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RESUMO

Devido ao grande desenvolvimento tecnológico tornou-se possível construir sem ter em consideração o 
ambiente exterior. A introdução de sistemas de ar condicionado tornou-se cada vez mais frequente para 

resolver problemas de desconforto interior, derivados de uma falta de adaptação do edifício ao clima local. Isto 
resultou num aumento das necessidades energéticas da habitação, que é hoje em dia um dos maiores 

contribuintes para a poluição na China. O objectivo hoje em dia é construir uma arquitetura que permite o 
conforto interior para os ocupantes, utilizando a menor quantidade de energia e recursos possível, substituindo 

a energia não renovável por fontes de energia renováveis. Este trabalho pretende responder à questão: De que 
forma é que a arquitetura vernácula pode informar a arquitetura contemporânea? Para responder a esta 

pergunta é utilizado como exemplo a China, um país com um vasto território de variado clima e topografia, bem 
como crenças religiosas e costumes.  

 Numa primeira fase a história e religião da China são analisadas através de pesquisa bibliográfica e visitas 
aos locais. É também analisado o clima de modo a ter uma perspectiva global dos factores que de maior forma 

influenciam a arquitetura vernácula. Posto isto, são escolhidos sete casos de estudo que irão demonstrar a 
correlação entre o clima e a arquitetura, e serão analisadas as características que de maior forma influenciam o 

conforto interior, e consequentemente a redução do consumo energético.  Os casos de estudo encontram-se 
distribuídos de acordo com a zona climática em que se inserem. Para que seja possível analisar o clima Chinês 

na sua globalidade são analisados exemplos em todas as zonas climáticas. Estas zonas têm características 
globais comuns e dividem a China em cinco partes: Clima muito frio; Clima frio; Clima temperado; Clima com 

verão quente e inverno frio; Clima com verão quente e Inverno ameno. 
 Os exemplos estudados foram analisados de acordo com o clima específico em que se encontram, de 

modo a delinear padrões climáticos que influenciaram de grande modo o design da habitação. Através da 
análise do edifício e das suas características podemos então verificar uma grande preocupação com o 

conforto interior, sendo muitas vezes o motivador da sua morfologia. A necessidade de desenvolver projectos 
que se adaptam ao clima e à cultura leva a uma grande variedade de soluções passivas de design ambiental. 

Estas soluções foram posteriormente analisadas utilizando software adequado, de modo a averiguar a sua 
importância para o desempenho térmico da habitação.  

 Ao analisar a arquitetura vernácula Chinesa é evidente uma forte relação com o clima. A necessidade de 
conforto foi desde sempre uma grande preocupação para os utilizadores, e em climas mais severos esta 

necessidade agrava-se. É curioso como os diferentes casos de estudo se adaptam ao clima local sem 
perderem a sua identidade e forte componente cultural. Hoje em dia, a construção de modelos que não se 

adaptam nem ao local nem à cultura em que se inserem é cada vez mais frequente. A arquitetura vernácula 
dá-nos muitos exemplos de como tornar as habitações mais sustentáveis. Não só pela adaptação das 

estratégias de design passivo que contribuirão para um consumo energético menos elevado, mas também 
pela adaptação cultural.  

Palavras-chave: Arquitetura vernácula chinesa, Arquitetura bioclimática, Desenvolvimento sustentável, 
Conforto interior, Design passivo, Sustentabilidade  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ABSTRACT

Due to a great technological development it became possible to build without any concern regarding the 
exterior environment. The use of air conditioning systems has become more and more frequent in order to solve 

the interior discomfort, caused by inadequate designs. This resulted in a higher energy demand in buildings, 
which is today one of the biggest contributors to the pollution problem in China. The objective today is to build 

an architecture that allows for interior comfort, using the least amount of energy and resources, replacing non 
renewable energy by renewable energy sources. This thesis intends to answer the following question: How can 

vernacular architecture inform contemporary architecture? To answer this question, China is used as an 
example. A country with a vast territory with many different climates, topographies, cultures and beliefs. 

