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Abstract

In northern China, space heating consumes 19% of the total energy and emits 22% of the carbon dioxide in
the building operation sector. Against the background of China’s “carbon peaking and neutrality” goals,
improving building electrification rates and renewable energy utilization rates have become critical
development pathways. As a state-of-the-art solution for this transition, the CO; air source heat pumps
(ASHP) are applicable to both retrofitted and newly constructed buildings. Taking distributed heating system
projects using CO2 ASHPs as the research object, this paper illustrates the technology’s development status
and investigates its operational performance. Analysis of the projects applied in cold and severe cold zones
revealed that CO, cascade ASHPs achieve favorable efficiency, with a seasonal heating COP ranging from
2.24 to 2.92. Moreover, they can operate stably at ambient temperatures around -22°C while maintaining
indoor temperatures that meet relevant standards. To guide and regulate the further development of such
applications, a national standard has been released in response to the growing adoption of CO2 ASHPs in
space heating and other heating systems.

© HPC2026.
Selection and/or peer-review under the responsibility of the organizers of the 15% IEA Heat Pump Conference 2026.

Keywords: CO; air source heat pump; distributed central heating system; COP; national standard

1. Introduction

Since China proposed the "dual carbon" goals in 2020 [1], the urban and rural construction sector has
remained a key area for their implementation [2]. By 2023, the total heating floor area in northern urban
regions of China had reached 17.3 billion square meters. The associated space heating consumed 222 million
tons of standard coal and resulted in 500 million tons of CO, emissions, accounting for approximately 19%
of building operational energy use and 22% of its carbon emissions [3]. To advance the "dual carbon" targets
in building heating, the government has issued a series of policy plans [4-7], outlining a transition toward
electrification, clean energy, and low-carbon development in this sector. CO: air source heat pumps (ASHPs)
have emerged as a promising technical pathway, primarily due to their excellent low-temperature
adaptability and high heating capacity [8,9] that enable applications in severe cold zones. This promotion in
severe cold zones is supported by ASHPs proven contributions to energy savings and emission reductions in
cold zones under China’s clean heating initiatives in recent years [10-12]. In accordance with China’s
implementation of the Kigali Amendment, the production of certain heat pump units using refrigerants with a
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global warming potential (GWP) greater than 750 will be prohibited starting in January 2029 [13]. This
regulation further highlights the advantage of CO> ASHPs using natural refrigerants, and China’s National
Development and Reform Commission has thus emphasized the need to strengthen the research and
application of transcritical CO: heat pump technology [14].

The application of CO> ASHPs in China aligns with the global trend, being predominantly utilized in
water heating and vehicle air conditioning systems. Their use in space heating, however, remains in a
preliminary stage. Since 2018, following the successful pilot implementation of CO> ASHPs in railway
heating projects, the scale of their application has been steadily expanding [15]. This paper reviews the
current status of CO> ASHPs implementation in China, focusing on space heating projects and the associated
standards.

2. Application projects status

Owing to the thermodynamic properties of CO> [15], the compact structure of single CO> ASHP unit
provides it with higher heating capacity, making it suitable for distributed central heating systems. In recent
years, the application of CO2 ASHPs in space heating in China has achieved large-scale growth, with the
accumulated heating area reaching 1.29 million square meters (see Figure 1). These projects cover buildings
of different functions and are applicable to both new constructions and renovation projects, all achieving
high efficiency with an average COP of 2.24-2.92 during the heating season (see Table 1). Moreover, even
when the outdoor temperature drops to -22.2°C, CO2 ASHP can still operate stably and efficiently, with an
hourly COP of 2.70. These results indicate that CO> ASHPs have great application potential for space
heating in cold and severe cold zones.
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The applications of CO2 ASHPs in recent years present three main development trends. First, the heating
capacity of single unit has increased significantly, from 40 kW up to 1992 kW. Second, the heating scale has
expanded remarkably as the heating scope has shifted from single low-rise building with a floor area of
thousands square meters to multiple building clusters with a total floor area exceeding tens of thousands of
square meters. Third, with advancements in CO2 ASHP technology and control strategies, the average COP
during the heating season has been gradually improved.
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Among all the applications, the transcritical cycle (see Figure 2) serves as the foundational technology.
The large temperature glide of CO: in supercritical region in gas-cooler is enable the production of high-
temperature water even under low ambient temperatures. However, the relatively high return water
temperature for space heating, typically exceeding 40°C [24], can degrade the heating performance of the
transcritical cycle. To address this technical challenge, cascade cycle, semi-cascade cycle and combined
cycle have been proposed (see Figures 3-5) to subcooled the gas-cooler outlet temperature.

