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ABSTRACT

With the rapid progress of urbanization China is currently faced with unprecedented energy and resource deficiency as well as environmental crisis. Especially in non-urban areas due to the fast economic growth and great change of life style the problems of energy waste and environmental degradation are emerging.
The dissertation explores the sustainable developing strategies of settlements and residential buildings in China’s small towns and rural areas. The study includes field survey in representative regions in China, including Guizhou province（Southwest China, zoning: Mild）, Zhejiang Province ( Southeast China, zoning: hot in summer and cold in winter) and Heilongjiang Province (Northeast China, zoning: extremely cold). The dissertation analyzes the data obtained from the survey and summarizes the existing problems and experiences that is worthy of being transferred. Then the dissertation discusses and explores the indigenously ecological design philosophy of traditional Chinese dwellings and concludes the aspects still valuable to be inherited nowadays. In the following chapter the guidance principles for development of sustainable settlement and green building technologies of Germany are introduced and analyzed for reference. 

Based on the study mentioned above, a system is formulated at the end of the dissertation for the principles applicable to the preparation, design and construction phases of settlements and residential buildings in small towns and rural areas in China. The system includes 19 items and certain subentries to each item. It also refers to the 4 parties involved in the phases (the central government, the local governments, the architects and the users). With detailed analysis of each subentry and the current relevant laws, norms and regulations, the system not only defines the principles from the outset to the final delivery of the projects but also makes clear the responsibilities of each party involved including relevant laws, norms, regulations and financial programmes that ought to be formulated and lauched by the central government, the obligations of the local governments, the responsibilities of the architects and the participation of the users. In this sense it is the first of such systems for development of settlements and residential buildings in China’s small towns and rural areas.  
KURZFASSUNG 
Mit dem schnellen Fortschritt der Urbanisierung sieht sich China mit unvorhergesehenen Energie- und Ressourcendefiziten konfrontiert, genau so wie mit Umweltproblemen. Aufgrund des schnellen ökonomischen Wachstums und des grundlegenden Wandels des täglichen Lebens sind in den ländlichen Gebieten Probleme aus ineffizienter Energienutzung und Umweltbelastung von zunehmender Bedeutung.
Diese Dissertation entwickelt Strategien für eine nachhaltige Entwicklung in den Bereichen Siedlungsplanung und Architektur in ländlichen Gegenden. Die Untersuchung beinhaltet eine Feldstudie in repräsentativen Gebieten Chinas, einschließlich der Provinz Guizhou (südwestliches China, mildes Klima), der Provinz Zhejiang (Südöstliches China, heißes Sommer- und kaltes Winterklima), der Provinz Heilongjiang (Nordöstliches China, extrem kaltes Klima). Im weiteren Verlauf der Arbeit werden die ermittelten Daten der Feldstudie analysiert und eine Zusammenfassung der aktuellen Probleme und Erfahrungen erstellt. Daraus folgend wird die einheimische Designphilosophy traditioneller, chinesischer Wohnhäuser diskutiert und nimmt dabei besondere Rücksicht auf die Aspekte, die sich auch heute noch anzuwenden lohnen. Im darauf folgenden Kapitel werden zur Vervollständigung die grundlegenden Prinzipien der Entwicklung nachhaltiger Siedlungen und grüner Gebäudetechnologie Deutschlands vorgestellt und analysiert.

Auf der oben erwähnten Studie aufbauend, wird ein System anwendbarer Prinzipien in der  Vorbereitungs- , der Entwurfs- und der Bauphase von Wohnungshäusern und -gebieten in kleinen Städten und ländlichen Gebieten Chinas aufgestellt. Das System beinhaltet 19 Bestandteile und einige Teilelemente pro Bestandteil. Außerdem berücksichtigt es die 4 Gruppen (Zentralregierung, lokale Regierung, Architekten und Benutzer), die in der Entstehungsphase involviert sind. Mit detaillierter Analyse jedes Unterpunktes und den aktuell relevanten Gesetzen und Normen, definiert das System nicht nur die Prinzipien von Projektbeginn bis Fertigstellung eines Projektes, sondern auch die Verantwortlichkeiten jeder involvierten Gruppe, sowie finanzielle Programme die von der zentralen Regierung zu formulieren und umzusetzen sind, Auflagen der lokalen Regierungen, Verantwortung des Architekten und die Beteiligung der späteren Nutzer. In diesem Sinne beschreitet diese Dissertation Neuland in der Entwicklung von Chinas kleinen Städten und ländlichen Gebieten.
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CHAPTER 1                                   INTRODUCTION
1.1 The background of the research
Developing small towns and rural areas is an important part of the urbanization process and plays a crucial role in national economy and society development in China. With the booming non-agricultural industries in rural areas, the rapid urbanization process in China has been promoting rural economic prosperity. 
The report of Sixteenth National Congress of China proposed for the first time “urbanization with Chinese characteristics”. Since 1992 China has attached great importance to the sustainable development of small towns and until 2001 established 212 towns of experimental integrated reform which includes reforms of management system, financial system and household registry policy.
 The Third Plenum of 15th CPC Central Committee raised “developing small towns is an important strategy to drive the rural economy and society development”. In addition China has established “special-purpose developing program for small towns” to strengthen the supervision for them. Each province has its own developing objective, strategy, associated measures according to their own situations. Under the above mentioned background small towns are booming and the newly built residential buildings in these areas are increasing every year. 

With the gradual realization of these programs and rapid progress of urbanization, many researches are being carried out. However they are mainly about economic and urban planning, and lack in the research in the field of housing. The common existing problems in the development of residential buildings are drawing people’s attention, such as energy consuming and environmental impact, housing comfort and architectural tradition inheritance. 

The energy consuming of buildings in China is 27.6% of the total consumption
 and a lot of energy is wasted. With urbanization the proportion will increase. China has a large population and per capita energy store is far lower than the world’s average level. According to the statistics of China National Energy Administration in 2004, the world energy production and its growth rate are both higher than world energy consumption and its growth rate; However, the tendency of China is on the contrary: the energy production and its growth rate are both lower than energy consumption and its growth rate.
 The arable land per capita is only 0.095 hectares, less than 40% of the world’s average level.
 The water resource per capita is less than 1/4 of the world’s average level.
 About 47000 hectares farmlands are being destroyed by the plants that produce adobe bricks every year.
  
Urbanization process accelerates rapid progress of housing industry so residential buildings are the most built in China now. Besides, the revolution of life style in urbanization making the requirement of living standard higher increases housing energy consumption greatly. For example, the household electricity consumption takes up 25% of the total electricity generated in China; the coal consumed for heating in northern China takes up 15% ~ 20% of the total non power-generating coal.
 
Using less non-renewable energy, reducing greenhouse gas and minimizing environment impact are the issues that are paid the most attention to in the world. While in China high building energy consumption, low energy-efficiency and serious pollution have already been severe problems for sustainable development. Comparing to the developed countries in Europe, the building technologies, equipments and materials in China are more than 20 years backward. The average annual growth of newly constructed building areas are about two billion square meters in the cities and rural areas every year.
 Obviously if energy saving policies are not carried out the energy consumption will be tremendous. 

In recent years China has begun to pay attention to energy and environment issues and has promulgated a lot of regulations aiming at these problems such as establishing energy-saving standard for residential buildings, controlling indoor air quality, reducing indoor pollution and evaluating the performances of the residential buildings. “Saving energy and reducing pollutants discharge” has been placed on the agenda and in the national developing policy.
 The first conference of China National Leading Group to Address Climate Change and Energy Conservation & Pollutant Discharge Reduction was convened on July 9th, 2007 in Beijing.
 In addition, China has made laws, policies and measures relevant to addressing climate change, such as China Medium and Long Term Energy Development Plan Outlines 2004-2020, China Medium and Long Term Energy Conservation Plan, Renewable Energy Law of the People’s Republic of China, the Decision to Strengthen Energy Conservation.

Meanwhile a lot of energy-saving policies focusing on buildings are introduced. For example, the building projects that don’t meet the standard of obligatory energy saving for civil constructions can’t receive licenses for planning and construction.
 According to the released regulations, newly built buildings are supposed to save 50% more energy than the existing buildings and in some developed areas this number shall be 65%.
 The Ministry of Housing and Urban-Rural Development of People’s Republic of China requires that central heating buildings should have heat metering and system control. In addition residential buildings should have household heat metering system.
 
However, the construction of residential buildings in non-urban areas is still in a stage of extensive developing mode and can not meet the requirement of the improving living standard. As a result, housing comfort is also a big problem in small towns and rural areas, including indoor air quality, temperature, humidity, noise, indoor lighting quality, per-capita building area, etc. This is because usually only basic needs of the users are met due to economic reasons. So the problems of many physical performances of the buildings like noise insulation, lighting, heat and air quality and the performances of equipments and infrastructure are quite serious. In sum the process of achieving safe, environmentally friendly, convienient, and comfortable dwellings needs to be accelerated. 

On the other hand, a serious problem of culture deterioration arises with the rapid progress of urbanization, which shows that in some areas a lot of valuable traditions of architecture are vanishing as the local people are eager to integrate their architectural cultures into the prevailing city styles or “inherit” their architectural traditions very casually. Either from the environmental or cultural point of view it is a destructive consumption of the cultural heritage resources. The residents in rural areas pursue “new style” or “fashion” blindly but they do not have the chance to get the knowledge and can only superficially copy the “city style” in their minds.
With the appearance of these problems some researchers in China have been exploring the solutions of the green technologies and have been researching on corresponding energy-saving technologies for different climate and made achievements. For example, in Yunnan Province
 (Southwest China) ventilation and heat insulation technologies have been improved in old house renewal. In Harbin, Heilongjiang Province
 (Northeast China) heat preservation of the farmers’ houses has been enhanced. In Shaanxi Province
, (West China) the researchers have achieved some approaches about the integrity of adobe cave dwellings. However, these researches focus mainly in certain areas and lack in integrated and indepentend technology systems. 

In sum, planning and construction mode, system, policy and the consiousness of the people of small towns and villages haven’t developed with the rapid progress of urbanization and the increasing urgent demand of the residents for housing so the whole development is out of balance. If the situation continues it will be threatening for the natural and cultural environment and some latent consequences will be irreversible. Under the circumstances the sustainable development in small towns and villages urgently needs instruction of strategy. 
1.2 The purpose and the significance of the study
With the background stated above the purposes of the research are:

1. To study and analyze the typical evaluation systems of sustainable building in China and worldwide and the recent research advances to obtain the issues that need to be solved in this field in China;

2. To conclude the existing problems of the settlements and dwellings in China’s small towns and rural areas, analyze the reasons from the data and status quo obtained from the field survey completed by the author with the research team and seek to find the methods of solution;

3. To explore the importance of traditional vernacular Chinese architecture including the ecological philosophy, the passive energy-saving technology, the cultural significance and the profound relation among these elements, find out the disadvantages of the tradition and discuss the possibilities to further develop the advantages in contemporary sustainable architecture and to improve them with current standards and techniques;

4. To introduce and study the developing principles and advanced technologies of sustainable settlements and buildings of Germany, and analyze the feasibility to transfer suitable elements to China; 

5. To formulate the sustainable development strategies including technical, economical, cultural, sociological, psychological and political aspects for residential settlements and buildings in China’s small towns and rural areas and make clear the responsibilities of the parties involved in the construction process.
The author has participated in the field survey and study of the research team “Research and Development for Green Housing Industrialization in Small Towns and Villages” of Tianjin University, China and together with the team surveyed and investigated the housing status quo in many areas throughout China including Guizhou Province (Southwest China), Zhejiang Province (Southeast China), Heilongjiang Province (Northeast China), Hebei Province (North China), Beijing area (North China). After that the study of the indigenously ecological design philosophy of traditional Chinese dwellings and the contemporary technology in Germany was carried out by the author. The work in China includes measuring and photographing for the plans, facades and sections of local typical houses, collecting the data of thermal efficiency and air quality with professional apparatus, investigating energy consumption of the houses, questionnaire to local inhabitants, and testing and analyzing the specimen of the building materials in the architectural physical and environmental laboratory of Tianjin University. The dissertation presents all the data obtained from the survey and analyzes them to give solutions to the existing problems in different areas. Study of the design philosophy of traditional Chinese dwellings is also part of the work in China. The work in Germany includes study of the design principles of ecological settlement and German technologies of green building as well as survey in representative areas. 
Based on the study mentioned above, a system is formulated at the end of the dissertation for the principles applicable to the preparation, design and construction phases of settlements and residential buildings in small towns and rural areas in China. The system includes 19 items and certain subentries to each item. It also summarizes the 4 parties involved in the phases (the central government, the local governments, the architects and the users). With detailed analysis of each subentry and the current relevant laws, norms and regulations, the system not only defines the principles from the outset to the final delivery of the projects but also makes clear the responsibilities of each party involved including relevant laws, norms, regulations and financial programmes that ought to be formulated and lauched by the central government, the obligations of the local governments, the responsibilities of the architects and the participation of the users. 
The significances of the study can be concluded as following:

1. Under the current situation of “Building a New Socialist Countryside” the findings of the dissertation and the research about the advanced experiences and technologies from Germany provides reference to the construction of China’s rural areas. 

2. The study proposes problems and explores solutions not “from book to book” but according to the data and materials obtained from the field survey and actual circumstances. That the survey was carried out by the research team in a number of small towns and villages in three climate zones in China makes the result more representative. Thus it has a practical importance and theoretical instruction for the development of China’s rural areas. 

3. At present green building with humanistic concern is paid more attention to at the level of many countries with advanced technologies in the field of sustainable architecture. Therefore their experiences have great reference value for China that is in the initial stage and should be stressed from now on. The dissertation also discusses the sustainable developing strategies from the point of view of “humanistic concern” instead of only from the technical standpoint.

4. Appropriate technology and the indigenously ecological design philosophy of traditional Chinese dwellings are advocated and the possibility of combining them with contemporary techniques is discussed in the dissertation.

5. The research emphasizes “sustainability from the cultural point of view” while investigating technical sustainability. It is considered in the dissertation that the inheritance of architectural culture and sustainable development are indivisible and complement each other.
1.3 Research methods
As a systematical research of sustainable developing strategy in the large area of China’s small towns and villages the research attempts to proceed with the following methods: 

1. The settlements and dwellings in small towns and rural areas are a complex system whose sustainable development concerns many aspects. Accordingly the study is carried out from a multidisciplinary point of view including architecture, engineering, sociology, psychology, economics, ecology, etc.

2. The method of combining theory and practice is utilized in the research. Field survey, questionnaire, case study and theoretical research are completed parallelly. Thus the study of the theories is carried out with a definite purpose from the outset.                                                                   
3. Convergent and divergent researches are integrated. Through horizontal and vertical comparative study (both time and space) and analysis of the common and individual problems of the surveyed regions, solutions for both common and individual issues are explored.    
CHAPTER 2                                      LITERATURE REVIEW
2.1 The concept of sustainable development
The World Conservation Strategy of 1980 ‘first gave currency to the term "sustainable development"’.
 Later in 1987 the report of the World Commission on Environment and Development has defined sustainability as development that “meets the needs of the present without comprising the ability of future generations to meet their own needs”.
 

In 1998 the CIB (International Council for Research and Innovation in Building and Construction) extended the definition of “sustainable development” from a widened perspective with the collaborative reports from 14 countries worldwide. “The economic and socio-cultural issues are presented in the global context together with the environmental issues”,
 as shown in figure 1.
[image: image1.emf]
Figure 1  The new approach in a global context (source: Sustainable Development and the Future of Construction – a Comparison of Visions from Various Countries, CIB Report publication 225, ISBN 90-6363-011-5, May 1998, P35)
2.2 The development of sustainable building evaluation systems
2.2.1 The quantitative tool of green building assessment - Life-Cycle Assessment (LCA)
Life Cycle Assessment (LCA) is “a tool for the systematic evaluation of the environmental aspects of a product or service system through all stages of its life cycle”.
 The standard of LCA was formulated by International Organization for Standardization and has been accepted worldwide as the only technical framework to evaluate building products with. 

2.2.2 Green building assessment tools
    Assessment systems for green building and technology have been explored for decades to evaluate the “green” performance of the products in building industry. Among them some have been the most influential such as BREEAM, Building Research Establishment Environmental Assessment Method and LEED, Leadership in Energy and Environemntal Design, LEED Green Building Rating System.
2.2.2.1 Building Research Establishment Environmental Assessment Method (BREEAM)

    BREEAM was created in 1990 and is the first system that was used to assess the environmental performance of building projects. The first version of BREEAM only includes home and office. But it is updated continuously according to UK Building Regulations and versions have been developed for different building types.
 The core principles of these versions concerning environmental impacts are:    
· Management 

· 

 HYPERLINK "http://www.breeam.org/page.jsp?id=13" \l "health#health" 
Health and Well-being
 

· Energy 
· Transport 

· Water 

· Material and Waste 

· Landuse and Ecology 

· Pollution
 

    In light of the performance of the building credits are decided in each of the above areas and are added considering a set of environmental weightings to produce a score. The building is then rated on a scale of: Pass, Good, Very Good, Excellent or Outstanding and a certificate awarded to the development.

2.2.2.2 LEED Green Building Rating System™  

LEED Green Building Rating System™ was established in 1993 by U.S. Green Building Council (USGBC). LEED Green Building Rating System™ “encourages and accelerates global adoption of sustainable green building and development practices through the creation and implementation of universally understood and accepted tools and performance criteria”.
 

LEED Rating system evaluates the performance of a building from 6 aspects:

· Sustainable sites
· Water efficiency
· Energy and atmosphere
· Materials and resources
· Indoor environmental quality
· Innovation and design process

    Under each aspect there are specific items that rate points. 
    Since its inception new versions of LEED rating system are developed with the time. 
2.2.3 The evaluation systems in China
The research about green building evaluation system in China is in the starting phase and still needs to be developed. Until now the representative ones are: Assessment System for Green Building of Beijing Olympic, Outlines and Technical Principles for Green Ecological Residential Quarter Construction, Evaluation Standard for Green Building, Technical Assessment Handbook for Ecological Residence of China.
These systems were formulated referring to the prevalent green building assessment systems worldwide. Except for LEED, BREEAM mentioned above, the references also include GBTools (Canada), NABERS system (Australia), ESCALE (France) and CASBEE (Japan). Below is a table that compares the evaluation objects and evaluation aspects of the 5 systems. 
	Assessment System for Green Building of Beijing Olympic 
	Evaluation Object

	
	Buildings for the Olympic Games, including stadiums and subsidiary news center, office building, residential building

	
	Evaluation aspects

	
	The evaluation process is composed of 4 phases: 

1. Planning phase

2. Detailed design phase

3. Construction phase

4. Approval, maintenance and management

According to the characteristics and requirements in different construction phases, the issues concerning environment, energy, water resources, materials and other resources, indoor environment quality are assessed. Only if the building in the former phase meets the basic requirements the design or construction for the next phase can be continued. If all the phases of the construction achieve the goals the project can be considered “green”.


	Outlines and Technical Principles for Green Ecological Residential Quarter Construction 
	Evaluation Object

	
	Urban residential quarters

	
	Evaluation aspects

	
	The system evaluates residential quarters from 9 aspects: 
1. Residential power systems
2. Water environmental systems
3. Air power systems
4. Sound power systems
5. Light power systems
6. Thermal power systems
7. Afforest systems
8. Waste disposition and management systems
9. Green construction material systems


	Evaluation Standard for Green Building 
	Evaluation Object

	
	Urban residential buildings and public buildings

	
	Evaluation aspects

	
	The system evaluates residential and public buildings from 6 aspects: 
1. Land saving and outdoor environment

2. Energy saving and energy utilization

3. Water saving and water resource utilization

4. Material saving and material utilization

5. Indoor environment quality

6. Maintenance and management


	Technical Assessment Handbook for Ecological Residence of China 
	Evaluation Object

	
	Urban residential quarters

	
	Evaluation aspects

	
	The system evaluates residential quarters from 5 aspects: 
1. Environmental planning and design of residential quarters

2. Energy and environment

3. Indoor environment quality

4. Water environment of residential quarters

5. Material and resource



Table 1  Comparison of China’s green building evaluation systems (Source: made by Jing Qu) 
It can be seen from the table that although the three systems Technical Assessment Handbook for Ecological Residence of China, Evaluation Standard for Green Building and Outlines and Technical Principles for Green Ecological Residential Quarter Construction do not clearly exclude rural areas, from the contents it could be concluded that they are more suitable for urban residential quarters. At least in these systems there are no specific items edited particularly for rural areas in view of the features of rural areas different from urban areas. 
2.3 The cases of sustainable settlements and dwellings

2.3.4 Practice in China
With the economic development, the requirement for energy and resources is growing very fast in China. As a result green buildings are paid more and more attention to. In November, 2007, Ministry of Housing and Urban-rural Development of the people’s republic of China clearly defined “green buildings” as “the buildings that furthest save resources (energy, land, water and material), protect the environment and reduce pollution, provide people with healthy, appropriate and high-efficiency space and coexist with the nature harmoniously during the life-cycle”.

Although green architecture has already been included on the agenda, compared with commercial buildings and office buildings, green residential buildings in China still stay in an initial stage, especially those in rural areas. For the architects and real estate developers the housing projects in most areas of rural China evoke no business interest due to the very low income of the farmers. For the government it is also very difficult to develop an entire system of sustainable residential buildings for the whole country in a short time considering the rapid urbanization process.    

Despite all that, there are still some architects exploring sustainable rural dwellings in China.    

2.3.4.3 Hsieh Ying Chun’s sustainable construction in community

The architect Hsieh Ying Chun from Taiwan, China and his rural architecture studio use completely local, ecological and low-cost materials to build sustainable dwellings that have good thermal performances, durability and strength for farmers in rural China. 
Hsieh Ying Chun advocates using “simplified light-weight steel construction”, “so that community people with no professional skills can participate in the building process”, “rationalizing the usage of light-weight steel, increasing its flexibility, and combining it with materials such as wood, straw, mud, brick, stone and cement, in order to achieve the goal of green and environmental-friendly construction”.
 He also argues that “build sustainable home together (by the farmers)”, “create flexible construction and space configuration to lengthen the buildings’ service life and meet multiple requirements of different ethnic groups and communities”,
 organizes the habitants to build their homes together and using locally sourced materials to reduce cost. 
In his opinion, the Chinese farmers lack money the most and labor the least. Therefore he has excogitated “open building” and “simplified construction method” 
with his professional accomplishments to let the farmers help each other build homes together. His simplified construction method includes: to reduce dependence on advanced tools; to expose more joints to make the technique clear and easy to operate; to reduce the precision requirement of technique to lessen redundant craftwork caused by aesthetics out of accurateness; to use renewable energy like solar energy and wind power; to design simple devices such as the urin-dejection separating device in the eco-toilet.
 He thinks that during the process of simplification it is very necessary to integrate vernacular techniques to promote them and it is also crucial to improve traditional method. For example, when he designed the construction of bamboo wall, he inserted a course of aluminum foil insulation between the two layers of bamboo pieces on the base of local technique that was only to place the bamboo pieces tightly together with double layers, to protect the dwelling from insects and improve heat insulation. This is his method to use modern material to overcome the conventional disadvantages.
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Figure 2 The eco-toilet designed and constructed by Hsieh Ying Chun and his rural Architecture Studio in Zhaicheng, Hebei Province (photo taken by Jing Qu)

The materials he uses are mostly degradable and recyclable. He usually uses timber or light steel construction as framework and combines them with filling bodies made of earth, stone, bamboo, timber, brick, straw, cloth, plant-weaving material, metal and so on to build open structures. For example, if a pillar is broken then it can be replaced. The forms are also diverse to meet the changes of functions.
 
In 2005 in Zhaicheng Village, Dongting Town, Baoding City, Hebei Province
, he has built Earth House 001, the first prototype house that he designed for northern rural areas of China and later Earth House 002. Other than the traditional one-storey, five-axis and one room-depth dwellings in Zhaicheng, earth house 001 was designed two-storey and three-axis. A half more room-depth was also added to the plan of earth house 001 as the space for kitchen, bathroom, staircase and lighting patio. The process of production and manufacture of the building materials (timber, earth, straw, bamboo, straw mat and a series of reed products, such as reed mat, reed foil, reed board, etc.) can reduce carbon dioxide (CO2) emissions. In addition, use of non recyclable materials like brick, concrete is minimized. To strengthen the earth wall the bottom of exterior outwall was covered by wire netting and bricks to protect the wall from rainwash and the invasion of mice. The heating in winter is the local traditional way – heatable brick bed. But the construction was improved to a double-level energy-saving one to adapt for the two-storey house.
 

After earth house 001 Hsieh Ying Chun has built earth house 002. The construction was light steel framework with straw-clay filling walls. The steel elements were jointed with bolts, which “enables the non-professionals can manipulate easily all the operation procedures”.

As prototype houses, the cost of earth house 001 and 002 is each 50, 000 RMB. In addition, if the farmers build by their own, they don’t need to buy straw and earth like Hsieh Ying Chun, and they can ask friends and relatives to help and also save the cost of labor. Thus the cost can be controlled under 20, 000 to 30, 000 RMB, which is quite low in China.
  
Later in 2006, Hsieh Ying Chun has built earth house 003 in He village, Putaojia Township, Lankao County, Henan Province. This house was built by the farmers with help from Rural Architecture Studio.
  
2.3.4.4 Huangbaiyu Village
In September 2002, the China-U.S. Center for Sustainable Development agreed to assist in the design of a sustainable village. Huangbaiyu village, Nanfen district, Benxi City, Liaoning Province was chosen by the Center for Sustainable Development as a model sustainable village.
  
William McDonough + Partners led the development of the concept master plan in collaboration with Tongji University and the local Benxi Architectural and Design Institute.
 In the master plan the residential blocks were all facing south. A school was also designed for the new settlement, linked by a lake at the center of the village with the commercial and public facilities. Water capture and reuse systems, waste treatment and biogas facilities were proposed in the master plan. 42 homes were designed by Tongji University for the first phase of housing after the master plan was finished.
 The project was supposed to follow William Mc Donough’s “from cradle to cradle” theory.
 

In July 2005 the first sample house was completed. Almost all the materials, most of which are degradable or recyclable, are sponsored by Fortune 500 corporations. The design of the model house integrates the traditional heatable bed of north China’s rural area. To improve thermal insulation the thickness of exterior wall is 500mm. Photovoltaic panels are installed on the prototype house and the electricity produced in a sunny day can provide a family for half a month.
  
Until 2006, 42 homes were finished on the site of the new village. However, after that they have always been sitting there empty, because the new village is far away from the framers’ farmland and the new jobs that are supposed to be brought by the construction of the new village never appeared.
 
Finally this much lauded project became a failure because of cultural gap, poor communication and bad understanding between the collaborative parties. “What the small Huangbaiyu experiment shows is the danger of trying to impose a new way of life on people without fully understanding their needs and the realities of their lives”.
 

Although the project of Huangbaiyu failed, it yielded many lessons for the projects of the future. It reveals another important factor that is always ignored in such projects – human dimensions, no matter the involved NGOs, or architect offices, or the local municipality, or the framers, all the stakeholders make the project a compliciated situation. Therefore more discreet field survey and research work are very necessary in such kind of projects. 
2.3.4.5 New cave dwelling in Zaoyuan Village, Yan’ an City, Shaanxi Province 

Except for using new technologies, researching traditional ways of construction to explore solutions for today is another approach. In recent years, some researchers in China have done useful experiments concerning green housing in rural areas. Among them Jiaping Liu from Xi’an University of Architecture and Technology has done some positive exploration. He has documented a case of new cave dwelling design completed by his research team in “New Cave Dwelling on the Loess Plateau”
 and the following discussion refers to his paper. 
The traditional cave dwellings in northern Shaanxi Province have many sustainable advantages, such as saving farmland, using local sourced materials, warm in winter and cool in summer, simple construction, low-cost, natural greening and so on. But meanwhile it also has some disadvantages like dampness, poor lighting and ventilation. After a series of investigation, test and simulation, the researchers have designed new types of cave dwellings that are more suitable for local modern life in Zaoyuan Village, Yan’an City, Shaanxi. The greenhouses facing south improve natural lighting for interior and make the dwellings direct gain solar houses in winter. 
 

[image: image3.emf]
Figure 3  The new cave dwelling (Source: Jiaping Liu, Jiliang Zhang, New Cave Dwelling on the Loess Plateau, Construction Science and Technology, 2004/19, P31)
Different from the simple old dwellings, there are bedroom, living room, dining room, kitchen, storage, bathroom in the new cave dwellings. The main building material is natural stone. An attached sunspace is designed in the front. Big windows are used to improve natural lighting. On the top of the caves there are solar-energy water heaters. In addition a ventilation and air-conditioning system using geothermal energy and earth cooling is utilized. In 13 indices of housing comfort the habitant satisfactory rate is around 80%. Among them the satisfactory rate of ventilation and lighting is 100%.
  
	A. new independent cave dwelling
	B. new mountain cave

	① energy-saving efficiency of heating and air-conditioner 70%
	① energy-saving efficiency of heating and air-conditioner 90%

	② solar-energy utilization efficiency 65%
	② solar-energy utilization efficiency 40%

	③ thermal comfort index PMV--1～+1
	③ thermal comfort index PMV-0.5～+0.5

	④ air change rate 0.8 /h
	④ air change rate 0.8 /h

	⑤ average coefficient of natural lighting 0.3
	⑤ average coefficient of natural lighting 0.25


Table 2  The indices of the thermal performances of the new cave dwellings (Source: Jiaping Liu, Jiliang Zhang, New Cave Dwelling on the Loess Plateau, Construction Science and Technology, 2004/19, P31, a loose translation by Jing Qu)
2.3.4.6 A prototype village in Pinggu, Beijing

In recent years some pilot projects for sustainable architecture have been lauched by the government. Jiangjunguan Village in Beijing is a representative example. Shaohua Zhang and Naixin Ren have documented the general situation and technical details of Jiangjunguan Village in “Investigation and Analysis on Solar Energy Housing of Small Towns in North Area”.

The new village of Jiangjunguan lies in northeast of Pinggu District, Beijing.It is the first solar-energy experimental village in China and the project was completed in October, 2005. The financing mode is a combination of government grant, the farmers’ self-raised fund and government-guaranteed loan. The first-phase construction cost and the cost of infrastructure were paid by the government. According to the size of the house each family paid from 50,000RMB to 150,000RMB and the rest was paid by the loan.
  
The new village of Jiangjunguan covers 0.063 km2. There are altogether 44 two-storey houses for 86 families vary from 128.86m2 to 211.12 m2. The houses use flat plate solar collector and household metering heating system. The solar system is composed of water heater system, air heater system, firewood guarantee system and low-temperature hot water radiant floor heating system. The flat plate solar collector can receive much solar energy and store some of it for use in cloudy days. In rainy days it can be flushed and cleaned by rainfall. Air-heating system is used in walls. Solar heating and ventilation are connected for thermal insulation and heating. When the weather is bad or the heating load is high, auxillary electric heater can be started automatically or manually to provide heating or hot water. The cost of solar heating system is 200 RMB / m2. The electricity cost for a house of 140m2 in one heating season is about 100 RMB thus 80% energy consumption (about 1 metric ton coal) can be saved. It was tested that in November when it was -6℃ outside the interior temperature can keep above 15℃ without auxillary energy. In December when it was -10℃ outside, the interior temperature can keep above 16℃ with coal-burning furnace (15 kilogram coal everyday). The whole new village uses intellegentized minitype domestic sewage treatment system.
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Figure 4  One house of the Jiangjunguan prototype village under construction, Pinggu, Beijing (Photo taken by Jing Qu)
2.3.5 Worldwide cases
2.3.5.7 Social housing Beaufort Court, Lilie Road, Fulham, London  

Peter F. Smith has documented a case of social housing in London.
 It is a high density residential building developed under the British government’s policy on affordable housing. The housing units range from one bedroom flats to family apartments. 
 It was designed as a sustainable building with high energy efficiency that is achieved by: 
· High levels of thermal insulation and draught sealing;

· Assisted passive stack ventilation with humidity controlled dampers to the kitchens and bathrooms;

· The atria that serve the six-storey block have south facing glazing and are naturally ventilated at night to moderate summer temperatures;

· Low energy, high efficiency lighting throughout;

· Units designed to maximize natural lighting;

· Trees introduced to the site, improving air quality and providing some insulation from the noise of adjacent roads;

· The roofs of two low blocks covered with sedum which provides a habitat for wildlife and reduces the runoff from rainwater.

2.3.5.8 House at Kentstown, Meath, Ireland

Eoin O. Cofaigh, John A. Olley, J. Owen Lewis have documented a sustainable dwelling in Meath, Ireland.
 This is a one-family house located in a 4-hectare site with a river flowing nearby. The climate of the area is temperate with relatively cool summers and mild winters. The dwelling is built mainly with salvaged stones on site and other industrial ruins near the site. The house has a double-height sunspace at the south side, which harvests passive solar energy for it. The river on site provides the possibility of hydro-power. The turbine provides lighting and auxiliary heating and the remainder is complemented by the passive solar energy. The surplus electric output from the hydro-power turbine is stored as heat into a large water storage tank at lower ground floor level. The passive solar energy gained from the south-facing windows and the attached sunspace provide heating for the house and is stored in a stone drum at the middle of the sunspace that provides a destratification duct to supply solar heated air into the living space. The climate is temperate and in summer the trees and shrubs to the south provide enough cooling for the house.

2.3.5.9 Rieselfeld of Freiburg, Germany
Rieselfeld of Freiburg, Germany is a representative new city district that was planned for 10,000-12,000 people built in 1990s. The total area of the district is 80 hectares.
 It has many successful experiences in ecological optimization. Klaus Humpert has reported the whole project in “Stadterweiterung: Freiburg Rieselfeld”.
 Section 2.3.5.3 refers to his book. 

One of the main aims of Rieselfeld is to reduce CO2 emission and it is indeed a outstanding project. Many experiences from Rieselfeld are referential, including:
· Energy

The district of rieselfeld reduces 52% CO2 emission comparing with conventional city districts through high building density with 3-5 storey buildings, district heating with cogeneration plant combined with diversified solar energy utilization devices, electricity saving and improved public transport, etc. The energy consumption of the low energy buildings does not exceed 65 kWh/m2a per year.

· Water
Rainwater collection and utilization in Rieselfeld is attached particular importance to. Because this district used to be a region for drainage of Freiburg, the concept of rainwater in Rieselfeld is furthest collecting rainwater not only for waterscape in open space but also to reserve the historical element of old Rieselfeld.
 

· Land use
An important principle of land use in Rieselfeld is through high building density to save land and thus to preserve the ecological function of the ground. The use of water-permeable pavement materials furthest reduces impermeability of the ground.
 

· Greening
The greening in north improves the microclimate of Rieselfeld. The woodland designed in the part with heavy traffic weakens noise and filters dust. In addition, western Rieselfeld is preserved as a nature reserve.

· Transport

The concept of transport in Rieselfeld is to reduce the use of private vehicles through convienient public transport such as bus and tram. Therefore in Rieselfeld priority is given to the trams, pedestrians and bicycles. There is also a speed limit of 30 km/h for private transport over the whole district. There is also a part of the district with about 120~140 apartments that is designed as a “car-free” quarter. The aim is to reduce pollutants such as waste gas, noise and fetidness caused by cars. Moreover, the cost for garage was saved. The living convenience of the quarter is guaranteed by stops pf trams nearby. 
 
