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ABSTRACT 

Sustainable energy programs in developing countries face many challenges. The purpose of this research is 
to examine why China has been successful as the world’s leader of Solar Water Heater (SWH) production 
and consumption. The study is based on field work in China in the past two years in areas where SWHs are 
widely used. The results may help provide a better understanding of the main drivers for the rapid growth of 
renewable and sustainable energy and develop associated policies. The research is based on data from 
current reports on SWH production and consumption in China and field investigations in Chinese cities and 
rural areas where SWHs are widely used. The findings are limited by the availability of data and the varied 
physical and cultural conditions in China. The research finds that several factors may have contributed to 
China’s leadership in this area: governmental policies, innovations in technology, low costs of labor, low 
interest rates, government incentives, a large market, a new installation, shortage of electricity and social 
acceptance. China’s SWH production and consumption is mainly due to economic incentives and cultural 
appeal instead of consumer environmental concerns. The Chinese SWH experience confirms earlier 
findings that low levels of development should not prevent countries from having effective environmental 
institutions and policies. In addition to technological innovations, policies for renewable and sustainable 
energy need to pay more attention to economic, political and cultural factors. 
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1. INTRODUCTION 

 China is currently the largest developing country 

with a rapidly growing economy and high energy 

demands. The annual accumulative total capacity of 

electric energy is about 0.1 billion kW, about 90% of 

which is generated with fossil fuel resources (Liu et al., 

2010) and nearly 75% from coal (Wang, 2010). Amid 

accelerating environmental degradation and grave 

challenges to sustainability (Economy, 2004; Liu, 2008; 

2009; 2010a; 2011; Watts, 2010a; 2010b), China has 

been promoting “green growth,” as some other Asian-

Pacific countries have (CD, 2010). According to GAD 

(2013), China now leads the world in total renewable 

power capacity. New investments in core clean energy 

leapt 53% in China, 2009. More than any other country 

in the world, China added 37 GW (gigawatts) of 

renewable power capacity, for a total of 226 GW, or 

11% of the world total. China surpassed the US in 2009 

as the country with the greatest investment in clean 

energy. Also in 2009, China produced 40% of the 

world’s solar PV supply, 25% of the world’s wind 

turbines (up from 10% in 2007) and 77% of the world’s 

solar hot water collectors. Solar Water Heaters (SWHs) 

are the most popular means of solar energy utilization 

because of the technological feasibility and economic 
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attraction, compared with other kinds of solar energy 

utilization (Wang and Hua, 2005). Furthermore, 30.5 

million rural households use biogas digesters (TTN, 

2009a; 2009b; 2009c; CCT, 2009).  
 Numerous renewable energy electrification 
programs have been implemented in developing 
countries over the past decade but have had limited 
success (Urmee and Harries, 2009). Why has China 
been able to make such impressive progress? China 
might provide interesting lessons for other developing 
countries. With that question in mind, we visited 
various parts of China in the last two years. We were 
amazed at how fast people have been installing SWHs 
on their rooftops, especially in Jiangsu and Zhejiang 
provinces. The Chinese consumers we talked to believe 
that the cost of using SWHs was lower than using 
electric or gas water heaters. The initial cost is higher 
but consumers do not need to pay as much operation 
costs even if an electric backup system is used with 
solar water heaters. Since 2006, Miyun County in the 
north of Beijing has been China’s leader in energy 
saving and pollution reduction while improving both 
the environment and the economy (Xia 2007; Chen, 
2010; CN, 2010). Miyun villages have increased solar 
energy and biogas uses (Xia, 2007; CN, 2010). Solar 
street lights have been widely used and new 
constructions follow the local new green-building 
codes. After shutting down all of its worst polluters, 
including paper-mills and coal and mineral mines, 
Ninghai County in Zhejiang Province focuses on “green 
growth” with mostly locally-developed innovations to 
produce low-cost solar energy products in 18 factories 
with a production capacity of over 100 megawatts 
(Ninghai, 2010). Partly due to the innovations, 
Ninghai’s solar water heaters are highly profitable to 
produce and less expensive to use than electric water 
heaters. Solar water heaters are installed in about 37% 
of the new houses in rural areas (Liu, 2010b). Also, 
Ninghai contributes 530 million watts of electricity 
annually to the regional power grid. 
 Conventional theories of environment-
development relations tend to regard income as the 
dominant explanation for variations in environmental 
success (Esty et al., 2008; VanderZanden, 2008). The 
notion of the environmental Kuznets Curve (EKC) 
argues that the initial stages of economic growth are 
accompanied by increasing environmental 
degradation. Once per capita income exceeds a given 
threshold, not only does the structure of the economy 
change, but people can also afford to demand a better 
environment (Beckerman, 1992; Shafik, 1994). There 
has been an intense debate on the applicability of the 