 Firstly the history and religion in China are analyzed through bibliographic and field research. The climate 
and topography are also analyzed in order to have a better understanding on the most relevant factors that will 

influence vernacular architecture. After this, seven case studies were selected to demonstrate the relationship 
between architecture and climate. Their most relevant characteristics were analyzed regarding their thermal 

performance.  The case studies are distributed in China according to the different climatic zones. In order to 
have a global understanding of the Chinese territory all of the climatic zones were analyzed: Severe cold zone; 

Cold zone; Temperate zone; Hot summer and cold winter zone; Hot summer and warm winter zone.  
 In order to identify the climatic patterns that influence the building design, the specific climate where each 

example is found is studied. Through the analysis of the building and its characteristics we can then verify the 
importance of interior comfort, that is often the driver of a design. The need to develop projects that can adapt 

to the specific climate and culture has resulted in a great deal of passive solutions of environmental design. 
These strategies were then analyzed using adequate software in order to understand their importance and 

thermal performance.  
 The relation between vernacular architecture and climate is quite evident, specifically in the Chinese study. 

The need for comfort is something that has always been of great importance for the habitants, and in severe 
climates this necessity is aggravated. It is curious to observe how the different case studies adapt to the local 

climate without losing their identity and sense of community. Nowadays, the building models do not adapt to 
either the local climate or culture where they are found. Vernacular architecture can and should be used as an 

example of sustainable architecture, due to the adaptation to the climate that results in better energy 
performances, but also due to the cultural adaptation.  

Keywords: Chinese vernacular architecture, Bioclimatic architecture, Sustainable development, Interior 

comfort, Passive design, Sustainability  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0. INTRODUCTION



Motivation and objectives

China has the largest population in the world [The World Bank Data, 2018], and through industrialization it has 

experienced astonishing economic development that resulted in rapid urbanization. Because of this the 
construction of residential buildings increased exponentially, with millions of residential units being built every 

year, which resulted in a number of problems: The adoption of Western models that do not adapt to the specific 
context; Repetition of these models in excess, which results in a loss of identity; Poor quality of construction; 

Negative environmental impact; and many others. 
 Because these buildings do not adapt to the specific context, and the quality of construction is very poor, 

the interior comfort is often inadequate. This results in the installation of air conditioning units in most of the 
contemporary buildings, in order to increase comfort. However some people can not afford to install these 

systems, or to pay the electricity required, forcing them to live in uncomfortable houses. As we know, the 
installation of air conditioning units is becoming more and more popular throughout China, with severe 

consequences to the environment. With the highest levels of pollutants emissions, China has already surpassed 
the United States in gross emissions. However, the per capita emissions of CO2 are still considerably lower [The 

World Bank Data, 2018]. The catastrophic impacts of pollution are the biggest motivator for building sustainably 
in China. Also, the fact that Chinese people have to deal with high levels of pollution daily, forced the 

government to take action and to promote green strategies for a sustainable development.   
 Associated with this problem is the abandonment and destruction of vernacular architecture, as people  

move from rural areas into cities. People leave behind the houses that have been in their families for generations, 
and at the same time, vernacular dwellings found in cities are destroyed to make room for contemporary high-

rises. If no attention is paid to the preservation and study of Chinese vernacular architecture, its unwritten 
information will be forever lost. This results in the destruction of a great source of information regarding popular 

architecture, how it adapts to its culture, the local people, and the local environment where it is found. 
 With a rich culture of hundreds of years, China presents an immense architectural background that shows 

how vernacular architecture can be comfortable and sustainable [6]. With a large database of information, China 
has hidden in its past the key to a successful future. Vernacular architecture was developed by indigenous 

people through time and it has survived through a long period of trial and error. These buildings provided shelter 
and comfort to people in severe conditions, and with no energy employed. Vernacular architecture is a subject 

that is studied by many, and the reference of a connection between the climate and the design of a vernacular 
building is often referred. Despite being a quite common theme, it is rarely studied in detail, specially in the 

