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Preface
This document is the annual development report for the air source heat pump (ASHP) industry
developed for the second time by China Heat Pump Alliance (CHPA) and the Heat Pump Committee of
CECA. The report aims to sort through the development of the industry, promote the exchange of
industry information, better report the situation to state authorities, solicit supportive policies for the
industry development, and provide useful references for the professional community.
Aerothermal energy is a form of renewable energy source. As a main method of utilizing air heat energy,
ASHPs are a kind of energy conservation equipment and also a part of the new energy industry. ASHP
heating products enable the replacement of conventional forms of heating energy like fire coal,
effectively reducing energy consumption, decreasing atmospheric pollution, and improving utilization of
renewable energy in China.
The development of the ASHP industry is instrumental in achieving energy conservation and emission
reduction and improving utilization of renewable energy sources, and sees a huge potential in both
construction application and industrial and agricultural production. An ASHP water heater unit is an
effective way to cater to the living of residents and heating hot water supply. Giving great impetus to the
development and utilization of air heat energy and the development of the ASHP industry is of great
significance to implementing the scientific development concept, building an energy-saving and
eco-friendly society, achieving sustainable development, and improving green GDP.
There are a very broad range of products that operate on ASHP principle, including a majority of heat
pump air conditioning products in China. The report mainly focuses on ASHP products for heating,
including ASHP water heaters and (low temperature) ASHP hot water heating applications and covering
special industrial and agricultural ASHPs as well as other products.
The data on ASHP water heaters and (low temperature) ASHP heating units contained in this report
come from the studies made by China Heat Pump Industry Alliance and the Heat Pump Committee of
CECA. Sincere appreciation is extended to the trade media such as The Information of Heat Pump
Industry, Heat Pump, and Air Source Heat Pump Heating for their help and active support.
At the outset of the “Thirteenth Five-Year” plan, the market of air source heat pump, as part of the
“coal-to-electricity” program, is in its full swing in 2016. It is our sincere wish that the report may truthfully
reflect the development situation and the future trend of China’s ASHP heating industry, help
professionals and enterprises gain an understanding of the industry and exploit the market, and guide
and fuel the sustainable development of the industry in a favorable and sustainable way.
Many thanks go to the Efficient Heating Program of International Copper Association (ICA) for its active
help and support, leaders from the Department of Resource Conservation and Environmental Protection
of NDRC, the National Energy Administration, the Department of Science & Technology of MOHRUD
and many other departments for their care and support, as well as many colleges and universities,
research institutions, and enterprises in the industry for their help during the preparation of this report.
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Chapter I Overview of Air Source Heat Pump Heating Industry
1.1

Aerothermal energy is a form of renewable energy source

Aerothermal energy, which originates from solar energy and is a form of renewable energy source,
refers to heat energy that is stored in the atmosphere. Solar energy (including latent heat and sensible
heat) eventually entering the atmosphere close to the earth’s surface represents about 30% of the total
solar energy available at the top of the atmosphere, as shown in Figure 1-1. According to estimates, the
total quantity of solar radiation energy reaching the top of the earth's atmosphere is about 1.7x1014kw,
some 30% of which is absorbed by the atmosphere close to the earth’s surface, creating about
5.1x1013kw the form of total aerothermal energy. There is an abundant reserve of aerothermal energy.
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Figure 1-1 Equilibrium Diagram of Solar Energy Reaching the Earth
Aerothermal energy satisfies the definition of renewable energy sources. Internationally, the
International Conference on New and Renewable Sources of Energy held in Nairobi in 1981 put forward,
for the first time, the definition of renewable energy sources as “new and renewable energy sources,
which can be utilized with the help of new technologies and materials. Unlike conventional fossil energy,
renewable sources are an energy form that are sustainable and nearly inexhaustible, can be restored
and replenished after consumption, do not or seldom produce pollutants, do little harm to the
environment, and make for ecological benign cycle.” Beyond doubt, aerothermal energy possesses all of
the above attributes. In DIRECTIVE 2009/28/EC, Renewable Energy Source Directive, issued by the
European Union (EU) on April 23, 2009, “Aerothermal Energy” is defined as “an energy existing in
ambient air” and accepted among renewable energy sources along with solar energy and geothermal
energy.
In China, the Explanation of the National People's Congress on the Renewable Energy Law of the
People’s Republic of China (exposure draft) in 2005 describes renewable resources as follows:
“Renewable energy sources stated in the Law refer to renewable non-fossil energies directly obtained
from the nature: (I) wind energy; (II) solar energy; (III) hydroenergy (with the exception of those that
utilize hydraulic power to generate electricity in power station with an installed capacity in the excess of
50 MW); (IV) biomass energy (except those that use straw, fuel wood, human and animal excreta, etc in
a traditional combustion mode); (V) geothermal energy and energy produced by geothermal heat source;
(VI) ocean energy; (VII) other renewable energies specified by laws and regulations”. As can be seen
from the law, there is a certain room left for development when the state was defining renewable energy
so that regulations can be added having regard to the development of related industries at home and
abroad.
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In China, some local governments and ministries or
commissions have already begun to focus on
aerothermal energy. Zhejiang province is the first to
make rules and laws for renewable energy
development, utilization and promotion, and clearly put
forward in the Rules for Development, Utilization and
Promotion of Renewable Energy of Zhejiang Province
that: Renewable energy stated in these rules refers to
non-fossil energies such as wind energy, solar energy,
hydroenergy, biomass energy, geothermal energy,
ocean energy, aerothermal energy, etc. On November
25, 2015, the Center of Science and Technology of
Construction of the Ministry of Housing and Urban-Rural
Development of the People’s Republic of China
(MOHURD) officially issued the Guidebook for Including
Aerothermal Energy in the Category of Renewable
Energy Sources.
Figure 1-2 Some Chinese Definitions and
Regulations Related to Air (Thermal) Energy

1.2

Air source heat pump (ASHP) provides an energy conservation technology to
achieve effective utilization of aerothermal energy

Aerothermal energy can be converted and utilized by devices like a heat pump, which drives up the
temperature above the ambient temperature to satisfy heating requirements for living or production. Like
solar photovoltaic and solar thermal devices, ASHPs are also renewable energy products.
Moreover, an ASHP is a kind of energy conversation technology working on the principle of reverse
Carnot cycle. It uses a small amount of energy to drive the heat pump unit, to conduct cyclic phase
transformation of the working medium in the heat pump system, and then utilizes low-temperature heat
in the air by absorption, compression and heating up.
Air source heat pumps, solar photovoltaic or solar thermal water
heaters all utilize solar energy

Heat
pump
Compressor

Cold heat
source

Evaporator

Solar photovoltaic
water heater
[directly utilizes sun
light energy]

Terminal

Solar energy is stored
in the air

Aerothermal energy

Condenser

Solar energy water
heater
[directly utilizes solar
thermal energy ]

Expansion valve

Figure 1-3 Schematic Diagram of
Air Source Heat Pump

Figure 1-4 Schematic Diagram of Air Source
Heat Pump Utilizing Aerothermal Energy
(Solar Thermal Energy)

Since a heat pump system is an energy transport system instead of an energy conversion system, and
three or four times as much energy can be generally transported, for utilization, by an energy-driven heat
pump system, and so an ASHP system is more energy-efficient than common thermal power equipment.
For an air source (air energy) heat pump water heater using ASHP technology, every kilowatt-hour of
electricity consumed can generate energy equivalent to three to four kilowatt-hours of electricity, and its
energy efficiency is 3 to 4 times that of electric water heaters, making it a great performer in
energy-saving and emission reduction.
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Fig. 1-5 Schematic of ASHP water heater absorbing the thermal energy in the air
The Guidebook for Including Aerothermal Energy in the Category of Renewable Energy Sources issued
by the Center of Science and Technology of Construction, MOHURD, in November 2015 provided
estimation of energy conversation potential for ASHP hot water and heating applications. The
aggregated energy saving potential of ASHP water heaters in regions where the climate is hot in
summer and cold in winter, in cold regions, in regions where it is hot in summer and warm in winter, and
in mild regions is estimated at 16.2 million tons of standard coal per year; and in Northern China and the
middle and lower reaches of the Yangtze River where ASHPs are used for heating, the aggregated
energy saving potential is 40.97 million tons of standard coal per year, as shown in Figures 1-4 and 1-5
below:
Annual air energy
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5.85×1011 MJ
Primary energy saved
annually
29.92 million tons of
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Total installed capacity
1.32×10X kW
Annual air energy
contribution
1.1×1011 MJ
Primary energy saved
annually
4.5 million tons of
standard coal

Cold regions
Hot summer and cold winter
regions
Hot summer and cold winter
regions and mild regions

Total installed capacity
1.84×10X kW
Annual air energy
contribution
1.72×1011 MJ
Primary energy saved
annually
7.88 million tons of
standard coal

Total installed capacity
1.84×10X kW
Annual air energy
contribution
1.72×1011 MJ
Primary energy saved
annually
3.82 million tons of
standard coal

Figure 1-6 Energy Saving Capacity of ASHP
Water Heaters

1.3

Heating condition in Northern China
Heating condition in the middle and lower
reaches of Yangtze River

Annual air energy
contribution
3.24×1011 MJ
Primary energy saved
annually
11.05 million tons of
standard coal

Figure 1-7 Energy Saving Capacity of ASHP Water
Heaters for Heating

Definition and product range of air source heat pump heating industry

The air source heat pump heating industry is a collection of related enterprises and institutions and
segments that utilize ASHP technology in combination with aerothermal energy to enable heating
applications. As for products, the ASHP heating industry mainly covers domestic hot water and heating
applications of ASHP as well as special applications for industry and agriculture, etc. In terms of
industrial sectors, it involves energy conversation, refrigeration, renewable energy, heating terminal, and
produce processing and many other fields.
The product range of the ASHP heating industry includes devices and systems mainly for heating
applications (incl. hot water, heating and drying, and other special industrial and agricultural
applications). These products enable effective utilization of aerothermal energy, a renewable energy
source, and may replace traditional gas-fired, fuel-fired and coal-fired equipment, and have better
energy conservation effect over other thermal power equipment while with no pollutant emission in
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operation, so they are environment-friendly and green equipment worthy of vigorous development and
promotion.
Figure 1-6 Various Forms of ASHP Products
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Figure 1-8a ASHP Water Heaters
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Figure 1-8b ASHP for Heating

Figure 1-8c ASHP for Industrial and Agricultural Applications like Drying

1.4

Characteristics of ASHP heating industry

The ASHP heating industry is an emerging industry with its unique characteristics in multiple aspects:
1.4.1

Diversified industry and enterprise origins

There are currently more than 300 enterprises in the ASHP heating industry across the country. In terms
of origin, many of them have entered the ASHP water heater arena from traditional refrigeration & air
conditioning, solar energy water heater, electric water heater and gas water heater sectors. Refrigeration
and air conditioning enterprises like Midea and Gree, solar energy enterprises such as Sunrain, Micoe
and Linuo Paradigma, electric water heater enterprises including A. O. Smith and Haier, gas water
heater enterprises like Vatti, Wanjiale and Vanward – all have established their own specialized factory
or department specializing in air energy product business. Besides, there is also many a newly-built
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enterprise focusing on manufacturing and R&D of ASHP water heater (air energy water heater) products,
of which representative enterprises include New Energy, Outes, Phnix, Hien, Deron, and Tongyi.
Gas water
heater,
Refrigeration and air
conditioning
enterprises
Electric water
heater,
Refrigeration and
air conditioning,

Solar energy
enterprises

Electric water heater
enterprises

Solar thermal

Gas water heater
enterprises
Air source heat pump,
ASHP water heater
enterprises
Source: 2015 Survey Statistics of China Heat Pump Industry
Alliance

Figure 1-9 Source of Air Source Heat Pump Heating Enterprises in China
1.4.2

Highly integrated product technology

ASHP heating products not only need traditional technologies and parts such as compressor, heat
exchanger and valve in the field of refrigeration and air conditioning, but also require heat storage
technologies like enamel water tank from the electric heating industry, and even entail technologies of
temperature control, hydraulic equilibrium and many other aspects in the heating system sector. With the
development of multi-energy complementary technology, these products, technically coupled with
combustion heat and solar heat industry, have also resulted in the development of many new products.
1.4.3

Wide application fields

In addition to domestic hot water, ASHP heating products are now beginning to be widely used for
building heating in the north of China in combination with terminals like floor heating system and heat
sink. They also have been widely seen in drying and industrial hot water applications in industrial and
agricultural fields.
1.4.4

Multiple attributes of the industry and products

The technical principle of ASHP heating products is derived from refrigeration technology, but it comes
with a superior energy-saving effect, enabling effective utilization of renewable energy sources. In
application, domestic water heater is more of a household appliance product, while ASHPs for heating
are more related to HVAC of buildings.
1.4.5

Higher capital investment but multiple positive social benefits

In general, ASHP heating equipment requires a higher capital investment compared to traditional
heating equipment. Due to its outstanding energy-saving and environmental protection features, ASHP
has lower operating costs than traditional counterparts and additionally brings about multiple positive
social benefits in achieving energy saving, emission reduction, and environmental protection, reducing
atmospheric pollution, improving utilization of renewable energy sources, and others, so it deserves
strong support of government’s incentive policies.

1.5

Significance of the development of the ASHP heating industry

The development of the ASHP heating industry (air energy industry) is of great significance in many
aspects:



Atmospheric pollution control. ASHP heating products may directly replace conventional coal-fired
boilers, hence reducing bulk coal combustion and directly helping the control of atmospheric
pollution.
Energy saving and emission reduction. Primary energy utilization ratio of ASHP heating products is
roughly twice that of a coal-fired boiler, and three times that of a purely electric boiler. They can
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1.6

save more energy than traditional heating equipment in addition to reducing greenhouse gas
emission.
Improvement of renewable energy utilization. ASHP heating products utilize aerothermal energy, a
renewable energy source, which is of benefit to improving utilization of renewable energy in China.
Cultivation of high-tech manufacturing. This is beneficial to the development and improvement of
technologies of compressor, heat exchange and automatic control system in China. In turn, the
manufacturing technology of compressors can lead and drive the improvement of mechanical
processing and manufacturing in China.
Increase sales so as to help achieve rapid development of China’s manufacturing under new
normal.
Full use made be made of existing capacities of air conditioning, steels, nonferrous metals and the
like in China.
Improve heating conditions for residents in China, offer higher quality hot water, and provide
heating solutions in winter.
Create employment opportunities in production, installation, maintenance and other services.

Positioning and development goal of China Heat Pump Industry Alliance

China Heat Pump Industry Alliance, a member of China Energy Conservation Association (CECA), is a
non-profit and unincorporated alliance organization, initiated and founded on July 28, 2009, in Shanghai
CECA and ICA as well as dozens of enterprises specializing in research, production and
information-based business related to heat pump. China Heat Pump Industry Alliance was registered to
be CHPIA with the official approval of the Ministry of Civil Affairs of the People’s Republic of China in
2014. The secretariats of both the Alliance and the Heat Pump Committee of CECA are in the Beijing
Office of CECA.
Members

Action
Policy promotion
Industry capacity
building

Competent authority and association of
relevant industries of energy conservation,
refrigeration, HVAC, rural energy, ren
Complete
machine
manufacturers

Parts
manufacturers

Industry
experts

Product
distributors
and
integrators

Universities
and research
institutes

Advisory
and service
agencies

Publicity and
promotion

Objective
To promote broader application of
heat pump technology, especially
ASHP technology, in heating field
So as to support China's energy
saving and emission reduction
efforts.

