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Climate change push increasing cooling demand

• Global warming lead to increasing cooling demand: 1℃ increase in global average temperature 
by 2050 (compared with today) will lead to an average increase in CDDs of 25%

• Climate change is increase global mean temp. as well as temp. variation, and increase in hot 
and record-hot weather is disproportionately worse in developing countries

Increase in CDDs in the Baseline Scenario relative to historical CDDs, 2016-2050

Source: IPCC Third Assessment Report: Climate Change 2001. 
Working Group I: The Scientific BasisSource: IEA, The future of Cooling, 2018.

The effect on extreme temperatures when both the mean and 
variance increase for a normal distribution of temperature
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Urbanization process lead to emerging cooling demand 

• Urbanization in emerging economy like China, India and ASEAN countries accelerates emerging 
cooling demand 
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The demand of cooling in population 
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Cooling is a significant energy consumer and GHG emitter

• The IEA projects that global air conditioning energy demand will grow from 2020 TWh in 2016 to 6200 TWh in 
2050, with most of the growth in developing economies. 

• Worldwide energy demand for space cooling will overtake space heating by 2060, and outstrip it by 60% at the 
end of the century, as cooling demand in the developing countries of the global south grows faster than heating 
demand in the developed northern economies.

• Total GHG is unaffordable: building cooling GHG emission is up to 5 Gt. If consider cooling demand 
conservation, cooling efficiency improvement, green behavior and renewable energy, total GHG is possible 
to be controlled less than 2 Gt 

Source: IEA, The future of Cooling, 2018. 5
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Challenge of building cooling in China
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 With the urbanization process, China’s building stock developed fast 

 The air conditioner ownership grew quite fast in last decades.

2017, 59 billion
2030, 70 billion

AC ownership in urban and rural residential sectorsChina’s building stock
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Challenge of building cooling in China

 The air conditioner ownership grew quite fast in last decades.

AC ownership in urban and rural residential sectors

7
2000 2015



L o g o
Increased use of air conditioning leads to increased energy consumption

 In 2017, electricity used for cooling in urban residential buildings in China’s was around 95 TWh, 
resulting in about 60 MtCO2.

 Mini-splits are the biggest consumer of energy for cooling in urban households.

8

Cooling energy use in urban residential buildings, 2000~17

Data source: BERC, China Building Energy Model.
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Increased use of air conditioning leads to increased energy consumption

 In 2017, electricity used for cooling public and commercial buildings in China’s was around 

190 TWh. 

9Data source: BERC, China Building Energy Model.

Cooling energy use in public and commercial buildings, 2000~17
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Key features of building cooling in China
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Key features of cooling in civil building – part time part space 

 In residential buildings, different behavior modes can lead to 

more than 10 times’ difference

Measured cooling use in Beijing

Comparison of residential cooling use 
in US and China
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Key features of cooling in civil building – part time part space 

 Part time and part space is predominant cooling behavior, overall operation hours in most 

families are small: operation hour of single split AC in Beijing is less than 200 hours
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High energy consumption of centralized cooling system 

 Centralized cooling system’s energy consumption is much higher than single split AC

 Much higher cooling demand because of full time full space behavior limited by cooling system  
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Cooling energy consumption comparison 
between centralized cooling and split AC 

Split AC Centralized cooling

Central cooling system in Jiangsu
• Radiant cooling + fresh air system 
• Ground source heat pump, COP =5
• Cooling consumption: 22 kWh/m2(average 4~7)

单位：kWh/m2 
夏季耗电量 

（5 月~9 月） 

过渡季耗电量 
（4 月、10

月） 

冬季耗电量 
（1 月~3 月、11 月~12

月） 
空调系统电耗 21.9 2.7 19.9 

冷机电耗 13.4 0.3 
17.7 

水泵电耗 6.5 1.3 
新风机组电耗 2.0 1.0 2.2 

 

Cooling system
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Pump

Fresh air fans
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High energy consumption of centralized cooling system 
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Using pattern

• The thermostat is set at 23℃

• Full time and full space operation 
from May to October

Case1 North Carolina

Case2 North Carolina Using pattern

• The thermostat is set at 22℃

• AC system is turned on for the 
entire cooling season

Cooling energy use

• 38.4 kWh/(m2·yr)

• 8764kWh per household

Cooling energy use

• 24.8  kWh/(m2·yr)

• 4069 kWh per household

Full time and full space using pattern result in high cooling energy intensity

US families case study
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Major reason for the huge difference in cooling energy intensity

 Part time & Part space mode (P2 mode)

 Cooling system only works when the space is occupied 

 Switch off everything when left from home 

 Full time & Full space (F2 mode) 

 Centralized system provides service for every space

 Runs 24 hours a day and 7 days a week

 The two types of operation mode could cause the huge difference in cooling energy as 

much as 10 times
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Cooling in public & commercial buildings 
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Cooling in office buildings 
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Cooling in office buildings 

VAV System

 Minimum air flow volume limitation, an VAV 

box cannot be switched off individually 

 Uniform air supply temperature

 Reheat is necessary to prevent over cooling

FCU system
• No minimum air flow volume limitation 

FCU can be switched off individually
• Each terminal can be adjusted  

individually 
• No reheat   
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Future approach of building cooling in China
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Different development path will lead to huge gap in cooling energy use

Path A: full time and full space 
Path B: part time and part space
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Future approach of building cooling in China 
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What building can do?