CHAPTER 3                                               THE STATUS QUO AND THE EXISTING PROBLEMS OF THE SETTLEMENTS AND RESIDENTIAL BUILDINGS IN SURVEYED SMALL TOWNS AND RURAL AREAS IN CHINA
The survey of some representative small cities and towns in China shows that whether the urbanization levels or the scales of the towns, or the construction quality are of great difference. Due to the limitation and influence of geography, awareness, climate, economic development, education and some other factors, urbanization in different areas in China is unequal to a large extent. However, China is very big and the economic development is disproportionate as well, so the bases for urbanization in various parts of the country are different. The report of the Sixteenth Party Congress of China also point out that there should be emphases in the progress of urbanization in different areas.
 The development of residential buildings to some extent lies on economics, but the situation will be improved if the relatively undeveloped regions can study the experiences from the relatively developed ones.                                        
This chapter particularly introduces the status quo and existing problems of the settlements and residential buildings in some small towns and villages in China obtained from the survey, including Huaxi district, Guiyang City, Guizhou Province
（Southwest China, zoning: Mild）, Jinhua City and Wenzhou City, Zhejiang Province
( Southeast China, zoning: hot in summer and cold in winter）, Harbin City, Heilongjiang Province ( Northeast China, zoning: Extremely Cold). Most of the field survey is completed by the author together with the research team and part of the dissertation is quoted from the investigation reports completed by the team. 

China is divided into five zones according to the respective climate in each zone as following: Extremely cold, cold, hot summer and cold winter, hot summer and warm winter, and mild
, as shown in table 3 and figure 5. 

	Zoning
	Zoning index
	Building prescription

	
	The main index
	The auxiliary index
	

	Extremely cold
	The average temperature in the coldest month≤ -10℃
	The days when daily mean temperature is ≤5℃ are ≥ 145 days
	Heat preservation in winter is a must; heat insulation in summer is not necessary under ordinary conditions

	cold
	The average temperature in the coldest month is 0 ~ -10℃
	The days when daily mean temperature is ≤5℃ are 90~145 days
	Heat preservation in winter is necessary; heat insulation in summer is necessary in some areas

	hot in summer and cold in winter
	The average temperature in the coldest month is 0 ~ 10℃; the average temperature in the hottest month is 25 ~ 30℃
	The days when daily mean temperature is ≤5℃ are 0~90 days; the days when daily mean temperature is ≥ 25℃ are 40~110 days
	Heat insulation in summer is a must; heat preservation in winter should be considered

	hot in summer and warm in winter
	The average temperature in the coldest month is ( 10℃; the average temperature in the hottest month is 25 ~ 29℃
	The days when daily mean temperature is ≥ 25℃ are 100~200 days
	Heat insulation in summer is a must; heat preservation in winter is not necessary under ordinary conditions

	mild
	The average temperature in the coldest month is 0 ~ 13℃; the average temperature in the hottest month is 18 ~ 25℃
	The days when daily mean temperature is ≤5℃ are 0~90 days
	Heat preservation in winter is necessary in some areas; heat insulation in summer is not necessary under ordinary conditions


Table 3  China’s climate zoning (Source: Code for Thermal Design of Civil Buildings of P. R. China, GB50176-93, a loose translation by Jing Qu)
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3.1 Figure 5  Climate zoning for architecture in China (Source: drawn by Jing Qu according to Code for Thermal Design of Civil Buildings of P. R. China, GB50176-93)
3.2 Huaxi district, Guiyang City, Guizhou province（Southwest China, zoning: Mild）
3.2.1 The status quo obtained from survey
Because of weak economics, inconvenient traffic and the high population outflow, urbanization in Guizhou Province is slow and is still in the primary stage. The surveyed regions include Shiban town and Qingyan town, Huaxi district, Guiyang city. 
Guiyang lies in the east of the Yunnan-Guizhou Plateau, Southwest China (east longitude 106 ° 07'-107 ° 17 ', north latitude 26 ° 11'-27 ° 22'). It is the capital and political, economic and cultural centre of Guizhou Province. The city's total area is 8,034 square kilometers. The highest altitude is 1659 meters and the lowest is 880 meters. Low latitude and high altitude, and diverse geographical terrain are the distinguishing features of Guiyang. The climate is humid, subtropical and mild. The mean yearly rainfall is 1100~1200mm, as shown in figure 8. The annual mean temperature is about 15.3℃. The average temperature at the end of July is 23.7℃ and at the beginning of January is 4.6℃, as shown in figure 6.
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Figure 6  The temperature change in one year in Guiyang (Source: http://www.t7online.com/China.htm, Mar. 24, 2006)
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Figure 7  The rainfall in one year in Guiyang (Source: http://www.t7online.com/China.htm, Mar. 24, 2006)
Huaxi District lies in the south of Guiyang and is 17 kilometers far from the center of the city. The total area of the district is 957.6 square meters. The total population is 329, 659.

Shiban Town is in the west of central Huaxi District. The total area of the town is 51.6 square kilometers and is composed of 13 villages. The climate in Shiban is temperate and the average temperature is 14.2℃. The average temperature in the hottest month is 22.6℃ and the rainfall averages 1150~1200 mm a year. The population is 22,583 and agricultural population is 17,820. Farming land is scarce (farming land per person is 0.072 acre). The population of minority is 28.3% of the total population therefore the folk art and custom is the feature of this region. In addition, this area has a lot of well-conserved natural landscapes of mountains, lakes, caverns, forests and vegetations, which makes it a town with rich tourist resources.
 

This town is also famous for its shale resource which is well-known for its fine quality and low price as a construction material (figure 8, 9 and 10). The local stratum is mainly composed of Permian thin-layer limestones and calcarenytes. The shales are usually processed in craftsmen’s workshops with simple machines into flagstones (as shown in figure 11 amd 12) and are mainly used for flooring, pavement and decorative finishes.
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Figure 8  The local shale resource (photo taken by Jing Qu)
     
Figure 9  The local shale resource (photo taken by Jing Qu)
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Figure 10  The mountain under exploitation (photo taken by Jing Qu)
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Figure 11  Flagstone made of shale (photo taken by Jing Qu)
Figure 12  The processing of shale flagstone (photo taken by Jing Qu)
3.2.1.10 General situation of the local dwellings
Huaxi District has a large forest area and is rich in stone resource. The survey shows that the local traditional dwellings are mainly timber or timber-stone construction. Therefore the appearance of the village is in harmony with the surrounding natural environment. Nowadays with the popularization of steel, concrete and brick more and more brick(stone)-concrete structures appear and have become the mainstream.   

More than 90% of the newly built houses use brick-concrete structure with 1-2 storeys and the building area of the dwelling varies from 80 to 120 m2. These typical new buildings are divided into two groups: terrace houses and independent houses. The old houses are mainly built with wood, brick and stone and have no thermal insulation layer and usually the walls built with bricks have no cladding. In Zhenshan village, Shiban town a large number of conventional houses with timber-structure and pitched roofs whose building areas vary from 60-90 m2 are preserved, which represent local traditional style. Zhenshan is a village of minority Buyi. 
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Figure 13  An overlook of Zhenshan Village (photo taken by Suwei Wei)
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Figure 14  A typical local traditional dwelling - 1 (photo taken by Yan Li)
Figure 15  A typical local traditional dwelling – 2 (photo taken by Yan Li)
In the local dwellings “Tangwu” lies in the middle with kitchen and bedroom(s) as wing rooms. “Tangwu” is a traditional room for holding memorial ceremonies for their ancestors and plays a quite important role in Buyi people’s lives. Some houses have storages on the ground floor. The houses are usually two-storey or three-storey and some also have basements. The areas vary from about 70-80 m2 to about 200-300 m2, depending on the income of the family. Some rich families’ houses have four or five axes.
Guizhou is a pluvial region so the traditional houses are mostly built with “column and tie constructions” with pitched roofs covered with local shale flagstones (as shown in figure 16 and 17). Some of the traditional houses are timber-structure, some are stone-structure and others are stone-timber structure. Some new houses copy them, using pitched roofs. While others that only have basic functions haven’t been designed and are cubic with flat roofs. Some of them are water storage roofs. Most of the new houses are decorated with white tiles on the walls, as shown in figure 18 and 19. 
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Figure 16  Flagstone roof-1 (photo taken by Jing Qu)          
Figure 17  Flagstone roof-2 (photo taken by Suwei Wei)  
[image: image18.jpg]FUARERRARUARRRRARNRNNRRANRRRNNUAN “""l —--'—"""""""""‘—" e ———

il

i T
A A A i L
A ||||mg|w|||||||||'||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||n||||||||||||||-|||||'|“m||||||||mmmm| iy

II||IIIIIIIII|I|II|||IIl A
__________ LT T ‘lNI}N

T




[image: image19.jpg]e e ] e, I R TS R

,__a_=ﬁ=.______._=m_





Figure 18  A typical new house - 1 (photo taken by Bingcai Wang)     
Figure 19  A typical new house – 2 (photo taken by Jing Qu)
Different from walls most of the roofs have thermal insulation layers. According to what the local people said, cooling in summer is more important than heating in winter in Guizhou. In winter they use mostly stoves for heating.                  

In the past the local residents did not attach importance to lighting and ventilation. The windows of the old houses we have investigated are small. Sometimes people use no glass but nontransparent materials such as paper and plastic sheeting for windows. The framing materials of the windows and doors are mostly wood.  
The constructions of the local houses are :

· Exterior wall 

a). Materials:

New houses：plaster + walling + plaster (tiles). 

Old houses: brick or stone without plaster 

b). Thickness: about one brick (both exterior walls and most interior walls). 

c). Thermal insulation：no

· Interior wall：

The construction is almost the same with exterior walls. When the span is small the interior wall is thinner. 

· Roof：

a).Materials：
1. Pitched roof：Tile + cement-sand mix + water-proof cement+ structure course

2. Flat roof：40mm fine aggregate concrete + high polymer waterproofing roll - roofing + 20mm leveling course + 80mm haydite concrete insulation（sloping course）+ leveling course + structure course (figure 21)

b). Thermal insulation：as stated in a). Some new houses in this area use haydite concrete as insulation. Its weight is low but the price is high.  

· c). Others: There are some water storage roofs in this area which are mainly for concrete curing and thermal insulation. Ventilation roofs are also found. The structure is usually with plate on 90mm-high brick pier of empty space. 

· Windows and doors：

Most are made of wood. The windows of old houses are small.
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Figure 20  The window of one traditional house (photo taken by Jing Qu)
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Figure 21  The flat roof construction (source: drawn by Suwei Wei)
3.2.1.11 Case study
Type one：Traditional “column and tie construction” dwelling in Zhenshan village, Shiban Town. 

Case 1：A reconstructed and extended house – Li Yousheng’s house (Zhenshan Village)

Because of its folk custom Zhenshan Village has been a popular tourist resort. Therefore some farmers have reconstructed their dwellings to accommodate tourists and Li Yousheng’s house is one of them.    

The original house was three-axis and a typical “column and tie construction”and has been extended with a restaurant and a tea house. In addition a staircase was placed near the kitchen of the restaurant. 
The new part was built with reinforced concrete columns and precast concrete floor. The roof construction is the same with the original house. Table 4 shows the thermal performance of the roof.  
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Figure 22  Li Yousheng’s house (photo taken by Jing Qu)
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Figure 23  The plan of Li Yousheng’s house (source: drawn by Xiaopeng Yue)
	
	Measured temperatures （centigrade）

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	average

	roof
	inner
	27.2
	28.5
	28.3
	29.3
	26.7
	29.1
	24.2
	25.3
	24.9
	27.06

	
	outer
	35.2
	36.4
	35.7
	36.9
	37.1
	35.6
	37.5
	37.3
	35.9
	36.4


Table 4  Measured temperatures of different points on inner and outer sides of the roof of Li Yousheng’s house (Source: data measured and table made by Suwei Wei and Yan Li)
From the above data it can be told that the temperature difference of the inner and outer surface of the roof is 9.34℃. However, the inner temperature of the roof is higher than comfortable interior temperature. This shows the thermal performance of the traditional flagstone roof is not very satisfactory. But the ventilation effect of the attic makes the interior thermal environment better.

Type two：Newly-built house
Case 2：Zhou Lijin’s house (Qingyan Town)

The plan of the house is shown in figure 25.
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Figure 24  Zhou Lijin’s house (photo taken by Jing Qu)    
Figure 25  Plan of Zhou Lijin’s house (source: drawn by Jing Qu)
This is a new house designed and built by the owner. The building area is 108.56m2. The house is two-axis with an attic. It faces the street (Xiaoxiang Street) and the door of the living room also directly faces the street. The kitchen and staircase are at the back. The bedrooms are on the first floor. The family shares a backyard with other families. Qingyan is a historical town with a lot of preserved traditional houses. So the local government has prescribed that the façade of the new buildings must be in accordance with the style and features of the old town. Therefore the façade of Zhou Lijin’s house integrated some traditional elements, although the effect is not successful.
· Constrcution  

It is brick-concrete structure. The brick wall is 180mm thick with plaster on both sides. The floor is precast hollow slab. The roof is divided into two parts. One is terrace and the other is attic. The construction of the roof is shown in figure 26. 
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Figure 26  The construction of the roof (source: drawn by Jing Qu)
· Performance

A lot of measurements about the thermal performance of the building envelope were carried out. The data of the west and south wall are shown in table 5. 

	
	Measured temperature（centigrade）

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Average

	West wall
	inner
	28.6
	28.1
	27.6
	28.1
	27.8
	27.4
	27.8
	27.9
	27.9
	27.91

	
	Outer
	40.4
	40.5
	40.2
	39.6
	39.0
	37.7
	40.3
	36.7
	38.5
	39.21

	South wall
	Inner
	27.1
	28.8
	27.3
	26.1
	26.8
	27.8
	27.9
	29.6
	30.6
	28

	
	outer
	42.7
	31.6
	40.7
	38.4
	46.8
	44.0
	45.1
	35.4
	30.9
	39.5


Table 5  Measured temperature of different points on inner and outer sides of the west and south walls of Zhou Lijin’s house (Source: data measured and table made by Suwei Wei and Yan Li)
From the above data it can be told that the temperature difference of the inner and outer surface of the south wall is 11.5 ℃ and this difference of the west wall is 11.3℃. However, the inner temperature of the roof is higher than comfortable interior temperature. This shows the thermal performance of the roof construction is not very satisfactory. But the ventilation effect of the attic makes the interior thermal environment better.
Case 3：Yang Rongbo’s house 
The plan of the house is as shown in figure 28. 
This is also a newly built house with one storey. It is three-axis and the span of each axis varies from 3300mm~3600mm. The building area is 100.8m2. The floor area is 311m2. The house faces northwest. Due to a road 12 meters away from the house, the “Tangwu” and the living room are at the back side facing the farming land. From the plan we can tell that although it is a newly built house the design was obviously influenced by the traditional way. 
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Figure 27  The plan of Yang Rongbo’s house (photo taken by Jing Qu)
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Figure 28  Yang Rongbo’s house (Source: drawn by Suwei Wei)
· Construction

It is brick-concrete structure. The wall is 240mm thick adobe brick with tiles. Due to the strong sunshine the roof is water-storage. It not only prevents concrete cracking but also acts as heat insulation for the roof. 

Case 4: Qiu Qi’s house

The plan of the house is as shown in figure 30.

Qiu Qi’s house is built near the street. It is two-storey and four-axis. The building area is 265.8m2 and the floor area is 132.9m2. The ground floor is used for business. The living room and bedrooms are on the first floor. There is a two-storey small construction behind the main house. On the first floor is the kitchen and on the ground floor are toilet, pigsty and biogas digester. The toilet and the pigsty provide the material for the biogas digester. The family use biogas as complementary energy for cooking and biogas lamp for lighting. The biogas is conveyed through a plastic pipe directly to the kitchen above. 

The construction and roofing are the same with case 3.
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Figure 29  Qiu Qi’s house (photo taken by Bingcai Wang)
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Figure 30  The plan of Qiu Qi’s house (Source: drawn by Suwei Wei)
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Figure 31  The construction of the exterior wall (Source: drawn by Jing Qu)
Figure 32  The construction of the roof (Source: drawn by Suwei Wei)
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Figure 33  The biogas digester (photo taken by Jing Qu)          
Figure 34  The biogas lamp (photo taken by Jing Qu)
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Figure 35  The biogas meter (photo taken by Jing Qu)
With the improvement of the local people’s living standard, the newly built dwellings have abandoned the construction of the traditional “column and tie construction”. On the one hand it is due to the poor lighting of the interior space of the traditional houses and heat preservation in winter. On the other hand in the young people’s opinions they symbolize poverty. As a result they were gradually replaced by new buildings of brick-concrete structure. 

Below is the analysis of the dissimilarities of the new houses from the old ones:

(1). The layout:

The plan varies from two-axis to four-axis and is not restricted to the conventional layout: three-axis with the main room in the middle. Primary and secondary rooms are not strictly differentiated. The front rooms and back rooms can both be Tangwu, storage and bedroom, according to the owner’s requirement. However the staircase isn’t paid enough attention to yet. 

 (2). The walling:

The walls have no insulation. Usually the composition from inside to outside is plaster, adobe brick or shale brick or stone, at last plaster or tiles as finishes. The thick of the brick wall is mostly 240mm and stone 180mm. Because usually the bearing system is brick walls many interior walls are also 240mm. Few are 180mm. 

 (3). The roof:

The construction of the new flat roof is usually from inside to outside 40mm fine aggregate concrete + high polymer waterproofing roll - roofing + 20mm leveling course + 80mm haydite concrete insulation（sloping course）+ leveling course + structure course, as shown in figure 32. There are a lot of pitched-roof houses in Qingyan town. The construction is tile, clay and straw, reed matting, wood rafter and wood purlin, as shown in figure 26. 

In sum the new brick-concrete structure in Huaxi district is based on the conventional layout but more spacious and bright comparing to the old houses. There is a large proportion of agricultural population in this district and the incomes of the farmers are quite low. Although some families have been using television, telephone, motorbike, gas canister and so forth, most families are still using coal, firewood, farm implements and manual workshops. Due to the condition the residential buildings are correspondingly undeveloped. The problems of residential buildings like unreasonable architectural plan, poor sanitary and lack of privacy need to be solved in the process of development. 

3.2.1.12 The household energy consumption
Electricity, coal and gas are used as household energy in Huaxi District and among them coal is the main energy for cooking and heating in each home. Due to the zoning of Guizhou Province there is no heating from municipal infrastructure in this area. As a result the residents use coal-fired stoves in winter and consume a large quantity of coals causing serious air pollution. In addition, the sulfur content of the coal produced in Southwest China is quite high so that the threat of acid rain is a big problem for the environment.

The household energy consumption is shown in table 6. 
	The energy consumption of the investigated households

	Dwelling
	The structure and building area
	Energy concumption item
	Type of energy
	Consumer
	Consumption per year
	Cost (RMB）

	Zhou Lijin

(Qingyan Town)
	Two-storey, brick structure, 124m2
	cooking
	coal
	stove
	4 metric tons
	1100

	
	
	heating
	coal
	stove
	1 metric ton
	

	
	
	cooling
	no
	
	
	

	
	
	electric 
appliance
	electricity
	Refrigerator, television, microwave oven, electric cooker

	1200KWh
	600

	Yan Qiuyi (Qingyan Town)
	Two-storey, brick structure, 78.3 m2
	cooking
	liquefied gas
	gas cooker
	1 bottle per month (15 Kilogram per  bottle )
	100

	
	
	
	Coal
	stove
	2 metric tons
	550

	
	
	heating
	coal（only in the living room）
	stove (Oct.~Feb.)
	
	

	
	
	cooling
	no
	
	600 KWh
	300

	
	
	electric 
appliance
	electricity
	television, microwave oven, electric cooker, washing machine

	
	

	Luo Yi (Qingyan Town)
	One-storey, brick-timber structure, 92.5 m2

	cooking
	coal
	stove
	4metric tons
	1100

	
	
	heating
	coal
	
	
	

	
	
	cooling
	electricity
	electric fan
	600 KWh
	300

	
	
	electric     appliance
	electricity
	television, electric cooker, washing machine

	
	

	Qiu Qi ( Village 1,

Shiban town)


	Two-storey, brick structure, 168m2
	cooking
	biogas
	gas cooker，biogas lamp
	
	1000

	
	
	
	coal
(Oct.~Feb.)
	stove
	2 metric tons
	550

	
	
	heating
	coal
(Oct.~Feb.)
	stove
	
	

	
	
	cooling
	electricity
	electric fan
	900KWh
	450

	
	
	electric     appliance
	electricity
	television, microwave oven, electric cooker, washing machine

	
	

	Liu Qifang   ( Village 2, Shiban Town)


	Three-storey, brick structure, 210 m2
	cooking
	liquefied gas
	gas cooker
	1  bottle  every 45 days (15 Kilogram per  bottle )
	100

	
	
	
	coal
	stove
	2 metric tons
	550

	
	
	heating
	coal （only in the living room）
	stove
	
	

	
	
	electric     appliance
	electricity
	Refrigerator, television, microwave oven, electric cooker
	1320KWh
	660

	Li Yousheng(Zhenshan village, Shiban town)


	Two-storey, stone-timber structure,

400-500 m2
	cooking
	coal oil
	stove
	200 kilograms
	800

	
	
	
	coal
	stove
	3 metric tons
	1100

	
	
	heating
	coal
	stove
	1 metric ton
	

	
	
	cooling
	electricity
	electric fan
	1000KWh
	500

	
	
	electric     appliance
	electricity
	Refrigerator, television, microwave oven, electric cooker, washing machine


	
	

	Li Hongbin (Zhenshan village, Shiban town)
	Two-storey, timber structure,

140 m2
	cooking
	coal
	stove 
	3 metric tons
	825

	
	
	heating
	coal
	stove
	2 metric tons
	550

	
	
	cooling
	no
	
	
	

	
	
	Electric     appliance
	
	Refrigerator, television, microwave oven, electric cooker, washing machine
	1200KWh
	600


Table 6  The energy consumption of the investigated houses in Guizhou (Source: made by Jing Qu according to the data from the survey)

3.2.1.13 Available new energy in this area
a). Solar energy 

The average annual sunshine hours in most regions in Guizhou Province are 1200~1600h and Guizhou is one the the areas in China that have the lowest sunshine hours.
 Therefore there is no advantage to use solar energy in Guizhou. 

b). Biomass 
In Guizhou area there are abundant resources to produce biogas. In this area stalks and excrement of humans and animals can produce 2m3 biogas per household. In addition there are other resources like straw and waste.
 Biogas is usually used for cooking and lighting in Guizhou. The existing problems are:
· Due to lack of instruction from professionals the sanitary conditions of biogas are poor. 

· The use of biogas is limited to seasons and the biogas produced in winter is far less than in summer. 
c). Geothermal energy

Guizhou has plenty of geothermal water that reserves 1000m~2000m underground.
  
d). Wind power

The potential wind power is profuse. The exploitable wind power is 2,000,000 kW.
 

e). Water power

The density of network of waterways in Guizhou is high and the gradient of rivers is steep so the natural drop height is big. Water power in Guizhou is abundant. The theoretical reserves are 18,745 megawatt and is ranked 6th in China.
 
It can be seen that Guizhou has a lot of resources of renewable energy and a good perspective for renewable energy development.
3.2.2 Summary and analysis of the investigation
1) The conventional “column and tie construction” dwelling in Huaxi reflects the way of life, culture and history of over 500 years of the local minority people and has developed from the local building materials (timber, shale stone) and warm, humid climate as well. The advantages are discussed as below:

· Compact layout 

Most traditional houses are three-axis in width and two-section in depth. The juxtaposition mode of the spans in traditional dwellings makes the structure simple and easy to be extended. In addition, there are usually no windows on side walls of local dwellings therefore it is possible to develop terrace house. The compact plan also keeps the shape coefficient of the building low and reduces heat loss through the building surface in winter. 

The attics of the old houses are very practical and have two functions: storage and ventilation. In new houses attics are still kept, as shown in figure 37.
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Figure 36  The attic in traditional house (photo taken by Bingcai Wang)
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Figure 37  Schematic diagram showing how the people utilize the attic (Source: drawn by Jing Qu)
· Using local materials

The people use local wood and stone as building materials which are largely produced in this area. Wood is mainly used for bearing columns, trusses, partitions and windows. Stones are mostly used as foundation, podium, roof tile, flooring and plinth. Other building materials are rarely needed, such as steel bar, concrete and adobe brick. Because the wood and stone parts like roof tile, partition and window frame can be easily replaced with new ones when they are damaged the timber and timber-stone houses can exist a long time. For example, case 1 (Li Hongbin’s house) is already more than 100 years old. Besides, timber and stone as building materials can be recycled without impact on environment. 
· Traditional architectural features

The appearance of the residential clusters composed of traditional “column and tie construction” dwellings is harmonious with the nature and shows vernacular architectural style and features. Therefore it is an important element of the local tourism of ethnic folk customs.     
2) Comparing to the traditional dwellings the new brick-concrete structure has new advantages: 

· The two-axis, three-axis and four-axis plans of the new houses inherit the traditional way but the scales of the span and depth have been increased. This is because the scale of the old houses was limited by that of the materials. While with the brick-concrete structure the dimensions can be extended, as shown in figure 38.  
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Figure 38  The change of the plan from conventional house to new house (source: drawn by Jing Qu)
· After the survey and the analysis of the data it is shown that the factors including commodiousness, interior thermal comfort, lighting and sound insulation are better than those of the conventional dwellings.  

3) Many new problems appear with the new dwellings and new materials:  

· Because the buildings are designed by the owners on their own without any professional instructions, the plans are not reasonable. For example, the disturbing of the interior traffic affects the function of the living room, such as in Zhou Lijin’s house (Qingyan Town) and in Yang Rongbo’s house (Qingyan Town), as shown in figure 39. 
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Figure 39  The disturbance of the interior traffic in new houses (Source: drawn by Jing Qu)
· Although the level of living of the local people has been improved they haven’t extricated themselves from old way of life. It is shown that in the design of the new houses only bedrooms, the living room, “Tangwu” and the storage are attached importance to, while the kitchen and the toilet are looked upon as unimportant functions. Most families still use dry latrines and some families even don’t have their own toilets. In addition, the storage is not systematically arranged and the requirement of storing cereal, farm implements and chemical fertilizer are not met. Firstly the miscellaneous articles are put in a chaotic situation. Secondly the living room or bedroom is not well separated from the storage.  

· Timber windows are more often used than aluminum alloy windows and plastic-steel windows. Under this condition, air infiltration of the windows and doors in winter causes serious heat loss. On the one hand it is due to the conventional living habit. On the other hand the residents can not afford windows made of new materials because of their low incomes. 

· Huaxi government has promoted biogas in Huaxi District and over 3000 biogas digesters in the whole district have been constructed. The government has also been popularizing the utilizing of biogas slurry, a byproduct of the biogas digester. However, the biogas digesters are mainly constructed by the farmers on their own without instruction and thus need to be improved. For example, in case 5 (Qiu Qi’s house) the biogas digester faces the inner courtyard and deteriorates interior air quality and sanitation. A positive example is Liu Qifang’s biogas digester which is not directly next to the family’s living space so that the disadvantageous influence is reduced, as shown in figure 40. 
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Figure 40  Liu Qifang’s biogas digester (Shiban Town) (photo taken by Jing Qu)
· The new houses did not inherit the vernacular architectural style and features. Although in Qingyan there is a law that the appearances of the newly built houses must accord with the traditional ones the dwellings are built by the farmers on their own without official instruction so that the result is not satisfactory, as shown in case 2, zhou Lijin’s house. For the framers the change of the building materials (from stone and wood to brick and concrete) is part of the reason. In addition, due to the backwardness of the old buildings they are not willing to continue the architectural elements in their new homes. However this leads to cultural faultage and a loss of architectural heritage. In this case design from professional architects and direction from the government are necessary. 

4) The development of industry technology should be based on sustainability

Shale brick is a new material in Huaxi district that can be substituted for adobe brick. It is supported by the government and conforms to the policy of Chinese government of forbidding adobe brick due to the reduction of farming land. Until now whether the production technique or the construction technology is already in a stage of gradual perfection. However through the survey we have found that the mining of the raw material of shale brick seriously destroys the mountain massif and the vegetation. As introduced in section 3.1.1, the landscape and native vegetation in this region were in good protection. Nevertheless the mining enterprises have not thought much of renaturalization of the environment, as shown in figure 41. It shows that this industrial technology is still based on low-efficiency exploitation and utilization of the natural resources and spoils the ecological system. Therefore during the process of urbanization the interrelation between environment and development should be attached importance to. The industrial technologies being developed in small towns in China should be advanced on the basis of sustainability as well. In brief the housing industrialization and modernization in small towns should be based on the establishment of the policy concerning reasonable resource exploitation and the supervision concerning environmental protection. 
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Figure 41 The mining of the raw material of the shale brick destroys the mountain massif and the vegetation (photo taken by Jing Qu)
3.3 Jinhua and Wenzhou, Zhejiang Province（Southeast China，zoning: hot summer and cold winter）
In recent years urbanization in Yangtze River Delta region, Pearl River Delta region and the Eastern Shandong Peninsula region develops rapidly and play a crucial role in driving the economic development in both towns and rural areas. Among them the progress of urbanization of Zhejiang Province (Yangtze River Delta region) is rapid and deserves attention. The regions surveyed in Zhejiang include Xiaoshun town, Jindong district, Jinhua City and Longgang Town, Cangnan County, Wenzhou City and Guali town, Xiaoshan district, Hangzhou City. Figure 44 shows the location map of the three towns.
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Figure 42  Location of surveyed regions (Source: drawn by Jing Qu)
3.3.3 The status quo obtained from survey
3.3.3.14 Jindong District

1. General situation of Jindong district

Jindong district lies in the middlewest of Jinhua city (north latitude 28 ° 44' ~29 ° 19, east longitude 119 ° 8'~119 ° 56'). The total area is 661.8 square kilometers and the population is 302,530. Jindong includes 9 towns, 3 township and 510 villages.
 

Jindong is in subtropical monsoon climate zone. The annual mean temperature is about 17℃. The average temperature in July is 29℃ and in January is 4.8℃. The mean yearly rainfall is 1300~1400mm. Yearly frost-free period are about 250 days. The yearly sunshine hours are 2028. There are rich water power resources and 21,200 hectare forests of pine tree, fir and bamboo. The forest coverage is 33％.

The surveyed areas were Xiaoshun town and Caozhai town. According to the mayor’s words, Xiaoshun town is “Pilot Town for Comprehensive Reforms of Small Towns”, “Pilot Town for Comprehensive Economic Development of Small Cities and Towns” and ”One of the First Pilot Towns of Agriculture Modernization in Zhejiang Province”. 

2. General situation of the local dwellings

The local dwellings are divided basically into three groups, including the traditional dwellings over a hundred years, dwellings built with a mixture from lime, earth, sand and gravel in 1960s-1970s and newly built dwellings. 

    The traditional dwellings take up about 10% and the newer ones are even fewer. The traditional ones are mainly south-north orientated dwellings with patio that is a distinctive feature of the local dwellings. 

The new houses of the farmers are built by themselves so that the appearances and architectural plans are quite different from one another and not compatible as well. Usually the farmers build houses with help from their neighbors and relatives and the process of the construction is quite long without general planning. The orientation of the houses and the layout of the clusters are also in disorder so that waste of land is serious. 
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Figure 43  The chaos of frmers’ self-building dwellings that waste land (photo taken by Jing Qu)
To solve the phenomenon the government of Xiaoshun Town has taken measures.  As introduced by the mayor, Mr. Zhang Xuhui, there are several policies: 

a). Renovation Project

The government has started “renovation Project“, painting the farmers’ houses in harmonious colors, or instructs the farmers who build houses on their own. But the latter is difficult to actualize. 

b). Terrace house 

The government helps the farmers who want to build their houses communicate with each other and arrange several families to build terrace houses together. The façades and colors of terrace houses are compatible with one another. In addition, the ratio of land utilization of terrace house is higher than that of self-built houses without control. The roads in front of the terrace houses can also be constructed together.
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Figure 44  Terrace houses built by several families (photo taken by Jing Qu)
c). “new community for the farmers” and flats for the elderly built by the government

To change the chaos situation of the farmers’ dwellings, the government has founded a real estate company to build new villages and sold the new dwellings to the farmers without business profit. All the farmers from Xiaoshun town can move into the new village after demolish their old dwellings.

In addition the government has built elderly apartments.

d). Housing estate developed by real estate companies
With the boom of economy in Xiaoshun, housing estate developed by real estate companies have appeared like in cities. These buildings are designed and constructed respectively by design institutes and construction firms in Jinhua city. The infrastructure and estate management were developed according to the mode in cities. 

3.3.3.15 Longgang Town, Cangnan County, Wenzhou City
1. The general situation of Wenzhou and Longgang
Wenzhou lies in southeast Zhejiang (east longitude 119 ° 37'~121 ° 18', north latitude 27 ° 03', ~28 ° 36'). The land area of Wenzhou is 11,784 km2 and sea area is about 11,000 km2. The urban area is 1187 km2. Wenzhou is in mid-subtropical monsoon climate zone and winter and summer monsoons alternate clearly. The annual mean temperature is about 17.3 ℃ - 19.4℃. The average temperature in January is 4.9-9.9℃ and in July is 26.7-29.6℃. The yearly rainfall is 1113-2494mm. Yearly frost-free period are about 241-326 days. The yearly sunshine hours are 1442-2264.
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Figure 45  The temperature change in one year in Wenzhou (Source: http://www.t7online.com/China.htm, Dec. 12, 2008)

Longgang lies in south of Wenzhou City and at the south bank of the Aojiang river estuary. The total area of Longgang is 80.7 km2 and the area of downtown is 15 km2. The population is about 340,000. The climate is warm and humid and the sunshine is abundant. The four seasons are distinct and the winter is short and the summer is long. The annual mean temperature is 17.9 ℃. It is the coldest in January which average temperature is 7.4℃ and the warmest in July and August, which average temperature is 28.2℃. Typhoon weather is normal in a year. The yearly rainfall is 1509mm.

Longgang is relatively developed in economics. In 2008 GDP was 9437 millions Yuan. The gross output value of industry was 22286 millions Yuan. The local per capita income was 9938 Yuan. Longgang is “Pilot Town of China’s Small Towns Comprehensive Reform”, “ Prototype Small Town”, “Experimental Region of Sustainable Development of Zhejiang Province” and ”Economic-developed Town of Wenzhou City and Zhejinag Province”.
 
2. The general situation of residential buildings

Twenty years ago when Longgang was founded the local government treated Longgang as a proving ground of land privatization and sold the land in small rectangles very cheaply to farmers. As a result all the residential buildings here are narrow-bay terrace houses except some newly built ones. Usually the plot is 12m x 3.5m. The owners of adjacent plots built houses together so the forms of the buildings are the same. Most residential buildings are four-storey and built in rows. Due to the active economy in Longgang, the ground floors of most terrace houses are rent for business. 

The newly built residential buildings are like the ones built by real estate developers in cities. A surveyed high rise residential building is 28-storey with estate management and security system.  
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Figure 46  Typical plans of the residential buildings in Longgang (Source: drawn by Jing Qu)
3.3.3.16 Guali Town, Xiaoshan District, Hangzhou City
1. General Situation of Guali Town

Guali Town lies at the south bank of Qiantang River and at east longitude 120 ° 27', north latitude 30 ° 10'. Its average altitude is 6 meters. The total area of the town is 42.5 km2, among which built area is 5.1 km2. The population is about 72,000. Guali is in sub-tropical monsoon climate zone and the annual mean temperature is 16.1℃. The extremely highest temperature was 38.8℃ and the extremely lowest temperature was -15℃. The mean yearly rainfall is 360.7mm. Yearly frost-free period are 224 days. The predominant wind direction in the year is southeast. In winter it is usually northwest. Typhoon often comes in summer.
 