Market information
International
cooperation

China Heat Pump Industry Alliance aims to coordinate and integrate resources in the industry, boost the
rapid and sound development of heat pump industry, ASHP heating in particular, and promote the wide
application of this technology and related products. The Alliance hopes to work together with competent
authorities of energy conservation and renewable energy policies, industry associations in respect of
refrigeration, HVAC, rural energy, etc., as well as standardized professional institutions, international
organizations, and alliance enterprises by establishing an open cooperative platform. It also hopes to
actively create a good policy environment to develop the heat pump industry, raise the public awareness
of heat pump technology and products, and enhance the level of technology and product service of the
alliance members.
China Heat Pump Industry Alliance and the Heat Pump
Committee of CECA position themselves first of all as an agency
to promote the ASHP heating industry and then as a
self-disciplined regulatory agency of the industry, and their
existence is to actively promote the sound and rapid
development of the industry.
Founded on July 28, 2009, in Shanghai, China Heat Pump
Industry Alliance has been expanded to include nearly 200
member units by the end of 2015, who contribute more than 80%
of complete machine production in the ASHP heating industry. In
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addition, it has also built a partnership with the IEA Heat Pump
Center (HPC) and the Japan Heat Pump and Heat Storage
Center and signed a Memorandum of Understanding (MOU)with
European Heat Pump Association.

China Heat Pump Industry Alliance
signs an MOU with the European
Heat Pump Association, witnessed
by several leaders, in August, 2014

Launch ceremony of China
Heat Pump Industry
Alliance in 2009
Establishment of the Council of
China Heat Pump Industry Alliance
in 2011

2014 China Heat Pump Industry
Alliance Annual Conference
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Chapter II Development Status of Air Source Heat Pump Heating
Industry
2.1

Overall size of ASHP heating industry in China in 2015

In: RMB 100 million

In 2015, China’s household appliance industry was under a great pressure imposed by insufficient effective
demand and decelerating market growth. The production and sales of some household appliances fell year
on year, but the ASHP heating industry managed to register a hard-earned growth. According to the market
survey and statistics, made by the CHPIA, of ASHP heating products in 2015, the annual sales of ASHPs
totaled RMB 8.11 billion in 2015, of which 1.15 billion was from export sales and 6.96 billion from domestic
sales, an overall growth of 9.7% from 2014; in
Sales of China’s ASHP Heating
particular, domestic sales saw a growth of 10.1%
Industry
and export sales 7.4%. From the point of
production and sales, the total volume of
production and sale was 1.346 million units in 2014,
both domestic and export sales having increased.
The data cover ASHP water heaters made in China,
including domestic water heaters and commercial
water heaters, also including ASHP units for water
system heating and special uses but excluding
general heat pump air conditioning, ground source
and water source pumps, neither including ASHP
water chiller heater units manufactured according
to the standard for water chilling units. Low
temperature air source heat pump hot air units and
direct expansion heat pumps for heating have not
Export sales
been included in the statistics stated in this report
Domestic
sales
yet. Since the sales of imported ASHP heating
Figure 2-1 Sales of China’s ASHP Heating
products were still at a very low level in 2015, they
are not included in the statistics.
Products from 2013 to 2015

The current scope of main products included in the statistics in the ASHP heating industry covers:
Table 2-1 Related Standards for ASHP Heating Industry
Application

Domestic
water

Heating

Applicable Standard

hot

Heat pump water heaters for commercial, industrial and similar
uses

GB/T
21362-2008

Heat pump water heaters for domestic and similar uses

GB/T
23137-2008

Air source unitary air conditioning (heat pump) hot water units

GB/T
29031-2012

Low ambient temperature air source heat pump (water chilling)
unit Part 1: Heat pump (water chilling) units for industrial,
commercial and similar uses

GB/T
25127-2010.1

Low ambient temperature air source heat pump (water chilling)
unit Part 1: Heat pump (water chilling) units for domestic and
similar uses

GB/T
25127-2010.2

Industry
and Heat pump high temperature hot air and high temperature hot JB/T
agriculture (drying) water units for commercial, industrial and similar uses
12840-2015
Note: Since there are a large number of non-standard products in industrial and agricultural use, the
industrial statistics are not limited to ASHP heating products for industrial and agricultural uses under
JB/T 12840-2015.
From a perspective of product function, ASHPs have been expanded from previous single hot water
function to include a number of fields such as hot water, heating and industrial and agricultural

11

applications. From the sales of overall domestic sales market, in 2015 the domestic hot water application
still accounted for the largest market share at 88%, and heating application and industrial and
agricultural heat pump drying application accounted for 9% and 3% respectively.
Table 2-2 Proportion and Sales Amount of Different Applications of China’s ASHP Heating Products in
2015
Sales Amount of Different Applications of
ASHP Heating Industry in 2015 (RMB 100
million)
Domestic hot water

71.5

Heating

7.1

Industry and
agriculture (drying)

2.4
Domestic
hot water

Heat
-ing

Industry and
agriculture (drying)

Figure 2-2 Proportion of Different Applications of
China’s ASHP Heating Products in 2015
Regarding the growth rate of sales, the overall sales of the industry in 2015 were up 9.7% from 2014, of
which products for domestic hot water, including both household and commercial uses, only secured an
annual growth of about 6.5%, a significant fall compared to a growth of more than 20% in both 2013 and
2014. Heating and industrial and agricultural applications, however, saw a skyrocketing growth. In 2015,
ASHP products for heating experienced a growth of more than 263%, and those for industrial and
agricultural applications like drying also achieved a growth of 105%.
Figure 2-3 Sales Growth of China’s ASHP Heating
Industry from 2014 to 2015 (in RMB 100 million)

Table 2-3 Sales Growth Rate of Different
Application Fields of China’s ASHP Heating
Industry in 2015
Growth Rate in
2015
Domestic hot water

6.5%

Heating

263%

Industry and agriculture
(drying)

105%

2.2

Distribution of Air Source Heat Pump Heating Enterprises

With nearly ten years of development, China’s ASHP heating industry, while starting with ASHP water
heaters and drawing on related industries such as air conditioning and water heater products, has further
improved in technology, size, equipment, industry chain and management and other aspects through
continuous innovation and learning from mature manufacturing, and has steadily established a perfect
industry chain system, building a solid foundation for promotion and application of products in a more
massive way. After nearly ten years of development, the ASHP heating industry reported RMB 8.11
billion in sales in 2015. For many enterprises, their sales grew from tens of millions of yuan at the outset
to billions of yuan in 2015. Regarding the sale volume distribution of enterprises, there were a total of 10
enterprises with annual sales in excess of RMB 100 million including 2 enterprises with annual sales in
excess of RMB 500 million, the ones with annual sales over RMB 100 million accounting for 58.6% of the
total sales of the whole industry. In the industry, however, there were many manufacturers, numbering
more than 300.
In 2016, China Heat Pump Industry Alliance developed its first industry pokedex. Concerning regional
distribution of enterprises, Guangdong province in South China boasts the largest number of enterprises
in the ASHP heating industry thanks to its good industrial basis of household appliances and
refrigeration, followed by Zhejiang province and Jiangsu province in East China. Guangdong and
Zhejiang have established their own provincial level heat pump industry association. Additionally,
Longchuan County, Guangdong, has built a “China Air Energy Industry Base”.
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China Energy Conservation Association awards the first “China Air Energy Industry Base” to Longchuan
County, Guangdong, in March 2016

2.3

Standard system

After recent years of concerted efforts, ASHP heating products have been furnished with a
comprehensive national technical standard system, providing technical support for industry development
on a large scale. At the initial development stages of ASHP water heaters, there was neither a set of
applicable standard system nor any suitable industrial or national standard that could be applied. With
the development of the industry, an increasing number of heat pump products were marketed, and,
especially, the involvement of large manufacturers advanced the establishment of standards for this kind
of products. Since the promulgation and implementation of the first national standard for heat pump
water heater products GB/T 21362.2008 Heat Pump Water Heaters for Commercial or Industrial or
Similar Uses, various industrial and national standards concerning heat pump water heater have been
issued one after another, stipulating requirements for capacity, energy efficiency, safety, reliability,
installation, operation and maintenance of heat pump water heater products and thus playing a good
normalizing and promoting role in the overall development of the industry. Additionally, a range of
standards are in the pipeline or are being planned, see Table 2-4 for details.
Table 2-4 Applicable Standards for ASHP Heating Products
Designation
Heat Pump Water Heaters for
Commercial, Industrial and Similar
Uses
Heat Pump Water Heaters for
Domestic and Similar Uses
Air Source Unitary Air Conditioning
(Heat Pump) Hot Water Units
Specifications of Air Source Heat
Pump Assisted Domestic Solar
Water Heating Systems
minimum Allowable Values of the
Energy Efficiency and Energy
Efficiency Grades for Heat Pump
Water Heaters
Selection and Installation of Heat
Pump Hot Water System
Standard for Air Source Heat
Pump Units under Low
Temperature Environment

Standard No.
GB/T 21362-2008

Main Content
Provide basis for production of commercial heat
pump water heater products

GB/T 23137-2008

Unify test conditions and methods for domestic heat
pump water heaters
Specify technical conditions for air source unitary air
conditioning (heat pump) hot water units
Solar energy as supplemented by heat pump, to
ensure the stability of hot water supply under the
condition of insufficient sunlight
Specify energy efficiency grade and build threshold
for industry admission in terms of energy efficiency

Totally Enclosed Motor of Heat
Pump Water Heaters for Domestic
and Similar Uses - Compressor

GB/T 29780-2013

GB/T 29031-2012
GB/T 23889-2009

GB29541-2013

06SS127

National building standard drawing collection

GB/T 25127-2010

13

Lay a technical foundation for air energy heat
pumps entering northern markets and provide
technical basis for enterprises to manufacture low
temperature air source heat pump (water chilling)
units
Specify technical conditions for compressors
specially designed for heat pump water heaters

Designation
Air Source Three-Combined
Supply Units

Standard No.
JG/T401-2013

Test Method of Yearly
Comprehensive Coefficient of
Energy Performance for Air Source
Heat Pump Water Heaters for
Domestic and Similar Uses
Test Method of Yearly
Comprehensive Coefficient of
Energy Performance for Air Source
Heat Pump Water Heaters for
Commercial Use
Determination of Sound Power
Levels for Noise Emitted by
Heating, Ventilating and Air
Conditioning Equipments Engineering Method

NB/T 34027-2015

Technical Specification for
Household Air Source Heat Pump
Heating System

Recommended local
standard of Beijing, which
has been submitted for
approval
DB13(J)/T168-2014, local
standard of Hebei province

Technical Specification for Direct
Radiant Heating of Air Source Heat
Pump
Technical Specification for
Refrigerant Direct-Heating,
Direct-Cooling Radiant Heating
and Cooling of Air Source Heat
Pump
Enamel Heat Storage Water Tank
of Air Source Heat Pump

Being drafted

Specify test method of yearly comprehensive
coefficient of energy performance for air source
heat pump water heaters, laying a basis on
comparison with electric water heaters, etc.

GB 9068-88
national standard

Standard for engineering
construction associations;
being drafted

Submitted for approval

High Temperature Hot Air and
High Temperature Hot Water Units
of Air Source Heat Pump
Installation Specification for
Split-Type Air Source Heat Pump
Water Heaters

JB/T 12840-2015

Enamel Heat Storage Water Tank
of Air Source Heat Pump Water
Heater

Submitted for approval

2.4

Main Content
The standard specifies the technical requirements
for air source three-combined supply units taking air
as the heat source for the purpose of refrigeration,
heating and domestic hot water.
Specify test methods of yearly comprehensive
coefficient of energy performance for air source
heat pump water heaters, laying a foundation for
comparison with electric water heaters, etc.

Be drafted

In Beijing’s coal-to-electricity project in 2016,
Daxing District required that sound power levels for
noise emitted by air conditioning equipment should
be tested using enthalpy potential method in
laboratory under the nominal working condition
according to this standard
Provide basis for the design, construction,
equipment selection, and system maintenance of
household air source heat pump heating system in
Beijing
China’s first local standard for direct expansion air
source heat pump heating system
Also known as “water-free floor heating”; its
technical route is basically the same as Technical
Specification for Direct Radiant Heating of Air
Source Heat Pump, a local standard of Hebei
Applicable to enamel heat storage water tank of air
source heat pump with a capacity not more than
600L, laying a standard basis for the use of enamel
heat storage water tank in the field of air source
heat pump water heaters in batches.
Industry standard of heat pump products developed
for industrial and agricultural applications
Standardize installation requirements, installation
operation, inspection and commissioning, and
delivery of split-type air source heat pump water
heater products
Applicable to enamel heat storage water tank of air
source heat pump with a capacity not more than
600L, laying a standard basis for the use of enamel
heat storage water tank in the field of air source
heat pump water heaters in batches.

Domestic hot water application

In 2015, ASHP water heaters only achieved a growth of some 6.5% over 2014, a marked drop from the
growth rate of more than 20% in 2014 and 2013. Regarding the proportion of household machines and
commercial machines for domestic sales, household machines for domestic sales saw a further
increased proportion and their quantity of sales reached 1.232 million units, up 11.4% from 2013.
In terms of market structure of ASHP water heaters, household appliance brands performed very well in
2015, of which traditional players like Midea, Haier, A.O.Smith, etc. shared close to 50% of the total
market. Moreover, household appliance brands had a higher growth rate over dedicated brands, so the
latter face an increasingly intensified survival pressure. Although household appliance brands
aggressively seize the market due to their higher concentration, dedicated brands are not to be outdone,
which have also been making steady progress following dedicated brand leaders like New Energy,
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Outes and Phnix. The substantial quantity helped dedicated brands secure about half of the entire
market as well.
Of the whole hot water market,
ASHP water heaters accounted
for about 3% of domestic water
heater market (in units) in 2015,
showing a huge potential
growth room. However, due to
higher product worth, their
sales accounted for about 10%
in terms of worth.

Figure 2-4 2013-2015 Domestic Sales of China’s ASHP
Water Heaters (in 10,000 units)

Commercial

Household ASHP water heaters
use
were still dominated by 150L
Domestic use
and 200L products in 2015,
their combined sale volume
accounting for more than 85%
of the total and their growth rate
being
higher
than
other
capacities. Unpopular models
dropped somewhat in sale volume in 2015 as a result of increased market competition. Mass production
is the inevitable way for the development of household products, and it calls for reduction of product
costs and gain more market acceptance. Currently, the industry prefers using 150L and 200L as the
main models of household machine products, and efforts are also made to build various systems around
large-scale development of the two mainstay products. Therefore, the continued growth of the two
products in 2015 was in line with the development trend of the industry, driving up product concentration
further.
With the progress of technologies, the share of complete machine market is being increasingly enlarged
and machine products with higher technology answer the needs of high-end market. In 2015, complete
machines still maintained a high growth momentum, a highlight of the market in 2015. Meanwhile,
domestic heat pump water heaters using CO2 refrigerant also started to enter the market.