Table 1. Information of CO, ASHP application projects

Year City Building Type FA/m? HC of unit/kW Average COP COP at lowest AT
2016[16] Dalian Office Building 3550 40 (0°C) 2.33 (3.3°C) 1.66 (-10.4°C)*
2021[17]  Hohhot Civil Building 1200 46 (-12°C) 258( /) 1.87 (-21.0°C)®
i 1di 0 e 2.82 (-14.8°C)P
2021[18] Qinhuangdao Office Building 30262 375 (-12°C) 2.85 (-4.4°C) 2.94 (-14.8°C)
Residential o 2.68 (0.6°C)2 2.47 (-9.2°C)d
2021[18]  Shijiazhuang 0 55000 685 (-12°C) 2,56 (0.6°Cy 233 (:0.2°Cp
. Residential o o ora
2022[19] Dalian Building 3401 100 (15°C) 2.24 (1.9°C) 2.12 (-8.7°Cy
. . 2.75 (-11.0°C)%
*
2022*[20]  Ulanqab Railway Station 1292 68 (/) / 225 (-11.0°C)
Residential o o ora
202221]  Shijiazhuang 55000 685 (-12°C) 2.58 (3.2°C) 2.49 (-6.8°C)
Residential 1992 (-12°C) 2.92 (2.6°C) 2.80 (-7.6°C)™
20220211 Shijiazhvang o nds 130800 1510 (-1200) 2.88 (2.6°C) 2.78 (-7.6°C)
2022*[20] Baiyin Railway Station 1000 115 () / 2.20 (-10.7°C)¢
2023[22]  Shijiazhuang ~ esidential 130000  670.7 2.50 (-1.3°C) 2.60 (-14.1°C)y
J & Compounds ’ ’ ’ ' ’
2024 Chengde Office Building 8788 585 (-12°C) 2.89(-5.2°C) 2.70(-22.2°C)°
2024*[23]  Beijing Office Building* 6000 / 2.67(-4.7°C)*" 2.60 (-13.0°C)
Note:

1. All projects comply with national standards for indoor conditions. 2. COP values refer to the heat pump unit only.

3. Project year is assigned based on the test data year or, if unavailable, the year prior to the paper's publication (marked with *).
4.FA: Floor Area; HC: Heating Capacity; AT: Ambient Temperature.

2 24-hour average. b 2-hour average. ¢ 1-hour average.

fTest duration: 30 days. ¢ Test duration: 87 days. " Test duration: 88 days.
i System tested under two conditions with supply water flow rates of 16.5 m*/h and 11 m* /h.

7 COPs correspond to unit #1 and unit #2 in the heating system, respectively.

k Direct expansion heat pump system ! Re-analysis of different operation periods for a previously listed project.

4 Value read from figure. ¢ Test duration: 10 days.

3. Standards status

Based on climatic characteristics, China is classified into five primary building climate zones (see Table 2)
[25]. With continuous technological breakthroughs in the low-temperature performance of ASHPs [26], their
application in the heating sector has been expanding northward. Reflecting this, national standards have
systematically expanded the nominal testing conditions from 7°C to -35°C, concurrently raising the
minimum performance coefficient requirements for these conditions [27-29]. This progression in standards
and technology provides a crucial foundation for the long-term stable operation of ASHPs throughout
China's varied building climate zones.

Since the low-temperature adaptability of CO> ASHPs makes them suitable for space heating in cold and
severe cold zones, a dedicated standard system for CO> ASHPs has been established under the guidance of
China’s dual-carbon standard framework [32], and by fully drawing on the domestic and international
practices of formulating separate standards for CO; heat pumps and conventional refrigerant heat pumps.
The first product standard, Air source heat pump packages with carbon dioxide as refrigerants GB/T
45650—2025, has been released [29]. This standard extends the testing conditions for ASHPs to -35°C and

