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Foreword

Balancing the gains of economic development against the detrimental effects of such
development on the natural environment is an ongoing challenge for countries around the world.
As part of this broader challenge, one key issue lies in finding a way to reconcile the necessity
and demand for energy supply with its impact on natural resources and its impact on the
environment, notably air pollution, acid rain and climate change. The successful story of the
Chinese solar thermal industry demonstrates that developing cost effective renewable energy
technologies is a clear way to tackle the twin issues of energy security and environmental
degradation. Indeed, the market development of solar water heaters in China has already brought
about great economic, social and environmental benefits to both the Chinese society and globally
and will continue to do so in the future.
The key success of the industry has been to develop its own market-driven approach by
developing cost effective products to satisfy people’s everyday basic needs for domestic hot
water. The Government of China has supported this greatly by supporting targeted research and
development programs. With this support and through its own endeavors, the industry has been
able to tap into the large domestic market by continuously improving product quality and
performance, system reliability and durability, customer services and its low-cost production
capacities. International seed capital and donor assisted capacity building projects have further
facilitated the industry’s and market’s development.
One key area where further focus is needed in the near future is the development of the building
integrated market for solar water heaters. This is an especially crucial area of concern as China’s
real estate market, both private and social housing, is developing very rapidly and failure to grasp
the opportunity for installing solar water heaters now will build in considerable non-sustainable
energy supply into the system, which will be costly to redress. This report is very timely in that it
highlights global best practices for building integration for solar water heaters and outlines ways
in which the industry should develop new partnerships with government and other stakeholders in
the building industry, such as architects, developers, building owners and end users, in order to
develop the market.
We wish the Chinese solar water heater industry all the best in developing a sustainable market,
comprising both consumer products and building integrated systems and combining the best
international practices with the cost effectiveness of the national practices.
The Project Team
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Glossary

Where relevant, the source document for the definition is indicated in brackets. For
more definitions, see [1] and [2]
auxiliary heat source – source of heat, other than solar, used to supplement the output
provided by the solar heating system. [1]
boiler – a complete unit with burner, combustion chamber and exhaust-gas/water heat
exchanger.
drainback system – a solar thermal system in which, as part of the normal working cycle,
the heat transfer fluid is drained from the solar collector into a storage vessel when the
pump is turned off, and refills the collector when the pump is turned on again. [1]
forced-circulation system – a solar heating system which utilizes a pump or a fan to
circulate the heat transfer fluid through the collector(s). [1]
global (solar) radiation – hemispherical solar radiation received by a horizontal plane
Note 1: Approximately 99% of the global solar radiation incident at the Earth’s surface
is contained within the wavelength range from 0.3 to 3 µm.
Note 2: Solar engineers commonly use the term ‘global radiation’ in place of
‘hemispherical radiation’. This use is a source of confusion if the referenced surface is
not horizontal. [1]
(heat) storage – the action of storing heat in a heat store.
(heat) store – a device designed to maintain a balance between heat production and heat
consumption by temporarily storing excess heat and later on delivering missing heat,
when required.
heating system – system for the production of heat for any purpose.
irradiance – power density of radiation incident on a surface, i.e. the quotient of the radiant
flux incident on the surface and the area of that surface, or the rate at which radiant
energy is incident on a surface, per unit area of that surface. Irradiance is normally
expressed in watts per square meter (W/m2). [1]
irradiation – the incident energy per unit area of a surface, found by integration of irradiance
over a specified time interval, often an hour or a day. Irradiation is normally expressed
in megajoules per square meter (MJ/m2). [1]
solar combi-system – a solar-plus-supplementary heating system designed to supply heat to
a space heating system and to deliver domestic hot water as well.
solar contribution – energy supplied by the solar part of a solar heating system
Note: The solar part of a solar heating system and any associated losses need to be
specified, otherwise the solar contribution is not uniquely defined. [1]
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solar fraction – energy supplied by the solar part of a solar heating system divided by the
total system load.
Note: The solar part of a solar heating system and any associated losses need to be
specified, otherwise the solar fraction is not uniquely defined. [1]
solar heating system – system composed of solar collectors and other components for the
delivery of thermal energy [1].
Note: Synonym of ‘solar thermal system’.
solar (thermal) collector – device designed to absorb solar radiation and to transfer the
thermal energy so produced to a fluid passing through it.
Note: The use of the term ‘panel’ is deprecated to avoid potential confusion with
photovoltaic panels. [1]
solar water heater – solar heating system designed for the heating of water (mostly for
domestic hot water preparation).
space heating system – a heating system providing heat to maintain thermal comfort in a
building.
stagnation – status of a collector or system when no heat is removed by a heat transfer fluid.
[1]

thermosiphon system – a solar heating system which utilizes only density changes of the
heat transfer fluid to achieve circulation between collector and storage device or
collector and heat exchanger. [1]
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Key Abbreviations

CEN – European Committee for Standardization
CREIA – the Chinese Renewable Energy Industries Association
DHW – domestic hot water
EU – European Union
IEA – International Energy Agency
GSR – Guarantee of Solar Results
ISO – International Organization for Standardization
MOC – Ministry of Construction
MoST – Ministry of Science and Technology
Mton – 1 Million Tons
MWh – Megawatt Hour
NDRC – the National Development and Reform Commission
PMO – the Project Management Office
SWH – solar water heater
TPF – Third Party Financing
UNDESA – United Nations Department of Economic and Social Affairs
UNF – the United Nations Foundation
UNFIP – United Nations Fund for International Partnerships
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Executive Summary

China has the largest market for solar water heating systems in the world with a well-established
commercial industry manufacturing and selling solar heating products that often deliver costeffective energy supply. In 2002, China accounted for 79% of global sales in terms of installed
collector area. Over the last five years, the China market has grown at an annual rate of between
20% and 30% with the cumulative installed area reaching as high as 52 million m² by the end of
2003. The Chinese solar water heater manufacturers are actively pursuing this market of over
US$1 billion per year. The main application of the solar heating systems is for domestic hot
water.
This rapid development can be attributed to a host of factors including the existence of abundant
solar resources in many parts of China, the increasing demand of Chinese households for hot
water, the low life-cycle costs of solar heating technology in China, and the Government’s
growing emphasis on the application of renewable energy. With the country’s ongoing economic
development and improvement in people’s living standards, it is anticipated that the solar water
heating market will continue expanding. Indeed it is estimated that if the growth rate of new
buildings increases at the current rate then the installed collector area could increase to
250 million m2 by the end of 2010. The corresponding reduction of CO2 emissions versus
traditional heating sources can be estimated to be around 8 Mton presently increasing to 50 Mton
in 2010. Thus, the China SWH industry would contribute greatly to the global switch to
sustainable energy and mitigation of climate change.
However, difficulties do exist. The market development for solar heating systems is still impeded
by a number of technical and institutional barriers, such as:
the highly variable quality of products and services,
the emergence of unhealthy market competition due to the lack of appropriate standards and
effective regulations,
the weak connection between the solar water heating industry and the booming residential
building industry – the construction of 347 million m2 of floor space was started in 2002
alone.
The Government of China is determined to address the problems identified with the solar heating
market in China in order to diversify its energy supply and mitigate environment pollution
associated with fossil fuel use. Therefore, with support from the United Nations Department of
Economic and Social Affairs (UNDESA), the United Nations Foundation (UNF) and the United
Nations Fund for International Partnerships (UNFIP), the Chinese National Development and
Reform Commission (NDRC) and the Ministry of Construction (MOC) have implemented a
project titled ‘Improvement and Expansion of Solar Water Heating Technology in China’. The
project focuses on the development of high-quality and attractive-looking water heating systems
for integration with residential buildings.
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Major activities include:
developing model designs and pilot projects of over 100,000 m² of demonstration buildings,
promulgating a set of standards and building codes for integrating solar water heaters into
buildings,
enhancing public awareness and acceptance to an industry led scale-up program,
the commissioning of this report, which provides international and national perspectives of
the solar, heating market and integration practices globally and in China and which also
highlights ways to move towards closer integration with the housing industry.
This report consists of two volumes:
Volume I - this volume - gives an overview of the global market for solar heating systems,
details the state of the art of solar heating technology world-wide and best practices for
building integration, analyses the various policy measures and financial instruments used for
market development, outlines the global technology and quality standards, and provides an
overview of the development of China’s SWH market development and how international
experiences can assist the industry to further improve.
Volume II provides additional details on SWH market development in a number of
individual countries – namely Australia, Austria, Denmark, Germany, Greece, Israel,
Netherlands, Spain and US, and presents 24 example projects showcasing best practices of
SWH building integration around the world.
Based on the overviews and analyses presented in the report, the authors conclude that:
China has the largest market for solar water heaters in the world. The Chinese government is
in an excellent position to further enhance the market development and thereby demonstrate
the contribution of the Chinese SWH industry to global sustainable development, to
improving quality of life and environmental protection, to enhancing energy security and to
mitigating climate change.
Although building integration of SWH is not common practice in the world, building
integration of solar water heaters is essential for medium and high-rise buildings in China.
The Chinese SWH industry has made significant progress in the last two years on system
integration, architectural design and integration implementation methods. Further
development and improvements will make solar heating systems more acceptable to city
planners, developers and the general public.
The market in China would benefit from further dissemination programs, which should be
targeted at a broad range of stakeholders, but especially planners and developers. China’s
real estate market is developing rapidly, which puts China in a great position to ‘leapfrog the
traditional development path’ and get SWH installed up-front during construction rather than
repeat the route of other countries and retrofit systems at greater costs in existing building
stock. If this could be realized, China would reduce its end use consumption of fossil fuels in
a more cost-effective manner than other countries.
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Furthermore, the authors have formulated the following recommendations:
A close partnership between the SWH industry, building industry and architect design
institutes, with strong support from the national and provincial Government would constitute
an essential step towards the successful future development of the SWH market in China.
Increasing the efforts of the Government on regulations concerning SWH building
integration, product standards and building codes would popularize and increase public
acceptance. Furthermore dissemination and awareness raising based on clear design guides,
quality standards and technology updates will all be necessary for sustained market
development.
The SWH industry, building industry and architect design institutes should come together to
identify the best ways they can combine their different skills and technologies to deliver
aesthetically pleasing building integrated systems with good performance and reliability and
end-user acceptance. The authors recommend that the industry should be supported by a
building integration center of excellence, which learns from the best in the world, and
disseminates this knowledge to assist the industry during the transition from on-roof
systems. This support is required as the integration of solar heating system into residential
buildings is an essential and logical next step to expand and sustain the industry and market.
The solar water heating industry and building industry in China are recommended to review
different technology and product options. Flat plate collectors are used widely in building
integration systems in international markets even in cold areas and are a cost-effective
solution for building integration worldwide, therefore they should be also beneficial for the
industry in China.
To improve the installed system quality, performance and end-user acceptance, the
development of specialized installation companies is recommended, so that hardware supply
and installation work can be separated. The specialized installers will then act as technology
and product promoters to end-users.
In addition to the market development framework as outlined in the recommendations
above, the government should support the SWH industry development through the issuance
of policies which mandate the creation of the market for building integrated SWH. This does
not need to burden the public purse as the policy can be designed to pass any incremental
costs onto the end customer.
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1

Introduction

The accumulated installed area of SWH systems in China at the end of 2003 was about
52 million m2, which makes China the largest single market in the world. Solar thermal energy is
competitive in comparison with electricity for the supply of hot water in China. However the
solar thermal industry still faces two major challenges to penetrate China’s energy market:
inconsistent quality of products and separation from residential housing industry. To address this
situation, with support from the United Nations Department of Economic and Social Affairs
(UNDESA), the United Nations Foundation (UNF) and the United Nations Fund for International
Partnerships (UNFIP), the Chinese National Development and Reform Commission (NDRC) and
the Ministry of Construction (MOC) have implemented a project titled ‘Improvement and
Expansion of Solar Water Heating Technology in China’ It aims to increase the use of solar
energy for heating water and thereby mitigating the environment pollution associated with
combustion of coal.
The project focuses on promoting the development of high-quality and attractive-looking solar
water heating systems for integration with residential buildings. Six demonstration buildings with
a total floor area of about 100,000 m2 have been constructed. A series of construction standards
and building codes have been promulgated. The project enhances the public awareness and
acceptance to an industry led scale-up program.
Under the assignment of UNDESA, SenterNovem together with associated partners, AEE INTEC
(Austria), BEAR Architecten (NL), Ecofys (NL), IT Power (UK) and national experts, and with
support from the PMO and CREIA, have jointly developed this report which provides
international and national perspectives of the solar heating market and integration practices
globally and in China and which also highlights ways to move towards closer integration with the
housing industry.
The report was developed with the following objectives:
- to enhance the understanding of the SWH industry in China regarding the global technology,
design and best practice trends for solar water heaters integrated into residential buildings in
order to promote replicable integrated designs,
- to enhance the understanding of the SWH industry in China regarding successful policy,
marketing and financing mechanisms and thereby help increase investment flow to and
market share of solar water heating technology in residential buildings,
- to identify the key opportunities and challenges facing the China Solar Water Heating
Industry with regard to building integration,
- to make recommendations, from technology options to potential financial incentive policies
and market based measures, that could speed up the replication of integrated solar heating
systems in residential buildings.
To develop the report, a China SWH industry survey and interviews with SWH manufacturers
were conducted with assistance from the PMO and CREIA. Furthermore demonstration projects
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were visited during the period of producing this report and case studies created. Finally an
international and in China peer review of the document was carried out.
The report consists of two volumes:
Volume I: ‘Integration of Solar Water Heating into Residential Buildings - International Practice
and Perspectives in China: Moving towards closer integration with the housing industry’. Chapter
2 of this report contains an overview of the current status of the global solar thermal market.
Chapter 3 follows this with an overview of the status of solar heating technologies, including
building integration. Chapter 4 gives an overview of international policies and financing
instruments used to develop SWH markets and Chapter 5 outlines the key standards and
certification systems used. Chapter 6 describes the Chinese solar water heating market and
Chapter 7 outlines gaps, challenges and opportunities for its further development. Finally
conclusions and recommendations are given.
Volume II is composed of two parts:
Part 1: This contains detailed market descriptions of the situation in 9 countries - namely
Australia, Austria, Denmark, Germany, Greece, Israel, Netherlands, Spain and US.
Part 2: This contains 24 best practice case studies for building integration of solar heating
systems. The case studies represent actual projects where the authors believe the solar heating has
been integrated in an outstanding way. Each case study includes a detailed description of the
project with pictures, a description of the solar heating system with graphics and some
characteristic performance data where available.
The target audiences of the report are Chinese and international stakeholders:
- National and regional governmental agencies involved in developing and managing energy
programs, quality certification and technology standards.
- National and regional governmental agencies in developing and managing energy programs,
quality certification and technology standards.
- SWH manufacturers, installation firms, industry associations.
- Real estate developers and property management firms, project developers and house
builders.
- Architects, engineering & design institutes, research institutes and universities.
During the development of the report, the authors were impressed by the great interest shown by
the Chinese Ministries, principally NDRC, MoST and MOC and the SWH industry, architects
and developers. We are confident that the report will be well received by the key stakeholders in
China and elsewhere, both from the private and public sectors. We further believe that the report
will have beneficial impact on the further development of the SWH industry in China and
especially for improving the understanding of building integration aspects.

-20-

Integration of Solar Water Heating into Residential Buildings

2

Global Solar Thermal Market Overview

By the end of 2002, about 73 million m2 of solar collectors were installed in the world, of
which 55% could be found in China. Next in terms of market size rank the EU-15, Japan,
Turkey and Israel. Globally the solar water heater sector has tended to be a mainly
localized sector where local producers provide their products and services to the local
communities or domestic market. As such, the products and the ways these are integrated
or mounted to buildings vary considerably from country to country. Due to the increasing
maturity of the technology, more reliable and better quality products and increased public
awareness, the popularity of solar heating systems has been expanding in recent years.
Increasingly this has lead to cross border supply and increasing standardization.

2.1

Global Market

Today, the world’s energy supply is based mainly on non-renewable sources of energy: oil, coal,
natural gas and uranium, which together cover about 82% of the global primary energy
requirements. The remaining 18% is divided into approximately 2/3 biomass and 1/3 hydropower.
Clearly a less well developed yet abundant resource is solar energy and in an era of increasing
concerns over climate change and energy security it makes sense for society to invest now to let
the sun be a major energy provider for residential water and space heating in the future.
SWH markets around the world vary considerably from country to country, in terms of policy and
legal framework, technologies, products, systems, services, industry scale and structure, market
prices and economic conditions, promotion mechanisms and distribution channels and building
integration maturity. An overview of the global SWH market is presented in Table 1. This table
shows that China has the largest accumulative installation area in the world with 40 million m2 by
the end of 2002. It is followed by EU-15 with 11 million m2, Japan 7.30 million m2, Turkey 6.42
million m2 and Israel 3.5 million m2, and USA/Canada/Mexico together with 3,14 million m2
(figures for end of 2002). Indeed latest figures released for China show that this 2002 figure has
increased to 52 million m2 by the end of 2003. In terms of percentage market share, as shown in
Figure 1, China has the largest market share with 55%, followed by EU-15 with 15%, Israel and
Turkey together with 13%, Japan 10% and USA/Canada/Mexico together with 4%.
China produced and installed 10 million square meters in 2002, which represents a market share
of 79% of the total global production. The market in the USA/Canada/Mexico block showed
rapid annual growth of 40% in 2002. It was followed by the Australia/New Zealand area, China
and EU-15 markets with 30%, 27% and 14% annual growth rate respectively. The market in
Israel seems nearly saturated. Meanwhile the market in New Zealand and Mexico showed
promising growth.
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Table 1: Overview of the world market for solar collectors1

Accumulative

2

Installed

Installed area in in 2002
2

Annual m /pers

Population

growth

in million

2

2002 (million m ) (million m ) rate
China

40,00

10,000

27%

0,031

1300

EU-15

11,00

1,200

14%

0,028

387

Japan

7,30

0,314

0%

0,058

125

Turkey

6,42

0,630

2%

0,094

68

Israel

3,50

0,390

n.a.