2. General situation of the local dwellings

According to the mayor’s words, the residential land that is 1.299 km2 takes up 44.61% of the urban construction land. Per capita residential land is 56.49 m2. 

Independent houses built by the farmers on their own take up 40% of all the dwellings. Terrace houses built by two families together take up also 40%. Most are three-storey or two-and-a-half storey brick-wood structures with pitched roofs or concrete-brick structures with concrete pitched roof. The layout, the appearances and the colors of the dwellings are uniform. Others are newly built six-storey apartments with pitched-roof with garage on the ground floor. 

3.3.4 Summary of the structure and construction of the residential buildings in the surveyed four towns

3.3.4.17 Structure
Altogether eleven dwellings were surveyed in 4 towns. The structure types are as shown in table 7. 
	
	Xiaoshun town, Jinhua
	Caozhai town , Jinhua
	Longgang town, Wenzhou
	Guali town, Xiaoshan

	
	The first dwelling
	The second dwelling
	The third dwelling
	The first dwelling
	The second dwelling
	The third dwelling
	The first dwelling
	The second dwelling
	The third dwelling
	The first dwelling
	The second dwelling

	Structure
	wood 


	brick masonry
	wood structure with mixture material from lime, earth, sand and gravel
	concrete frame
	brick-concrete
	brick masonry
	Brick-
wood
	concrete frame
	brick-concrete
	brick masonry
	brick masonry

	Storey
	1.5
	3.5
	1.5
	3.5
	2
	2
	4.5
	28
	4.5
	3.5
	3.5

	Building envelope
	120mm

brick
	240 mm brick
	mixture material from lime, earth, sand and gravel
	240 mm brick
	The building envelope of the ground floor is a mixture from lime, earth, sand and gravel, that of the second floor is 240mm clay brick with hollow masonry 
	240 mm brick
	240 mm brick with cavity 
	240 mm brick
	240 mm brick with cavity
	240 mm brick
	240 mm brick

	Floor slab
	wood
	Five-hole precast concrete board
	wood
	Five-hole precast concrete slab
	Cast-in-situ concrete
	Five-hole precast concrete slab
	wood
	Cast-in-situ concrete
	The floor slab of the ground and the first floor is cast-in-situ concrete, that of the third and the fourth floor is wood 
	Five-hole precast concrete slab
	Cast-in-situ concrete

	Roofing
	Wood pitched- roof
	Wood pitched- roof
	Wood pitched-roof
	Cast-in-
situ concrete pitched roof with tiles
	Wood pitched-roof
	Wood pitched- roof
	Wood pitched- roof
	Cast-in-
situ concrete
	Wood pitched-roof
	Wood pitched- roof
	Wood pitched-roof

	Remark
	
	The structure of the ground floor is frame beam-column for wide bay
	
	
	
	
	
	
	
	The structure of the ground floor is frame beam- column for wide bay
	The structure of the ground floor is frame beam- column for wide bay


Table 7  Comparison of the structure and construction of 11 surveyed dwellings in Zhejiang Province (Source: made by Jing Qu according to the data from the field survey)

3.3.4.18 Construction

1. Typical roofing materials and construction

Wood pitched roof beared by gable walls is the typical roof constructure.  
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Figure 47  A typical dwelling in Guali (photo taken by Jing Qu)
Figure 48  A typical roof construction (photo taken by Zengjun Huang)
Figure 49  A typical roof construction (photo taken by Zengjun Huang)
2. Wall construction 

a. 240mm hollow masonry exterior wall with bricks of 240mm×78mm×38mm. Hollow masonry is a special construction in Longgang. 
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Figure 50  Hollow masonry (photo taken by Zengjun Huang)    
Figure 51  The wall built with hollow masonry (photo taken by Jing Qu)
b. 240mm exterior wall built by a mixture from lime, earth, sand and gravel with plaster both inside and outside. Usually this kind of wall was used for old dwellings built 20 years ago. 
c. The interior walls are usually 120mm or 240mm thick brick walls. In some old dwellings the interior walls were built with weaved bamboo with plaster both outside and inside. 
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Figure 52  Weaved bamboo (photo taken by Jing Qu)
Figure 53  A wall built with weaved bamboo (photo taken by Jing Qu)
The construction of the exterior wall in surveyed areas is usually walling with plaster without insulation layer. 
3. Construction of window and door 

The doors are mostly made of wood.

Dwellings built more than 20 years ago use wood windows. Newer dwellings use alluminium alloy windows or plastic-steel windows. All the windows are single-layer. 

4. Construction of the flooring

The floorings are mostly cast-in-situ cement flooring without damp-proof course, as shown in figure 54. 
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Figure 54  flooring construction (Source: drawn by Tianpeng Wang)
3.3.4.19 Summary
· Because the zoning of Zhejiang is hot summer and cold winter and cold period in winter is not long (the days when daily mean temperature is ≤5℃ are 0~90 days) the exterior walls in Zhejiang are mostly 240mm thick brick walls without insulation layers. The old dwellings built more than 20 years ago in Jinhua use mostly mixture from lime, earth, sand and gravel, wood floor slab or cast-in-situ concrete floor slab and wood pitched roof. The walls built with mixture can last a long time and the cost is low. It is used to build 1~2 storey houses, which take up 15% of all the dwellings in surveyed area. Newly built dwellings are mostly 3.5-storey brick-concrete buildings with wood pitched roof and 5-hole precast concrete floor slab, which take up 65% of all the dwellings. Others are concrete frame structures and take up 20%. 
· In Wenzhou area the constructions are mostly brick-wood structures and concrete frame structures. Each type takes up about 50%. Old dwellings use mostly brick-wood structure of hollow masonry with 240mm brick walls and wood pitched roof. Newly built dwellings use concrete frame structure with hollow masonry bricks. Something special in Wenzhou is that the size of the bricks is 240 mm×78 mm×38mm. The aim is to reduce cost. 

· In Guali 70% of the dwellings use half concrete frame structure and half concrete-brick structure. The other 30% are brick-wood structure old dwellings. 
3.3.5 Discussion and conclusion

3.3.5.20 Discussion about the significance of the government intervention on dwellings construction in small towns from the study of Xiaoshun town’s policies 
It can be seen from the survey that there are quite a lot of problems with the dwellings built by the farmers themselves, as stated below:

a) waste of land
b) waste of resources and energy
c) disordered appearances

As discussed in 3.2.1.1, there is no master plan for the villages when the farmers build their dwellings so that waste of land is quite serious. But for China economization of land use is a pressing task in urbanization. In the survey it also showed that building houses as big as possible is a common phenomenon. For most farmers they only build houses once in their lives so they consider it very important and build rooms as many as they can, which causes severe waste of resources. The redundant rooms are usually used for storage. Another problem is that without professionals’ support they only build houses according to their experiences so that neither housing comfort nor ecological optimization can be achieved. 

Some researchers argue that housing industrialization is the final solution of these problems. But this conclusion did not consider the income of farmers. Thus in present situation the policies of Xiaoshun town is deserved to be referenced. The policies (discussed in 3.2.1.1) bring not only government’s intervention but also the farmers’ active behavior into play. In the process of development the policies are effective transitional solutions. 
3.3.5.21 Discussion about promoting terrace house 

In the process of urbanization terrace houses are very suitable for China’s situation because thry can save much more land. Below is a comparison of the Floor Area Ratio of a terrace house and a single house in Xiaoshun Town (figure 57). The building area of Ye’s house (terrace house) is 203.56 m2 and the site area of Ye’s house is 72.7 m2. The building area of Lou’s house (single house) is 208.3m2 and the site area of Lou’s house is 160.2 m2.
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Figure 55  Comparison of a terrace house and a single house (left is Ye’s house and right is Lou’s house) (Source: drawn by Jing Qu)
FAR of Ye’s house:

203.56m2 / 72.7 m2=2.8

FAR of Lou’s house:

208.3m2 / 160.2 m2=1.3

After calculation the Floor Area Ratio of Ye’s house (terrace house) is 2.8.That of Lou’s house (single house) is 1.3. It can be concluded that under the condition that building areas are similar terrace house save about 53.6% land than single house. 
From the point of energy saving, the thermal performance of a terrace house is better than a single house. Below is a comparison between the thermal performances of Ye Xiucha’s house (terrace house) and Lou Desheng’s house (single house) from measured temperatures of the walls and ground surfaces. 
	
	Thickness of exterior wall
	Window material
	Subjective assessment of indoor temperature
	Subjective feeling of indoor air quality 
	Window to wall area ratio

	Ye Xiucha’s house (terrace house)
	240mm brick wall with plaster inside and outside 
	Alluminium alloy window
	fair
	good
	0.475

	Lou Desheng’s house (single house)
	360mm brick wall
	Plastic-steel
	A little cold
	fair
	0.466


Table 8  Comparison of some parameters of Ye Xiucha’s house and LouDesheng’s house (Source: made by Jing Qu according to the data from the field survey)
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Parameter
Building 
part measured
	temperature（celsius）

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	average

	Regular parts (exterior wall and roof) 
	West wall
	inner
	12.9
	13.2
	13.1
	12.8
	12.3
	13.3
	12.2
	12.2
	12.3
	12.7

	
	
	outer
	12.2
	13.1
	12.9
	13.5
	11.9
	14.1
	11.8
	12.9
	12
	12.7

	
	South wall
	inner
	13.1
	13.1
	13.1
	13.3
	14.4
	12.4
	12.4
	13.6
	13.9
	13.3

	
	
	outer
	12.8
	12.5
	14.3
	13.9
	14.2
	12.9
	15.1
	13.6
	15.3
	13.9

	
	East wall
	inner
	13.9
	14.2
	14.6
	14.1
	14.1
	14.2
	13.9
	12.3
	14.7
	14

	
	
	outer
	13.1
	14.6
	13.2
	14.5
	14.3
	14.7
	12.8
	11.8
	14.5
	13.7

	
	North wall
	inner
	12.8
	12.8
	12.8
	12.5
	12.5
	14.6
	12.6
	12.8
	12.4
	12.9

	
	
	outer
	13.4
	12.6
	12.7
	13.2
	13.4
	12.0
	13.8
	13.6
	12.7
	13

	Irregular heat transferring parts
	Connection between window and wall
	The sidewall next to the window
	Connection between entrance and wall
	The sidewall next to the entrance

	
	14.8


	15.2
	13.9
	14.1


Table 9  Temperature measured in Ye Xiucha’s house（the numbers stand for different points）(Source: made by Jing Qu according to the data from the field survey)
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     Parameter

Building 

part measured
	temperature（celsius）

	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	average

	Regular parts(exterior wall and roof)
	West wall
	inner
	10.7
	11.9
	12.1
	11.1
	10.6
	10.4
	10.8
	11.3
	10.9
	11

	
	
	outer
	10.4
	10.5
	11.8
	12.5
	11.4
	11.2
	11.6
	11.5
	10.2
	11.2

	
	South wall
	inner
	10.9
	11.0
	11.0
	11.7
	11.9
	11.7
	12.6
	12.1
	11.7
	11.6

	
	
	outer
	11.5
	10.5
	10.9
	11.3
	11.4
	12.9
	12.8
	11.9
	12.9
	11.8

	
	East wall
	inner
	9.7
	9.9
	10.3
	9.9
	12.3
	11.9
	12.6
	12.0
	11.9
	11.2

	
	
	outer
	10.8
	10.9
	11.4
	10.4
	12.6
	11.3
	12.9
	11.3
	12.8
	11.6

	
	North wall
	inner
	9.7
	10.8
	11.1
	11.8
	13.3
	12.9
	12.9
	13.1
	12.8
	12

	
	
	outer
	10.4
	11.3
	10.6
	10.9
	12.2
	12.5
	11.8
	12.4
	11.6
	11.5

	Irregular heat transferring parts
	Connection between window and wall
	The sidewall next to the window
	Connection between entrance and wall
	The sidewall next to the entrance

	
	12.0
	10.5
	10.6
	10.9


Table 10  Temperature measured in Lou Desheng’s house（the numbers stand for different points）(Source: made by Jing Qu according to the data from the field survey)
It can be seen from the tables that the thermal performance of the terrace house is better than the single house. 
3.4 Songbei District, Harbin City, Heilongjiang Province (Northeast China, Zoning: extremely cold)
Harbin (east longitude 125°42′-130°10′, north latitude 44°04′-46°40′), the capital city of Heilongjiang Province, lies in the east of Songnen Plain. Harbin is the political, economic, scientific, cultural and traffic center of Heilongjiang Province. The city's total area is about 53,100 km2. The population is 9,874,000.
 The precipitation is mainly from June to September and the average annual precipitation is 569.1mm. The climate is continental monsoon climate of mid temperate zone. In winter under the control of dry and cold continental polar air the climate is frigid and dry. The annual mean temperature in winter is -14.2℃. In the coldest January the annual mean temperature is -19.6℃. The annual mean precipitation in winter is 23.6mm. In summer (June-August) it is warm and there is plenty of rainfall. The annual mean temperature in summer is 20.8℃. In the hottest July the annual mean temperature is 22.3℃ and the annual mean precipitation in summer is 379mm.
 Figure 56 shows the temperature change in one year in Harbin and figure 59 is the rainfall in one year in Harbin.
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Figure 56  The temperature change in one year in Harbin (Source: http://www.t7online.com/China.htm, Sep. 12, 2008)
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Figure 57  The rainfall in one year in Harbin (Source: http://www.t7online.com/China.htm, Sep. 12, 2008)
Songhua River flows through the whole area of Harbin and divides it into two parts. The part south of the river is the urban area and the part north is to be urbanized. The district surveyed (Songbei District) lies in the north part. Its area is 736.3 km2 and the population is about 201,000.

Since 1980s the Harbin government has began to research the development of the area north of Songhua River. In September, 1994 the government founded “Songbei development and construction management office”. The Harbin government has made the goal that “develop the north area and realize the economy boom of both parts” is the strategy of urbanization.
 

However, comparing to Yangtze River Delta the whole region of Harbin is in a undeveloped economic level. In addition, the difference between the economic conditions of the central urban area and the other area is quite large. As a result the urbanization level in this region is low. 

3.4.6 The status quo obtained from survey
3.4.6.22 General Situation of the local dwellings
Because Harbin is in the extremely cold district the heating period lasts 6 months every year (October 20th to April 20th of the next year). Therefore the residents in Songbei district attach great importance to the performance of heat insulation of the dwellings comparing to those in the south. The northern housing developed by local people according to the climate has following characteristics. 

1. Plan of the dwelling

Most of local traditional dwellings have three axes in width and one or two sections in depth. Due to the severe cold climate in northeast China the kitchen lies in the middle so that the other rooms can fully make use of the heat produced by cooking. The other reason for this layout is that the special way of heating, which exists only in northern dwellings – heated wall and heated bed, need to be warmed by the kitchen stove. The building orientation must be strictly south-north so that the house can furthest use passive solar energy. At the south side are the entrance and the main rooms such as Tangwu and bedrooms and at the north side are the secondary rooms. Usually there are two layers of doors at the entrance and a very small room between the two layers to reduce air infiltration in winter. Along with the development of time some newly built dwellings do not follow the plan of traditional ones but use freer design of plan. However because of the climate the shape is still compact to reduce heat loss. 
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Figure 58  The typical layout of traditional dwellings (source: drawn by Jing Qu)
[image: image59.jpg]wlil o e
0 s

.s.\
Wl

“x‘l;

rasmm W S AT

= 7 RE

,M«»!ww [ —




   [image: image60.jpg]



Figure 59  A typical local traditional dwelling (photo taken by Jing Qu)
Figure 60  A typical view of local village (photo taken by Jing Qu)
2. Shape characteristic

To reduce the area of heat dissipation the shape coefficient of the local dwelling is usually quite small so that the concavities and convexities of the exterior walls are reduced as much as possible. As a result the architectural layouts are compact and uncomplicated. Due to the way of heating the traditional dwellings are mostly one-storey. This is because the heated bed is constructed with solid clay bricks and the weight of the bed is too heavy to be beared by normal floorslabs and without heating the rooms upstairs would be quite cold in winter. The farmers’ low income in the past is another reason. Nowadays newly built houses are one-storey and two-storey according to the economic state of the family. 

3. Building envelope　
a) wall construction

· traditional dwellings

The outer walls are usually 490 mm or 370mm thick brick walls with plaster or mud on internal surface.  

There are some old houses built with adobe due to the low income of the farmers. People made adobe blocks with straw and adobe as building material. The roofs are also covered with straws. But these dwellings are rarely seen now. 

· newly built houses
In newly built houses the walls are built with bricks. The construction of 370 mm walls is 240mm brick (inner) +insulation (polystyrene board) + 120mm brick with plaster both inside and outside. The construction of 490 mm walls is 240mm brick (inner) +insulation (polystyrene board) + 240mm brick with plaster both inside and outside, as shown in figure 61 and 62. 
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Figure 61  Wall construction of typical traditional dwellings (source: drawn by Jing Qu)
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Figure 62  Wall construction of typical newly built dwellings (source: drawn by Jing Qu)

b) door

The entrances of conventional dwellings usually have two-layer doors made of wood with a small room as bumper space between the two layers to reduce air infiltration. Usually a very thick cotton curtain is used in winter to block the cold air. In new houses steel doors are used like in cities. 
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Figure 63  The entrance with bumper space (photo taken by Jing Qu)
c) window

· traditional dwellings

The south windows of traditional dwellings are very big so that the rooms facing south like bedroom and Tangwu can absorb the maximum radiant heat of the sun during the day in winter. To the contrary, the windows facing north are quite small in order to block off the cold northwest wind. All the windows are double-layer timber windows. In winter people seal the gaps of the window frame with cloth or paper. Some families place curtains made of cotton, straw, kraft paper or blankets on the window for insulation. They are rolled up in the day and rolled down at night. Although this is a simple measure the effect is good. 

In spite of all the measurements the performances of heat insulation of the windows and doors of traditional buildings are still weak, which makes great heat loss during the heating period. 

· newly built houses 

In newly built houses plastic-steel windows with double-layer glass are mostly used. Because aluminium alloy windows are expensive and its insulation performance is not as good as plastic-steel windows, it is hardly used in Songbei. Due to the improvement of the economic state heating is better than in the past in this area. In addition more and more newly built houses have insulation layers in the walls. As a result the size of north windows in new houses is bigger than in old ones. 

d) Roof

· traditional dwellings

The roof construction of conventional roof is usually pitched-roof with loft. The bearing component is wood structure with iron sheet on it. The local people usually put sawdust or boiler slag in the loft as insulation material. The roof construction is show in figure 64. 
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Figure 64  The construction of a traditional roof (Source: drawn by Jing Qu)

· newly built houses

The roof construction is usually also pitched-roof with loft. The bearing component is wood or steel structure with tiles or color-coated steel sheet. The insulation is polystyrene board between two layers of steel sheets or perlite in the loft. 
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Figure 65  The construction of a new roof (source: drawn by Jing Qu)
4. Heating system

The special way of heating in traditional houses are heated bed and heated wall. Some families have both of them but the most only have heated beds. 

Heated bed is a bed constructed with bricks or adobe blocks with an S-shape channel underneath connected to the kitchen stove. When fuels (straw, firewood and coal) are burnt in the kitchen stove the smoke enters the channel under the bed surface, brings heat to the bed at the same time and finally is vented from the chimney. 

A baffler is placed in the smoke vent of the stove. In winter it is used to block the access between the smoke vent and the chimney in order to force the heated smoke to go into the bed channel. In summer the baffler is drawn out so that the smoke can be discharged directly from the chimney. 

Some families build a stove under the bed to heat the bed directly. 

Heated wall is the wall next to the stove. It is also hollow with a channel inside and radiates heat to the rooms with the smoke from stove. It can be looked upon as an original radiator. 

Heated brick bed is a very comfortable way of heating. When the stove is fired the temperature of the bed surface can reach 40~50℃ and due to the property of the air that it goes up when heated the micro-environment above the bed is quite comfortable. Besides the function of for sleeping, it is also a place for daily activities of the family. When it is severely cold in winter the most time of the local people are spent on the bed. They use a small bed-table to have meals, chat and do housework. 
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Figure 66  The heated bed (photo taken by Jing Qu)
In newly built house boilers manipulated by the family themselves are mostly used. Some families keep heated beds. 

3.4.6.23 Case Study
Case 1：An old dwelling——Li Xushan’s house

This type of house built in 1970s and 1980s is very common in Songbei District. Pitched-roof and one-storey house is the most popular form. The roof construction is wood truss covered with sheet iron. The exterior wall is usually 370mm or 490mm clay brick wall. The architectural plan is like traditional dwellings, three-axis in width and one or two-section in depth with the kitchen in the middle as the heat source. The bedrooms are facing south and at the north side are the other rooms such as kitchen and storage. Usually the floor area of the dwellings is around 100 m2.

Li Xushan’s house in Hongguang village is a representative of this type, as shown in figure 67 and 68. 
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Figure 67  Surveyed drawings of Li Xushan’s house (Source: drawn by Jing Qu)
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Figure 68  Li Xushan’s house (photo taken by Jing Qu)
Li Xushan’s house was designed by the owner and built in 1988. The building area is 81.52m2. The orientation of the house is south. The method of heating is heated bed. The windows are traditional double-layer timber windows.  

Table 11 shows the 24-hour temperature fluctuation in Li Xushan’s home. 
	Time
	Measured temperature ( Celsius）

	
	15
	17
	19
	21
	23
	1
	3
	5
	7
	9
	11
	13

	bed surface Temperature 
	42
	40.5
	44.5
	41
	37
	35
	36
	37
	38.5
	37
	34
	35.5

	Indoor temperature 
	16
	15.5
	17
	16
	15
	12.5
	12.5
	12
	15.5
	13.5
	13
	15

	Outdoor temperature
	-6
	-7
	-8
	-12
	-18
	-19
	-20
	-17
	-15
	-9
	-8
	-8

	Kitchen temperature
	13
	13
	15
	13
	12
	10.5
	10.5
	10
	17
	13
	9
	16


Table 11  The 24-hour temperature fluctuation in Li Xushan’s home (Source: made by Jing Qu according to the data from the field survey)
It can be seen from the table that in winter the interior temperature is not satisfactory and lower than the comfortable temperature for human body. The subjective feeling of the householder: it is not warm enough in winter, but it is comfortable as long as they stay on the heated bed. 

But from the table it can be concluded that although the inner temperature is quite low the temperature of the bed fluctuates always from 31℃ to 46℃, therefore the users can live in a low temperature. That’s to say, there is a comfortable space around the bed. The heat radiated by the bed creats a favorable microenvironment for human bodies. 

Case study 2：An old dwelling – Li Longzhu’s house

Li Longzhu’ house in Hongguang village is also a typical dwelling built in the 1970s -1980s, as shown in figure 69 and 70.  
[image: image69.jpg]



Figure 69  Li Longzhu’house (Hongguang Village) (photo taken by Jing Qu)
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Figure 70  Surveyed drawings of Li Longzhu’s house (source: drawn by Jing Qu)
Li Longzhu’s house was also designed by the owner. The building area is 138.5m2. The orientation of the house is south-north. Different from those of Li Xushan’s house, the windows of Li Longzhu’ house are steel-plastic hollow-double layer windows. The method of heating are heated bed and boiler manipulated by the householder. 
Table 12 shows the 24-hour temperature fluctuation in Li Longzhu’s home.
	Time
	Measured temperature ( Celsius）

	
	13
	15
	17
	19
	21
	23
	1
	3
	5
	7
	9
	11

	bed surface Temperature 
	35
	35
	38
	48
	40
	38
	37
	36
	36
	40
	39
	42

	Indoor temperature 
	18
	17.5
	19
	18
	17
	15
	14.5
	14
	14.5
	17.5
	16
	15

	Outdoor temperature
	-8
	-9
	-10
	-14
	-18
	-20
	-22
	-18
	-16
	-9
	-8
	-7

	Kitchen temperature
	14
	13
	16
	14
	13
	12.5
	11
	11
	13
	15.5
	16
	17


 Table 12  The 24-hour temperature fluctuation in Li Longzhu’s home (Source: made by Jing Qu according to the data from the field survey)
It can be seen from the table that in winter the heating situation of Li Longzhu’s house is better than that of Li Xushan’s. The subjective feeling of the householder：the temperature in winter is acceptable.  

Case 3：a new house-----Fan Xianming’s house

In 1990s two-storey independent house appeared as a result of following the style in cities. Its most important point is the vertical extension of space that has changed the simple horizontal mode existing for the past many years. Although most architectural layouts haven’t broken away from the old pattern and lack in flexibility, this type of house has provided prerequisite for the betterment of the living condition on the limited site. Some elements like the south balcony and separation of different functions into different floors like living room and bedroom are a big progress in dwellings in this region. However this kind of dwelling is still few in Songbei. Fan Xianming’s house in Shengli village is a typical representative, as shown in figure 71 and 72.
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Figure 71  Fan Xianming’ house (Shengli Village) (photo taken by Jing Qu)
[image: image72.jpg]1

P

5100 3900 ‘WZOO‘ 2700
’870) 2000 ’2’ 1610 ’9%040} 1500 }970/880} 2000 NOZO}

V] S

Kitchen

Living

O

room U

athroom
down i

850[1000{850
et

A

Section

0 2700 3600
00

OOﬁ 4500 7_T 2700 ‘ 3600

?

- =i
Dining ] ¢ S
arage =
Toonm 5 =
up
———0
A —— ) u u
7200 1800 %Z% 1800 i@ 1500 | 1200
L el T = ==
5100 I 3900 | 200 2700 H H 5 /\
‘ 12900

The 1st floor plan Facade



    

Figure 72  Surveyed drawings of Fan Xianming’s house (source: drawn by Jing Qu)
Fan Xianming’s house was also designed by the owner. The building area is 309.6m2. The orientation of the house is south-north. Fan Xianming’s house is a relatively new house in Songbei District using one-layer steel-plastic windows. The mode of heating is boiler manipulated by the owner. The covering material of the roof is color-coated steel sheet. 

Table 13 shows the 24-hour temperature fluctuation in Li Longzhu’s home.
	Time
	Measured temperature ( Celsius）


	
	13
	15
	17
	19
	21
	23
	1
	3
	5
	7
	9
	11

	Indoor temperature 
	18
	20
	21
	19
	19.5
	19
	19
	20
	19
	20
	21
	19.5

	Outdoor temperature
	-8
	-8
	-9
	-13
	-17
	-20
	-21
	-19
	-16
	-10
	-8
	-8


 Table 13  The 24-hour temperature fluctuation in Li Longzhu’s home (Source: made by Jing Qu according to the data from the field survey)
It can be seen from the data that in winter the heating situation of Fan Xianming’s house is good and the temperature meets the requirement of the users. The subjective feeling of the householder: the temperature in winter is comfortable.
3.4.6.24 Infrastructure and consumption of resource and energy
1. Domestic water:  

The domestic water of the surveyed families is all tap water produced and provided by the municipality. Because the district is next to Songhua river the tap water is free for the residents. Nevertheless the people do not have the concept to save resource and water is often wasted. The average water consumption of each family per year is about 50~60 metric tons. 

There is no central system to provide hot water. There is no systematical drainage and the sewage is drained through infiltration well. 

2. Energy for daily use: 

Sorts: 

Electricity, coal, bottled liquefied gas and pipeline gas. 

In the surveyed region electricity and liquefied gas are mostly used for cooking. Some families still use firewood. Renewable energy like solar energy and biogas are barely used in the investigated cases. 

	Energy consumed in household

	Case
	Form and area
	Energy- consuming item
	Energy
	Appliance
	Yearly consumption
	Price（RMB）

	Shengli Village

Case 1 (Fan Xianming）
	Two-storey

Brick-concrete structure


	cooking
	gas
	Gas cooker
	1 bottle/month (16 kilograms/ bottle）

	960

	
	
	heating
	coal
	Household coal stove
	8 metric ton
	4000

	
	
	cooling
	electricity
	Electric fan
	Total electricity consumed

2100KWh

	1050

	Hongguang Village

Case 1 （Li Longzhu）
	One-storey

Brick-concrete structure


	cooking
	gas
	Gas cooker
	1 bottle/45 days（16 kilograms/ bottle）

	640

	
	
	
	coal
	stove
	3 metric ton
	1500

	
	
	heating
	coal（only for the living room）
	Household coal stove
	
	

	
	
	Electric appliances
	electricity
	Refrigerator, Television, Microwave oven, electric rice cooker

	Total electricity consumed

1320KWh
	660

	Hongguang Village

Case 2

（Li Xushan）
	one-storey

Brick-concrete structure


	cooking
	gas
	Gas cooker
	1 bottle/40 days（16 kilograms/ bottle）
	720

	
	
	
	coal
	stove
	1 metric tons
	2000

	
	
	heating
	coal
	Household coal stove

	3 metric ton
	

	
	
	cooling
	electricity
	Electric fan
	Total electricity consumed

1200KWh
	600

	
	
	Electric appliances
	electricity
	Refrigerator, Television, electric rice cooker
	
	


Table 14  household Energy consumption in the surveyed dwellings in Songbei (Source: made by Jing Qu according to the data from the field survey)
3. The way of heating and cooling
Some families use heating from the infrastructure. Nevertheless more families use boilers or stoves in their own house. Boilers are usually laid in the basements and stoves in kitchens. Songbei lies in extremely cold area and the heating period lasts six months so that the consumption of coal in winter is quite high. 

Due to climate and income electric fan is widely used for cooling and air-conditioner is not popular.
3.4.6.25 New building material
    New building materials are hardly introduced in Songbei. The mostly used material is still clay brick. For example the local people “do not know” or “have never used” building material like cavity concrete block. The exterior wall of conventional dwellings of local farmers is 370mm or 490mm clay brick wall with double-layer windows. Newly built houses usually use 370mm thick brick wall with polystyrene board as insulation layer. 

3.4.7 Existing problems and conclusions
1. The form of the residential buildings is simple and is lacking in regional features

The architectural layout of the buildings in North China is regular in order to reduce the surface area and keep a better insulation. But meanwhile it brings problems such as inflexible layout and simple form that make the appearance of the town monotonous.

2. The change of the way of living is not integrated in the design of new dwelling 

The one-family houses surveyed are mostly built by the farmers with their experiences following the traditional mode. But due to less research about the present-day requirement of the residents and forward-looking consideration, most of the dwellings are only for “solve the problem of surviving”. A lot of dwellings do not have living rooms and dining rooms. The bedrooms become traffic space and the users have poor privacy. There are quite a lot of ineffective spaces in the dwellings. Most toilets are outdoors.
3. The construction system is underdeveloped  
The surveyed dwellings mostly develop from traditional dwellings of North China. Generally, the construction is mainly brick-wood. Due to the limit of the construction the design of the plan and the form of the body are restricted.  

4. The construction is lacking in technologies

The general construction level of residential buildings in towns and villages is low because of low technology level. It is found from the survey that new building materials that are suitable to be widely promoted are scarce in this district. The residents hardly use new materials due to the high prices. In addition, the people have almost no idea about new building materials and clay brick that leads to waste of farm land is at present still the main stream. The workers have no professional training and it is hard to guarantee the quality of construction.  
5. The way of energy use is undeveloped

Non-renewable energy is mostly used. Convenient and clean energy like solar energy and biogas are hardly used. Pollution as well as the waste of resource and energy are severe problems. 

6. Infrastructure is poor and there is no heating systems from municipality.

The boiler of each family can not thoroughly combust fuel like coal and wood. It not only is a waste of energy but also cause serious pollution.   

3.4.8 Suggestions for improvement
Through survey and comparing with other regions it is concluded that solving the below problems will help to change the stereotype appearance in the region of Harbin, form the special style of northern dwellings and develop towards the direction of sustainability.   

1. Show the local characteristics and different appearances from the residential buildings in the city

It was found in the survey that the residential buildings near the city are mostly multi-storey housing, but in the rural area the independent dwellings have more local characteristics. These characteristics are decided by the special natural environment, humanistic environment, architectural culture and people’s aesthetic value and the agricultural production mode. The architectural forms reflecting local specialties should be advocated instead of blind pursuit of city style. 

2. Adjustment of the architectural form

Harbin lies in the extremely cold area. So the shape coefficient is small to preserve heat in winter. But it also causes the problem that most dwellings use simple rectangular plans. It is suggested that there be some changes of the plans under the control of suitable shape coefficient and then make up the energy loss through the change of the mass with other technical means, to create rich forms. Façade design, as a quite important aspect of the architectural design, can show the vernacular characteristics and culture. The details should be paid extra attention to, such as window, door, porch, eaves, ridge ornament, and chimney. 

3. Improve heating method

The heating period in Harbin lasts six months every year. Therefore the reform of heating method of residential buildings and energy-saving design must be carried out to realize heat preservation and save energy at the same time and achieve comfortable interior environment. For example, through the reasonable design of orientation, interior space and the skillful treatment of the architectural mass, as well as the selection of building material, structure and construction, passive solar house can collect, conserve and distribute solar energy to help solve the heating problem of the buildings.  

4. Taking energy-saving method

Due to the severe coldness in Harbin and the low level of heat insulation of dwellings, not only much energy is wasted but also the interior temperature is low. It is necessary to take energy-saving method. Moreover, the insulation of window and door is not satisfactory. The energy consumed by air leakage takes up 25% of the total energy consumed by the building. Therefore improving the insulation of window and door is a focus point of energy saving. The detailed measures could be: using reasonable area ratio of windows to wall; reducing the air infiltration; adding sealing to the windows; improving the insulation performance of the windows, roofing and flooring. 

The construction of residential buildings is a practical and theoretical question that needs long term exploration. At the same time, it is an urgent problem in the large-scale development of rural areas. To determine the urbanization standard that meets the local conditions, to learn the advanced experiences of other regions, and formulate reasonable measures can effectively promote the process of urbanization. 
CHAPTER 4                                           THE ANALYSIS OF THE STATUS QUO OBTAINED FROM THE FIELD SURVEY AND SUGGESTIONS 
Through the survey of some residential buildings in typical small towns and villages in three different zoning areas (extremely cold area, hot summer and cold winter area and mild area) it can be seen that although the development levels and economic states in the regions are quite different, in general the urbanization process in China is still in the initial stage and has lot of problems. At the same time, some traditions are conserved during the process, which are suitable for the local climate or folk customs. This chapter will specifically analyze the problems with the data obtained from the survey, present corresponding suggestions and summarize the reasonable strategies worthy reserving and promoting so that different regions could use the experiences and policies from other regions for reference and sustainable and sound urbanization process could be achieved. 
4.1 Infrastructure and general planning
4.1.1 Infrastructure

Due to late urbanization and undeveloped economic state, the infrastructures in surveyed areas are generally disadvantaged, as shown in table 15. 

	Region
Infra-

structure
	Shiban, Guizhou
	Qingyan, Guizhou
	Xiaoshun, Zhejiang
	Caozhai, Zhejiang
	Longgang, Zhejiang
	Songbei, Heilongjiang

	Electricity
	√
	√
	√
	√
	√
	√

	Tap water
	√
	√
	√
	√
	√
	√

	Drainage(domestic sewage、excreta）
	x
	x
	√
	x
	√
	x

	Refuse treatment
	x
	x
	√
	x
	√
	x

	pipeline gas
	x
	x
	x
	x
	√
	x

	Heating from municipal infrastructure
	x
	x
	x
	x
	x
	x

	Basic communication facilities (Telephone line）
	√
	√
	√
	√
	√
	√

	Road condition
	poor
	poor
	poor
	poor
	good
	poor

	Public transport
	√
	√
	√
	√
	√
	√


Table 15  The infrastructure construction condition in surveyed regions (Source: made by Jing Qu according to the data from the field survey)
It can be seen that disadvantaged infrastructure is the common problem.                   The infrastructure in the surveyed regions only includes electricity, tap water, basic communication facilities and public transport. Only the infrastructure in the regions that are relatively more developed has reached the basic requirement. This situation affects the life quality and general development of the residents and makes it the most urgent issue to be solved in the process of urbanization.       

