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Abstract 

Solar thermal has contributed little for space heating in China. In 2014, although China shared 
75.8% of the total solar collector installations in the world, only less than 0.3% of the solar 

collectors were used for space heating. To promote solar district heating (SDH) in China, based on 

Danish experiences and Chinese clean heating transformation practices, a PEST (policy, economics, 
social, and technology) analysis and a SWOT  (strengths, weaknesses, opportunities, and threats)  

analysis on SDH development in China were conducted.  An extensive survey and on-site 
investigation were carried out to identify the applicability of SDH in rural areas. SDH development 

strategies, roadmap, and decision-making process for a SDH project are summarized. SDH has a 

broad application prospect in China with abundant solar resources and favorable policies. The 
solar heated floor area can achieve 756 million m2 with an assumption of 3% coverage of the total 

heat demand of buildings. Particular areas with low population density, scarce resources, and strict 
environmental requirements, e.g., Tibet, should be given a high priority for SDH. Rural villages and 

small towns with a better infrastructure, e.g., district heating networks, are the best target market 

for SDH in the next five years. With the development of seasonal heat storage technologies and 
the accumulation of practical experience, SDH can be expanded to industrial parks, large 

residential communities in sparsely populated northwest China. Integration of solar heat with 
existing heating networks in big cities with central heating will be challenging in the long run. 

 

Highlights 

 Solar district heating has a broad application prospect in China. The solar heated area can 

achieve 756 million m2 with an assumption of 3% coverage of the total heat demand of 
buildings.  

 High-performance flat plate collectors will significantly increase the reliability and reduce 
the operation & maintenance cost of solar district heating systems.  

 A solar assisted ground source heat pump system is a reliable solution as a form of solar 

district heating.  
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 Particular areas with low population density, scarce resources, and strict environmental 

requirements, e.g., Tibet, should be given high priority for solar district heating. 
 Land availability is a significant obstacle to the development of large-scale solar district 

heating.  
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Abbreviations 
SDH solar district heating 

ASHP air source heat pump 

GSHP ground source heat pump 
COP coefficient of performance 

SF solar fraction 
CHP combined heat and power 

PEST politics, economics, social, and technology 

SWOT strengths, weaknesses, opportunities, and threats 
LCoH levelized cost of heat 

FPC flat plate solar collector 
ETC evacuated tube solar collector 

 

Symbols 
𝐼  the initial investment, CNY 
𝑆  subsidies and incentives, CNY 
𝐶  operation and maintenance costs, CNY 
𝐸  the total energy demand, kWh 
𝑇𝑅 the tax rate, % 
𝐷𝐸𝑃  the asset depreciation (year t), CNY 
𝑅𝑉 the residual value of system, CNY 
𝑟 the discount rate, % 
𝑇 the period of analysis, year 

𝑝  the annual land rent, CNY/year 
 

 

1.0 Introduction 

Solar district heating (SDH) plants are district heating systems with solar thermal as a vital 



energy source. SDH has a long history in the Scandinavian countries.  Sweden was the earliest 

country to develop SDH technologies. In 1979 and 1980, two large-scale SDH systems were 
established[1]. Based on Sweden's experience, Denmark, Austria and other European countries 

developed their solar heating technologies rapidly. The first SDH system using flat plate 
collectors in Denmark was built in 1988 and was connected to an existing district heating 

network[2]. By the end of 2017, 296 large-scale SDH systems (capacity > 350 kWth; collector 

area > 500 m²) were in operation. The total installed collector area of SDH systems reached 
1,741,344 m²[3]. 

Denmark leads the development and application of SDH technologies with the largest 
installed solar collector area and the largest number of SDH projects in operation in the world. 

Solar thermal covered only 0.15% of the total heat supply in Denmark in 2010[4], but the 
contribution increased to 2% in 2017 and is expected to achieve 15% by 2025[5]. By the end of 

2017, more than 105 plants were operating in Denmark, with a total solar collector area of 

1,327,451m2[6]. Denmark plans to phase out all fossil fuels before 2050, and to produce all heat 
and electricity by renewable energy before 2035, which means solar thermal utilizations will play 

an important role in the energy roadmap of the country.  
However, solar thermal has contributed little for space heating in China, although China 

shares 75.8% of the total installation of solar collectors in the world[7] and faces serious air 

pollution problems caused by coal burning. Less than 0.3% of the total solar collector installations 
were used for space heating in 2014.  Only about 150,000 m2 solar collectors were used for space 

heating in China in 2014, much less than that in Europe. Most solar collectors were used in rural 
areas as single unit water heaters to produce domestic hot water (thermal siphon system) in China. 

 
Figure 1  Installed collector area for space heating in China and European countries from 

1985 - 2014 [7] 
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heating. In northern China, the primary fuel for space heating in winter was coal. Coal-fired heating 

accounted for 81% of the total heated area before 2016 [8]. The annual consumption of coal for 
space heating was 400 million tons of standard coal equivalent, of which about 200 million tons of 

standard coal equivalent were bulk coal, including coal for low-efficiency small boilers. Bulk coal 
was mainly used in rural areas. High-intensity use of coal caused severe air pollution. It was 

reported that over 366,000 people died early from diseases caused by air pollution due to coal 

burning in China in 2013[9]. It is imperative to use clean energy to substitute bulk coal for space 
heating. As an infinite clean energy source, solar thermal should contribute more substantially in 

the energy transformation. 
 

2.0 Background 

2.1. Household solar heating 

There were some pilot household solar heating projects in Beijing rural areas in early 2010. 

The building areas were between 90～210 m2. Solar collector areas and volumes of water tanks 

in different houses ranged 14～60 m2 and 0.3～1.5 m3 respectively. A farmhouse with flat plate 

solar collectors on the roof and the schematic of the solar heating systems in the houses are shown 
in Figure 2.  