0,583

6

USA, Can., Mex.

3,14

0,075

40%

0,008

408

Australia + New Zealand 1,33

0,115

30%

0,061

21,8

India

0,55

0,050

n.a.

0,001

1000

Switzerland

0,27

0,026

0%

0,037

7,2

World market

73,24

12,774

0,022

3315,8

In China, most of the installed collectors are used to prepare domestic hot water, and are sold
without subsidies. Solar water heating technology has made great progress and provides people in
urban and rural areas with cost-effective energy supply. The solar industry is working together
with the building sector to develop larger scale projects in new buildings and new districts. The
market is expected to grow continuously in the coming years. The installed collector area per
Chinese citizen (0.031 m2 per person) is still low compared to the technical potential (in the order
of 0.3 to 1 m2 per person). The Government of China has set up the following targets for the
industry development: 64 million m2, 129 million m2 and 232 million m2 of installed collector
area in 2005, 2010 and 2015 respectively.

The market in the EU-15 is mainly concentrated in Germany, Austria and Greece and
includes over a hundred manufacturers with 16,300 full time employees. The collector area
in operation is also concentrated in these three countries with about 80% of the EU-15 total
market. The European Commission’s target in the White Paper is to have 100 million m2 of
installed collector area by the end of 2010 for the EU-15.
In markets where water heating systems relying on electricity or other fuels have already been
installed, the development of SWH markets generally depends strongly on governmental policy.
Figure 2 gives an overview of the installed collector area per inhabitant and shows the large
difference even between the main markets. This can mainly be attributed to the financing support
from the respective governments, typically provided in terms of a subsidy. The market in Israel is
an exception, where the market was stimulated mainly by an obligation to include SWH in new
houses. Indeed, it is important to note that China is the only substantial SWH market in the world
without government subsidies or obligations.

1

Based on the recent publication of the European Solar Thermal Industry Federation (ESTIF) [3] and the IEA Solar Heating
and Cooling programme [4] and information from other sources.
The table is limited to glazed solar collectors, including evacuated tube collectors. Other sources mention different market size
figures for some countries.
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Installed collector area world-wide in 2002
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Figure 1: World collector area by economic area in 20022

2

Source: IEA, ESTIF, China SWH annual report
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Figure 2: Installed collector area per 1000 inhabitants

The markets for solar water heaters are typically local. Most manufacturers are mainly small and
medium size enterprises which provide products and services for their local and domestic
markets. The trend is however that the large manufacturers expand capacity of production and
export their products to other countries.

2.2

Building Integration

With the increasing popularity of SWH systems in residential and commercial buildings, the
visual appearance of SWH systems on buildings is becoming a much more important factor for
architects, home owners and city planners. During the early development stages of the SWH
industry and market, more attention was given to the technical performance and price of the
installed systems, however nowadays environmental friendliness, aesthetics and ease of
maintaining and using the systems are becoming much more important factors. This challenges
key stakeholders in the SWH industry, particularly SWH manufacturers, house builders and
architects, on the aspects of correct best practice building integration.
Indeed one question that needs to be asked is what is correct best practice building integration?
Unfortunately as yet there is no perfect definition. Most SWH-systems are somehow connected to
a building. Even a thermosiphon system on a flat roof of a building is connected to the building.
Current building integration can therefore be seen to range from nearly no integration to well
integrated systems, both technically and aesthetically. Furthermore the perception of the term
building integration differs from country to country. Therefore the definition will not be resolved
in this report, instead we will loosely use the basic common view that ‘integrated solar heating
into buildings’ is connected to the aesthetical design as well as good system design, the correct
integration into the building shell and the correct integration with other building installations and
design considerations.
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From this ‘definition’ we see that there are several aspects to building integration. We distinguish
five aspects:
1) Appearance: The way in which the solar heating system affects the aesthetics of a building.
A collector can be visible as an ‘add-on’ or integrated in the building design.
2) Building structure: Solar collectors are appropriately installed and have an appropriate
lifetime to ensure that the functions of load bearing and water proofing of the building are
not affected. Furthermore the abilities of the system and structure to resist strong wind,
heavy snow, hail, and other environmental factors should also be ensured.
3) The technical installation in the building: Solar circulation piping and water supply piping
are reasonably distributed, i.e. length of hot water pipes are as short as possible, pass-holes
for pipes in the building are prepared in advance. The design of the whole heating system is
adapted to the solar heating system and the design is well matched. Space heating systems
can be considered a further form of integration of the solar heating system with the whole
heating installation.
4) Building regulations: If a solar heating system is part of a building it should fulfill all the
existing building codes and certificates that exists for residential buildings. In some cases
building integration is difficult, because existing regulations are not adapted to SWHsystems and a strict interpretation of the building code does not allow a SWH-system to be
integrated in the building. The government can improve the building regulations to allow
building integrated SWH-systems of even enforce the installation of SWH-systems.
5) Building process: For the best solution, the integration of solar heating into the building
should be considered early in the building or the renovation design process, as this gives the
best opportunities for well integrated solutions and lower costs.

2.3

Players Involved in a Typical SWH Building
Integration Project

Many stakeholders affect the market for solar water heaters in buildings. The main stakeholders
are the manufacturer producing the system and the end user. In the sales process for existing
buildings these main stakeholders are typically linked by an installer or a small shop, selling
SWH-systems. In the case of new buildings many more stakeholders are involved. In Figure 3 an
overview is given of these stakeholders. International experience shows that it is crucial to get
solar heating systems considered as early as possible in the building design lifecycle, so that it
can be a well integrated component of the building design and be dealt with appropriately in the
rest of the building process. Furthermore once the construction is finished consideration should be
given for who owns and manages the solar heating system.
The government at national, regional and local levels is also involved in the process, as they
formulate relegations and rules on the living environment. They are responsible for local
renewable energy development and can have considerable influence for improving SWH design
and market development through the appropriate issuance of construction permits.
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End User

End User

Building Owner
Management Company

Contractor
Shop/Installer
Developer

Architect

Manufacturer

Local Government

Manufacturer

Figure 3: Overview of the stakeholders in the market chain.

2.4

Market Barriers and Ways the Market Players Are
Overcoming Them

The markets for solar water heaters are different around the world, but the barriers for sustained
and higher market growth are quite similar. They are comparable to the barriers found for other
consumer goods and can be summarized as the ‘four A’s’:
Acceptable (quality, ease of installation / maintenance and performance): barriers exist if the
system quality does not meet expectations and the systems are not simple to install and
maintain. Furthermore lack of knowledge and concerns about performance restrains buyers
from purchasing the system.
Affordable: the initial investment can be higher relative to other technology choices and lead
to a longer payback time.
Available: in some countries it is difficult to buy a system, as it is hard to find a reliable
supplier and installer. The trend is especially true in the consumer market, as users are not
prepared to make a lot of effort to buy products.
Awareness: Consumer awareness about the Solar Water Heating option means that there is
little end user demand on developers to ‘pull the market’ and this lack of knowledge acts as
a barrier to market development.
The manufacturer is of course the main stakeholder in overcoming these barriers. His role is to
make the system acceptable (high quality, easy to install) and affordable. He can also work on the
marketing of his systems and improve the awareness and the availability of the systems. In some
markets this role is played by the installer. For new buildings more stakeholders are involved.
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Mostly the stakeholders that drive the market are the manufacturers and the government, for
larger buildings the end user has little impact on the design. The main decision maker is the
developer of the building and the ‘four A’s’ should be addressed to him, where ‘affordable’
should possibly be changed to address the developer’s marketing and profit concerns.

2.5

Outlook

Solar water heating, as a key application of renewable energy, is considered as one of the
alternatives in helping to reach national targets and international commitments on renewable
energy and reductions in CO2-emissions in a number of industrialized countries. Solar water
heaters are also considered in a number of countries, including China, as an economical solution
for providing domestic hot water to households. It is expected that the market for solar water
heating will continue to grow worldwide, with a tendency to a more constant growth rate in most
countries. As the market grows, correct integration into buildings will become more and more
important.
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3

Global Status of Solar Thermal
Technologies and Building Integration

The increase in the use of solar collectors for domestic hot water preparation since the early
eighties has shown that SWH systems have developed to a mature and reliable technology.
A broad variety of solar domestic-hot-water systems have been developed and adjusted to
the needs and meteorological conditions around the world. Simple thermosiphon systems
are mainly used in low latitudes without frost during the cold season. More advanced
pumped systems are in use mainly in higher latitudes due to the lower outdoor air
temperatures and frost in wintertime. Large collective installations with seasonal energy
storage are not yet widely used.
From a building integrated perspective, there are a large number of examples to be found
around the world of projects where special attention was given to the integration of solar
heating products into buildings. Beside the technical and economical reasons there is clearly
an increasing trend to consider the aesthetical reasons for building integration of solar hot
water systems.
Solar water heating systems are currently widely applied in the residential sector for single-family
houses and multifamily houses. Larger scale installations are mostly used in public or commercial
buildings. Industrial applications, district heating and solar cooling have not yet been widely
applied, although a large potential market certainly exists.

3.1

SWH Systems

In this section, we give a brief overview of the main system types and sizes, as a full introduction
to the components and design of solar water heaters can be found in numerous good resources
[7], [8], [9]. Solar water heaters are normally designed to cover 100% of the hot water demand in
the summer and 40% - 80% of the total hot water demand over the whole year (for an example
see Figure 19). Depending on the location, the climate and desired solar fraction, a typical solar
domestic hot water system needs about 2 – 6 m² collector area and a 100 – 500 liter water tank for
a one-family house.
The three main types of systems - natural circulation, forced circulation and drain-back - are
discussed in the following sections. It should be noted that all three of these system types can be
either direct systems – with domestic water in the collectors – or indirect systems – with one or
more heat exchangers to separate the fluid in the solar collectors from the domestic water.

3.1.1 Gravity-driven Systems
Domestic Hot Water

with

Natural

Convection

for

The so-called thermosiphon system consists of a solar collector situated below the hot water tank,
with piping which allows natural circulation of the heat transfer fluid into the tank (Figure 5). It
uses gravity differences between the cold water and heated water to circulate the heat transfer
from the collector to the water tank.
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The thermosiphon solar thermal systems are widely used, almost always as standardized products,
at lower latitudes, the southern European countries (Figure 4), Israel and Australia. They are
usually used for domestic hot water preparation and mounted on flat roofs. Advantages of the
system are easy operation and installation as they operate without electricity for pumping and the
controller, and also they have low investment and operation costs.

Figure 4: Thermosiphon systems in
Greece

Figure 5:

Principle of a
thermosiphon system

3.1.2 Forced Circulation System
In forced-circulation systems, the collector can be above the store, and is often mounted on or in
sloped roofs. The trend is to replace the roofing material so that the collector is embedded in the
roof and not on top of the roof. More advanced pumped systems are used mainly in higher
latitudes, with protection against the lower outdoor air temperatures and frost in wintertime.
In these systems, heat produced in the collector is transported by a heat transfer medium
(water/anti-freeze mixture) that is circulated by a pump to the water tank (Figure 6). There, the
heat is transferred through a heat exchanger to the domestic water and thus becomes useable. A
key characteristic of the system is that the collector and the water tank can be located separately,
which makes it easier to integrate the solar heating system with conventional heating systems,
e.g. electricity or gas heater or combi-system. Specific measures for overheating protection are
needed, such as a well-placed expansion vessel large enough to contain the collector fluid when
the collector boils dry.
In the central and northern European climate, indirect double-circuit systems with forced
circulation are mostly used (Figure 7).
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Figure 6: Typical domestic solar hot water system
for a single family house in Austria

3.2

Figure 7: Hydraulic scheme of a hot water
system with forced circulation

Drain-back System

Drainback systems are pumped systems, but there is a critical difference as the collector circuit is
not completely filled with water, but also has air in it. When the pump switches off (during the
night, in case of frost danger or in case of overheating danger) the water in the collector flows
down and is replaced by air. As a result, ice cannot be formed and damage is, therefore, avoided.
The water also drains back if the heat store is fully charged and overheating could occur. Then,
the draining of the collector avoids boiling of water and high pressures inside the system.
Although the drain-back concept is simple, draining a solar collector requires special qualities in
hydraulic design. The major feature is that every pipe (from the top of the solar collector loop to
the point in the house where freezing will not occur) must slope downwards and that the collector
must be designed to completely drain.
Figure 8 shows four examples of the drain-back concept where the drainback volume has been
integrated into the heat store or into the heat exchangers in the store. Drain-back systems are in
operation mostly in the Netherlands and have recently emerged in in Germany and Austria. In
China, simple direct drain-back systems can also be found.
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Figure 8: Different implementations of indirect drainback systems

3.3

Large Solar Water Heating Systems

Apart from the above-described smaller systems mostly used for single-family dwellings, the
market for large systems has grown considerably in the last years. Large systems, generally
considered to have a collector area above 20 m2, are used for multi-family houses, hotels, elderly
homes, care centers, sports centers, prisons and other buildings with a large demand for hot water.
Furthermore large solar thermal systems are increasingly being used for housing estates
connected to a district heating grid. Because of the large size, an increase in system performance
and a decrease in investment per unit output can be realized. Three major system design
categories can be distinguished:

3.3.1 Systems with Short-Term Storage
The typical storage volume referred to the installed collector aperture area is in the range of 50-75
l/m² for a system with short-term storage. With this design a short period of a few days with little
sunshine can be bridged. In doing so, the solar fraction of the systems is mostly limited to a
contribution to the hot water production, and therefore to a maximum of about 20% of the total
heat demand (space heating, domestic hot water preparation and net losses) in temperate climates.
In sunny, warmer climates the percentage may be higher because the heating demand is smaller.
Several of these systems have been realized in Germany, the Netherlands and Austria.
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3.3.2 Systems with Seasonal Storage
In several countries with long, dark winters, large central solar heating plants with ‘seasonal
storage’ have been realized. With these large storage capacities, the solar heat produced in the
summer months can be used for space heating in winter time thus leading to a substantially higher
solar fraction of 50% to 70%. For solar heating systems with seasonal storage the storage volume
referred to the installed collector aperture area is about 2.000 l/m² and this is often realized
through using a large underground rock structure as the heat store. These systems have a long
‘tradition’ in Sweden and also in Germany. Notwithstanding their large size (up to 10,000 m² for
one system), these systems generally have longer payback times than systems with short-term
storage. Installations with seasonal energy storage have not been widely applied, but could be a
promising market for the longer-term future.

3.3.3 Systems with Weekly Storage
With the third approach, mainly realized so far in Austria, a high solar fraction is obtained by
reducing the space heating demand of the buildings as far as possible by optimizing the district
heating net to the needs of the solar heating system. Typical storage volume referred to the
installed collector aperture area is in the range of 200 to 400 l/m² for a system with medium-term
storage.
Table 2 gives an overview of these three system types. For more information, see [8].

Table 2: Overview of large solar thermal system types.

System with short- System with weekly System with long-term
term heat storage
Solar heating system

DHW

used for

Solar fraction as a % of 10 to 20%
the total heat demand
Collector

area

apartment
Storage volume per m²
of solar collector
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DHW and space
heating

heat storage
DHW and space heating

30 to 40%

40 to 70%

2 to 4 m²

4 to 10 m²

10 to 40 m²

50 to 70 l/m²

200 to 400 l/m²

2000 to 4000 l/m²

(50 to 70% of DHW)
per

heat storage
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Figure 9: Examp le of a solar water he ater for a multifamily house (So urce: A KS
DOMA)

3.4

Solar Combi-systems

A separate technology category is for solar heating systems with combined domestic hot water
preparation and space heating, called ‘solar combi-systems’. These systems, which can be
installed in single houses or in larger buildings, are essentially the same as solar water heaters
when considering the collectors and the transport of the produced heat to the storage device. But
solar combi-systems are more complex than solar domestic hot water systems, as there is more
interaction with an extra subsystem – the space heating installation. And these interactions deeply
affect the overall performance of the solar part of the system. The general complexity of solar
combi-systems has led to a large number of widely differing system designs [9].
The collector size of a combi-system for a single house is about 7-20 m2 and the storage tank has
a volume in the range between 300 and 2000 liters. The amount of heat needed for space heating
depends on the building size, thermal insulation, ventilation, passive solar use and internal heat
loads. For best overall efficiency, collectors should be operated at the lowest temperatures. At
higher temperatures, the system may lose too much heat.
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Figure 10: Hydraulic scheme of a solar combi-system [9]

In 2001 the total collector area installed for solar combi-systems in eight European countries (the
region where these systems are most applied) equaled 340,000 m². Assuming that the average
collector area for a combi-system is 15 m², this means that about 22,600 solar combi-systems
were installed in 2001.