Chinese climatic context. 
 Through the study of vernacular architecture, this dissertation intends to understand how people have 

adapted their homes to their customs and culture in order to ensure interior comfort. To learn how people 
develop different design strategies to different climates, and how these strategies perform in this contexts. The 

main goal is to understand the way in which the strategies used by people throughout time contribute to the 
interior comfort, in a specific climate. Also, it intends to understand in which way contemporary buildings can 

learn with vernacular architecture, to better adapt to the context where they are found. 
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Methodology

The first step for achieving these goals is a bibliographic revision regarding Chinese culture, religion and beliefs, 

as well as the climate and topography in its territory. The bibliographic revision also reviewed the available 
information  regarding vernacular architecture in China. 

 The second step is composed of field visits that enabled a better understanding of the studied dwellings, 
as well as photographic collection. It also enabled a deeper study into people’s habits, their customs and needs.  

 The third step consists of an analysis of case studies, which intends to understand the differences in design 
according to the climate where they are found. These are firstly analyzed according to their specific climate, in 

order to understand the most relevant patterns that will shape architecture. After doing this, a qualitative analysis 
of the dwelling describes its characteristics and the way people live. Finally, using all the above information, the 

elaboration of a Building Information Model (BIM), will help us understand how the design strategies used in 
these dwellings contribute to the interior comfort.  

 The last step is to analyze the results with the purpose of understanding whether or not vernacular 
architecture can inform contemporary buildings, in order to increase their interior comfort and performance.  

Structure

This dissertation is divided into four chapters: Historical background; Climate and vernacular architecture; Case 

study of vernacular dwellings; Looking back at the future. To these chapters, the Introduction, Conclusion, 
Bibliography and Annex sections were added. 

 The first chapter, Historical background, is divided into three subchapters:  
Culture and economical development, in this sub chapter the history of China is briefly resumed, with 

emphasis on the implications for vernacular architecture. 
Religion and belief, in this sub chapter the three main teachings of China are summarized, in order to 

understand how they have influenced and affected vernacular architecture. Special attention is paid to 
the interrelationship of these teachings and beliefs, and the architectural response.   

Sustainable development in China and challenges for bioclimatic architecture, this sub chapter focuses 
on the challenges that China faces today. The rapid urbanization and economic growth, the pollution 

crisis and the different construction influences that shape the new cities. 
 The second chapter, Climate and vernacular architecture, is divided into two sub chapters:  

Climate context, in this chapter there is a brief introduction to the Chinese territory, its physical 
characteristics and the climate that is found. The study of the different methodologies that are currently 

accepted worldwide to divide the territory into climatic zones, and the importance of doing so correctly. 
Designing for different climates, in this sub chapter there is a summarized description of passive design 

strategies that can be applied to the specific climates that are found in the Chinese territory.  
 The third chapter, Case study of vernacular dwellings, is divided in seven subchapters. In this chapter the 

analysis of seven different case studies is executed, with the intent of understanding whether or not the 
strategies used in vernacular architecture are energy efficient. For doing, this different case studies were 

selected according to the different climate zones in which they can be found, and the different strategies that 
they use to address climatic problems. These case studies were analyzed in three phases:  

Climatic analysis, where the specific climate of the city in which the dwelling is found is studied in order 
to understand the most relevant characteristics that will influence architecture. Here we also make a first 

3
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assessment of these climate needs, the main reasons for discomfort, and the most important features to 
have in consideration. 

Quantitative analysis, where the dwelling is described according to its location, shape, orientation, 
materials, uses and technologies.  A first impression is formed on whether or not this dwelling is 

designed having the specific climate in consideration, and if it appears to have a good thermal 
performance. 

Quantitative analysis, where a BIM model and an Energy model of the vernacular dwelling is created, 
using Revit 2018 and the Insight 360 plug-in. Here we will assess how its specific characteristics 

influence the interior comfort and overall building performance, in the climate where it is found.  
 The fourth chapter, Looking back at the future, is divided into two subchapters: 

Lessons to contemporary design, in this sub chapter, a parallelism between vernacular and 
contemporary architecture in China is done, having in consideration the previous analysis, in order to 

detect the main problems and challenges of both vernacular and contemporary architecture in China 
today. 

