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The Building Technologies Office (BTO), within the U.S. Department of Energy’s (DOE) Office of 
Energy Efficiency and Renewable Energy published the report “Furute of Air Conditioning for 
Buildings” last summer.1  The report characterizes the current landscape and trends in the global air 
conditiooning (A/C) market, including discussion of both direct and indirect climate impacts, and 
potential global warming impacts from growing global A/C usage. It also documents solutions that can 
help achieve international goals for energy efficiency and greenhouse gas (GHG) emissions reductions. 
The solutions include pathways related to low-global warming potential (GWP) refrigerants, energy 
efficiency innovations, long-term R&D initiatives, and regulatory actions.  DOE’s major motivation in 
producing this report is to support dialogue within the international community and help keep key facts 
and objectives at the forefront among the many important discussions. 
 
Today, A/C equipment represents close to a $100 billion, 100 million-unit per year global market, and 
accounts for 4.5 exajoules (4.26 Quadrillion Btus) of site energy (almost exclusively electricity) 
consumption per year, comprising just over 4% of global building site-energy consumption.2 While 
adoption of A/C in developed countries increased rapidly in the 20th century, the 21st century will see 
greater adoption in developing countries, especially those in hot and (possibly) humid climates with large 
and growing populations, such as India, China, Brazil, and Middle Eastern nations. The International 
Energy Agency (IEA) projects that A/C energy consumption by 2050 will increase 4.5 times over 2010 
levels for non-OECD countries versus 1.3 times for OECD countries. Rising income and greater access to 
A/C equipment in many of these nations opens the door to building cooling for billions of people, which 
will provide significant benefits in increased human health and comfort.  Globally, stationary A/C 
systems account for nearly 700 million metric tons of direct and indirect CO2-equivalent emissions 
(MMTCO2e) annually. Indirect emissions from electricity generation account for approximately 74% of 
this total, with direct emissions of HFC and hydrochlorofluorocarbon (HCFC) refrigerants accounting for 
7% and 19%, respectively.  Transitioning to low-GWP refrigerant options could eliminate the vast 
majority of direct emissions from A/C systems. With many available low-GWP alternative refrigerants 
having GWPs of 100 or less, industry has the opportunity to implement high-impact solutions for all 
applications. 
 
Most of the near-term A/C demand growth may be expected to be met with traditional or advanced vapor-
compression (VC) cycle based cooling systems.  Over the next several decades it is expected that VC-
based A/C systems will transition to using low-GWP refrigerants, including synthetic substances such as 
hydrofluoroolefins (HFOs) and lower-GWP HFCs, as well as non-fluorinated fluids such as 
hydrocarbons.   Longer-term, A/C systems may transition to entirely different (non-traditional) 
technologies that move beyond VC technology, while maintaining or improving efficiency.  The global 
community can play a valuable role in driving the adoption of sustainable A/C systems. The path to this 
sustainable future of A/C will depend upon the international community developing a cohesive set of 
solutions that are interdisciplinary and collaborative. Mission Innovation, launched at the 2015 Paris 
Climate Conference, is an international initiative to dramatically accelerate clean energy innovation by 

                                                           
1 W. Goetzler, et al. 2016. “The Future of Air Conditioning for Buildings” US Department of Energy. Available: 
http://energy.gov/eere/buildings/downloads/future-air-conditioning-buildings-report 
2 Source energy consumption is approximately 3x site electricity consumption globally or 13.5 EJ (12.8 Quads. International 
Energy Agency. 2013. “Transition to Sustainable Buildings: Strategies and Opportunities to 2050.” Figure 1.5. OECD/IEA. 
Available at: https://www.iea.org/media/training/presentations/etw2014/publications/Sustainable_Buildings_2013.pdf   
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both the public and private sectors.3  This and similar programs, such as the Clean Energy Ministerial’s 
Advanced Cooling Challenge, can play an important role in meeting international climate change 
mitigation goals. 
 
The figure below shows that among all key mechanisms available to reduce A/C emissions, non-
traditional cooling technologies can play an important role in the long-term solution since they are the 
only mechanism available with the potential to completely eliminate direct emissions while 
simultaneously reducing indirect emissions. 
 

 
Elements of sustainable, low-emissions A/C systems 

 
This workshop focuses on the potential future role(s) of non-traditional technologies in building comfort 
cooling (and heating).  We hope for this to accelerate international dialog on this subject and to identify 
and prioritize collaborative R&D efforts through the IEA/HPT and other appropriate IEA Technology 
Collaboration Programs (TCP) to facilitate development and ultimate adoption of cost-effective non-
tradtional technology solutions.  The principal application focus is future building A/C systems but, as the 
workshop title implies, non-traditional technologies are alos applicable to heat-pump based heating 
technologies as well.   
 
The workshop will with an initial presentation to summarize the “Future of AC” report findings and set 
the stage for breakout sessions to follow.  Some candidate “discussion starter” questions for the breakouts 
include: 
 

• What is the current R&D status for non-traditional technologies? 
• What are the relevant R&D gaps for the different technologies? 

o Which might be most appropriate for an IEA Annex (or Annexes) 
• What building A/C (or heating) applications are most appropriate for non-traditional technology 

solutions? 
• Others? 

 

                                                           
3 DOE. 2015. “Announcing Mission Innovation.” http://www.energy.gov/articles/announcing-mission-innovation    
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Summaries of the breakout sessions will be presented by spokespersons from each group in a summary 
session at the end of the workshop.  Ideas and suggestions generated during the breakouts and wrap up 
sessions will be assigned priorities via vote by the participants.  These will be a key basis upon which a 
workshop summary presentation will be prepared for the conference closing session. 
 


