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(Chemical information of low molecular weight metabolites:

Elucidation of disease correlation and sensor approaches for detection)
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With the developing rural economy in China, rural energy and environmental issues
have become increasingly prominent in the mainstream. On the other hand, rural
households involve in traditional agriculture also engage in secondary and tertiary
industries, such as handicrafts, e-business, rural tourism and so on. In recent years, rural
tourism has gradually become an important pillar industry in Zhejiang’s rural area. In
this paper, rural tourism household will be taken as a research subject, and the energy
consumption and indoor environment issues induced by the development of rural tourism
will be studied. The objective of the thesis is to analyze energy consumption and indoor
thermal environment status, develop envelope strategies for energy saving and indoor
thermal environment in rural residential buildings based on field study and simulation.

Chapter one, Background and purpose. A background study was conducted to clarify
the background and purpose of the study.

Chapter two, Policy and design standard for energy conservation of residential
buildings. The policy and energy conservation design standards for residential buildings
in the Zhejiang province were compared to the U.S. and Japan. It was found that the
thermal requirements of envelopes in energy conservation standards for rural residential
buildings (GB/T 50824-2013) are lower than the standards for urban residential
buildings in China (JGJ 134-2010, DB 33/1015-2015), the U.S. (IECC2015) and Japan
(BECS2013) in similar climate zones.

Chapter three, Theory and method of energy saving and environment improvement.
With the change of an ordinary household to a rural tourism household, building energy
consumption and indoor thermal environment has changed. The study was carried out in
two steps: field survey and analysis, and simulation and optimization. 230 ordinary
households and rural tourism households in Quzhou, Anji, and Zhoushan were studied
and analyzed. Field measurements regarding the indoor thermal environment and energy
consumption were carried out on 10 households. The basic information, indoor thermal
environment and energy consumption of rural residential buildings were surveyed by a
questionnaire, field mapping and field measuring, and were analyzed by statistical
analysis and theoretical calculation analysis. DesignBuilder software (based on Energy
Plus) was used for simulation analysis.

Chapter four, Investigation on situation of rural residential buildings. The permanent
residential population, income and total floor area of rural tourism household are higher
than ordinary household. Among three typical types of rural residential buildings, most
rural tourism households are modern buildings, and traditional vernacular buildings built
after the 1980s. Modern buildings have larger window-to-wall ratio and smaller building
shape coefficient. The thermal performance of rural residential building envelops falls
shorts of standard requirements, both domestic and foreign.



Chapter five, Survey on indoor thermal environment of rural residential buildings.
Field measurements were carried out in the Quzhou district in summer and winter. The
results show that on the coldest winter days (outdoor temperatures below 3°C), the
indoor air temperature of buildings was below 8°C On the hottest summer days (outdoor
temperatures up to 36°C), most of the time, the indoor air temperature of buildings was
above 30°C The indoor thermal performance of the top floor, and south rooms with large
windows were the worst performing. In addition to this, the thermal sensations of the
farmers and tourists were questioned.

Chapter six, Survey on energy consumption of rural residential buildings. The results
show that annual energy consumption of rural tourism households is approximately 3 to
5 times higher than that of ordinary households, especially regarding commodity energy
consumption, such as electricity and LPG. In electricity consumption, the consumption
of cooling energy in rural tourism lhouseholds is higher than heating, accounting for
24% to 39%. Compared to other studies, energy consumption of rural tourism household
is higher than the average of rural households in China, and is even higher than in cities.

Chapter seven, Sensitive analysis of energy saving in rural residential buildings.
Strategies for energy saving were simulated, and several improving strategies about
envelopes were proposed, including external walls, roofs, windows, airtightness and so
on. Strategies for energy saving based on different functions, and strategies based on
different regions and building forms were discussed. By improving envelopes under the
ordinary household and rural tourism household models, the energy saving was obvious.
For the top floor with space for storage, the energy saving caused by improving roofs is
not obvious, because of the buffer effect of the air layer. Improving SHGC is more
effective under the rural tourism household model. Cooling and heating energy
consumption of a modern building is lower than that of a traditional building, due to a
smaller shape coefficient and W-to-W ratio; the cooling and heating energy consumption
in Zhoushan is lower than Quzhou, because of a cooler climate.

Chapter eight, Strategies for improving indoor thermal environment. The indoor
thermal environment of rural residential buildings was simulated before and after taking
measures. The south room and top floor spend more hours over the year in
uncomfortable ranges, either below 8°C or above 30°C, compared to the north room. By
improving envelopes, the environment of the north room is improved. Level 1 model is
the most effective for top floor and south room. The roof of the Anji eco-house was
renovated. Lab experiments and field measurements were carried out to improve the roof
by using traditional and new materials. Then, the whole year situation was simulated and
compared before and after renovation.

Chapter nine, Conclusions and future work. The results in every chapter were
summarized, and discussed the insufficient work and future work.
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