3


https://doi.org/10.23697/pj93-3z10

15th |EA Heat Pump Conference 2026 - HDU3.3 - https://doi.org/10.23697/pj93-3z10

classifies units into two types based on their application area, which are low-ambient-temperature and ultra-
low-ambient-temperature types. Their testing conditions and corresponding minimum performance
requirements are summarized in Table 3. Given the excellent thermal properties of CO», the production of
MW-class single units is feasible. To address the difficulty of testing large-scale air source units in
conventional enthalpy difference laboratories, a field testing method has been proposed. This method
accounts for the instability of on-site conditions relative to laboratory conditions, strictly adheres to
laboratory testing requirements and instrument accuracy standards, and incorporates a long-term testing
scheme to ensure coverage of required testing conditions. To resolve the deviation between on-site measured
operating conditions and the testing conditions specified in the standard, thermodynamic perfection has been
introduced as a unified criterion for comparing the performance of laboratory-tested units with that of on-site
units. Thermodynamic perfection is defined as the ratio of a device’s actual efficiency (COP or EER) to the
efficiency of the reverse Carnot cycle under the same operating conditions [33]. It exhibits greater stability,
comparability, relativity, statistical validity, and rationality than COP alone [34], making it suitable for a
horizontal performance comparison of similar or identical products under different operating conditions. This
standard is scheduled to be implemented in November 2025.

Table 2. Testing conditions for ASHP in different building climate zones [27-31]

. Nominal Low-temperature
Zones indicators Condition Condition Standards
Severe Cold Zone A<-10°C; C>145d -25°C/— -35°C/— GB/T 45650—2025
Cold Zone -10°C<A=0°C; 90d<B<145d -12°C/-13.5°C  -20°C/— GB/T 25127.1-2020
. 0°C<A<10°C; 0d<C<90d o/ o
Hot Summer and Cold Winter Zone 25°C<B<30°C: 40 d<D<110d -2°C/-3°C / GB/T 18430.1—2024
Hot S d Warm Winter Z 10°C=A:s 7°C/6°C /
ot Summer an arm Winter Zone 259C<B<29°C; 100 d<D<200 d GB/T 18430.1—2024
. 0°C<A<13°C; 0d<C<90d o/ o
Moderate Climate Zone 18°C<B<25°C: -2°C/-3°C / GBJ/T 18430.1—2024
Note:
1. A: Average temperature of the coldest month. 2. B: Average temperature of the hottest month.
3. C: Number of days with a mean daily temperature <5°C. 4. D: Number of days with a mean daily temperature >25°C.

5. All test condition temperatures: dry-bulb/wet-bulb temperatures.

Table 3. Test condition and COP limits for CO, ASHP [29]

Unit type Low-ambient-temperature type Ultra-low-ambient-temperature type
Application area Cold zone and south part of severe cold zone Severe cold zone
Conditions Nominal condition ~Low-temperature condition =~ Nominal condition =~ Low-temperature condition
Outdoor side  Dry-bulb Temp. -12°C -25°C -25°C -35°C
parameters  Wet-bulb Temp. -13.5°C — — —
Use side Sup. Water Temp. 60°C
parameters  Ret, Water Temp. 40°C
COP 2.50 2.20 2.20 1.70

4. Conclusion

With the continuous advancement of technology, the application of CO2 ASHPs in space heating in China
has formed an initial scale. They can operate efficiently throughout the heating season, achieving a COP of
2.24 to 2.92 while ensuring that indoor temperatures meet standards. Also they exhibit good low-temperature
adaptability, with a maximum COP of 2.70 recorded at -22.2°C. Thus, CO> ASHPs represent a primary
technical route for distributed central heating in northern China.

To standardize and guide the development of CO2 ASHPs, the national standard Air source heat pump
packages with carbon dioxide as refrigerants GB/T 45650 —2025 has been released. This standard not only
broadens the operating conditions to adapt to severe cold zones but also specifies performance requirements
tailored to the characteristics of CO2 ASHP.


https://doi.org/10.23697/pj93-3z10

15th |EA Heat Pump Conference 2026 - HDU3.3 - https://doi.org/10.23697/pj93-3z10

References

[1] The State Council of the People's Republic of China. Guiding Document on the Country's Work to
Achieve Carbon Peaking and Carbon Neutrality Goals under the New Development Philosophy
[Internet]. Beijing; 2021 [cited 2025 Oct 27]. Available from: https://www.gov.cn/zhengce/2021-
10/24/content 5644613 .htm

[2] The State Council of the People's Republic of China. Action Plan for Carbon Dioxide Peaking Before
2030 [Internet]. Beijing; 2021 [cited 2025 Oct 27]. Available from:
https://www.gov.cn/gongbao/content/2021/content 564973 1.htm

[3] Tsinghua University Building Energy Research Center. Annual Development Research Report on
China's Building Energy Efficiency 2025 (Urban Residential Special Topic) [report]. Beijing: China
Architecture & Building Press, 2025: 13-15, 25, 26