3.5

Global Practices in Building Integration

The way in which solar heating systems are mounted on or integrated in buildings differs strongly
from country to country and in this section an overview is presented based on the case study
review included in Volume 2.

3.5.1 Architectural Aspects
Building Integration concerns the physical integration of a solar heating system into a building,
but it also covers the overall image of the solar heating system in the building. For the architect,
the aesthetic aspect, rather than the physical integration, is the main reason for talking about
building integration. The optimal situation is a physically and aesthetically well-integrated
system. In fact, many examples of physical integration show a lack of aesthetic integration. Visual
analysis of solar heating systems in buildings shows that the appearance of poorly designed
building does not improve just by adding a well-designed solar heating system. On the other hand,
the aesthetics of a well-designed building could be damaged by a a poorly designed solar heating
system.
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A number of aesthetical criteria for the architectural integration of solar heating systems are:
Natural integration
The solar heating system seems to form a logical part of the building and adds the finishing
touch to the building.
Architecturally pleasing
The building should look attractive and the solar heating system should noticeably improve
the design. This is a very subjective issue, but there is no doubt that people find some
buildings more pleasing than others.
Good composition of colors and materials
The color and texture of the solar heating system should be consistent with the other
materials.
Fit the gridula, harmony, and composition
The dimensions of the solar heating system should match the dimensions of the building.
This will determine the dimensions of the modules and the building grid lines used. (gridula
= modular system of lines and dimensions used to structure the building)
Matching the context of the building
The solar heating system used should be consistent with the entire appearance of the
building.
Well engineered (internally in the building and externally)
Here the elegance of the details is meant rather than the waterproofing or reliability of the
construction. Designers should pay a lot of attention to the details and ideally minimize the
amount of material to be used in integrating the solar heating system with the buildings.
These considerations will influence the ease of implementation of the solar heating system in
the building and the subsequent ease of operation.
During the design process, these architectural criteria often need to be explained, particularly to
non-architects and manufacturers developing solar heating systems for integration into roofs and
façades, who often believe that their systems fit the building perfectly. In general however,
architects are not yet convinced about the ´beauty´ of solar heating systems in buildings.

3.5.2 Technical Aspects
In this section we introduce a few of the technical aspects to consider for building integration with
a more detailed outline included in Appendix 1.
Technical integration of SWH systems in a single-family house is relatively easy. Only a few
square meters of the roof are needed for the DHW system. In several countries in Europe the
collectors are routinely integrated into the roofs. Figures 11 to 14 give some examples of
integration of solar collectors into residential buildings found in different countries.
Recently a new invention in building integration has been constructed in the Netherlands. The
solar ridge (Figure 15) is a cylinder-shaped domestic solar hot water system integrated into the
ridge of the roof. In this case a south-facing roof is no longer needed. This solution is also very
suitable in some older (traditional) houses.
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Figure 11: Small domestic hot water system

Figure 12: The fully integrated solar roof. This solution is suitable for smaller
apartment buildings.
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Figure 13: This north-facing roof was not suitable for integration so the architect
used the south facade in a creative way.

Figure 14: Solar collector integrated between the tiles on the roof.

Figure 15: The solar ridge (Ekonok)
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Figure 16: Domestic

solar

hot

water
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In case of space heating, the roof must be large enough for the larger area of solar collectors – up
to 20 to 50 m2 for advanced systems with high solar fractions for low-energy houses. An extreme
example is found in Almere, the Netherlands, shows a single family house with 70 m2 of collector
area and 40 m3 of store tank. The system supplies about 95% of the heat demand of the building.

Figure

17: This house uses a huge 40 m3 storage tank for a thermal solar heating
system for space heating and domestic hot water use.
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Figure 18: The scheme shows how the water tank is used to store water with
different temperature levels.

In the case of an apartment building the integration approach needs to be different. For medium
rise buildings, such as those shown in Figure 12 at Gneis-Moos, the solar output from the
available roof space can be maximized through using a fully integrated solar roof. Figure 19
below the measured heat balance for the Gneis-Moos project in Austria. The design concept was
to provide for “weekly” storage and the project had a collector area of 410 m2, a storage volume
of 100 m3, a solar fraction of 34% and served 61 apartments. As can be seen from the heat
balance, the system provided nearly all of the required heat load in the summer months.
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Figure 19: Heat balance 2001 for the project Gneis-Moos, Salzburg, Austria
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For high buildings with more than about 10 to 15 floors, the amount of square meters needed for
solar hot water systems will exceed the available surface of the roof. The principal options are
then to provide solar hot water to the top floors only, or to use the façade of the building. In
Northern European countries the use of solar heating systems in the facade is rather common and
useful because of the lower sun angle in the space heating season. Depending on the latitude a
different angle is needed. This gives the designer new ideas and possibilities for the integration of
solar heating systems in the facade. For example, some systems are integrated as large awnings
above the windows.
As an example of successful façade integration of solar collectors, the system shown in Figure 20
and Figure 21 for a student’s apartment block is designed for 570 people each using on average 31
liters of hot water (at 60°) each day. Collectors provide heat for the water store tank of 7000 liters.
Two smaller store tanks of 1500 liter contain the water for direct use. Auxiliary heating by means
of the use of waste heat is also integrated in the total system.

Figure 20: Student apartment block in Germany, the facade is covered with
evacuated solar tubes.

Figure 21: The syste m covers 35% of the domestic hot w ater for the 464 student
apartments.
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Another aspect of integration is the way the solar heating system is integrated into the other
energy installations in the building. The SWH systems could be integrated with a central heating
system of a single family house, with a central heating system for an apartment building or with a
block- or district heating system. In north European houses which normally have a central heating
system, SWH can be integrated into the central system. There are also multi-apartment buildings
where central collector fields are coupled to individual store tanks in each apartment.

3.5.3 Building Integration Process Aspects
Solar heating applications are in most cases mounted on or in buildings. This means that for new
buildings, solar heating installations are part of the construction process. The way the solar
heaters are taken into account during the construction process differs from country to country and
also depends on the scale, culture and type of financing of the building projects. In countries such
as Denmark, the Netherlands and the United Kingdom, where public housing is common, serial
production is strongly emphasized in construction projects. Professionals such as project
developers, builders and architects implement construction projects using a standard structure of
process steps. When solar heaters are included in the early (design) stages of that construction
process, good possibilities arise for roof integration in single-family houses and for façade and
roof integration in apartment buildings. Still too often, solar collectors are ‘added’ to the building
in the latter stages. This can lead to less than optimal solutions in terms of aesthetics (for example:
collectors mounted on top of the roof instead of in the roof), economics (collectors mounted on a
finished roof instead of during the construction of the roof) and efficiency (sub-optimal placement
of the store or piping).
In countries where the government has less influence in house construction, the building process
is more often a private initiative carried out by professionals as project-developers. Also here it is
advisable to take the solar heating installation into account throughout the process of design and
construction.
When collectors are mounted on existing buildings, various situations arise. In buildings being
thoroughly refurbished, opportunities for integration appear as in new construction projects. When
solar installations are retrofitted on buildings as a separate project, there are less possibilities but
still attention can be paid to connect the solar heater to the building in a correct and attractive
way.

3.6

Practices in China

In the Chinese market, the cost of a solar heating system seems to be the main factor. However in
new developments there is a growing interest for attractive looking residential housing. Solar
heating systems that can be seen on most apartments buildings today are not well integrated at all
because the market is mainly a consumer oriented ‘retrofit’ market and as such there is little scope
or interest to integrate well the building integration aspects (see Figure 22).
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Figure 22: Example

installation

showing

lack
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There is a danger that solar heating systems, commonly perceived as being ‘on-roof mounted’ and
lacking in aesthetic appeal, will be rejected by project developers because in general the
aesthetical quality of their projects is becoming more and more important as a selling point. Solar
heating systems therefore have to keep up with this development in order to keep their market
position, thus underlining the importance of good integration.
We show three examples of residential housing in Kunming. The first project is about 10 years
old. The solar heating systems are mounted on the flat roof and are facing south. The second
project is a high quality product. These houses in a nice landscape setting have a modern western
style and are very popular but unfortunately there are no solar heating systems. The third project
is also in a modern western architectural style but here we see ‘in the roof’ integrated solar
heating systems.
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Figure 23: Common practice

Figure 24: New

high level residential area, one of the

potential markets

for

integrated solar collectors in China
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Figure 25: Integrated solar heating systems

3.7

Outlook

Building integration is becoming more and more important as the solar water heater market is
becoming more mature. Building integration will need to consider both technical and economic
aspects but also the aesthetic. In China, new higher value houses have already begun to
incorporate aesthetically pleasing designs with quite complex technical systems which are almost
on par with those in European countries. However the key questions remain how to develop better
integration for the medium and high rise buildings where typical ‘on-roof’ approaches will not
provide the required output and performance and how to develop the medium and lower end of
the market where cost is a more sensitive consideration than aesthetics or integration.
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4

Global status and trends in policy
measures

The main solar water heater markets in Europe have seen various stimulation measures
from national government and local authorities through legislation, financial and tax
incentives and information dissemination and marketing campaigns. Besides these market
stimulation measures, there have also been several accompanying measures like subsidies
for product development, setting up of standards and certification systems etc. The key
point to note in markets that have grown organically (i.e. without strong stimulating
measures, like the Chinese market) is how to regulate quality and promote better building
integration without disturbing the market’s underlying economic rationale.
The driving forces for governments to develop renewable energies are based on the increasing
focus on sustainable energy supply. Increasing the share of renewable energy in the energy
balance enhances sustainability through helping to improve security of energy supply by
enhancing the use of locally available resources and through reducing carbon dioxide (CO2)
emissions, a key greenhouse gas. SWH are considered as one of the alternatives in helping to
reach national targets and international commitments on the use of renewable energy and
reductions in CO2-emissions.
Governments can – and in a number of countries already do - stimulate the SWH market by
enforcement of legislation, financial incentives and indirect market stimulation, e.g. funding
R&D programs, supporting national standards and quality label activities, national promotion
through well-designed information dissemination campaigns and events to promote innovative
designs, removing bottlenecks and through other public awareness rising. Effective market
stimulation strategies of the government mostly integrate several of these measures and a good
overview of all the measures that European countries take to develop the market is given in the
Soltherm European market report [6].

4.1

Legislation

Most experiences have shown that legislation is an effective tool to promote solar water heating
markets. The legislation for solar water heating can take several forms: regulations to promote the
use of solar energy, introducing ‘solar friendly’ building regulations and ensuring regulations on
water quality in buildings take into account SWH considerations.

4.1.1 Regulations to Promote Solar Heating
Different types of regulation that actively promote the use of solar water heaters are:

-

Obligation to use solar water heaters in new buildings or at least prepare the buildings
for their future ease of installation;

-

Obligation for new buildings to reach a certain energy performance (as the new
European Directive in this field);

-

Obligation for energy producers to reach a certain fraction of renewable energy in their
production.
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Establishing regulations to promote solar heating have several advantages:
-

There is very little cost for the government – only the effort to bring the regulation in
place. The public carries the cost of buying and installing the products.

-

It may be politically easier to establish new regulations than to revise existing
regulations.

-

In general, ‘solar-positive regulations’ such as exemptions from building permits, energy
performance regulations or obligations for implementation of solar energy have a generic,
long-term effect and are less susceptible to political influences than subsidies. This is an
important characteristic because strong or fast variations in the investment and market
climate can be very detrimental to a sound market development.

Disadvantages include:
-

The fact that the society bears the cost associated with – for instance – obligatory solar
water heaters sets a limit to the possibilities to enforce solar water heaters by
regulations, because the public will not accept very high additional cost.

-

Another problem with regulations is that it is only effective in sectors were the
government already has regulatory power. For existing buildings for example, it is more
difficult to use regulations than for new buildings.

-

A third problem is that the regulation should fit into all other legislation, for example
cities or provinces are sometimes not allowed by the national legislation to enforce an
obligation for solar water heaters.

When considering which regulation to adopt further points need to be considered. For the
obligation on energy performance for buildings, this is only effective at stimulating solar
water heating technology, if the performance standard is set at a low energy use level. For the
obligatory fraction of renewable energy approach, this could only be effective if solar heating
can be counted as renewable energy production.
4.1.2 Removing Barriers in Building Regulations
It is sometimes overlooked that building regulations - that are otherwise useful – are not
sufficiently adapted to solar heaters and therefore can seriously hinder the market development.
Therefore, it is also important that governments (national, regional and local) check building
regulations and other laws for bottlenecks that unnecessarily hinder the introduction of solar
heating appliances, and try to make these regulations more ‘solar-friendly’.
In some countries, the procedures to obtain a building permit to install a solar water heater are so
costly and complicated, that many solar installations are built without a permit. This also implies
that the consumer has no access to any existing subsidies and that all involved parties take
unnecessary risks. In other cases, the consumer has to go through significant cost and/or work to
obtain all necessary permits. In several of these cases, simplification or adaptation of such
regulatory barriers has proven to facilitate the realization of an improved market for solar water
heaters.
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4.1.3 Impact of Water Quality Regulations
Regulations on drinking / domestic water quality can have a very strong effect on solar water
heating technology and market development. Aspects that are important for solar water heaters
include:
Temperature requirements: in many countries the maximum temperature of the water coming
out of a tap is limited to for instance 50 ºC in order to prevent scalding or injuries. The European
standards for solar water heaters require a thermostatic mixing valve to be mounted downstream
of a solar water heater, to prevent high temperature safety problems.
Legionella prevention: in some countries, special measures must be taken to prevent the
contamin of water with the Legionella Pneumophilia bacteria, which can cause an acute and
lethal form of pneumonia. These measures can include a minimal temperature level of the hot
water, periodic heating to high temperatures and / or rinsing of the installation, or restrictions to
the design. Combined with the above-mentioned temperature requirements, this leads to strongly
different situations. For instance, in Germany tap temperatures of over 50°C are considered
unsafe, while in the neighboring Netherlands the water should be heated to a minimum of 60°C to
prevent Legionella problems (and in fact water with a temperature of up to 90°C can be tapped
from some hot water installations). This is a barrier to internationalization of the market; through
harmonization of standards and regulations the situations are slowly converging.
Pressure resistance requirements: the pressure that a water installation should be able to
withstand varies widely per country. In the UK for instance there are many pressureless, vented
hot water installations while on the European mainland pressure peaks of up to 10 bars must be
withstood. Obviously this has a strong effect on the design (and pricing) of the solar water
heaters.
Material use and contamination: many countries have regulations concerning the materials and
fluids that may be used in water appliances, in order to warrant the safety of the domestic water.
For instance, the use of glycol or other non-water fluids may be restricted or the use of rubber
materials is limited.
In several cases, different technologies for solar water heaters were developed as a result of such
drinking water regulations. For example in Germany, hot water installations that contain 400
liters or more domestic hot water must fulfill a large number of anti-Legionella requirements.
This has led to numerous different ‘store-in-store’ concepts to reduce the amount of domestic hot
water stored. In the Netherlands, strict regulations concerning the use of glycol have led to the
development of drainback systems that only contain water. This means that drinking water
regulations can have a significant effect on solar heating products, and therefore also on their
cost-effectiveness.

4.1.4 Regulations in Selected Countries
Regulations are mostly bound to countries or regions; therefore important highlights have been
selected to illustrate several aspects of the effect of regulations on the solar water heating market
of a specific country or region. Some countries with important solar markets have no regulations
or directives with specific impact on solar heating. Here the market promotion regulations in four
countries or regions are introduced with further information included in Volume 2.
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European Commission - Energy Performance of Building Directive
In 2002, the European Commission has adopted a Directive [12], which requires member states to
reduce energy consumption in buildings for heating, air-conditioning, hot water and lighting
purposes. The main elements of the Directive are:

-

An agreed methodology for calculating the energy performance of buildings;

-

Minimum energy performance requirements, for new buildings and for major renovation
of existing buildings larger than 1000m2;

-

Energy performance certificates to be made available when buildings are constructed,
sold or rented out;

-

Regular inspection of boilers and air conditioning systems.