Figure 2-5 CO2 Air Energy Water Heaters and Integrated Air Energy Water Heaters
Within the reporting year, there was no significant change seen in the overall landscape of the
development of commercial water heater products. In 2015, the growth rate of commercial water heater
market was 5.6%, with commercial products accounting for 30% of the water heater market. The two
conventional major models of 5P and 10P saw a little change in proportion compared to 2014. In 2015,
high-end chain hotel brands made a desirable growth, which also drove the development of air energy
market. Also, heat pump hot water equipment is primarily used by small- and medium-sized service
providers and so there exists a large market.
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A great breakthrough in policies for air source heat pump hot water system in 2015 was that the
MOHURD and departments of housing and urban-rural development at provincial and city level began to
approve including air source heat pump hot water systems into renewable energy sources, and specified
its accounting method through a series of regulations. Zhejiang province has established a basis for
including air source heat pump hot water system into renewable energy sources thanks to multiple laws
and regulations issued by Zhejiang Provincial People's Congress and the Department of Housing and
Urban-rural Development of Zhejiang Province. In 2012, Zhejiang Provincial People's Congress issued
the Rules for Development and Utilization of Renewable Energy of Zhejiang, which explicitly counts “air
energy” as one of renewable energy sources. In 2014, the Department of Housing and Urban-rural
Development of Zhejiang Province specified, in the Accounting Standard for Renewable Energy Applied
in Civil Buildings, the accounting method of including air source hot water system into renewable energy
applications. In 2015, the Department of Housing and Urban-rural Development of Zhejiang Province
further specified that “It is preferable to use renewable energy systems such as solar thermal system, air
source heat pump hot water system, etc.” in the Design Standard for Energy Efficiency of Residential
Buildings, in the “renewable energy design” section of which, “It is suitable to use air source heat pump
hot water systems within Zhejiang province, particularly in the south of Zhejiang like Wenzhou, Taizhou
and Lishui” was also specified.
At the meeting jointly hosted on November 25, 2015 by China Heat Pump Industry Alliance and the
Center of Science and Technology of Construction, MOHURD, the Center of Science and Technology of
Construction, MOHURD also issued the Guidebook for Including Aerothermal Energy in Renewable
Energy Sources.
Table 2-5 Local Policy Paper for Including Air Source Heat Pump
Hot Water System into Renewable Energy Sources
Province or
City

Policy

Issued By

Issued On

National

Guidebook for Including Aerothermal Energy
in Renewable Energy Sources

Center of Science and Technology of
Construction, MOHURD

November 25,
2015

Rules for Development and Utilization of
Renewable Energy of Zhejiang

Zhejiang Provincial People's
Congress

May 30, 2012

Zhejiang Engineering Construction Standard
DB33/1105-2014
Accounting Standard for Renewable Energy
Applied in Civil Buildings

Department of Housing and
Urban-Rural Development of Zhejiang
Zhejiang Provincial Administration of
Quality and Technology Supervision

December 22,
2014

Zhejiang Engineering Construction Standard
DB33/1105-2014
Design Standard for Energy Efficiency of
Residential Buildings

Department of Housing and
Urban-Rural Development of Zhejiang

May 13, 2015

Fujian Design Standard for Energy Efficiency
of Residential Buildings DBJ/T 13-62-2014

Department of Housing and
Urban-Rural Development of Fujian

December 1,
2014

Zhejiang

Fujian

The introduction of these regulations directly boosts the growth of ASHP hot water system market, which
is especially pronounced in building supporting market.
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Figure 2-6 Residential Buildings Installed with Air Source Heat Pump Water Heaters in
Zhejiang Province

2.5

Heating application

2.5.1

Overall conditions

In 2000 or so, a legion of “northern faction” ASHP
manufacturers emerged in Beijing, Shandong and
other provinces represented by “Suolan” and
“TsingHua TongFang Artificial Environment CO.,
LTD”. Seeming to be born for heating market at their
inception, these enterprises have been moving
forward in applause and doubts for more than a
decade, and made a succession of impressing model
projects albeit with some failures. In April 2011, the
research project titled “Energy Conservation Study
on Combined Building Heating System of Air Source
Heat Pump (Solar Energy) and Low Temperature Hot
Water Floor Heating” jointly applied by Daikin China
and the Beijing Construction Engineering Material
Association got approval from the Department of
Construction Energy Saving and Science &
Technology, MOHURD, and on November 26, 2012,
passed the acceptance for technological project
achievement by the MOHURD. One of the
acceptance comments was that the combined
system of air source heat pump and low temperature
hot water floor heating can fully meet the needs of
heating in cold regions like North China (minimal
outdoor temperature above -17˚C, and average
indoor temperature for building heating at 18˚C) as
well as hot summer and cold winter regions like
Central China and East China.

In 1999, McQuay launched the earlier
version of “MAC-A series all-in-one
variable frequency domestic central air
conditioning floor heating machine", a
small number of products were marketed.
There were a legion of production and
machining enterprises specializing in
ASHP water heater products at earlier
stages in Guangdong, Jiangsu, and
Zhejiang, which gradually realized the
huge opportunities of the ASHP heating
market during business expansion, and
strove to provide heating services in the
north of the Yellow River

Beijing
has
released
the
Five-Year Clean
Air Action Plan
(2013-2017).
Afterwards,
the
General Office of
Beijing Municipal
People’s
Government
proposed
the
implementation of
“reducing
and
replacing
coal
and
keep
air
clean” plan action
in the Circular of
Beijing on Issuing
2015
Work
Measures for Key
Task Breakdown
of the Five-Year
Clean Air Action
Plan (2013-2017).

It is aimed to, from
2014, promote grid
expansion in rural
areas,
increase
power
supply
capacity for electric
heating application
of more 100,000
households
every
year,
strive
to
complete
heating
renovation task for
about
50,000
households,
and
add an area of 5
million
square
meters served by
heat pump every
year.

An additional 10
million m2 of area
served by heating
pumps in each year
since 2015

By
2017,
an
accumulated
35
million m2 of area
served by heating
pumps

In 2000 or so, a legion of “northern faction”
ASHP manufacturers represented by
“Suolan” and “TsingHua TongFang
Artificial Environment CO., LTD” appeared
in Beijing, Shandong and other provinces,
focusing on heating market

In 2011, the research project titled “Energy
Conservation Study on Combined Building
Heating System of Air Source Heat Pump
(Solar Energy) and Low Temperature Hot
Water Floor Heating”, jointly applied by
Daikin China and the Beijing Construction
Engineering Material Association, got
approval from the Department of
Construction Energy Saving and Science
& Technology, MOHURD, and passed the
acceptance of technological project results
by the MOHURD on November 26, 2012.
This was the first time for China’s
government department to publicly
recognize the feasibility of the use of low
temperature ASHP in northern cold areas
for heating





In February 2016, Hebei Provincial
Agricultural Department also issued
the 2016 Program for Promoting
Construction
of
Clean
Energy
Development and Utilization Project in
Rural Areas, requiring: the scale of
using electric heating methods like
ASHP heating should be expanded for
farmer households with reliable power
supply and well-insulated houses.
In April 2016, Shanxi Provincial
People’s Government also promoted
ASHP as the primary technical path to
enable coal-to-electricity work in urban
and rural heating
by issuing
Implementation Plan to Promote
“Coal-to-Electricity” Pilot Work for
Urban and Rural Heating.

Figure 2-7 Development History of ASHP
Heating Industry

The haze has released its full fury in recent
years. To control air pollution, Beijing has
released the Five-Year Clean Air Action Plan
(2013-2017). Afterwards, the General Office of
Beijing
Municipal
People’s
Government
proposed the implementation of “reducing and
replacing coal to keep clean air” action plan in
the Circular of Beijing on Issuing 2015 Work
Measures for Key Task Breakdown of the
Five-Year Clean Air Action Plan (2013-2017),
requiring: to promote the expansion of power
grid in rural areas from 2014, increase power
supply capacity for electric heating application
Figure 2-8 Field of an ASHP Heating Project
of more than additional 100,000 households
every year, and strive to complete heating renovation task for about 50,000 households; add a heating
area of 10 million square meters by heat pump every year. By 2017, the accumulated heat pump heating
area shall reach 35 million square meters. Since then, using low temperature air source heat pump
equipment for heating has been included by government of all counties and outer suburban districts of
Beijing as one of important technical routes for implementing coal-to-electricity projects in rural areas,
and low temperature air source heat pump have been on the increase year by year in the
coal-to-electricity project market in Beijing. In the 2016 Work Program of “Coal-to-Clean Energy” and
“Coal Reduction & Coal Replacement” in Villages of Rural Areas in Beijing, the General Office of Beijing
Municipal People’s Government proposed completing coal-to-clean energy for a total of 150,000
households in 400 villages. Then the Leading Group Office of Construction of New Socialist Countryside
of Beijing issued 2016 Guidelines of Beijing for Relevant Promotion Work of “Coal to Clean Energy and
Coal Reduction & Coal Replacement” in Villages of Rural Areas proposing: the amount of heat pumps
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and “multi-energy linkup” equipment promoted in each area should not be less than 80% of the heating
equipment.
Along with Beijing, in February 2016 Hebei Provincial Agricultural Department also issued the 2016
Program for Promoting Construction of Clean Energy Development and Utilization Project in Rural Areas,
requiring: the degree of electric heating like ASHP heating should be increased for farmer households
with reliable electricity supply and well-insulated building. In April of that year, Shanxi Provincial People’s
Government also promoted ASHP as the primary technical path to enable the coal-to-electricity work for
urban and rural heating in the Implementation Plan to Promote “Coal-to-Electricity” Pilot Work for Urban
and Rural Heating. The issuance of the above policies fueled the development of ASHP heating
application.
From the point of market development, low temperature ASHP hot water heating units for water system
heating in 2014 were less than 15,000, far less than other heating products. In 2015, however, the ASHP
heating market developed rapidly, achieving a growth of 263%. Where sales amount is concerned, low
temperature ASHP hot water heating units totaled RMB 710 million in 2015, RMB 557 million of which
was from the domestic market.
From the domestic sales perspective, ASHP hot water heating units reached 29,700 units, up 406% from
2014, to which both household and commercial machines contributed a substantial increase. Household
models concentrated on 3-6P and central heating models on 10P and 20P, especially 20P. Due to no big
increase in export sales, the overall growth rate was shaved off.

10,000 units

Figure 2-9 2014-2015 Domestic Sales of China’s ASHP
Hot Water Heater Models

Central type
Household type

2.5.2

Development of northern “coal-to-electricity” air source heat pump heating market

In 2015, the emerging “coal-to-electricity” market in Beijing created great opportunities for the application
of ASHPs to heating, particularly ASHP hot water products. According to the research by China Heat
Pump Industry Alliance, in Beijing’s “coal-to-electricity” market in 2015, some 15 brands of ASHP
machine were short listed for the bid in 10 suburban districts and counties
Huairou District (there was a situation of the
brands were winners, with a total installed
same brand winning in different districts and counties), with a2capacity
total
of about 230
installed
ASHPs
capacity of about
5,500-6,600 units of ASHP equipment. In Changping District, thereMiyun
were
District 3 winning enterprises,
Among thewith
788 a
units
3 enterprises were winners, with a total installed
in Miyun District,
788 ASHPs
total installed capacity of 600 units; in Shunyi District, there werecapacity
4 ofenterprise
winners, installed
with
there
were a
only total
77 variable
products,
Pinggu District,
District
installed capacity of some 600 units of ASHP equipment; in Miyun
there were 3frequency
enterprise
accounting
for 9.7% of the
5 enterprises were winners, with a total installed
total installed capacity in
capacity of about 1,700 ASHPs
winners, with a total installed capacity of 788 units; in Pinggu District, there were 5 enterprise
winners,
this District
with a total installed capacity of about 1,700 units; in Fangshan District,
Shunyi Districtthere were 3 winning brands,
Among the 600 installed
4 enterprises were winners, with a total installed
products applied in Shunyi
capacity
of about 600
ASHPs 3 winning brands,
with a total installed capacity of about 400 units; in Tongzhou District,
there
were
District, constantwith
frequency
products accounted for at
Tongzhou District
a total installed capacity of about 800 units in 2015, but at the beginning
of
2016,
Tongzhou
District
least 95%
of the total
3 brands were winners
share
In 2015: a total installed capacity of about 800
changed regenerative electric heating products implemented for nearly
400 households in market
2015
to air
units by 3 brands
In 2016: regenerative electric heating products
Among
the 600 ASHP
implemented ASHP
for nearly 400 households,
which
source heat pumps, so there were a total of about 1,200 units of installed
equipment
in
Tongzhou
equipments installed in
have switched to ASHP
Changping District in 2015,
District; in Huairou District, there were 2 winning brands, with a total Changping
installed
capacity of about
there230
were units;
300 variable
District
frequency products and
3 enterprises were winners, with a total installed
in 2015, Baihebao New Village in Yanqing County was put into service,
which
was
one
of
Beijing’s
300 constant new
frequency
capacity of about 600 ASHPs
products respectively, each
rural construction projects, with a total of 126 households living in the
new
use
the
Fangshan
Districthouses, all of which
accounting
for 50%
of the
3 brands were winners, with a total installed
total market share
capacity of about
ASHPs
combined form of air source heat pump plus solar energy for heating;
in4002015,
the coal-to-electricity
Constant frequency units
In Beijing’s “coal-to-electricity” market in 2015, some 15 brands specializing in ASHP machine
project in Daxing District involved basically
electric
heating
products,
without
any with
household
using
accounted
for a air
larger
manufacturing
were short
listed for the
bid in 10 suburban
districts and counties,
a total
In 2015, Baihebao New
Village in Yanqing County
was put into service, which
represents Beijing’s new
rural construction project,
with
a
total
of
126
households living in the new
houses, all of which are
served by ASHP + solar
energy for heating

Huairou

Yanqing

Miyun

Changping

Shunyi

Mentougou

Pinggu

Haidian

Chaoyang

Tongzhou

Fangshan

Daxing

installed capacity of about 5,500-6,600 units of ASHP

market share

Figure 2-10
18 Situation of the Winning Bids of Air Source Heat
Pump for Beijing’s “Coal-to-Electricity” Project in 2015

source heat pump. According to statistics, the total number of applied air source heat pumps in Beijing’s
coal-to-clean energy market in 2015 was roughly 5,844, with a market value around RMB 158 million.
As of August 2016, all districts and counties of Beijing have essentially completed the bidding of 2016
Coal-to-Clean Energy project. China Heat Pump Industry Alliance made a preliminary survey of the
application of ASHP products in Beijing coal-to-clean energy project for 2016. The survey included
relevant data published in the bidding documents prepared by each district and county, considered the
proportion of the enterprises inviting for ASHP bidding to the enterprises inviting coal-to-clean energy
bidding in each district and county, and accounted for the total quantity of renovation works in each
district and county. The statistics show that around 136,783 low temperature ASHP sets have been
purchased in total by Daxing District, Changping District, Mentougou District, Fangshan District, Huairou
District, Chaoyang District, Haidian District, Shunyi District, Pinggu District, Fengtai District, and Yanqing
County in 2016, with an expected market value at RMB 3,360.424 million, an increase of 2240% over
2015 in terms of total quantity of equipment installed.
About constant or variable frequency technology of ASHP hot water heating equipment installed from
the end of 2015 to the beginning of 2016 in Beijing, constant frequency products enjoyed a larger
proportion. In 2015, among the 600 installed products in Shunyi District, constant frequency products
accounted for at least 95% of total market; among the 600 ASHP equipment applied in Changping
District, there were 300 variable frequency products and 300 constant frequency products respectively,
each accounting for 50% of the total market; among the 788 equipment installed in Miyun District, there
were only 77 variable frequency products, which only accounted for 9.7% of the total installed capacity in
this district.
It should be noted that the ASHP hot water heating market arising from the “coal-to-electricity” project
implemented in Beijing is policy-oriented. When users choose to purchase the equipment from
bid-winning enterprises, factors such as personal connections had a greater influence on them, and
many of them have limited knowledge of technology and brands.