EKC. Numerous environmental and development 
economists cite a great deal of evidence to suggest 
that environmental degradation can be stopped and 
conditions can improve, as has happened in many 
areas of the world (WB, 1992; Scherr and Yadav, 
1996; Johansson, 1998). Some have regarded the EKC 
as the optimal growth path (Chimeli and Braden, 
2011). Consequently they support the “grow first and 
clean up later” approach to development. That 
approach has attracted a great deal of attention in 
development and environmental policy (Beckerman, 
1992; WB, 1992; Ezzati et al., 2001).  

 Accordingly, more developed economies, such as 

the United States, Western European countries and 

Japan, are expected to be the leaders in renewable 

energy uses. To some extent, that is true as these 

countries have led the world in renewable energy 

research and development and are top countries using 

renewable energy technology. However, China appears 

to be ahead of the developed countries in SWH 

production and consumption. Conventional theories, 

such as the EKC model, do not seem to be adequate in 

explaining the Chinese experience. 

1.1. Recent Research Suggests that Low Levels 

of Development Should not Prevent 

Countries from Having Effective 

Environmental Institutions and Policies 

(Dasgupta et al., 2006) 

 The EKC reflects only one of many nature-society 
relations and paths to sustainability. Developing areas 
should move beyond the EKC and take a sustainability 
approach at early stages of development (Liu, 2008; 
2011). This article examines why China has been the 
world’s leader of SWH production and consumption. 
Research indicates that the potential market of SWHs in 
Taiwan is associated with the climatic conditions, 
population structure, urbanization, building type of 
housing and status of new construction, in addition to 
cost of SWHs and energy price index (Chang et al., 
2008). India also has a vast theoretical potential of CO2 
mitigation by the use of SWHs, which may become 
viable through higher level of government subsidy 
(Purohit and Michaelowa, 2008). Deng et al. (2009) 
present a thorough review on recent advances in direct 
solar thermal power generation and conceive that 
efficiency and cost are the two most important factors in 
determining whether or not a solar power generation 
technology can be applied in large scale. This stduy may 
be useful in providing better understanding of main 
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drivers for rapid growth of renewable energy and help 
further develop policies for sustainable development. 

2. METERIALS AND METHODS 

 The research is based on data from current reports 

on SWH production and consumption in China, the 
Renewables Global Status Reports by the Renewable 

Energy Policy Network for the 21st Century and the 

Global Trends in Green Energy reports by the United 
Nations Environmental Program and field 

investigations. In the summers of 2009 and 2010 we 

visited Chinese cities and rural areas in Beijing and the 
provinces of Zhejiang, Shanghai, Jiangsu, Liaoning and 

Jilin. Those places were studied partly because SWHs 

are widely used there and we were doing field research 
for a different project there. We toured nine cities and 

counties in Beijing and the five provinces where we 

also interviewed some residents and government 
officials. There were no government records to provide 

detailed information so the results are mainly 

qualitative in nature. The findings are limited by the 
availability of quantitative data, the small number of 

places we visited and the variety of physical and 

cultural conditions in China. However, this study 
provides a basis for further investigations. 