All member countries of the European Union are required to transpose this Directive into national
legislation by January 2006. The solar thermal industry is convinced that this European regulation
has the potential to play a key role for solar thermal energy in the coming decade, and has started
actions to ensure a proper role for solar thermal installations in the national legislations.
Israel – National obligation
Israel has a relatively old, large and stable market for solar water heaters. The products (almost all
small thermosiphon, flat plate systems not unlike the flat plate systems sold in southern China)
are well developed and produced in large numbers. This market has partly been driven by a 20
year old national regulation requiring that every new building with a height of less than 27 m
should have a solar thermal system on the roof. However, the replacement market has also grown
strongly and presently about 85% of the solar water heaters sold are installed on existing
buildings, on a voluntary base. (Source: [3]).
Spain - Solar Ordinances
In Spain, governments are requiring solar water heaters to be placed on all new buildings, but
here it is the municipalities that are making the intervention. The first so-called ‘Solar Ordinance’
was established in Barcelona in 1999, in which solar water heaters were made mandatory on
buildings undergoing major renovations and new buildings. At least 60% of the domestic hot
water consumption must be covered by solar energy. With a few exceptions, the regulation
applies to all buildings with average daily domestic hot water consumption larger than 292 MJ,
which corresponds roughly to the average consumption of ten households. The effect of the
Ordinance has been large: the penetration of solar water heaters has risen from 1.1 m2 to 10.6 m2
per 1000 inhabitants. In the past years, numerous other cities and towns in Spain, including
Seville and the capital Madrid, have adopted regulations according to this ‘Barcelona Model’ so
that now more than one third of all people in Spain live in a town with a ‘Solar Ordinance’. Some
municipalities require solar water heaters on every building, which will consume domestic hot
water no matter how little. This shows that national, regional and local authorities can take very
effective action to promote solar heating (Source: [3]).
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Germany - Energy Saving Regulations
The German government aspires to make the energy supply sustainable and has taken a number
of measures in the last years, notably:
The eco-tax (tax on energy) has been raised annually since 1999. It is supposed to lead
towards more efficient use of energy. The proceeds are used for the pension insurance
scheme, so that the contributions can be kept low;
The comprehensive Climate Protection Program (‘Klimaschutzprogramm’) passed in 2001
in order to achieve the aim of a reduction of CO2 emissions of 25% until 2005 compared to
the year 1990. As part of the above-mentioned program, the Energy Savings Law
('Energieeinsparverordnung') became effective, which is leading to further reductions of
energy consumed by new buildings.
In 2000, renewable energies had a share of about 2% of the total primary energy mix and
contributed 5% of the total electricity production. Since then, the government decided to double
the share of renewables up to 2010. The Ministry for Environment is trying to achieve an increase
of 10% per decade to reach a share of 50% in 2050 of the energy supply by renewable sources.
Several studies were launched that proved the possibility of these plans. Although these
regulations have played an important role in the strong growth of the German solar heating
market in the past years, it was the combination of this regulation with an intensive and
comprehensive marketing activity that most probably caused the market boost.

4.2

Financing Incentives

Another way to stimulate market growth of SWH is by providing financial incentives, such as
subsidies and tax advantages. Financial incentive schemes can be used to facilitate the
implementation of government legislations on renewable energy law, energy performance of
building directives, mandatory policy on solar water heating. Ideally such schemes should
facilitate technology innovation and dissemination, accelerate the creation of a viable market
structure, harmonies market integration and improve the economic scale of projects. However,
financing incentive schemes are a more costly way from the point of view of the public purse
than legislation as a means to stimulate the market by funding the end user to purchase a solar
water heating system

4.2.1 Subsidies
In most countries the investment in a solar water heater is much higher than a traditional system
and the payback time is longer. A subsidy is therefore an obvious incentive. In Europe it has been
shown that the countries with a subsidy for solar water heaters show a higher market growth than
other countries as seen in Chapter 2. Therefore it can be concluded that a subsidy is an effective,
if more costly way for a government to stimulate the start of the solar heating market. Once the
market becomes bigger, subsidies may become too costly and distort the market.
Besides the direct effect of the reduction of the price, the subsidy also has an indirect effect. The
subsidy shows that the government approves the solar technology and that the government is
serious about CO2-reduction, climate policy or similar goals. Consumers appreciate this signal
and have more confidence to buy a solar heating system.
Mostly the subsidy is given on the investment if the solar water heater falls within a defined set of
requirements. There is often a minimum quality requirement on the hardware. More advanced
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subsidy schemes couple the subsidy to the output of a solar water heater according to
international CEN or ISO standards. This is more complicated, but poor quality systems will be
effectively removed from the market. In most cases the subsidy is a fixed price per system or
fixed price per square meter of collector. A fixed amount per unit of heat delivered (according to
standard tests) is also sometimes used.
In many countries the word subsidy is not used but it is called a grant or a rebate. The reason is
that subsidies are considered to be an ineffective way to spend money from the government. In
some cases, subsidies can be given to the supplier of a system instead of to the buyer. This takes a
certain amount of work out of the hands of the consumer, who then only needs to pay a reduced
price.
It should be mentioned here, that subsidy schemes have been most successful in those countries
where the subsidy scheme had a long-term perspective (5 – 10 years). Short term (1 – 5 years)
subsidy schemes can in the worst case be counter-productive or have just a small market impact,
since industry investment needs a long term prospective for stable market development. In some
European countries the sudden end of a subsidy led to a market set-back or to a collapse of the
market. This can be overcome by gradually decreasing the level of subsidy, until the level is low
and the market is mature enough.
In summary, the main advantages of using subsidies are:
Subsidies are a proven and effective means to increase the market
A subsidy shows that the government sees SWH as a good option and therefore the
confidence of consumers will increase
By giving subsidy only on products of proven quality, governments have the possibility to
stimulate good quality products
The main disadvantages are:
The government has to set aside significant budgets for the subsidy, especially with large
markets.
If the subsidy is ended abruptly, the market decreases and the long-term effect becomes
questionable.
A lot of paperwork is needed to arrange the handling of many small subsidy requests
If insufficient budget is allocated, the subsidy may cause the market to become unstable, the
market may start to show a ‘stop and go’ character which will not contribute to sustained
market development.
Some examples of subsidy schemes are given below with more information available in volume
II, [3], [6].
Australia
In Australia a solar water heater is allocated renewable energy certificates; the number allocated
depending on the expected electricity saved over a 10-year period. The certificates can be sold.
Currently prices are approximately AU$ 38 (per MWh). This translates into a subsidy of about
500 Euro for an average solar water heater. This system is part of the Renewable Energy
Electricity Act and is administered by the Office of the Renewable Energy Regulator
(www.orer.gov.au). The state of Victoria, in Australia also offers a rebate on approved solar
water heaters. The rebate level varies with system performance, up to AU$ 1500 per system.
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Germany
Subsidies for SWH system have been provided in Germany both from the national and federal
state governments since 1995. In 2001, homeowners could get a double subsidy for replacement
of an old boiler, which was more than 10 years old, in combination with a solar thermal system.
The subsidy was 125 Euro per m2 of collector in 2003 and 110 Euro in 2004, for which the
collector needs to reach a certain quality level.
The Netherlands
The Dutch subsidy scheme EPR (Energie Premie Regeling) of the national
government was introduced in 2001. The 700 Euro subsidy was provided to
individual home owners and property owners who installed a solar water heat
system with a minimum output of 3 GJ. In order to get the EPR subsidy, the
SWH system had to be installed and checked by certified installers and its
performance must be measured with the European test standards. The subsidy ended in October
2003, because the budget ran out.
The United Kingdom
In the UK the subsidy is not given by the government but by the Carbon Trust, an independent
fund that is financed by a small addition on the energy price. For households, a subsidy of £ 400
per system, independent of its size, is given when the products are in conformity to European
standards (see www.clear-skies.org for more information).

4.2.2 Tax Incentives
Tax incentives are similar to subsidy incentives, but it is often easier for a government to give a
reduction on taxes than giving an out of pocket subsidy. Tax subsidies are only effective for taxpayers and depend on the price of the system, not how well it performs. Often the tax reduction is
only possible for businesses. The forms that are possible are:

-

Exemption of the Gross Sales Tax or value added tax (set at a low level of this tax). This
is the case in Brazil and Portugal. In Brazil this measure has led to considerable
stimulation of the market; in Portugal the effect is found to be small.

-

Reduction in the profit tax for businesses (in the Netherlands). This is not effective for
individual owners, but it could benefit large systems owned by energy services
companies.

-

Tax deduction from the income tax, e.g. in Austria. This benefits mainly rich people, but
it is an effective measure.

Tax incentives have an effect similar to subsidies. The advantage is that the government is not
directly spending the money, but the government is missing some tax-income. Tax-incentives
have the limitation that they are only effective for tax-payers. Another disadvantage is that taxreductions are often only coupled to the investment cost and not to the quality of the system.
More examples of the tax measures can be found in volume II of this report.
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4.2.3 Cheap Loans
For solar water heaters the investment cost is in general higher than traditional system. The
benefits come in the years that the system is in use. For many people the high investment at the
beginning is a problem. A loan will help them to invest in a solar water heater. If this loan is on a
commercial basis the costs are often very high. Several governments supply cheap loans to help
buyers of a solar water heater. A disadvantage is that the administrative costs for the loan are high
compared to the investment.

4.2.4 Third Party Financing
Another form of financing is third party financing. This is mostly not provided by the government
but by a commercial business, e.g. an energy service company (ESCO). Several forms are
possible. It can be combined with guaranteed solar results and/or solar contracting (see 5.6).
Especially for high-rise buildings this option is interesting. A commercial business, like a utility,
invests in the solar heating system. The inhabitants pay for their hot water to the energy company.
Sometimes more parties like a bank can be involved. The utility often has a guaranteed solar
results contract with the supplier of the solar heating system, so that his risks are limited. This
construction is often called solar contracting. Examples of Solar Contracting can be found in
Austria, Germany, France and the Netherlands3. The customer pays a regular amount that is based
on the measured performance of the solar heater. This construction is even applied to complete
boiler houses with boilers for space heating and water heating in combination with a collective
solar water heater. The main advantage of third party financing is that the government is not
directly involved. Sometimes the financial construction of the third party financing is aimed at
getting tax-deduction, so that the government becomes indirectly involved.

4.3

Campaigns

Even if a financial incentive makes a solar water heater more attractive, a lot of house owners
would not buy one if they are not aware of the incentive and the benefits of solar water heating
systems. Raising awareness is decisive to overcome the information barriers faced by potential
users. It is often complementary to the other stimulation measures carried out by governments.
The governments can overcome this problem by funding a well-designed campaign. This can
range from a general awareness campaign to a more dedicated campaign that can be directly
targeted to customers and potential users. A good overview of the possibilities and experiences
with campaigns is given in [10].

3

Examples can be found in the tools database of Soltherm Europe (www.soltherm.org).
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4.4

Outlook on Policy

Experiences show that legislation based on law and long-term incentives are more effective than
short-term incentive programs. The past has shown that an active policy by the government will
help the market to grow. For the future it can be expected that the role of the government will
diminish as the markets becomes mature. Specifically for subsidies, these are only considered
useful for the early market development. If the market becomes bigger, tax incentives and
legislation are better options. In the end the market should be mature and the role of the
government should be similar to their role for other building products. Improvement of building
integration of solar heating products can be promoted by paying enough attention to it and
through any of the measures mentioned in this section. For instance, building regulations can be
designed to favor well-integrated projects, and a subsidy system can contain requirements or
advantages in favor of integration.
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5

Standards, Certification and Ways To
Ensure Quality of Installed Systems

It is of paramount importance that a high quality level of products and installation work is
ensured, so that the confidence of consumers in solar water heaters is increased and not
damaged. In this chapter a number of the most important standards and certifications are
highlighted. While the international standards of ISO have provided a helpful worldwide
base to harmonize testing of solar heating products, the European standards and the CEN
Solar Keymark have made a further step and provide harmonized quality requirements on
those products. In some countries attention is given to quality management of the
installation work, to guarantees on the output of large installations and to solar
contracting. Only one specific standard for integration of solar heating systems into
buildings is known to exist - in the Netherlands.
Customers buying a solar water heater want to know if the system is of good quality and if the
system gives hot water as stated in the specification. To measure the performance of a solar water
heater in a standardized way, national and international standards have been developed. One
further step is to introduce certification scheme where an independent organization guarantees
that the system has been tested according to the standards. Only recently have the first certificates
become available. Besides the standards for the solar heating systems themselves, procedures and
standards have been developed for installing a solar water heater. A third class of standards is
formed by building standards, which become relevant when the solar water heater becomes an
integral part of the building. The system should in that case comply with all the building
regulations. In some cases special standards or codes of practice have been developed to describe
how the solar heating system can be integrated in a building. This chapter gives an overview of
the standards that are available for solar heating systems.

5.1

Overview

The performance of solar heating systems is a result of two factors: the quality of its components
(collectors, tank, control units etc.) and the quality of the system design and its installation. In
some countries, the market is still in the process of recovering from wide spread faulty
installations of the first generation of solar thermal systems several decades ago, which severely
damaged the confidence in the technology even until today. Therefore quality management in the
form of standards and certificates is important to ensure a long-term market.
Standards – documents in which an agreed level of quality is described – and labels and
certificates – declarations from a third party that a product or service complies with certain
requirements - are an important infrastructure in the market. Although many standards and
certificates are voluntary – it is not forbidden to sell or install systems not complying with them –
they can give both the industry and the consumers a lot of clarity on what is a good product or
installer. Also in practice, the technical requirements set by national or regional authorities
granting financial incentives or permits often function as mandatory standards, since no customer
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would choose a product preventing him from getting a subsidy that is available for another
comparable product.
There are a number of standards on solar heating products and installations to be found in
different individual countries:
The international-level standards from ISO, the International Organization for
Standardization
The common European standards of the CEN (European Committee for Standardization),
adopted as national standards by all member countries of the European Union.

5.2

International-level Standards

Existing ISO standards either for solar collectors or for solar water heating
systems are only concerned with test methods; they do not contain requirements
for the quality of the products. The reason is that it would not be possible to
make one good set of requirements for solar water heaters around the world. An
important value of the ISO standards is that they have been used by most countries (and by the
CEN, see below) as basic material for national standards. This means that most national and
European standards on testing of solar heating products resemble the ISO test standards, and
therefore are also similar to each other.
At present, the ISO Technical Committee TC 180 has developed and published 3 standards
related to test methods for solar collectors and 5 standards related to test methods for solar water
heating systems. Besides, there are several standards related to solar terminology, solar spectrum,
solar radiation instruments and solar materials. In [13] and [14] a listing and description of the
relevant ISO standards and their meaning to the Chinese market is given.

5.3

European Standards and Certification

5.3.1 European Standards
The CEN Technical Committee TC 312 ‘Solar energy’ has published a set of
European standards on solar heating products in 2001. These European standards
provide a common base of quality requirements and test methods for Solar
Collectors [15], Factory Made Systems (solar water heaters that are brought on the market as
standard ‘kits’) [16] and Custom Built Systems (solar heating installations that are assembled and
designed for a specific location, both single-family and large installations) [17]. The titles are
given here:
Reference number EN 12975-1:2000: Thermal solar systems and components - Solar
collectors: Part 1 General requirements and part 2 test methods;
Reference number EN 12976-1:2000: Thermal solar systems and components - Factory
made systems - Part 1: General requirements. CEN publication date 2000-12-13;
Reference number EN 12976-2:2000: Thermal solar systems and components - Factory
made systems - Part 2: Test methods. CEN publication date 2000-12-13;
Reference number ENV 12977-1:2001: Thermal solar systems and components - Custom
built systems - Part 1: General requirements. CEN publication date 2001-04-25;
Reference number ENV 12977-2:2001: Thermal solar systems and components - Custom
built systems - Part 2: Test methods. CEN publication date 2001-04-25;
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-

-

Reference number ENV 12977-3:2001: Thermal solar systems and components - Custom
built systems - Part 3: Performance characterization of stores for solar heating systems. CEN
publication date 2001-04-25;
Reference number EN ISO 9488:1999. Document title: Solar energy - Vocabulary (ISO
9488:1999). CEN publication date 1999-10-01;

The standards contain quality requirements, connected quality tests and performance tests to
determine and report the output of collectors and solar water heaters. The fact that requirements
for products are given, is an important further step beyond the scope of the ISO standards.
Systems that comply with these CEN standards can be expected to have a good quality level and
their performance is presented in ways suitable for objective comparison. Compliance to these
standards is therefore a good indication of the quality of products throughout Europe. European
countries were obliged to adopt these standards as national standards and to discard conflicting
national standards.
The ISO TC 180 (see above) is now in the process of adapting some of the International Standards
so that they include new material from the European Standards and so that the differences
between CEN and ISO standards are minimized. In addition to these European standards there is
also the European ‘Solar Keymark’ certificate (see below) whose role in the market is bound to
grow further.
The CEN secretariat is located in Brussels [18] and all national Standardization bodies of
European Union members states are members of CEN. The standards are presently being used as
a basis for the development of Chinese national standards [19], [20].

5.3.2 CEN Keymark
The European Keymark for solar thermal products, called the Solar Keymark, is a
European certificate to help purchasers select quality solar collectors and systems
conforming to the European standards [21]. The Solar Keymark is the result of a
voluntary certification scheme supported by the European Solar Thermal Industry
Federation (ESTIF). The scheme became operational from the beginning of 2003. The
basic elements in the certification scheme are:
Certificates are delivered by empowered certification bodies
Test reports are delivered by accredited test laboratories
The products are delivered by licensed manufacturers fulfilling the requirements for factory
production control
The CEN certification mark - The Keymark - is a general voluntary mark, developed by the
European Committee for Standardization (CEN). The essential message of the Keymark is that
the product complies with the European Standard(s) covering the product (see above). For
products manufactured outside Europe, the CEN Keymark would provide a widely accepted way
of showing a European-level quality. The Solar Keymark will be issued in combination with a cooperating national certificate; national certificates are being adopted / developed in the framework
of this co-operation. Presently the Solar Keymark is serving as one of the inputs for the Chinese
national certification of solar products currently under development [13].
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5.4

National standards and certificates

National certification schemes / quality labels exist in most well developed markets and these can
be used to judge the quality of products and communicate it to consumers. Some of them fulfill
the requirements for the Solar Keymark. Also other guidelines for quality assessment are
available and local test institutes often issue test reports.

