms

• Inspire young researchers

• Team work

• Excel in Pioneering Innovations from 0 to 1 while

Scaling Up from 1 to 100

Concluding Remarks

Thanks and welcome to Shanghai!
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