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Abstract — We study and analyze the current situation of combined solar heating in China to determine the underlying design 
issues of applying solar heating to both water and to green residential buildings. We put forwards new design principles for the 
integral combination of solar heating of water and buildings relevant to prevailing modern environmental factors in China. The 
results show the theoretical basis for applying solar energy in green residential building design and to promote more extensively the 
utilization of solar energy in green buildings. 
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I. INTRODUCTION 
 
Solar energy is increasingly got more attention as 

energy of everywhere, inexhaustible, inexhaustible and 
clean and free from pollution. Its extensive application has 
more important implications for saving non-renewable 
fossil energy, protecting the environment, improving the 
human living space and realizing sustainable development 
of economic society., the development of solar energy 
science and technology has two big basic trend in the 
contemporary world: the one is the combination of photo 
electricity and photo-thermal, the other is the integral 
combination of the solar energy and building. Solar energy 
building system is the meeting-point of two revolution that 
green energy resources and the concept of new 
architecture[1]. It is generally accepted by experts that solar 
energy is alternative energy of most suitable, security, most 
ideal for human in future. It is recognizable considered in 
the survey report of the United Nations Agency that the 
integral combination of the solar energy and building must 
be a hot in the market of 21 century, and solar energy 
building industry will be one of the most important new 
industries of 21 century. 

With the development of economic construction and the 
living standards of people, the city garden house has been a 
fashion, at the same time they are constantly arising that 
energy crisis and the deterioration of the environment [2]. 
So it need to be popularized that the exploitation and 
application of solar energy products which is clean and 
inexhaustible. It can also help city garden house to realize 
its environmental protection and energy conservation, and 
make the future building be solar energize. The application 
of solar energy is mainly the use of solar heat in China. 
With the research and development of 20 years, it has been 
realized commercial operation for the market of solar water 
heater[3]. If considered buildings and solar energy facilities 
together, and the integral combination are realized, then it 
can save investment, keeping building's whole beauty from 

destroying and can also make its best achievement of the 
integral combination of buildings and solar energy 
facilities, which is called “the integral combination of solar 
energy and buildings”. It also presents that it’s more 
irreplaceable place and to be a latest highlight in the 
construction of residential building. 

 
II. THE CURRENT SITUATION OF USING SOLAR 

ENERGY TO HEAT WATER AND BUILDINGS 
 
It is the primary stage for the integral combination of 

the solar water heater and building in China. Usually, it is 
only considered that the structure and function of itself and 
not the integral combination with building. In addition, the 
neglect of building design result in randomness and 
destructiveness of water heater installation, and it almost 
influences outside view of building and structural safety 
without exception [4]. So a lot of problems appear in the 
practical application process. 

It hasn't been gotten more attention for spread and 
application of solar water heater's in society at present, and 
hasn't been founded that perfect operation mechanism to 
realize the integral combination of the solar water heater 
and building. So there are mainly three situations for the 
applying in residential building as follows: 

(1) To forbid setting up, especially in the new high 
middle-grade residential community. Because it didn't take 
water heater location into consideration in the design phase, 
without doubt that it has not the installation conditions. For 
this reason, property sector forbids setting up because it 
affects landscape and other users. 

(2) The users autonomously set up and use. Almost 
most of the users of the solar water heater are the case. This 
kind of situation mainly exists in the early residential 
community or the building constructed by the user itself. It 
brings lots of security risk because the solar water heaters 
bought and set up by user are different kinds of types and 
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forms. The types of these solar water heaters are almost 
integrated (as shown in Fig.1). 

 

 
 

 
 

 
Fig.1 The photos of solar water heater set up autonomously in actual 

project 

(3) Real Estate Development Company takes into 
account the installation of the solar water heater, in this 
case, the solar water heater is gift products and usually 
integrated. This situation is relatively less. The solar water 
heaters are same brand and model, the location of 
installation is relatively well-disciplined. But this is not the 
integral combination of the solar water heater and building, 

it is only the emissions and tidy installation and managed 
by users (as shown in Fig. 2). 