5.4.1 European countries
The goal of the European standards and Keymark for solar products – a harmonized, transparent
European market for solar heating products – is still far from being achieved. Many countries in
Europe have national or regional standards or certificates. An overview of important national /
regional certificates in Europe is given below.
Country

Name

Austria

Umweltzeichen
Walloon
Code of
Conduct

Belgium

France

Description
Das Österreichische Umweltzeichen is in operation. Adopting the Solar
Keymark is under consideration.
The Walloon Code of Conduct includes the product certification scheme.
There is a list of certified products. The national branch organization
BelSolar uses strict quality criteria for the products of its members.
The Scientific and Technical Centre for Building (CSTB) operates
certification schemes for solar thermal products. Guidelines have been
published to define which products could benefit from the public support.
There is a list of certified products.

Germany

DIN CERTCO operates the certification scheme for solar collectors. Like
the Solar Keymark, the scheme is based on the European standards.

Greece

In Greece there is no fully developed certification scheme for products,
but they have to fulfill the requirements listed in ‘Greek Standards’, which
are based on the European ones. Adoption of the Solar Keymark is under
consideration

Italy

Solar Pass
and
Solar Pass
Install

In order to qualify for regional subsidy programs, collectors must be tested
by an accredited European testing laboratory. Starting in 2004, collectors
have to comply with CEN standards and the manufacturers should be ISO
9000 certified. In parallel to this, the Italian solar industry association
Assolterm has introduced a new quality label for suppliers and installers of
solar heating systems, the so-called ‘Solar Pass’ and ‘Solar Pass Installa’.
Harmonization with the European Solar Keymark is planned.

Portugal

A certification scheme is provided by INETI based on the European
Standards and the requirements in the Solar Keymark scheme.

Spain

There is an ongoing certification scheme with Spanish standards for solar
products performed by INTA.
In the Spanish region of Catalonia, the Association of professionals of
renewable energies (APERCA) in collaboration with ICAEN has
developed a voluntary quality certificate.

Netherlands

Zonnekeur

A national certificate for products ‘Zonnekeur’ and a certificate for ‘solar
houses’ (new houses that combine solar energy utilization with energy
savings measures) are available.
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5.4.2 Australian Standards
In Australia, national standards for solar water heating systems are closely connected to the ISO
standards:
AS2813-1985 Solar Water Heaters- Method of Test for Thermal Performance - Simulator
Method
AS/NZS2535-1999 Glazed flat plate solar collectors with water as the heat transfer fluid.
Method of testing for thermal performance
AS2984-1987 Solar Water Heaters -Method of Test for Thermal Performance - Outdoor Test
Method
AS4234-1994 Solar water heaters - Domestic and heat pump - calculation of energy
consumption
AS/NZS2712-2002 Solar and heat pump water heaters - Design and construction
These standards are available from Standards Australia. Several standards are also available for
the installation of solar heating systems, including the Australian standard AS 3500.4 [22] and the
accreditation program for installers of the Solar Energy Industries Association (SEIA) [23] and
the Sustainable Energy Authority of Victoria (SEAV) [24].

5.4.3 Netherlands Standard on Building Integration
A unique standard worth mentioning in this report is the Dutch pre-standard ‘NVN 7250: Solar
Energy Systems – Integration in roofs and facades – Building aspects’ published in July 2003,
which is considered to be the first standard for building integration globally [25]. It contains
requirements and test methods for adequate integration of solar energy systems (PV and solar
heating systems, or complete building elements with pre-integrated solar components) in the
building shell of houses and other buildings. The test methods consider complete systems
installed in their target situation (on a test roof including all necessary details) and have a focus on
systems that are integrated into the roof or façade rather than mounted on the building shell. The
standard covers:
Wind and snow loads
Prevention of internal condensation (on integrated parts)
Resistance to strong temperature fluctuations
Frost resistance
Corrosion resistance
Fire safety
Noise insulation
Resistance against rain, hail and moisture
Thermal insulation
Air-tightness.
The standard is closely connected to Dutch building practices and regulations. As the issue of roof
integration was more predominant in the PV market than in the solar heating market, the standard
was initiated by PV parties with collaboration of solar thermal market representatives. Its effect
on the solar thermal market is at present not very large, mainly because it was finished only
recently. However the solar thermal industry has also contributed to this standard and
manufacturers are taking its requirements into account in new designs.
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5.5

Quality of Installation of Solar Water Heaters

Installing a solar water heater is not extremely difficult. However, it is a new technology that
requires some extra attention to detail or actions. Small mistakes in installation can strongly
influence the performance or the lifetime of the solar water heater.
The primary approach to increase the quality of installation is to organize courses for installers.
Secondly, large sales campaigns should only accept or promote the services of qualified installers
who can show that they are able to correctly install solar water heaters. A third option is to
provide the buyers of solar water heaters with technical checklists that enable them to check
whether their solar thermal system has been correctly installed. A fourth approach is to include
gauges or indication lights that give a warning on major malfunctions, so that major problems can
be detected. Another variation to this approach is to include performance-monitoring equipment
with the solar water heaters. However a disadvantage of performance-monitoring is that it takes
some knowledge and effort to be able to tell whether the system yield is as high as it should.
In some countries there are regulations or certification / accreditation schemes to warrant proper
installation of solar water heaters, as has been the case for gas heater installers. These however are
strongly bound to the national or regional situations, which differ widely. A European project
called the Qualisol project has focused on an installer qualification specializing on solar heating
systems in Italy, Portugal, Germany and the Netherlands, however with limited effect on the
market so far.

5.6

Guarantees, Guarantee of Solar Results,
Contracting, Leasing

There are several other ways to ensure good quality of products and installation. To start with,
suppliers and installers should be asked to give sufficient guarantees on the quality of their
products and work. A point of attention is the demarcation between the responsibility of the
supplier and that of the installer.
There are also more powerful methods to ensure the complete quality of the installation and its
performance. These take most or all risks out of the hand of the consumer and thus motivate the
supplier and installer to deliver good quality.
For large solar heating plants, Guarantee of Solar Results (GSR) contracts are often used in some
countries, like France and Spain. The energy output of the installation is measured and
periodically compared to a minimal acceptable output for the plant. In the comparison process,
correction is made for climatic differences and/or differences in hot water consumption. If the
minimal acceptable output is not achieved, the customer is financially compensated. This requires
a contract between the parties that are responsible for the functioning of the plant, often a
hardware supplier, an installer and an engineering company. Often the maintenance is also taken
over by these parties, so that they have better control over the quality. This is an excellent way to
increase the confidence of the customer, because if the installation does not perform as promised
the customer will be compensated. However certain costs have to be made for the measurements
and recalculations and there is a higher risk for the supplying parties. For these reasons, GSR is
applied mainly on large installations and in countries / regions where the customer confidence in
solar heating is relatively low. GSR is often an important ingredient in lease contracts or other
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Third Party Financing (TPF) schemes, where the user of the solar heat is not the same party that
carries the investment costs.
A variety of TPF is Solar Contracting: not selling the installation, but the heat it produces to the
customer. Examples of Solar Contracting can be found in Austria, Germany and the Netherlands.
The customer pays a regular amount that is based on the measured performance of the solar
heater. This contracting approach is even applied to complete boiler houses with boilers for space
heating and water heating in combination with a collective solar water heater.

5.7

Outlook

Since the establishment of the European standards on SWH, they have had considerable influence
on standardization in other regions. The international ISO standards are being adopted to be in
better harmonization with the European standards and in China, the CEN standards are being
used as resource for the development of national standards. It is expected that the Solar Keymark
will gain more influence and will also serve as an example for certification schemes elsewhere.
The CEN standards themselves are currently being revised in their turn, to connect more closely
to technology advances and to the ISO standards. These developments indicate a globalization in
the quality control of solar heating products, which will be beneficial for international trade. The
introduction of the building integration standard for solar heating systems in the Netherlands and
the increasing number of certification schemes for installers of PV/solar heating systems are good
first steps to improve the quality of the installed systems and will undoubtedly lead to more such
initiatives elsewhere.
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6

Chinese Solar Thermal Energy Market

The Chinese solar heating industry has made great achievements in technology innovation,
product quality and market development. China has become the world’s leading market for
SWH in terms of production and installed area. By the end of 2003, the industry has developed
to over 1000 companies and the cumulative installed collector area has reached 52 million m2,
which is approximately half of the worldwide total. The production and sales quantity of SWH
in 2003 was more than 12 million m2. The application of solar water heaters in China provides
millions of people with hygienic, healthy and comfortable living condition and cost effective
energy supply, and has reduced the consumption of fossil fuels. In this manner, the SWH
industry in China contributes greatly to the global economic, social and sustainable
development.

6.1

Overview

China has abundant solar energy resources with an average annual radiation of more than
5 GJ/m2. Regions with over 2200 annual sunshine hours account for more than two thirds of total
geographic area of China. In the middle of the 1970s, the Government of China initially launched
a development plan, as part of the Fifth Five-Year Plan, to popularize the application of solar
water heaters and solar energy stoves. To utilize solar and other renewable resources was further
emphasized and strengthened in the Sixth Five-Year Plan. It was also promoted in the ‘National
Scientific and Technological Research Capture Plan’. From then on, solar water heaters and solar
stoves have gradually been applied and developed in China.
To tackle the energy shortage, large-scale research and development initiatives on renewable
energies were carried out in the 1980s. Flat-plate and combined storage tank solar water heaters
started to be used in the latter 1980s and the market increased quickly in the early 1990s.
In the middle of the 1990s, the breakthrough of the all-glass vacuum tube technology and its
industrialization lead to the rapid development of the Chinese SWH industry. By the end of the
20th century, China developed its own technology for the all-glass vacuum tube with its own
intellectual property. Vacuum tube type SWH soon greatly exceeded the flat-plate and combined
storage-tank type systems in market share. Indeed by the end of 2002 the market share for vacuum
tube type SWH was 85%. However, sales of flat plate collectors have been picking up in the last
two years.
In the 21st century, with awareness of environment protection and climate change rising, China
gives more priority to the development of the solar water heating industry. The ‘Tenth Five Year
Plan on the Development of New Energy and Renewable Energy Industry’ was issued by the
Government of China, in which solar thermal utilization was specified as one of the key areas.
The quality supervision institutions have issued a series of national standards, industry standards
and local standards regarding product and systems of solar water heater. The solar water heater
manufacturers have developed new technologies and products, such as all-glass vacuum tubes
with heat absorption coating, metal flow channel tubes or heat-pipe tubes, as well as new types of
flat-plate collectors with whole-copper plate cores and high-efficient heat absorption coatings.
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Although, the open-loop natural circulation SWH systems are often seen in the current market, the
double-loop forced circulation systems have been gradually introduced into the market. To ensure
the supply of hot water, an increasing number of systems are being equipped with auxiliary
heating system. To improve the reliability, computer intelligent control techniques have also been
integrated into the SWH system.
The importance of building integration for SWH systems is also gaining more awareness amongst
Chinese institutions. A number of SWH enterprises, working together with real estate developers,
are developing new business areas through demonstration projects. It is anticipated that the
projects will have great impact on the future development of solar energy in the built
environment. Building integration is expected to be a new trend for the SWH industry’s next
phase of development.

6.2

Policy Framework

To stimulate industrial development of renewable energies, the Government of China has
continuously increased its budget to support research and development programs, such as the
‘Scientific and Technological Research Capture Plan’, the ‘863 Plan’, the ‘973 Plan’ and the
‘Natural Sciences Fund’. During the Tenth Five-Year Plan, the Government of China spent
RMB10 million in R&D on solar air conditioning, middle-high temperature solar collectors and
SWH integration in buildings. Local governments have also put in place similar facilities to
provide financial support for R&D activities
The strategy of the government is to stimulate the synergy of manufacturers, universities and
research institutes to enhance co-operation. From 1987 to 1997, a certain amount of the
government budget was also allocated to SWH manufacturers for technology renovation and new
product development. This financial support mainly facilitated the technology improvement and
realization of the industrial production. The achievements of the R&D programs have greatly
facilitated the industry’s productivity and the nationwide expansion of solar thermal utilization.

6.3

Standards

6.3.1 National and Industry Standards
To guarantee the quality and to structure the SWH market, the national government, industrial
administrative departments, local governments and the solar energy enterprises have drawn up a
series of standards on solar heating products and systems: national standards (GB), industry
standards (NY), local standards (DB) and enterprise standards (QB). More than 10 national
standards and industry standards have been developed covering basic standards, test method
standards, product standards and system design installation standards.
Basic standards
GB/T12936.1 – 91
GB/T12936.2 – 91
GB/T17683. 1 – 1999
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Test method standards
GB/T12915 – 91
Test methods to determine the thermal performance of domestic solar
water heaters
GB/T15513 – 1995
Solar water heaters - Elastic materials for absorbers, connecting pipes
and fittings - Methods of Assessment
GB/T4271 – 2000
Test methods for the thermal performance of flat plate solar collectors
GB/T 18708 – 2002
Test methods for thermal performance of domestic solar water heating
systems
Product standards
GB/T 6424 – 1997
Specifications for flat plate solar collectors,
GB/T17049 – 1997
All-glass evacuated solar collector tubes
GB/T17581 – 1998
Evacuated tubular solar collectors
GB/T 19141 – 2003
Specification of domestic solar water heating systems,
NY/T 513 –2002
Electric auxiliary thermal source for domestic solar water heaters
NY/T 514 – 2002
Storage water tank for domestic solar water heaters
Standards for system design and installation
GB/T 18713 – 2002
Solar water heating systems – Design, installation and engineering
acceptance
NY/T 651 – 2002
Specification for installation, operation and maintenance of domestic
solar water heating systems
Besides the above mentioned standards, one national standard and one industry standard are under
preparation: ‘Specification of performance evaluation of solar heat tube vacuum tube heating
system’ and ‘Technical codes of solar water heaters in residential buildings’. In addition, two of
the national standards GB/T12936 and GB/T17049 are under revision.

6.3.2 Inspection and Certification
The inspection and certification systems lag far behind the SWH industry development. Until
recently, there were only three provincial inspection stations, with poor capacity, in Yunnan,
Henan and Hebei. With the support of the United Nations Development Program (UNDP) and
Global Environment Fund (GEF), National Quality Inspection Centers for solar water heaters
have been constructed and will be put into operation in 2004. The establishment of the centers
will help to improve the product quality inspection.
China is also preparing to establish a solar water heater certification authority, which will develop
a nationwide certification scheme. It will provide a certification facility for enterprises on a
voluntary basis. China is interested in the European Solar Keymark certification system which
started in 2003, and is willing to establish a co-operation with the European Solar Keymark to
create a good trade infrastructure for solar water heaters between China and the European Union.
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6.4

Collector Types and SWH Systems

6.4.1 Solar Collector Types
The products sold in China currently are mainly flat plate and vacuum tube solar water heaters.

Flat plate collector
The flat plate collector in China is made with a variety of different heat absorbing cores such as
whole-copper, copper-aluminum alloy, whole-aluminum, steel or plastic. In the 1980s, the steel
core and non-luminous blackboard paint were mainly used, with polystyrene plate and rock cotton
used as insulation materials and exterior frames made of steel sheet. In the 1990s, the copperaluminum plate cores became more widely used with aluminum-anodized oxidation, TXT and
non-luminous blackboard paint. The insulation materials used were rock cotton, glass cotton and
polyurethane and the exterior frames were typically made of aluminum alloy. Whole-copper plate
core with TXT coating was introduced in 2000. A number of manufacturers also now use
imported copper strip with specialist coatings from Europe. These materials are mainly welded by
high frequency and ultrasonic welding technologies. Some manufacturers have also now
developed integral exterior framed flat plate collectors, in which the insulation has been
improved.

a) Copper-aluminum Absorber

b) Whole-copper absorber

Figure 26: Types of absorbers used in flat-plate collectors

a) Common flat-plate collector

b) Integral flat plate collector

Figure 27: Types of flat plate collector
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Vacuum tube solar collector
Vacuum tube collectors in China are mainly classified into two types - all-glass vacuum tube and
glass-metal vacuum tube. Most manufacturers produce the all-glass vacuum tube type. In recent
years, some manufacturers have started to produce U-type vacuum tubes and heat-pipe vacuum
tubes. A U-type vacuum tube consists of a copper U-tube which is constructed in the all-glass
vacuum tube and in which the fluid medium circulates for heat exchange. A heat-pipe vacuum
tube consists of a heat tube, which is constructed in the all-glass vacuum tube, so that the heat
produced by the vacuum tube can be transferred. This helps to solve the problems of leakage and
forced circulation.

Figure 28: All-glass vacuum tube

Figure 29: U-type vacuum tube

Figure 30: Heat-pipe vacuum tube
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Since the second half of the 1990’s, the all glass vacuum tube SWH has become the predominant
type of household solar water heater. A number of manufacturers have introduced different types
of SWH with forced circulation vacuum tubes in the last two years. In the last two years, the sales
volume of the heat-pipe vacuum tubes has gradually increased, but their cost is still relatively
high.