[4] The State Council of the People's Republic of China. Implementation Plan for Synergizing the Reduction
of Pollution and Carbon Emissions [Internet]. Beijing; 2022 [cited 2025 Oct 27]. Available from:
http://www.gov.cn/zhengce/zhengeeku/2022-06/17/content 5696364 . htm

[5] The State Council of the People's Republic of China. 14th Five Year Plan for Modern Energy System
[Internet]. Beijing; 2022 [cited 2025 Oct 27]. Available from:
https://www.gov.cn/zhengce/zhengceku/2022-03/23/content 5680759.htm

[6] The State Council of the People's Republic of China. 14th Five Year Plan for Building Energy Efficiency
and Green Building Development [Internet]. Beijing; 2022 [cited 2025 Oct 27]. Available from:
https://www.gov.cn/zhengce/zhengeeku/2022-03/12/content 5678698.htm

[7] The State Council of the People's Republic of China. Implementation Plan for Carbon Dioxide Peaking
in Urban and Rural Construction Sector [Internet]. Beijing; 2022 [cited 2025 Oct 27]. Available from:
https://www.gov.cn/zhengce/zhengeeku/2022-07/13/content_5700752.htm

[8] Hongwei Zhang, Xudong Geng, Shuangquan Shao, Chungiang Si, Zhichao Wang. Performance analysis
of a R134a/CO2 cascade heat pump in severe cold regions of China. Energy 2022, Volume 239, Part E,
122651

[9] Yulong Song, Ce Cui, Xiang Yin, Feng Cao. Advanced development and application of transcritical
CO2 refrigeration and heat pump technology—A review. Energy Reports 2022, Volume 8, Pages 7840-
7869

[10] Song Lingling, Wu Juanni, Sun Yuru, Zhang Wei. Research on the Renovation Technology and
Subsidy Policy of Rural Clean Heating in the 14th Five-year Plan Period. Environmental Protection 2022;
50(24): 15-20

[11] Yang Lingyan, Zhou Quan, Wang Shijie, Ge Li, Bi Weiqiang, Han Zongwei. Investigation and
Performance Analysis of Air-source Heat Pump Heating Products. Construction Science and Technology
2022,(09):72-76

[12] Wu Juanni, Song Lingling, Wang Zhaosu, Sun Yuru, Wang Jianing. Implementation evaluation of
clean heating pilot city in Northern China during the 13th Five-Year Plan period. Environmental
Protection Science 2023, 49(06): 48-55

[13] Ministry of Ecology and Environment of the People’s Republic of China. China's National Plan for
Implementing the Montreal Protocol on Substances that Deplete the Ozone Layer (2025-2030) [Internet].
Beijing; 2025 [cited 2025 Oct 27]. Available from:
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202504/t20250423 1117396.html

[14] The State Council of the People's Republic of China. Action Plan for Promoting High Quality
Development of Heat Pump Industry [Internet]. Beijing; 2025 [cited 2025 Oct 27]. Available from:
https://www.gov.cn/zhengce/zhengeeku/202504/content_7016926.htm

[15] Heat pump Committee of China Energy Conservation Association. White Paper on the Development of
Carbon Dioxide Heat Pump [report]. Beijing: Heat pump Committee of China Energy Conservation
Association, 2022: 12, 13, 39, 42

[16] Chen Zidan, Luo Huilong, Liu Jinchun, Cao Zhenguo, Zhao Xinshuai, Yang Wubiao. Analysis of
heating performance of CO2 air-source heat pump if cold region. CIESC Journal 2018, 69(09): 4030-
4036

[17] Jin Lei, Zhang Wei, Li Jingyan, Wang Shouguo. Research on the Operational Performance of Low
Temperature CO2 Air Source Heat Pump Heating System. Railway Energy Saving & Environmental
Protection & Occupational Safety and Health 2022, 12(04): 24-30

[18] Li Xiaoyu, Ma Li, Shi Lin, Xu Wei, Wang Tiansheng. Field Test of a CO2 Cascade Air-source Heat
Pump. Journal of Refrigeration, 2023, 44(02): 39-46


https://doi.org/10.23697/pj93-3z10

15th |EA Heat Pump Conference 2026 - HDU3.3 - https://doi.org/10.23697/pj93-3z10

[19] Chengyan Xiong, Huilong Luo, Ke Ren, Xinyu Wang, Jiyuan Liu, Zidan Chen, Biyang Sun, Changlang
Wu, Xiaochuan Yang, Peijian Du,An efficient CO2 air-to-water heat pump central space heating system
in cold regions: A case study,Renewable Energy,Volume 242,2025,122433,ISSN 0960-1481,