 
 

A farmhouse with flat plate solar collectors on 
the roof in Jiangjunguan Village 

The System schematic of the household solar heating 
systems 

Figure 2  Typical household solar heating project in Beijing, China 

A post-use survey[10] was conducted for these household solar heating projects in 2016. The 
on-site survey and test revealed that solar heating systems could save 60% of the coal burning 

annually (including domestic hot water). The contribution rate to space heating is 30.7%, but the 
systems did not run steadily. The operation and maintenance were mainly conducted by the users. 

Because of a lack of professional knowledge, many users (farmers) experienced the helplessness 

when the systems failed. 



Due to the limited installation areas for collectors on the roof, the system could not provide 

enough heat in winter to keep a comfortable room temperature. The measured average room 
temperature was 12 ℃ without an auxiliary heat source[11]. However, the system provided too 

much domestic hot water in summer, and the redundant collectors caused overheating of the 
systems, which shortened the lifespan of the systems and frequently caused bursting of evacuated 

tube collectors. 

The unsuccessful experience of the household solar heating projects caused decision-makers 
to lose confidence in solar heating, making solar thermal less preferred in the clean heating 

campaigns. 
 

2.2. Advantages of SDH 

A SDH system with long-term / seasonal heat storage can resolve most problems in household 

solar heating projects. In addition to the advantages of reduced operating costs, reduced 
greenhouse gasses, potentially pollution free, 100% renewable and local, SDH has the following 

advantages compared with household solar heating. 

1) High efficiency 

A hybrid energy system in a solar heating plant has a higher efficiency than conventional 

heating equipment. From the survey of existing household space heating systems in Beijing rural 

areas, the Seasonal Coefficient of Performance (COP) of different heating solutions are listed in 
Table 1. The Seasonal COP is the total heating output of a heat device / system during its normal 

annual usage period for heating divided by the total electric energy input during the same period 
in KWh[12],[13]. The survey showed that the combinations of solar thermal with conventional heat 

sources had a much higher Seasonal COP than the individual heating solutions. In a Canada case, 
the Seasonal COP even reached more than 30[14]. 

Table 1 An efficiency comparison for existing household space heating systems in Beijing rural areas 

 Seasonal COP Electricity consumption 

ASHP+floor heating ≥2.8 37~55 kWh/m2 

ASHP+ Radiator ≥2.3 37~55 kWh/m2 

Regenerative Electric heating ＜1 125~180 kWh/m2 

Electric Boiler+Radiator ＜1 >150 kWh/m2 

Electric floor heating ＜1 100~150 kWh/m2 

Solar+ASHP ＞3.5 33~40 kWh/m2 

SDH+BTES* ＞30 ~1.85 kWh/m2 

*The data comes from Drake Landing Solar Community in the Town of Okotoks, Alberta, 



Canada[14]. 

 

2) High flexibility 

Flexibility is the ability of the system to shift the use of a certain amount of energy in time 

and to utilize different energy sources[15]. For a higher solar fraction (SF), SDH systems need 
short-term or long-term heat storage facilities, which makes it possible for a combination of 

various heat sources, including all types of renewable heat (geothermal and biomass), waste heat 

(from waste incineration and excess heat from industries) and heat generated by electric driven 
heat pumps and by cogeneration plants, etc. . 

Figure 3 shows a typical hybrid energy SDH plant in Marstal, Denmark. The system supplies 
heat to 1,600 consumers. 50-55% of heat production comes from solar collectors, 40% from a 

wood pellet boiler, 2-3% from a heat pump and the rest from a bio-oil boiler. The plant produces 

hot water directly to the district heating network, and surplus heat is stored in the water storage 
in summer. The heat pump runs when the electricity prices are low enough to heat the return 

temperature to 75℃ by cooling down the storage. The wood chip boiler and the organic Rankine 
cycle unit can run at a full load, so that the plant sells electricity to the grid when the electricity 

prices are high enough in winter. This system shows that cheap electrical energy can replace scarce 
biomass in a large-scale SDH plant with a large storage capacity[16].  

  
An aerial view of the SUNSTORE heating plant in 
Marstal, Denmark 

The System schematic of the SUNSTORE heating plant in 
Marstal, Denmark 

Figure 3  A typical solar district heating project in Marstal, Denmark  

 

3) Management convenience 

District heating schemes implement a community-based management approach that is highly 

compatible with the current New Rural Construction concept promoted by the Chinese 
government. District heating schemes in a village provide space heating services in a unified 

manner and charges fees uniformly. District cooling could also be integrated into the scheme 



providing lower cost cooling to commercial users. It is more convenient for users to operate and 

to maintain the plant. District heating schemes also reduce the risk of gas leaks and the risk of fire 
explosion. 

 

2.3. Danish experiences 

As a mature clean heating technology, SDH can effectively reduce the use of coal for the 

Chinese space heating industry. It is essential to learn the successful experience of the rapid 

development of SDH in Denmark for Chinese practitioners[17]. Generally, the success factors for 
SDH in Denmark include both social factors and technical factors.  

Social factors mean politics, market, and social awareness of environmental protection and 
renewable energy utilization. 

1) Taxes on natural gas, the ban on new biomass and natural gas-fired combined heat and 

power plants. There is no tax on solar thermal[18]. 
2) The government sets an ambitious target for clean energy transition and takes effective 

supportive policies, such as incentives for renewable energy and high tax for fossil fuels. 
3) A tradition for low-temperature district heating[19] and available district heating 

networks in the countryside with lower population density. 
4) A low price of land makes ground-mounted solar collector fields low cost possible. 

5) Competitive heat price, the average heat price for SDH plants is about 0.23 CNY / KWh. 

Compared with 0.69 CNY / KWh including taxes for conventional district heating in 
Denmark, the price is much lower. 

6) Maintain a high share of wind energy and small combined heat and power (CHP) plants 
in small towns. 

7) Benefits from the liberal electricity market, some SDH plants with CHP can sell electricity 

to the grid when the price of electricity is high, which makes additional profits for the 
SDH plants. 

The technical factors mean specific technologies, or design concepts for SDH, which are 
simple, well proven and reliable. 

1) SDH has shown reliability over the last 25 ~ 30 years. 

2) A SDH plant is often installed in smaller towns with more than 5,000 inhabitants. The 

distance from the collector field to the district heating network is typically within 200 
m[20]. 