Among the issues the most important are: 

1. Drainage system and refuse disposal installation are lacked in most areas. The domestic sewage of the residents is directly discharged into the farming land and the rivers. The domestic refuses are piled up around the houses without handling. These pollute the living environment and ecological environment seriously. 

2. There are no heating systems from local infrastructure. Although according to the Code for Thermal Design of Civil Buildings of P. R. China, GB50176-93, (The Ministry of Housing and Urban-Rural Development of People’s Republic of China), the areas in Zhejiang Province (Zoning: hot summer and cold winter) and Guizhou Province (zoning: mild) out of the surveyed areas are not heating areas, as discussed in chapter 3, during the coldest days every year some richer families use air-conditioners or electrical heating appliances and at other time there is no heating due to the low incomes, the interior temperature is lower than the comfortable temperature for humans. In the surveyed area in Guizhou and Harbin people need to use coal fired stoves or boilers in winter. The combustion efficiency of the small stove of each family is far lower than a central heating system, which is a large waste of energy. Moreover, the waste gas is discharged into the air and pollutes the living environment seriously. 

3. There is a lack of pipeline gas supply which makes the residents solve the energy for cooking by themselves. Some families need to buy gas bottle every month, which makes their life quite inconvienient. Some use coal for cooking and this causes great waste of energy and pollution of environment as discussed in the last chapter. 

Except for the above problems that are quite urgent and cause severe waste of energy and environmental pollution, there are also other issues such as lack of medical and educational facilities, recreation and sport facilities, and clean energy producing facilities. 

4.1.2 The condition of master planning and dwelling construction
Many small towns have detailed blue prints of master plan; however few of them have been carried out. According to the result of the survey except for certain historical and well-conserved old villages like Zhenshan Village, Guizhou, the construction of most villages and towns are disorderly. Moreover, the style and features of Zhenshan are being destroyed by more and more newly built houses constructed by the farmers. The lack of general planning and management is not only reflected by the appearances of the villages and towns but also by the condition of the infrastructure. Figure 73 shows the appearances of some surveyed villages. 
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Figure 73  The appearances of some surveyed villages (photos taken by Jing Qu)
This shows it is quite important for the local government to supervise the construction. The advantages are as listed below. 

A．The situation that the farmers build their houses on their own and the villages and towns lack general planning could be changed and the appearance of the settlements could be in an orderly way;

B．The construction of infrastructure can be only realized by the government;

C．In the farmers’ opinion old houses symbolize poverty. Only in villages like Zhenshan that has developed its economy from tourism people could realize they are valuable cultural heritages. However the new houses following the appearance of the old houses with new materials are not qualified enough from the architectural point of view. All these need supervision urgently. 

D．Sometimes there are the cases that farmers build their homes on fertile farmlands. If the construction is supervised by the government, they could use lands not suitable for farming to build and reduce waste of land; 

E．The general planning could help to reduce that waste of land, for example, through the planning of terrace houses, which could also reduce the waste of energy;

F．The plans of the dwellings are not reasonably designed. The living standard is realtively low and the houses do not meet the standard of healthy residence. It can hinder the improvement of the farmers’ living level. If the users rebuild the house in some years because of improved living standard it will be a great waste of resources. 

G．Some energy-saving facilities like biogas digester can be designed at the very beginning, which can reduce the difficulties to rebuild and makes the general plan of the whole settlement more reasonable. 

In addition, the government activities also need technical supervision. It was found in the survey that there was irrational phenomenon in the construction of new village in Zhenshan, Guizhou. Guizhou is a typical agricultural province in mountain area where arable land is barren and broken, and there are severe soil loss by water erosion and frequent natural disasters as well. About 39,000,000 people live on 17615246.61 hectares land that consists of 73% limestone. Guizhou’s per capita arable land is poor, especially basic farmland. Its reserve arable land resource is also very scarce. According to the result of land resource investigation and evaluation of Guizhou National Land Agency in 2000, the reserve arable land resource in the whole Guizhou was 915.2 km2. After exploitation from 2000 to 2005, there were actually 503.4 km2 at the end of 2005.
 However, the site for the new village chosen by the local government was a flat fertile arable land, as shown in figure 74. Once arable land is used for construction, the process is irreversible. This is against the siting principles of sustainable architecture and is a shortsighted action. Thus it can be seen that not only the farmers’ construction activities but also the governments’ activities need to be supervised. 
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Figure 74  The site for the new village chosen by the local government (photos taken by Jing Qu)

At the same time, the farmers should not be required to build new houses and demolish the existing ones only for organized general planning and construction. This is a great waste and disaster for the farmers. 

For the existing villages and towns the policy from Xiaoshun, Zhejiang Province is worthy drawing on. See section 3.2.1.1. Making the appearance in an oderly way as much as possible based on the status quo and according to the local situation rebuild and add infrastructure is an advisable developing direction.
4.2 Building envelope
4.2.3 Walling and roofing

The survey of the residential buildings in three different zoning areas in China shows that a common problem of many conventional dwellings is a lack of insulation layer in the building envelope. This is not because of absence of thermal insulation but absence of insulation course in the envelope or multilayer walling, which is a consequence of underdeveloped technology and socio-economic level. Another problem is that walling materials are simple and low-tech. Table 16 is the composition of all the rural dwellings separated by building structure and shows that of the rural dwellings 39.4% are brick-concrete structure, 44.3% are brick-timber structure. That’s to say, at least 83.7％ of the rural dwellings still use brick as walling material. Table 17 shows the walling materials of the residences in the surveyed area.
	Reinforced concrete
	6.0％
	7.9％
	7.5％
	2.9％
	2.4％

	Brick-concrete
	39.4％
	43.2％
	47.9％
	29.5％
	23.4％

	brick-timber
	44.3％
	45.5％
	39.7％
	44.4％
	58.7％

	Bamboo/straw/adobe block
	9.6％
	3.1％
	4.4％
	21.8％
	15.3％

	others
	0.7％
	0.3％
	0.5％
	1.4％
	0.2％


Table 16  The composition of all the rural dwellings separated by building structure (Source: National Bureau of Statistics of China, Communiqué on Major Data of the Second National Agricultural Census of China (No.1) , Feb. 21, 2008, http://www.stats.gov.cn/was40/reldetail.jsp?docid=402464541, Nov. 19, 2008)
	Region


	Walling material

	
	New dwellings
	Traditional dwellings

	Guizhou
	Standard brick
	Wood, stone, bamboo strip＋adobe

	Zhejiang
	Small brick
	Tabia, bamboo strip＋adobe ,brick

	Harbin
	Standard brick
	Brick, adobe block


Table 17  The walling materials of the residences in the surveyed area (Source: made by Jing Qu according to the data from the field survey)
As stated in Chapter 3 that if there is only one layer of the wall the thermal insulation effect improved by only thickening the wall is less than multilayer wall with insulation couse. Simple walling material is also used in Zhejiang. The measued temperatures in early winter show that the interior temperature is even lower than exterior temperature and is far from the comfortable temperature for humans. Polystyrene board as an insulation material for walls and roofs is widely used in the newly built dwellings in small towns in Harbin, which shows that people now already have the consciousness to add insulation layer to the wall. However problems still exist. For example, the varierties of insulation materials are very few.  
4.2.4 Window and door
Due to the limit of technical and economic situation, the traiditional dwellings in small towns and rural areas usually use wood windows and doors. The poor air tightness of the windows and doors cause serious air infiltration, which leads to energy waste and worsens housing comfort. Although in Heilongjiang people use double-layer windows and seal the windows in winter to adapt frigid climate, the problem of air infiltration is not totally solved. 
It is shown in the survey that most newly built dwellings use steel plastic window or alluminium alloy window so that air infiltration is largely reduced. However many dwellings still use wood window and door. 
4.3 Energy, resource and environmental impact
The way of energy using and the composition of energies are the main problem of residential buildings. Table 18 shows the composition of the energies for cooking in rural households. 

　　      unit：%

	
	Whole China
	East China
	Middle of China
	West China
	Northeast China

	straw and stalks
	60.2 
	53.1 
	56.9 
	66.2 
	88.2 

	coal
	26.1 
	18.5 
	38.4 
	27.1 
	7.4 

	gas
	11.9 
	27.2 
	3.8 
	3.2 
	4.0 

	biogas
	0.7 
	0.2 
	0.7 
	1.3 
	0.1 

	electricity
	0.8 
	1.0 
	0.2 
	1.3 
	0.3 

	others
	0.3 
	0.0 
	0.0 
	0.9 
	0.0 


Table 18  The composition of the energies for cooking in rural households (Source: National Bureau of Statistics of China, Communiqué on Major Data of the Second National Agricultural Census of China (No.1) , Feb. 21, 2008, http://www.stats.gov.cn/was40/reldetail.jsp?docid=402464541, Nov. 19, 2008)
It can be seen that straw and stalks（60.2%）and coal（26.1%）are still the main energy used for cooking in rural areas. The stalks can be used to make compost applied to farmland or as raw materials for clean biomass energy and the energy efficiency is higher than that of direct burning. 

Using coal for cooking is a great waste of energy and pollutes the environment seriously. Biogas as a cheap, convienient and clean energy can be used for cooking and lighting, and is worth popularizing. However only 33.5% of all the villages in China have biogas digesters.
 Solar water heater is used in some families. But other renewable energies such as wind power, geothermal energy and hydraulic power are hardly developed in surveyed rural areas. Table 19 shows the condition of energy use in surveyed areas.
	
	straw and stalks
	coal
	gas
	biogas
	electricity
	Other renewable energy

	　  Guizhou
	Much used
	Much used
	Much used
	A little used
	Much used
	No used at all

	　　Zhejiang
	Much used
	Much used
	Much used
	No used at all
	Much used
	No used at all

	　　Heilongjiang
	Much used
	Much used
	Much used
	No used at all
	Much used
	No used at all


Table 19  the composition of the energies for cooking in rural households in surveyed regions (Source: made by Jing Qu according to the data from the field survey)
4.4 Housing comfort and quality
The sanitary condition and living condition of traditional dwellings are mostly very low, which is showed in:

a. the design of the plan is not convienient to use

b. the thermal protection and insulation performance of the building envelope is low

c. the air impermeability of windows and doors is low

d. lack in heating system from local infrastructure
e. sound insulation and natural lighting are poor

f. irrational use of energy causes pollution and waste

g. The durability of the building components is poor. For example, the flagstone roof and weaved-bamboo wall need to be repaired from time to time so that the users’ life quality is worsened.
4.5 The problem of ideaology of the residents
From the field survey it can be seen that in the dwelling construction in rural areas, the ideaology of the local residents is also a crucial influence factor. 

Firstly, because building a dwelling is a considerable expense and most farmers think that this is a very important thing in their lives, many of them will build a dwelling as big as possible. Actually according to our survey, many rooms are not used or used for storage after the dwellings are finished and this causes big waste. In some regions the farmers will build new dwellings when each of their sons gets married and do not think about the real requirement and the life expectancy of the dwellings, which also leads to great waste of resources.     

Secondly, most farmers have no idea of renewable energy, so they will not consider this factor before they build their dwellings. From the survey it can be seen that many rural families use solar energy water heater. Some farmers would like to use biogas digester after they have seen other families save money by using biogas, but they do not know how to build a biogas digester and hope to get support from the government. This shows that as long as the farmers get to know the benefit of renewable energy they will accept it. Therefore the government should strengthen the promotion of renewable energy to let the farmers want to build and use sustainable dwellings.
In sum, in the development of sustainable dwellings human dimension is quite important. This issue wil be discussed in detail in Chapter 7. 

4.6 The protection of architectural bequest and inheriting traditional architectural style and features
The inheriting and protection of the traditional style and features is a complicated issue concerned many factors. During the survey it can be seen that except for old dwellings researved most newly built dwellings try to copy the architectural style in cities but only awkward imitations are built. 

This is because the development of traditional dwellings can not catch up with the change of people’s living standard. People’s desire of change makes them imitate the “city style” blindly, which not only destroys the architectural style and features, but also causes similar appearances in different regions.

This kind of “new” buildings should not be encouraged, but entirely copying tradition is also inadvisable. During the process of development, the architecture of the time should reflect the characteristics and the mark of the times, such as lifestyle, technique, material, etc. Simply copying the old form has no practical significance. With the development of the time, it is impossible and unnecessary to conserve everything from the past. The plan and architectural style and features should both develop on the base of meeting the requirement of the users. At the same time, selecting vernacular architecture language and building materials can reserve cultural elements. 
For example, the “Tangwu” in the old dwellings of Buyi minority in Guizhou came from local people’s spiritual belief; therefore the form should be researved in newly designed dwellings. In rural Harbin the old form of “kitchen core”developed from the old life style and heating method and can hardly meet the requirement of modern life. Thus, when the life style has changed the design of dwellings should be accordingly renewed as well. 
4.7 Preventing urban sprawl and overdevelopment
It is observed from the survey that as the economic state is growing better there is a tendence that the construction of small towns follows that of big cities, which can be seen from the newly built residences in Songbei District, Harbin and the construction of Longgang, Zhejiang.  

As stated in Chapter 3 that the economics in Longgang, Zhejiang Province is relative developed compared with other regions. However, the development of Longgang has lost the attractiveness of small towns. It has a lot of superficial elements of big cities, but its infrastructure such as greening and sanitation is not satisfying, which leads the development out of balance. The infrastructure construction of small towns has been discussed by many researchers. However, the local governments still do not pay enough attention to it so that the real requirement of the habitants are ignored but superficial achievements can be seen everywhere. In the surveyed area in Harbin there are also some newly built residential buildings are imitating the ones in big cities. This phenomenon can be seen as another kind of urban sprawl. 
However, building like cities in large quantities is not the appropriate way of development for small towns. Firstly, the syle and features of small towns should be different from big cities. The towns lie in countryside so the ecological environment is much better than big cities. In addition, the scale of towns, building density and scale of buildings are small so that it is easier to be integrated with the natural environment. If small towns all develop as this mode “small towns – economics developed – following the model of cities”, small towns will lose their characteristics and identities. Secondly, small towns are the bridges between cities and rural areas, not future cities. If small towns are over developed and similar with big cities, a “vacuum space” will appear between the development levels of cities and rural areas. When the economics in small towns are well developed, absent infrastructure construction should be considered first, not building high-rise buildings and wide streets. 
4.8 Redefinition of the thermal regulations according to new living standard

Table 20 is a comparison of the thermal-related parameters from the surveyed areas.

	
	Zhenshan, qingyan
	Xiaoshun,

Caizhai,

Longgang,

Guali
	Harbin

	Thermal zoning
	mild
	Hot in summer and cold in winter
	Extremely cold

	Standard
	No heating from public infrastucture
	No heating from public infrastucture
	No heating from public infrastucture

	Heating mode
	stoves supplied by the residents themselves
	No heating
	stoves supplied by the residents themselves

	Fuel
	coal
	
	coal

	Average interior temperature in winter
	16℃
	15℃
	15.5℃

	Energy efficient
	low
	low
	low

	Housing comfort
	low
	low
	low


Table 20  A comparison of the thermal-related parameters from the surveyed areas (Source: made by Jing Qu according to the data from field survey)

From the table it can be seen that the housing thermal comfort in towns and villages in surveyed areas is quite low. Although in Code for Thermal Design of Civil Buildings of P. R. China, GB50176-93 for the zone “hot ummer and cold winter” the prescription is “heat insulation in summer is a must; heat preservation in winter should be considered” and for the zone “mild” it is “Heat preservation in winter is necessary in some areas; heat insulation in summer is not necessary under ordinary conditions”,
 according to the national policy implemented since 1950s heating from national infrastructure is provided only in North China. However, to fight against the cold climate in winter the residents in south have to use heating of their own. But the energy efficiency is very low and cause severe energy waste and high carbon emission. Although heating in the developed countries also mainly takes the form of separate, independent heating systems for each home, these heating systems are roughly 20% to 30% more efficient than Chinese national infrastructure systems.
   

According to the research of Yi Jiang in “Promoting Chinese Energy Efficiency”, despite the low energy efficiency the energy used for household in China per year is far less than industrialized nations, as shown in figure 75 and 76. However, these seemingly low figures do not stand for an optimistic condition. For example, the figures of Canada are quite high possibily because of its extremely cold climate. But it does not signify that China’s energy utilization is better than Canada. Although the figures of Europe are also much higher than that of China, the proportion of renewable energy use in Europe is indeed higher. For China’s low figures, except for less electric appliances per household in relation with low energy efficiency only one conclusion could be drawn – low housing comfort. The facts achieved from survey also proved it. When in the future the housing comfort in China is improved, accordingly energy consumption per capita and per m2 will also be increased. But if meanwhile energy efficiency and proportion of renewable energy are enhanced then the process of optimized increase will be easier than reducing high energy use from the current level, like the U.S. In this sense the current condition is also an advantage, only if energy utilization is optimized along with the improvement of comfort.
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Figure 75  Comparison of per-capita building energy consumption in China and developed countries (Source: Yi Jiang, Promoting Chinese Energy Efficiency, June 25, 2007, Chinadialogue, http://www.chinadialogue.net/article/show/single/en/1118, Sep. 14, 2008)
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Figure 76  Comparison of building energy consumption per square metre in China and developed countries (Source: Yi Jiang, Promoting Chinese Energy Efficiency, June 25, 2007, Chinadialogue, http://www.chinadialogue.net/article/show/single/en/1118, Sep. 14, 2008)
From the above argument it can be concluded that energy-efficiency heating systems from national infrastructure not only in South China but also in rural North China must be placed on the agenda to reduce the large quantity of extensive low-grade single-family heating and improve housing comfort.

CHAPTER 5                                     EXPLORATION OF ECOLOGICAL DESIGN PHILOSOPHY OF CHINA’S TRADITIONAL VERNACULAR ARCHITECTURE – INTEGRATING MODERN AND TRADITION
5.1 The indigenously ecological design philosophy of traditional Chinese dwellings
The design philosophy of traditional Chinese dwellings have many “sustainable” thinkings of indigenous ecology, which is an accumulation of the ancient Chinese people’s intelligence showing that the people have constructed their homes according to the different local conditions. If illumination can be obtained from the cases and made use of today, it will be significant for the present-day sustainable development of the small towns and villages in China.

In the past under the influence of economic, traffic, ideology and sociocultural environment, the vernacular architecture of China has its unique simple ecological philosophy and strong advantages including low energy consumption, low cost (both economical and environmental) and less environmental impact. Because of the influence of agricultural civilization from time immemorial people respected the nature that granted everything they needed for living and didn’t dare damage the natural environment.
 Besides, the agriculture-based economy created a group mentality of primitive civilization dependent on and in awe of the nature. Derived from it the traditional Chinese philosophy advocated the concept of "harmony between man and nature", which reveals the relationship between human and nature and considers people and nature as a whole. In this situation, although the traditional architectural philosophy was not the perfect solution for human life and the environment, it did keep the balance of nature for thousands of years. In addition, the simple life style under the influence of agricultural culture decided that people didn’t take everything from the nature but what they needed so that the mode of low energy and resource consumption was naturally adopted. 

Admittedly, the traditional architecture was greatly restricted by the former situations including material conditions, technology, economy, politics, social hierarchy, religion and culture. With the development of time and the improvement of living standard, a lot of shortcomings turn up too, such as poor sanitation, inconvenience of the indoor vertical traffic, bad ventilation, lighting and sound insulation, the low criterion of heat preservation and insulation and so on. Besides, many traditional houses used wood as materials that are very scarce in China nowadays. Therefore traditional architecture should be inherited selectively.
Nevertheless with the development of the times, many newly-built residences in small towns and villages have abandoned tradition. People in rural areas desire city life, but most of them only copy the “city style”in their minds, which makes many similar buildings throughout China. These superficial actions can’t improve the living standard of the residents but make the precious architectural heritage face the doom of disappearance. This phenomenon has attracted attention, but many efforts concerning this issue have stayed at the level of building appearance. However, it will make more sense to explore the deep relationship between human and nature as well as building and nature instead of the style alone under the contemporary economic, social and technological level and reveal the sustainable design philosophy contained in regional strategy. It can not only make use of the essence of indigenously ecological architecture and provide solutions for the crisis of energy, resource and environment nowadays, but also realize “cultural sustainability” and protect, rescue and revive the valuable architectural heritage.  
5.2 A short overview of traditional Chinese dwellings
The climate, geography and regional materials vary a lot from the South to the North in China that is a very big country, so the people have created different dwelling types according to local conditions. Chinese dwellings could be classified into 9 types according to the form of the plan.
 Of the 9 forms the transverse rectangle is the basic form
. 
Various forms and materials are influenced by social phenomena, traditional techniques and methods of construction, economics, religious factors and so on. On the other hand many functions and performances of these dwellings are the most suitable in the corresponding conditions such as climate, local materials, mode of life and agricultural production. In addtion, multinational features can also be seen in Chinese dwellings. The traditional dwellings includes Yurts in innner mongolia, blockhouses in Tibet, earth dwellings in Fujian, cave dwellings in Henan, Shaanxi, Gansu and Ningxia provinces, stilted bamboo houses in Yunnan Province, dwellings with patio in Jiangxi and Yunnan provinces, etc. – all display traiditional styles, habits and customs.
5.3 The sustainable advantages of traditional Chinese dwellings
The traditional dwellings not only have different appearances but also perform similarities and particularities concerning the sustainable concept.  
5.3.1 Feng Shui and the Habitation Siting
Speaking of tradition Chinese dwellings, Feng Shui, which has a history of thousands of years in China, plays a very important role. What is feng Shui? Qiheng Wang’s definition is: Feng Shui is actually a practical knowledge in ancient time to investigate geographic environment including geological and hydrological conditions, ecology, microclimate and landscape and then choose the favorable site to build towns, buildings, mausoleums, etc.
 In Guxi Pan’s opinion, Feng Shui is also a theory for people to choose and treat their living environment and a geographic condition that satisfies their physiology and psycology.

Most schools of Feng Shui theory hold the opinion that the core of Feng Shui is searching for “Qi” (vitality). In ancient China people thought that “Qi” was the most important thing. Without “Qi” human can not survive so it is the essence of life. Then what is “Qi” in the field of Feng Shui? Some experts’ explanaition is: the flowers and trees blowed lightly by spring breeze naturally become flourishing - this is so-called vitality. Actually searching for “Qi” is to pursue exuberance of the nature.
 
According to traditional “Fengshui” theory people thought that at a propitious place there should be a mountain at the north side and other mountains behind the north mountain. There should be two other lower mountains at the east and west sides. On the mountains there should be exuberant vegetation. A river wandered through the south side encircling the site. A far mountain should be across the river as opposite scenery. Besides, the site should be a smooth and gentle incline. This is a most basic paradigm to choose a so-called propitious site in Feng Shui theory.
 Figure 77 shows the pattern of the best site for dwellings.
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Figure 77  The basic paradigm of a propitious site for dwellings in Fengshui theory (Source: Kuo Shang, China’s Pattern of Feng Shui – Its Formation, Relationship to Environment and Landscaping, Qiheng Wang, Research of Feng Shui Theory, ISBN 7-5618-1008-3, Tianjin: Tianjin University Press, 1992, P27)
From the ecological point of view the propitious places all have good microenvironment. Firstly, the northern mountains block off cold wind from the north in winter. Meanwhile facing south makes the site receive the most sunshine. Then the river brings convienient water transportation and water for living, farming and even aquatics breeding. The gentle incline can help to avoid flood. The vegetation can conserve water and soil and adjust the microclimate, as shown in figure 78.
 Generally the aim of Fengshui is to obtain a microenvironment with favorable microclimate and landscape. So a propitious site according to the principles of Fengshui must be the most suitable habitation especially in the environment of agricultural economy.
This model is the most basic in Fengshui theory that is a complex knowledge. Fengshui is part of China’s traditional culture and has a great number of theories.
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Figure 78  The relationship between the siting and ecology (Source: Kuo Shang, China’s Pattern of Feng Shui – Its Formation, Relationship to Environment and Landscaping, Qiheng Wang, Research of Feng Shui Theory, ISBN 7-5618-1008-3, Tianjin: Tianjin University Press, 1992, P28)
Under the guide of Fengshui, the villages and towns in ancient China were mostly built near mountains and waters avoiding wind and facing south. The sites were dealt in different ways according to diverse topography. For example, in mountain areas dwellings were built along the mountain side to save farmland. The advantages that mountains and waters adjust microclimate were used to plan and creat favorable surroundings. Therefore the settlements had a good prerequisite for comfortable microenvironments acquired through natural ways.  

5.3.2 Natural materials
In the past limited by economics, transportation and so on people can only choose local natural building materials. Some of them are too primitive nowadays, but unlike the modern building materials they are all degradable and their impact to the environment is small.
Timber is a most used material in Chinese traditional dwellings. As a natural building material it has many advantages. The timber components are easily to be replaced and repaired and the materials can also be reused. The embodied energy of timber is also low. In addition, it has very good earthquake-resistance performance. But it also has diadvantages. Wood structure is fire-hazardous. Especially nowadays due to the scarcity of the forest resource in China largely using timber should be forbidden. 
[image: image82.jpg]X

: L
: ; )
) m_ﬁw e \\
R L =
== %

="





Figure 79  A typical timber-structure house in Anhui Province (Source: Qimin Jing, Traditional Chinese Dwellings, Tianjin: Tianjin University Press, ISBN 9787561811993, 1996, P127)
Stone is also widely used, such as walls, foundations, pavements, bases of columns and steps. In some areas of Guizhou Province abounding with shales the ethnic group “Buyi” uses it as roofing material that harmonizes with the surroundings. The shales are built tier upon tier and constitute altogether the whole roof. As a roofing material, the great virtue of shale is that it does not absorb water. Therefore, although without any impervious layer the roof is still waterproof. In addition, each piece of shale can be easily replaced and repaired. However compared with bamboo and wood, the biggest disadvantage is the source of the material is not from plants that grow every year but from the mountains that very slowly came into being and change. So largely quarrying destroys mountains and it is difficult to make up. 

Earth is used as a natural material in many regions throughout China. For example, cave dwellings are very frequent in Henan, Shanxi, Shaanxi and Gansu Provinces, where there is thick loess and timber is scarce,
 and there are dwellings built with adobe block in some rural areas in the North and the South, like Guangxi Province. The earth building in Fujian Province has special architectural form. In Tibet some Tibetan block houses are also built with earth. Earth is usually used to build walls and sometimes as plaster for the walls and roofs. The earth of the loess plateau has a homogeneous quality and very good compressive strength and shearing strength. As building material it also has a very good thermal storage performance. The underground cave dwellings makes use of this characteristic of earth to create a comfortable interior environment where it is relatively warm in winter and cool in summer. 
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Figure 80  A rammed earth house in Xinjiang Province (Source: blog.sina.com.cn/u/443d6034010008gi, Apr. 5th, 2008)
Earth wall has also the advantage that the earth wall can adjust the interior temperature and humidity. Jiongjiong Yuan and Maoyu Ran has done the test about the interior climate of earth building in Fujian Province including temperature and air humidity and it is proved the interior climate of earth building is more constant than that of brick building.
 Figure 80 is the comparison of the temperature and humidity results between an earth building and a brick residence. “Test object” is a bed room of an earth building. Comparative object 1 is a roof terrace (outdoor environment) and comparative object 2 is a bedroom of a brick building.

[image: image84.jpg]9|
20 Comparative object 2 s0f Comparative object2 Test object
14 ™~ n /
"
o = oo}
M \ =
12] *
‘Test object.
10

351 Comparative object 1 39| Comparative object 1

N

Test object

e

Comparative object 2

\

30}

29 25

2
ZWZIZJ! 305 7 9 11 1315 1719 9200231 3 5 7 9 1113 1517 19




In summer
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In winter

Figure 81  The comparison of the temperature and humidity results between the earth building and the brick residence (Source: Jiong jiong Yuan, Maoyu Ran, The Investigation of the Indoor Thermal Environment of the Earth Building, Jounal of Huaqiao University, Vol.29, No.1, Jan., 2008)

It can be seen from the comparison that the interior climate of earth building is more constant than that of brick building.

Bamboo is a plant that grows widely and fast in South China. The pile-dwelling of the ethnic group “Dai” in Yunnan province and some buildings in Tibet were built with bamboo as the main material. When used as a building material it shows good characteristics like light weight and tenacity. Due to its fast growth the resource of bamboo material is quite rich. In addition, the adequately ventilated bamboo dwellings are suitable for tropical regions like Yunnan. 

5.3.3 Effectively using water resources
In the past when choosing the sites people always put emphasis upon reasonable use of water resources, including digging wells to use groundwater, building ponds and pools inside the settlement to collect and release rainwater to improve the microclimate and environment, and collecting and using rain water resource.

In some villages which are lacking in water resource people collected rainwater with jars and after sediment the water could be drunk. Collecting and using rainwater can solve problems in many places that are short of water. Nowadays in many areas in China that are suffering severe water shortages, rainwater should be utilized instead of flowing away as sewage.  

In the past in pluvial regions rain water was collected for fire control and supplement of daily drinking water. In South China people used to install canals made of bamboo, copper or brick along the roof surrounding the courtyard so that the rain water could go along the vertical down pipes on the wall into the courtyard. Some of the rain water that came into the courtyard was led into big water tanks or pools for fire control. In some areas the collected rain water is also used for drinking.
 

In the drid areas rain water was even more important and was looked upon as a very precious resource. In the northern drid areas leaching wells were mostly used to get rain water. The water gathered was used as drinking water for humans and animals. In addition people also used it to clean farm tools, water the farmlands and trees.
     

In the Loess Plateau Region in Shaanxi Province, because the groundwater table is usually lower than 100 meters beneath the ground surface the residents had to gather rain water for daily use. The villagers often dig pits in the earth to collect and store rain water. In rainy days, because the roads are usually in a lower level and the rain water can not be drained away. The pits can in time absorb the water accumulated on the road for drinking, daily use and irrigating. It can also improve the micro climate and environment. In cave dwellings there are drainage wells in the courtyard. The depth is 1~2m and the diameter is 1 meter. It is covered with a piece of stone with a hole at the center and there is a layer of 50 cm thick slag at the bottom. This is for rainwater collection. 

Another aspect of rain water utilizing is that in many towns people used pieces of bricks, stones or screes for pavements so that rain water would seep in the ground instead of flowing away. Thus rain water resource was well prereserved to moisten the herbaceous plants in the small gaps between the stone pieces and keep the ecological function of the ground. When the air temperature is high the preserved water evaporates and reduces the earth’s surface temperature so that the microclimate is well adjusted.
 Some old towns like Qingyan in Guizhou Province, Southwest China were constructed like a terrace. Every time when it rains the rainfall flushes the streets which not only cleans the town but also increase negative oxygen ions in the air so that the environment is good for people’s health. 

In some other towns and villages people have had since a long time the idea of water cyclic utilization which is very similar to the concept of grey water nowadays. For instance in the old town of Lijiang, Yunnan Province the local minority built a lot of three-level wells that are of different heights and connected to each other. People use the first level water to drink, the second level to clean food and the third level water to wash clothes,
 which is a very good example of rationally using water resource.
5.3.4 Weatherization strategies
The traditional dwellings use natural ways to realize passive energy-saving strategies that consume no energy or very low energy but can achieve good effect. Different dwellings in different regions have their own features. According to various climates the ways to ameliorate the interior microclimate of the dwellings manifested themselves in the variousness of orientation, space form, layout, material and so forth.
5.3.4.26 Ventilation     
In the hot regions in south ventilatioin in summer is more important than heat conservation in winter, which led to open architectural plans. In the dwellings the windows and doors at the front and back sides face directly to each other to enhance convection currents. Meanwhile bamboo-weaved fence and windows that do not block wind are used to keep the wind path free.
 
The bamboo house of Dai minority in Yunnan Province is another good example. The minority of Dai live in Xishuangbanna, Yunnan where it is humid and hot summer is quite long and there is no winter.
 For this kind of climate the most important is cooling and dehumidification. Due to the abundant bamboo in this area most dwellings are built with bamboo. They use thick bamboo or timber for the skeleton and bamboo-weaved sheets as walls. The bamboo houses are built on stilts. The roof is large and steep wood construction whose two-layer structure is for sunshade and rainproof. The advantages of bamboo dwellings are as following: the ventilation, moisture resistance and cooling of the houses built on stilts are better than normal buildings. In addition, the walls are bamboo-weaved to enhance ventilation.
 The bamboo houses are built on stilts and thus not only each building but also the whole village have good ventilation because the houses do not obstruct the access of wind. Therefore the whole village can enjoy a good microenvironment. 

Besides the direct ventilation method, many dwellings make use of wind effect, stack effect or a combination of the both to achieve natural ventilation. The principle of wind effect is “When air flow is due to wind, air enters through openings in the windward walls, and leaves through openings in the leeward walls”
. When spaces of different scales are combined together the wind effect is enhanced.
 With stack effect “When air movement is due to temperature difference between the indoor and outdoor, the flow of air is in the vertical direction and is along the path of least resistance. The temperature difference causes density differentials, and therefore pressure differences, that drive the air to move.”

Patio is very often used to create natural ventilation with the principle of stack effect. For example, Huizhou dwellings in Anhui Province are very dense buildings with small patios inside. There seems to be a poor ventilation if the building group is seen from outside. Actually the dense buildings act as sunshade in summer and make a lot of shadows between the walls. When the weather is hot the air in the patio is warmed up by the sun. Then the hot air goes up continuously and the cool air in the narrow lanes next to the dwelling goes into the patio so that ventilation is caused by temperature difference between the air inside and outside. Thus a comfortable microenvironment is created in the dwellings.
 At night, the cool air from outside enters to chill the brick wall that has a good performance of heat-storage. On the next day when the heat wave comes it can act as a cooling source. 
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Figure 82  Typical patio-dwellings in Anhui   (Source: http://www.sdmuseum.com/museum/UserFiles/Image/wenboyuandi/wenbobaike/022501.jpg, Apr. 12, 2008)
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Figure 83  The narrow patio    (Source: http://www.cdfdc.gov.cn/green/manager/UploadFile/UP_200712171733.jpg, Apr. 15, 2008)
[image: image88.jpg]



Figure 84  Ventilation analysis of patio dwelling (Source: drawn by Jing Qu)
Many dwellings use more patios to arrange ventilation and create better effect. For example, the Xiguan dwelling in Guangdong is a narrow rectangle perpendicular to the street. The dwelling has two patios in the front and at the back and there is a corridor connecting the two patios at the staircase. Usually the area of the front patio is built bigger than the back one and the wall surrounding the back patio is higher than the wall surrounding the front one. When wind comes from the street positive pressure is produced at the windward wall of the building and negative pressure at the leeward wall. Due to the existence of the corridor ventilation of wind effect is caused. If the depth of the dwelling is so big that the resistance of air flow is sometimes stronger than natural wind, the ventilation effect is unstable. But because the front patio receives more sunlight than the back one and the air temperature in the front patio is higher than the surrounding air, the temperature difference between the air in the front and back patios causes continous ventilation that is not dependent on natural condition but the form of the building.
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Figure 85  The ventilation caused by wind effect in the dwellings in Guangdong (Source: Guohua Tang, The living Environment of the Latter-day Dwellings in Guangzhou, in Huazhong Architecture, 1996/04, p110)   
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Figure 86  The ventilation caused by stack effect in the dwellings in Guangdong (Source: Guohua Tang, The living Environment of the Latter-day Dwellings in Guangzhou, in Huazhong Architecture, 1996/04, p110)   
5.3.4.27 Sunshade
Sunshade is another measure to reduce unwanted heat. There are many forms of sunshade in traditional dwellings. For example, the double-layer roof of bamboo house in Yunnan is large to protect the house from rain and sunlight, as shown in figure 87. In many areas in the south shadows are produced in the narrow lanes protected by the high walls from the sun. The very small patios in some southern dwellings are also designed to reduce sunshine and create cool areas with shadow in the courtyard in summer.
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Figure 87  Ventilation and sunshade analysis of bamboo house (Source: drawn by Jing Qu)

Besides architectural means people also use greening to adjust the microclimate. The deciduous trees planted in the courtyard act as sun shield in summer. Evaporation of the water of the leaves carries a great deal of heat away and lower the temperature of the surroundings. On the contrary when winter comes the leaves all fall down so that the dwelling can get more sunlight. 

