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Given that climate change, energy, and environment have increasingly
become hot issues under the common concern of the international
community since the 21st century, sustainable development has
risen up to the fundamental strategy that guarantees the sustainable
survival of human being. The Framework of the Reconstruction of the
U.S. Manufacturing promulgated by the US government in December
2009 gave priority to clean energy, medicine and health care systems,
environmental science. In 2010, Germany announced the Energy Plan
of German Federal Government and put forward the objective that
by 2020, renewable energy shall make up 35% of its total electricity
demand. China, the world’ s largest energy producer and consumer
now, is troubled by its huge energy consumption and the coal-
dominated energy structure, which are the root causes 1o its serious air
pollution, and increasing solid waste emissions

In China, 25% of total energy consumption goes o the construction
industry, if energy consumed in the production of building materials
such as cement, steel, glass, etc. and in corresponding transport enter
into the equation, then 46 % goes to it, so does 40% of relevant carbon
dioxide emissions. It Is appropriate to conclude that the construction
Industry is accountable for half of the indicator values specified for
energy conservation and emission reduction targets. On the other hand,
the buildings are the best carrier for utiization of solar energy and wind
energy on a distributed basis. By the end of 2011, the utiizable floor
space in Chinese cities has reached 20 billion square meters, capable
of taking in installed capacity of solar PV up to 20 milion kilowatts. As
pointed out by the US Futurist scholar Jeremy Rifkin in his book The
Third Industrial Revolution — How the New Economic Model Changes
the World, that distributed use made by every building, as an energy
workstation, of solar energy, wind and geothermal energy and other
clean or renewable energy, if combined with the smart grid and energy
storage technologies, Is the revolutionary solution to the future energy
and environmental issues of mankind. Therefore, it Is evident that the
development of green buildings and eco-cities are key Initiatives to
implement sustainable development strategies.

In this exact context, the solar building technology contest initiated
by the US Department of Energy and open to universities all over
the world, is known as the International Solar Decathlon Event, the
Olympics in the solar industry, has drawn worldwide attention since the
first session. So far, nine sessions have been held. In 2013, the contest
was moved to Datong, jointly organized by the China’ s National
Energy Administration and the US Department of Energy, hosted by
Peking University and the People”® s Government of Datong, attracting
22 teams composed of 36 universities from 13 countries in Americas,
Asia, Europe and Oceania. Eventually, the team on behalf of South
China University of Technology came out the second place in terms of
the total combined score and the first place among the Chinese teams.
This was really a congratulatory credit to the SCUT and the State Key

Laboratory of Subtropical Building Science!

The book is an introduction to the Solar Decathlon and systematic
summary of the award-winning architecture created by the SCUT
team from planning, design, construction, etc., covering architectural
shape design, natural ventilation and lighting design, building envelope
design, livability design, structure system, modularization, removability,
transportation and construction, etc. It also addresses the green
building technologies involved, including solar energy applications,
intelligent control, air conditioning, water supply and drainage, rainwater
collection and reclaimed water treatment and so on. As small as it s,
a solar house is well equipped. A careful and thorough dissection of
the example will be profoundly informative and revealing. The detalled
narrafive and illustrations recommend this substantial book of a great
reference value,

The manuscript gives me two revelations: one, to build and promote
green buildings, achieve energy conservation, environmental protection
and fivability, we must be scrupulous with design, construction, material
selection, design, and manufacture, taking every detail into account
before we can create an exquisite work; two, green bulding relates to
a variety of trades, including architecture, structure, intelligence, HVAC,
water supply and drainage, building physics, etc. A desirable ideal green
building requires joint elaboration led by architects in close cooperation
with design teams consisting of experts and technical personnel of
relevant trades and types of work to achieve the perfect combination
of art and technology. And there is no other path. It would not, as | see,
be a difficult conclusion to be reached by other readers of this book.