3) The lower service temperature for district heating: 70 - 80°C for supply, 35 - 45°C for 

return[19], which makes the integration of the solar collector field with heating network 

possible with a higher efficiency. 



4) More than 90% of the SDH plants use large flat plate collectors[21], high efficient flat 

plate collectors with long lifetime ensure the high reliability and efficiency of the whole 
system. The large modules of flat plate collectors further reduce the installation cost. 

5) The use of seasonal heat storage pits allows shifting the delivery of solar heat from 
periods of higher production and lower demand in summer to the heating season in 

winter. 

6) Reasonable solar fraction, 16 - 24 % are the most popular so far[20], some of the SDH 
plants reach 50 - 70% with seasonal heat storages[19]. 

7) The integration of hybrid energy sources improves the reliability of the whole system. 
 

Although it is impossible to competely copy the experience of applying SDH in Denmark, 
China has a unique advantage for development of SDH in terms of rich solar radiation, lower labour 

costs, and strong industrial base. In order to promote the clean transformation of the Chinese 

space heating industry and to promote the development of the solar thermal industry, it is 
necessary to conduct a feasibility study on the applicability of SDH in China to identify the 

opportunities and challenges. 
 

3.0 Method 

A PEST analysis and A SWOT analysis will be carried out in the study. PEST analysis is a widely 

used model that applies environmental scanning to analyze the four factors of politics, economics, 
social, and technology in the overall environment, firstly proposed by the Harvard professor 

Francis Aguilar[22]. This strategic tool can help decision-makers effectively understand the growth 
or decline, the potential, and direction of the market. In the feasibility study, these four factors 

refer to policy environment, economic feasibility, technical feasibility, and market feasibility. 

 



Figure 4 The concept of the feasibility study 

To propose SDH development strategies, a SWOT analysis will be conducted. SWOT analysis 
is a strategic planning technique used to help an organization identify strengths, weaknesses, 

opportunities, and threats related to business competition or project planning[23]. Strengths and 

weakness are frequently internally-related, while opportunities and threats commonly focus on 
the external environment. The concept of the investigations is shown in Figure 4. 

An extensive survey and on-site investigation on typical household solar heating projects in 
Beijing rural were carried out to identify the applicability of SDH in rural areas. 

 

4.0 Policy environment 

4.1. The Clean Heating Plan 

To deal with the severe air pollution in the Jing-Jin-Ji Region, the Chinese government 
published an action plan in 2013[24]. The plan called for a decrease in the concentration of 

inhalable particulates in cities across the country by more than 10% compared with 2012.  
In 2017, the National Energy Administration of China published the Clean Heating Plan in 

North China in Winter (2017-2021). The plan set a goal for reducing the use of coal by increasing 

the use of renewable energy, heat pumps and industrial waste heat in the next five years. The 
proposed energy structure for space heating in 2021 is shown in Table 2 for a comparison with 

that in 2016. 0.18% of the building area will be heated by solar thermal in 2021 according to the 
plan. The target on solar heating is a small step for the space heating industry of China, but for the 

solar thermal industry, this is a big step. Because the plan opened up the policy window for solar 

thermal for space heating, it created conditions for the widespread use of SDH. 
 

Table 2  Energy structure of heating in China in 2016 and 2021[8] 

 

2016 2021 
Heated area Percentage Heated area Percentage 
100 million m2 - 100 million m2 - 

Gas 22 10.7% 40 14.1% 
Electricity 4 1.94% 15 5.28% 

 

Electric boiler 1 0.49% 3 1.06% 
Decentralized electric heating 2.8 1.36% 7 2.46% 

Air source heat pumps 0.2 0.10% 5 1.76% 
Clean coala 35 17.0% 110 38.7% 
Renewable energy 8 3.88% 34 11.8% 

 

Geothermalb 5 2.43% 10 3.52% 
Biomass energyc 2 0.97% 21 7.39% 

Solar thermal 0              -   0.5 0.18% 



Industrial waste heatd 1 0.49% 2 0.70% 
Clean heating ratee (Summary of 
the above various heat sources) 69 33.5% 199 70% 

Bulk coalf 137 66.5% 85 30% 
Total 206 100% 284 100% 

Note: 

a, Clean coal means clean coal-fired central heating, which is a way to deliver heat for the 

users through the heating pipe network after implementing ultra-low emission transformation of 
coal-fired cogeneration plants and coal-fired boilers. 

b, Geothermal heating includes medium-deep geothermal heating and shallow geothermal 
heating (ground source, water source heat pump in electric heating). 

c, Biomass energy includes agroforestry biomass cogeneration, urban domestic waste 

cogeneration, biomass briquettes, bio-natural gas, and other biomass gasification heat sources. 
d, Industrial waste heat excluding heat recovery from power plants. 

e, clean heating rate refers to the ratio of the building area that is heated by gas, electricity, 
renewable energy and clean coal technologies to the total heated floor area. 

f, bulk coal refers to the coal used in small boilers and small kilns, as well as the coal used in 

residential and service industries. China consumes 200 million tons of bulk coal every year for 
space heating. Bulk coal is currently the most crucial heating energy source in rural North China 

and the primary source of air pollution in winter. 
To implement the plan, the Chinese government initiated a clean heating movement with 

systematic incentive policies, as shown in Figure 5, the incentive policy covers three parts: 
Infrastructure construction, equipment purchase, and operating. The high subsidies from initial 

investment to operating costs have significantly lowered the threshold for implementing SDH. 

 

Figure 5 Incentive policy structure for clean heating in China 

To achieve immediate results, some local authorities directly implemented the clean heating 



strategy as Coal to Electricity Transformation and Coal to Gas Transformation, without paying 

enough attention to renewable energy sources such as solar and biomass energy. 
Take Beijing as an example. According to the Investigation Report on Coal to Clean Energy for 

Beijing Residents by Beijing Municipal Bureau of Statistics published in December 2017[25], shown 
in Figure 6, among the surveyed 536 households, 275 households used air source heat pumps 

(ASHP) or ground source heat pumps (GSHP), accounting for 51.3% of the total number of 

households. 120 households used gas boilers, accounting for 22.4%. Regenerative electric heaters 
accounted for 18.5%, and the remaining 7.8% for electric boilers and other methods[25]. There 

was no solar heat. 