5.3.4.28 Other measures for cooling

There are other natural measures for weatherization of buildings in hot climate. In hot regions people dig pools in the courtyard not only for daily use and fire protection but also for cooling. The underground courtyard of cave dwelling makes use of the characteristic of underground earth that keeps constant temperature in the whole year to create comfortable interior environment. In many places people plant climbing vines on the wall to lower the temperature of the wall to some extent. 

5.3.4.29 Passive solar energy utilization

Taking full advantage of the radiant heat of the sun is an important task of the dwellings in North China in winter and the orientation of the dwelling is crucial in the preliminary stage of design. Therefore facing south is a tradition for the northern dwellings in order to gain as much sunshine as possible in winter. The courtyard of the dwelling is also bigger than the patio in the south to avoid big shadow area and create a sunny place for the people. All these measures are to gain more heat from the sun to provide a comfortable environmental condition for the houses and save more energy cost.     
The dwellings in northeast China where it is extremely cold in winter could be looked upon as primitive passive solar houses. They strictly obey the rule of south orientation. In addition, the distance between the houses must be quite big to avoid blocking of the sunlight. The north windows are very small to keep out the cold north wind while the south windows are big to absorb radiant heat of the sun. Thus the sunlight goes through the south windows and warms up the interior air. Meanwhile the wall, floor and the furnitures can absorb the heat of the sun in the day and release heat at night to adjust the interior temperature. In addition, the south exterior walls act as heat collector. The walls are usually built with brick or adobe block, which both have good thermal storage performance and can release heat slowly at night. The thickness of the walls often reaches 490mm so that the temperature is well adjusted and the interior thermal environment is homogeneous. 

Besides, the windows of the dwellings in northeast with wood frames are all built double-layer. At the entrance of the house there is a small room as a buffer to the cold air outside. In winter thick cotton curtains are hanged at the door and windows are sealed with strips of cloth. These show that the people tried their best to improve the airtightness of the dwellings under low technical and economic conditions. 
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Figure 88  The plan of a typical dwelling in northeast China (Source: drawn by Jing Qu)
5.3.4.30 Thermal insulation

The traditional dwellings have many strategies for thermal insulation. For example, some dwellings in Xinjiang, Qinghai and Tibet are built with thick earth walls to enhance insulation. The wall of the earth building in Fujian is very thick – usually 1m~2.5m
 and has very good insulation performance.
In northeast China buffer space like a small room at the entrance of the dwellings helps to reduce heat loss in winter. The rooms that are not used very often like storage usually are organized at the north side of the houses so that they act as a thick “insulation layer” to protect the interior environment. Figure 88 is the plan of a typical dwelling in northeast China. 
5.3.4.31 Special heating method

Besides normal active heating measures like stove, heated bed, heated wall and heated floor are the main auxiliary means. According to the research of archaeologists, heated bed has a history of more than 2000 years.
 
The building materials of heated bed are adobe blocks or bricks. The bed is connected with the stove in the kitchen through a flue inside the partition wall. Its brick surface layer is supported by piled bricks. Under the surface of the bed is the channel of the flue that is usually constructed with “S”-shape to provide heat to the whole bed surface. Heated bed fully makes use of the waste heat from cooking so that people only need to light the stove three times a day when cooking and one time before going to bed. The warmed up air passes the flue and heats the material (brick or earth). Then the heat is given off slowly through the high heat storage capacity of the brick and the earth, and thus lasts for a long time. Heated bed is a very comfortable heating method. The microenvironment above the bed surface is warm although the room temperature is usually quite low. Thus a relative comfortable space is guaranteed in spite of the atrocious weather in winter. However, this heating method has its disadvantages. The common disadvantage is that they consume much fuel like wood, coal and straw but the combustion efficiecy is low and much pollution is produced. The working principle of heated wall and floor is similar with heated bed. The heated wall acts as the interior partition. Its heat dissipating capacity is big and the radiant heat is homogeneous. The inside flues heat the bricks that can slowly radiate heat to the air. Heated floor is considered the prototype of the floor heating today. 
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Figure 89  The section of the heated bed construction (Source: drawn by Jing Qu)

5.3.5 Neighbourhood

The pattern of “street-precinct-courtyard” is the characteristic of many ancient settlements. First, the main building is dominating in the cluster so the pattern is organic and integrated which controls the urban road network and the subordinative buildings. There are streets, precincts and courtyards in the cities and ancestral temples, temples or open-air stages for folk dramas in villages and small towns so there are obvious symbols for every cluster and the levels from public spaces to semi-public spaces, and then to semi-private spaces, and finally to private spaces are very clear. The gradual and distinct level provided an undoubted sense of belonging and reflected the relationship in social life and famiy life, creat very good atmosphere and environment for neighbourhood communication. The pattern of “street-precinct-courtyard” is a combination of the naturally devided clusters and a platform for the small society within neighbourhood. Besides, the pleasant scale and proportion of the streets and lanes make an agreeable environment for the neighbours to contact. The dense lanes produce shaded space in summer and protect people from wind in winer so that people intend to stay which makes it possible for people to communicate.

5.3.6 Harmony with the nature

Indubitability, the traditional Chinese dwellings is highly harmonious with the nature. Firstly from the appearance, the building materials were usually selected from the surroundings, for example the bamboo houses in Yunnan, the cave dwellings in Shanxi and the flagstone houses in Guizhou, etc. These traditional habitations blend in the nature with color and texture. In some mountain areas, the dwellings were built along the hillsides to save the valuable farming lands. Thus the mountains were not destroyed either. The subterranean courtyards in West Henan Province lie underground modestly so that the damage of the nature is minimized, which shows different harmony with nature.    

The animal houses were built inside the courtyard in the countries and they became scenery of the yard. The excrement of the animals is used as fertilizer. It can not only fully use the excrement but also reduce garbage. This is natural circulation and balance.

Trees are widely planted inside the courtyards. In summer the exuberant trees are natural sunshade. In addition the water in the leaves evaporate a lot and reduce the temperature effectively. People stay under the trees in their spare time to enjoy pleasant temperature without air conditioner. In winter the leaves fall and let the sunshine into the rooms to increase the interior temperature. 

The Chinese garden in Suzhou is a best example to show how nature is introduced into the residence. Gardens and buildings are weaved together and partly hidden and partly visible. There are usually a number of small courtyards (Tian Jing) in a big dwelling for plants or beautiful stones. Therefore most rooms surround the courtyard and gardens can be seen everywhere. Gardens and buildings are combined ingeniously and creat pleasant microclimate.  
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Figure 90  Garden dwelling in Suzhou (Source: The General Introduction of Architecture and Society in Qing Dynasty, Aug. 12, 2005, China Architectural Art, www.aaart.com.cn/cn/theory/show.asp?news_id=10312, May. 12, 2008)
5.3.7 The culture and acclimatization

The differences between different traditional dwellings in all over China are caused by all kinds of complicated reasons, such as geography, climate, environment, ethnic customs, religion, local building materials, conventional constructions, economics, defense requirements and so on. Different characters of different ethnic groups can be found in traditional Chinese dwellings and they all represent their traditional customs and religions. Thus, the taditional dwellings can be considered as carriers of vernacular cultures and have distinctive and irreplaceable individuality. 

Today with the rapid progress of building industry, traditional architecture is faced with many challenges. The buildings in rural areas are also influenced by those in cities. Brick-concrete structures with similar wall tiles appear in every village and town. These dwellings have lost their architectural spirit and culture and are also not satisfactory if assessed with today’s green architecture criterion. They cann’t bring betterment for the users’ living but only follow the “city style” blindly, which is a trauma of the architectural culture with rich history. 

With the development of the time, the material and environmental conditions, and the way of life changing, some particularities of traditional dwellings have fallen into disuse. However the vernacular architectural characteristics rooted deeply in the local cultures, that are our precious heritage, should be conserved. We should research how to revive the old dwellings with contemporary techniques. 

5.4 Discussion and Conclusions      
5.4.8 Analysis of the traditional dwellings
From the discussions above three points about traditional Chinese dwellings could be obtained:

· The indigenously ecological philosophy of traditional Chinese dwellings has a great enlightment on contemporary human settlements and residential buildings;
· Many of the traditional dwellings have a lot of problems such as low housing comfort, more frequent renovation, poor sanitation, etc. and need to be improved.

· The dwellings of the present age must integrate the reasonable elements from traditional dwellings to achieve the goal of both technical and cultural sustainability.

5.4.9 Prerequisites for new development

Although traditional vernacular Chinese dwellings have many sustainable advantages they also have disadvantages. Some are not problems under the economic condition and living standard in ancient times, however nowadays the disadvantages obstruct the development of traditional architecture. For example, some conventional dwellings need frequent repair. In some dwellings thermal comfort is low. All these factors lead to the result that the residents are eager to get rid of traditional elements and unwilling to continue them in new buildings. Undoubtedly, the will of the users is crucial to the development of the traditional dwelling. Therefore new rural green dwellings must meet the below prerequisites. On this basis its better development could be reached. 
· On the basis of considering the local people’s custom, religion and ethnic habits, the irrationality of some conventional architectural plan should be got rid of. With today’s standard the performances of ventilation, lighting, sound insulation and moisture resistance of the old dwellings should be improved. 

· Contemporary construction techniques should be integrated to change the disadvantages that some conventional dwellings frequently need to be renovated. The convenience and housing comfort should be bettered to have traditional dwellings more easily accepted by users. 

· Whether the optimum performance of the green buildings could be achieved greatly depends on the behavior of the users. Therefore the local people’s living customs should also be considered and integrated during the process of design. 
5.4.10 Revive Chinese dwellings with new technologies
Because of some limitations from the economic, technical and social situations in the past traditional Chinese dwelling is a synonym for backwardness in many people’s opinions. However, as discussed above the traditional architecture has a much better compatibility with nature and is a good alternative for today’s housing development under the severe crisis of energy and resource. Today’s advanced technical level provides great possibility to bring the sustainable features of the traditional techniques into full play and develop the “primitively ecological” to “ecological”.   
Below is a discussion about how to integrate traditional design philosophy and techniques into contemporary technologies based on the three prerequisites in section 5.4.2. 

1．The reasonable part of Fengshui theory should be assimilated and the superstitious limitations should be eliminated to improve the siting principles of sustainable architecture. Although nowadays with the explosion of population and deficiency of land it is not easy to find sites totally according with the siting rules of Fengshui, the reasonable siting principles should be considered and combined with the contemporary siting principles.
2．The design philosophy of traditional dwellings to respect the nature should be promoted. For example, the traditional dwellings in mountainous areas were mostly built along the mountainside to occupy less farmland. At present with the crisis of farmland deficiency this rule should be obeyed more strictly.
3．Standardization and industrialization of traditional building components according to various regions and materials will advance the promotion of appropriate technology and vernacular materials. Marketization is suitable for relatively developed areas. On the contrary, in the areas where the economic level is low labor-intensive techniques and construction should not be given up for quite a while. 

4. National norms for traditional handcraft and appropriate technology of building in each region ought to be formulated. It can make traditional architecture standardized and normalized and facilitate the promotion of “new” traditional architecture built with current standard.   
5．The idea of utilizing rain water in dwellings and settlements should be inherited and developed with modern techniques, including harvesting and making use of rainwater, pavement with natural materials to reduce water impermeablity of the ground.
8．The special points of heated bed and heated wall like recycling use of energy and comfortable heating method should be made use of. New “heated bed” and “heated wall” with new energy-saving construction that control temperature according to the requirement of human body and utilize energy with high efficiency should be developed.
9．The natural measures to assist heating and cooling ought to be integrated according to the local climate, e.g. patio enhancing ventilation with stack effect, effective sunshade, etc.. Some measures can be changed to a higher performance. For example, the bumper space of the northern dwellings could be changed to attached sunspace, as shown in figure 91.
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Figure 91  A change from the bumper space in Northeast dwelling to a design of solar space (source: drawn by Jing Qu)
10. Although many traditional dwellings are always considered as “warm in winter and cool in summer”, the actual living comfort is relatively low caused by low thermal performance of building envelope. Therefore measures to get rid of the weaknesses such as improvement of airtightness, reduction of thermal bridge, enhancement of the insulation of windows and doors and insulation of the building envelope must be carried out.

11. Quantitative analysis and test of data about traditional dwellings such as thermal performance of the building envelope, life cycle cost and energy consumption are effective methods to investigate traditional dwellings. In this field some researchers in China have started effective explorations but the research is still in primary stage. To make better use of the achievements from the past, qualitative analysis and investigation of the users’ subjective feelings are not nearly enough. Digitization of the vague concept and computer simulation of traditional dwellings such as the thermal environment and wind environment can help the research of traditional dwelling reach a new level.       

12. Natural conventional building materials have many good qualities. For example, the rammed earth wall can “breathe” and thus control the humidity of the indoor air. Reasonable exploitation and use of natural vernacular materials consume less non-renewable energy and cause much less pollution during the process of manufacture, construction and disposal. But simple conventional techniques can not meet the requirement of modern housing comfort. An investigation of the possibility of a combination of conventional materials and current technology of insulation has great potential. 

5.4.11 Suggestions for the policies of the Government – to rescue the architectural heritage by enhancing supervision

The survey shows that in many farmers’ opinions the traditional dwelling stand for poverty and backwardness. So most of them long for city style buildings that are built with steel and concrete. This is a great obstacle of promoting traditional architecture. Consequently, correct supervision plays a crucial role. The local government or a committee of professionals independent from the government can take the job.   

The policies are suggested to include below principles: 

1． Unified management, design and construction of the housing in small towns and villages ought to be carried out.
2． The education for the people in rural areas about the concept of architectural culture protection ought to be launched.
3． Technical supervision and financial support for the people who build houses on their own ought to be realized.
4． In the villages and towns with traditional feature and style, renovation of the old dwellings that are worthy of being conserved ought to be reinforced.
5． Modern sustainable techniques ought to be introduced into old houses. In the regions with high incomes like Zhejiang Province relatively expensive ecological equipments can be considered. 
The policy makers should choose suitable policies considering local conditions. 

5.5 Summary
This chapter discusses the primitively ecological features and disadvantages of the traiditonal Chinese dwellings and how to improve them with contemporary techniques according to different climate and geography conditions to furthest develop the ecological advantages. It is necessary to use advanced technologies from developed countries for reference during the development of building industry. However, it is even more important to absorb the essences of the traditional dwelling system with a long history to create new vernacular green architecture to avoid the condition that introduced expensive technologies do not fit local situations.  

At the end of this chapter, various possibilities to strengthen the ecological advantages of traditional dwellings with modern technologies are discussed. In addition, the importance of the guiding policies from the government is also argued. 
CHAPTER 6                                      REFERENTIAL EXPERIENCES - RESEARCH AND PRACTICE OF SUSTAINABLE STRATEGIES FOR SETTLEMENTS AND RESIDENTIAL BUILDINGS IN GERMANY
The building technology as well as laws and policies concerning ecology and environment in Germany are in a leading position in the world. Since the Kyoto Protocol was passed in 1997 the issue of climate change has been paid close attention to by most countries.
 In the contest of reduction of greenhouse gas emission Germany has put quite a lot of efforts for years. Germany not only has cutting-edge green building technologies but also has enacted a series of comprehensive energy standards. Since 1990 the emission of CO2 in Germany has been reduced by nearly 20% and the emission of CO2 of residential buildings has decreased by 15,000,000 metric tons despite the growth of the gross residential area.
 
This chapter discusses and analyses the expertise and experiences of Germany on ecological human settlement and residential building construction for reference. 

6.1 The design principles of ecological settlements in Germany
Christian Farenholtz, Birgit Grahl, Jochen Hanisch and Elke Pahl-Weber have presented the instructions of ecological developing policies for town planning in “Forschungsprojekt Modell-Stadt-Ökologie” under the commission of Federal Ministry for Regional Planning, Building and Urban Development of Germany in 1992.
 Later in 1997 also under the commission of Federal Ministry for Regional Planning, Building and Urban Development of Germany Gerd Schmidt-Eichstaedt, Stephan Jung, Walter Metscher, Jochen Putz, Frank Reitzig and Jürgen Thesing have done the research about ecological urban development with the study of practical cases in a few German towns and analyzed the findings in “Planspiel Modell-Stadt-Ökologie”.
 The contents of section 6.1 refer to these researches and discusses the design principles of ecological settlements in Germany from three main aspects.
6.1.1 Landscape and greening  
The aim of landscape and greening is to protect natural environment, absorb noise, reduce pollutants, purify the air, reduce loss of water and erosion of soil, adjust the microclimate and satisfy people’s spiritual needs and so forth. Christian Farenholtz, Birgit Grahl, Jochen Hanisch and Elke Pahl-Weber have discussed the strategies about landscape and greening in settlements in “Forschungsprojekt Modell-Stadt-Ökologie” from 9 aspects as following:

· Protection and development of the biotic potentials
Biotope protection needs certain floor space in the settlement. For decades in Germany an average proportion of 10% of the total area for nature conservation in the free landscape is prescribed. According to different types of landscape the percentage fluctuates from 5%~20%. In inhabited area about 1~2% of the floor must be used for biotope protection.

· Protection of water balance

Maintaining water balance is crucial in protection of natural ecosystem in human settlements. Thus the aim of improving infiltration of rainwater for ground water regeneration and collecting rainwater in surface water bodies must be achieved with effective measures such as reducing impermeable area to increase rainwater infiltration. 
· Soil protection

The use of contaminated soil must be careful and measures must be taken to prevent further contamination of soil. 
If the law for soil protection is underdeveloped the towns have the possibility to consider soil protection, such as in the formulation of landscape and greening regulation to a certain extent within the framework of town planning.

· Improvement of air quality and climate
Due to the building density of towns heat island appears. The most pressure is the harmful substances in air increase. Hence the principles and functions of greening are:

1). Improve the microclimate through greening

2). Ensure the areas for appearance of cool air 
3). Avoid barrier (transverse buildings) for the current of cool air

4). Realize climate balance from water and meadows in high-density areas

5). Prevent radiance by trees

6). Reducing wind speed in living area and sensitive agriculture area or horticultural crops through hedge, woodland and so on. 

· Preservation and improvement of the potential for noise reduction
The main source of noise is street traffic. Woodland and other forms of greening are often planned to reduce noise. Although the plants can block noise the effect is low. The absorption and reflection of noise are effectiver in high frequency range than in low frequency. But a combination of area and volume of plants is effective. 100m of broad, thick and stepped strip of woodland at the middle level reduces the noise by around 10 dB.
 
Further protection of noise could be:

1). Planted earth wall

2) Noise protection wall with greening

· Recreation and leisure
The open space with greening in settlements has great significance. Open space provides possibilities for recreation, leisure, sport, social communication and stay for the habitants near nature. They are especially meaningful for children and elderly people. Therefore planning of open space in settlements is an important issue to consider.
· Enlightment and publicity

    Participation of the public in town greening is also important. The measures include consultation, award, sponsorship for greening and so forth.
· Problems and conflict of aims

    In actual operation there could be many problems and conflicts in the aspect of landscape and greening. For example, if permeable ground is used on parking lots to enhance rainwater infiltration and increase area of greening, it can also cause the problem that oil and other depositions come into the ground. Sometimes different ecological aims also conflict. 
· Combination with other aspects

    The ecological measures in town greening usually touch the other aspects in town planning. They are also by no means always compatible in the own aspect. Part of the conflicts can be probably minimized if combined with other fields in planning of settlements, such as water, energy, landuse and so forth.

6.1.2 Energy
In Germany the result of an optimal reduction of energy use in a settlement is considered to be not only from building technology but also from many other aspects including the administrative department, the public and the enterprises that provide energy (to the settlement).

The measurements includes following:
6.1.2.32 Enlightenment for the public
 Actually the life style of the public influences energy consumption a lot. Christian Farenholtz, Birgit Grahl, Jochen Hanisch and Elke Pahl-Weber summarize three points as the reason why people think less about it:

· Deficiency of information

The information about the emphasis of energy consumption, potential economization methods, technical possibilities and their cost and economics is deficient. The knowledge of consumer behavior to optimize energy use is not adequate. 
· Lack of motivation

The consumers do not attach basic importance to energy saving. The context between individual energy consumption and environmental burden as well as the greater and greater limitation of fossil energy supply are paid less attention to. Therefore the price structure of energy must be adjusted.

· Financing issue

Usually energy-saving measurements especially for regenerative energy have a relatively long payback time. The investment is also expensive. 

The aim of energy consumption reduction must be realized by accessible, well-known and acknowledged establishments and continuous and long-range work.
An efficient consultation must include the following considerations:

· Independency:

The consultation must not be provided by the enterprises who supply energy.
· Integrity 
The energy consultation requires comprehensive knowledge of physical, technical and organizational possibilities. It is not only recommendation of an energy-saving boiler or household electric appliances. Therefore an efficient organization that could give fast and flexible feedback on the required information to the consumers is necessary. 
· Continuity
The service of the establishment must be continuously available so that a consumer could obtain consultation when he needs to invest for energy-saving measurement.
· Suggestions for possible activities

The suggestions for possible and necessary activities of energy consultation should be: the general publicity must have the aim to keep the theme “Energy” in discussion and the consumers aware that their own daily behaviors seriously influence on the environment. 

6.1.2.33 The possibility of using renewable energy

The utilization of renewable energy is more and more important for a sustainable future of the world. Usually used renewable energy nowadays includes:
· Water power

· Wind power

· Biomass

· Solar energy

· Geothermal energy

6.1.2.34 Enhancement of energy effieciency

    The measures include use of district heating system for the settlement and use of combined heat and power (CHP), increasing thermal insulation and airtightness performance of the buildings and so forth.

6.1.3 Water
6.1.3.35 The general aim and strategies of water function maintainance

As the source of life, a basic component of natural circulation and an important design element, water is crucial in residential area construction. However, with the rising crisis of resource worldwide, human being is also faced with severe water deficiency in many places. The general aims of water management in a settlement construction are discussed as following:

· Protection of surface water bodies

Surface water body includes rivulets, ditches, pools, lakes, ponds, springs and wetlands.
 Avoidance and reduction of contamination of surface water bodies, forbidding use of water bodies, e.g. motor boat, connecting all buildings with water treatment plant are effective ways to protect water bodies. The measures also include rainwater purification before discharge, determination of water protection zones, avoidance of use of water pollutant pesticide and drainage canal renovation.
· Saving water resource, including groundwater and surface water

The measures include avoidance of extraction of groundwater and surface water, using water-saving devices in household and public buildings, use of rainwater, gey water and reclaimed water, avoidance of water loss in distribution system. 
· Preservation, protection and restoration of groundwater

Reduction of impermeability grade of the ground and rainwater infiltration can help to keep the balance of groundwater level, including economization of land use, reduction of paved ground and increase of greening. Avoidance and reduction of contamination of groundwater is also important.
· Safe tap water supply in both amount and quality

This principle is basic for living comfort in residential area. 

· Sewage treatment
       The measures include construction of waste water treatment plant, reduction of water consumption in household and public buildings to reduce waste water.
· Waterscape design for recreation and leisure time

Water is part of nature that people long to be close to. All kinds of waterscape such as fountains, ponds, rivulets and open water pipes above ground with different forms bring space near to nature for people.
· Public education concerning the theme of water

The public’s behavior influences a lot. Frequent information, events, exhibitions and consultation service are helpful.
· Use of grey water, rainwater and reclaimed water

According to the research, a person uses averagely 128 litres of water per day in Germany: 

· 35% for baths and showers

· 25% for toilet flushing

· 25% for washing

· 10% for washing up

· And just 5% for cooking and as drinking water

It can be seen that there is great possibility for drinking water saving. Grey water, rainwater and reclaimed water can be used for no drinking water, e.g. toilet flushing and car washing. 
6.1.3.36 The technology of rainwater utilization

Germany has been devoted to research and development of rainwater utilization     technologies and has become one of the countries that have the most advanced technologies after 20 years’ efforts.
 The technical system and corresponding laws and regulations are well developed in Germany. Jörn Krimmling, Andre Preuß, Jens Deutschmann have introduced the rainwater utilization system in buildings in „Atlas Gebäudetechnik“.
 Torsten Grüter discussed the technical details in „Regenwassernutzung nach DIN 1989“.
 Section 6.1.4.2 refers to their researches.
1. Rainwater utilization at the level of settlement 

In settlements rainwater can be used for waterscape, artificial water bodies, geenbelts irrigation and replenishment of ground water. Meanwhile the watercourses conveying rainwater reminds people of the importance of this life-giving element as a public enlightment to improve the habitants’ consciousness of saving water resource.

In short, rainwater transport, storage and landscape design are considered together to make use of rainwater resource, alleviate the pressure of rainwater treatment and tap water supply as well as better the landscape of residential areas.

2. Rainwater utilization in household

In household collected rainwater can be used for a variety of purposes such as toilet flushing, washing machine and garden irrigation.
 Due to the randomness of precipitation it can usually not keep pace with daily water utilization. Therefore the rainwater runoffs from different surfaces need to be conveyed and stored for future use. Thus rainwater use devices as a system are required. In Germany diverse products as entire systems are provided in the market from different companies.
 There are mainly two kinds of rainwater use systems:

· Gravity system

· Pump system
 

Pump system is more used. The frequent mode of rainwater use is a process of harvesting, collection and distribution. First rainwater runoff on roofs or other surfaces is harvested by the eaves gutter and then rainwater is filtered to remove the impurities. After that the rainwater is led into storage tank and finally conveyed to water using units.
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Figure 92  A scheme of rainwater use system with an underground cistern (Source: Jörn Krimmling, Andre Preuß, Jens Deutschmann, et al, Atlas Gebäudetechnik, ISBN 978-3-481-02307-2, Köln: Verlagsgesellschaft Rudolf Müller, 2008, P200)

A rainwater use system has the following main components: 
· Rainwater receiving surface

· Rainwater collecting pipe

· Rainwater filter

· Rainwater storage tank including overflow controller and back-feeding

· Product water pump station including steering

· Product water network

The forms of rainwater storage are diversified such as prefabricated concrete, plastic or steel cisterns for family use.

Precipitation runoffs from different underlying surfaces usually have diverse impurities. To get rid of these impurities various filters have been developed according to different construction, place of installation and functional principles.
 Basically the filters are installed at the intake of the cistern. But there are all kinds of filter systems provided in the market, which are installed at the downpipe, at the ground or even in the cistern.
 
However, the filtration can not completely remove the impurities in the water and then through a process of sedimentation in the cistern some small particles can be further got rid of, which is also a function of the cistern.

Utilization of rainwater has a long history in the traditional Chinese dwellings, especially in the loess plateau where water is a very scarce resource (see Chapter 5). In recent years, rainwater as a resource has been concerned again in China and there are some representative programs like the well-known action “Mother Cellar” in Gansu Province. In November 2000, China’s Women Federation, China Women’s Foundation, Beijing government and CCTV (China central Television) raised 8.5 million RMB through a large charity performance as well as social contributions and donations for the program “Land of Love – Mother Cellar” implemented in 12 provinces and autonomous regions in West China and have 8620 cellars and 2475 cisterns built for rainwater collection and storage in these regions so that the problem of water deficiency of 63,000 people is solved and the living environment of local women and children is improved.
 In addition there are other projects like rainwater collection for irrigation in rural area of Sichuan Province.
 However, in spite of these projects in process rainwater collection and utilization system in China is still in a preliminary stage and rainwater comprehensive utilization is undeveloped. The technology is backward and is in defect of systematicality. In short, simple techniques and low integration level are still large problems. Moreover, rainwater utilization for household is hardly exploited. China is a country that is deficient in water resource. Although China’s gross amount of water resource is 2800 billion m3 and is ranked 4th in the world, per capita fresh water resource is only 2300m3 per person and is less than 1/4 of world average level.
 Therefore efficient utilization of water resources especially rainwater resource must be a compulsory developing strategy in China. 
6.2 Case study of an ecological settlement Kronsberg, Hannover, Germany
Since years sustainable development is a very important issue concerned in European Union and especially in Germany. There are over 180 ecological settlements with a total of over 26,000 housing units based on ecological and sustainable objectives realized over the last 30 years. For example, Kronsberg, Hannover in Niedersachsen, Rieselfeld, Freiburg in Baden-Württemberg, Munich-Riem in Bavaria, Kassel Unterneustadt in Hessen and so forth. 
 Among them Kronsberg, Hannover is a representative example with advanced design concept and technology. Anja Eckert, Roland Kastner and Inge Schottkowski-Bähre have documented the urban development, projects and building technical details of Kronsberg, Hannover in “Modell Kronsberg: Nachhaltiges Bauen für die Zukunft”.
 Anke Benstem and Angelika Wenau have introduced the goals of Kronsberg construction “Ecological Optimisation at Kronsberg”, “City as Garden”, “City as Social Habitat” in detail in “Hannover Kronsberg: Model of a Sustainable New Urban Community”.
 Karin Rumming has summarized the sustainable developing strategies of Kronsberg in “Sustainable Urban Development – The Ecologically Exemplary New Settlement of Hannover-Kronsberg”. Section 6.2 refers to the materials mentioned above and discusses the sustainable strategies of Kronsberg, Hannover. 
6.2.4 General introduction

Kronsberg is a district in the southeast of the city of Hannover, Germany. In 1995 Kronsberg was chosen to host the World Exposition 2000 (EXPO 2000) and ordinary housing that was already planned in the early 1990s due to housing shortage of the city Hannover. Therefore the goal of the new settlement was: “As a world Exposition exhibit, its design should set an example for the future on the World Exposition theme of “Humankind – Nature – Technology”.
 

6000 housing units for around 15,000 people were planned and by the year of 2006, almost 3,300 dwellings, three children’s day care centers, a high school, a primary school, a district arts and community center, a church center, a health center and a shopping complex had been finished. Until the end of 2003 about 3,000 jobs were created near the new district.
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Figure 93  The master plan of the construction area of Kronsberg (Source: Karin Rumming, Sustainable Urban Development – The Ecologically Exemplary New Settlement of Hannover – Kronsberg,  Offizielles Portal der Landeshauptstadt und der Region Hannover, http://www.hannover.de/data/download/umwelt_bauen/v/Hannover_Kronsberg_engl_bilder_6_06.pdf, Mar. 24, 2009)
6.2.5 Energy

6.2.5.37 Low energy principle

The land use sale contracts between the city of Hannover and the developers prescribes strictly that all the buildings in Kronsberg are built according to the standard of low energy house. The energy requirement of low energy house for space heating must not exceed 55 kWh/m2 and year.
 This standard is achieved by building compactness, strict avoidance of thermal bridge, improved airtightness and heating provided by gas-powered decentral cogeneration plants of high energy efficiency. In Kronsberg the insulation layer for the low energy houses were required to be 14~28cm instead of 8~12 cm of cavity insulation according to the current German energy efficiency regulations.
 

6.2.5.38 Renewable energy utilization

Renewable energy such as wind power and solar energy are utilized to cover most of the electricity requirement in Kronsberg. Two wind turbine generators of 1.5 and 1.8 megawatts respectively were erected at the countryside of Kronsberg.

Photovoltaic cells were installed on the roofs of the primary school, the district arts and community center, the shopping center and the Stadtwerke energy center to produce 45kWp electricity.
 

The solar district heating system covers 40% of the total energy needs for heating and hot water in the quarter of “Solar-city” project. A pivot constituent element of the system is an eleven-meter-high seasonal storage tank that is made of high performance concrete with super insulation and is half buried under ground. The part above ground is designed as a climbing wall and integrated into the surrounding landscape. However, underground the 2,750 m3 tank is connected with the heating control center through pipes delivering heat. In summer solar warmth is collected and stored into the tank and transferred to the heating control center to supply heating and hot water when they are needed. If the heat stored in the tank is not adequate, the system is automatically switched to the district heating network of Kronsberg.
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Figure 94  The solar heating system in Kronsberg (Source: Modell Kronsberg, Nachhaltiges Bauen für die Zukunft, Landeshauptstadt Hannover, Der Oberbürgermeister, Umweltdezernat; Landeshauptstadt Hannover, Der Oberbürgermeister, Baudezernat; Hannover, 2000, ISBN 3-00-006942-9, P136)
6.2.5.39  Energy efficiency

    In Kronsberg all the buildings must be connected to the district heating system served by Decentral Combined Heat and Power (CHP) plants, which are high-efficient converters from primary energy to end user energy. Moreover, the heat of the exhaust gases can be obtained by a heat exchanger. Thus the total efficiency of the decentral CHP modules is over 94%. Only when the alternative heating supply is as ecological as the district heating and district heating in the remaining area is not rendered unviable there can be exemptions.

6.2.5.40  Strategies for public participation

In Kronsberg the achievement of energy saving is also realized by the education for public. A subsidy programme financed by the city of Hannover was launched to support purchases of efficient electric appliances, up to 5 free energy-saving light bulbs and two water tap flow regulators for each household. Until 2000, about 900 families benefit from the programme. Energy-saving light bulbs can save around 80% of electricity for lighting compared to normal bulbs.
 

In addition, Kronsberg Environmental Liaison Agency (KUKA) was founded by the city of Hannover and Förderverein der KUKA e.V. and supported by Germany’s National Environmental Foundation. KUKA is an agency that provides constant information, education, training and consultation service about all the aspects of ecological optimization in this new district for all the stakeholders like the habitants, developers and building companies, including energy, water, waste, soil, landscape, farming and mobility.
 

6.2.5.41  Performance assessment

    A target of reducing CO2 emission by 60% or 80% in the new district development of Kronsberg was set by the city of Hannover. In 2000 Hannover city council started a study to evaluate if the target was reached or not. From 1999 to 2001 an investigation of the monthly energy consumption of all the households has showed that reduced use of heating, hot water and electricity have led to a decrease of CO2 emission by 28%. The high efficiency of primary energy utilization of gas-powered decentral cogeneration plants (CHP) also saves 19% of CO2 emission. The wind turbine generators further saves 28%. Therefore in sum a total CO2 emission reduction of 75% was achieved and achieves the target.

6.2.6 Water management

In Kronsberg four principles about water are strictly observed:

· Keeping the balance of natural water system

· Utilization of rainwater

· Economization of tap water consumption

· Enhancing the public awareness about saving water resource

With the principle of ecology optimization, all precipitation runoffs on built-up and paved areas are absorbed, collected and gradually released. Therefore natural water resources and groundwater regeneration in Kronsberg are well retained in spite of the large areas of construction.

At the new Kronsberg primary school, rainwater runoffs on the school ground are collected and infiltrated on site or collected for toilet flushing or school garden irrigation.
 

Tap water consumption is reduced by water-saving taps installed in the dwellings.
 Events, exhibitions, brochures and information about water saving are also part of water management policy in Kronsberg to encourage people to economize on tap water.