6.4.2 SWH Systems
Small SWH systems
The small SWH system is commonly used in family dwellings and small size commercial offices.
Its typical characteristics are: natural circulation, open-loop system, with either a vacuum tube or
flat plate collector and storage tank (see Figure 32). In recent developments, forced circulation,
double loop systems are being introduced, especially in high value villa developments. However,
the majority of applications are still for DHW supply.

a) Plastic bag solar shower heater

b) Dual cylindrical type

c) Square box type

Figure 31: Types of storage tank solar water heater

a) Flat plate type

b) All glass vacuum tube

c) Heat tube vacuum tube

Figure 32: Types of flat plate and vacuum tube solar water heater
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In the 1980’s to 1990’s, the combined storage tank SWH was widely used in China, but its
application has gradually decreased in the last few years. Its distinguishing feature is an
integration of the solar collector and water tank. The surface of the tank is normally covered with
black non-luminous paint. There are mainly three types - the red mud plastic bag type, the
cylindrical type and the square box type. See Figure 31.
The size of the installed solar collector area per family dwelling is correlated to the income of the
family. In the 1980s and 1990s, the size of the collector area was between 1 and 1.5 m2 per
family. Later, with the improvement in economic conditions, it increased to between 1.5 and 4m2.
In the southern developed regions, the collector area is normally more than 3m2, which is larger
than in the northern regions where the range is usually between 1.5 and 3m2 per family. On
average, it has been found that 2 to 3m2 of solar collector area can provide sufficient hot water for
a family with 3 to 4 members.
Large SWH System
Large SWH systems are mostly used in multi-apartment buildings, hotels, schools, office
buildings and factories etc. In most cases, these systems have one large store tank and all
collectors connected in one or more collector fields. In most cases forced circulation is used, often
with a direct flow drain-back system. Another way of establishing a large SWH system is by
connecting a number of single-family SWH units in series and/or parallel.

a) Vacuum tube forced circulation system

c) Vacuum tube natural circulation

b) Flat plate forced circulation system

d) Multiple – parallel series for households

Figure 33: Examples of Building Integration in China
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6.5

Building Integration

By the end of 1990’s, the Chinese SWH industry gradually became aware of the importance of
the integration of solar energy into buildings and since then has been searching out ways to work
on it. A number of SWH enterprises in the province of Yunnan, in the south-west of China, are
actively cooperating with local real estate developers on solar building integration. They started
their experiments on SWH products, DHW system design and building integrations. The
experience gained by the enterprises has lead to further steps in developing new types of solar
collector or alternative roof tiles that are suitable for building integration. The practices are
gradually accepted by the local real estate developers and home buyers. It is anticipated that such
application will be more and more widespread in the future. In the province of Jiangsu, in the
south-east of China, a demonstration project has also been constructed with the cooperation of the
Provincial Construction Committee, the local solar SWH industry association and real estate
developers. The Municipal Construction Committee of Beijing municipality is also constructing a
demonstration building on solar energy utilization. Examples of this can be seen in the Figure
below.

a) Yunnan

b) Yunnan

c) Beijing

Figure 34: The practices of solar building integration

This is a good beginning, and more needs to be done. Indeed, with the endorsement of UNF, the
Government of China, in coordination with its related institutions and experts, is drafting building
codes and a design guide book for SWH building integration. Demonstration projects in Beijing,
Shanghai, Tianjin, Jiangsu, Yunnan and Anhui, which represent the different climate zones, are
under construction. It is hoped that these demonstration projects will positively impact the
development of SWH building integration in China.

6.6

Market Situation

6.6.1 Market Scale
The market development of solar water heaters in China started during the middle and late 1980s,
was stable in the early of 1990s, but then enjoyed a period of rapid development in the latter half
of the 1990s and to the present time. The annual sales of solar water heaters in China were
respectively 3.4 million m2, 4.8 million m2, 6.1 million m2, 7.8 million m2 and 9.6 million m2 and
12 million m2 between 1998 and 2003. Indeed China has now become the largest user of solar
water heaters in the world.
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With further development of China’s economy, the sales of solar water heaters will be increased
further. Due to increasing urbanization, the middle and small size cities, towns and rural areas will
become high potential markets. In addition, the commercial and residential districts in large- and
middle-size cities will also become good potential markets. The collective DHW projects will be
widely applied in hotels, restaurants and commercial offices which need hot water.
The main drivers of the rapid growth of China’s solar water heater market are:
1) With the rapid economic development in China, people’s income has improved and owning a
DHW facility has become a desired necessity. Due to the insufficient supply of oil. natural
gas and electricity in some regions, many families cannot install electric- or gas- water
heaters, and therefore the solar water heater becomes a convenient option.
2) The rapid development of China’s solar water heater industry provides the users with an
economical and environmentally friendly solution.
3) In recent years, the Government of China has enhanced its environmental policy and the
public awareness of environmental protection is rising. SWH meets the current wave of
energy saving, environmental protection and safety.

6.6.2 Regional Distribution
The early market distribution was mainly influenced by the combination of solar energy resource,
family income and location of the manufacturers. Nationally, the main market areas are
Shandong, Jiangsu, Guangdong, Beijing, Yunnan, Hebei, Anhui and Guangdong provinces.
Regionally, the market developed initially from small- and middle-size cities and then penetrated
into towns and villages. Solar water heaters have already been used everywhere around the
country, from the coldest places in the northeast and northwest regions to regions with poorer
solar resource such as Hunan and Guizhou. .

6.6.3 Product Pricing
In the 1990’s, the flat plate solar water heater with 120 - 150litres water tank was priced
RMB700-1000; the vacuum tube solar water heater with 80 - 100 liters water tank was priced
between RMB1200-1700. In recent years, the vacuum tube solar water heaters have dominated
the market. A system, comprising 1.5 m2 -6 m2 collector area with a 300 liters water tank costs
between RMB800-4000. A forced circulation system, with a heat tube vacuum tube type collector
and 120 -160 liter water tank costs RMB3000-5500.
With the improved technology of the all-glass vacuum tube, the production scale has been
increased and production costs have been reduced. The sales price has therefore decreased by
about 30 to 70% compared with the price in the 1990s. Furthermore the size of the collector area
and the water storage capacity are now 1.5 to 3 times larger than before. In the rural areas, people
appreciate a price lower than RMB1500. In 2002, 70% of the SWH were sold at lower than RMB
1500, which highlights the market share in rural areas. In the high value market segment, e.g.
villa or townhouse developments, the price for installing dual loop forced circulation system with
4-6 m2 of solar collector area and an electric auxiliary water heater is about RMB 10000 – 15000.
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6.7

Solar Heating Industry

6.7.1 Distribution of Production Enterprises
The raw materials, e.g. glass, production areas are mainly located in Shandong, Hebei, Beijing,
Anhui, Zhejiang and Chongqing. The vacuum tube production is mainly located in Beijing,
Shandong, Jiangsu, Zhejiang, Anhui, Hebei and Chongqing. The manufacturers of solar water
heaters are mainly located in Shandong, Beijing, Jiangsu, Zhejiang, Yunnan, Guangdong, Hebei
and Anhui.

6.7.2 Production Capacity
Over 1000 solar water heater manufacturers currently operate in China and employee numbers
have increased from 150,000 to 200,000 between the Year 2000 and 2002. Among them, 8
enterprises have an annual turnover above RMB100 million and 19 enterprises have an annual
turnover between RMB 50-100 million. The number of production lines for all-glass vacuum
tubes has doubled and the production capacity has tripled between 1999 and 2002. The number of
production lines for the ‘boron-silicon glass 3.3’ tubes has increased from 84 to 125 and the
annual production capacity has increased from 90000 to 150000 tons between 2000 and 2002. The
annual production of flat plate heat collectors has reduced slightly from 3 million m2 to
2.7 million m2 in the same period. China has only a limited production of low-iron tempered glass
due to its high production cost. A number of enterprises are constructing automated production
lines for water tank production and for other components.

6.7.3 Market Competition
At present, over 90% of the solar water heaters in China are used as a hot water source for
showers. The use of large- and middle-sized collective systems providing hot water to hotels,
schools, factories and mines has increased. Centralized solar water heating systems for residential
communities are also gradually emerging. Due to the increased number of manufacturers and
sales agents, the market competition is increasingly intense. Besides competition amongst solar
water heating enterprises, there is also increasing competition from other technologies for water
heating, such as electric and gas heaters.
At present, the rate of ownership of domestic water heater installations in urban areas is 71.2%, of
which the electric heaters, gas heaters and solar water heaters have shares of 31.3%, 57.4% and
11.2% respectively. The annual growth rate of electric and gas heaters are 36% and 7%
respectively during 1999-2002. The high growth rate for electric heaters is due to the availability
of electricity in most regions in China.

6.7.4 Export
Chinese solar water heaters are competitive due to the relatively low production costs. The
exports have gradually increased as a result of continued quality improvement of vacuum tube
collectors. In 2002, the export value of SWH products was US$10 million which accounts for 1%
of total sales. This export market is expected to increase in the future. The key export regions are
Europe, Africa and Southeast Asia.
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6.8

Outlook

The Chinese SWH industry has developed rapidly in this past decade. Its products have gradually
improved from simple functional elements to more reliable, durable products which provide good
possibilities for integration into modern comfortable buildings. The industry has established itself
as a specialized professional sector in terms of production, system design, installation and
business development. The industry provides DHW supply to rural and urban areas, for hotels,
schools and companies. Key areas for future development of the SWH market include building
integration and applications for space heating and cooling.
With continued quality improvement and low cost competitiveness, the export market will go
from strength to strength. In the domestic market, high quality products will also compete with
imported products from foreign countries in the coming years.
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7

Gaps, Challenges and Opportunities for the
Chinese solar water heating industry

The Chinese SWH industry has shown rapid development and made a great achievement
in the last few years. The technology has been improved and the competency of the
industry has been rapidly established, especially in developing the market for high added
value products. However, the speed of the solar heating industry development still lags
behind the development of the residential building sector and the electric heating sectors.
Therefore, enhanced government incentive policies and SWH industry effort are required
to ensure a larger penetration of high quality solar water heating installations in China.
Gaps in the areas required for better building integration have been identified and
analyzed in terms of product quality, technology & systems, installation, business model,
construction scale, architecture aesthetics, and information dissemination. Challenges and
opportunities for the stakeholders to improve the building integration market have been
identified.
In terms of market development, the production and sales volumes of solar water heaters are
growing rapidly and the annual sales and size of accumulated installations in China rank first in
the world. Furthermore the standard of the technology has made great progress, whilst
manufacturing facilities and processes are being gradually improved. In terms of product quality
and standards, several national and industry standards have been issued and implemented and the
product quality is being gradually enhanced.
The following analysis is based on an industry survey which was conducted from November-to
December 2003, an investigation mission to the demonstration sites by national and international
experts during October to December 2003, and national and international experts’ observations
with regard to the international building integration practices compared with the Chinese
situation.

7.1

Main Differences and Gaps

The Chinese SWH industry and its current practices in building integration have been
investigated and analyzed in the aspects of product quality, technology & system, installation,
business model, construction scale, architecture aesthetics and information dissemination. Much
can be gained for the solar heating industry if the design and implementation of SWH can be
better integrated, ‘interwoven’, into the processes of design and construction of buildings. Thus, a
better connection could be made to the huge and rapidly growing construction industry (the total
realisation volume of residential floor area grew from 110 to 347 million m2 between 1997 and
2002).

7.1.1 Product Quality
In practice, the failure rate is around 10% of installed area per year versus the EU norms. The
principle failures were identified as broken tubes and direct couplings – meaning leakage at the
connection of collector and storage tank after one or two years (rubber sealing is often not UV-
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stable or heat resistant). Moreover building integration poses new requirements, which are
identified in the following:
Lack of Chinese national standards for integrated solar heating systems – this is currently
being addressed by UNF PMO and MoC, but more standards may be required to fully tackle
the different aspects of building integration (installation, certification etc.).
Lack of testing, certification and labeling – this is currently being addressed as three testing
centers are being set up. Specific labeling or certification for integration may be a useful next
step.
Lack of qualification and certification of installers – one key area that should be addressed is
how to work with manufacturers and their agents and installers to ensure that the installation
quality of the systems at least meets minimum standards.

7.1.2 Technology and System
In practice, one basic difference between the international market and China is that all-glass
vacuum tubes are mainly used in China rather than flat plate collectors. The rate of vacuum tubes
used in China and the IEA/OECD countries was 85% and 3% respectively.
The gaps in technology & systems aspects are:
The applications in the current market are mainly open loop domestic hot water system, but
in recent years increasingly sophisticated pressurized systems are being installed. These
systems however still lack the integration of the more advanced combi-systems in Europe.
Lack of solar heating products for space heating, although there is a large potential as many
end users in middle China use inefficient reverse air cons for heating, even though the solar
resources are still good in colder winter months.
Lack of larger scale solar collector systems with appropriately sized storage systems to
integrate with district heating schemes, thereby increasing the solar fraction of energy supply
by solar collectors. (Solar fraction is defined as the energy provided from the solar heating
system, both for DHW and space heating, or cooling where appropriate, divided by the total
energy usage)
Many of IEA/OECD country’s buildings have sloped roofs which use wood frames whereas
construction in China is often flat roofs and concrete and where wood is still regulated
against as a fire risk. This alters construction techniques as can be seen below; it also limits
the available space for solar heating products integrated into the roofs of buildings and
façade integration should be more greatly considered:
To combine other sustainable energy, e.g. solar photovoltaic and biomass, would also be a
new technology development for building integration, as China has good experience of
biomass usage in households.
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Figure 35: a) Installation using 20m width
pre-fabricated flat plate collector

b) Installation in China using 6m
length pre-fabricated collector

Some specific differences in practices are:
Sizing of back-up heaters and design temperature of the stored water to ensure solar fraction
is high even in winter
Whether to use automatically operated plastic air escape valves as these can melt – in EU
they tend to use manual ones now
How to size expansion vessels – these seem a bit small versus EU norms
How to correctly install emergency pressure release valves – in EU the valve output is lead
away in a pipe to a small collector and drain so that the user knows whether it has operated
and also there is lowered risk that when it operates it directly sprays steam onto the user.
Lack of a mixing valve to ensure that the water delivered to the user never exceeds a certain
safe temperature

7.1.3 Installation
It was observed that designs are reaching sophisticated levels but they are sometimes let down by
the attention to detail during the installation phase. To implement the installation standards and to
train installers would be a key way to improve building integrated SWH applications. The fact is
that the current system designs are under development and give sometimes a ‘prototype feel’.
A combi-system before and after commercialization can be seen in Figure 36.
A basic checklist should also be prepared for project developers. With the checklist, project
developers could ask system suppliers for the right information to ensure the system is being well
designed. The EU ALTENER program and others e.g. City and Guilds in UK have developed
such materials and these could be translated into the Chinese situation.

7.1.4 Business Models
There is some evidence of newer business models being tried in the market in China. SWH
manufacturers are moving along the lines of providing a complete system design, installation and
servicing package for building integrated SWH. However there is yet to be seen a real uptake in
the Third Party Financing route or Solar Contracting that is becoming more popular in other
IEA/OECD countries, although some manufacturers are familiar and keen to explore this.
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Figure 36: Combi-system a) before and b) after commercialization

There are also some gaps in terms of selling styles for SWH both in terms of working closely with
architects to persuade developers to incorporate SWH into the designs and also in terms of the
cost benefit models which need to be developed for the local China context. Often in China
developments use expensive marble or glass facades and the incremental cost to a SWH system
can be much smaller than the capital cost of the SWH system considered in isolation. Also
looking at the SWH system in relation to other building design parameters and in relation to the
marketing of the units could lead to more appetite for SWH.”

7.1.5 Construction Scale
The construction scale of building integrated SWH projects are increasing. Two of the six
demonstration projects are larger scale: one project comprising 8 x 440 m2 systems and another
comprising 700 integrated systems each of 1.5 m2 collector area. These are comparable with the
installations in South Europe.
The systems provide DHW to low- and medium-rise multiple dwellings, villas, schools, hospitals
and hotels. Smaller single dwellings still tend to be serviced by roof-mounted systems. Some
concepts for façade integration have been proposed for high rise dwellings but these have yet to
be put into practice.
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7.1.6 Architecture Aesthetics
The common practices of SWH building integration in China are to hide the solar heating systems
or show differentiation through installing a flat plate collector (Figure 37).

Figure 37: solar collectors installed on Medium rise buildings in Yunnan, courtesy
of Xinyuan Company

In the IEA/OECD countries, integrated solar heating systems can be designed to emphasize
architecture aesthetics rather than just providing energy supply (Figure 38).

Figure 38: Solar collectors installed together with biomass facility, courtesy of
AEE Intec

In terms of using different colored absorbers, i.e. darker reds, greens and blues (see for
example Figure 39, this was of some interest especially to the manufacturers of flat-plate in
China.
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Figure 39: Colored solar absorber trials in Europe

Information dissemination
The Chinese SWH industry is very interested in learning specific details about the integration
practices in other developed countries. The information needs can be summarized in four
categories: technology & system design, building integration practices, business promotion and
standards & certification:
Technology & system design: including information on the relative advantages of
pressurized vs. non-pressurized and closed-loop vs. open-loop systems; approaches to
sealing (collector to collector and glass to collector); sizing of storage tanks; preventive
measures against lime scale and freezing; prevention of overheating; colored absorbers; the
application of low iron, tempered, anti-reflective glass in collectors
Building integration practices: information on collector to roof integration, in-building
integration, façade integration and also case studies highlighting these; system integration
design including interaction with backup heaters; district heating schemes and schemes
which involve other renewables.
Business promotion: information on how best to carry out system sales; the latest
information on cost/benefit analyses; for general market information.
Standards and Certification: information on building integration standards, product
standards and certification.
A good source for this information is the IEA website and in particular the solar heating and
cooling program – see www.iea-shc.org.