 

 
 

 
 

 
Fig.2 The actual project photos of unified to install solar water heater 

 

III. TECHNICAL ISSUES OF SOLAR WATER 
HEATERS INSTALLED IN RESIDENTIAL BUILDING  

 
(1) Because of urban land is getting increasingly tense, 

with the reason of the north climate, most newly building 
communities are determinant layout, the numbers of story 
are gradually developed to lower tall residential building  
and tall residential building. But this brings a certain limit 
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to the installation of the ordinary integral solar water heater. 
Firstly the sunshine time is no guarantee that the application 
of the solar water heater for the lower user and it has no 
installation position at the same story. There are other 
problems that line is too long, too much cold water within 
the pipeline and large heat loss if it is installed on the roof. 
Moreover the roof area of tall building is relatively smaller 
with reducing the occupation of fire escape and equipment 
room, it is difficult to meet degree of installation 
requirement of the whole building from acreage. So other 
ways must be taken into account in the design.  

(2) It wasn't be taken into account in the building 
design. It was very similar with the case of household air 
conditioner used several years ago. The original design did 
not consider the location of the air conditioning separate-
bodied outdoor and the hole of inside and outside pile. It 
caused confusion in the elevation of building that all kinds 
and sizes outside machine installed freely the outside wall. 
At present, it has become a basic requirement that takes into 
account installation location of air conditioning in the 
building design. The present situation of solar water heater 
is that there aren't line connection reserved and the 
foundation of the installation on the roof, not to mention the 
consideration of integration with building on the balcony 
and wall surface. At the same time, it will case lots of 
problems about the solar water heater installed on the roof 
because it did not consider in advance, such as the failure of 
thermal-protective coating, the exceed standard of partial 
load of roof, the drop of durability of the waterproof layer, 
the facilities leaded to the roof can't meet the demand, the 
pipelines affect the blazonry of building elevation, etc..  

(3) The contradiction of building life and service life of 
the solar water heater system. It exists a collector 
replacement problem that building life is generally in more 
than 50 years while solar thermal collector's life is only 
about 15 years. Although it looks that embedded integrated 
collector beautiful, which can combine with building 
perfectly, but there are potential accidents that it have to 
destroy the original exterior protected construction and 
decorative material of the building when it is changed.  

(4) The problems of existing system and product. At 
present the system of the solar water heater is generally 
household heating and water supply system of household 
itself, with the imbalance of heat and water between 
families, which can't be made full use of solar heating 
facilities, so to make the efficiency of the system is lower, 
with the large space occupied not to be applied fully and 
high costs to be needed, and has a poor combination with 
building. Furthermore, the products itself of the solar water 
heater have lots of problems, that restrict its promotion and 
application.  

It shows that the problem of the integral combination of 
the solar water heater and building is a comprehensive 
career which multi-disciplinary and multiaspect 
participation and cooperation. The popularization and 
application of solar energy depends on the architect's 

participation except the efforts of national policies and 
regulations department, the department in charge of 
construction, solar manufacturers, real estate developer and 
architectural design department. Architect as a building 
designer should have a comprehensive consideration on 
architectural image, layout and function on the basis of 
different type of collector, technical requirements, intended 
use, different geographic latitude, climatic feature and 
building types, etc., on the other side, manufacturers who 
design and product solar thermal utilization device should 
get feedback information about the building to its 
equipment requirements from architect. Only in this way it 
can be gotten the perfect unity that design and production of 
equipment and the use of the building, which will promote 
the application of solar energy in building. Solar 
manufacturers must solve the problem that integral 
combination with building in technique, to make the solar 
system be a component of building at the same time. It is a 
basic question to implement the integral combination of the 
solar water heater and building that the product must be 
standardized, serialized and matching technology.  

 
 

IV. THE CHARACTERISTICS AND DESIGN 
PRINCIPLES OF THE INTEGRAL COMBINATION OF 

SOLAR WATER HEATING AND BUILDINGS 
 
The technique of combination of the solar energy and 

building is the basis of popularization, utilization and 
promotion of solar energy. It needs cross-professional 
communication between the people who go in for solar 
energy and building. Building is as a carrier of solar 
products and people oriented, solar products deviated from 
architectural principles do not have vitality.  