On the streets rainwater is led into the “Mulden-rigolen-System” soakaways. In Private space rainwater on roofs and paved areas is also retained and gradually released. In addition, rainwater is often conveyed into watercourses or ponds in residential areas. Thus making natural rainwater everywhere visible is another policy to improve public awareness of the importance of water element.
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Figure 95  The soakaway trench system in Kronsberg (Source: Modell Kronsberg, Nachhaltiges Bauen für die Zukunft, Landeshauptstadt Hannover, Der Oberbürgermeister, Umweltdezernat; Landeshauptstadt Hannover, Der Oberbürgermeister, Baudezernat; Hannover, 2000, ISBN 3-00-006942-9, P28)
6.2.7  Waste management

Different from conventional refuse policy the principle of waste management in Kronsberg is avoidance of waste for construction, household and commerce.
 

The city administration has formulated a series of regulations and reached a contractual agreement with the property investors about building waste management. During the whole process of construction environment-friendly and healthy building materials must be used. The materials must not contain harmful substances so that they will not produce disposal problems in the future.
 The “low waste building site” project was launched to sort building waste on site and achieved a recycling rate of about 80%.

The domestic and commercial waste is sorted before disposal. In the dwellings built-in separate waste containers in the kitchens and separate collecting systems close to home encourage waste separation. For the 40% compostable organic waste of domestic waste a grants programme support home composting in the gardens with practical advice from Hannover waste management services. A dense network of repair and alteration service is available in Kronsberg to realize the motto “mend it, don’t dump it”.
 

6.2.8  Soil management

During the process of construction the large amount of excavated soil could also be waste difficult to dispose. But in Kronsberg the 700,000 m3 of soil was all reused for landscape and environmental enhancement in the new district development and thus 100,000 lorry journeys were made unnecessary so that pollutants and energy consumption caused by transportation were avoided.

Two artificial hills, a noise buffer embankment along a motorway were constructed with the excavated soil. In addition, the soil was also used to seal an old landfill site and made landscape around the World Exposition grounds.

6.2.9 Summary

The case study of the new district development of Kronsberg, Hannover presents a concreter understanding of the ecological human settlement construction principles stated in section 6.1. 

It can be also concluded that when technology is developed to a certain high level the topics of discussion of the construction of ecological settlements will be shifted to the maintainance of natural environment balance, such as groundwater regeneration, conservation of biotopes, shape the settlement into more natural way with environmental elements. The creation and economization of clean energy and resources and the propaganda to the public - not only technical issues like reduction of CO2 emission and consumption of primary energy but also the deeper balance between human and nature should be paid more attention to. 
6.3 The technology of Germany’s low-energy building - passive house

Passive house can be considered a representative of Germany’s low energy house and world-leading energy-saving standard. The first passive house in the world was built in 1991 in the pilot project in Damstadt-Kranichstein, Germany. Until 2003 there are already over 3000 passive houses built in Germany.
 The growing trendline of passive house from 1991~2002 is shown in figure 96. The numerous built projects of passive house have shown that in passive house economy, ecology and energy consumption are well compatible with each other.
   

Berthold Kaufmann, Wolfgang Feist Rainer Pfluger, Markus John and Matthias Nagel have elaborated on the technical details of passive house from the design to construction phases in “Passivehäuser erfolgreich planen und bauen”.
 In “Grundlagen und Bau eines Passivhauses” Dieter Pregizer presents technical fundamentals of passive house. Section 6.3 refers to the two books and the website of Passive House Institute and in this section the issues concerned passive house such as the working principle, the technology, building components are analysed and discussed in detail in order to enlighten the corresponding research in China.
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Figure 96  The growing trendline of passive house in Germany from 1991~2002 (Source: Berthold Kaufmann, Wolfgang Feist Rainer Pfluger, Markus John and Matthias Nagel, Passivehäuser erfolgreich planen und bauen, ISBN 3-930860-78-3, Aachen: Institut für Landes-und Stadtentwicklungsforschung und Bauwesen des Landes NRW, 2004, P6)
6.3.10 The concept and standard of passive house 
The Passive House Institute Darmstadt defines passive house as:

‘A passive house is a building in which a comfortable interior climate can be maintained without active heating and cooling systems. The house heats and cools itself, hence "passive"’.
 
The energy consumption of passive house is significantly lower than an ordinary house and also than low energy house. Figure 97 shows the comparison of energy ratings of different types of houses including passive house.
[image: image101.jpg]Energy Rating kWh/(n?a)

0

Curert
Average

1 Ventiation Electiciy
HWater

B Healing

W5chVD SBN 1980 WSchVD Low Energy Passive

1934 195 Howe  House





Figure 97  Comparison of Energy Ratings of Homes

WSchVO = German Heat Protection Regulation

SBN = Swedish Construction Standard 
(Source: What is a passive house? Passive House Institute Germany, http://www.passivehouse.com/English/PassiveH.HTM, Feb.22, 2009)

Table 21 shows the basic features of a passive house that distinguish passive house from ordinary buildings:
	  Compact form and good insulation:
	All components of the exterior shell of the house are insulated to achieve a U-factor that does not exceed 0.15 W/(m²K) (0.026 Btu/h/ft²/°F).

	Southern orientation and shade considerations:
	Passive use of solar energy is a significant factor in passive house design.

	Energy-efficient window glazing and frames:
	Windows (glazing and frames, combined) should have U-factors not exceeding 0.80 W/(m²K) (0.14 Btu/h/ft²/°F), with solar heat-gain coefficients around 50%.

	Building envelope air-tightness:
	Air leakage through unsealed joints must be less than 0.6 times the house volume per hour.

	Passive preheating of fresh air:
	Fresh air may be brought into the house through underground ducts that exchange heat with the soil. This preheats fresh air to a temperature above 5°C (41°F), even on cold winter days.

	Highly efficient heat recovery from exhaust air 
using an air-to-air heat exchanger:
	Most of the perceptible heat in the exhaust air is transferred to the incoming fresh air (heat recovery rate over 80%).

	Hot water supply using regenerative energy 
sources:
	Solar collectors or heat pumps provide energy for hot water.

	Energy-saving household appliances:
	Low energy refrigerators, stoves, freezers, lamps, washers, dryers, etc. are indispensable in a passive house.


Table 21  Basic features that distinguish passive house construction (Source: What is a passive house? Passive House Institute Germany, http://www.passivehouse.com/English/PassiveH.HTM, Feb.22, 2009)
6.3.11 The basic working principle of passive house
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Figure 98  The working principle of a passive house (Source: What is a passive house? Passive House Institute Germany, http://www.passivhaustagung.de/Passive_House_E/Passive_House_in_short.html, Feb.20, 2009)
Figure 98 is a diagram of the working principle of passive house. 

In a passive house conventional heating appliances are not necessary any more because the house “heat” itself. The sources of heat are solar energy and the waste heat produced by humans and electric appliances. In the house ventilation is realized by the ventilation system with heat reclamation that extracts waste heat from the waste interior air and at the same time gets fresh air heated with the waste heat. Sometimes ground heat exchanger is also installed to make use of geothermal energy.
 
 
Berthold Kaufmann, Wolfgang Feist et al. considers that the most important principle of passive house is:
· reduce heat loss 
· optimize passive solar energy gain

To furthest reduce heat loss excellent insulation, high airtightness and building compactness as well as avoidance of thermal bridge are the most important measures of passive house.
 
 To meet the standard of passive house the U-factor of opaque building components of passive house is usually ≤0.15 W/(m2K) and strives for 0.1 W/(m2K). The U-factor of windows and doors (Uw and Ud) must not exceed 0.8 W/(m2K).
 

Another basic prerequisite is a consistent airproof building envelope. The limit value of airtightness for a passive house is n50 ≤ 0.6 1/h. The experience from built passive houses shows that 0.3 1/h is a reliable and can obtain a continuous effect und hence is the recommended value.
   
To gain more passive solar energy the orientation and the compactness of the building are two basic points in the stage of preliminary draft. The former decides the possibility for active or passive use of solar energy and the latter influences the insulation performance of the surface area of the house and the insulation cost therewith. It is advantageous if the main façade is oriented to the south (±25℃) and is not shaded in winter. In addition, the form of the roof and the sunlight interval distance are certainly crucial to the energy efficiency of the house, too. 

6.3.12 The technical basis of the passive house
6.3.12.42 Insulation

All the non-transparent components that can not let solar radiation into the building must be well insulated to minimize heat losses.
 A continuous insulation layer with furthest reduced thermal bridge is the most important principle, as shown in figure 99.
 Figure 100 shows the construction detail of parimeter insulation at the dado.
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Figure 99  A continuous insulation layer (yellow) of a passive house (Source: Berthold Kaufmann, Wolfgang Feist, Passivehäuser erfolgreich planen und bauen, Institut für Landes-und Stadtentwicklungsforschung und Bauwesen des Landes NRW, 2004, ISBN 3-930860-78-3, P20)
Figure 100  Parimeter insulation at the dado (Source: Ibidem)
In Germany 4 kinds of constructional systems are mostly used for passive house:

· Wood frame construction with insulation between wood frames

· Solid construction with insulation combination system

· Prefabricated wall elements with insulation such as light-weight concrete

· Concrete-formwork block or wall elements with concrete as the filling material

The heat transfer coefficient of the non-transparent exterior building components including exterior walls, ceilings, roofs and basement ceilings must be not higher than 0.15 W / (m2k).
 
Thermal bridges bring severe heat loss and sometimes cause damage to the construction and should be strictly minimized in a passive house. Many factors lead to occurance of thermal bridges. Pregizer concludes the rules to be observed to avoid thermal bridges as listed below: 
· The thermal insulation layer must completely encompass the building envelope without break and the thickness and quality of the insulation layer should be the same. 
· The building envelope must be airtight as far as possible to avoid heat leakage. 
· At the connection point of insulations of different building components the thermal insulation of the joint must be of the same thickness.

· Projecting building components such as projecting roof parapet must be avoided or at least thermally separated. The outside insulation of projecting components is less effective.

· It is necessary that the balconies have self-supporting constructions that are put forward.
· Roll shutter casing must be installed outside the insulation layer or at least be well insulated.
· Penetration of insulation layer should be avoided.
· With massive masonry if apart from an exterior insulation the thermal insulation is reliably built the first brick course can be used as so-called insulation brick

· The entrance door of the building must also have improved insulation.

· Installation should be built in at the room side of the insulation layer to the most possible. In addition to this a separate layer of installations should be designed.
· The insulation layer of the wall should cover the window frame as much as possible. 
  
6.3.12.43 Airtightness
It is crucial that the building envelope of a passive house is completely airtight to reduce heat loss. The airtightness layer must be fully continuous at the envelope including all the joints.
 
Pregizer points out the eight points that must be carefully treated during the design phase to meet the standard of a passive house:

· Determination of the airtightness layer;

· Determination of the building material for the airtightness layer;

· Design of the joints between different materials of the airtightness layer, such as the connection of a rafter roof and a massive wall;

· Design of the penetration points of the airtightness layer, such as ventilation pipes, flues, electrical installations and sanitary installations;

· Connections between roof and wall;

· Connection between the roof and the roof window;

· Trap door at the attics without heating;

· Installation of windows and entrance doors

Figure 101 shows examples of construction of airtight joint of a massive walling and a light timber roof.
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Figure 101  Different possibilities of airtight joints of a plastered massive walling and a light timber roof (Source: Berthold Kaufmann, Wolfgang Feist, Passivehäuser erfolgreich planen und bauen, Institut für Landes-und Stadtentwicklungsforschung und Bauwesen des Landes NRW, 2004, ISBN 3-930860-78-3, P53)
6.3.12.44 Window 
As discussed in section 6.3.2 passive solar energy gain in heating period is one of the two basic principles of the passive house. Sometimes attached solar collector is optional but the window of a passive house is a basic component that harvests solar energy. In addition, the heat loss of a passive house in winter through weak points such as windows must be reduced as much as possible.
 Considering the above two factors the windows should predominantly face south and the window at the north side must be small.
 Most of all the heat transfer coefficient of the window must be minimized. Thus the insulation requirement for all the components of the window must be vey high, including the window frame, the glazing and the roller shutter casing. In a passive house triple-pane insulated glazing with double insulation coating and gas fill (argon, xenon or krypton) between the panes as well as window frame with insulation are indispensable. The U-value of the window must be no more than 0.8 W/ (m2K).
 
The installation of the window must also be considered. Figure 102 shows examples of the construction details.
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Figure 102  Optimized installation of the window: (left) the window is in the middle of the insulation layer of the wall and the insulation of the window frame and the walling is not interrupted; (right) the window is installed at the insulation layer of the wall and thus the insulation of the window frame and the walling is constant (Source: Berthold Kaufmann, Wolfgang Feist, Passivehäuser erfolgreich planen und bauen, Institut für Landes-und Stadtentwicklungsforschung und Bauwesen des Landes NRW, 2004, ISBN 3-930860-78-3, P58)
6.3.12.45 Ventilation system
Mechanical ventilation system is a pivotal component of passive house, which minimizes the necessity of conventional space heating system and at the same time ensures interior air quality.
 

The outdoor air is drawn in by the system and conveyed to the exchange center of the system after filtered. At the same time the interior air that needs to be changed is extracted also to the exchange center of the system. In the exchange center area the waste heat contained in the extracted air is transferred to the fresh exterior air. But in the process the two air flows are completely separated and the cleanness of the filtered exterior air is fully guaranteed. Thus the mechanical ventilation dispenses with opening window in winter so that heat loss is remarkably reduced. In addition the fresh air that is heated up through the recovery heat is continuously brought in the rooms. This is the working principle of the ventilation system in a passive house.
 The rate of air change of 0.4 air changes per hour is enough for a flat with 30m2 per person.

Earth warming tubes are often used for pre-heating of the intake air to further reduce energy consumption. The tubes must be buried at a frost-free deep level – at least 1~2m underground. The diameter of the tubes are 150~200mm and the length of the tubes are 30~40m. In winter the earth deeper than 1m underground is about 4~8℃ and the exterior air can be pre-heated to a temperature above 0℃ before transported to the exchange center of the system. 
 
The heat recovery rate of the ventilation system is at least 85%. It means that at least 85% of the heat contained in the outgoing air is extracted and transferred to the intake air.
 
Figure 103 is a diagram of the ventilation system with earth warming tubes.
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Figure 103  A diagram of the ventilation system with heat recovery from a warm pump compact aggregate (Source: Berthold Kaufmann, Wolfgang Feist, Passivehäuser erfolgreich planen und bauen, Institut für Landes-und Stadtentwicklungsforschung und Bauwesen des Landes NRW, 2004, ISBN 3-930860-78-3, P67)
6.3.13 Case study
Bernhard Kolb has documented the technical data and the post-occupancy evaluation of a passive house in Steyr, Germany in “Nachhaltiges Bauen in der Praxis”.
 The energy-saving effect of passive house can be seen through this dwelling.
It is a one-family house in Germany built in 2000. The buildings area is 228m2. The house faces south. In summer the overhanging roof provides protection from intensive sunlight. On the roof photovoltaic device and a thermal solar energy collector are installed.
  

The wood structure is filled with natural lava insulation. The inner side is additionally insulated with wool and then covered with gypsum plaster board. The outer side is covered with three-layer wood board. Over the lintel is the cover as wood construction pre-fabricated and with lava granules insulated. The brick walls above ground are insulated with extruded polystyrene and the walls above with expanded polystyrene.
 

The windows of the house are chosen according to the standard of passive house window. The frame is made of larch and insulated with 4cm cork and the partition is made of three-layer heat insulation glass with a U-value of 0.6 W/m2K.
 Table 22 shows the U-values of the building components.
	Building component
	U-value (W/m2K)

	Exterior wall (brick)
	0.116

	Exterior wall (wood)
	0.123

	Floor slab
	0.180

	roof
	0.130

	window
	0.600


Table 22  The performance figures of the building components (Source: Bernhard Kolb, Nachhaltiges Bauen in der Praxis, ISBN 3-924466-13-0, München: Blok Verlag, 2004, P117)
About 2/3 of the heating requirement can be fulfilled by the ventilation system with heat reclamation. The rest demand is met with the heat pump. There are two ventilation systems installed for the ground floor, basement and the first floor. A 2640 Wp-photovoltaic device was installed to produce electricity. For hot water there is a 23 m2 solar collector with a 2000-Liter buffer storage. Rainwater is collected from the roof and stored in a 10m3 cistern for toilet flushing, garden and cleaning.
 The energy consumption of the house of two years is shown in table 23.
	Measured data
	2001
	2002

	Heating energy consumption
	14.89 kWh/m2a
	15.84 kWh/m2a

	Household consumed electricity (ventilation, lighting, household appliances, hot water, etc.)
	48 kWh/m2a
	48 kWh/m2a

	Total energy consumption
	62.89 kWh/m2a
	63.84 kWh/m2a

	Total primary energy consumption
	157.2 kWh/m2a
	159.6 kWh/m2a

	Electricity produced by Photovoltaic device
	1913.1 kWh
	2184.1 kWh

	Total primary energy consumption(Total primary energy consumption minus electricity produced by Photovoltaic device) 
	136.2 kWh/m2a
	135.7 kWh/m2a


Table 23  Energy consumption of House Steyr from 2001~2002 (Source: Bernhard Kolb, Nachhaltiges Bauen in der Praxis, ISBN 3-924466-13-0, München: Blok Verlag, 2004, P118)
From the table it can be seen that the energy consumption is quite low and is up to the passive house standard. The subjective feeling of the users is also good: they are very satisfied with the interior climate.
 
6.3.14 The possibility to promote passive house technology in China
Passive house as building with quite low energy consumption and good thermal performance have the possibilities to be promoted in the areas with the zoning “extremely cold” and “cold” in China where reducing heat loss in cold climate is the most necessary. 

China is a country with rich solar energy. The average annual hours of sunshine in more than 2/3 of the whole country are more than 2000 hours. The total radiation and annual sunshine hours in Tibet, Qinghai, Xinjiang, Gansu, Ningxia and inner Mongolia are among the highest throughout the country. 
 Figure 104 shows the distribution of solar energy in China. It can be seen that most extremely cold and cold areas have rich radiation. As discussed in section 6.3.2 to optimize passive solar energy is one of the two basic principles of passive house. Hence the above mentioned areas have the prerequisite climate priorities for promotion of passive house. 
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Figure 104  The solar energy distribution map of China (source: Center for Wind and Solar Energy Resources Assessment, China Meteorological Administration, http://cwera.cma.gov.cn/cn/, Sep.22, 2008)

In traditional Chinese dwellings many vernacular materials have very good insulation, including earth buildings in Fujian, cave dwellings in Shanxi and Ayiwang dwellings in Xinjiang. See section 5.3. A contemporary case is Hsieh Ying Chun’s design for farmers in Hebei and Henan, China. Dwellings built with earth and straw have good thermal performance and are highly accepted in local villages. 
Because traditional dwellings usually use conventional wood windows and doors that have very weak airtightness, air infiltration through windows and doors is the main reason of heat loss besides connection of other building components. Thus to strengthen the vulnerable segments like windows, doors and thermal bridges can improve the thermal performance of the dwellings remarkably. The walling system could be: 
· Earth wall

· Straw bale wall

· Wall built with earth and straw mixture

· Wall with attached sunspace

The attached sunspace can collect and store heat in the day and slowly release heat after sunset. It is easy to build and also not expensive. According to the survey done by the author with the survey team in Pinggu, Beijing the attached sunspaces of local dwellings provide very good thermal performance. 
Such changed systems will not have as good thermal performance as passive house because the airtightness and insulation of earth wall is not as good as the wall of passive house standard. But the cost could be observably lessened and a better balance between cost and performance could be achieved, which is quite important for green building promotion in less developed areas. 
It can be concluded that many traditional dwellings consume very low energy and maintain interior environment that meets the basic requirement of housing comfort, but comparing with today’s living standard the performance is not satisfactory. A combination of the indigenous green philosophy and new technology can be a balance point between cost and performance. 
6.4 Discussion and conclusion

This chapter introduces and discusses the strategies and technologies for sustainable settlements and residential buildings in Germany. Admittedly, the situation of Germany is very different from that of China. Firstly, so far the economic level in most of China is lower than that of Germany. However, the experiences could be transferred for the future development in China and most technologies could be put into trial use in some relatively developed regions. Secondly, the land area of Germany is much smaller and the climate is relatively simple. But most technologies are still applicable in most areas of China, such as insulation of exterior wall, windows and doors with high airtightness, renewable energy producing and using, etc. Besides, after years of development many valuable experiences of Germany such as green building management, laws and regulations are worthy of drawing on. From the discussions above some points about the strategies of sustainable development concerning human settlements and buildings in Germany can be concluded as below. 

1. Green building has become the standard of all the new buildings and old building refurbishment in Germany. There are strict and comprehensive laws and bylaws that demarcate building energy consumption and efficiency. Furthermore, new versions of laws based on the experiences of old versions are being updated from time to time according to the advancement of technologies and change of general situations. Hence the accomplishments in the field of sustainable building in Germany is not in the least only achieved by technology that is though indeed the fundamental aspect. In other words, a mature social system such as rigid laws and regulations, particular techniques, in-depth studies, relatively high prices of resource and energy, and popularization of public’s consciousness of energy economizationand so forth is the terminal impetus that stimulates the development of sustainability. 

2. There are many financial support programmes from the government for improving energy efficiency in buildings including new buildings and reconstructions to encourage the public to build and live in green buildings.

3. The levels of both integration and marketization of technologies in Germany are rather high. A well-developed market mechanism from research and development to marketing makes it easier to promote green building. Likewise the present socialist market economy system in China also necessitates the mechanism, especially for the areas with booming economic situation. 

4. The development of green building in Germany has shifted from “Green building at a technical level” to “Green building with humanistic concern”. Technology is no longer barriers and human demand is taken more account of. It is clear that not only the design and construction phases but also the utilization after construction plays an important role in the sustainable performance of a building. For example, how people save energy and resource in daily life not at the expense of housing comfort is instructed in detail. Moreover, in the development of ecological settlements and buildings due to maturity of technology what is concerned is not only state of arts but every single detail as well such as lessening use of private vehicles by improving public transportation, use of rainwater, use of energy-saving appliances, open space for leisure time to better the living quality of the habitants and so forth. All these are prescribed thoroughly and comprehensively.   

5. Increasing the concern of public has been another crucial issue placed on the agenda because proper behaviors undoubtedly help to maximize the effect of low energy building. Consultant service and all kinds of information brochures are available at many places to lead the public to build up appropriate concept and practise in daily life. 

Accordingly the situations in China and suggested measures are discussed below. 

1. In China sustainable building is still in starting stage, the laws and regulations are neither well-developed nor particular. The market, the suppliers and the consumers are all rookies. In other words, the whole mechanism is immature. Most productions are extensive. All these conditions need to be improved to build a mature social mechanism to drive sustainable development.
2. Because China is a big country the situations in different regions are diverse so that the developing strategy should be also different. Advanced technologies could be promoted in relatively developed regions while in undeveloped regions in long periods labor-intensive appropriate technology will be still the main stream so that the large quantitive of surplus labors could be properly consumed. Thus in future how to optimize and promote appropriate technologies is an important direction of research. 

3. Due to the immaturity of sustainable building development, at the present stage in the market some flamboyant selling points are attracting attentions of the general public. However, sustainable building is definitely not only green building. It includes many aspects, as described in the sections above, nevertheless at the present stage often ignored or paid less attention to in China. At the current stage what we should do is to change the attitude of eagerness for quick success and instant benefits, draw on experiences from developed nations that are devoted to a sustainable prospect and under our national conditions to think how to develop technologies from the angle of users, take into account all the aspects concerning the users’ life that really reduce carbon emission, lessen consumption of resource and energy in the life cycle of the buildings, which could attract consumers’ interest and achieve healthy atmosphere of research and market in order to advance sustainable building in a sound framework with a coordination of the whole society.  

4. For the present situation to save building energy first the basic performance of the buildings should be improved. For example, the building envelope should be bettered to increase indicators like heat transfer coefficient nationwide and then step by step add extra high-tech that is relatively high-cost. But at the beginning reserving possibilities for them such as roofs suitable for solar collectors is advisable. 

CHAPTER 7                                               THE STRATEGY OF SUSTAINABLE DEVELOPMENT FOR THE SETTLEMENTS AND RESIDENTIAL BUILDINGS IN CHINA’S SMALL TOWNS AND VILLAGES
7.1 The system developed as a construction guidance 

7.1.1 The index of the system

Nowadays there are a few evaluation systems developed for sustainable architecture in China, such as “Assessment System for Green Building of Beijing Olympic” and “Evaluation Standard for Green Building”. There are also guidances such as “Outlines and Technical Principles for Green Ecological Residential Quarter Construction”, “Technical Assessment Handbook for Ecological Residence of China” and so forth. However, for the residential settlements and dwelling construction in small towns and rural areas there are fewer standards. According to the field survey and the discussions in Chapter 3, 4, 5 and 6, a system suitable for the status quo of dwelling construction in the areas to be urbanized in China can be concluded as stated below. Due to the complexity of building industry concerning human, economic and natural environment there is inevitably overlapping in different scopes. 

The system concerns four parties: the central government, the local government, the coordinator, the user. The central government in Beijing is the policy maker. It formulates and issues all the national laws, norms and regulations. Considering China is a big country the local government of each region also plays a very important role in the process of construction. They can also promulgate local laws and regulations. Meanwhile, they monitor the implementation of the policies made by the central government. The coordinators are the professionals from building industry, including planners, architects and engineers. The users are the habitants of the settlements and the dwellings. In rural areas many people usually build houses on their own with help of relatives and neighbours. Therefore their behaviors determine the performance of the dwellings a lot. In addition, their life style directly influences the ecological optimization of the dwellings. For example, if the users of the dwellings open the windows very often in winter in a well-designed building with very good airtightness then the energy consumption for heating will increase and be much more than expected. Meanwhile, the users are the beneficiary/sufferer of the community and the dwellings. Their acceptance for the dwellings and settlements is important and their opinions must be considered and respected.
Below is a table that includes all the items and subentries of the system from the outset to the final delivery of the projects. The dots denote the responsibilities or interactivities of the different parties during the whole process.
	
	Influence elements

	
	The central government
	The local government
	The coordinators (planners, architects and engineers)
	The users

	
	laws*
	regulations*
	Financed programme
	
	
	

	
	A
	B
	C
	D
	E
	F

	1. Siting
	1.1 Using natural situations to create comfortable microenvironment
	
	(
	
	
	(
	

	
	1.2 Minimizing damage to nature (mountain massif, water body, wetland, landscape, vegetation, biome)
	(
	
	
	(
	(
	

	
	1.3 Minimizing impact on natural balance (groundwater, microclimate, land, etc.)
	(
	
	
	(
	(
	

	
	1.4 Avoidance of using farmland
	(
	
	
	(
	(
	

	
	1.5 Avoidance of site with danger of natural disasters and emphasis on earthquake resistance design
	(
	
	
	(
	(
	

	
	1.6 In accordance with local land policy
	
	
	
	(
	(
	

	
	1.7 Minimizing extra traffic for the users
	
	(
	
	
	(
	

	
	1.8 Being close to existing infrastructure to shorten connections
	(
	(
	
	(
	(
	

	2. Master plan


	2.1 Economizing land use
	2.1.1 Medium density
	(
	
	
	
	(
	

	
	
	2.1.2 Building compactness
	
	(
	
	
	(
	

	
	2.2 Reasonable sunshine spacing between two rows of dwellings
	(
	
	
	(
	(
	

	
	2.3 Avoidance of quasi-urban sprawl
	
	(
	
	(
	(
	

	3. Landscape design


	3.1 Beautification of settlement
	
	(
	
	
	(
	

	
	3.2 Greening to improve microclimate
	
	(
	
	
	(
	

	
	3.3 Greening to reduce dust and noise
	
	(
	
	
	(
	

	
	3.4 Greening to purify air
	
	(
	
	
	(
	

	
	3.5 Using water-penetrable material for ground to conserve water and soil
	
	(
	
	
	(
	

	
	3.6 Reducing water impermeability of the land
	
	(
	
	(
	(
	

	4. Mode of development
	4.1 Industrialized dwellings/Cooperative community/ Dwellings built by the users and supervised by the government
	
	
	
	(
	(
	(

	5. Infrastructure
	5.1 Water
	(
	
	
	(
	(
	

	
	5.2 Electricity
	(
	
	
	(
	(
	

	
	5.3 Drainage
	(
	
	
	(
	(
	

	
	5.4 Refuse management
	(
	
	
	(
	(
	

	
	5.5 Pipeline gas
	(
	
	
	(
	(
	

	
	5.6 Soft landscape
	(
	
	
	(
	(
	

	
	5.7 Heating
	(
	
	
	(
	(
	

	
	5.8 Communication facilities
	(
	
	
	(
	(
	

	
	5.9 Road
	(
	
	
	(
	(
	

	
	5.10 Public transport
	(
	
	
	(
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	5.11 Public facilities such as hospital, school, kindergarten, fire control, etc.
	(
	
	
	(
	(
	

	
	5.12 Public green technology establishments
	(
	(
	(
	(
	(
	

	6. Dwelling predesign
	6.1 Orientation
	
	(
	
	
	(
	

	
	6.2 Shape coefficient (A/V ratio)
	
	(
	
	
	(
	

	
	6.3 Maximizing passive solar gain (except the climate zone “hot summer and warm winter”)
	
	(
	
	
	(
	

	
	6.4 Saving land by shape design
	
	(
	
	
	(
	

	
	6.5 Reserve possibilities for extra energy-saving technologies if they are not installed due to constraints of finance, etc.
	
	(
	
	
	(
	

	7. Human dimensions
	7.1 Building new settlements or dwellings when really necessary
	(
	
	
	(
	(
	(

	
	7.2 Choosing convenient site for the users (minimum traffic for farming or working)
	
	(
	
	
	(
	

	
	7.3 Improving acceptability of dwellings
	7.3.1 Cost
	
	
	
	
	(
	(

	
	
	7.3.2 Technology
	
	
	
	
	(
	(

	
	
	7.3.3 Plan
	
	
	
	
	(
	(

	
	
	7.3.4 Appearance
	
	
	
	
	(
	(

	
	7.4 Adaptability to local lifestyle
	
	
	
	
	(
	(

	
	7.5 Considering the users’ spiritual belief
	
	
	
	
	(
	(

	
	7.6 Open for participation of habitants
	
	
	
	
	(
	(

	
	7.7 Social education for the habitants
	
	
	(
	(
	
	(

	8. Cost
	8.1 Controlling the initial cost under an acceptable line
	
	
	
	
	(
	

	
	8.2 Achieving a balance between the initial cost and the life cycle cost
	
	
	
	
	(
	

	
	8.3 Financial support for extra cost caused by green technologies
	8.3.1 Establishments for the settlements
	
	
	(
	
	
	

	
	
	8.3.2 Devices for the dwellings
	
	
	(
	
	
	

	9. Vernacular architecture and historical context
	9.1 Preservation of historical heritage
	(
	
	
	(
	(
	

	
	9.2 Preservation of residents’ recognition of place
	
	(
	
	
	(
	

	
	9.3 Inheritance of traditional style and features in new settlement and buildings
	(
	
	
	
	(
	

	
	9.4 Inheritance of indigenously ecological design philosophy
	
	(
	
	
	(
	

	
	9.5 Considering traditional spiritual elements of architecture
	
	
	
	
	(
	

	
	9.6 Harmony with the outline of building groups in town/village and town/village scale
	
	(
	
	
	(
	

	
	9.7 Integration of modern life elements in design of plan
	9.7.1 Getting rid of the unreasonable elements in traditional dwellings
	
	
	
	
	(
	(

	
	
	9.7.2 Betterment of the design of plan according to change of lifestyle
	
	
	
	
	(
	(

	10. Appropriate technology


	10.1 Employing appropriate technology according to local traditions and conditions
	
	(
	
	
	(
	

	
	10.2 Promotion of appropriate technology
	
	
	(
	
	
	

	11. Building materials
	11.1 Using locally sourced materials
	
	(
	
	
	(
	

	
	11.2 Minimizing environment impact of materials
	11.2.1 Process of selection
	
	(
	
	
	(
	

	
	
	11.2.2 Process of production
	
	(
	
	
	(
	

	
	
	11.2.3 Process of manufacture
	
	(
	
	
	(
	

	
	
	11.2.4 Process of transportation
	
	(
	
	
	(
	

	
	11.3 Making the most of materials that are possibly reused
	
	(
	
	
	(
	

	
	11.4 Choosing materials whose refuse disposal impacts environment the least
	
	(
	
	
	(
	

	12. Building envelope
	12.1 Using building envelope with good thermal insulation performance
	12.1.1 Walling
	
	(
	
	
	(
	

	
	
	12.1.2 Roofing
	
	(
	
	
	(
	

	
	
	12.1.3 Window and door
	
	(
	
	
	(
	

	
	
	12.1.4 Foundation
	
	(
	
	
	(
	

	
	
	12.1.5 Framework
	
	(
	
	
	(
	

	
	12.2 Avoidance of thermal bridge
	
	(
	
	
	(
	

	
	12.3 Reasonable window-wall ratio
	
	(
	
	
	(
	

	13. Heating and cooling


	13.1 Using community greening to improve microenvironment
	
	(
	
	
	(
	

	
	13.2 Using natural way to assist heat preservation
	
	
	
	
	(
	

	
	13.3 Using natural way to assist cooling
	
	
	
	
	(
	

	
	13.4 Using district heating with high energy efficiency, e.g. cogeneration instead of household heating
	
	(
	
	(
	(
	

	
	13.5 Using metered heating charge and household heating system 
	
	(
	
	(
	(
	

	14. Energy
	14.1 Optimizing natural ventilation, lighting and sunshade to reduce energy consumption
	
	(
	
	
	(
	

	
	14.2 Using renewable energy
	14.2.1 Solar energy
	(
	(
	(
	
	(
	

	
	
	14.2.2 Wind power
	(
	(
	(
	
	(
	

	
	
	14.2.3 Biomass
	(
	(
	(
	
	(
	

	
	
	14.2.4 Geothermal energy
	(
	(
	(
	
	(
	

	
	
	14.2.5 Water energy
	(
	(
	(
	
	(
	

	
	14.3 Enhancing energy efficiency
	
	(
	
	
	(
	

	15. Water management
	15.1 Rainwater utilization for household, landscape and the balance of groundwater
	15.1.1 Collecting precipitation runoff for daily use or landscape
	
	(
	
	
	(
	(

	
	
	15.1.2 Making rainwater absorbed by the ground instead of drainage
	
	(
	
	
	(
	

	
	15.2 Employing water-saving devices
	(
	
	(
	
	
	(

	
	15.3 Employing grey-water system
	(
	
	
	
	(
	

	16. Waste management


	16.1 Reducing construction waste
	
	(
	
	
	(
	

	
	16.2 Reducing domestic waste by consultant service and strengthened publicity
	
	
	(
	(
	
	(

	
	16.3 Reasonable sorting before disposal
	(
	
	(
	
	
	(

	17. Minimizing pollution
	17.1 Choosing green building materials
	(
	
	
	
	(
	

	
	17.2 Using construction techniques without pollution
	
	(
	
	
	(
	

	
	17.3 Greening to reduce dust and noise
	(
	
	
	
	(
	

	
	17.4 Optimized public transport system to reduce pollutants
	
	(
	
	(
	
	

	
	17.5 Sewage and refuse treatment
	
	(
	
	(
	
	

	18. Sociology and psychology
	18.1 Architecture aesthetics
	18.1.1 Building
	
	
	
	
	(
	

	
	
	18.1.2 Landscape
	
	
	
	
	(
	

	
	
	18.1.3 Community
	
	
	
	
	(
	

	
	18.2 Neighborhood
	
	
	
	
	(
	

	
	18.3 Habitants’ recognition of their community, space sequence
	
	
	
	
	(
	

	
	18.4 Public space for communication
	
	(
	
	
	(
	

	
	18.5 Sense of belonging of the residents
	
	
	
	
	(
	

	19. Housing comfort
	19.1 Lighting
	
	(
	
	
	(
	

	
	19.2 Ventilation
	
	(
	
	
	(
	

	
	19.3 Thermal comfort
	
	(
	
	
	(
	

	
	19.4 Humidity
	
	(
	
	
	(
	

	
	19.5 Indoor air quality
	
	(
	
	
	(
	

	
	19.6 Soundproof
	
	(
	
	
	(
	


Table 24  The system developed as a guidance for the construction of settlements and dwellings in small towns and rural areas in China (Source: made by Jing Qu)
*The difference between “laws” and “regulations” here: “laws” are obligatory rules. “Regulations” are advisable to observe. It means that the decisions must be made according to the actual situation and are relatively and to some extent flexible.