7.2

Challenges

In the global SWH and building construction business, China is leading not only in the SWH
annual production, but also in terms of the annual floor construction. China is also the only
country which is maintaining a high economic growth rate averaging 9.3 % in the last 11 years
(1993-2003). The rapid economic growth and booming construction sector challenges the SWH
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stakeholders to take advantage of the opportunities. The challenges, in the aspects of policy,
market, products standards, testing and certification, building design and awareness, are identified
through the industry survey and discussions with the stakeholders who are SWH manufacturers,
real estate developers, design institutes and governmental institutions and its agency for
standards.

7.2.1 Policies
The SWH industry has established itself using own capital investment and without government
favorable policies. However, all renewable energy technologies, including SWH, are high capital
investment products and the payback periods can be longer than for conventional energy
production. In order to promote further market expansion, increased government incentive
policies on market regulation, credit, investment, price and taxation would be beneficial.
The policy challenges are therefore how to provide optimal boundary conditions for further
growth of the solar water heater market, how to create the appropriate policy framework to
encourage the market’s economic development and how to improve purchaser behavior, and raise
end user awareness, especially for building integrated products.

7.2.2 Market
With the development of the all-glass vacuum tube type collector, the improvement of production
& technology and rapid market growth, more and more small-size manufacturers have entered
into the solar heating industry. The lower quality products from some of the small enterprises
have damaged the market structure, and lead to unfair competition for the higher quality
manufacturers who are struggling with the lower quality and lower cost products from the smaller
manufacturers.
Social residential building is the majority of the real estate development in China. It is difficult to
absorb the additional costs of the SWH in such buildings. The real estate developer does not see
the economical added value and is therefore unwilling to install SWH systems.

7.2.3 Products
Flat plate solar collectors are the predominant products in the international solar market, but the
annual production and market share of flat plate collectors in China are reducing yearly, which
shows an obvious contrast between the national and international practices. This in itself is not a
problem, but it complicates international exchange and cooperation.
Many current SWH products and systems do not meet the requirements of building integration.
Every building has its own characteristics, and SWH products have to meet many particular
requirements of the building, such as installation position, fixing manner, leakage protection,
maintenance, replacement, colors, appearance, etc. However these factors have not been
considered for most current SWH products. In addition, SWH systems must be reliable and
durable when they are used as part of the building shell. Most SWH systems currently are direct
open systems, with un-pressurized storage tanks. Freeze protection, anti-scaling protection,
automatic operation and combination with other auxiliary heat sources all need further
improvement.

-81-

Integration of Solar Water Heating into Residential Buildings

SWH manufacturers have a lack of technicians who understand construction and integration
practices. Enterprises are not familiar with building construction, building standards and codes,
e.g. for water supply and drainage in buildings. Furthermore there is as yet little experience of
forming consortium’s with construction companies and experienced architects to make building
integration a success.
SWH manufacturers often lack the necessary capital to invest in new components and products
that are required for building integration, and also for the training of design, sales and installation
teams. They have little experience in developing appropriate contractual arrangements. All these
factors have to be considered by SWH manufacturers before they would switch to new component
and product developments and pose a challenge to building integration.
Real estate developers are not able to find appropriate SWH products and system designs to meet
their needs. There are no related standards and codes on building integration available, and
architects are not able to provide designs without any guidelines. The developers are therefore
faced with considerable difficulties in finding suitable SWH systems appropriate for high rise and
medium rise buildings and for villas, nor for specific locations such as inclined roofs, balconies,
facades, etc.

7.2.4 Certification, Testing & Standards
National testing centers for SWH have not yet been fully established and also product quality
certification for SWH has not started yet, so some poor quality products have entered the market.
There are some local testing stations established in several provinces, but their testing equipments
and methods currently do not meet national requirements, and testing results are not nationally
authorized.
Most solar water heater manufacturers have less understanding of the importance of product
quality certification. They think that it is unnecessary to pass the product quality certification if
they have ISO 9000 certification. Therefore a significant promotion campaign is needed for a
certification program for solar water heater product quality in China.

7.2.5 Building Design
Building integration is just at an initial stage in China and there are few successful demonstration
projects for reference. Many real estate developers and architectural designers are therefore not
eager to invest in and adopt SWH systems to meet their heating needs, even though they are very
interested in the subject.
Architects do not have design guidance documents, standards and building codes, and installation
guides for SWH integration and they are not aware of successful practices of SWH integration
elsewhere in the world. Therefore, architects are not able to carry out projects of building
integrated SWH. Architects also have some confidence issues with SWH products. Some SWH
manufacturers cannot ensure the quality, reliability and durability. It seems there is also little
service support if any problems may occur. For these reasons, architects are unwilling to promote
the adoption and use of SWH systems.
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7.2.6 Awareness
One of the key challenges is awareness – even real estate developers who realize the benefits of
the ‘green’ market potential and are willing to install SWH, are not aware where they can find
information on SWH products and ideal solar partners. Any negative experiences with
inappropriate systems or unsatisfactory suppliers could influence their activeness and attitudes
towards using SWH. Furthermore there are still many developers who are unaware of the benefits
of SWH integrated into buildings.
Architects are not aware of SWH products and technology. They have rarely been involved in the
building integration design for SWH in the past and this is not a standard module in their training.
Therefore they are not so familiar with SWH products and technology, and lack the basic design
parameters when designing SWH systems. This results in a lack of initiative from architectural
designers to incorporate SWH systems into their designs.
Government officials at different levels have also not really realized the benefits of SWH for
energy saving and environment protection. Solar heater systems should be one of the required
devices for buildings where the solar resource is available.

7.3

Opportunities

7.3.1 Policy Driven
‘The Law for Facilitating the Development and Application of Renewable Energy’ is being
considered by the National People’s Congress of the Government of China. Once adopted, this
would be the first National law related to renewable energies in China. Its issuance will enable the
renewable energy applications including the use of solar energy to get clear legal status and
support. It is anticipated to considerably speed up the development of the Chinese solar heating
industry.
The implementation of compulsory environmental protection measures, particularly the ‘Coal
changes to gas (or oil or electricity)’ campaign in the cities, is making energy expenses for
commercial units such as hotels increase significantly. Therefore in order to save running costs,
more and more commercial units will install SWH systems.

7.3.2 Market Driven
The demands for solar water heaters in rural areas, medium or small sized towns will be
continuously growing in line with the rapid development of the Chinese economy and
improvement of people’s living standard. In the rural areas, customers are eager for products with
proper quality and lower price so manufacturers are therefore facing more and more intense
competition in this field. To achieve a bigger market share in rural areas including medium/small
towns, SWH enterprises need to have an overall strategy, product orientation, quality assurance,
market sales, etc.
A very different market from the rural areas is the urban market where higher rise commercial,
residential buildings and large villa developments are being developed. SWH manufacturers not
only have to develop suitable products, but also have to possess stronger capability and more
experience on both system design and system installation to tackle this market. They also have to
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be more competent in technology, integration and finance. Training support, potentially
government funded, may be a good way to realize this opportunity.
Energy saving and environmental protection will be the subject of future residential building
construction codes and standards. Therefore it is anticipated that the market for SWH systems,
which are currently mainly purchased by individual customers, will change into real estate
developers. This will enable greater coordination of the design, purchase and installation. So this
should open up a considerable new segment of the market to the solar heating industry.

7.3.3 Opportunities for Manufacturers
The market for integration of SWH with buildings is potentially quite large. In order to take
advantage of this opportunity and the new requirements of SWH building integration, SWH
manufacturers should:
Develop products and systems with excellent performance, which include solution of the
water leakage problem, operation reliability problem, integration aesthetics and other
problems for all-glass vacuum tube collectors
Improve the quality and manufacturing process for flat-plate collectors
Develop reliable and stable SWH systems suitable for different climate features and different
application modes, especially application of pressurized and indirect systems which are
widely used in the world.
SWH systems are mainly used for domestic water heating in China; there is a considerable
opportunity to develop solar heating systems used in other applications such as space heating and
air conditioning. Development of such systems will provide a wider application field and a
broader market space.
The Ministry of Agriculture (MOA) and the Ministry of Labor (MOL) have issued the national
professional standard ‘Workers for Solar Energy Utilization’, and have established many skillidentifying stations for workers in solar energy utilization over the country. This will play a
positive role in that solar water heater manufacturers will pay more attention to the skill training
of staffs and enhance their level of competence. These institutions should learn from the
international best practice trainings, such as developed under the Altener Program, and transfer
this to their courses.

7.3.4 Opportunities for Real Estate Developers
An opportunity for developers is to be an early adopter as the market for SWH building
integration is improving and will be an inevitable trend for future building construction. This
opportunity is evidenced by the increasing number of green ecological residential zones. To use
new technologies in realizing energy saving in buildings is a national compulsory policy and to
utilize solar resources is becoming the choice in meeting the policy objectives. Indeed real estate
developers have gradually realized that SWH is not only important for energy saving and
environment protection, but also can be a key selling point for their properties. Thus SWH is seen
as a way to enhance the competitiveness of developers and the economic benefits of real estate
development.
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The government has been strengthening the management of the solar heating industry. It would
also help to introduce ways to reduce the risk in purchasing the initial building integrated SWH
systems and thereby increase real estate developers’ confidence.

7.3.5 Opportunities for Design Institutes
More information exchanges between designers give opportunities to gain a greater understanding
of SWH building integration. These exchanges are occurring through a variety of channels and
cover a range of subjects, such as solar irradiation and climate parameters, the types and
characteristics of solar collectors, the types and characteristics of solar heating systems, and the
national and industry standards related to SWH products, etc.
Through various channels, the local designers are gradually increasing their understanding of
international best practice for the SWH building integration and investigating the differences
between the current Chinese practices and international best practices. This collection,
dissemination and sharing of the experiences from successful examples for the SWH building
integration in developed countries is a key element in motivating more designers to incorporate
integrated SWH systems into their building designs.
New standards and codes are also currently being formulated and these will assist in the
development of the market. On the basis of existing national standards and industry standards
related to solar water heater products, the China Architectural Design & Research Institute
(CADRI) is taking responsibility for formulating ‘Codes for the Application of the Technology of
Solar Water Heating Systems into Residential Buildings’, and the China National Institute of
Standardization (CNIS) is taking responsibility for formulating ‘Codes for the Performance
Testing and Assessment of Solar Water Heating Systems’. The issuance of these two codes will
play an important role in facilitating the building integration of solar water heaters and their
acceptance by design institutes. However there will need to be training in the application of these
new codes to make them realizable.

7.3.6 Opportunities for Governmental Agencies Related to
Standards & Certification
The National testing centers for solar water heater products will be completed in the near future.
The Government is strengthening the supervision and inspection of solar water heater products,
with the financial support of the UNDP/GEF Project.
A National Certification Scheme is also being established. According to the experience from the
Solar Keymark Certification for solar thermal products in Europe, the Chinese Government is
gradually going to introduce a certification program and has selected the China General
Certification Center (CGCC) located in Beijing for the solar water heater product certification.
The MOC has already issued the ‘Green Olympic Building Evaluation System’, the ‘Ecological
Residential Building Evaluation System’ and the ‘Green Office Building Evaluation System’.
These building evaluation systems will have important reference value to the evaluation standard
for the integration of solar water heaters with buildings.
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7.4

Outlook

The Chinese solar heating industry has made tremendous achievements to date, but the industry is
facing challenges for expanding the market beyond its traditional rural and on-roof markets and
into the building integrated markets. The integration of solar heating systems into buildings is a
strategic step that brings great opportunities to the Chinese solar heating industry. In order to
facilitate the development of the Chinese solar heating industry, the following main measures
should be adopted: to enhance the product quality and technology, to formulate national
standards/codes related to the solar water heater building integration, to strengthen the quality
supervision & inspection, to introduce a quality certification program for solar water heater
products, and to formulate various preferential policies and incentive mechanisms, including
technical support to assist the industry to improve its building integration capabilities, such
support to cover both the technical aspects but also the process and business aspects of building
integration.
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Conclusions and Recommendations

8

Different countries have different reasons to actively develop solar thermal energy. For
instance in the EU zone, directives on renewable energy and climate change policies are key
driving forces in the development of renewable energy. In China, meeting peoples’ hot
water demand, the economic provision of energy supply and environmental friendly
alternatives to fossil energy are motivating the Chinese rural and urban households to use
solar water heaters. These different motivations have led to the creation of various best
practices for solar water heating market development in the world.
The study reviewed international best practices for market development, technology, policy,
standards and certification related to SWH building integration. An industry survey and an
analysis of the Chinese SWH industry have helped to recognize the great achievements the
Chinese SWH industry has made in the last 20 years, to identify the gaps between international
and national best practice, and to find out the challenges and opportunities the stakeholders face
in the future development of the SWH industry in China.

8.1

Conclusions

1) China is the market leader in SWH in the world.
China, unlike most other significant SWH markets in the world, is unique in that the market
developed without significant stimulation measures and has become the largest market in the
world, with 52 million m2 installed collector area by the end of 2003. Furthermore the
contribution of the industry to employment, social and economic development and mitigating
climate change are unparalleled. There are several historic drivers for this development including
lack of alternative energy supply, industry efforts to develop cost competitive SWH products, and
the demand for greater DHW use from improving economic situation, especially in rural areas.
2) The potential for use of solar heating is much larger than the current market
However there is plenty of room for expansion as the market penetration is still far below
technical potentials especially when considering the booming construction sector, the size of the
existing housing stock and the rapidly increasing use of electric heaters. Indeed, now that the
SWH industry has proven itself, the Government of China is in an excellent position to further
strengthen China’s position as the world leader in SWH production and utilization. Furthermore
as the global emphasis on mitigating climate change transforms into increasing use of SWH,
Chinese enterprises are in a good position to capitalize on this opportunity, by grasping the skills
and technologies required for building integrated systems.
3) Building integration, an essential next step, is still in its early days.
The present SWH market structure in China reflects its rapid evolution and the localized nature of
the China market. The use of solar water heaters in new buildings in China still constitutes a small
part of the market. In China, open loop and direct systems are often used, with vacuum tube solar
collectors dominant in the market, and large scale DHW applications just emerging in the market.
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The current technology is generally not designed for integrated use in new buildings and local
authorities tend to disapprove of the aesthetics of most present solar heating systems.
Considering that China is the country with the largest scale of building construction in the last few
years, it is a strategic step for China to work on SWH building integration. For high and medium
rise buildings in China, building integration of solar water heaters is an essential and a logical
next step to expand and sustain the market.
Building integration needs suitable, reliable and durable products. Good products can be
purchased in most parts of the country; however at present it is not easy for consumers to
distinguish them from inferior products. Outside China many efforts are being made to ensure
product quality and to use certification and labeling to communicate and raise awareness on
quality. In China, the establishment of national testing centers and certification has started.
The distribution of the Chinese solar water heaters is traditionally oriented with many small shops
selling on the local shopping street. The manufacturers have little access to project developers
who develop new buildings. A typical Chinese SWH enterprise covers many diverse activities:
manufacturing, sales, installation, R&D and after sales services. Outside of China the trend for
industry is to specialize in manufacturing components only, assembly SWH system only, coating
or insulation material only, or installation only. For building integrated projects, the role of
specialist system installers is also increasingly important.
4) Policy support, financing and market regulation can enhance quality, building integration
and market growth
Compulsory policies to mandate the use of or preparation of buildings for SWH have proven to be
an effective instrument in increasing market share in Spain and Israel, without compromising the
government budget. Currently there is no obligation to use SWH in China, but under the new
Renewable Energy Promotion Law this might become the case.
Greater market regulation is urgently needed. The work of the UNF project and MoC to create
codes for building integration is therefore important.
Good experience has been made in various countries with financial support mechanisms for
individual households or communities to selectively stimulate market growth.