3. RESULTS  

 We find that several factors have contributed to 
China’s leadership in SWH production and consumption. 
 Governmental policy to cope with environmental and 
development pressure. As one of the most polluted and 
rapidly industrializing countries in the world, China 
faces an accelerating demand for energy and 
especially green energy, to meet challenges of 
sustainability. According to Wang (2010), China’s 
total installed electrical power capacity reached 
700GW by the end of 2007 and is predicted to surpass 
900GW in 2010. The rapid increase in energy demand and 
increasing global warming have pressured China to 
change its current electrical power structure where 
coal power accounts for nearly 75% of the total 
electric power generation. The government does not 
have many options and is forced to take a green 
growth approach. SWH production benefits from 
government incentives such as low interest rates and a 
government policy of steering loans to renewable 
energy. China’s Photovoltaic (PV) industry has been 
expanding quickly partly due to government support 
(Zhao et al., 2011). This agrees with Urmee and 

Harries (2009) who found that adequate funding 
support and the use of appropriate financing 
mechanisms were considered to be the most critical factors 
for program success in Asia and the Pacific regions. 
 Innovations in technology. According to Xiangnian 
(2010), China is believed to be one of the countries that 
started solar energy development early and has accumulated 
much experience and gained much technological 
advancement. Recent innovations in solar water heater 
technologies are regarded as a key element in making the 
product cheaper. Cheaper products enhance the 
consumption and thus production of SWHs. 

 High Profitability. A surprise finding is that SWH 

production has been a high profit industry in China (WN, 

2009; CNEN, 2010). Solar energy has been praised for 

its positive environmental aspects as a clean renewable 

energy. However, its use has been limited by the high 

cost of production. In the United States, many attempts 

by the government to increase solar energy uses have 

achieved limited results, mainly due to the cost factor. 

China has been able to produce SWHs cheaply because 

of low costs of labor. Though wages have risen in recent 

years, Chinese workers are still paid only a fraction of 

what workers are paid in more developed countries. 

They often receive little medical or social benefits. SWH 

assembly and installation is labor intensive. Another 

important reason is that SWH production in China is 

often of substandard product quality, which contributes 

to lower production cost. Reports say that about 70% 

SWHs in China have been low quality. They break 

down quickly. Some SWHs are not operating properly 

due to defects. Internet discussions and Blogs indicate 

that some SWH consumers are disappointed. A small 

scale SWH production line can cost as little as 

US$15,000 and a household can start the business easily, 

while the profit is reported to be as high as 50%, 

compared to only 10% for electronic industries (WN, 

2009). Due to low startup cost and high profit, 

investment pours into the business. The SWH industry 

has been booming in China. The number of registered 

SWH producers increased from about 1,000 in 2005 

(Wallace and Wang, 2006) to over 5,000 in 2009 (CSEN, 

2009). Among the over 5,000 SWH producers in 2009, 

only ten were major ones and about 1,000 are medium 

size, while the others are small scale, local or even 

household operated firms. 
 Competitive prices. SWHs are economically 
feasible to use due to low product prices at about 
US$200 per unit. While electric water heaters cost 
about US$50 and gas water heaters cost about US$100 
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(Liu et al., 2010), their operating costs are much higher. 
It saves money to use SWHs in the long run.  