[20] Huang Lin, Ma Jiangyan, Deng Baoshun, Hou Weihua, He Lei, Zhou Yong, Wang Dengjia. Analysis
and Discussion on Actual Measurement of Low Temperature Air Source Heat Pump in Railway
Engineering. Refrigeration and Air Conditioning (Sichuan) 2023, 37(02): 305-311

[21] Ma Li, Xu Wei, Li Xiaoyu, Shi Lin, Wang Tiansheng, Li Lina, Yang Chun, Yuan Jing, Han Yingzhu,
Liu Zhenpeng. Application and Test Analysis of CO2 Cascade Air Source Heat Pumps in Distributed
Heating Systems for Cold Areas. Building Science 2025, 41(04): 175-182.

[22] Liu Yuteng, Wang Jinggang, Luo Jinghui, Li Yong, Zhang Changjian. Cascade Carbon Dioxide Air
Source Heat Pump Heating Operation Test Analysis. Refrigeration and Air Conditioning (Sichuan) 2025,
39(02): 190-197.

[23] Yuwei Fan, Yi-Zhou Wang, Pei Li, Xiaolong Li, Jianguo Yang, Xuyan Song, Zhao-Rui Peng, Chunhua
Qi, Xin-Rong Zhang,Field-based analysis of CO2 direct expansion heat pump systems for sustainable
heating in cold regions: A case study,Energy and Buildings,Volume 346,2025,116222,

[24] Liu Zongjiang, Li Zhong, Lu Bin, Feng Airong, Chen Liang, Li Changling. Heating Performance of
Heating Radiator at Low Temperature. Building Science 2017, 33(04): 51-56

[25] Ministry of Housing and Urban-Rural Development of the People's Republic of China, General
Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of China. GB
50176—2016 Thermal design code for civil building[S]. Beijing: China Architecture & Building Press,
2016: 17

[26] Wei Wenzhe. (2021). Research on Heating Performance Improvement of Quasi-two Stage Variable-
frequency Air Source Heat Pump at Low Ambient Temperature (Ph.D Thesis). Harbin Institute of
Technology.

[27] General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of
China, Standardization Administration of the People's Republic of China. GB/T 18430.1—2007 Water
chilling (heat pump) packages using the vapor compression cycle—Part 1: Water chilling (heat pump)
packages for industrial & commercial and similar application[S]. Beijing: Standards Press of China;
2007

[28] State Administration for Market Regulation, Standardization Administration of the People's Republic of
China. GB/T 25127.1—2020, Low ambient temperature air source heat pump (water chilling)packages—
Part 1: Heat pump (water chilling) packages for industrial & commercial and similar application[S].
Beijing: Standards Press of China; 2020

[29] State Administration for Market Regulation, Standardization Administration of the People's Republic of
China. GB/T 45650—2025 Air source heat pump packages with carbon dioxide as refrigerants[S].
Beijing: Standards Press of China; 2025

[30] Shi Wenxing, Yang Zixu, Wang Baolong. Division of Outdoor Nominal Condition of Air Source Heat
Pumps in China. Journal of Refrigeration 2019, 40(05): 1-12

[31] General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of
China, Standardization Administration of the People's Republic of China. GB/T 18430.1—2024 Water
chilling (heat pump) packages using the vapor compression cycle—Part 1: Water chilling (heat pump)
packages for industrial & commercial and similar application[S]. Beijing: Standards Press of China;
2007

[32] The State Council of the People's Republic of China. Guidelines for the Construction of Carbon Peak
and Carbon Neutrality Standard System [Internet]. Beijing; 2023 [cited 2025 Oct 27]. Available from:
https://www.gov.cn/zhengce/zhengceku/2023-04/22/content 5752658 .htm

[33] General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of
China, Standardization Administration of the People's Republic of China. GB/T 29033—2012
Calculation method of water-water heat pump units on the basis of thermodynamic perfectibility [S].
Beijing: Standards Press of China; 2013

[34] Ma Yitai, Ling Hong. Principle and Examples of Thermodynamic Perfectibility of Refrigeration
and Heat Pump Production. Fluid Machinery, 2011, 39(3): 71-74


https://doi.org/10.23697/pj93-3z10