WU Shuoxian

Chinese Academy of Sclences

Professor, School of Architecture South China University of Technology
State Key Laboratory of Subtropical Building Science Director
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Solar Decathlon (SD), the Olympics in solar energy field, is a Solar
Energy Building Contest initiated and sponsored by the United States
Department of Energy and open to contestant universities around the
globe. The Contest has been held for six sessions by 2013 in America
and Europe and has attracted more than 100 universities from America,
Europe and Asia, The contest was held in China, for the first time when
the curtain of China International Selar Decathlon fell in Datong, Shanxi
on August 11, 2013, Team SCUT won the title of runner-up among al
teams and the first place among the home teams after more than one
month in competition with 20 teams from all over the world, Meanwhile,
Team SCUT was ranked among the tops three among 8 categories out
of 10, 1o be specific, three first prize respectively under the categories
of Market Promotion, Home Entertainment and Electrotechnical
Application; two first places in a fie under Hot Water Application and
Energy Balance; one second prize in Engineering Technology; and two
third prizes under Architecture and Communications, This has been the
best achievement for Chinese teams since this contest. And this book
is prepared to share with all of you our experiences of serious and solid
work for more than two years on the project.

Since the South China University of Technology (SCUT) is located
in Guangzhou In southern China—a subtropical region. People on
architecture subject in this University are interested in architecture
research and practice under the influences of climate. Now SCUT
possesses the only State Key Laboratory of architecture in Ching—
the State Key Laboratory of Subtropical Architecture. Team SCUT,
relying on the platform of this comprehensive university of science and
engineering and the State Key Laboratory of Subtropical Architecture,
is composed of mostly undergraduate students from the School of
Architecture and students from the School of Civil and Transportation,
School of Information and Electron, School of Automation Science and
Engineering, Mechanics Institute, School of Business Administration
and so on and led by the tutor group consisting of professional
teachers and experts with rich experience in research and practice
from the School of Architecture. In achieving the perfect and innovative
accomplishment, the team demonstrated a united, cooperative, down-
to-earth and dedicated attitude. That reflects that solar architecture is a
systemic innovative work led by architects in collaboration with multiple
disciplines.

It was a long and hard way, from the moment the senior student CAO
Zulue, the leader of the team, brought the hard-won information on the
Solar Decathlion contest to ask for my advice until our solar architecture
appeared on the contest venue in Datong city. Each category in the
contest was a brand-new challenge to the student team. They started
to study materials, organize thoughts, develop a working framework,
and assign tasks. Then they set up different working groups in
correspondence 1o specific tasks to push forward the work before they
finished it step by step eventually. The structure of the book, as you are
reading now, was gradually finalized through analysis and discussions
and it corresponds with the four core concepts: Saving, Comfort,

Modularization, and Technology. Because the integrated technology
design in China is still nascent and the whole industry knows little about
solar architecture, the real challenge to everyone was how to carry
forward the construction of solar buidings. That would take a lot of
work in coordination and management of professional design, suppliers,
and construction, and the key was to obfain assistance or financial aid.
Thanks to the support from the farsighted sponsors and the convincing
endeavor of this reliable team, financial distress that aimost ended the
project was eventually conquered.

The undergraduates from the School of Architecture are the backbone
of the team. They started doing this project at junior year and spent
the rest school days on it until graduation, at mean time, they had to
complete the required tasks of their major. The hardship in the whole
process gave them a profound understanding and good practice. As an
advisor, | was grafified and proud of those amazing achievements made
in these twa years, that many architecture students took far beyond the
initial responsibility of professional coordination and became specialists
in air conditioning, Intelligentization, sewage treatment, doors and
windows, materials, construction etc., and some of them even obtained
patents of invention unrelated to their undergraduate majors,

This book begins with an Introduction to the Solar Decathlon (SD)
contest and proceeds with an exhaustive description of our experience
in planning, designing and constructing our award-winning architecture
in terms of saving, comfort, modularization and technology. In this book,
a comprenensive model of solar green architecture is established from
architectural perspectives: the reactive strategy of energy conservation,
the cozy spatial layout, the modular design allowing for structure,
fransportation and industrialized construction, and the application of
science and technology on energy, physical environment control,
smart confrol and sewage treatment. For the convenience of readers,
gach chapter is written as a complete and separate analysis where we
compare the entries of other contestants 1o help readers develop an
understanding and make their own judgment. In spite of the endlessly
emerging solutions to problems in designing solar architectures, this
book aims to share with readers the overall logic followed by the team
in approaching the problems,

This book is a crystalization of the hard-work of al members. Thanks
to those outstanding students for their indomitable endeavor and
remarkable performance; thanks to those preeminent advisors for
what they have done to encourage the team; thanks to those excellent
enterprises, the leading role in green architecture, for their support and
products; thanks to leaders and friends that root for us.

For the reasons above, this book is dedicated to everyone!

