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INTRODUCTION 

Conservation of natural forests is a key issue in China’s sustainable rural development. One of 

the problems in rural China is the use of large quantities of wood and red bricks in house 

construction. So is the extensive use of firewood as the fuel for space heating and cooking. 

This causes destruction of forests, and the consequent water shortage and soil erosion 

problems. The annual consumption of fuel wood accounts for some 60% of the total forest 

consumption after commercial logging was banned in 2000. 

 

With the increase in living standards in rural areas, demand for housing is growing. So is the 

market demand for high quality and attractive hotels for tourists. Another market is also 

important. Majority of the school in the Southwest regions needs to be rebuilt and the 

government is to invest more than 1.5 billion RMB for the development of schools over the 

next few years. Construction of ecologically friendly schools will improve the living 

environment for teachers and students, and help increase their understanding of renewable 

energy applications and the concept of sustainable development. 

 

The scarcity of traditional forest wood resulting from conservation oriented management 

practices, and constraints associated with the acquisition or use of non-wood materials have 

attracted attention on the need to find suitable substitutes. In this context, use of bamboo has 

emerged as an ideal material.  

 

BAMBOO 

Bamboo has a long history as a building material in many parts of the world. It is light, strong 

and it can grow quickly and sustainable, even on degraded land. In addition, it has the 

potential for creating employment opportunities for the rural poor, in particular for women. 

Bamboo can therefore address three major global challenges: 

 Livelihood security (generation of employment through bamboo plantation and primary 

processing for manufacturing mat-based composites and other products) 

 Ecological security (conservation of forests through timber substitution, efficient carbon 

sequestration, alternative material to non-biodegradable and high embodied energy 

materials such as plastics and metals). 

 Sustainable food security (bamboo based agro-forestry systems, maintaining the fertility 

of adjoining agricultural lands, bamboo shoots). 



A large portion of the rural housing in Asia, Latin America and Africa is constructed from 

bamboo. In recent years, the use of bamboo in popular housing construction has increased 

because of the cost and scarcity of other building materials. In Central America, for example 

Costa Rica and Ecuador, technology has been developed for the construction of low-cost, safe 

and durable bamboo housing that can withstand earthquakes and typhoons. It is reported that 

in Limon, Costa Rica, only bamboo houses from the national Bamboo Project stood after the 

violent earthquake in 1992. Quality bamboo housing has become socially acceptable in many 

parts of the world, especially in Latin America (Ecuador, Colombia, Costa Rica) where large-

scale public housing program exist. In the last two decades, the imaginative research has 

encouraged the use of bamboo both for structural and decorative uses. 

 

China has abundant bamboo resource, available in 18 provinces and regions. Bamboo is an 

important resource to substitute for wood and forest products. It is cheap and locally 

available. There is a big potential for its wider use as a building material, particularly in 

Southeastern and Southwestern China. Promotion of bamboo as a building material will have 

the following benefits: reduce wood consumption and the pressure on forests; limit the use of 

red bricks as building material; low-cost for the rural poor, a new model to combine energy 

savings and renewable energy technologies in buildings with wide use of bamboo; provide 

employment opportunities in rural areas; and stimulate bamboo resource development and 

industrialization. It also has other social benefits such as reduction of health effects of wood 

burning in traditional rural houses. 

 

ENERGY-EFFICIENT BUILDING PROGRAM WWF 

In China, the concept of sustainable building development is in the early stage of development 

and is not widely known to the general public. In some regions in China, there are abundant 

renewable energy resources, such as solar, wind, small hydro. To promote wider use of these 

renewable energy resources will help promote sustainable rural development, and reduce the 

dependence on fossil fuels burning, which is the main cause of global warming. The main 

challenge is how to use these resources and related technologies cost-effectively, and at the 

same time, to preserve local traditional and cultural heritage. Social acceptance of sustainable 

building development is the key to success. 