 

Figure 6 Heating methods of households interviewed for clean heating in Beijing[25] 

Coal to Electricity and Coal to Gas policies may bring some immediate results. However, the 
implementation of these two policies relied on subsidies and an adequate natural gas supply. It is 

challenging to be implemented in some economically underdeveloped regions. 

4.2. Coal to Electricity Transformation 

Due to the slowdown in economic growth, China’s electricity production was in surplus. In 
2017, the average utilization hours of thermal power equipment was 3,772 hours, and the supply 

and demand of electricity showed an oversupply situation[26]. As an essential way to prevent and 
control atmospheric pollution to improve the quality of the environment, and to adjust the energy 

structure, Electrical Energy Substitution Policy was adopted as a national strategy with an aim to 
promote the consumption of electricity. 

In 2016, the Guideline on Promoting Electrical Energy Substitution was published by China 

National Energy Administration. This document proposed to substitute coal and oil with electricity 
in four key areas, including space heating in northern China, manufacturing, transportation, and 

power supply & consumption. Among them, the clean space heating sector would increase an 
average of 22 billion kWh of new electricity consumption each year by electric heating, accounting 

for about 25% of total target for Electrical Energy Substitution program. 

ASHP, GSHP; 
51,3%

Natural Gas; 
22,4%

Regenerative Electric 
Heater; 18,5%

Regenerative Electric Boiler 
and others; 7,8%



The Coal to Electricity Transformation was more widely known in the space heating industry 

than the Electrical Energy Substitution policy. The Coal to Electricity Transformation replaces coal-
fired boilers with ASHPs and GSHPs, in some cities, including regenerative electric boilers, but this 

program prohibited direct heating types of electric heater.  
Local authorities were responsible for some preliminary work such as site choosing, land 

requisition, and demolition. In Beijing, supportive power grid projects for Coal to Electricity 

transformation lower than 10 KV would get 30% subsidy of the initial investment, 12,000 CNY 
subsidies per household for purchasing heating equipment and 0.1 CNY / kWh electricity price 

subsidy for operating in the heating season. As of 2017, there were more than 1.1 million 
households that had completed Coal to Electricity renovation in Beijing. 

Although the Coal to Electricity policy got some immediate and short-term results, it was still 
in dispute on the cleanness of electricity and the sustainability of subsidies. Because power 

production was another vital pollution source in China. As shown in Figure 7,  64% of electricity 

came from coal combustion[26] in 2016. 

 

Figure 7  Power Source Structure of China in 2016 

Another disputation was the heavy financial burden. Taking Beijing as an example, thanks to 
the developed economy of Beijing, the government's financial capacity was strong enough to pay 

an average of 24,000 CNY subsidies per household for purchasing clean heating equipment. It was 
expected that there would be another 1.1 million households completing Coal to Electricity 

transformation at the end of 2020. Assuming a maximum subsidy for 10 thousand kWh per 
household for the operating of electric heating equipment, the government would need 49 billion 

CNY annually.  

 

4.3. Coal to Gas Transformation 



The Coal to Gas Transformation Program refers to the substitute of coal with natural gas. The 

gas heating methods mainly include three types: gas-fired cogeneration, regional gas-fired boilers, 
and household gas boilers[27]. 

Coal to Gas Transformation for power plants was first implemented in Beijing and quickly 
adopted by other cities. Since 2009, Beijing had completed Coal to Gas Transformation. At present, 

the four major coal power plants in urban areas had all been changed to gas boilers. Coal to Gas 

transformation program in suburban and rural areas was also progressing. 
As of the end of 2016, the heated area by natural gas in northern China was approximately 

2.2 billion m2, accounting for 11% of the total heated area. The natural gas consumption was 25.9 
billion m3, accounting for 26% of the natural gas consumption in northern China. The proportion 

of natural gas consumption for space heating in northern China was generally low. Only urban 
areas in Beijing and Tianjin accounted for a relatively high proportion, of which about 80% in 

Beijing and about 50% in Tianjin in 2016.  

In 2017, the Coal to Gas transformation in Hebei Province had caused a natural gas shortage 
in entire North China. The gas shortage even across the whole country in the winter of 2017. The 

rapid growth in demand for natural gas had broken the balance between supply and demand, 
resulting in a rise in gas prices. Inadequate gas supply, shortage of subsidy, and imperfect 

infrastructure prevented the continued implementation of the Coal to Gas transformation. Hebei 

government had announced that no new Coal to Gas transformation project in rural areas would 
be added in 2018.  

4.4. Rural infrastructure 

Improvements in rural infrastructure have created opportunities for the application of SDH. 
The Chinese government has paid considerable attention to the issue of “Agriculture, Rural areas, 

and Farmers.” In recent years, it has promulgated a series of policies to support and benefit 

farmers, including increasing the intensity of rural infrastructure construction. In 2013, China State 
Council stated that “improving the public service mechanism in rural areas shall actively promote 

the balanced allocation of public resources in urban and rural areas, strengthen rural 
infrastructure construction, and promote the construction of rural ecological civilization.” District 

heating in rural areas can significantly improve people's living standard and achieve urban-rural 

coordinated development in northern China heating area. 
Although rural areas have better conditions for SDH in terms of land availability, they also 

face greater policy obstacles. In 2006, China State Council issued the third edition of Outline of the 
National Plan for Overall Land Use (2006-2020) and proposed six constraints and nine expected 

indicators for the goals and tasks of land use in the next 15 years. The regulations were 
strengthened in 2016: By 2020, the total farmland in the country will be 120 million ha and the 



essential farmland protection area will be 103 million ha. Considering that China's land is state-

owned, changing the nature of the land, especially arable land, will pay large communication costs 
and financial costs. Therefore, for the site selection of a SDH project, it is necessary to conduct a 

site survey in the early planning and try to avoid the choice of farmland to install collectors.  
 