 Natural ventilation

 Building shape

 Openable windows and area

 Indoor layout

 Building design 

 Insulation?

 Exterior shading 

What occupant can do and engineer can help?

 Part time and part space: flexible control

 Fully-stop systems

 Individual control

 Decentralized equipment

 Set point

 Regulation of indoor temperature: above 26°C 

 Education on green life style

 Complain driven rather than adjustable set-point 
driven

Demand first, then efficiency.
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Natural ventilation

 Natural ventilation can achieve higher ventilation 

rate than mechanical ventilation system 

Open in one-side
Open in both sides

How large ventilation rate a mechanical system can do?
0.5 ACH? 1 ACH?

Test condition：
no wind outside, 
temperature difference 
between indoor and 
outdoor no more than 1K

 People prefer opening windows.

Always open window Sometimes open window Never open window

Distribution of people’s awareness for opening 
window in different surveys
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Natural ventilation 

 Office building in Shenzhen use natural ventilation to achieve good indoor thermal comfort 

2009-05-04, Outdoor Temp = 25℃
Meeting room is full occupied, only use natural ventilation, no cooling supply
Occupant is satisfied with thermal environment according to questionnaire survey result

Openable window
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Building envelope design

 Suitable insulation level

 Insulation is only important for the region when 
space heating is required. For the region that only 
cooling is needed, the insulation will be good 
enough as soon as if the U value less than 1W/m2,     

 Openable window 

 External shading both for windows and walls

 Natural ventilation to decrease cooling 

demand 
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Key features of cooling in civil building – part time part space 
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Realities for residential VRFs in China:
 Running quantity: only one indoor unit running during 60% operating hours.
 Operating Load: load lower than 30% during 60% operating hours.
 Common habit for most Chinese users: minimize family living expense.

Operating Hours at Different Cooling Loads (Nationwide)Indoor Unit Quantity Operating at the Same Time 
(Nationwide)

Data source: based on operation data of  200,000 VRF samples 
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Key features of cooling in civil building – partial load operation 

 When only one indoor unit is operating at 50% load, 1HP mono-split: load 50%, EER 3.95, 5HP 
VRF: load 10%, EER 1.85.It is why the consumption for VRF is higher than split.

 Minimum load of the traditional VRFs is 10% only, compressors frequently start and stop.
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Data source: based on operation data of  200,000 VRF samples 
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Technology to adapt cooling pattern

Newly developed compressor: large and small volume cylinders in parallel. 
 High load: both cylinders working at the same time.
 Low load: large cylinder stops and only small cylinder works.
 Motor working always at high speed, energy efficiency is improved at low load . 

Both Cylinders in Operation

System with Both Cylinders in Operation
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Technology to adapt cooling pattern

Newly developed compressor: large and small volume cylinders in parallel. 
 High load: both cylinders working at the same time.
 Low load: large cylinder stops and only small cylinder works.
 Motor working always at high speed, energy efficiency is improved at low load . 

Small Cylinder in Operation System with Only Small cylinder in Operation
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Improve energy efficiency of low load ration operation 

 Greater comfort, more energy-saving

 EER of new VRFs greatly improved at load below 30%,now higher than the mono-split;

 At 10% load: EER increases from 1.85 to 4.25, improved by 130%.

 The minimum operation load down to 5%, indoor temperature fluctuation and frequent start-stop problems are solved.
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Indoor temperature setting point 

 There can be considerable differences in perception of thermal comfort within buildings

 Choice on comfort levels (i.e. temperature setting and relative humidity) can have significant impact on cooling system 

performance and cooling energy consumption

 Temperature setting has important implications on energy demand for cooling services in buildings and offers huge 

potential demand savings

Running hours(left) and Energy consumption(right) for cooling in office buildings
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Conclusion 

 It is notable the rapid increasing trend of building cooling in China

 New approach should be developed to meet the demand with low energy and low carbon

 The low energy approach for cooling in buildings

 P&P mode service rather than the F&F mode should be the key issue  in most cases

 Flexibility may be the priority rather than the efficiency

 Therefore  decentralized system should be the priority rather than centralized

 Openable windows for natural ventilation is another important measure

 External shading both for wall & windows rather than external insulation is the priority for envelope 

 Avoiding over cooling, technique issues and green cultural are needed 
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Tsinghua - IEA joint report

Main Content
 This report explores the principal trends and challenges related to the rapid 

growth of cooling energy use in China, 
 Looking into existing market developments, policies, technology choices and 

occupant behavior in buildings in China.
 It then looks at how cooling demand in buildings might evolve over the next 

decade to 2030 and considers what China can do to ensure greater cooling 
comfort without parallel growth in energy consumption and emissions.

Recommendations
 Raise energy performance standards
 Encourage “part time” and “part space” cooling behavior
 Pay attention to real-time system operating efficiency 
 Urge passive design and natural ventilation where possible
 Promote suitable indoor comfort levelsScan and download 
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Building Energy Research Center
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