 

The buildings and houses will be bio-climatically designed with the concept of passive solar 

house and installed with solar thermal water heater, integration of solar PV system, and micro 

wind turbines if local resource is available in order to utilize solar energy resource more 

efficiently, particularly in cold high mountain areas. Biogas technologies will be used to 

utilize the wastes from the humans and pigs. Other energy saving measures will also be used 

to be adaptable to local climate conditions, such as the use of natural cooling measures and 

other techniques. Water saving measures will also be used to conserve water and minimize 

environmental impacts of wastewater discharge. 

 

The key concept of this project is to link energy savings and the utilization of renewable 

energy technologies with the use of bamboo and bamboo panels as the main building material 

when appropriate. The WWF "Panda house" logo, together with INBAR logo will be used in 

all the buildings/houses, and in communication and media promotion activities, and 

commercialization with the involvement of property developers and local governments. 

Through communication campaign, wider use of energy efficient bamboo buildings and 

houses will be promoted. 

 



WWF China (www.wwfchina.org) and the International Network for Bamboo and Rattan 

(INBAR) (www.inbar.int)  have jointly launched the project ”Promotion of Energy Efficient 

Buildings: Integration of Bamboo and Renewable Energy Technologies” in March 2002. The 

objective of the project is to design model houses, hotels and school buildings for rural people 

in southwestern China, particularly in Yunnan Province where abundant bamboo resource is 

available and has a tradition of using bamboo as building materials. Because of the climatic 

variations in Yunnan, the design and construction work should take into consideration of 

different local conditions and use the available resources in cost-effective perspectives. 

 

As part of the project, a joint field visit to Baimaxueshan, Jinghong and Honghe of Yunnan 

Province has been made. With the local officials it was decided to design/ build the following 

prototype energy efficient buildings: 

1) Tibetan Community School in Baimaxueshan 

Phase 1 will be a school for 50 students (6 – 12 years). Phase 2 will be an extension to 

150 students. The construction of the school should be completed by October 2003. 

2) Energy-efficient house for the Dai ethnic group, Jinghong. 

A typical Dai-style house (100 m2) has to be designed that meets modern comfort and 

requirements. The same knowledge can be used to improve the existing Dai houses 

without changing the cultural heritage. Important is the typical roof style with clay 

tiles. 

3) Energy-efficient hotel in Dai style, Botanic Garden in Xishuangbanna 

The plan is to build a tourist’s hotel (50 rooms) within the Botanic Garden in 

Xishuangbanna. Bamboo and bamboo panels will be used as decoration building 

materials. The use of bamboo floor is considered appropriate. 

4) Energy-efficient house for the Hani and AXi, Honghe 

Main difference is between houses in the valleys (warm) and in the mountains (cold). 

This can be seen in traditional architecture as well. Mountain houses are mainly made 

of clay. Valley houses use more wood (less thermal mass). 

The house will be around 100 m2. This is based upon clay / brick walls and use of 

wood and bamboo. 

5) Energy-efficient School in Pingbian. 

The elementary school will be for 200 students and 14 teachers. Construction shall be 

started in October 2002 and complete in May 2003. 

 

The design of buildings/houses will be jointly made by BEAR Architects, the Netherlands 

(www.bear.nl) and the Urban & Rural Planning & Design Institute of Yunnan Province, 

China, taking into consideration of local climate, economic, social and cultural conditions. 

Dutch bio-climatic and solar architect, Tjerk Reijenga, from BEAR Architects, the 

Netherlands is key expert in the project. Detailed designs of the above buildings will be 

completed by August 2002 and the construction completed by 2003. 

 

CLIMATE CULTURE AND TRADITION. 

As China is located on the southeastern sector of the Eurasian continent towards the Pacific 

Ocean, air masses of either continental or maritime origin will affect its climate. The 

monsoons represent the overwhelming climate and weather regime for China, which govern 

the climatic conditions throughout the year [16]. In general, winter monsoon from mid-Siberia 

and Mongolia brings cold and dry air masses to China during the winter period; summer 

monsoon from the subtropical anticyclone in the Northwest Pacific and the cross-equatorial 

flow from the southern hemisphere generates precipitation and warm weather during the 



summer period. The two distinguished monsoons together create large differences in seasonal 

climatic conditions.  