5.0 Economic feasibility 

The most attractive advantage of SDH for end users is the great operation cost savings. In a 

combination system of solar thermal and a gas boiler, solar can contribute with 66% energy cost 
savings by saving gas consumption[28] in the Hebei area compared with a single gas boiler. For a 

solar combined with an ASHP heating system, solar can contribute 45% energy cost savings in Xi’an 
City[29] compared with a single ASHP. 

Based on Danish experiences on SDH application, the total initial investment for a SDH plant 

comprises system design and optimization, land, solar collectors, installation and commissioning, 
heating pipe network, heat exchanger units (including pumps, expansion vessels, control, and 

other accessories), storage, and control system. The operating cost depends on natural gas price, 
electricity price, time dependency of the electricity price, capacity dependency of the electricity 

price, subsidies or tax reductions for renewable energy, and price of labour power.  
To discuss the economic feasibility of SDH in China, a comparison of the initial investment 

and operating cost for a SDH plant between Denmark and China is listed in Table 3. 

Table 3 A comparison of the initial investment and operating cost for a SDH plant between Denmark and China 

Price Unit Denmark China 

Electricity CNY /  KWh 2.41 0.4 ~ 0.7  

Gas CNY / KWh 0.69 0.16 ~ 0.48 

Oil  CNY / L 11.6 7.39 

Heat price CNY / KWh 0.16 ~ 0.93 0.08 ~ 0.16  

Land CNY / m2 Agricultural land, 13 ; 

Permanent grassland, 6.6[30] 

Average, 4500 ; Commercial, 7600 ; 

Residential, 7080 ; Industrial, 800;Farm 

land, 150 ~ 300 [31] 

Labour power CNY / hour 327[32] 240[33] 

Solar collector* CNY / m2 1540 ~ 1927 400 ~ 600 

* The prices of solar collectors are based on flat plate solar collectors. 

High prices for heat, electricity and fossil fuel are essential reasons why Denmark can 
successfully implement SDH. At the same time, low land prices make it possible to install collectors 

with a large area directly on ground (even farm land). These favorable conditions are not available 
in China. China's welfare heating system makes heat price very low, the prices of various energy 



are relatively low. However, the land is costly. These factors have significantly reduced the 

economics of SDH in China.  
China's strength lies in its relatively low labour costs and cheap collectors. From Danish 

experiences, the collector field cost has the most impact on the final heat price and accounts for 
most of the initial investment. When solar fraction is between 20% - 40%, the cost of solar collector 

field shares 85% - 64%, but the land cost only shares less than 2%[20]. Therefore, making the 

collector field produce the most heat, thus minimizing operating costs, is a meaningful way to 
ensure the economics of SDH. The heat production of the collector field is related to the efficiency 

of the collector, the layout of the collector field, the solar radiation and the solar fraction (SF). In 
which, the solar radiation and the SF of the system have the most significant impact on the 

economics of a particular project. 

5.1. Solar radiation 

China has abundant solar resources, the annual solar radiation in China is between 930 and 
2330 kWh/m2, corresponding to 2.5 to 6.4 kWh/m2 daily solar radiations [34]. 

 

  
Solar resource map © 2018 Solargis 

Figure 8 Global horizontal irradiation in China and in Denmark 

 

Table 4 China National total horizontal solar radiation level and regional distribution[34] 

Radiation level 
Total horizontal 
solar 
radiation(KWh/m2.a) 

Fraction of 
territory area Region 



Most rich（I） ≥1750 22.8 
West of Inner Mongolia；West of Gansu; Tibet 
and Qinghai，East of Xinjiang; Ganzi of Sichuan 
province  

Better rich（II） 1400~1750 44.0 

Xinjiang; East of Inner Mongolia; Northeast of 
China; Beijing; Tianjin; Hebei; Henan; Shanxi; 
East of Shandong; North of Shanxi; Ningxia; 
Gansu; Hainan; Yunnan  

Rich（III） 1050~1400 29.8 

North of Inner Mongolia; South of Shandong, 
Shanxi, Shanxi(Xian); East of Gansu, Yunnan; 
Hunan; Hubei; Guangdong; Guangxi; Fujian; 
Jiangxi; Zhejiang; Anhui; Jiangsu; Henan  

General（IV） <1050 3.3 Sichuan; Chongqing; Guizhou 

 

 Figure 8 left shows that solar radiation resource is rich in most places in China. The highest annual global 
radiation is 2330 kWh / m2 in Tibet. Figure 8 Global horizontal irradiation in China and in Denmark 

 

Table 4 shows the places with rich solar radiation source mainly locate in the cold regions of 

China with a large heat demand. Therefore, solar heating systems have a considerable potential 
in the severe cold and cold regions of China [12]. 

As a comparison, the average annual global radiation in Denmark was 962 KWh / m2 from 

2006 to 2010[35], shown in Figure 8 right. The average radiation in north western China is almost 
twice of that in Denmark. Stronger solar radiation helps SDH contribute more free heat to a district 

heating network with the same collector installation area, which in turn increases the economics 
of SDH. 

 

5.2. Solar Fraction 

The solar fraction (SF) is the share of heat delivered to the district heating network that is 
covered by solar heat. A higher SF indicates that the system produce more solar heat, but it will 

also increase the collector installation area and the capacity of the corresponding heat storage 
facility, thus increasing initial investment. In the 104 Danish SDH plants in operating, the average 

SF is 20%[20]. For different regions of China, due to different solar radiation, different energy 

prices, heat prices and land prices, it is necessary to optimize the system design in the early 
planning and design phase of the project to identify the best cost-effective SF. 

 

5.3. LCoH 

A comprehensive index should be used to evaluate the economic performance for a hybrid 



energy heating plant. According to the guideline published by IEA Task 54[36], levelized cost of 

heat (LCoH)  is a useful indicator to estimate the cost of the heat generated by the entire solar 
assisted heating system in a life cycle, with the consideration of both initial investment and 

operation & maintenance cost. Zhiyong Tian used LCoH to optimize the thermo-economic 
performance of a hybrid SDH plant with FPC and PTC collectors[37], which shows the LCoH is a 

useful indicator to optimize the design and operation for a hybrid energy heating system. 