Figure 2-11 Air Source Heat Pumps Installed in Rural Areas of Beijing
and Existing Steel Radiators in Rural Households
In Beijing, most of ASHP hot water heating systems are installed during reconstruction of existing
buildings, a majority of which use a radiator and even an outdated radiator terminal. This has a negative
influence on energy performance of ASHP heating systems, so the matching of terminals is a great
concern. According to the survey of China Heat Pump Industry Alliance about the application of ASHP
heating system radiator terminals in Beijing’s coal-to-electricity market in 2015, in Shunyi District, ASHP
heating systems using various heating radiators as radiator terminal accounted for about 80% of the total
renovated works, those using floor heating system as radiator terminal about 15%, and those using floor
type fan coil as radiator terminal about 5%; in Pinggu District, 40 farmer households installed with ASHP
heating systems were randomly selected, and the household survey showed that nearly 100% of them
used various heating radiator products as the terminal of the ASHP heating system; in Fangshan District,
among the visited 10 farmer households installed with an ASHP heating system there were 4
households using floor heating system and the rest using various heating radiator products; in
Changping District, among the 300-odd ASHP heating systems installed by the bid-winning enterprise
there were only 20% of farmer households using floor heating terminal, and all of the remaining 80%
using a steel heating radiator.
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Beijing Municipal Commission of Rural Affairs recently issued the 2016 Guidelines of Beijing for
Relevant Promotion Work of “Coal-to-Clean Energy and Coal Reduction & Coal Replacement” in
Villages of Rural Areas, stipulating that, for selection of heat source equipment, each district is in
principle forbidden to use “direct-heating type” electric heating equipment, and is encouraged to use low
temperature air source products integrating “multi-energy linkup, multi-thermal composite, multi-source
into one”; for flat areas, residents shall be guided to use air source heat pumps with higher COP. The
amount of heat pumps and multi-energy equipment promoted by each district should not be less than
80% of heating equipment in their district. The main reason is that a heat pump has a significant energy
saving effect while expensive upgrading costs if electric heating is used. Take as an example a house
with an area of 80m2 in Beijing region. There are 120 heating days in this region, and the area index of
heating load is 60W/M2, so heating load is 8,433kWh, which is obtained by calculation based on 24
hours of heating per day. Based on COP2.5 for ASHP, power consumption of the whole heating season
is 3,373kWh. Assuming RMB 0.1 yuan/kWh for special electricity for heating at 9pm to 6am the next day
and RMB 0.48 yuan/kWh in the daytime, the total electricity cost is about RMB 1,100, saving more than
half of that by directly using electricity for heating. Before 2013, Beijing used regenerative electric heater
for coal-to-electricity project implemented in urban areas, which could make maximal use of off-peak
electricity at night to accumulate heat and then release heat during daytime. However, there is a huge
power load in urban area, but electrical load rating per household in hutongs served by an old grid is only
about 5kW. If each household uses high power electric heating, the old grid must be upgraded to some
18kW. Considering the upgrading of grid for 123 villages in Tongzhou District, the load per household is
upgraded to 9-12kW generally according to a standard of 120W/m2 in order to accommodate ASHP
heating. If regenerative electric heater is used for all the households, the required cost of grid upgrading
will be higher.
Talking about the future market prospects, the application of ASHP for heating in North China currently
is just getting started, with huger potential in the future. Over the recent two years, northern heating
regions were troubled by air pollution. Every time the heating season comes, these regions will suffer
from the haze, so local governments in North China have issued their own policy for “coal-to-electricity”
project one after another, demanding the replacement of coal-fired heating with ASHP heating. These
policy-based markets offered huge opportunities to the development of the ASHP industry. According to
the analysis and statistics of various policies and bidding documents by China Heat Pump Industry
Alliance, in Beijing the “coal-to-electricity” market of its 13 districts and counties alone in 2016 will
generate a market demand of about 150,000 units for the ASHP industry, and a conservative estimate
shows that the output value of corresponding ASHP main machines will exceed RMB 2 billion. Such
demand in 2016 just represents the start of the market. According to projections made by China Heat
Pump Industry Alliance after considering information from different sources, there is a need to implement
coal-to-clean energy project for roughly 1.4 million farmer households in rural areas of Beijing. During
the period from 2013 to 2015, the renovation of a total of 150,000 households has been completed at a
rate of 50,000 households a year. It is planned to renovate 150,000 households in 2016, and the
renovation of about 300,000 households in rural areas of Beijing is set to be completed by 2017.
However, for the remaining 1.1 million households that will be renovated at, say, a rate of 150,000
households, another 7 years are needed to complete the coal-to-clean energy in rural areas of Beijing.
For the coming 7 years, the “coal-to-electricity” market of Beijing alone will provide a main machine
market worth of some RMB 15 billion for the ASHP industry, and the value would be higher if complete
sets of equipment are considered.
Moreover, Shanxi Provincial People’s Government also unveiled the Implementation Plan to Promote
“Coal-to-Electricity” Pilot Work for Urban and Rural Heating, taking air source heat pump heating as the
primary technical path to substitute coal-fired heating, and planning to complete coal-to-electricity
renovation task for 500,000 households during the period of the Thirteenth Five-Year plan. In Tianjin, the
government also requires that electric heating should be achieved for all of 109,000 households in 363
villages of Tianjin by the end of 2017, and low temperature ASHP products are listed among the
coal-to-electricity pilot products. The coal-to-clean energy market in northern heating region is providing
a huge new market for low temperature ASHP products.
Moreover, thanks to its ability to provide both refrigeration and domestic hot water, ASHP, as new heat
source equipment in heating market, will in the long run have a brilliant future in south China, where no
centralized heating is supplied, in the context that the areas implementing the Ladder Price System are
increasingly expanded year by year.
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2.6

Industrial and agricultural applications

The application of ASHP heating products in industry and agriculture was another driving force of market
growth in 2015. The application of ASHPs in industry and agriculture gained a higher growth of 105% in
2015 compared to 2014. In addition to the demands of users themselves for energy saving and
environment protection, policy support was another important factor. Considering the subsidies given by
some provincial and municipal agricultural departments to heat pump products, heat pumps for drying
also benefited from the great support of preferential policies.
2010-2015 Development Trends of Heat Pump Drying Market (in
RMB 10,000)

2015 Analysis of Main Application Fields of Heat
Pump Drying Market

Tobacco
Medicinal
materials
Foods
Cereals
Areca-nut
Others

Market size (in RMB
10,000)

Growth rate (%)

Figure 2-12 Application of Air Source Heat Pumps in Industry and Agriculture
In recent years, China’s heat pump drying industry has been implementing transformation of product
structure, industrial agglomeration and specialized recombination to help enterprises improve
competitiveness, enabling this sector to continuously expand in size. Because of the substantial subsidy
given by national and some provincial and municipal relevant departments to heat pump drying
equipment, the output value of heat pumps for drying in 2015 had doubled relative to 2014. Enterprises
like Zhengxu, Keyang, Phnix, Joyou, PowerWorld, IKE, Baiheng, Bilai, Kolant, and JoHo performed well
in the heat pump drying market. In 2015, the shipment of heat pump main machines in the heat pump
drying market across the country reached RMB 240 million, and the value of complete sets of heat pump
drying equipment (including pipeline, drying room, accessories, etc.) reached RMB 450 million, with total
market potential in excess of RMB 100 billion.
Table 2-6 Main Application Fields and Characteristics of Heat Pumps for Drying
Six Key Application Segments of Heat Pumps
for Drying
Application Field
Agriculture
Industry
Foods
Medicinal materials
Service industry
Environmental
protection and
specialty industry

Application Category
Tobacco, areca-nut, tea, paddy,
vegetable, etc.
Electroplating, leather, printing,
paper tube, etc.
Edible mushrooms, seafood,
bacon, dried bean curd sticks,
preserved fruit, etc.
Honeysuckle, medlar, momordica
grosvenori, pseudo-ginseng, etc.
Hotel supplies, clothing, etc.

Comparison of Characteristics of Heat Pump
Drying and Traditional Drying
Dimension
Energy
consumption
Drying quality
Controllable
performance
Operating cost
Environmental
performance
Capital
investment

Sludge, fireworks and firecrackers,
etc.

Temperature
range

Heat Pump Drying

Traditional Drying

Low

High

Higher

Lower

Better

Worse

Low

High

Environment-friendly

Poor

Higher

Lower

Breakthrough is
necessary in high
and low temperature
ranges

Can reach higher
temperature

China’s heat pump drying industry experienced three development stages.
It was in its initial stage from 2003 to 2008. With continuing breakthrough in heat pump technology,
Guangdong as a great province of refrigeration, household appliances and other industries features a
markedly advantageous industrial cluster, leading the development landscape of the heat pump industry
all the time. As pioneers in China’s heat pump drying industry, enterprises such as Guangdong Yonggan
and Keyang turned their focus on R&D and operation in heat pump high temperature hot water
application fields thanks to their astute market insight and accumulated technologies. As the
performance of heat pump units was increasingly steady, they gradually extended from the
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electroplating industry at the beginning to agricultural products processing, and made remarkable
achievements in drying of tobacco, cereal, medicinal materials and others. The output value of the heat
pump drying industry increased from RMB 1 million at the beginning to RMB 20 million, laying a good
foundation for the development of the industry.
It was in a rapid development stage from 2009 to
2013. As heat pump drying technology was
improving with increased applications, the industry
market expanded rapidly, more and more application
fields were found, creating great money-making
opportunities and attracting more and more
enterprises specialized in heat pumps for hot water
application into the drying community. In 2009, the
whole heat pump drying market rose above 30
million units in sales, and the application range of
heat pumps for drying also extended to cover
fireworks and firecrackers, wheat, lychee, soybean,
paddy, fruit, vegetable, jujube, medlar and other
industrial and agricultural fields.

2005-2013 subsidies for purchasing agricultural
machinery

2005
2006
2007
2008
2009
2010
2011
2012
2013

RMB 300 million
RMB 600 million
RMB 2 billion
RMB 4 billion
RMB 13 billion
RMB 15.5 billion
RMB 17.5 billion
RMB 21.5 billion
RMB 21.75 billion

Over the five years from 2009, such brands as Zhengxu, Joyou, PowerWorld, Hien, Fivestar, Bilai,
Guangteng, Phnix ventured prominently into the market. After a period of technology accumulation, the
heat pump drying market became quite competitive, and these enterprises have received bountiful
returns, securing a large number of orders from across the country.
It is in a mature development stage from 2014 to present. In 2014, enterprises in the heat pump
drying industry seized the opportunity created by local governmental preferential policies and rapidly
developed their heat pump drying business. In addition to agricultural produces, commercial crops like
tobacco and areca-nut are also key subsidized produces included by the state in drying application, and
there is drying demand coming from other industries such as printing, slaughter and electroplating as
well. Diversified market demands facilitated the drying industry to enter its mature development stage.

Figure 2-13 Fields of Application of Air Source Heat Pumps for Drying in Industry and Agriculture
2014 was a year of transformation of heat pumps for drying. Some major enterprises were no longer
confined to the status as a drying equipment supplier, instead they actively transformed themselves into
a drying system integrator. They offered a package of drying services including drying equipment,
materials for drying room, and pipeline accessories, which resulted in a rapid increase of profitability and
sales amount. In addition, heat pump drying machines were transformed from universal purpose type to
special purpose ones, like tobacco drying machine, areca-nut drying machine, fireworks and firecrackers
drying machine. That year, heat pumps for drying obtained a year-on-year growth of 17% in size and the
shipment of heat pump main machines reached RMB 1.7 billion.
In 2015, the market made a great breakthrough, registering a doubled growth in the output value.
According to a questionnaire survey for mainstream enterprises in the industry, they were optimistic
about the prospect of 2016, which shows a marked “Blue Sea” market effect.

Chapter III Technological Development and
Advancement of ASHP Heating Industry
As the industry develops, technical standard systems for ASHP heating products have been increasingly
refined, and great progress has also been made in technological innovation. In 2015, research on low
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temperature heating, carbon dioxide system and drying fields was also becoming more active along with
continuously improved reliability and energy saving performance of existing domestic and commercial
hot water products. In heating sector, how to better match heat pump main machine with terminal, how
to make products more secure, reliable and quieter, and how to increase the applications in drying fields
of industry and agriculture, etc. are current hot research issues of the community. Meanwhile, research
on carbon dioxide system also technically gears up for further development of products.