 A large market, especially for SWH uses in the 

countryside. China has the largest population in the 

world and a high potential for the SWH market. Recent 

SWH market expansion benefited from rural 

installations, which have been supported by 

government incentives, including matching funds to 

consumers. For example, the Yunnan Provincial 

Government pays 500 Yuan for each SWH installed in 

rural areas (YPAIO, 2009). SWHs have been mainly 

installed in urban areas where incomes are higher. By 

2004, urban areas used to have 90% of China’s SWHs 

installations, 30% in large cities and 60% in suburban 

areas and small cities (Luo and Shi, 2004). The recent 

government policy has been to promote SWH uses in 

the countryside as a part of rural development program, 

which is a huge potential market. Rural areas typically 

have individual homes which enable each household to 

have a SWH on its rooftop. It would be more costly for 

high rise apartment buildings in urban areas to install 

SWH for each apartment.  
 A new installation. Due to poverty, most rural 
homes and some urban homes used to have no water 
heaters until recently. SWHs in this case were not a 
replacement but usually a new installation. In the more 
developed countries, consumers frequently face a choice 
between installing a SWH or continuing to operate an 
electric or gas water heater that has already been installed. 
It is sometime economically feasible to install a new 
SWH, but not so to use it to replace an electric or gas 
heater which may still be working. More developed 
countries, such as the United States, have not experienced 
similar expansion of solar water heater consumption partly 
because homes already have water heaters. If an electric or 
gas water heater is still working it would not be cost 
effective to replace it with a solar water heater. 
 Lack of electricity and gas supplies. Shortage and 
unreliability of electricity supply in China makes the cost 
of electricity relatively high in comparison to income 
levels in the countryside. It also means that electricity 
supply is limited and unreliable. Daily power outages and 
quotas are not uncommon in many rural areas. To meet 
the emission target, some local governments have been 
turning off electricity supply. SWHs thus have become 
an alternative to ease the energy problems, as gas supply 
is often not available in many rural areas. Electric and 
gas heaters are also more likely to cause safety problems 
due to poor maintenance. 

 Cultural acceptance. A change of life style 

influenced by western cultures makes SWH popular 

similar to a cell phone or air conditioning in many areas 

we visited. A SWH unit on your rooftop means you have 

hot water in your home, you can take a bath often and 

you are clean and modern. Most people we talked to 

believed that homes actually looked better with a SWH 

unit on their rooftops. Yuan et al. (2011) found a 

considerable high level of social acceptance and public 

awareness of solar water heaters in Shandong Province. 

In the more developed countries such as the United 

States, people may prefer the traditional appearance of 

the rooftops. Many subdivisions may have home owner 

associations, which do not allow such a change in the 

physical appearance of the home. Rooftop installation 

will certainly change the traditional appearance of 

homes. It is, in many cases, not considered the better 

looking option. It will take time for the culture to change 

to accept the new appearance. 

4. DISCUSSION 

 As a developing economy, China performs 

exceptionally well in its renewable and sustainable 

energy development. The Chinese SWH experience 

raises questions about conventional wisdom on 

environment-development relations. It confirms earlier 

findings that low levels of economic development should 

not prevent countries from having effective 

environmental institutions and policies. Developing areas 

are capable of taking a sustainability approach through 

innovative policies and management approaches. 

 The findings indicate that the main drivers for 

rapid growth of renewable and sustainable energy in 

China are both economic and political. China’s SWH 

production and consumption is mainly due to economic 

incentives and cultural appeal instead of consumer 

environmental concerns. Government direct subsidy 

was also the driving force of SWH market expansion in 

Taiwan (Chang et al., 2008; 2011), however, the high-

level subsidy might have a negative impact on SWH 

system design and post-installation service (Chang et al., 

2011). In China, cheap SWH products also result in low 

quality which is a challenge to further SWH promotion. 

Wallace and Wang (2006) pointed out that quality 

control and poor quality products were major issues, 

affecting customer confidence and acceptance of the 

product. Similar problems of poor quality products have 
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been reported of Solar Home Systems (SHS) in Sri 

Lanka (Laufer and Martina, 2011). 
 Besides, PV production is associated with 
contamination with acidic and alkaline waste water and 
heavy metals. China’s low production standards cause 
concerns about the negative environmental health 
impacts to SWH workers. Low quality products, partly 
for export, lead to an increase in solid waste and other 
environmental concerns. It is important to make green 
equipment cheap in price but not cheap in quality. Low 
quality products become throw away items after 
minimal use, increasing environmental pollution. It is 
necessary to regulate the industry to meet 
environmental health standards. Many issues need to be 
addressed through policy innovations to make the SWH 
production and consumption sustainable.  

5. CONCLUSION 

 China needs to develop SWH production standards and 
the SWH industries need to provide better post sale 
services so that SWH consumption may be sustainable. 
China should promote diversified renewable energy 
consumption due to its varied climate conditions. Solar 
energy depends on sunshine that is not distributed 
evenly. Places with favorable radiation should certainly 
promote solar energy while places with a lack of 
radiation but with warmer climate may go with heat 
pump water heaters, though it may be better to use a 
heat pump powered by solar energy. More and more 
Chinese are talking about heat pump water heaters, 
which we think will become more popular in some 
areas. The research findings indicate that policies for 
renewable and sustainable energy need to pay more 
attention to economic, political and cultural factors, in 
addition to technological innovations. 
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