The needs of integral combination of solar energy 
system and building is that, before architectural planning 
and design, solar energy utilization system is used as a 
portion of building design, installation site reserved on 
building, problems solved properly about installation of the 
collector and make sure the function of bearing and 
waterproof of the structure. Meanwhile make sure the 
design of inside and outside lines of the circuit and 
waterway to be good. So that solar system could not affect 
building landscape and to make blazonry unified with 
functionality. The integral combination of the solar water 
heater and building has its unique characteristics: firstly, the 
overall design of environment incorporated application of 
solar energy, with construction, technology and aesthetics 
fused together. The solar system becomes a part of building 
to make combination with each other and takes the place of 
the effects on structure made by traditional solar; secondly, 
it can reduce cost and improve benefit if solar facilities can 
replace roof covering fully or partially; thirdly, it can be 
used for flat roof, sloping roof, balcony and wall surface, 
generally overlay or framed used for flat roof; mosaic, 
scaffolding, or the roof type used for sloping roof, mosaic 
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or framed used for balcony and wall surface; fourthly, this 
technology belongs to a comprehensive technology related 
to a variety of technology fields such as solar energy 
utilization, architecture, fluid distribution, etc..  

In the contemporary, the development of solar energy 
and architecture must be adapted to certain strategies. 
Firstly, comprehensive utilization of matured passive solar 
energy technology and modern solar photovoltaic and solar-
thermal technology; secondly, the combination of the 
maintenance structural technology of heat preservation and 
insulation and the technology of natural ventilation and 
light and sun sharing, thirdly, the integration of traditional 
architectural construction and modern technology and 
ideas; fourthly, the balance between initial investment and 
investment of building life; fifthly, the design concept 
driven ecologically is permeated into conventional building 
design; Sixth, overall consideration about regional climate 
characteristics, economic development level, architectural 
feature and people's living habits, etc.. So there are mainly 
four aspects on design principle about combined technology 
of the integral combination of the solar water heater and 
building when design. 

(1) In appearance, put collector properly to realize its 
coordination and unity whether it's on the roof or on the 
wall or on the balcony. 

(2) From the structure and constitution, the installation 
problem of solar collector should be solved properly to 
ensure that bearing of buildings, waterproof, and other 
functions are not affected. Also consider weather it have 
ability to resist natural disaster such as strong wind, snow, 
hail, even earthquake, etc. 
      (3) On the arrangement of pipeline, all the port of 
pipeline should be reserved in the buildings, set properly 
line of solar energy circulation, as far as possible to reduce 
the loss of electric quantity and heat belong to the pipeline. 

(4) On the system operation, it is required that safe and 
reliable, stability, security, easy to be installed, repaired and 
maintenance to resolve properly the mach of solar energy to 
auxiliary energy and the problem about public power 
system, and try its best to realize intelligent automatic 
control of system. 

 
 

V. CONCLUSIONS  
 
With the development of the profession, the progress of 

technology and the improvement of living standards, the 
increasing of building energy consumption is corresponding 
with it, all of it become as a big albatross of energy supply. 
Therefore, the buildings have important significance on 
economy, society and energy security about making full use 

of solar energy. Green ecological residential building will 
want to find the harmonious unify of nature, building and 
human. On the basis of "people first", it is suitable for 
human that using natural conditions and artificial methods 
to create a comfortable and healthy living environment. 
Under the health development situation of residential 
building, the integral combination of the solar water heater 
and building is increasingly becoming the focus of the real 
estate profession. 

Zheng Ruicheng, worked at China Academy of Building 
Research, indicates that the development of the integral 
combination of building and solar water heating system is 
imbalance, the misconceptions exist in understanding and 
there are lots of technical question to be solved. It can 
increase the function of building as well as meeting the 
actual demand of resident and improve the  quantity of sale 
of building if building developer considers the solar (photo-
thermal and photoelectricity) as a part of building like fire 
and electricity at the beginning of design and construction. 
Real estate development is a huge property as same as other 
profession, that possesses users and the market who has 
new technology and new products. Therefore, we hope the 
extensive estate developers design building carefully, 
optimize allocation of resources and combined solar energy 
with building cleverly so that it has a effect of decoration, 
saving energy and protecting environment, once for all, 
benefiting country and posterity. 
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