7.1.2 Expatiation of the system
	A: Laws          B: Regulations       C: Financed programmes      D: The local government
E: The coordinator       F: The user

	

	1. Siting

	1.1 Using natural situations to create comfortable microenvironment

	Reason to integrate this point
	A suitable site can create a comfortable microenvironment because topography has to do with microclimate. It can influence the microclimate of the settlements positively or negatively. Hence siting takes an important role in the ecological performance of the dwellings. At present this point is always thought little of while in the past it was valued a lot. See section 5.3.1 in this dissertation.  

	B1.1
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	E1.1
	The planner ought to from the outset pay attention to natural topography (mountain, water body, terrain, etc.) and local predominant wind direction to create favorable microclimate to reduce energy consumption for cooling and heating when choosing site (see section 5.3.1 in this dissertation and Forschungsprojekt ModellStadt-Ökologie 3.5.4 for reference). Considering that in most cases the local government has the right to choose the site for a new settlement, it needs cooperation between the local government and the planner. Similarly hereinafter.

	1.2 Minimizing damage to nature (mountain massif, water body, wetland, landscape, vegetation, biome)

	Reason to integrate this point
	Damages to nature are usually difficult to be recovered. At present this point is often not paid enough attention to. 

	A1.2
	· Current situation: 

ESGB
 4.1.1 The site construction must not destroy historical landscape, natural water system, wetland, basic farmland, forest and other conservation zones.
 
· Suggestion:

Relevant laws are recommended to be formulated instead of only an evaluation standard (ESGB).

	D1.2
	The local government ought to monitor implementation.

	E1.2
	The planner ought to choose the site where the construction impacts ecology the least, e.g. keep away from wetland, mature vegetation.

	1.3 Minimizing impact on natural balance (groundwater, microclimate, land, etc.)

	Reason to integrate this point
	Environmental Impact Assessment (EIA) is quite important but is not taken enough account of especially during the siting of settlements in non-urban areas.

	A1.3
	· Current situation: 

So far there is no specific law about this point. 

· Suggestion:

Relevant laws are recommended to be formulated.

	D1.3
	The local government ought to monitor implementation.

	E1.3
	The planner ought to consider Environmental Impact Assessment (EIA), e.g.not to influence regeneration of groundwater (see section 2.5 and 7.6 in Forschungsprojekt ModellStadt-Ökologie for reference).

	1.4 Avoidance of using farmland

	Reason to integrate this point
	Until 2000, the area of arable land in China is 128.23 million hectares. Per capita arable land is 0.101 hektare und is less than half of the world’s per capita arable land.
 As for the current condition, see the analysis in section 4.1.2 in the dissertation.

	A1.4
	URPLPRC
 Chapter 3, Article 41, Construction of township and village enterprises, rural public facilities, public welfare establishment and farmers’ dwellings must not occupy agricultural land.

	D1.4 
	The local government ought to monitor implementation.

	E1.4
	The planner ought to make use of non-arable land e.g. mountainous area when choosing the site.

	1.5 Avoidance of site with danger of natural disasters and emphasis on earthquake resistance design

	Reason to integrate this point
	Reasonable siting and architectural design can avoid or alleviate the influence of site with natural disaster and provide favorable prerequisite for disaster reduction engineering design.  

	A1.5
	ESGB 4.1.2 There shall be no threat of flood, debris flow and soil with radon on the construction site. There shall be no hazards e.g. electromagnetic radiation, fire, explode, toxic substances within the safety margin of the site.

	D1.5
	The local government must fully consider the possibility of natural disasters when choosing the site. Earthquake resistance criterion according to the local condition must be clarified.

	E1.5
	The architects must observe the locally prescribed earthquake resistance criterion.

	1.6 In accordance with local land policy

	Reason to integrate this point
	In the field survey it is shown that in many cases local land policy is not observed.

	D1.6
	The local government ought to monitor implementation.

	E1.6
	The master plan and architectural design must be in conformity with local land policy.

	1.7 Minimizing extra traffic for the users

	Reason to integrate this point
	The chosen site ought to be close to the working place/farmland of the habitants to reduce traffic and hence lessen the energy consumption and pollutants caused by traffic. At present this point is often not paid enough attention to. 

	B1.7
	· Current situation: 

SPT
 6.0.2, 2, there shall be convenient connection between the site for residence and working place and they shall not disturb each other. 

· Suggestion:

Specific regulations are recommended to be formulated about detailed data, e.g. the distance between living and working places.

	E1.7
	The architects ought to balance this point with the other principles listed above.

	1.8 Being close to existing infrastructure to shorten connections

	Reason to integrate this point
	To reduce waste it is necessary that the new settlement can use existing facilities. It can also minimize damage to the site and reduce the pollutants caused by construction.

	A1.8
	SPT 5.4.1 The selection of building site shall be determined according to location, natural conditions, the area and quality of the site, the possibility to make use of existing buildings and engineering works, transportation conditions, construction investment and running expenses, environment quality, social benefit and development possibilities.

	B1.8
	· Current situation: 

SPT 5.4.1 prescribes about the possibility to make use of existing buildings and engineering works. 
· Suggestion:

Specific regulations about this point are recommended to be formulated.

	D1.8
	The local government ought to provide the infrastructure construction condition to the professionals.

	E 1.8
	The architects ought to balance this point with the other principles listed above.

	2. Master plan

	2.1 Economizing land use

	2.1.1 Medium density

	Reason to integrate this point
	Medium density ought to be considered to save land and avoid blocking natural ventilation.

	A2.1.1
	TSPARB
 C33, reasonably make use of land and the floor area ratio shall be in comformity with the condition of planning.

In addition, there are specific regulations about floor area ratio in each region.

	E2.1.1
	The architects ought to observe local regulations.

	2.1.2 Building compactness

	Reason to integrate this point
	High building compactness ought to be considered not only to save land but also to reduce heat loss of the building in heating period. 

	B2.1.2
	· Current situation:

SEPCC
 4.1.2 Shape coefficient for residential buildings shall not exceed 0.3. If Shape coefficient is more than 0.3 the insulation of roof and exterior wall must be strengthened.

· Suggestion:

Relevant regulations are recommended be formulated to promote terrace house.

	E2.1.2
	The architects ought to follow the regulations. In addition, terrace house is suggested to be promoted (see 3.2.3.2 in this dissertation).

	2.2 Reasonable sunshine spacing between two rows of dwellings

	Reason to integrate this point
	To guanrantee enough sunshine hours and passive solar energy utilization it is necessary to ensure reasonable sunshine spacing.

	A2.2
	SPT 6.0.4 The standard, type, storey, orientation, space between, building group, greening system and environment of residential buildings planning shall be determined according to climate, condition of siting and requirement of function and should be incomformity with the standard of area of land to be used, standard of floor area ratio, standard of residential building orientation and sunlight interval distance coefficient prescribed by the local government of province, autonomous region and municipality directly under the central government.

	D2.2
	The local government ought to monitor implementation.

	E2.2
	The planner ought to observe the regulation about sunshine spacing according to the local condition.

	2.3 Avoidance of quasi-urban sprawl

	Reason to integrate this point
	See section 7.2.1 of the dissertation

	B2.3
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Regulations are recommended to be made to avoid quasi-urban sprawl, e.g. limitation of storeys.

	D2.3
	The local government ought to avoid quasi-urban sprawl while formulating development strategy, e. g. choosing suitable developing mode, preserving traditional architectural style and features, monitoring projects developed by real estate developers.  

	E2.3
	The planner ought to conserve the attractiveness and identity of small towns or villages by design of building storeys and architectural style and features.

	3. Landscape design

	3.1 Beautification of settlement

	3.2 Greening to improve microclimate

	3.3 Greening to reduce dust and noise

	3.4 Greening to purify air

	Reason to integrate this point
	The main function of greening in the settlement is its ecological importance, such as adjusting microclimate, retaining water and soil, alleviating pollutants and purifying air. In addition, greening provides open space close to nature for the habitants.

	B3.1~B3.4
	· Current situation:

ESGB 4.1.6 The greening rate shall be not less than 30% and per capita greening area shall be not less than 1m2.

· Suggestions:

Greening rate and per capita greening area ought to be prescribed in laws or regulations instead of only an evaluation standard (ESGB).

	E3.1~E3.4
	The planners ought to consider per capita greening area and the factors influencing location of greening, e.g. find out local predominant wind direction to decide the location of windbreak, find out location of pollution source, heavy traffic spots to locate shelter belt to reduce noise, dust, etc.

	3.5 Using water-penetrable material for ground to conserve water and soil

	Reason to integrate this point
	With impermeable ground the precipitation can not be used to supply for groundwater and natural water regeneration is affected. Impermeable ground also prevents rainwater from being absorbed by the ground so that the drainage system in settlements is overburdened and sometimes rainwater is stored on the pavements. In addition, at present the levels of groundwater in many places in China are quite low and urgently need to be regenerated.

	B3.5
	· Current situation:

ESGB 5.1.14 The area ratio of water permeable outdoor ground shall not less than 40%.

· Suggestions:

The area ratio of water permeable outdoor ground ought to be prescribed in laws and regulations.

	E3.5
	Use water-penetrable material for ground to conserve water and soil, also on parking area.

	3.6 Reducing water impermeability of the land

	Reason to integrate this point
	The same as 3.5.

	B3.6
	· Current situation:

TSPARB B32 There shall be sunshade e.g. trees and water permeable measurement for the ground at paved open space for recreation. 

· Suggestion:
More specific regulation ought to be formulated. Impermeable pavement ought to be reduced as much as possible. Permeability of built pavement ought to be improved and permeable material ought to be used. 

	D3.6
	The local government ought to monitor implementation.

	E3.6
	Area of greening should be increased in settlements and permeable materials should be used for ground where the pressure is not much to reduce water impermeability.

	4. Mode of development

	4.1 Industrialized dwellings/cooperative community/ dwellings built by the users and supervised by the government

	Reason to integrate this point
	See section 7.2.2 of the dissertation.

	D4.1
	The local government ought to provide materials about local condition and make the decision together with professionals.

	E4.1
	The developing mode ought to be chosen according to the local conditions. 

	F4.1
	The will of users must be considered.

	5. Infrastructure

	5.1 Water

	5.2 Electricity

	5.3 Drainage

	5.4 Refuse management

	5.5 Pipeline gas

	5.6 Soft landscape

	5.7 Heating

	5.8 Communication facilities

	5.9 Road

	5.10 Public transport

	5.11 Public facilities such as hospital, school, kindergarten, fire control, etc.

	Reason to integrate this point
	See the analysis of section 4.1.1 in the dissertation.

	A5.1~A5.11
	· Current situation: 

URPLPRC Chapter 3, Article 29, The construction and development of small towns shall be based on rural economic and social development and adjustment of structure of industries. Water supply, water drainage, electricity supply, gas supply, construction of the infrastructures including roads, communications, broadcasting and TV as well as public service facilities including schools, health centers, culture centers, kindergartens and welfare homes shall be given priority and provide service to the surrounding villages.

The construction and development of townships and villages shall be in accordance with local conditions and economize land use. The villagers’ autonomous organizations should be brought into play and the villagers should be guided to reasonably construct to improve the production and living conditions in rural areas.

· Suggestion:

Infrastructure construction of townships and villages also ought to be guaranteed by law.

	D5.1~D5.11
	The local government ought to cooperate with professionals to decide which infrastructures should be added.

	E5.1~E5.11
	It is the duty of the architects and planners to coordinate their design with the local infrastructure construction condition and add new infrastructure when necessary.

	5.12 Public green technology establishments

	Reason to integrate this point
	Many facilities for green technology such as cogeneration establishment, wind-power electricity generation, biogas equipments and grey water utilization system must be installed as infrastructure from the outset of the construction in acoordance with the local conditions.

	A5.12
	LPRCRE
 Chapter 4, Article 18, the government encourage and support regenerable energy development in rural area. 

The department in charge of energy of the local people’s government higher than county shall establish plan of regenerable energy development in rural area according to local economic and social development, ecology protection and sanitation, etc. and promote biomass such as biogas, household solar energy device, small-scale wind energy and small-scale water power, etc.

The local people’s government higher than county shall financially support regenerable energy projects in rural area.

	B5.12
	· Current situations:

TSPARB C22 Residential quarters whose building area is more than 50,000 m2 shall have grey water establishments or reclaimed water utilization establishment, or shall be connected with municipal grey water system, or shall be in conformity with local regulations. Residential quarters whose building area is smaller than 50,000 m2 or where the quantity of grey water source or reclaimed water is too little (< 50m3/d) shall install grey water establishment such as grey water piping system. 

DSEERBHSCWZ
 6.0.9 Cogeneration (combined heat and power, CHP) technology is recommended to be employed in residential quarters.  

ESGB 4.3.10 Water-deficient area with high rainfall shall determin reasonable rainwater collection and utilization programme.  
· Suggestions:

Relevant and systematical regulations about public green technology establishments are recommended to be formulated instead of evaluation standards.

	C5.12
	The government ought to formulate financial policies for such infrastructures to promote green technology

	D5.12
	The local government also ought to consider financing programmes for infrastructure of green technology.

	E5.12
	The architects ought to integrate public facilities of green technology according to the local economic level and availability of resources.

	6. Dwelling predesign

	6.1 Orientation

	Reason to integrate this point
	Orientation of buildings decides in great part the amount of passive solar energy gain and ventilation according to local predominant wind direction.

	B6.1
	SEPCC 4.1.1 The orientation of buildings shall be south-north or nearly south-north.

	E6.1
	South-north orientation ought to be used to gain more solar energy or natural ventilation. However particular local conditions ought to be meanwhile considered to decide detailed angle of orientation, e.g. longitude and latitude, predominant wind direction, etc.

	6.2 Shape coefficient (A/V ratio)

	Reason to integrate this point
	0.01 increase of shape coefficient leads to 2.5% more of energy consumption.
 Therefore shape coefficient must be carefully controlled to reduce heat loss.

	B6.2
	SEPCC 4.1.2 Shape coefficient for residential buildings shall not exceed 0.3. If Shape coefficient is more than 0.3, the insulation of roof and exterior wall must be strengthened.

	E6.2
	The architects ought to observe the regulation but the design of form should not be restricted.

	6.3 Maximizing passive solar gain (except the climate zone “hot summer and warm winter”)

	Reason to integrate this point
	Maximizing passive solar gain is an important means to reduce energy consumption for heating. 

	B6.3
	· Current situation: 

SEPCC 4.1.1 The orientation of buildings shall be south-north or nearly south-north.
SPT 6.0.4 The standard, type, storey, orientation, space between, building group, greening system and environment of residential buildings planning shall be determined according to climate, condition of siting and requirement of function and should be incomformity with the standard of area of land to be used, standard of floor area ratio, standard of residential building orientation and sunlight interval distance coefficient prescribed by the local government of province, autonomous region and municipality directly under the central government.

SEPCC prescribes window-wall ratio of buildings as below (not exceeding).

Window-wall ratio

North

0.25

East, west

0.3

South

0.35

ESGB 4.5.10 To apply adjustable shading device to prevent solar radiation from entering the dwelling directly in summer.
· Suggestion:

The regulations ought to prescribe more detailed articles for this point.

	E6.3
	Passive solar gain ought to be maximized through orientation of the building, space between buildings, suitable area of the windows, heat preservation walling materials, proper sunshade that does not block sunlight in winter and form of the building to reduce heating energy consumption in heating period.

	6.4 Saving land by shape design

	Reason to integrate this point
	Shape design of buildings such as big depth and small width and pitched roofs can help to save land.



	B6.4
	· Current situation: 

TSPARB C35 The average width of each flat is not more than 1/10 of the average area of the flat. 
· Suggestion:

Relevant regulations are recommended to be formulated instead of only an evaluation standard (TSPARB). In addition, more detailed regulations ought to be established such as utilization of pitched roofs.

	E6.4
	The architects ought to design land-saving shape such as north terrace and pitched roofs according to the local conditions.

	6.5 Reserve possibilities for extra energy-saving technologies if they are not installed due to constraints of finance, etc.

	Reason to integrate this point
	See P170, point 4 in this dissertation.

	B6.5
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Regulations ought to be established for new buildings (see P175, point 4 in this dissertation).

	E6.5
	The architects ought to fully consider and reserve the possibilities of renewable energy utilization according to the local conditions of renewable energy use to avoid cost from reconstruction in the future.

	7. Human dimensions

	7.1 Building new settlements or dwellings when really necessary

	Reason to integrate this point
	See the analysis in section 7.2.3 in the dissertation.

	A7.1
	· Current situation: 

URPLPRC Chapter 2, Article 18, The planning of townships and villages shall consider the actual condition of the rural area, respect the wills of the villagers and reflect local and rural features.
· Suggestion:

The article ought to be intensified, e.g. necessary investigation or questionnaire must be carried out beforehand.     

	D7.1
	It is the local government’s duty not to hastily and thoughtlessly make the decision to build a new settlement. Detailed field survey and investigation must be carried out by the local government when a new settlement will be built.   

	E7.1
	Careful investigation including questionnaire for the target group must be carried out beforehand.

	F7.1
	The target group must participate in the process of decision.

	7.2 Choosing convenient site for the users (minimum traffic for farming or working)

	Reason to integrate this point
	The same with 1.7 in this table.

	B7.2 
	The same with B 1.7.

	E7.2
	The same with E 1.7.

	7.3 Improving acceptability of dwellings

	7.3.1 Cost

	Reason to integrate this point
	Cost is a basic factor for construction of dwellings especially in China’s rural areas due to the low economic level in most rural areas.

	E7.3.1
	If the users build the houses by themselves according to the architects’ design, the architects must budget for the project in detail and show it to the users to see if it is affordable.

	F7.3.1
	The users have the right to know about the cost before ground breaking.

	7.3.2 Technology

	Reason to integrate this point
	The habitants’ level of literacy and living customs can negatively influence the effect of green technologies a lot so that the devices can not be fully activated. Therefore this point must be paid attention to during the design process. 

	E7.3.2
	The architects must communicate with the users about the green technologies utilized for the dwellings to make sure they could be accepted and used in a proper way. Necessary compromise ought to be made if the influences on users’ life by the new technologies could not be accepted.

	F7.3.2
	The users ought to know about the technologies planned for their dwellings and they also have the right to put forward suggestions.

	7.3.3 Plan

	Reason to integrate this point
	The architectural plan ought to be accepted by the users because the design of plan influences the use of the dwellings in the users’ everyday life.

	E7.3.3
	The architects must present the design to the users to collect their opinions.

	F7.3.3
	The users have the right to make remarks.

	7.3.4 Appearance

	Reason to integrate this point
	Residential space is an artificial environment to meet people’s surviving and living requirements. Undoubtedly aesthetics is an important layer of the requirements.

	E7.3.4
	The architects must be conscious that the dwellings will be used by the habitants and the design must be accepted by them. This is also part of “habitants’ participation”.

	F7.3.4
	The users have the right to make remarks.

	7.4 Adaptability to local lifestyle

	Reason to integrate this point
	The local people’s customs and life style must be integrated into the design not only to make it easily accepted but also to reserve the folk culture.

	E7.4
	Careful investigation and questionnaire ought to be made.

	F7.4
	The users ought to communicate with the architects about their life style.

	7.5 Considering the users’ spiritual belief

	Reason to integrate this point
	Similarly with point 7.4, the local people’s spiritual belief must be considered not only to make it easily accepted but also to reserve the folk culture, e.g. “Tangwu” for traditional ceremonies in many regions (see section 3.1 in this dissertation)

	E7.5
	The architects ought to know if the local people have their special spiritual belief and how it is shown in the form of dwellings. 

	F7.5
	The users ought to describe their traditional spiritual belief to the architects.

	7.6 Open for participation of habitants

	Reason to integrate this point
	The practice has proved that stressing the right and obligation of the habitants to participate in the design and renewal of the communities and buildings has a decisive meaning for the sustainable development of human settlements.
 

	E7.6
	During design phase the architects ought to keep dialogue with habitants. Actually it is more possible in small towns and rural areas than in cities.

	F7.6
	The habitants have the right to participate in planning and architectural design and make choices. 

	7.7 Social education for the habitants

	Reason to integrate this point
	See section 7.2.4 in the dissertation.

	C7.7
	Social education programmes about ecological optimization for the public ought to be launched by the central government.

	D7.7
	The local government ought to also start social education programmes according to the local conditions.

	F7.7
	It is the duty of the habitants to learn about the knowledge concerning energy, resource and environement as well.

	8. Cost

	8.1 Controlling the initial cost under an acceptable line

	Reason to integrate this point
	Considering that the economic levels in China’s most small towns and rural areas are low it is necessary to control the initial cost under an acceptable line.

	E8.1
	The architects ought to choose materials and construction according to the local economic level and make an analysis of cost.

	8.2 Achieving a balance between the initial cost and the life cycle cost

	Reason to integrate this point
	The cost from the life cycle point of view is more important than the initial cost. However a too high initial cost can not be accepted in China’s most small towns and rural areas. Therefore the balance between the initial cost and the life cycle cost must be paid attention to.

	E8.2
	The architects ought to do analysis of both initial cost and life cycle cost to see the possibilities to get a balance.

	8.3 Financial support for extra cost caused by green technologies

	8.3.1 Establishments for the settlements

	Reason to integrate this point
	The same with 5.12.

	C8.3.1
	The same with C5.12.

	8.3.2 Devices for the dwellings

	Reason to integrate this point
	Usually devices of green technology cause extra cost. Financial support from the government could make them more possible to be accepted.

	C8.3.2
	The government ought to formulate financial policies for such devices to promote green technology

	9. Vernacular architecture and historical context

	9.1 Preservation of historical heritage

	Reason to integrate this point
	Historical architecture is human’s invaluable heritage that reflects local climate conditions, social culture, historical context, vernacular construction techniques and utilization of local materials and should be well protected. 

	A9.1
	TSPARB B02 “Attach importance to protection and utilization of existing natural and historical relics”.

	D9.1
	There are specific regulations about preservation of architectural heritage       in each region.

	E9.1
	It is the duty of planners to preserve valuable architectural heritages in settlement planning. The scale and color of the new buildings near historical heritage ought not to be more prominent than it.

	9.2 Preservation of residents’ recognition of place

	Reason to integrate this point
	Recognition of place is not only the habitants’ spiritual requirements but also the element that arouses people’s consciousness to maintain the cultural and social atmosphere of the place. 

	B9.2
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	E9.2
	The architects ought to integrate historical fragments and elements into new buildings through investigation of the local architectural culture, tradition and historical context to evoke sense of belongings of the habitants.

	9.3 Inheritance of traditional style and features in new settlement and buildings

	Reason to integrate this point
	See section 4.6 in the dissertation.

	A9.3
	The laws and regulations of each province, autonomous region or municipality directly under the Central Government have relevant articles for inheritance of traditional architectural style and features.

	E9.3
	It is the architects’ duty to continue the positive elements of traditional buildings including vernacular architectural aesthetics and cultural factors.

	9.4 Inheritance of indigenously ecological design philosophy

	Reason to integrate this point
	See the analysis in section 5.1 and 5.3 in the dissertation.

	B9.4
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	E9.4
	See the analysis in section 5.4 in the dissertation.

	9.5 Considering traditional spiritual elements of architecture

	Reason to integrate this point
	Buildings should meet not only the human’s substantial needs but also their spiritual requirements. 

	E9.5
	The architects ought to do investigation about the habitants’ traditional spiritual requirements in dwellings and integrate the elements in the new design. 

	9.6 Harmony with the outline of building groups in town/village and town/village scale

	Reason to integrate this point
	A building should be considered under the background of the integral environment of the settlement and should be a harmonious part of the building group.

	B9.6
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	E9.6
	The new design ought to respect the building groups and ought not to be more predominant than historical buildings.

	9.7 Integratation of modern life elements in design of plan

	9.7.1 Getting rid of the unreasonable elements in traditional dwellings

	Reason to integrate this point
	With the changing of life some elements in traditional dwellings that are no longer suitable today should be deducted. See the analysis of section 3.1.2, point 3) in this dissertation.

	E9.7.1
	The architects ought to find out the unreasonable elements brought by old living style if it has been changed, e.g. the stiff plan of traditional northern dwellings with heated bed could be updated according to new life style.

	F9.7.1
	The users also ought to be able to accept new reasonable elements.

	9.7.2 Betterment of the design of plan according to change of lifestyle

	Reason to integrate this point
	With the changing of life new elements that are derived from the changing ought to be included into the design.

	E9.7.2
	The architects ought to improve the design according to specific conditions (see section 3.1.2, point 3) in this dissertation).

	F9.7.2
	The users also ought to be able to accept new reasonable elements.

	10. Appropriate technology

	10.1 Employing appropriate technology according to local traditions and conditions

	Reason to integrate this point
	See the analysis of 7.1.4.2 in the dissertation.

	B10.1
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations and norms are recommended to be formulated concerning the detailed technical standard of appropriate technologies in each region. 

	E10.1
	The architects ought to use local appropriate technology not only to reduce cost but also to carry forward local traditional handcraft as a culture.

	10.2 Promotion of appropriate technology

	Reason to integrate this point
	The same with point 10.1.

	C10.2
	Financed programmes for research and promotion of appropriate technology ought to be lauched by the government.

	11. Building materials

	11.1 Using locally sourced materials

	Reason to integrate this point
	Qualified locally sourced materials ought to be chosen in the first place to reduce the energy consumption and pollutants caused by the process of transportation and cost. In addition, the choice of locally sourced building materials makes it more possible to inherit traditional building style and features. Furthermore, locally sourced natural building materials could be mostly reused or recycled to reduce construction waste.

	B 11.1
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	E 11.1
	The architects ought to investigate local materials and handcraft for building.

	11.2 Minimizing environment impact of materials

	11.2.1 Process of selection

	11.2.2 Process of production

	11.2.3 Process of manufacture

	11.2.4 Process of transportation

	Reason to integrate this point
	During these processes embodied energy and pollutants produced take up a considerable proportion in the life cycle of buildings and therefore these processes must be considered.

	B11.2.1~

B11.2.4
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant standard could be integrated in green building assessment system.

	E11.2.1~

E11.2.4
	The architects ought to choose the building materials that consumes fewer natural resources and energy and produce less pollutant during the lfe-cycle. 

	11.3 Making the most of materials that are possibly reused

	Reason to integrate this point
	Making the most of the materials that are possible to be reused can reduce cost, energy and resource consumption and environment pollution caused by producing new materials and construction waste as well.

	B11.3
	· Current situation:

ESGB 4.4.11 The percentage of the buildings materials that are possible to be reused shall be more than 5%.

· Suggestions:

The percentage of the buildings materials that are possible to be reused ought to be prescribed in laws or regulations instead of only an evaluation standard (ESGB).

	E11.3
	The architects ought to observe the regulations.

	11.4 Choosing materials whose refuse disposal impacts environment the least

	Reason to integrate this point
	It can reduce waste and environmental pollutants.

	B11.4
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations ought to be formulated.

	E11.4
	Materials whose refuse disposal impacts environment the least should be chosen during the phases of design and construction, e.g. using materials with long service life, using natural materials that are degradable.

	12. Building envelope

	12.1 Using building envelope with good thermal insulation performance

	12.1.1 Walling

	12.1.2 Roofing

	12.1.3 Window and door

	12.1.4 Foundation

	12.1.5 Framework

	Reason to integrate this point
	In China heat loss through air leakage from window and door takes up to 27% of total heat loss, and the heat loss from heat transfer through the area of window and door takes up to 28% of total heat loss.
 Therefore building envelope with good thermal insulation (low heat transfer coefficient and high airtightness) must be used.

	B12.1.1~

B12.1.5
	· Current situation:

SEPCC prescribes heat transfer coefficient of each component of building envelope in different regions.  
· Suggestions:
The standard of prescribed heat transfer coefficient of each component of building envelope in different regions ought to be increased to a higher level step by step.

	E12.1.1~

E12.1.5
	The architects ought to improve their knowledge about materials and make the most of building envelope with good thermal insulation performance.

	12.2 Avoidance of thermal bridge

	Reason to integrate this point
	“Heat loss through thermal bridges can amount to as much as a third of the total transmitted heat loss”.
 Sometimes thermal bridges even cause damage to the structure. For these reasons thermal bridges should be avoided as far as possible.

	B12.2
	· Current situation:

SEPCC prescribes that measurements for insulation of thermal bridges shall be taken to ensure that the inner surface temperature is not lower than the dew point temperature of interior air and reduce additional heat loss from heat transfer.

· Suggestions:
The standard of measurements for insulation of thermal bridges ought to be increased to a higher level step by step to control heat loss through thermal bridge instead of only preventing condensation.

	E12.2
	Thermal bridge must be strictly avoided in the design. (For detailed technical reference see section 6.3.3.1 in this dissertation).

	12.3 Reasonable window-wall ratio

	Reason to integrate this point
	Due to the high heat transfer coefficient of glass, the window-wall ratio must be strictly controlled during design process whether for heat preservation or heat insulation.

	B12.3
	SEPCC prescribes window-wall ratio of buildings as below (not exceeding).

Window-wall ratio

North

0.25

East, west

0.3

South

0.35



	E12.3


	The architects ought to choose suitable window-wall ratio according to the local conditions. The area of the south window ought not to be too small in regions that need heating to obtain passive solar energy.

	13. Heating and cooling

	13.1 Using community greening to improve microenvironment

	Reason to integrate this point
	The same with 3.2 in this table.

	B13.1
	The same with B 3.2.

	E13.1
	The same with E 3.2.

	13.2 Using natural way to assist heat preservation

	Reason to integrate this point
	Proper measures could help to save much heating energy and create more comfortable indoor environment. 

	E13.2
	The architects ought to use natural way to assist heat preservation especially in the climate zones “extremely cold”, “cold”, “hot summer and cold winter” and “mild”, e.g. choosing unwindy site, south facing orientation, big south windows, using attached sunspace where necessary. See section 5. 3 for reference.

	13.3 Using natural way to assist cooling

	Reason to integrate this point
	Proper measures could help to save much cooling energy and create more comfortable indoor environment.

	E13.3
	The architects ought to use natural way to assist heat insulation, e.g. choosing site with good natural ventilation, using patios to enhance ventilation, using plants or/and sunshade for cooling. See section 5.3.4 in this dissertation.

	13.4 Using district heating with high energy efficiency, e.g. cogeneration instead of household heating

	Reason to integrate this point
	District heating with enhanced energy efficiency can reduce much more energy consumption than separated household heating in China such as stove and household boiler. See the discussion section 4.8 in this dissertation.

	B13.4
	· Current situation: 

So far there is no specific regulation about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	D13.4
	The local government ought to monitor implementation.

	E13.4
	The architects ought to integrate district heating with enhanced energy efficiency in planning.

	13.5 Using metered heating charge and household heating system

	Reason to integrate this point
	Currently in China metered heating charge and household heating system is just starting. However they are quite important economic means for energy saving. 

	B13.5
	· Current situation:

ESGB 4.2.3 The residential buildings that utilize central heating or air-conditioner shall have devices to control temperature and heat metering system.

· Suggestions:
Relevant laws are recommended to be formulated instead of only an evaluation standard (ESGB).

	D13.5
	The local government ought to monitor implementation.

	E13.5
	Heat metering system ought to be installed.

	14. Energy

	14.1 Optimizing natural ventilation, lighting and sunshade to reduce energy consumption

	Reason to integrate this point
	Natural ventilation is an effective means to save building energy and create comfortable indoor environment. 

Natural lighting can remarkably reduce energy consumption and building maintainance cost. Energy consumption for lighting takes up about 25~35% of total building electricity consumption. Moreover, cooling load is also increased by waste heat produced by lamps.
 Reasonable design and utilization of natural lighting can save lighting energy consumption. 

Sunshade can reduce cooling energy consumption in summer.

	B14.1
	ESGB 4.5.4 natural ventilation is a must in habitable space. The area of the opening shall be not less than 8% of the floor area of the room in the climate zones “hot in summer and warm in winter” and “hot in summer and cold in winter” and 5% in other climate zones.
ESGB 4.5.1 At least the insolation of one habitable room in every home shall meet the insolation standard. If there are 4 or more than 4 habitable rooms in one home, at least the insolation of two bedroom shall meet the insolation standard.

ESGB 4.5.10 To apply adjustable shading device to prevent solar radiation from entering the dwelling directly in summer.

	E14.1
	· Natural ventilation

The architect ought to employ natural ventilation to reduce mechanical ventilation energy consumption. Qibo Liu has discussed the measures to optimize natural ventilation during architectural design in “Study on Synthetic Assessment to Green Residential Quarters”:
(1) Adjustment of ventilation through building section design: make use of elevation difference of building openings in section design to enhance ventilation caused by temperature difference with greater (H. In residential buildings have the air outlet built higher than air intake in order to make interior airflow in rising trend to intensify ventilation quality. This is in conformity with the rule of ventilation that caused by buoyancy force brought by indoor-to-outdoor air temperature difference.             

(2) Ventilation enhancement through building space design: use atrium, patio or stairwell to obtain space system with stack effect to drive natural ventilation.
 

· Natural lighting

The architect ought to fully use natural lighting for residential buildings and take measures against glare.       

· Sunshade

The architects ought to design effective sunshade on the building and control sunlight with deciduous trees. See section 5.3.4.2 in this dissertation.

	14.2 Using renewable energy

	14.2.1 Solar energy

	14.2.2 Wind power

	14.2.3 Biomass

	14.2.4 Geothermal energy

	14.2.5 Water energy

	Reason to integrate this point
	Utilization of renewable energy is still in the initial stage but has a broad perspective in China. In China solar energy is abundant in most areas. The regions whose annual sunshine hours are more than 2000h take up more than 2/3 of the whole country. Wind power, geothermal energy and marine energy also have rich resources.


	A14.2.1~

A14.2.5
	LPRCRE Chapter 4, Article 18, The government encourage and support regenerable energy development in rural area. 

The department in charge of energy of the local people’s government higher than county shall establish plan of regenerable energy development in rural area according to local economic and social development, ecology protection and sanitation, etc. and promote biomass such as biogas, household solar energy device, small-scale wind energy and small-scale water power, etc.

The local people’s government higher than county shall financially support regenerable energy projects in rural area.

	B14.2.1~

B14.2.5
	· Current situation:

ESGB 4.2.11, The the proportion of renewable energy in total building energy consumption shall take up more than 10%.

· Suggestion:
Specific regulations ought to be formulated to promote renewable energy use.