The equation recommended by IEA Task 54[36] to calculate LCoH value is shown in Equation 
1: 

𝐿𝐶𝑜𝐻 =
∑

( ) ∙

( ) ( )

∑
( )

                                             Equation 1 

Where，𝐿𝐶𝑜𝐻: the levelized cost of heat, CNY / kWh; 𝐼 : the initial investment for the  whole 

system, CNY; 𝑆 : subsidies and incentives, CNY; 𝐶 : operation and maintenance costs (in year t), 
CNY; 𝑇𝑅: the tax rate, %; 𝐷𝐸𝑃 : the asset depreciation (year t), CNY; 𝑅𝑉: the residual value of 

system; 𝐸 : the total energy demand (in year t), kWh; 𝑟: the discount rate, %; 𝑇: the period of 
analysis, year. 

For a SDH plant, a large area of solar collectors needs to be installed, the land rent 𝑝 , 

CNY/year,  should be counted in the calculation as a part of the operation fee, and the total cost 
including taxes will be considered, then the Equation 1 can be simplified as Equation 2: 

𝐿𝐶𝑜𝐻 =
∑

( 𝑝𝑙𝑎𝑛𝑑)

( ) ( )

∑
( )

                                              Equation 2 

For large-scale systems in Denmark with a  collector installation area larger than 10,000 m², 
the average LCoH for diurnal storage is 0.28 CNY / kWh. Moreover, for even larger systems (the 

collector installation area > 50,000 m²) with seasonal heat storages, the average LCoH is 0.38 CNY 
/ kWh[3]. For a different region with different energy structure, a LCoH curve can be drawn with 

the SF changing from 0 ~100%. The optimum SF when the system achieves the lowest LCoH can 

be identified with this method. 

 

6.0 Technical feasibility 

Successful practice of SDH in Denmark has shown the technical feasibility even in a climate 

condition with lower solar radiation and far more cloudy days than most of the heated areas in 

China. There are design tools[38], guidelines[21], and knowledge sharing programs between China 
and the frontrunner Denmark[17]. From Danish experiences, lower service temperature of district 

heating networks, high-performance flat plate solar collectors, and seasonal heat storage are the 



key technical factors for the success of SDH. 

6.1. Service temperature 

The temperature of the supply and return water in centralized heating systems in Chinese 
cities is generally higher (Tsupply > 90°C, Treturn > 50°C) in primary pipeline networks[39]. It is difficult 

for solar heat to be connected directly into existing heating pipeline networks without heat pumps 
or reheat devices. Also, space heating is mandatory in heating season as a livelihood project in 

China, but there is no space heating demand in the rest of the year. That means a waste of solar 

energy in summer and an increase in the payback time for SDH. Therefore, to make full use of 
solar energy and to improve annual SF, a seasonal heat storage facility is necessary. 

In addition to the lack of development of pipeline network systems, the construction of smart 
energy systems is also lagging in China, which limits the application of hybrid energy sources in 

heating plants. 

Centralized heating in rural China is still in its infancy. Rural households have mostly 
independent household heating, and the heating temperature is generally low. According to a 
survey on existing household space heating systems in Beijing rural areas in 2017[40], shown in 
Table 5, the average temperature of the forward water was lower than 50℃. The lower service 
temperature for space heating creates a suitable condition for solar thermal and the integration 
of ASHP and GSHP systems.  

Table 5 A service comparison for existing household space heating systems in Beijing rural areas 

 Supply water Fluctuation range of indoor temperature 

ASHP + floor heating 30~40℃ ＜2℃ 

ASHP +  Radiator 40~45℃ ＜3℃ 

Regenerative Electric heating 50~65℃ ＞6℃ 

Electric Boiler + Radiator / ＜3℃ 

Electric floor heating / ＜2℃ 

Gas boiler + floor heating 40~50℃ ＜2℃ 

Gas boiler + radiator 40~50℃ ＜2℃ 

Solar + ASHP 30~40℃ ＜2℃ 

 

6.2. Solar collectors 

Household solar heating systems mostly used all-glass evacuated tube collectors (ETC) in 

China in the past. The lifespan of ETC is about ten years theoretically. However, in practices, 
bursting and overheat of all-glass ETCs were severe, which resulted in massive operation and 

maintenance work. Many all-glass ETCs broken within the first year of its installation. The 



Investigation Report[10] suggested that flat plate collectors (FPC) with a simple structure, long 

service life and low maintenance rate should be selected for solar heating. Advantages of FPCs are 
not only durability, security, low installation cost[41] but also their high efficiency for district 

heating[42]. Figure 9 shows that 97% of existing SDH projects in EU countries used FPCs. 

 

Figure 9 FPC dominates the installation in SDH plants in existing 199 heating plants in Europe. 

The difference is that large-sized FPCs are used in SDH plants in Denmark, the area for a 
single FPC is between 12~15 m2. However, the mainstream FPC used in solar water heating 
systems in China is small-sized with an area of 2 m2. Table 6 shows the performance difference 
between these two types of FPC. It can be seen that the large-sized FPC has a better thermal 
performance so that it produces more heat with the same area. Large-sized FPC can also save on 
pipe fittings and installation costs. 

Table 6 The performance comparison between a typical Danish and Chinese FPC product[43] 

 Unit large-sized FPC small-sized FPC 

Area m2 12~15  2 

The transmittance of glass cover - 0.93 0.89 

The absorption of coating - 0.95 0.92 

The peak collector efficiency - 0.82 0.75 

The heat loss coefficient of collector at ambient 
temperature 

W / m2 k 3 3.4 

However, with the increasing demand for high-performance FPCs by SDH, some backbone 
enterprises in China have developed large-sized FPCs. These high-performance FPCs can 
significantly reduce the initial investment and heat price of SDH. 