3.1

ASHP heating compressor

ASHP heating and hot water products and room air conditioners share similar operating principle, but
their working conditions differ, giving rise to different requirements for compressor. According to
GB/T7725 room air conditioner standard, temperature in the working condition T1 of room air
conditioners ranges from -7°C to 43°C, working condition T3 from -7°C to 52°C, and room temperature in
the heating condition is 20°C. Standard for heat pump water heaters for commercial, industrial and
similar uses (GB/T21362) specifies an outlet water temperature of 55°C under the working conditions of
0°C~43°C for general type and -10°C~38°C for low temperature type product. Standard GB/for Heat
Pump Water Heaters for Household and Similar Uses (T27137) also specifies an outlet water
temperature of 55°C under the working condition of -7°C~43°C. The condensation end of a heat pump
water heater has a higher temperature than a room air conditioner, with a larger compression ratio,
putting forward a higher requirement on compressor reliability. As air source heat pumps for heating are
used at low temperatures, outdoor temperatures may give rise to compressor efficiency reduction due to
frequent frosting and defrosting and longer heating time in winter. In Air Source Heat Pump (Water
Chilling) Units at Low Ambient Temperature (GB/T25127-2010) and Air Source Heat Pump Water
Heaters at Low Ambient Temperature (GB/T12841-2015), heat source temperature under nominal
heating condition is changed from 7°C to 12°C. Special compressors for low temperature heat pumps
still need to work reliably and effectively at low temperatures. Standard Totally Enclosed Motor of Heat
Pump Water Heaters for Domestic and Similar Uses - Compressor (GB/T29780-2013) entered into force
on May 1, 2014 with the approval of the General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China (AQSIQ) and the Standardization Administration of the
People's Republic of China (SAC). The evaluation of special compressors is conducted under three test
conditions including standard working condition, working condition in summer, and working condition in
winter. In accelerated aging test, assessment values like high pressure ratio for winter and large flow for
summer are added. The issuance of the standard will play a guiding role in the normalization of products.
To better satisfy special requirements of ASHP heating and hot water products, compressor enterprises
such as Emerson, Danfoss and Shanghai Hitachi have actively developed and launched distinctive
technologies and products.
An effective way to improve low temperature heat pump performance is to enable compression ratio
staging. Two-stage or multi-stage compression or cascade can reduce the compression ratio in each
stage of the compressor, improving the volume-reduction ratio efficiency of each stage and reducing the
discharge temperature. For systems using scroll, screw or centrifugal compressors, vapor can be more
easily compensated in the course of compression, effectively improving heating performance under low
temperature. Currently, technology of “quasi-two-stage compression” using compensating vapor in the
course of compression has been widely applied in low temperature heat pump systems in cold regions.
Diagram of
Circulating Pressure
Enthalpy
Increased
cooling capacity

Increased
heating capacity

Improved
compression process

Main flow-injection flow

Injection flow
Main flow
Refrigerate cycle of
EVI modular unit

Refrigerate cycle of
conventional modular unit

Figure 3-1 Schematic Diagram of Enhanced Vapor Injection (EVI)
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For instance, Enhanced Vapor Injection (EVI) scroll compression technology of Emerson Climate
Technologies is exactly developed from this principle, which could enable reliable operation under an
ambient temperature of -12°C while providing a powerful heating performance. Its ZW series of
dedicated heat pump compressors adopt a unique axial flexible design, which can effectively operate in
a broader range of working conditions; and an efficient high power motor is
provided, which can meet the requirements of ASHP heating and hot water
products in extreme application conditions. ZW series of compressors work
with zero-ODP refrigerant, saving the environment from damage; besides,
efficient technical solution can effectively reduce CO2 emissions and promote
green, environment protection technologies. ZW series of dedicated heat
pump compressors incorporate EVI technology, in which a part of
intermediate pressure gas is absorbed by vapor injection and then
compressed after mixing with partially compressed refrigerant; a single
compressor is used to enable two-stage compression in order to improve
refrigerant volume in condenser and increase enthalpy difference of the main Figure 3-2 ZW Series of
circulation loop, greatly improving the efficiency of compressor. ZW expands Dedicated Heat Pump
Compressors
confidently the work range of heat pumps to an ambient temperature of -20°C,
and improves the heating capacity by 40% or so and the energy efficiency by 22%. At present, ZW
series of dedicated heat pump compressors are not only widely used for domestic hot water and family
heating, but for drying, electroplating and other industrial fields as well.
Liquid injection refers to the technology that a part of refrigerant fluid at the condenser outlet is directly
injected into the compressor cavity, hence called “liquid injection”. The injection of refrigerant into the
scroll compressor cavity effectively reduces the discharge temperature, ensuring reliability and security
and extending operating range of the system. For example, Danfoss’ PSH019-039 series is typical
dedicated heat pump scroll compressors. This series of compressors incorporate liquid injection
technology, providing a wider operation range. When evaporating temperature is as low as -25°C, they
still can steadily operate at the condensation temperature up to 65°C and also can reliably operate in
cold regions. A stronger scroll plate is designed and the strong points of Danfoss are used to integrate a
liquid injection valve and a controller. PSH series automatically detects discharge temperature, and an
integrated liquid injection controller controls the action and regulates the opening of liquid injection
electronic expansion valve, accurately controlling liquid rate and ensuring reliability and energy
efficiency.
Condenser
Expansion
valve

Scroll
compressor

Evaporator

Figure 3-3 Schematic Diagram of Liquid Injection Technology
In rotor compressor sector there are also dedicated
industrial heat pump compressors that cover heat
pump hot water and heat pump heating fields. Have
a look at Highly brand of Shanghai Hitachi
Household Appliances Co., Ltd., a subsidiary of
Highly Group. In 2015, Highly developed special
compressor series using R410A refrigerant for
heating in response to heating requirements in
northern areas. They are specially designed for
household single-phase 220V power supply, and all
its models come with EVI technology patented by
Hitachi in 1981. Low temperature heating capacity
can be improved by more than 30%, products with
2HP~4HP constant frequency or 3H~6HP DC
variable frequency compressors are available, and
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Figure 3-4 EVI Rotor Compressor Special for
Heat Pump Heating

the design is based on the high temperature (65°C) required for radiator heating in the north of China,
enabling a highest achievable condensation temperature up to 70°C. Similarly, to cope with cold
environment in northern regions, when evaporating temperature is as low as -30°C the compressors are
able to operate reliably. It is worth mentioning that Highly has never ceased research on the application
of refrigerant in dedicated heat pump compressors. Compressors, including those using R290 or CO2
refrigerant, have already been developed, of which compressors using R290 refrigerant have been used
in Europe in batches. Dedicated ASHP compressors using CO2 refrigerant have already been developed
long ago, where the highest outlet water temperature of ASHP has been increased from 60°C to 90°C,
greatly improving the service range and operation efficiency of ASHP.

3.2

Development of heat exchanger technology

ASHPs for domestic hot water largely use externally coiled heat exchange tubes, which do not come in
contact with water, thus avoiding corrosion. The main machine and the water tank are accessible during
maintenance. Currently, these heat exchange tubes include copper, all aluminum micro-channel tubes,
and tubes made in other materials.
Externally coiled copper tubes are currently made with a single tube or dual tubes wrapped onto the wall
of the water tank, or in combination with a coiled tube on the bottom. The tube diameter, for copper tubes,
is generally 7mm or thinner. Numerical simulation technique starts to be used for system design, e.g.
numerical computation for temperature distribution of hot water in the tank, and analysis of longitudinal
water temperature gradient according to diameter-height ratio of the tank, length and temperature of
condensing coil, so as to optimize water tank and condensing coil design of heat pump water heater.
Studies found some general patterns, for example, there is about 100mm of space left in the lower part
of the tank when coiling the heat exchanger to establish in the process of heating convection between
the cold water in the space left and the hot water in the upper part, thereby producing an
over-refrigeration of externally coil, improving unit performance and reducing operating pressure of the
system, etc.
Today, active comparative researches on copper tube and all aluminum micro-channel tube in
performance are being carried out in the industry. The replacement of external coil copper tube
condenser with all aluminum micro-channel tube condenser increases contact area between the inner
liner and the heat exchanger, enhancing heat exchange while reducing operating pressure of the system
to some extent. Heat exchange performance of a micro-channel heat exchanger increases as flow paths
increases, when the paths reach a certain level, however, the heat exchange performance does not
improve any longer; in the meantime, pressure drop increases quickly as the number of flow paths
increase. However, electrochemical corrosion between the aluminum alloy and the copper tube in the
system on the one hand and the outer wall material of the tank on the other hand is a problem with an
external coil micro-channel exchanger, and this needs to be taken care of.
There was in the past years many a research on heat exchanger features of ASHP spiral casing
condensers investigating from various perspectives. Currently there are a lot of researches on heat
exchange feature of condensers, most of which focus on heat transfer enhancement. In 2015, a spiral
casing heat exchanger developed by Hangzhou Shenshi Energy Conservation Technology Co., Ltd.
used spiral tube using knurling technique for surface structure. This fine structure improves the efficiency
of a double-pipe heat exchanger, reducing its volume by half for achieving the same performance as its
predecessor.

Figure 3-5 Spiral Casing Heat Exchanger
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3.3

Development of water tank technology

At the earlier stage of domestic heat pump products, stainless steel pressure tanks were popular thanks
to their simple manufacturing process and tooling and less investment. With the development of market
however, especially after leading electric water heater enterprises breaking into the market, enamel
pressure-containing tanks have secured more and more market shares because of their advanced
production process and reliable product quality. Today, enamel, crystal and stainless steel liners are all
used in the ASHP water heater industry. A development line can be identified that has gone from
galvanized resin liner to stainless steel inner and to enamel liner. Meanwhile, each technology is
continuing its refinement.
Stemmed from Europe, an enamel water tank is made of a composite made by fusing porcelain glaze
(an inorganic glass material) onto a steel plate and firmly binding it with the steel plate. The metal offers
mechanical strength and processing performance, while porcelain glaze provides acid-proof, acid
resistance, wear-proof, heat-proof, non-poisonous and decorative performances. Metals for porcelain
glaze mainly include steel, cast iron copper and stainless steel, etc., which may be used as needed.
Porcelain glaze materials for enamel mainly include three broad categories: raw mineral, chemical and
pigment materials. Raw mineral material is the major part of enamel, with the highest proportion. It
mainly includes quartz, feldspar and clay. Chemical material is auxiliary composition of enamel, mainly
including borax, sodium nitrate, sodium carbonate, lithium carbonate, calcium carbonate, magnesium
oxide, zinc oxide, titanium dioxide, titanium dioxide, antimony oxide. Pigment material refers to material
for decorating the color of enamel. Enamel is made from the above raw materials mixed at certain
proportions, and its formula can be adjusted depending on water tank sheet materials. Low-carbon steel
(with a carbon content of 0.08% or less) is generally used as the base material in fabricating enameled
pressure tanks. It is important to improve enamel quality by adjusting the formula of enamel so as to
enhance the compatibility of enamel pressure-containing tanks with the local water quality.
A crystal inner liner is composed of a pressure-containing layer and a leakage-proof layer, which are
separately by design. The pressure-containing layer is fabricated by welding a 2mm-thick cold-rolled
sheet, while the leakage-proof layer, a 4mm-thick acrylic coating (special synthetic polymer), is formed in
one operation that integrates steel and crystal processing of both the liner surface and the opening,
leaving no welding points and offering a good corrosion resistance. For a crystal inner liner, notice shall
be taken of the problem of delamination between the pressure-containing layer and the leakage-proof
layer due to their different expansion coefficients.
The available materials for stainless steel pressure-containing tanks generally include 304, 316 and
316L stainless steels. Stainless steel designated 06Cr19Ni10 is a stainless steel with diversified
applications, which is widely used to manufacture equipment and parts requiring good comprehensive
performance (corrosion resistance and formability). Due to the addition of Mo, Grade 316 designated
06Cr17Ni12Mo2 features quite good corrosion, atmospheric corrosion resistance, and high temperature
strength, and possesses better work hardening ability and corrosion resistance than Grade 304, and so
can be used under severe conditions. The maximum difference between Grade 316L designated
022Cr17Ni12Mo2 and Grade 316 stainless steel designated 06Cr17Ni12Mo2 in service is that the
carbon content of Grade 316L is lower. Grade 316L stainless steel has good welding property and can
be welded using all standard welding methods, during which carbon is not easy to be precipitated out
and then combined with chromium to form chromium carbide, and this reduces corrosion of welded
portions and requires no post-welding annealing treatment. Grade 316L is superior to Grades 304 and
316 in corrosion resistance and weldability, while Grades 316 and 316L are far higher than Grade 304 in
material cost. Currently, nearly all stainless steel water tanks of heat pump water heaters are made of
Grade 304. For stainless steel water tanks, notice shall be taken of the harm of local corrosion, of which
pitting, inter-crystalline and stress corrosions are most common. In 2015, there was an enterprise using
ultra-pure ferrite stainless steel, which is an economical stainless steel. They improve the corrosion
resistance, formability and weldability by increasing chromium content, adding a moderate amount of
molybdenum, reducing carbon and nitrogen contents, adding suitable amount of titanium and niobium,
and optimizing the heat treatment process.
Midea, GOMON, GMO and other enterprises continued to promote the development of enamel tanks in
2015. Midea ASHP products come with E+ blue diamond inner liner in a groundbreaking way. This liner
is made with superfine powder material dedicated for inner liner coating provided by internationally
renowned brand FERRO and using international leading automatic tracking and positioning robot
welding technology. It has experienced a test of 800,000 impacts and a 480hr high concentration
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hydrochloric acid solution test. This liner is tightly and evenly adsorbed onto the liner steel plate at a high
temperature of 850°C to form a complete liner protection layer that thoroughly separates water from
steel plate and saves steel plate from corrosion ensuring extended service life of the inner liner.
GOMON’s external copper-coil enamel pressure tanks incorporate “externally wrapped coil” technology
to ensure that the heat exchange coil does not come into contact with water in the tank, therefore free of
corrosion, scaling, and leakage and other problems; D-section tubes are used for better efficiency and
stability. The whole structure includes intelligent high pressure foaming, resulting in a compact, even,
and tight insulation layer. GMO also actively promotes enamel tank for ASHP hot water products, using
a special protective inner liner made according to its secret formula, and develops roll-bond heat
exchanger water tank products.

3.4

Development of refrigerant

Refrigerants for ASHP heating and hot water
products are basically the same as that used
in the traditional air conditioning and
refrigeration
industry, mainly including
halogenated
hydrocarbon
compounds.
Currently, products commonly used in China
are R22, R134a and R410A; CO2 system has
been applied in high temperature hot water
machines; R290 and other refrigerants are still
experimental. According to the latest statistics,
China’s route of alternative refrigerants is as
follow: for ASHP heating and hot water
products, R134a and R410A remain the major
players in the short term, and CO2, R290, HFO,
among others, are planned for the middle and
long term; whereas R22 is a product to be
phased out.

Small water chilling (heat
pump) units

R410A (in the short term)
R32 (in the middle/long term)

Large and medium-sized
water chilling (heat pump)
units

R134a (in the short term)
HFO-1234ze (E), HFO compounds (in the middle/ long
term/distant term)
NH3 (in the middle and long term/distant term), H2O (in the
middle and long term/distant term)

ASHP heating and hot
water products

R134a, R410A (in the short term)
CO2, R290, HFO (in the middle and long term/distant term)

Unitary air conditioners

R410A (in the short term)
R32 (in the middle/long term), HFO compounds (in the
middle and long term/distant term)

Multi-split air conditioners

R410A (in the short term)
R32 (in the middle/long term), HFO compound refrigerant (in
the middle and long term/distant term)

Industrial and commercial
refrigerating and
compressor condensing
units

R134a (in the short term), R290, R600a (in the middle and
long term/distant term), NH3, CO2 (in the middle and long
term/longer term), R32 (in the middle/long term), HFO
compound refrigerant (in the middle and long term/distant
term)

Figure 3-6 Alternative Refrigerants for ASHP for Heating and Related Products

Carbon dioxide refrigerant, a natural substance existing on the earth, has an ODP value of 0 and a GWP
value of 1, making it very environment-friendly. CO2 refrigerant has a high low-temperature saturation
pressure, a lower evaporating temperature, a better heat absorption capacity, and entailing less
attenuation of system heating capacity than common refrigerants. Lower pressure ratio and supercritical
gas refrigeration process ensure the producing of high temperature hot water under low ambient
temperature; for instance, CO2 heat pump water heaters can produce hot water with a temperature up to
80°C-90°C at an ambient temperature of -20°C.
The commercialization process of carbon dioxide heat pump in China has a rather late start, but sees a
good momentum of growth. In March 2014, Haier launched a CO2 heat pump model called “Tianmu” with
an independent intellectual property right, which has been marketed in a large quantity. The COP of the
heat pump reaches 5.72, attaining a maximum outlet water temperature of 80°C, and can properly
function at an extremely cold temperature of -25°C. Qidong in Kunming, KRTCO in Ningbo, and other
enterprises have also launched their commercial CO2 heat pump water heater products.
At present, Tianjin University, Xi'an Jiaotong University, Tsinghua University and other colleges and
universities have established their own CO2 heat pump test bench for research. Tianjin University mainly
conducts computer simulation research on compressor, expansion machine, etc., and proposes a rotary
window type heat pump system while Shanghai Jiaotong University focuses its research on the
applications of CO2 heat pump in automobile air conditioning, including theoretical research of carbon
dioxide compressor for automobile air conditioning and R&D of prototype.
Shanghai Hitachi, GMCC, Panasonic Appliances Compressor (Dalian) Co., Ltd. and other companies
launched their CO2 compressor one after another.