	C14.2.1~

C14.2.5
	LPRCRE Chapter 6, Article 24, the national finance shall found special funds for regenerable energy to support below programmes:

2. Scientific and technical research, standard formulation and prototype projects for regenerable energy development;

3. Regenerable energy programmes for households in rural and pastoral areas;

4. Independent electricity system construction of regenerable energy in remote areas and islands;

5. Resource exploration, assessment and relevant information system construction of regenerable energy;

6. Promotion of localized manufacture of regenerable energy development equipments.

	E14.2.1~

E14.2.5
	The architects ought to make the most of regenerable energy and increase percentage of regenerable energy in total energy consumption in light of the local conditions.

	14.3 Enhancing energy efficiency

	Reason to integrate this point
	The residential buildings in China consume 1~2 times more energy comparing with the countries with similar climate.
 It can be seen that enhancing energy efficiency is a matter of great urgency.

	B14.3
	· Current situation:

DSEERBHSCWZ 6.0.9 Cogeneration (combined heat and power, CHP) technology is recommended to be employed in residential quarters [in cities].  

· Suggestions:

Cogeneration ought to be also recommended to use in small towns and villages where the economic level allows.

	E14.3
	Technical means ought to be used to enhance energy efficiency.

	15. Water management

	15.1 Rainwater utilization for household, landscape and the balance of groundwater

	15.1.1 Collecting precipitation runoff for daily use or landscape

	Reason to integrate this point
	China is a country that is deficient in water resource. Although China’s gross amount of water resource is 2800 billion m3 and is ranked 4th in the world, per capita fresh water resource is only 2300m3 per person and is less than 1/4 of world average level.
 Therefore utilization of rainwater must be considered. 

	B15.1.1
	· Current situation:

ESGB 4.3.7 Non-potable water e.g. for greening irrigation, car wash, etc. shall use non-traditional water resource e.g. reclaimed water, rainwater.

4.3.10 Water-deficient area with high rainfall shall determin reasonable rainwater collection and utilization programme.     

4.3.11 The percentage of non-traditional water resource shall be not less than 10%.

· Suggestions:
Rainwater utilization ought to be paid more attention to and promoted in all regions. Therefore more specific laws and regulations about rainwater utilization ought to be formulated.

	E15.1.1
	See section 6.1.3.2 in this dissertation

	F15.1.1
	The users ought to learn to use the rainwater collector in a proper way. Social education about the significance of water saving and how to implement must be realized.

	15.1.2 Making rainwater absorbed by the ground instead of drainage

	Reason to integrate this point
	The same with 3.5 in this table.

	B15.1.2
	· Current situations:

ESGB 4.3.6 The paths of surface rainwater runoff and roof runoff shall be planned. Surface runoff shall be reduced. Multiple measurements shall be used to increase rainwater infiltration capacity. 

· Suggestions:
Relevant laws are recommended to be formulated instead of only an evaluation standard (ESGB).

	E15.1.2
	The same with E 3.5.

	15.2 Employing water-saving devices

	Reason to integrate this point
	The same with 15.1.1.

	A15.2
	· Current situations:

ESGB 4.3.3 Use water-saving devices and equipments. The water saving rate shall be not lower than 8%.

· Suggestions:
Relevant laws are recommended to be formulated instead of only an evaluation standard (ESGB).

	C15.2
	The government ought to step up publicity and education to the public about the urgency of saving water.

	F15.2
	The users ought to learn how to save water in daily life and be aware of water rsource deficiency.

	14.3 Employing grey-water system

	Reason to integrate this point
	The same with 15.1.1.

	A15.3
	· Current situations:

TSPARB C22 Residential quarters whose building area is more than 50,000 m2 shall have grey water establishments or reclaimed water utilization establishment, or shall be connected with municipal grey water system, or shall be in conformity with local regulations. Residential quarters whose building area is smaller than 50,000 m2 or where the quantity of grey water source or reclaimed water is too little (< 50m3/d) shall install grey water establishment such as grey water piping system. 

· Suggestions:

Relevant laws are recommended to be formulated instead of only an evaluation standard (TSPARB).

	E15.3
	The professionals ought to integrate grey-water system in the design phase.

	16. Waste management

	16.1 Reducing construction waste 

	Reason to integrate this point
	Currently the construction waste in China takes up 30%~40% of the total amount of the waste of cities. Most construction waste is landfilled or simply piled up in rural areas without any treatment. Reducing construction waste and proper sorting for recycling are crucial.
  

	B16.1
	· Current situations:

ESGB 4.4.6 The solid waste produced in construction, old building demolish and site clearance shall be sorted before disposal and the materials that could be reused and recycled shall be reclaimed and reused.

· Suggestions:

Relevant laws or regulations ought to be formulated instead of only an evaluation standard (ESGB).

	E16.1
	The construction waste ought to be reduced as much as possible to avoid waste from the beginning of the life cycle of the buildings. The measures such as sorting building waste on site and making use of earth excavation for landscape ought to be taken.  

	16.2 Reducing domestic waste by consultant service and strengthened publicity

	Reason to integrate this point
	Currently in China most habitants do not have the consciousness that reducing waste is a pressing task to alleviate the pressure of environment, which also necessitates consultant service for them from the government. 

	C16.2 ~

D16.2
	The central and local government ought to start social education programmes to provide consultant to the public about how to reduce waste in daily life.

	F16.2
	The public ought to be aware of the environmental impact caused by waste.

	16.3 Reasonable sorting before disposal

	Reason to integrate this point
	At present most habitants in China haven’t realized that properly sorting waste before disposal can help to recycle waste. In addition, in most settlements there are no assorted dustbins for domestic waste. Therefore both such municipal infrastructure and social education must be started as soon as possible.

	A16.3
	· Current situations:

SPT 12.3.3 It shall be step by step realized that the waste in towns shall be sorted before collection.
· Suggestions:

The article are recommended to be elaborated e.g. how to sort the waste.

	C16.3
	The central and local government ought to start social education programmes about the necessity of waste sorting before disposal. Assorted dustbins ought to be introduced into settlements.

	F16.3
	The public ought to have the knowledge that waste could turn into resource after sorted and integrate it into life style.

	17. Minimizing pollution

	17.1 Choosing green building materials

	Reason to integrate this point
	Green building materials are produced with clean techniques, less resources and energy. They last a long time and are possible to be recycled or reused and impact the environment and human’s health the least.

	A17.1
	The same with B11.2.1~11.2.4.

	E17.1
	Green building materials that during the process of raw material exploitation, manufacture, use, and waste treatment produce the least environmental impact and are harmless to human’s health ought to be used as far as possible.

	17.2 Using construction techniques without pollution

	Reason to integrate this point
	The process of construction impacts the environment a lot. Construction techniques without pollution can remarkably reduce disturb on the site, the amount of refuse and natural resources consumed during construction. 

	B17.2
	ESGB 4.1.8 Specific measurements to protect environment should be made and implemented during construction to control air pollution, soil pollution, noise, water pollution, light pollution and influence on surroundings caused by construction.

	E17.2
	Construction techniques without pollution should be used. For example, reduction of noise, light pollution as well as influence on soil, air and water.

	17.3 Greening to reduce dust and noise

	Reason to integrate this point
	The same with 3.3 in this table.

	A17.3
	The same with B 3.3.

	E17.3
	The same with E 3.3.

	17.4 Optimized public transport system to reduce pollutants

	Reason to integrate this point
	Optimized public transport system could help to reduce private vehicles. It is particularly important in China that has a big population and the number of private vehicles is growing.

	B17.4
	· Current situation: 

So far there is no specific law about this point. 

· Suggestion:

Relevant regulations are recommended to be formulated.

	D17.4
	The local government ought to plan convienient public transport system to reduce private cars in order to reduce pollutants.

	17.5 Sewage and refuse treatment

	Reason to integrate this point
	Sewage and refuse treatment are basic infrastructure of settlements but in many of China’s rural areas are not well established.

	B17.5
	· Current situation: 

SPT 10.3.3 The sewerage system should use separate system. If the condition does not permit, combined system could be chosen, but the sewage shall be pretreated with septic tank or biogas digester for domestic sewage treatment before discharged into the drainage system.
10.3.4 Sewage discharge shall conform to current national standard Synthesis Sewage Discharge Standard GB8978. If the sewage is used for farmland irrigation it shall conform to current national standard Standard of Water Quality for Farmland Irrigation GB5084.
12.3.3 The town shall establish refuse container (dustbin). The service radius of each container (dustbin) should be 50~80m. Sorted collection, sealed transportation, innocuous treatment and reuse as resource shall be achieved step by step.
· Suggestion:

The requirements of the regulations ought to be gradually enhanced. 

	D17.5
	Well-maintained sewage and refusement treatment system ought to be designed and built. All the buildings ought to be connected with the system.

	18. Sociology and psychology

	18.1 Architecture aesthetics

	18.1.1 Building

	18.1.2 Landscape

	18.1.3 Community

	Reason to integrate this point
	The aesthetics of built environment should always be considered in spite of ecological thinking. Actually aesthetics of sustainable architecture is a result of optimized ecological design philosophy along with vernacular architecture.

	E18.1.1~

E18.1.3
	The planners and architects ought not to only concentrate on ecology and ignore aesthetics. 

	18.2 Neighborhood

	Reason to integrate this point
	Clear space sequence could create sense of belonging of the residents and good neighbourhood environment.

	E18.2
	The architects ought to plan an integral space sequence e.g. from public space to semi-public space and then to private space and appropriate scale to create positive neighbourhood space to help habitants communication.

See section 5.3.5 of this dissertation for reference.

	18.3 Habitants’ recognition of their community, space sequence

	Reason to integrate this point
	See the analysis in section 5.3.5 of this dissertation.

	E18.3
	The architects ought to increase the habitants’ recognition of their community by planning, e.g. space sequence, principle and subordinate buildings, principle and subordinate space in community, etc. 

	18.4 Public space for communication

	Reason to integrate this point
	Social intercourses are important part of human requirements. Properly designed environment helps the intercourses.

	B18.4
	· Current situation: 

TSPARB B07 The courtyard shall have strong defensibility and give territory feelings to benefit neighbourhood communication and safety.
· Suggestions:

Relevant regulations ought to be formulated instead of only an evaluation standard (TSPARB).

	E18.4
	Public space for communication ought to be combined with landscape design and public facilities to create pleasant public space for the habitant.

	18.5 Sense of belonging of the residents

	Reason to integrate this point
	Sense of belonging of the residents is another psychological requirement of humans. It improves the residents’ consciousness of master so that a more safe and satisfying environment in the settlement could be achieved.

	E18.5
	Conservation of vernacular architectural symbols and the spatial elements caused by the residents’ existing living customs strengthens the sense of belonging of the residents.

	19. Housing comfort

	19.1 Lighting

	Reason to integrate this point
	Natural lighting can create a healthier indoor environment and a more exciting working environment.



	B19.1
	ESGB 4.5.1 At least the insolation of one habitable room in every home shall meet the insolation standard. If there are 4 or more than 4 habitable rooms in one home, at least the insolation of two bedrooms shall meet the insolation standard.

4.5.2 There shall be windows in bedroom, living room, study and kitchen. The coefficient of lighting shall be not lower than the regulation in current national standard “Standard for daylighting design of buildings GB/T 50033-2001”.

	E19.1
	Observe the regulations

	19.2 Ventilation

	Reason to integrate this point
	Fresh air can provide oxygen, get rid of excessive moisture and dilute indoor pollutants. In summer ventilation is an important method for cooling in most regions. Natural ventilation must be guanranteed in dwellings. 

	B19.2
	ESGB 4.5.4 natural ventilation is a must in habitable space. The area of the opening shall be not less than 8% of the floor area of the room in the climate zones “hot in summer and warm in winter” and “hot in summer and cold in winter” and 5% in other climate zones.

	E19.2
	Observe the regulations

	19.3 Thermal comfort

	Reason to integrate this point
	Agreeable interior thermal environment can not only keep the well-balanced thermal equilibrium of human being but also ensure human health. However it can be seen that indoor thermal comfort in most surveyed dwellings is poor. See the analysis in section 4.8 in the dissertation. 

	B19.3
	CTDCB
 prescribes thermal performance of residential buildings in detail.

	E19.3
	Observe the regulations. 

	19.4 Humidity

	Reason to integrate this point
	Improper interior humidity affects comfort and human health. Proper interior humidity must be retained.

	B19.4
	ESGB 4.5.12 Functional materials that can preserve heat, adjust humidity or improve indoor air quality shall be used for bedroom and living room.

	E19.4
	Observe the regulations

	19.5 Indoor air quality

	Reason to integrate this point
	Interior pollutions including chemical, electrical and magnetic pollutions are growing. Hence controlling indoor air quality is an important issue.



	B19.5
	ESGB 4.5.5 The concentration of air pollutant such as free formaldehyde, benzene, ammonia, radon and TVOC etc. must be in conformity with current national standard Code for Indoor Environmental Pollution Control of Civil Building Engineering GB 50325-2001.

	E19.5
	Observe the regulations

	19.6 Soundproof

	Reason to integrate this point
	There are many sources of noise inside dwellings and noise influences people’s life.

	B19.6
	ESGB 4.5.3 Effective sound isolation and noise reduction measurements for building envelope shall be taken. The allowed noise level of bedroom and living room in the day with closed windows shall be not more than 45dB and at night 35dB. The airborne sound weighting acoustic insulation mass of floor slabs and partition wall between two homes shall be not less than 45dB. The weighting standardized impact sound pressure level of floor slab shall be not more than 70 dB. The airborne sound weighting acoustic insulation mass of partition wall between two homes shall be not less than 30dB. The airborne sound weighting acoustic insulation mass of exterior window shall be not less than 25dB, when open to street 30dB.  

	E19.6
	Observe the regulations


Table 25  Expatiation of the system (Source: made by Jing Qu)
The laws and regulations cited in the system includes: Technical Standard for Performance Assessment of Residential Buildings GB/T 50362-2005, shortened as TSPARB in table 25, Standard for Energy-saving Performance of Civil Construction JGJ26-95, shortened as SEPCC, Evaluation Standard for Green Building GB/T 50378-2006, shortened as ESGB. Urban and Rural Planning Law of the People’s Republic of China, shortened as URPLPRC. Law of the People’s Republic of China on Regenerable Energies, shortened as LPRCRE. Standard for planning of town GB 50188 - 2007, shortened as SPT. Code for Thermal Design of Civil Buildings GB 50176-93 shortened as CTDCB. Design Standard for Energy Efficiency of Residential Buildings in Hot Summer and Cold Winter Zone JGJ 134-2001, shortened as DSEERBHSCWZ. 
Among them Evaluation Standard for Green Building, GB/T 50378-2006 and Technical Standard for Performance Assessment of Residential Buildings, GB/T 50362-2005 are not compulsory laws or regulations. However, considering that green building development in China is just in the early stage, and that these two standards enacted in 2005 and 2006 represent the latest tendency they are also quoted in the system. 
So far in China there is no specific and comprehensive law or regulation about sustainable settlement and residential buildings in small towns and rural areas. Most regulations and laws are for urban areas. Nevertheless, from siting to the type of buildings, from scale to different infrastructure construction conditions, from energy saving potential to target group, due to the particularity of small towns and rural areas they should be differentiated. Therefore laws and regulations for settlement and residential buildings in small towns and rural areas in each region should be released as soon as possible. Admittedly, the establishment of standards should be carried out step by step because of the national conditions in China and could not reach the level of developed countries immediately. 

7.1.3 The principles on which the system is based

The object of this system is human settlements and dwellings construction in China’s small towns and rural areas. Considering that human settlement in urban and rural environment is a complex giant system
, it is involved in many elements. The indices included in the table in section 7.1.1 are listed according to a basic hierarchy system showed in figure 105.

[image: image109]
Figure 105  The paradigm of the relationship between human settlement and its external influence factors (made by Jing Qu)

All the indices in the table are derived from the four elements in the above paradigm. They are arranged according to the time axis from the outset of the construction to the end. They are also developed from the conclusions of the field survey stated in Chapter 3 and therefore are specifically appropriate for China’s status quo.
7.1.4 The aspects of the system that are superior to other existing evaluation systems and technical outlines

7.1.4.46 Social and cultural emphasis

It is easy to understand that to some extent various evaluation systems for sustainable architecture can also be used as technical outlines for construction. As stated in section 2.2 there are a few evaluation systems developed for sustainable architecture in China and worldwide. However, the issues concerning social ecology and historical ecology are absent in almost all the evaluation systems in which save resources and reduce pollution preponderate other aspects.
 But without social and historical topics it is meaningless to discuss about “sustainability”. Architecture is not only material wealth but also a spiritual production. Except for meeting the demand of use of human beings, achitecture also reflects various elements such as spirit, religion, culture, society, aesthetics, nation, history and so forth of people from a diversity of regions. This relationship will not change with the wave of sustainable architecture coming nowadays. In sum, the concept of “sustainable architecture” covers not only technical issues but also social, cultural and spiritual “sustainability”. Human’s spiritual and cultural sense of belonging and identity also will not decrease or vanish because of the revolution caused by the trend of sustainable development. On the contrary, with the prevailing of globalization today people are deep down longing more to shake off the shackles of global unification that destroys indigenous civilizations and return to a spiritual home to find their own cultural anchors. Therefore, sustainable architecture shouldn’t ignore the harmonious development of human along with nature, society and history while laying stress on reduction of resource and energy consumption and environmental impact. For example, the Chinese architectural culture is a unification of ritual and music. It is a harmony of internal ethic, thought-provoking natural philosophy and external agreeable emotions. Thus, the real sustainable residential settlements and dwellings, which are combination of history, culture, indigenousness and techniques, attach great importance to genius loci and sense of belonging. Hence, in the system of this dissertation cultural and social issues are emphasized. The discussion about traditional Chinese dwellings in Chapter 5 sets the scene for this part. 

7.1.4.47 Underlining appropriate technology

So far almost all the evaluation systems concerning sustainable residential settlements and dwellings in China and worldwide have very few contents about appropriate technology. However, it doesn’t conform to China’s situation that it is still a developing country and has a large area of rural areas and undeveloped small cities and towns.
 Hazeltine and Bull have defined appropriate technology as:

"Appropriate technology is characterized as being small scale, energy efficient, environmentally sound, labor-intensive, and controlled by the local community. It must be simple enough to be maintained by the people using it. It must match the user and the need in complexity and scale and must be designed to foster self-reliance, cooperation and responsibility."
 
Apparently in China that is a developing country at present it is better to use more labor-intensive appropriate technology than capital-intensive high-technology. On the conference “China Canada British Columbia Green Building Exchange” hold on May 22-23, 2008 in Beijing, Prof. Qin Youguo from Tsinghua University expressed his view of developing green buildings according to local conditions. 
“being a large country, China has sharp contrasts between its different regions. These contrasts, undoubtfully the highest in the world, exist in nearly all geographical and social aspects, including location, climate, natural resources, level of urbanization and economic development, religion, living style and customs, etc. The rapid stratification of the society also makes the requirements on housing vary greatly. This makes it important to take regional strategy and appropriate technology as a standing point. Chinese ecological housing, whatever it will finally be, it must firstly be regional. Whatever technology will be adopting, be it high-tech, low-tech, traditionaltech, it must firstly be appropriate. The awareness of regional strategy and appropriate technology must also be reflected in the rating systems of Chinese ecological housing, whether when the rating is done vertically and the emphasis is on progress and development, or when it is done horizontally and the emphasis is on comparability of local situation.”
 
Therefore, underlining the appliance of appropriate technology is another keystone of the system in this dissertation. 
 After survey in typical small towns and rural areas in 3 different climate zones of China and analysis of the surveyed data, the system in this dissertation is devoted to a system of strategies for sustainable settlements and dwellings in small towns and rural areas in China. The contents dug from architectural heritage about appropriate technology in Chinese indigenous traditional dwellings are included to strengthen the part of “cultural sustainability” and make the system especially suitable for China’s status quo.

Different from other theoretical researches, this system is built on the basis of study of many materials and theories as well as investigation and analysis of actual cases to find out the gap between theory and practice and emphasizes these points that need to be paid attention to. From operable point of view it provides a growable platform for further research for the government to formulate policies. It starts with the laws and regulations to be improved and strengthened by the government as well as the education for the builders and users and points out a clear direction for the sustainable development of residential settlements and dwellings in small towns and rural areas in China with distributing tasks to certain parties.

7.2 Elaborate discussions about the factors enumerated in table 24
In table 24 many factors are listed. Currently considerable researches have been done about many of them but there are some points ignored by the researchers. According to the discussions in chapter 3, 4 and 5, this section will mainly discuss those points that are found crucial in the process of urbanization in China but not paid enough attention to. Some have also been discussed in Chapter 4 and will not be repeated here. 

7.2.5 To avoid quasi-urban sprawl (Point 2.3 in table 24)
Urban sprawl “is typically defined as unplanned, inefficient, low-density, scattered development that extends out from cities”.
 Urban sprawl is “a term of art used for the last 50 years to describe a common development pattern throughout the United States and elsewhere”.
 Nowadays with the rapid progress of urbanization this phenomenon has also appeared in China and there are many researches about it. In this section a phenomenon similar to urban sprawl is discussed.

From the survey it can be observed that in some small towns and rural areas where economy is booming the towns or villages will be constructed similar to cities. This phenomenon can be observed in Longgang Town and Xiaoshun Town, Zhejiang Province and Harbin, Heilongjiang Province among the areas surveyed. It can be seen as something similar to “urban sprawl” that can be named “quasi-urban sprawl”. 

The reason why “quasi-urban sprawl” occurs is the longing of the people living in rural areas for city life and absence of infrastructure construction. 

Laws must be made to prevent “farmers’ city” like Longgang. Suggested measures are: 

1) confine the storeys of the buildings

2) improve the construction of infrastructure

7.2.6 Mode of development (Point 4.1 in table 24)
At present in China housing industrialization is emphasized a lot. It seems to be expected to solve all the problems and lead the development of dwellings in small cities and towns to a sustainable direction. On the website of the Center for Housing Industrialization of Ministry of Housing and Urban-Rural Development of People’s Republic of China it is advocated that “(we must) fully be aware of the significance of the development of housing industrialization in small towns and rural areas”, “after more than twenty years of reform the development level of economics and society in rural areas is increasingly higher and the appearances of the rural areas have changed greatly”, “the development of economics and society of rural areas is in a new stage ….advancing housing industrialization in small cities and towns and improving the housing quality is the key of economical and social development in small cities and towns”.
   
However, nowadays and in the near future in most rural areas farmers can not afford their own home if it is industrialized. The national average per capita net income of rural households in 2006 is 3587.04 Yuan (about 400 Euros according to the exchange rate of Bank of China, Feb., 2009), among which the highest is 9138.65 Yuan in Shanghai and the lowest is 1984.62 Yuan in Guizhou
, which is quite low comparing to the profit of real estate. It can be concluded that for most villages and small towns it is not reasonable to develop housing industrialization, especially for the rural areas. In addition, housing industrialization means many industrialized building materials that are undegradable and consume much energy and resource during manufacture. In view of the population of rural areas the result in the future will be disastrous. But considering that compared to the other two modes discussed below housing industrialization is easier to be realized and used to carry out sustainable development in a controllable way, in some small towns that are relatively developed diversitfied modes of development can exist. 

According to the situation the mode of development can be divided into three types:

1) Housing industrialization in relatively rich areas

According to the survey in some small towns in Zhejiang province it is economically prosperous. In these regions housing industrialization can be placed on the agenda. From the survey it can be seen that there are a lot of problems with the houses built by the farmers themselves. Except for chaotic appearances, waste of land, energy and resources is quite serious. However, increasing the utilization efficiency of land and saving energy are the most important strategic issues in the process of China’s urbanization. The advantages of housing industrialization in small cities and towns are as listed below:

a). It can improve infrastructure construction and enhance the level of living;

b). Common master plan, architectural design and construction can be realized so that the appearances of the quarters can be harmonious;

c). It can help the realization of general planning and avoid waste of land, energy and resource;

d). Also as a result of housing industrialization it can promote correlated industries and thus enhance productivity effect and advance economics in villages and towns. Therefore the cost of buildings can be reduced. In addition, housing industrialization will in operation better guanrantee the development of housing in villages and towns.  

2) “Cooperative society” 

As discussed in section 2.3.4.1 Hsieh Ying Chun has successfully practiced his concept of grass-root cooperative society in the reconstruction of houses and communities in the disaster-struck areas in Taiwan, China after the “921 earthquake” in 1999, and in Heibei Province and Henan Province, China. Currently this labor-intensive way is more suitable for rural China than capital-intensive. Hsieh Ying Chun also said “…combine the large quantity of surplus rural labors and the fine tradition of cooperative work……alleviate the dependence on the building market and currency”.
 

3) Self-built dwellings by the farmers under the supervision of coordinators 

Compared to the other two modes, this is the most operable way in rural areas (it is to some extent similar with the second one). The professionals are supposed to provide suggestions and supervise the whole process of construction, and meanwhile laws are made to restrict the farmers’ behavior. With this measure it is necessary for the government to have architects trained for rural development. Otherwise it is not nearly enough only with the work from a few famous architects or professors from universities or some NGOs for the rural areas.  

    Below are suggested policies concerning the third mode:

1) The government provides the farmer a number of sets of technical drawings; 

2) An agreement signed between the farmer and the government;
3) Architects supervise the construction process;
4) Post-occupancy evaluation should be done after the dwellings are finished;
5) According to the results of evaluations both for the dwellings and for the developing mode the measures should be adjusted.

Considering the level of economy it is almost impossible to fully carry out housing industrialization in towns and rural areas throughout the country; therefore under the present situation that the three modes as well as derivative ones exist simultaneously is a reasonable model. 

7.2.7 Human dimensions (Point 7.1~7.6 in table 24)
In the process of urbanization there is one factor that is always ignored – human dimension. A definition of “human dimension” is: 
“an integral component of ecosystem management that recognizes people are part of ecosystems, that people's pursuits of past, present, and future desires, needs and values (including perceptions, beliefs, attitudes and behaviours) have and will continue to influence ecosystems and that ecosystem management must include consideration of the physical, emotional, mental, spiritual, social, cultural and economic well-being of people and communities.”
 
In this definition the influence of human behavior on ecosystem is clearly stated. The term “human dimension” is used to describe the influence of human behavior in sustainable residential settlements and buildings in this section. 

Buildings have always been products of society. If the sociality and human dimensions of buildings are ignored during the stage of design, which results in achievement by professionals behind closed doors, it must lead to failures. No matter how many green techniques are used or how “green” the architects think, if the users are not willing to observe the living guidance designed by the professionals then the effect of design will be considerably reduced. This is because architecture is a practical subject that based on human beings’ activities. Buildings are used by human so the research about sustainable architecture can not ignore the feelings of users. 

The failure of the case Huangbaiyu village discussed in Chapter 2 is a best example which was described by Shannon May
 as “a Sino – U.S. sustainability sham”.
 “Far from promoting development, the project has robbed the village of precious farmland and wasted scarce local capital, while the new buildings sit empty and half completed.” “While centralized housing makes providing public utilities such as running water and gas more cost effective, it also means that each household would live a significant distance from its farmland. The smaller plots dramatically reduce the size of subsistence gardens and eliminate the land used for animal husbandry.” 
 Obviously detailed investigation was not carried out before the construction of the new village of Huangbaiyu. On the contrary, in the “new cave dwelling design” that has already been realized and proved a successful case discussed in section 2.3.4.3, Jiaping Liu even abandoned plans just because the local people said it did not look like old cave dwelling.

In sum the field survey and research about actual cases proves that human dimensions in the construction of residential settlements and buildings are pivotal which include the following listed in table 26.  
	The requirement of the occupants
	1. Whether the occupants really need new dwellings or not

	
	2. Whether the site of new settlements or dwellings are convenient or not

	
	3. Whether the new dwellings fit the occupants’ existing way and idea of living or whether they can accept the change

	The ideology of the occupants
	1. The occupants’ knowledge of sustainability 

	
	2. The occupants’ longing for modern life

	
	3. Whether the occupants use the buildings in conformity with the way designed by the architects

	The influence of income
	1. The disparity between the incomes of different regions leads to a variety of requirements

	
	2. Financial supports and policies from the government


Table 26  The elements concerning human dimensions that must be considered before a project starts (made by Jing Qu)
Conclusions:

1) New villages must be built when and where it is really needed. Blindly building new villages will cause large waste of land, resource, energy and labor. Any research project must obey this rule. It is very unwise to do experiment anywhere it is not needed. Blind will of authorities may only cause severe waste. 

2) Careful investigation must be undertaken before ground breaking.

3) The green techniques must accord with local lifestyle.
4) The design must be accepted by the users (cost, appearance, technique and so forth). 

7.2.8 Education concerning sustainability for the society (Point 7.7 in table 25)
Buildings must meet the requirement of humans. But it must be based on rationality, not endless rob of nature. People must respect nature and fully consider the impact of their behaviors on the environment on which human rely for survival. In ancient times, the residents held the nature in awe, which gave them everything they needed for living and did not take and demand everything from the nature. However, under the influence of industrial civilization people are losing traditional beliefs and become eager for quick success and instant benefit in the wave of globalization. People need to restore the ancients’ faith. Then except for laws and regulations, social education and green technology support for the construction of residential settlements and dwellings are also very necessary. The measurements can include:

a). Social education through media and local governments

b). Governmental allowance to the families that are willing to use green technology  

CHAPTER 8                                        SUMMARY AND FURTHER RESEARCH DIRECTION
8.1 Summary of the analysis and the conclusion

In recent years urbanization has been in full swing in China with economic prosperity. Plus the government laying stress on issues concerning agriculture, countryside and farmers has made the development of rural area commence. Consequently large numbers of residential settlements and buildings have been built in small towns and rural areas, a lot of which are however not under sustainable framework in spite of the global trend of sustainable development.  
The dissertation investigated the present situation and existing problems of settlements and residential buildings of small towns and rural areas through seven towns including their subordinate rural areas in three regions grouped into three different climate zones (Shiban Town and Qingyan Town, Guizhou Province, zoning: mild; Xiaoshun Town, Caozhai Town, Longgang Town and Guali Town, Zhejiang Province, zoning: hot summer and cold winter; Songbei Town, Heilongjiang Province, Zoning: extremely cold) and analyzes existing problems in these surveyed areas. 
The discussion of indigenously ecological design philosophy in different regions in China sheds light on the necessity to integrate the design philosophy and appropriate technology into contemporary human settlement planning and dwelling design. The elements of traditional dwellings to be got rid of, improved and continued are also concluded.
Besides technical issues, more important inspiration from the discussion on German technology and experiences is that the nontechnical concerns such as promotion programmes, social education, the shift from “Green building at a technical level” to “Green building with humanistic concern”, etc. also play an important role. 
The analysis of the surveyed data and the traditional vernacular architecture along with the transferred German experiences lead to the formation of a guidance system for the settlement and residential buildings in small towns and rural areas in China that is organized as a table. The system covers the phases from the outset of settlement planning to the built dwelling and presents suggestions and strategies separately to the four parties concerned in the phases including the central government, the local government, the coordinator and the user. For the central government, absence and improvability of necessary laws and regulations are raised on the basis of current Chinese laws and regulations related to building industry. The responsibilities of the local governments, technical and responsible tasks for the coordinators and the obligations for the public are also proposed.
The suggestions and technical information contained in the system could be used directly for the design guidance although the system needs further development as discussed in section 8.2.

The advantage of the system is that the form of the table itself presents the process of the research. Through carefully designed platform the logical relation between stakeholders involved in the construction process and the different construction phases can be seen quite clearly and visually so that definite responsibilities can be well devided.  

Another advantage is that the system changes the present mode that policies and design drawings of prototype houses are passed downwards from the central government to localities. It is more flexible through the interaction of the different parties in this system, such as the central government’s publicity and education for the people, communication between the professionals and the commoners, or interaction between architects and local governments. Post-occupancy evaluation can be utilized to supervise the quality. Thus the aim that the whole society makes efforts together to realize sustainable development can be discussed in this situation. From the table it seems that the users’ (habitants) “dots” on the whole process are less than other stakeholders. However it doesn’t mean that they are unimportant. On the contrary, their acceptance of the design is a prerequisite.
In addition, one of the greatest differences between the condition of China and that of developed nations is that developing sustainable building in rural areas must deal with a large number of uneducated farmers. At the beginning of 20th century, Y. C. James Yen, a famous Chinese educator and organizer who turned to the villages of China to organize rural reconstruction has said that the problems of Chinese farmers are poverty, insanitariness, ignorance and egoism, 
 which incisively summarized the characteristic of Chinese farmers. Therefore promotion of sustainable building in rural areas requires a great deal of work including social education for the farmers from the coodinators and local governments. Furthermore, the income level of most Chinese farmers necessitates financial support from the government to promote sustainable building. The situation is completely different from that of the standardization and marketization in developed countries, which is also a consideration of the system.

Below are the points that must be observed in the process of urbanization:
1． Sustainable development must be carried out in small towns and rural areas in China, but the development strategy for different regions must be differentiated according to their geographical, climatical, economical, social and cultural conditions.

2． During the process of development a as high as on technical topics or even higher value must be put on nontechnical issues such as governmental policy, a sound system of laws, regulations as well as technical standards, social education for the public and human dimensions. Otherwise technology would become water without a source. Sustainable development in China is in a lower level, which is actually the very opportunity to attach importance to nontechnical issues from the very beginning to avoid detour in the future.

3． Most traditional Chinese dwellings are definitely not real green buildings from many points of view such as housing comfort and durability, which was limited by the social and economical conditions in the past. However a lot of indigenously ecological design philosophy of traditional dwellings is still valuable today. Besides, the appropriate technology of traditional dwellings is more adaptive for our national conditions. Major efforts should be devoted to developing appropriate technology. Appropriate technology does not contradict advanced technology and they could be even combined, which should be the way out for many regions. 

4． The development strategies discussed in the system must be differentiated. Those are possible to be implemented without technical or economic barriers and are only ignored because of the immaturity of development and especially those have far-reaching influences must be immediately carried out such as the principles for siting. Others that need long-term reformation due to technical and economic limitation such as the technical standards must not be realized in haste but must be stepwise and effectively materialized.  
8.2 Future research 
From the five points below the research could be furthered in the future.
1. There is an old saying that architects are “renaissance people”. According to the theory of Mr. Wu Liangyong, architecture is indeed a complex giant system
. Due to the too many aspects concerned by architecture there are undoubtedly some missing in the system. Admittedly, there are no perfect evaluation systems or technical guidance for sustainable architecture but “close to perfectness” does exist. Therefore the system must be complemented in further research and with the process of use. 
2. The system discusses many technical issues. However, on the one hand, because of the many aspects studied in the system the discussion could not be very detailed. On the other hand, the state of arts of technology is moving quickly so in the system there is much space to add up-to-date development in. That is to say, the concerned technical details could be deepened in future research.

3. The three developing modes for residential buildings in small towns and rural areas (housing industrialization, “Cooperative society” and self-built dwellings by the farmers under the supervision of coordinators) are raised in the system. Due to the limit of research period, it is not clearly defined the differences of the government’s acts under the three different modes. In future research the three modes could be further discussed.

4. China is a big country and is composed of diversified regions different in climate, economics, society, etc. The system is partly based on the climate zoning in China in light of a national standard Code for Thermal Design of Civil Buildings GB 50176-93. But the system does not discuss all the situations in different regions in detail. Hence future research should be devoted to different systems for all the 5 climate zones in China.
5. The surveyed areas in the dissertation belong to three climate zones out of five. The concluded problems and analysis are also based on the three zones. If in future research regions in the other two could be also included the system could be further consummated.
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