 

6.3. Seasonal heat storage 



There is still a lack of sufficient theoretical research and practical experience on seasonal heat 

storage technology in China. However, a lot of experience and lessons in the application of GSHPs 
for space heating have been gained. 

In the past decade, part of the local Chinese government in cold northern areas promoted 
GSHP as a renewable energy heating source. The heated area by GSHP heating system increased 

quickly till 2015. Only in Shenyang City, the heated area by GSHPs reached to 59.41 million m2 in 

2012, accounting for nearly 1/3 of the city's total heated area[44]. There were many residential 
communities heated by GSHPs could not reach the design indoor temperature because of a long-

term imbalance between heat injection and extraction in recent years, which results in a gradual 
decrease of the soil temperature year by year. It is for this reason that the number of new GSHP 

heating systems begun to decrease. 

 

Figure 10 Building area heated by GSHP technology in China[44] 

A GSHP can also be used as a seasonal heat storage solution. An auxiliary solar collector field 

can be added to those GSHP systems not functioning correctly to form a combined heating system. 
This combined heating system can be controlled by valves to recharge heat into the soil in summer 

by the solar collector field, consequently the soil temperature is increased and the heating capacity 
of the GSHP system is restored. Besides, this combination of GSHP and solar thermal can improve 

system energy efficiency and reduce the operating cost. 

 

7.0 Market feasibility 

Northern China owns the necessary conditions for the implementation of SDH with a 

developed district heating network. With the energy efficiency renovation for existing buildings 
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and clean energy transformation of existing district heating systems, development of low-

temperature heating technology and more stringent restrictions to coal-fired boilers, heating 
enterprises must actively look for clean energy alternative to fossil energy.  

According to the clean heating action plan, the building area heated by solar thermal will 
achieve 50 million m2 in 2021[8], accounting for 0.18% of the total heated area. Based on the 

research findings on the potential for solar thermal in future energy systems in EU countries[45], 

the overall solar thermal potential across EU countries is in the range of 3% ~12% of the total heat 

production[46]. Considering the vast heating demand and the cheap land resources in north-west 
areas in China, the solar heated area would achieve 756 million m2 with an assumption of 3% of 

the total heat demand. 
In China, the city is dominated by large-scale centralized heating, while the rural areas are 

dominated by decentralized household heating. It is necessary to discuss these two distinct space 

heating markets separately. 
 

7.1. Urban market 

As of the end of 2017, the centralized heated area of northern China's cities was 8.31 billion 
m2. The centralized heated area increased rapidly in the past decades. As shown in Figure 11, the 

centralized heated area in 2017 was 10 times than that in 1997. 

 

Figure 11 The centralized heated area in urban areas in China in 1997-2017 [47] 

 

Figure 12 shows that coal cogeneration and large coal boilers were the primary sources of 
heat, accounting for 81% of the total heated area.   
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Figure 12 The heat source structure of the urban centralized heating in China  in 2016[48] 

 
At present, almost all of the heat stations in cities such as Beijing and Tianjin use a single 

energy source: coal or natural gas. However, from the perspective of reducing operating costs and 
reducing pollutant emissions, hybrid-energy systems are inevitable. The existing large-scale 

heating facilities in cities create conditions for the use of renewable energy such as solar energy. 
Figure 13 shows that three provinces with the highest market potential are Shandong, Liaoning, 

and Hebei. 

 

Figure 13 The centralized heated area by provinces in 2017[47] 

The urban area has a large population density, high land price, and limited installation space 
of solar collectors. It is not wise to choose urban centralized heating as the start for SDH. However, 
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the heat demand in urban area is huge and the users are concentrated. The economic benefit and 

environmental benefit from SDH are more significant. There are two types of systems, centralized 
SDH system and distributed SDH system[49] [50]. For an urban area, distributed SDH would be a 

choice. 
 

7.2. Rural market 

As shown in Figure 14, the northern rural heating mainly relies on the heated brick bed, 

household coal stove, gas stove, electric heating and solar assisted biomass boiler heating in some 
developed rural area around Beijing and Tianjin. Some rural areas also developed small district 

heating systems[51]. 
 

 

Figure 14  Rural Space Heating Technologies in North China 

There are many deficiencies in existing heating solutions in north China rural areas, such as 
low indoor temperature, massive energy consumption, severe pollution and so on. The energy 

utilization rate of a heated brick bed is about 60%, a stove is only 40%[52]. While there is no 

insulation measure for heating pipelines, the heat loss of pipelines is considerable. Heating safety 
is also not guaranteed. The improper operation or design easily lead to toxic gas leakages, and 

even explosion accident and gas poisoning.   
The clean heating movement is not only to resolve the air pollution problem but also to 

improve the living condition for rural residents. Relative to the cities, the living conditions in rural 
areas of China are poor, mainly due to the backwardness of infrastructure, low level of public 

management, lack of public service, and lack of awareness of environmental protection. If district 

heating is used in rural areas, the quality of life of rural residents will be significantly improved.  



The field survey found that farmers not only accepted district heating but also were willing 

to participate in the construction and management of heating plants. 98% of farmers believe that 
there are many drawbacks in the current heating solutions. Moreover, farmers think that there 

are many advantages of district heating, including less heating costs, higher heating safety, and 
better service. At present, many young and middle-aged rural people are working in cities, leaving 

behind many elder adults and children. District heating can significantly facilitate their daily lives.  

Rural areas with better infrastructure are suitable for the priority development of SDH. There 
were a total 715 million m2 of centralized heated area in towns and villages in rural North China in 

2017. Low operating costs can be achieved by adding solar collectors and heat storage systems to 
existing central heat stations. Those areas that lack infrastructure need more subsidies from the 

government. As shown in Figure 15, regarding the existing centralized heating pipeline network in 
rural areas, Shandong province is far more developed than the other provinces.  