3.5

Development of smart defrosting logic

To accommodate the heating requirements in northern China, liquid injection refrigeration technology
and EVI have been widely applied in compressors and systems. Along with the development of
compressor technologies, smart defrosting logic has also been improved, replacing the old method of
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simply setting a critical temperature of defrosting. This is of great significance to a better application of
heat pumps for heating in northern markets.
For example, based on the defrosting scheme for general units, ASHP low temperature heating units
from Micoe and other brands also consider the difference between the outdoor heat exchanger coil
temperature and the ambient temperature as one of the criteria for initiating the defrosting mode.
Different ranges are identified in the ambient temperature, the difference between the coil temperature
and the ambient temperature is analyzed for each temperature range, and determination is made as to
whether to initiate the defrosting process depending on the temperature difference for each range such
that the defrosting mode is initiated when and only when frost is present.
Guangdong Midea Refrigeration Equipment Co., Ltd. invented an auxiliary defrosting device for air
conditioner, the outdoor unit of an air conditioner and an air conditioning unit (patent no.
CN204963325U). When the external environmental condition is severe, frosting may occur at the bottom
of the outdoor unit of the air conditioner, greatly affecting the heat exchange performance and leading to
a lower compressor discharge temperature, and the outdoor unit may malfunction. The auxiliary
defrosting device is installed in the outdoor unit of the air conditioner, it including a phase-change energy
storage device, and an exhaust pipe and a heat conduction pipe passing through the phase-change
energy storage device. The exhaust pipe connects to the compressor and exchanges heat with the
phase-change energy storage device. One end of the heat conduction pipe being connected to the
phase-change energy storage device, and the other end being fixed to the bottom of the outdoor unit, the
heat in the phase-change energy storage device is transferred to the bottom of the outdoor unit for
defrosting.
Qingdao Haier Air Conditioner Co., Ltd. invented a defrosting method for compression type heating and
refrigeration air conditioning system and the outdoor unit (patent no. CN105371524A), believing that the
stubborn lower heat exchange efficiency after defrosting of the outdoor heat exchanger under hostile
outdoor environment in winter lies in ice and snow blocking the discharge screen of the outdoor unit,
which leads to a higher wind resistance and a poor heat exchange. This invention uses light detection
and wind resistance detection to evaluate frosting on the discharge screen and resorts to a powerful
defrosting mode, thus avoiding the inconvenience of manual defrosting and the associated potential
damage. The mode utilizes air flow of heating from the outdoor heat exchanger to defrost discharge
screen. To make full use of the air heat, the outdoor fan works at a lower speed than in normal heating
and refrigerating.
Gree Electric Appliances Inc., a company based in Zhuhai, invented an air conditioning system featuring
continuous heating in the process of defrosting (patent no. CN105066255A). With this feature, the high
temperature refrigerant from the indoor heat exchanger does not go through the throttling device and,
instead, directly enters the outdoor heat exchanger, after which the refrigerant defrosts the outdoor heat
exchanger through heat emission and then goes into the auxiliary heat exchanger via the throttling
device to evaporate and absorb heat. During the above process of outdoor heat exchanger defrosting,
the auxiliary heat exchanger serves as an evaporator, in which the refrigerant evaporates and
exchanges heat. The air conditioning system is fitted with an auxiliary heat exchanger and an auxiliary
fan, and when the defrosting process is on, the outdoor heat exchanger begins to carry out the
defrosting task by using the auxiliary heat exchanger as an evaporator to enable the heating function of
the air conditioner, thus ensuring the air conditioner continues heating while defrosting such that better
heating experience is brought to users.

3.6

Technology of heat radiating terminal

3.6.1

Heating radiator

Low temperature heating radiator products supply warm water below 60°C, working in intake and return
water conditions different from those of conventional heat radiators. Some products further reduce the
heat dissipation for heating by changing material of heating radiator or increasing heat radiating area of
the radiator to provide a desirable indoor heating temperature of 18°C. This makes possible the use of a
low temperature heating radiator as the radiating terminal in an ASHP heating system. To expand the
product to more regions, related products and standard systems shall be reviewed and, when necessary,
modified.
3.6.2

Low temperature hot water floor radiation heating
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Low temperature hot water floor radiation heating is divided into dry construction and wet construction
depending on the presence or not of pea gravel concrete backfill. In the recent two years, “precast
grooved insulation boards” and “prefabricated thin heating boards” are popular. The two products are
generally installed in a dry process, by which wood floors are directly laid on the products. The
advantage of this practice is that the room temperature rises quickly. Considering that there is no backfill
layer involved in this method, which will lead to loss of floor heating heat storage advantages, it is
recommended to use the traditional construction method for ASHP heat radiating terminal.
3.6.3

Fan coil

To use air source heat pump as cold and heat source, to use fan coil as refrigeration terminal in summer,
and to use floor heating as heat radiating terminal in winter are known as one source two terminals. This
application form is fairly common in China. However, fan coil can also be used as an ASHP radiating
terminal. In general, its water inlet temperature is at 45°C or so, 5°C-10°C higher than that of a floor
heating terminal. Compared to a floor heating terminal, its efficiency is relatively low, but its indoor
heating rate is quicker at the expense of comfort. It should be noted that floor fan coils were applied to
some extent in 2015 as part of Beijing "coal-to-electricity" project.
3.6.4

Capillary network

Taking air source heat pump as cold and heat source enables the same system to provide refrigeration
in summer and heating in winter. For heating in winter, water supply temperature at 35°C and water
return temperature at 30°C are adequate for indoor heating. A capillary network air conditioner takes
capillary network mesh made from PPR material as the main heat transfer device, which is directly laid
on the surface of the building enclosure structures (e.g. roof, wall, and floor), generally less than 15mm
higher than the original surface, enabling it to create a low temperature (in summer) or a high
temperature (winter) radiant surface and transfer energy between human body and indoor furniture
surfaces, mainly in the form of radiation. By supplying cold energy and heat mainly in the form of
radiation, capillary network has a faster heating (refrigeration) rate, evenly distributed indoor
temperature, very high comfort, no blind corner, no draft sensation, and no fan noises. Capillary network
system is relatively expensive and has not been widely applied yet.
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3.7

Development of water pumps

As core components of water circulation ASHP hot water and heating water systems, water pumps have
been increasingly valued by heat pump manufacturers. Many enterprises including Denmark-based
Grundfos, Germany-based Wilo and Hefei Xinhu Canned Pump Co., Ltd., have developed special
technologies and products.
First, water pump technology has conquered the problem of jamming as a result of rust and saves heat
pump water heaters for domestic hot water from pollution by water pump. CIL2 series water pump and
enamel seat water pump developed by Grundfos are examples. CIL2 series water pumps comply with
European drinking water standard and incorporate composite material seat so that the components
coming in contact with water will not rust, greatly avoiding the pollution caused by water pumps to
domestic hot water. Moreover, since the water pump does not get rusty, the possibility of pump getting
jammed is greatly reduced. Based on the previous special ceramic shaft and bearing design, enamel
seat water pump incorporates an enamel process in the cast iron seat, solving rust jamming problem
with heat pump heating water systems.

Figure 3-7 CIL2 Series Water Pump and Enamel Seat K Version Water Pump
Secondly, to streamline heat pump heating water systems and improve their reliability, there have been
made available some efficient hydraulic system solutions in the industry. For example, the CHBL product
newly launched by Grundfos integrates a three-way valve, a vent valve, a relief valve and other
necessary water circuit components, which are effective in simplifying water circuit system, thereby
improving production efficiency of manufacturers and increasing stability and reliability of the water
circuit.

Figure 3-8 CHBL Efficient Hydraulic System
Of course, water pumps also develop towards high efficiency performance to enable efficient power
output of ASHP hot water heating systems. On August 1, 2015, Europe implemented Erp Directive,
specifying that products with an evaluated Energy Efficiency Index (EFI) for canned pumps ＞0.23 shall
be disused. Grundfos introduces high efficiency variable frequency pumps that satisfy European Erp
Directive, which not only improve stability and reliability of heat pump hot water heating systems, but
also save above 50% of energy more than common water pumps. Wilo also launches Yonos para series
of high efficiency water pumps. They incorporate ECM high efficiency technology. Their self-control
water pumps (red knob) or externally control water pump (PWM signal), their pre-select control modes
△p-c (constant pressure difference) and △p-v (variable pressure difference) suitable for optimal load
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adjustment are examples. This series automatically adjusts output flow according to the load condition of
the hydraulic system, with a standby energy consumption ＜1W.

3.8

Development of controller and valve technologies

ASHP heat pump heating products are used in a broad spectrum of service times and operating
temperatures, posing high requirements for control and logic. Control technology suppliers in the
industry have offered some supporting and alternative solutions to the development of the industry, such
as Emerson, Danfoss, and Sanhua, etc.
Thanks to its prominent tolerance of environment, economic efficiency, easy-to-use and other
advantages, thermostatic expansion valve continues to play an important role in low temperature heat
pump sector. It can not only steadily work at a temperature as low as -40°C, but also dispense with
electrostatic troubles in a dry environment. In addition, it is not troubled with problems of high
temperature, high humidity or condensation drops. Besides, the application of electronic expansion
valves in ASHP heat pump heating and hot water systems is very beneficial, because they not only
overcome evaporator superheat oscillation caused by the thermostatic expansion valve, but also enable
step less regulation and remote control. Both technologies are now in development.
For instance, Danfoss ETS6 electronic expansion valve has the advantages of high reliability and wide
adjustment range, providing accurate, fast, reliable and efficient flow control solution for air source heat
pumps. Optimized maximum opening pressure difference adapts the valve better to application in heat
pumps at low temperatures, and combined with minimal steady-state superheat control, full use may be
made of the heat exchanger area, matching valve opening accurately to the need of a partial load, while
at the same time avoiding the risk of liquid return into the compressor. TGE thermostatic expansion
valve features a long service life and a high reliability when working with a heat pump. Its laser welded
power head and dual-diaphragm design enhance the reliability of diaphragms; its stainless steel power
head, capillary network and sensing bulb enhance corrosion resistance; and special welding and sealing
technologies minimize the leakage risk of the expansion valve. The typical low hysteresis ensures a high
precision in valve control. EVR solenoid valve features a high throughput, a low leakage and a high
reliability, suitable for medium temperature from -40°C to +130°C, and its maximum pressure bearing
capacity is 45bar, suitable for R410A refrigerant. Its direct-acting design achieves a minimum valve
opening pressure difference of 0; optimized maximum opening pressure difference makes sure that the
valve can be opened under severe low temperature conditions; its single-layer diaphragm design
improves valve resistance to impurities, greatly reducing leakage risk.
ASHPs are also equipped with a series of self-control components and products used for heat source,
pipe network and terminal control, mainly including expansion valve, solenoid valve, dry filter, pipeline
element, plate-type heat exchanger, inverter, hydraulic balancing valve and thermostat valve, etc.
Comprehensive supporting suppliers have also emerged in the industry, for example, Danfoss offers
DML drying filter, which provides 100% molecular sieve desiccant for R401A system, avoiding formation
of acid in the system and reducing potential dangers. Its MPHE plate-type heat exchanger adopts
innovative Z scale-like sheet design that reduces heat exchange area by 30-35% for delivering the same
heat exchange amount at the same condensing temperature, and has more welding points and thus a
better strength, meeting higher requirements of the application of air source heat pump in high
condensing temperature for reliability of plate-type heat exchanger. AB-QM dynamic flow balancing
valve comes with a built-in pressure difference control unit enabling water flow through the regulation
valve at a constant pressure difference, and it is possible to make settings when there is no water in the
system, therefore solving the problem of hydraulic imbalance of water circuit network.
BAE series thermostatic expansion valve from “Flow Control” (ALCO) Division at Emerson has been
widely used in the ASHP industry from 2008 or so, and its new generation of upgraded product adopts a
unique design to meet the requirements of quick defrosting. In recent years, with the development of EVI
technology, Emerson has also optimized its electronic expansion valve and controller system. This
system can provide balance control for both main circuit for refrigeration and economizer circuit, and is
equipped with built-in operating zone protection of compressor, enabling smart vapor injection and liquid
injection control.
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Figure 3-10 Thermostatic and Electronic Expansion Valve

3.9

Application of Internet technology in air source heat pumps

3.9

Application of Internet technology in air source heat pumps

In 2015, many enterprises in the air energy industry strove to draw a blueprint of new life with air energy
for consumers: they can open special management APP on their mobile phone and send remote control
command to control their ASHP heating and hot water products when they are not at home. In the
blueprint, the “Internet Plus” concept centering on “cloud computing, big data, Internet of Thing” is
composed of heating and hot water products, cloud server and smart terminal, etc.
For example, OUTES launches its remote controlled air energy water heater product, and the intelligent
temperature controller made by Shanghai Shenjuke Intelligent Technology Co., Ltd. offers user-friendly
interface and APP remote control, facilitating remote control of air source heat pumps and other heating
products.
Remote Control, Ready to Use
Apply accurate remote flight control technique from aerospace science and technology to the
water heater, provide smart control via micro-computer, and use computer, cell phone and other
intelligent terminals to remotely “pre-set” domestic hot water menu to enable water to get hot
immediately after the water heater is powered on, keeping life at the palm of your hand.