XIAO Yigiang

Professor, PhD

Head of School of Architecture South China University of Technology
General Director of Team SCUT, Solar Decathlon China 2013
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BiE—ETHSENET, BEURRETRT, FEEIETRE, FECEXRTHE, FERNERIRE.
It takes creativity to design a decathlon house. Strength to build it. Ingenuity to power it. And perseverance 1o get it here.

HFFAME TS ERRGA - BEE-&
Founder of Solar Decathlon-Richard King
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Energy is a vital material basis for the survival and development of
human soclety. Throughout the evolution of human society, every
major step of human civilization is taken with energy upgrading and
replacement. Development and utilization of energy resources has
forcefully propelled the development of the world economy and human

industrial revolution, coal, oil, natural gas, hydro, nuclear and
able energy have put into the field of human activity on a
large sc:

But as the world economy advances at a high speed against gradually

e energy shortage, environmental pollution, ecological degradation
and other problems, the contradiction between energy supply and
ngly prominent. In the big re of fossil
/ consumption around the world, a few countries
such as China Is coal-based, most among the rest are oil- and gas-
based. The problem is, at the rate of current consumption, oil and
natural gas can hardly hold out for less than half a century, and coal
would only carry us to the next one or two hundred years.
While bringing along and mirroring the world's economic development
and social prog gy structure has greatly
affected the global carbon dioxide emissions and global climate. So no
atter what kind of conventional energy structure we use, the human
ould still face the energy crisis and environmental pollution, which
have become increasingly serious. In response, we are proposing
higher and higher requirements for energy, and finding new energy
sources has become an urgent issue before the humanity.
Solar energy is exact an answer to it. Solar energy in the form of
radiation to the Earth is so enormous, that such radiation received on
our planet in about 40 minutes, if converted into consumable energy,
will hold out a year for all the people on the globe. So fo speak, solar
solar power Is clean

ore, the combination of solar energy and architecture is a very
significant and promising direction for the future technical development
of solar energy. In integrating solar buildings, we include the utilization
of solar energy into the overall design of environment, turn solar
i part of buildings, and connect them to achieve the
architectural, technical and aesthetic integration.

1-2 KB/ The Sun
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Solar Decathlon (SD), which is known as the Olymipics in solar energy
field, initiated and sponsored by The United States Department of
Energy, is an award-winning program that challenges collegiate teams
to, on the strength of world top R & D and design teams with great
technologies and creativities, design, bulld and operate fully functional,
comfortable and sustainable solar-powered houses combining solar
energy, energy conservation and architectural design. As SD s
founded to promote industry-university-research cooperation in the
solar industry and to facilitate innovation and intensive adoption of solar
energy technologies.

Just like the Olympic Decathlon, the contest is divided into ten individual
contests, hence the name of “Decathlon” , which are: Architecture,
Engineering, Market appeal, Communications, Solar application,
Comfort zone, Hot water, Appliances, Entertainment, and Energy
balance. This event, already held for six times in the United States
and Europe in 2002, 2005, 2007, 2009, 2011 and 2013, attracted
more than 100 universities from the United States, Europe, China and
other countries. With its growing influence in the world, it has become
the international competition of the highest level in the world where
university students (including graduate students) to combine solar
energy, energy conservation and emission reduction, and architectural
design, involving mutidisciplinary innovation and the development of
application. At each session, the contest venue teemed with hundreds
of thousands of visitors.
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Polytechnic University of Madrid (Universidad Politécnica de Madrid,
UPM) was a contestant from the Second Session in 2005 in the United
States to the fourth session in 2009. It is the most active participant
school in Europe.With a view to promoting the use of solar energy and
research of sustainable building in Europe, UPM, the Spanish Embassy
in the US.A and the representatives of the United States Department
of Energy sit down for negotiation and signed a memorandum in
regarding the first session of the Solar Decathlon (European region)
(Solar Decathlon Europe) to be organized by the Spanish government
under the auspices of the US government in Europe in 2010 by
agreement.

The 2010 Solar Decathlon Europe was held in Madrid, the Spanish
capital, among a total of 17 teams, including Tongji University and Tianjin
University from China.Two years later, i.e., in 2012, Madrid hosted the
event again, in which a total of 20 teams participated, including Tongji
for the second time. In 2014, the event moved to Versailles, France,
where 20 teams plunged into fierce competition. Clearly, the Solar
Decathlon Europe has become a mature and attractive event on that
land.
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