 

The province of Yunnan is mainly located in the Warm Climatic Region. This means that the 

coldest month average temperature is between 0 and 13 °C and the hottest month average is 

between 18 to 25 °C. The days with a daily average temperature under 5 °C is between 0 and 

90 days a year.[1][2] Local conditions are strongly influenced by altitude and prevailing wind. 

Altitudes in the province of Yunnan differ between 500 and 6000 meters. The main plateau 

around Kunming has an altitude around 2000 meters. 

 

The province of Yunnan has diversity in nature and in culture. About 25 of the 56 minorities 

in China can be found here. This is the only province were Han Chinese don’t have the 

majority. Because of the mountains, transportation and communication were difficult. These 

circumstances resulted in independent ethnic groups with their own culture and architecture. 

Some of the main styles of traditional residences are: bamboo pillar or stilt houses, wood log 

houses and the adobe (mud) houses. The influence of Han Chinese is visible in the brick 

courtyard houses or the One-Chinese-Seal house.[3] 

1) The pillar or stilt house. [picture 1] 

Very characteristic are the pillars or stilts that are made from wood or bamboo. The 

living area is on the first floor, high above the ground. 

Main construction is bamboo. Nowadays a lot of pillars are made of wood. 

People live on the floor and don’t use furniture. 

The reasons for such a house are periodical flooding of the river, the mostly sloping 

terrain, to avoid disturbance by animals and the people has the habit to live on the 

floor. 

The house is well-ventilated and shaded inside and outside. The space under the house 

is used for animals, working space and storage. 

2) The wood log house. 

This house is built with wood logs with their typical construction details in the corners 

of walls. The roof is made of wooden shingles. 

The reason for such a construction has to do with the easy access of wood in that 

region and the easy construction. The houses are flexible and strong and can resist 

earthquakes and animals. Wooden tiles keep in very good shape also with very low 

temperatures. 

3) The adobe (mud) house. [picture 2] 

The basic structure is wood or a combination of wood and adobe brick. The adobe 

brick is covered with a layer of adobe to get a smooth surface.  

In the west of Yunnan (Tibetan area) the houses are made from rammed earth and 

painted white. [picture 3] 

Houses have in general two or three (partially) stories. The ground floor for livestock, 

the first floor for people and storage. If there is a (partial) third floor, this floor is also 

used  for storage. 

4) The One-Chinese-Seal house [picture 4] 

The structure is based on the traditional Chinese wooden post and beam frames. The 

house is regular and symmetrical organized around a courtyard. In different areas are 

different variations in materials and ground plan layout. The house is a combination 

between the local architecture and the traditional Han architecture.[3] Materials used 

are wooden post and beams, rammed earth, adobe or ceramic bricks and ceramic 

tiles.[4] 

5) The ‘modern’ style 



Today many traditional materials are replaced for glass, aluminum, steel and concrete. 

Ceramic tiles protect the concrete outside surface. This style can be seen from the 

north to the south of China. These buildings are not responsive to local climate and 

culture. For that reason most houses need an air-conditioner to survive the house. 

 

New designs have to respond to the local climate and the culture. Wood is used for fuel 

(heating and cooking) and as building material. Because of the shortage of wood and the 

protection of forest it is necessary to build energy-efficient and to use other more sustainable 

materials. This is a great opportunity for the use of bamboo products. 

In traditional villages it is necessary to improve the quality of living with respect for history, 

nature and culture. The new architecture should be climate responsive like the traditional 

architecture. Other aspects are sanitation and economics. Both has to be improved and can 

work together to make houses more energy-efficient. 

          
Fig. 1. Typical house in traditional Dai style Fig. 2. Typical adobe house in traditional 

Hani style. 

 

  
Fig. 3. Typical adobe house in Baimaxueshan. Fig. 4. Typical One-Chinese-Seal house 

 

 

The modern cities have a more divers architecture. The traditional architecture is a source of 

inspiration and knowledge. New designs should learn from tradition and climate responsive. 