Shenjuke mobile APP

Cell phone

Three simple steps to enable your cell phone to control your
heating system in home
Remote view and control |
Customized temperature
control strategy |
Personalized working
calendar | Personalized
(看不清)

Network

Computer

User-friendly
interactive interface |
(看不清)

Introduction to more
functions

Router

Shenjuke Intelligent
Technology

Figure 3-11 APP Remote Control

3.10

Multi-energy compound system

3.10

Multi-energy compound system

Integration of multiple energy conservation measures and renewable energy utilization measures is the
development trend of low carbon technology. Systematic management of various household appliances
and renewable energy utilization facilities is an important part of low carbon technology of household
appliances. Multi-heat source integration of residential heat energy system is currently what the
reduction of residential carbon emission level mainly focuses. Many developed countries and regions
are located in temperate or frigid climate zones, and energy consumption of their sanitary hot water and
heating accounts for some two-third of the total energy consumption of residential houses. At present,
the application of solar energy and heat pump has been the development trend of the HVAC industry in
Europe. For European users accustomed to utilization of natural gas, the application of solar energy and
heat pump can save energy, but it is strongly affected by weather and environmental conditions. For this
reason, the adoption of utilization method of multi-energy combination has been a main measure to
combine each other's advantages and improve the adaptive capacity of solar energy and heat pump.
Solar thermal engineering requires auxiliary heating means, generally with electricity as auxiliary energy.
When it is rainy, snowy or cloudy day, electric heating is actually used. With the development of heat
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pump water heater industry, more and more new and renovation projects of solar thermal engineering
currently use a heat pump as auxiliary heating means to complement each other's advantages.
Heat collector
temperature
sensor

Solar
energy
collector

Heat pump

Main
power

Yielding hot water

Water tank
temperature
sensor

Solar energy
pump station

Expansion tank

Cycle in
Cycle out
Filling cold
water

Figure 3-12 Complementary Diagram of Aerothermal Energy to Solar Energy
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Chapter IV Development Prospects and Suggestions
of ASHP Heating Industry
4.1

Development prospects of ASHP heating industry

Although the market share of ASHP water heaters is on the rise year over year, its market share, either
in domestic hot water, heating, or industrial and agricultural drying applications, is still very low.
In domestic hot water sector, pure electric water heater, a high energy consumption product, still secures
the largest market share in China. In the market of domestic water heaters led by those producing
domestic hot water, ASHP water heaters only account for 3% of market share, if measured in number of
products, in China. From the point of market share, in the market of water heaters that produce hot water
for household heating, ASHP water heaters only account for about 3% of market share, if measured in
number of products, in China, with a huge potential in the future. With the improvement of living standard
and increasingly rising requirement of consumers for hot water and quality, ASHP water heaters will
gradually secure a larger market share.
Number of Units

Amount of
Money

Gas-fired water heaters
Electric storage water heaters
Solar water heaters
Air source water heaters

Figure 4-1 2015 Market Share of China’s Domestic Water Heaters
In the market of water heaters that make heating hot water for individual household heating, ASHP has
more potential. On the one hand, in 2015, ASHP water heater products for heating were only about
30,000 units, with an extremely small market share compared to 1.64 million wall-mounted gas boilers
sold. On the other hand, European experience shows that the big market that ASHP hot water
equipment focuses on is
25 million units
the field of hot water
system for heating. In
In 2015, the amount of air source
2014, the sales of ASHP
heat pump water heaters in
water heaters in China
Chinese market was 11 times
that of European market.
Air source heat pump
Air source heat pump hot water floor
were 1.346 units, about
water heaters
heating/radiator systems
11 times that in Europe.
If air source heat pump hot
11 times
And the same year, the
water devices for heating can
1.35 million units
be developed as much as 11
sales of ASHP hot water
times that of European market,
a market size of 2.5 million units
heating
devices
in
11 times
will be seen.
Europe
were
about
230,000 units
Data source:
230,000 units, about 8
Europe Heat Pump Association, China
times that in the Chinese
Heat Pump Alliance
120,000 units
market. If China’s ASHP
30,000 units in 2015
hot
water
heating
7,000 units in 2014
devices had the same
Europe
China
Europe
China
11 times that of Europe
as water heater products, China would see a market of 2.5 million units of ASHP hot water heating
devices, with an revenue of main machines in excess of RMB 30 billion.
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Given the actual domestic situation, ASHP for hot water heating will usher in a golden period of
development in recent years. Take northern regions as an example, such as Beijing: according to
incomplete statistics, there are a total of 1.4 million of farmer households; the goal for 2013-2015 is to
renovate 50,000 households every year, with a total of 150,000 households to be renovated in the three
years; it is planned to renovate 150,000 households in 2016, and the renovation for a total of 300,000
households is set to be completed by 2017. However, for the remaining 1.1 million households that will
be renovated at a rate of 150,000 households, it also needs another 7 years to complete the
coal-to-clean energy effort in rural areas of Beijing. Shanxi: during the period of the Thirteenth Five-Year
plan, it is planned to renovate 500,000 households in coal-to-electricity effort. Tianjin: by 2017, 109,000
farm households across the 363 villages in Tianjin will all enjoy electric heating, which also create
opportunities for the application of air source heat pump.
In industrial and agricultural drying fields, the market has boundless prospects. On the one hand, there
are increasingly higher requirements for industrial energy saving and environmental protection and all
industries are developing their specific energy consumption limit index. On the other hand, in agricultural
production, the proportion of agricultural produce deep processing is on the rise year by year. All this
creates good conditions for the application of air source heat pumps.

Wood
Foods

Clothing

Industrial
production

Teas and
tobacco
Heat pump
for drying

Sludge
treatment

Vegetables
and fruits

Drugs and
biological
products

Ceramic
baking

Aquatic
product
and fish

Figure 4-3 Application of Air Source Heat Pump in Industry and Agriculture and Drying Fields

4.2

Development prospects of ASHP heating industry

4.2.1

It is recommended that national policy include ASHP heating products into renewable
energy sources, specify the accounting method, and implement encourage measures

Europe and Japan issued their decree in 2009 including aerothermal energy and heat pump technology
using aerothermal energy into renewable energy sources and providing support and subsidies. Currently,
in Beijing, Zhejiang, Fujian, Handan and some other provinces and cities across China, local people’s
congress, municipal commission of housing and urban-rural development and other departments have
included ASHP and ASHP water heater into renewable energy sources.
In November 2015, the MOHURD issued the Guidebook for Including Aerothermal Energy in Renewable
Energy Sources, researching and defining the attribute of aerothermal energy and available quantity,
etc., and offering a proposal that ASHP water heater for preparing domestic hot water be treated as
renewable energy equipment and be covered under accounting of the contribution of renewable energy.
However, there is still a lack of related policies and bases at the National People's Congress, national
energy policy and administrative organization levels. Meanwhile, ASHP hot water heating system and
the application of ASHP in industry and agriculture have not been admitted into renewable energy
sources.
To promote the improvement of renewable energy utilization in China, facilitate different countries to
make horizontal comparison of renewable energy utilization indices, and provide more renewable
energy product choices for consumers and enterprise users, we strongly recommend the National
Energy Administration, the Ministry of Industry and Information Technology of the People’s Republic of
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China, the MOHRUD, and other competent authorities to include ASHP heating products into renewable
energy sources and set development goal in the “Thirteenth Five-Year” plan.
4.2.2

It is recommended that the State introduce a unified assessment system for water heater
energy efficiency

At present, China’s energy efficiency standard system has set energy efficiency standard and label for
four regular water heaters respectively, i.e. storage type electric water heater, gas water heater, solar
water heater and heat pump water heater, but four completely different energy efficiency evaluation
methods are used, as shown in Figure 4-4. For water heater products with similar use, common
consumers are unable to tell which water heater is more energy-efficient from an energy efficiency label.
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Storage Type Electric Water
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Please refer to
www.energylabel.gov.cn for
more information.

Please refer to
www.energylabel.gov.cn for
more information.

name

AAA-000

National
standard:GB29541-2013

National
standard:GB29541-2013

Gas Water Heater

Solar Water Heater

Figure 4-4 Energy Efficiency Label for Four Water Heaters
To help consumers choose energy-efficient products and make them clearly know energy consumption
information of the products, we recommend the Standardization Administration of the People’s Republic
of China, national energy standard commissions and other authorities to develop a unified energy
efficiency standard and label system for different water heaters as early as possible. EU officially
implemented a unified energy efficiency standard for different water heaters in 2015, as shown in Figure
4-5.
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EU unified energy efficiency label
for water heaters was officially
implemented by force in January
2015

Figure 4-5 EU Unified Energy
Efficiency Label

Figure 4-6 Seminar on Technical Standard for Unified
Energy Efficiency Evaluation Hosted by the China Energy
Conservation Association

Relevant departments have started launching the preparation of related technical evaluation criteria. It is
our recommendation to accelerate the effort and implement corresponding mandatory energy efficiency
standard and label policies as soon as possible.
4.2.3

Further establish and refine standards and application specifications related to ASHP
products

Currently, standards for ASHP heating products have not been completely systematized. Moreover,
since there are a variety of ASHP heating products in diversified forms, some standards and application
specifications need to be further established and refined.
For instance, the application of ASHP heating technology is deficient in industry or state-level technical
application specifications, and there is no corresponding basis for the design and construction of heating
system. It is recommended that relevant departments catch time to finish the work.

4.2.4

It is recommended to raise public awareness of ASHP technology from various aspects

Currently, consumers have very limited awareness of ASHP technology, and most of them have not
heard of this kind of product with an energy efficiency up to 300%~400%. We recommend competent
authorities in charge of energy conservation, environmental protection, and renewable energy organize
and support frequent publicity of ASHP to communicate this energy conservation and new energy
technology to the mass, so raising their awareness and recognition of the technology.
4.2.5

It is recommended to establish an “ASHP technology innovation workgroup” to further
technical innovation

Despite the fact that China’s ASHP technology has seen a huge progress, there is still a large room for
improvement. The improvement in technology can better meet the requirements of the market and the
nation for energy conservation and emission reduction. We suggest establishing an “ASHP technology
innovation workgroup” in partnership with colleges and universities, component manufacturers and
complete machine manufacturers under the care and guidance of the Ministry of Science and
Technology of the People’s Republic of China and other authorities to boost industrial technology.
A majority of the regions in China where ASHP is suitable are frosting areas, including low temperature
frosting areas such as Jinan, Beijing, Zhengzhou, Xi’an, Lanzhou, etc., mild frosting areas such as
Chengdu, Chongqing, Guilin, etc., common frosting areas such as Shanghai, Nanjing, Hangzhou,
Nanchang, Wuhan, Yichang, etc., and heavy frosting areas such as Changsha. Defrosting control logic,
heat storage and defrosting, defrosting without shutdown, and even frost-proof coating and other
technologies require the industry to pool their research resources and make technical breakthrough. The
development of defrosting and frost-free technologies will improve the actual COP of ASHP heating
systems and enhance user experience, enabling the ASHP industry to develop faster.
The carbon dioxide heat pump technology, which develops well in Japan and some other countries, has
a better low temperature heating performance and capacity of producing high temperature hot water
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while using a natural and environment-friendly refrigerant. In China’s current market, fewer component
suppliers and models available for carbon dioxide heat pumps lead to higher cost of complete machines.
The R&D of carbon dioxide heat pump technology involves many aspects like compressor, heat
exchanger, system manufacturing, after-sales and installation, which entail the integration of various
resources.
With the establishment of an “ASHP technology innovation workgroup”, we believe that technological
resources in the industry can be pooled to better promote the development of the industry.
-END-
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Annex I: Summary of incentive policies for ASHP heating application
Policy

Applicability

Main content and significance

Electric

Nationwide

Eight ministries and commissions, including the National Development and
Reform Commission, the National Energy Administration and the Ministry of
Finance of the People’s Republic of China, jointly issued a document, putting
forward “replacing scattered coal with electric power in the final energy
consumption”. And in Item I “Household heating” of “III. Major Tasks”, it calls
for “…promoting heat pumps in old cities and urban-rural fringe areas where
gas (heat) pipe network is unavailable…”

Technical
Guidance
for
Comprehensive Control of Scattered
Coal Combustion Pollution in Rural
Areas (Trial) (Draft for comment) of
the Ministry of Environmental
Protection of the People’s Republic
of China, nationwide

Nationwide

Content: It puts forward “preferably replacing rural coal combustion heating
with low-temperature air-source hot air heat pump and low temperature air
source hot water heat pump with an energy efficiency ratio no less than 1.8
when the ambient temperature is above -20°C and the system can operate
normally with an energy efficiency ratio no less than 2.0 in heating seasons.”
Significance: This is the first time for China’s central government to document
and specifically propose using low temperature air source products and
technologies to realize the replacement of rural scattered coal, which is of
great significance to the overall promotion of air source heat pump products for
heating, ventilation and air conditioning in China.

Beijing Clean Air Action Plan
(2013-2017)
and
Key
Task
Decomposition of Key Tasks for
Beijing Clean Air Action Plan
(2013-2017)

Beijing

Content:
1. It proposes “promoting the reduction and replacement of coal in urban-rural
fringe areas and rural areas”, requests “to take multiple measures to promote
clean resource heating. In urban-rural fringe areas and rural areas, electric
power, heat pumps, solar energy and other clean resources shall be promoted
and the use of scattered coal reduced".
2. Specifically, it calls for “adding cumulatively 35 million m2 heat pump heating
area by 2017”.
Significance:
Beijing’s “coal-to-electricity” policy for rural areas originates from this file.

Work Plan of Beijing on Speeding up
Coal Reduction and Clean Resource
Construction (2013-2017)

Beijing

Content:
1. Proposes that “by 2017, the heat pump heating area in Beijing shall exceed
70 million m2”.
2. For new or renovated geothermal and heat pump heating projects, the
municipal government will provide a subsidy equivalent to 30%-50% of the
fixed asset investment.

Circular
of
Beijing
Municipal
People’s Government Office on
Issuing Beijing Rural Area Coal
Reduction and Replacement and
Clean Air Action Plan (2013)

Beijing

Content:
Specifically proposes the subsidy policy for coal-to-electricity in rural heating,
and also proposes that “for installing high-efficiency energy saving electric
heating equipment, the municipal financial bureau, the county’s financial
bureau and the rural residents will each bear one third of the cost.”
Note:
After 2013, Beijing Municipal People’s Government issued a similar document
every year to guide the work of each district or county, which establishes their
own rural coal reduction and replacement and clean air action plan having
regard to the task indicators of the People’s Government.

Opinions on Improving Beijing Urban
Residents’ “Coal-to-Electricity” and
“Coal-to-Gas” Related Policies of
Beijing Municipal Environmental
Protection
Bureau,
Beijing
Development
and
Reform
Commission and Beijing Municipal
Bureau of Finance

Beijing

Content:
The “coal-to-electricity” residents enjoy peak valley trail electricity price in
heating seasons, and the unified preferential period of valley electricity price is
21:00 to 6:00 of the next day. The user will, based on the valley electricity price
0.3 yuan/kWh, be given respectively by the municipal and district (county)
financial bureaus a subsidy of 0.1 yuan/kWh.
Note:
In fact, the electricity price is only 0.1 yuan/kWh for the residents. However, for
the purpose of this policy, individual districts and counties are entitled to
preferential treatment for their first 10,000 kWh in each heating season (120
days).

Beijing Work Plan on “Coal-to-Clean
Resource” and “Coal Reduction and
Replacement" in Villages in Rural
Areas (2016) (J.Z.F. [2016] No.20)

Beijing

It sets out the coal-to-clean resource task of Beijing to be accomplished by 400
villages in 2016, the villages are distributed as follows: 11 villages in
Chaoyang District, 18 villages in Haidian District, 18 villages in Fengtai District,
16 villages in Mentougou District, 41 village in Fangshan District, 124 villages
in Tongzhou District, 18 villages in Shunyi District, 15 villages in Changping
District, 45 villages in Daxing District, 11 villages in Pinggu District, 27 villages
in Huairou District, 30 villages in Miyun District, and 26 villages in Yanqing
District. In fact, the total number of each district changes more or less relative
to the plan.

Guidance on Promoting
Power Alternatives
F.G.N.Y. [2016] No.1054
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Policy

Applicability

Main content and significance

Guidance on Beijing's Promotion of
“Coal-to-Clean Resource and Coal
Reduction and Replacement" in
Villages in Rural Areas in 2016
(J.X.N.B.H. [2016] No.3)

Beijing

Content:
1. It requests that the promotion of heat pumps and “multiple energy linkage”
in individual district in Beijing shall be no less than 80% of the heating
equipment of this district.
2. The governmental department first proposes the selection conditions and
product standards of Beijing coal-to-clean resource market and air source heat
pump enterprises: such as ISO9001, ISO14001, -20°C lab is required,
products must comply with GB/T 25127.2-2010, can operate normally at dry
bulb temperature -20°C~-25°C without electric auxiliary heating, CCC
certification, national industrial production permit, third-party sampling test
report, and warranty period of 3-6 years.

