
www.cranfield.ac.uk

Sustainable Cooling: 
A Global Challenge

Renaldi Renaldi

Lecturer in Thermal Engineering

renaldi@cranfield.ac.uk

Guest lecture – Institut Teknologi Sepuluh Nopember

10 June 2022



2/38

• Introduction

• Global cooling challenge

• Technological landscape

• Potential solutions

• Discussions

Contents



3/38

About the speaker - Background

Experience

• Lecturer (Assistant Professor) Cranfield University, UK 

• Research Associate University of Oxford, UK 

• Research Associate Newcastle University, UK 

Education

• PhD (Energy Systems) University of Edinburgh, UK

• MSc (Sustainable Energy) TU Eindhoven, NL

• S.T.  (Teknik Mesin) Institut Teknologi Bandung 
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Cranfield University

• A specialist postgraduate University with distinctive characteristics.

• The largest number of postgraduate engineering students in the UK.

• Focused research themes:

• Aerospace

• Defence and Security

• Energy and Power

• Environment and Agrifood

• School of Management

• Manufacturing

• Transport Systems

• Water
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Cranfield – Energy & Power

Centre for Energy Systems 
Strategy

Centre for Thermal Energy 
Systems and Materials

Centre for Renewable 
Energy Systems

Centre for Climate and 
Environmental Protection



6/38

Energy & Power – MSc courses

• Advanced Chemical Engineering

• Advanced Digital Energy Systems

• Advanced Heat Engineering

• Advanced Mechanical Engineering

• Renewable Energy

https://www.cranfield.ac.uk/themes/energy-and-power/courses

Taught modules
October – February

• Lectures/seminars

• lab work

• Assignments

• private study

Group project
February - April

• Team work

• Multidisciplinary

• integrate subjects

• professional skills

Research thesis
April - September

• Scientific thesis

• research training

• externally linked and 

funded when possible

https://www.cranfield.ac.uk/themes/energy-and-power/courses
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Climate change
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Cooling demand - Global

IEA (2018) The Future of 

Cooling: Opportunities for 

energy efficient air conditioning
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Cooling demand - Global

IEA (2018) The Future of 

Cooling: Opportunities for 

energy efficient air conditioning
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Cooling demand - Projections

IEA (2018) The Future of 

Cooling: Opportunities for 

energy efficient air conditioning
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Cooling & Sustainable Development Goals (SDGs)

Khosla, R., Miranda, N. D., Trotter, P. A., Mazzone, 

A., Renaldi, R., McElroy, C., ... & McCulloch, M. 

(2021). Cooling for sustainable 
development. Nature Sustainability, 4(3), 201-208.
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Indonesia?
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Cooling Degree Days

Biardeau, L. T., Davis, L. W., Gertler, 

P., & Wolfram, C. (2020). Heat 

exposure and global air 

conditioning. Nature 

Sustainability, 3(1), 25-28..
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Share of AC - Indonesia
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Efficiency of AC - Indonesia
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Incumbent: Vapour compression cycle
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Emissions from air conditioners

Woods, J., James, N., Kozubal, E., Bonnema, 

E., Brief, K., Voeller, L., & Rivest, J. (2022). 

Humidity’s impact on greenhouse gas 
emissions from air conditioning. Joule.
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Emissions reduction opportunities

Goetzler, W., Guernsey, M., Young, J., Fujrman, J., & 

Abdelaziz, A. (2016). The future of air conditioning for 

buildings (No. DOE/EE-1394). Navigant Consulting, 
Burlington, MA (United States).
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Non-vapour compression technologies

Renaldi, R., Miranda, N. D., Khosla, R., & McCulloch, M. D. (2021). Patent landscape of not-in-kind 
active cooling technologies between 1998 and 2017. Journal of Cleaner Production, 296, 126507.
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Patent landscape of alternative technologies

• Patent-based landscape of alternative cooling 
technologies.

• Top five countries: China, Japan, South Korea, US, 
and Germany.

• Promising alternatives: absorption, magnetocaloric, 
thermoelectric.

Renaldi, R., Miranda, N. D., Khosla, R., & McCulloch, M. D. (2021). Patent landscape of not-in-kind 
active cooling technologies between 1998 and 2017. Journal of Cleaner Production, 296, 126507.
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Sustainable cooling framework

Khosla, R., Miranda, N. D., Trotter, P. A., Mazzone, 

A., Renaldi, R., McElroy, C., ... & McCulloch, M. 

(2021). Cooling for sustainable 
development. Nature Sustainability, 4(3), 201-208.
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Technological innovation: Efficient air conditioners

• Global Cooling Prize (2018 – 2021)

Key attributes of winning technologies:

• Variable-speed compressor that can modulate to very low 

cooling capacities.

• Improved evaporator design and advanced controls to 

enhance dehumidification capabilities.

• Direct evaporative cooling at condenser.

• Integrated solar PV and use of direct current components.

• Low-GWP refrigerant

https://globalcoolingprize.org/

https://globalcoolingprize.org/
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Governance: Efficient air conditioners



34/38

Infrastructure design: Passive cooling
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Governance: Low-GWP refrigerants

• Montreal Protocol (1987)

→ Phasing out substances with high 
Ozone Depletion Potential (ODP)

→ Chlorofluorocarbons (CFC)

→ Hydrochlorofluorocarbons (HCFC)

• Kigali Amendment (2016)

→ Phasing out substances with high 
Global Warming Potential (GWP)

→ Hydrofluorocarbons (HFC)
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Summary

• Global cooling demand is rapidly increasing & could impede climate change mitigation.

• Electric-driven vapour compression AC will still dominate the market in the near future.

• Reduce demand by implementing passive cooling measures.

• Minimise direct emissions by using low-GWP refrigerants.

• Reduce indirect emissions through power sector decarbonisation.

• Reduce direct & indirect emissions by using high efficiency AC.
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