Mechanical installations like HVAC can be avoided or made more efficient by the bio-

climatic design of buildings. 

 

AN ENERGY EFFICIENT BIO-CLIMATIC APPROACH. 

The different local climates give completely different circumstances for every project. In the 

west part of Yunnan Province, heating, passive and thermal solar will be the most important 



issues. In the southeast part the main topic will be passive cooling. Some of these areas will 

have a small heat demand at night. 

 

Sanitation has to be improved and the combination between toilet, biogas installation, live 

stock (pigs) and a greenhouse can also improve the income of farmers. In the west of Yunnan 

province these combinations can be seen on a small scale. The quality of the greenhouse has 

to be improved to last longer. Especially the plastic covers sheets. Sources of energy for 

household energy use will be biogas (for cooking) and solar thermal systems for hot water. 

The principal of passive cooling and heating means in summer: minimise heat gain and 

maximize heat removal. In winter it means: maximize heat gain and reduce heat lose. 

 

The energy efficient Dai house will use passive cooling. This will be done with the following 

strategies: ventilation during the day, night ventilation, earth cooling and solar cooling. 

 

To demand for cooling will be reduced by: building layout and orientation, window size and 

location, external sun control and shading, evaporation around the building and efficient 

daylight without heat building (indirect lighting or optical systems) 

 

On higher altitudes, with big temperature drops at night, thermal mass will be particularly 

beneficial. Where mass is used for warmth, it should be exposed to incident solar radiation. 

Buildings may be pre-cooled using night-purge ventilation (opening the building up to cool 

breezes throughout the night), although this requires significant amounts of exposed mass, 

and may be necessary only at certain times of the year.  

 

In cooler areas on higher altitudes heating demand is the main question, Because of the high 

amount of sunhours, passive thermal solar energy is very appropriate. 

 

TIBETAN COMMUNITY SCHOOL IN BAIMAXUESHAN (28°N, 99°E, ALT. 2690 

METERS) 

The south facing sloped site is part of a Buddhists holy place. The school is designed as 2 

buildings around a courtyard. The courtyard is closed on the East Side and open to the West 

Side. From here, one has a good view on the Buddhist village and temple of Dongzhulin. The 

east part of the site and the slope on the north will be planted with trees to protect the school 

against the cold eastern winds.  

 

The two buildings are built in the slope in a way that all educational functions are around the 

courtyard. Heat from the classrooms will go up and warm the floor of the dormers. A glassed 

corridor in front of the dormer rooms act likes a solar collector and keeps the heat inside. 

Kitchen and dining room are on a lower level and the upper training room, offices and 

bathrooms will gain heat losses from these rooms. 

 

The passive solar design has large south facing windows, roof top windows and smaller north 

facing windows for extra daylight. Solar thermal panels are integrated in the roof and the 

heated water is used for radiant floor heating and domestic hot water. Auxiliary heating is 

done with biomass. Some greenhouses and a biogas installation are used for growing food and 

natural gas for the kitchen. 

 

Phase 1 will be a school for 50 students (6 – 12 years). Phase 2 will be an extension to 150 

students. The construction of the school should be completed by October 2003. 

 



 
Fig. 5. Site lay-out for the Tibetan Community School in Baimaxueshan 

 
Fig. 6. Cross-section on the school with solar and daylight features. 

 

REFERENCE 

[1] Hui, S. C. M. and Cheung, K. P., 1997 Climatic data for building energy design in Hong 

Kong and Mainland China, Proc. of the CIBSE National Conference 1997, London. 

[2] Zhang, Jiacheng and Lin, Zhiguang, 1992. Climate of China, Wiley, New York. 

[3] Jiang GaoChen, arch.prof., 2001(?), Traditional Residence in Yunnan and Adaptation to 

the Surrounding, Kunming Science & Technology University, Kunming. 

[4] Jing Qimin, 1999, Traditional Chinese Dwellings, Tianjin University Press,1999 Tianjin 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