Circular of Beijing Municipal Bureau
of Finance and Beijing Municipal
Environmental Protection Bureau on
the Supplementary Provisions on
Issuing
the
'Beijing
Boiler
Renovation
Subsidy
Capital
Management
Method'
(J.C.J.Y.
[2014] No.1447)

Beijing

It provides policy basis for obtaining subsidy in Beijing urban areas for using
commercial air source heat pumps to replace coal-fired and oil-fired boilers.

Catalogue
of
Encouraged,
Restricted and Prohibited Building
Materials in Beijing (2014 version)

Beijing

Beijing Municipality for the first time lists low temperature ASHP products as
“encouraged building material”.

Beijing’s 13th Five Year Plan for Civil
Building Energy Saving

Beijing

It is still being compiled by relevant departments.
It means that, ASHP products are officially included by Beijing Municipal
Government into the government's subsidy scope of renewable energy, then
air source heat pumps will on equal terms with water source and ground
source heat pump products, and Beijing Development and Reform
Commission and Beijing Municipal Bureau of Finance will also give
corresponding policy support and subsidy to ASHP equipment.

Circular of the People's Government
Office of Shanxi Province on Issuing
the
Implementation
Plan
for
Promoting Trial Work of Urban and
Rural “Coal-to-Electricity” Heating
J.Z.B.F. [2016] No.51

Shanxi
Province

Content:
1. Proposes using air source heat pumps as the first solution to
coal-to-electricity. 2. Proposes that the provincial and municipal financial
bureaus respectively pay one third of the equipment purchase cost, but with a
combined subsidy ceiling of 20,000 yuan/household; and the provincial and
municipal financial bureaus respectively subsidize 0.1 yuan/kWh for the valley
electricity price in heating season, applicable to 12,000 kWh per household
per heating season.

Agricultural Department of Hebei
Province on Issuing the Rural Clean
Resource
Development
and
Utilization Engineering
(J.N.N.F [2016] No.6)

Hebei
Province

Content:
In farmer households with reliable electric power supply and relatively good
residential insulation, air source heat pumps and other electric heating shall be
promoted, and an amount of 2700 yuan as financial subsidy is offered to each
household.

Circular on Issuing Qingdao Policies
on Speeding up Clean Resource
Heating Development (Q.Z.B.F.
[2014] No.24)

Qingdao

Content:
Seawater source, wastewater source, soil source and air source heat pumps
and other electric heating projects are encouraged to construct valley
electricity energy storage facilities, and a subsidy equivalent to 50% of the
certified construction cost of the energy storage facilities is provided, with a
ceiling of 10 million yuan.
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Annex II: Summary of National and Local Encouragement and Support
Policies Promulgated in Recent Years for Drying Market
Date

File

Subsidies

of
of
/
of
of

Guidance
on
Implementation of
Subsidy
for
Agricultural
Machinery
Purchase in 2014

Fixed-level subsidy is implemented in allocating the central financial agricultural
machinery purchase subsidy fund, i.e. unified subsidy standard is practiced in
the provincial region for the same kind and level of agricultural machinery. The
highest subsidy of general agricultural machinery products is set by the Ministry
of Agriculture on a unified basis. For non-general agricultural machinery
products incorporated into the subsidy range of multiple provinces, the highest
subsidy amount shall be jointly determined under the guidance of the provincial
organization as entrusted by the Ministry of Agriculture with the participation by
relevant provinces; and the subsidy of other non-general and optional
agricultural machinery products may be determined by individual provinces by
themselves. Generally, the per-unit subsidy for machinery shall not exceed
50,000 yuan; and the per-unit subsidy for milking machines and dryers may be
increased to 120,000 yuan.

March
2014

Agricultural
Department and
Financial
Department
of
Zhejiang Province

Opinions
on
Implementation of
Subsidy
for
Agricultural
Machinery
Purchase in 2014

Subsidies shall be provided without restriction for grain dryers and other
much-needed key machinery such that all the buyers may receive a subsidy.
The provincial, county (municipal, regional) subsidy fund is mainly used for the
cumulative subsidy quota of rice transplanters and grain dryers. The provincial
and county (municipal, regional) subsidy fund shall be subject to the following
percentages: the provincial financial department shall bear 60% and the county
(municipal, regional) financial department shall bear 30% for subsidies given to
under-developed areas, while the provincial financial department shall bear
40% and the county (municipal, regional) financial department shall bear 60%
for other areas.

March
2014

Hubei Province,
Yunnan Province

2014 Agricultural
Machinery
Purchase Subsidy
Implementation
Plan

The per-unit subsidy ceiling for milking machines and dryers may be increased
to 120,000 yuan.

April 2014

Sichuan Province,
Chongqing

Sichuan Province
2014 Agricultural
Machinery
Purchase Subsidy
Implementation
Plan

Grain dryers, fruits and vegetables dryers and cocoon harvesting and drying
machinery are included into the subsidy scope. Within a year, for agricultural
machinery and tools purchased by individuals, the number of machines entitled
for subsidy shall not exceed 2; for those purchased by agricultural production
and operation organizations, the number shall not exceed 10.

April 2014

The Ministry of
Agriculture
and
the Ministry of
Finance

Circular
on
Properly
Implementing
Preliminary
Processing
of
Agricultural
Products
in
Producing Areas in
2014

1. Scope of subsidy: facilities newly built each year of three categories and 19
specifications used for preliminary processing of agricultural products in
producing areas, including potato storage caverns, fruits and vegetables cold
storage and drying facilities, etc.

February
2014

Region
General Office
the Ministry
Agriculture
General Office
the Ministry
Finance

2. Receiver of subsidy: special farmer cooperatives and farmer households.
The number of works enjoying subsidy for each cooperative shall not exceed 5,
while that for each farmer household shall not exceed 2.
3. Subsidy standard: Nationwide unified quoted subsidies are implemented for
various facilities in the catalogue, and currently the proportion is 30%.
4. Mode of subsidy: construction followed by subsidy. For preliminary
processing facilities completed as per specified application and approval
procedures, after it passes the inspection organized by the county-level
agricultural and financial departments, the county financial department will give
the subsidy to the receiver.
5. Regions of subsidy: 13 provinces (regions) including Hebei, Inner Mongolia,
Liaoning, Jilin, Fujian, Henan, Hunan, Sichuan, Yunnan, Shannxi, Gansu,
Ningxia and Xinjiang, and 197 counties (cities, regions, mission fields) of
Xinjiang Production and Construction Corps.

January
2010

Wuyishan

Implementation
Opinions
on
Tobacco
Production in 2010

Cluster construction is required for intensive curing barns, and the total number
in a single new curing barn cluster shall be no less than 10 barns (including the
original bulk curing barns within 20m around). For those meeting the
construction standard and passing the inspection, 21,000 yuan subsidy shall be
provided for each set (the equipment and auxiliary facilities of the curing barn
included). For those without auxiliary facilities or failed in the inspection, no
subsidy shall be given.
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February
2012

State
Tobacco
Monopoly Bureau
/ Guangxi Zhuang
Autonomous
Region
Government

Subsidies
Favorable policies shall be implemented for farmer households, village
committees and towns planting tobaccos and subsidies shall be given to
newly-built standard horizontal bulk curing barns. For horizontal bulk curing
barn cluster with 10 barns (inclusive) passing the inspection, 25,000 yuan
subsidy shall be given for each curing barn. And for auxiliary facilities of curing
workshop with over 50 curing barns, 500,000 yuan subsidy shall be given.

November
2013

Ningxia
Autonomous
Region
Government

Hui

Opinions
on
Developing
and
Expanding
Wolfberry Industry

It promotes using modern technology and equipment to renovate and improve
traditional wolfberry industry. Included in the scope of subsidy are picking
machinery, drying equipment and uniform prevention and control machinery
and tools to advocate mechanization in large areas before, during and after
production, to reduce manual labor and improve productivity. Active promotion
also covers the basic research of wolfberry health care, beauty and other
functional products, and the R&D and innovation shall be sped up for
technologies such as wolfberry cold storage, active ingredients extraction, and
functional food and beverage development. Credit support and agricultural
insurance premium subsidy policy shall be implemented as stipulated.

December
9, 2013

Agricultural
Department and
Financial
Department
of
Hainan Province

Circular on Issuing
2013
Hainan
Province Betel Nut
Drying
Green
Renovation Project
Implementation
Plan

In 2013, the provincial financial department allocated 42 million yuan, mainly
used as the subsidy for the construction of new betel nut drying facilities in the
four cities and counties including Wanning, Anding, Tunchang and Qionghai.
Priorities were given to farmer households and special farmer cooperatives,
and the subsidy capital was no less than 70% of the total capital amount
allocated.

January
2014

State
Administration of
Work Safety

Important Work on
Safety Supervision
and Management
of
Dangerous
Goods
and
Fireworks

It promotes making use of the research findings of explosion and destruction
mechanism of fireworks priming plants, standardizing the design, construction
and renovation of fireworks priming plants, establishing model fireworks
product lines; it continues to encourage and support the R&D of fireworks
production machinery and equipment, organize experts to conduct safety
certification on key fireworks equipment, upgrade safety measures; and
promote the application of automatic powder mixers, powder press and bright
bead dryers in fireworks production.

2016

Heilongjiang
Province
Agricultural
Machinery Bureau

Grain
Drying
Tower
Construction Plan
for
Modern
Agricultural
Machinery
Cooperatives

The construction scale of grain drying tower is 200t, 300t, 500t, or 1000t daily
processing capacity. Fixed grain drying tower construction subsidies will be
offered for dryers and hot air furnaces: 360,000 yuan for a drying tower of 200t
daily processing capacity; 480,000 yuan for a drying tower of 300t daily
processing capacity; 750,000 yuan for a drying tower of 500t daily processing
capacity; 1500,000 yuan for a drying tower of 1000t daily processing capacity.
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Chongqing

Ningxia
Autonomous
Region

List
of
dryer
purchase
subsidies
in
2015-2017
(as
adjusted in 2016)

Hui

List of agricultural
machinery
and
tools
purchase
subsidies of 2016

Subsidies
Sub-category

Item

Grade

Parameter

Subsidy

Drying
machinery

Recirculation grain dryer Batch processing
Grain dryer with a batch processing capacity<4t;
capacity<4t
recirculation type

4500

Drying
machinery

4t ≤ batch
Recirculation grain dryer
processing
Grain dryer with a batch processing
capacity < 10t;
capacity 4-10t
recirculation type

14940

Drying
machinery

3t≤ loading
Grain dryer 3-5t bed type grain dryer capacity< 5t; bed
type

4500

Drying
machinery

Grain dryer

Loading
capacity≥5t; bed
type

7200

Drying
machinery

Fruits and Fruits and vegetables
Volume <5m³;
vegetables dryer below 5m³(overall
overall drying
dryer
drying)

2500

Drying
machinery

Fruits and vegetables
Fruits and
Batch processing
dryer with batch
vegetables
capacity <1t;
processing capacity < 1t
dryer
surface drying
(surface drying)

840

Drying
machinery

Fruits and vegetables
Fruits and
dryer with a batch
vegetables
processing capacity 1~5t
dryer
(surface drying)

Tea
processing
machinery

Tea
roasting
(drying)
machine

Non-fully-automatic
Non-fully-automatic tea
tea roasting and
roasting and drying
drying machine, flat 600
machine (include flat tea
tea roasting
roasting machine)
machine

Tea
processing
machinery

Tea
roasting
(drying)
machine

Continuous
Continuous automatic tea
automatic tea
dryer with drying area of
dryer; drying area
10 m2 and above
≥10 m2

10600

Grade

Subsidy

Machinery
Drying
machinery

Item

5t and above bed type
grain dryer

1t ≤ batch
processing
capacity <5t;
surface drying

4000

Grain dryer

Recirculation grain dryer with a batch
processing capacity <4t

5000

Drying
machinery

Grain dryer

3~5t bed type grain dryer

5000

Drying
machinery

Grain dryer

5t and above bed type grain dryer

7000

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryer of 5~15m³
(overall drying)

10800

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryer of 15m³and
19000
above (overall drying)

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryer with a batch
processing capacity 1~5t (surface
Cancelled
drying)
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2016

2016

2016 年

Region
Hunan Province

Jiangxi Province

Shannxi Province

File
List of agricultural
machinery
and
tools
purchase
subsidies of 2016

List of agricultural
machinery
and
tools
purchase
subsidies of 2016

List of agricultural
machinery
and
tools
purchase
subsidies of 2016

Subsidies
Machinery

Item

Grade

Subsidy

Drying
machinery

Grain dryer

Recirculation grain dryer with a batch
processing capacity <4t

4500

Drying
machinery

Grain dryer

Recirculation grain dryer with a batch
processing capacity 4~10t

13900

Tea
processing
machinery

Tea roasting
Non-fully-automatic tea roasting and drying
(drying)
800
machine (include flat tea roasting machine)
machine

Tea
processing
machinery

Tea roasting
1~2 caldron (slot) automatic tea roasting
(drying)
machine
machine

1800

Tea
processing
machinery

Tea roasting
3~4 caldron (slot) automatic tea roasting
(drying)
machine
machine

3700

Tea
processing
machinery

Tea roasting
Tea stripe forming and drying machine with
(drying)
1300
a caldron/slot area of 0.5~1 m2
machine

Machinery

Item

Grade

Subsidy

Drying
machinery

Grain dryer

Recirculation grain dryer with a batch
processing capacity <4t

4500

Drying
machinery

Grain dryer

Recirculation grain dryer with a batch
processing capacity of 30t and above

81000

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryer of 15m³and
5000
above (overall drying)

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryers with a batch
3200
processing capacity 1~5t (surface drying)

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryers with a batch
processing capacity 5~10t (surface
4400
drying)

Tea
processing
machinery

Tea roasting
(drying)
machine

Non-fully-automatic tea roasting and
drying machine (include flat tea roasting 800
machine)

Tea
processing
machinery

Tea roasting
(drying)
machine

Tea stripe forming and drying machine
with a caldron/slot area of 0.5~1 m2

1300

Tea
processing
machinery

Tea roasting
(drying)
machine

Continuous automatic tea dryer with a
drying area of 10 m2 and above

10600

Machinery

Item

Grade

Subsidy

Tea
processing
machinery

Tea roasting
1~2 caldron (slot) automatic tea roasting
(drying)
machine
machine

1640

Tea
processing
machinery

Tea roasting
Tea stripe forming and drying machine
(drying)
with a caldron/slot area of 0.5~1 m2
machine

1230

Tea
processing
machinery

Tea roasting
Continuous automatic tea dryer with a
(drying)
drying area of 10 m2 and above
machine

10070

Drying
machinery

Fruits and
vegetables
dryer

Fruits and vegetables dryer of 5~15m³
(overall drying)

8000

Drying
machinery

Grain dryer

Recirculation grain dryer with a batch
processing capacity <4t

4500

Drying
machinery

Grain dryer

3~5t bed type grain dryer

4500

Drying
machinery

Grain dryer

5t and above bed type grain dryer

7200

44

45