 

Figure 15 The centralized heated area in towns and villages in China in 2017 [47] 

 

7.3. Special market 

There are some areas with strict environmental protection policy but without enough gas and 

electricity supply for space heating demand. There are few choices for clean heating except for 
solar thermal. Therefore, at the beginning phase for SDH in China, the most suitable area for 

developing SDH is the area with abundant solar resources, more extended heating period, cheap 

lands available, limited power grids, and limited gas pipeline network coverage, such as Tibet, 
Gansu, Qinghai Province. 
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8.0 Development strategy 

Based on the PEST analysis and the background information, a SWOT analysis is conducted 

to summarize the pros and cons, the opportunities and challenges, and the development 
strategies of SDH in China. 

8.1. SWOT analysis 

The purpose of the SWOT analysis is to identify critical items for the development of SDH in 
China, which involves establishing priorities for action, and to prepare strategic options by 

strengthening the positive points and improving the weaknesses to cope with threats. 

 
 

Table 7 The SWOT matrix for SDH in China 

 Strengths Weaknesses 

 1. High efficiency 
2. High flexibility 

3. Low operating cost 
4. Easy operation and 

maintenance 
5. Emission-free 

6. 100% renewable and local 

1. Land occupation 
2. Complex system 

3. High initial investment 
4. Heat production is affected by the 

weather 

Opportunities Opportunity-strength strategies Opportunity-weakness strategies 

1. Favorable policies 

2. Clean heating 
renovation 

3. Rural infrastructure 
construction 

4. Large-scale existing 
GSHP heating system 

1. Special areas 

2. Promote a smart district 
heating system in rural 

villages 
3. Influence district energy 

planning for a rural area 
4. Promote the renovation of 

the existing GSHP heating 
system 

1. Rural areas with district heating 

network 
2. Use domestically-made high-

performance FPCs 
3. Install collectors on roofs, parking 

lots or overhead structures. 
4. Optimize the system and set a 

reasonable SF 
5. Seasonal heat storage 

Threats Threat-strength strategies Threat-weakness strategies 

1. Heat pumps 
2. Regenerative electric 

boilers 
3. Geothermal 

4. Nuclear heating 
 

1. To develop hybrid energy 
systems with heat pumps, 

gas boilers, and electric 
boilers. 

2. Use LCoH to evaluate the 
economic performance 

1. R & D on high energy density heat 
storage technology 

2. Improve the efficiency of 
collectors 

 



Table 7 shows that the current clean heating policy should be fully utilized to prioritize SDH 

in areas where resources are scarce, environmental requirements are strict and infrastructure 
conditions are better. It is necessary to actively promote renewable energy, hybrid energy and 

smart heating network in district energy planning. 
China's land use costs are high. The availability of land for collector installation is a significant 

obstacle to the development of large-scale SDH. Therefore, collectors should be installed on roofs, 

parking lots or overhead structures as much as possible, meanwhile it is also vital to increase 
collector efficiency and the energy density of heat storage systems, to reduce collector costs and 

to optimize the system for the lowest heat price. 
 

 

8.2. Decision-making process 

For a potential SDH project, the decision-making process is drawn in Figure 16. From the 
process, economic performance is the core for choosing a SDH solution. 

 

Figure 16 Decision-making process for a SDH project in the plan. 

 



8.3. Roadmap  

Based on the SWOT analysis of SDH development in China, a roadmap for SDH development 

in China is proposed, as shown in Table 8. The roadmap takes into account experience of existing 
household solar heating projects in Beijing rural areas and the investigation on clean heating 

transformation in northern China.  The roadmap suggests SDH should be developed in rural areas, 
small towns, and villages as a pilot demonstration stage to accumulate practical experience. Then 

the market would be expanded to industrial parks and some newly built large residential 

communities in urban suburbs. For the integration of solar heat with existing urban heating 
networks, which needs more theoretical research and demo projects to explore a technical path 

suitable for Chinese district heating networks. 
 

Table 8 SDH development roadmap suggestion in China 

Steps Pilot demonstration Technology accumulation Technology innovation 

Year 2017-2020 2021-2025 2026-2030 

Target market Rural area, small 

villages, towns 

Industrial parks, large 

residential communities 

Small cities, integration with 

existing heating network 

Technology 

application 

Solar + GSHP, Solar + 

Tank Thermal Storage, 
high-performance flat 

plate solar collector 

Low-temperature 

heating, remote 
monitoring, seasonal heat 

storage 

System integration, large-

scale solar district heating 

 

9.0 Conclusions 

Compared with the Coal to Gas and Coal to Electricity transformations, solar district heating 

(SDH) is the most potential technology to substitute fossil fuel entirely with the lowest operating 

cost in the long run, which means no or few subsidies for long-term operation. A PEST analysis and 
a SWOT analysis were conducted on SDH development in China based on the Danish 

experience.The SDH development strategies, roadmap, and decision-making process were 
summarized. The following conclusions are drawn: 

1) SDH has a broad application prospect in China with abundant solar resources and favorable 
policies. The solar heated area can achieve 756 million m2 with an assumption of 3% coverage of 

the total heat demand of buildings.  

2) High-performance flat plate collectors (FPCs) will increase the reliability and reduce the 
operation & maintenance cost of SDH systems significantly.  

3) A solar assisted GSHP system is a reliable solution as a form of SDH. An auxiliary solar 
collector field can be added to those GSHP systems not functioning correctly to improve the 



system efficiency and to reduce operating costs. 

4) Particular areas with low population density, scarce resources, and strict environmental 
requirements, e.g., Tibet, should be given high priority for SDH. 

5) Rural villages and small towns with better infrastructure, e.g., district heating networks, 
are the best target market for SDH in the next five years.  

6) With the maturity of seasonal heat storage technologies and the accumulation of practical 

experience, SDH can be expanded to industrial parks, large residential communities in sparsely 
populated northwest China.  

7) Integration of solar heat with existing heating networks in big cities with centralized 
heating will be a big challenge in the long run. 

8) Land availability is a significant obstacle to the development of large-scale SDH. Therefore, 
collectors should be installed on roofs, parking lots or overhead structures as much as possible. 

9) LCoH is an excellent comprehensive indicator to optimize the economics of SDH. For a 

specific potential SDH project, a LCoH curve can be drawn with a changing SF from 0 ~100% to 
identify the optimum SF with the lowest system LCoH. 
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