8.2

Recommendations

1) It is recommended that the Chinese government acknowledges the potential for solar
heating and its contribution towards a more sustainable society.
In China the market for solar heating is large and it brings about a substantial contribution to the
reduction of green house gasses. Because often electric boilers are replaced or avoided, solar
water heating helps in limiting the peak electricity demand. The Chinese policy makers should
acknowledge these benefits and help further market growth by enforcing policies aimed at
helping this market.
2) It is recommended that national and local policy makers stimulate the use of solar water
heating in new buildings.
Local authorities should not block the use of solar water heaters in new buildings. It is
recommended that they go further and oblige the use of solar heating systems. A good model is
the Barcelona Solar Ordinance, which has proven a very effective model to increase the market
penetration. It might be a valuable instrument for China to have compulsory policy on SWH in
new residential buildings to meet its energy security and environmental objectives. Such a policy
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would be an important driver for the property developers in their new housing projects, and it
could be linked to building integration requirements for which the national government could
provide a framework in the form of appropriate building codes.
Another (possibly parallel) approach could be to include SWH as part of building energy
performance regulations, as is common practice in Europe. It could further be beneficial to review
existing construction and drinking water regulations to localize and streamline unnecessary
‘solar-unfriendly’ regulations while preserving the necessary safety levels.
Active information dissemination – trainings, workshops, conferences on a regional level - to
local and regional governmental bodies and to municipal construction committees, architects,
installers and constructors will help to involve these decision makers and implementing parties in
an early stage of the project development.
In common international practice, financial mechanisms are typically introduced to provide low
interest loans or financial support for individual households, enterprises or communities to
overcome the incremental upfront investment for a solar water heater system. The Chinese
industry would benefit from financial support to improve production quality to meet the
requirements of building integration, to develop standardized building integration solutions for
flat and tilted roofs as well as to overcome the higher costs of initial building integration projects.
3) It is recommended that the Chinese government stimulates high quality of solar heating
systems.
The quality of solar heating systems can be improved if the Chinese government obliges the
industry to test all products and sell the systems with a certificate showing the test results. The
same is true for Stimulation measures can be introduced in such a way that they also fulfill
other goals (for example, quality improvement, by making the support available only for
certified products and for building integration by assisting enterprises to carry out initial
larger scale projects).
4) It is recommended to the Chinese SWH industry to improve competitiveness by producing
high quality products, developing new technologies and keeping low cost competency.
The Chinese SWH industry needs to develop new technologies and integration components that
are appropriate for facilitating the building integration market, and can draw from its own
experience and that of its construction sector and also internationally to do this.
General quality problems with current SWH technolgy, e.g. sealing of evacuated tubes,
temperature shock resistance, glass plate sealing and coatings, will have to be solved in building
integrated products. For further growth it is essential to install the solar water heater directly
during the construction of new buildings and come up with aesthetic solutions. A strategic step to
expand the industry and market is to develop large scale technology for building integration.
The industry should embrace and further develop the standards and certification facilities
currently under development, and obtain the certificates and approvals for their products. The
general knowledge level of industrial professionals should be improved, for instance by
establishing a national training network for system designers, manufacturers, installers and
architects.
For the medium and longer term, attention points for technological development include closed
loop systems with one central hot water storage tank. Solar space heating and cooling products
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constitute a strategic answer to the growing heating and cooling demand. Furthermore, the
combination of solar energy with district heating should be considered, especially biomass district
heating, as China has good practices of biomass application for households. Further
technological improvements are possible in the fields of production efficiency,
modernization of production and energy saving in the production process.
5) Partnerships between the solar heating and building industries with strong support from
the Government and with international support are recommended, as building integration
is a strategic and sustainable approach for both the government and industries.
The integration of solar water heaters into buildings should be considered in its broadest sense
from the beginning of the design process and therefore the sales process should start when the
design of the building starts. Early and close cooperation between the solar heating industry,
architects, designers and property developers is therefore key to successful building integration.
Solar water heaters products should be adapted to the needs of architects and building designers,
because in general the aesthetical quality of buildings and houses becomes more and more
important as a selling point. This could include the development of large-scale collector elements
suitable for roof integration. A series of workshops to initiate this exchange is recommended,
together with training for designers, architects and property developers in order for them to better
handle the technology.
For high-rise buildings, collective systems are probably often the most efficient solution. The
design of such systems should be done by skilled professionals and/or checked by third parties,
such as testing / research institutes. The building management should include the operation and
maintenance of the solar heating system and the collecting of payments from the people living in
the building. If there is no company interested to do this, the solar water heating industry could do
it or co-operate with companies who could do this work.
6) It is recommended to governmental agencies to develop national standards, to equip
national authorized test centers and to promote a nationally recognized certification
system. The goal should be to establish a powerful infrastructure for the SWH building
integration in China.
Even though a great step is being made in the establishment of the national testing centers in
China, development of expertise and excellence should be continuously fed and improved. China
should become actively involved in ISO/TC 180 to get international standards better applicable to
Chinese products and to be better prepared for export. Furthermore it will be beneficial for the
internationalization of Chinese products, if the national certification structure currently under
development in China can be linked to other important certification schemes, such as the
European Solar Keymark.
7) It is recommended that China organises the R&D in the field of Solar heating
If China wants to keep and extend its good international position in the field of solar heating it is
essential to have R&D in this field, have the industry work together with the researchers and link
the R&D to the international R&D communities. The Solar Heating and Cooling program of the
International Energy Agency has played an important role as a technology and industry exchange
platform for SWH development. By joining the various Tasks executed in this program, China
would benefit from the R&D, technology innovation and experiences from the IEA network.
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Appendix 1: Background on technological
developments and recommendations
It is difficult to come up with general recommendations that fit for all system sizes and all
applications. Therefore, the following challenges, opportunities and recommendations are
based on a diversification of markets and applications.
Collector Developments and Improvements
To get the consumer confidence and not to destroy the promising market development an
excellent quality and a long-term reliability of the collectors and the overall system are essential.
If this is not considered seriously, this can lead to a considerable drawback in the market
development. Therefore first of all the following collector developments and improvements are
recommended.

Vacuum Tube Collectors
Due to the fact, that evacuated tube collectors can be manufactured in large scale in automated
production lines with a relatively low material demand compared to flat-plate collectors this
collector type in combination with a well insulated hot water storage tank has a huge potential not
only in China, but also for export to countries with hot and moderate climate.
The main market for this type of system is seen in the field of single-family houses in suburban
and non-urban areas. The possibilities for building integration are limited due to the nature of the
design of the system.

The main advantages are:
high degree of prefabrication
easy to install
limited skills necessary to install the system
The challenges are to improve the quality and durability of the evacuated tube systems. At the
moment a lot of the evacuated tubes have problems to pass European quality tests (e.g. the
temperature shock test). Not only in this test procedure but also in normal operation broken
evacuated tubes have been observed. Another weak point is the sealing between glass and the
storage tank. Several manufacturers use non heat resistant and not long term UV stabilized rubber.
It is highly recommended to solve these problems as quickly as possible and to test the new
products in authorized test institutes before they are sold on the market.

Flat-plate Collectors
As mentioned in the other chapters flat plate collectors play a minor role at the present solar
thermal market of China. But if building integration and large-scale systems for multiple-storey
residential buildings are important in future, it will be necessary to use flat-plate collectors as they
offer several opportunities for building integration. Due to the fact, that a flat plate collector can
replace the conventional roof or the façade this collector has also the potential of significant cost
reduction.

-93-

Integration of Solar Water Heating into Residential Buildings

The flat plate collectors sold in China today have considerable optimization potential. On the one
hand most of the flat-plate collectors are designed as so called ‘on-roof collectors’. This means
they have to be installed on a support structure (e.g. angle iron) on top of the roof tiles. This does
not look very aesthetically pleasing and increases the cost due to the support structure, which is
still needed.
At the collectors the following weak points have been observed:
Sealing problems (between glass and collector casing)
Non tempered glass is used as front cover (ordinary window glass)
The absorbers are coated with non selective black paint
Significant improvements concerning quality and performance could be achieved if:
the sealing problems would be solved (e.g. UV-stabile rubber and collector boxes with a
defined air ventilation rate)
the ordinary window glass would be replaced by low iron tempered glass,
the absorber would be coated with a high performance selective coating
To make the flat plate collector suitable for roof integration and in order to reduce the installation
time and cost the production of large-scale collector elements (10 – 20 m²) should be taken into
consideration. The following figure shows the different possibilities of roof-integrated collectors.
As a possible next step also the development of façade collectors could be taken into
consideration. At this point it has to be mentioned that the development of a direct integrated
façade collector, where the back side insulation of the collector is at the same time the insulation
of the building, requires building physicists and experts who are working in the field of largescale glass façades as well as the usual collector experts.
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(a) On-roof assembly

Source: AEE INTEC, Austria

(b) Collector as roof cover modules

Source: SolarNor, Norway

(c) Collector module with framing

Source: S.O.L.I.D., Austria

(d) Collector as factory built unit

Source: Wagner & Co, Germany

Figure 40: Different types of roof-integrated solar collectors [1]

System designs for Different Climates
All over the world the system design differ significantly between locations with hot and moderate
climate without frost and systems designed for regions with frost in wintertime.

Systems for Hot and Moderate Climates
Solar domestic hot water systems for hot and moderate climates are working according to the socalled thermosiphon principle. These thermosiphon solar heating systems are besides China
widely used in South of Europe, Israel, Australia and North Africa. They are usually used for
domestic hot water supply and mounted on flat roofs. These systems consist mainly only of a
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collector, a tank and the necessary piping. They do not need a circulation pump as they make
advantage of gravity differences in their operation. The water heated in the collector rises to the
top and is replaced by cooler water from the tank (thermosiphon principle). The water in the tank
continues to be heated as long as the temperature difference between the collector and the tank is
large enough to maintain the circulation. As the buoyant forces are relatively small, pipes with a
large cross-section have to be used. In addition, the pipes should be kept as short and straight as
possible to achieve the lowest flow resistance.

Closed Loop Versus Open Loop Systems
There are two general design options for thermosiphon systems - open loop or the closed loop
systems. Open loop systems are quite simple in the design and accordingly cheaper to
manufacture. To run these systems without problems for a long time, a certain water quality has to
be guaranteed. Closed loop systems are more complex and higher in price. The advantage is that
they can be used for nearly all water qualities and due to the separation of the collector loop and
the domestic hot water loop also in climates where frost occurs sometimes.

Open Loop Systems
In open loop or indirect thermosiphon systems the potable water from the storage tank circulates
through the collectors. This occurs when, solar radiation heats the water in the collectors to a
temperature above that of the water stored in the tank. A natural circulation („thermosiphon’) is
induced by the associated density difference.
A direct thermosiphon system must only be installed in non-frost, good quality water areas. Water
with high solids content can impair the efficiency of the collector over time due to calcification of
the collector waterways. Under frost conditions, collector waterways can freeze and rupture. An
indirect system with a heat exchanger must be installed under either of these conditions.
The following table shows water conditions suitable for open loop systems. If the supply water
exceeds these guidelines then a closed loop or indirect system is recommended.

Table 3: Water conditions suitable for one-circuit systems Source: Solar Edwards,
Australia

Description
Ph
TDS
Total Hardness
Chlorides
Magnesium
Calcium
Sodium
Iron

-96-

Maximum Recommended Level
6.5 - 8.5
600 mg/l
200 mg/l
300 mg/l
10 mg/l
12 mg/l
150 mg/l
1 mg/l

Integration of Solar Water Heating into Residential Buildings

Closed Loop Systems with Hydraulic Separation
Closed loop or indirect systems, i.e. it is necessary to separate the collector circuit and the fresh
water circuit, are used wherever the water is either very limy or there is a danger of frost. The
hydraulic separation of the solar circuit from the storage tank water can be fulfilled either by a
jacket tank or by a coil heat exchanger. The auxiliary heating of water on days with a low level of
sunshine can be provided by an electrical heating element.
Usually indirect systems comprise an enameled or stainless steel tank surrounded by an outer steel
jacket. The space created between the tank wall and the jacket forms heat exchanger volume that
is coupled to the collectors to form a closed circuit. During installation the closed circuit is filled
with a heat transfer fluid (glycol and water). The potable water stored in the inner tank does not
circulate through the collectors or jacket. As the hot collector fluid is pushed into the jacket it
rises along the outside of the main vessel wall whilst exchanging heat energy through the cylinder
wall into the potable water. In this process the collector fluid gradually looses heat (becoming
heavier) and falls toward the cold down pipe connection for return to the bottom of the collector.
This process pushes the hotter (lighter) fluid back via the hot pipe to jacket to continue the
process.

Systems for Cold Climates
For systems used at high latitudes, where frost may occur for several months a year, the systems
are characterized by the separation of the collector and the storage tank. Under this climatic
condition, double-circuit systems with forced circulation are almost exclusively used. A
circulation pump drives the collector circuit. Characteristic to this system is the separation of the
collector and the tank as the collectors are usually mounted on the roof and the tank is installed in
the house.
During the summer period the energy supplied by the sun is sufficient to cover between 80% and
95% of the hot water demand, depending on the dimensioning of the system. If the hot water
consumption is matched with the solar radiation profile, it is fully possible to omit other forms of
energy during the summer months.
During the inter-seasonal periods and winter months, the solar energy supply is still sufficient to
pre-heat the domestic water, i.e. the temperature of the inlet water has to be raised only by a small
amount by the heating boiler or electric heating element. During the cold winter months, water
temperatures between 30 and 50°C can still be reached on sunny days. Thus, the energy saving
effect in winter may be still considerable.
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Figure 41: Solar hot water system with forced circulation. See text belo w.

Description of a Domestic Hot Water System with Forced
Circulation
See Figure 41. The incoming solar radiation is converted by the collector (1) into heat. This heat
is transported by a heat transfer medium (water/anti-freeze mixture) in pipes (2) to a storage tank
(3). There, the heat is transferred through a heat exchanger (4) to the domestic water and thus
becomes utilizable. The storage tank should be dimensioned in such a way that its volume
corresponds to the hot water demand of one to two days.
The installation of an additional (e.g. electric) heater (5) ensures that sufficient amounts of hot
water are available even during long and continuous periods of overcast weather.
The water, which has been cooled in the heat exchanger, flows then back to the collector. The heat
transfer medium is circulated by a circulation pump (6). An electronic control (7) ensures that the
pump is only turned on when an energy gain from the solar collector is expected, i.e. when the
medium in the collector is warmer than the domestic hot water in the tank.
Both the storage tank and the pipes are well insulated to avoid unnecessary losses.
Additionally, thermometers (8) in the inlet- and outlet pipes belong to the basic equipment of the
system. They are preferably installed close to the storage tank. Temperature dependent volume
changes in the fluid are compensated by the expansion tank (9), keeping the operating pressure in
the system constant.
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The gravity brake (11) prevents the heat from flowing back to the top if a standstill in the system
occurs. A pressure relief valve (10) allows fluid to escape if the system pressure becomes too
high. An air escape valve (12) is installed at the highest point allowing air in the piping to escape.
Inlet and outlet taps complete the system.
In general, the auxiliary heating of the domestic hot water is performed with a second heat
exchanger by a boiler instead of, or in addition to, the integrated electrical auxiliary heating (5).

Chinese Systems and Possible Improvements
At least one of the Chinese companies (Tianpu) already offers double-circuit systems with forced
circulation. At the ‘Shanghai Seshan County Club’ housing project in phase 1 there are 98 singlefamily houses with a living area of 320 m² each under construction. In total 9 phases with approx.
900 houses are planned. All houses are going to be equipped with closed loop solar water heating
systems with forced circulation as described above. The first systems with 6 m² flat-plate collector
and a 300 liter hot water tank are already installed. The general design of this advanced system
corresponds with the system concept, which is usual also in Europe.
Improvements are possible in a better dimensioning of the components (expansion vessel, pump,
safety valves, air escape valve…), the design of the hot water storage tank (optimization of the
position of the heat exchanger and auxiliary heat source) as well as the integration of the flat plate
collectors into the roof.
The cost of the systems installed at the ‘Shanghai Seshan County Club’ housing project (System
cost incl. Installation: RMB 15,000,- corresponding to € 1.500,-) is quite cheap compared to
European products. The price of a European system comparable to the one mentioned above is in
the range of € 3,500 to € 4,500.

System Designs for Multi-storey Apartment Buildings
Considering the appearance, cost, complexity of the overall design including the distribution pipes
to the individual apartments as well as the performance of open loop thermosiphon systems
frequently installed in China on multi-storey apartment buildings it is recommended to investigate
the possibilities of closed loop systems with one central hot water storage tank. According to
European experiences this type of system leads to better performance, lower cost and the
possibility of building integration of the collectors.
The following figure shows one optimized system design for multi-storey apartment buildings.
This system design has the advantage, that just one central hot water tank is necessary. This hot
water tank can be made of ordinary steel since its function is just to store heat. There is no
drinking water in it. The hot tap water is prepared instantly in each apartment via a heat transfer
station. Besides the hot water preparation this system concept has also the ability to supply heat
for space heating.
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Solar Assisted Biomass District Heating
Chinese professionals, manufacturers and developers have also shown big interest in the
combination of two renewable energy sources, which are able to provide heat for domestic
hot water and space heating. This application could have a big potential mainly in the colder
north of China were space heating of houses is of importance. Especially when new villages
or bigger housing estates are developed, this option should be taken into consideration. All
houses of a village or a new housing area can be connected to a central solar assisted biomass
heating plant via a district heating network.
Very good results have been gathered with this kind of system in Austria, where several solar
assisted biomass district heating networks have been installed in the recent years. Since this
type of system needs very careful design where a lot of framework conditions have to be
known, it is not possible to go into detail here.
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Figure 43: Boiler house with 570 m² roof integrated flat plate collectors. This
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Training Courses
For a broad market penetration it is essential to develop and to disseminate a common
understanding of good system designs, system operation and system integration. Also to be able
to improve the Chinese collectors and system designs it is necessary to disseminate and to discuss
the optimization criteria with the involved industry.

Because of the reasons mentioned above it is strongly recommended to establish a nationwide
training network to train all experts involved in solar thermal energy systems. The training
courses should – besides the dissemination of basic knowledge for all involved groups - be
focused on different groups of experts like manufacturers, installers and architects. A
technical support group could also be established to provide specific support to enterprises
engaging in ‘first-time’ projects or particularly challenging integration circumstances.

-101-