Project recommendations, in this sub chapter, a collection of advice and recommendations is presented, 
in order to improve contemporary architecture’s thermal performance and social adaptation. 
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1. HISTORICAL BACKGROUND  



1.1. CHINESE CULTURE AND ECONOMICAL DEVELOPMENT

From the beginning Chinese people believed that humans were created by half human half dragon spirits, to 
keep them company. They settled in the Yellow river and were ruled by five mythical benevolent emperors. One 

day, there was a catastrophe, the river flooded, and many people died. Yu the engineer spent many years 
creating a system of canals and locks to control the water, and consequently became the king and founder of 

the Xia dynasty (2070-1600 BCE), the first Chinese ruling family.  There is a lot of contradiction of whether or not 
this dynasty existed, and it is today largely considered mythological [2,12].  

 Humans settled on the margins of the Yellow river, where the land was prosperous, and were surrounded by 
numerous other unknown people to the south, north and west. From then on, Chinese history is  mostly divided 

into different dynasties that overall changed due to rebellion or war.  
 The first Chinese dynasty, after the mythical Xia, is the Shang dynasty (1600-1046 BCE) and it was 

overthrown by the Zhou, China’s longest lasting dynasty. The Zhou dynasty (1046-256 BCE) ruled in a quasi 
feudal system, where each regional war lord pledged fealty to the king. Unhappy with the King, these regional 

war lords then started crowning themselves kings over their own states. This period is known as the Period of 
Spring and Autumn (771-476 BCE) that then developed into the Warring States Period (476-221 BCE), where the 

different states fought for power and defended themselves by building fraction walls on their borders. Wars 
ended with the Qin dynasty (221-206 BCE), unifying China for the first time. This dynasty didn’t last very long but 

it had total control and authority over the territory and people. The emperor, Qin Shi Huang, is known for many 
astonishing accomplishments during this period, like the foundation and expansion of the Great Wall of China, 

with base on the walls built during the Warring States Period.  
 With the death of the emperor there was the start of a civil war, from which the Han state was victorious, 

starting the Han dynasty (206 BCE - 220 CE). This period is known as the first golden age, mostly due to the fact 
that the silk road was discovered and trade between the east and west started. In this dynasty there were many 

advances in art, culture and science that came to shape oriental culture today. This dynasty was eventually 
divided into the Three Kingdoms (220-280) and later reunited in the Jin dynasty (265-420). This dynasty was 

very unstable and soon was divided into the North and South dynasties (420-589) that were, again, united in the 
Sui dynasty (589-618). The Tang dynasty (618-907) succeeded the Sui and expanded the empire. They 

conquered the GokTurks in the north, the Koreans in the Goryeo and solidified their place in southwest Asia. The 
reforms were a success and they originated great economical prosperity, making this the second golden age in 

China. 

Figure 1.01. Chinese culture.
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 In 907 China collapsed again, due to the power of regional war lords, in what was known as the 5 dynasties 
and 10 kingdoms period (907-960). Eventually, the north was ruled by the Jin and the south was ruled by the 

Song dynasty (960-1279). While these two states fought each other, another power reached China, the Mongols. 
They were a nomadic tribe that came to create the largest contiguous empire in history, it had impact in nearly all 

parts of Asia and in Europe. During the Yuan dynasty (1271-1368), commerce and technology increased in this 
multi ethnic empire. However the different cultural habits made people uncomfortable and soon the Mongols 

were thrown back to the north. 
The last two dynasties of China were the Ming (1368-1644) and the Qing (1644-1912).  They shared many 

similarities in policy, like the isolationism and bad money management. They invested in defensive projects, like 
the great wall, at the cost of trade. This eventually led to a great self reliance and decreased sphere of influence. 

China lost the Opium wars (1839-1842) which led to unsatisfaction and calls for reform. Sun Yat Sen plotted the 
overthrow of the Qing dynasty in 1911. The big difference of this uprising was the fact that the army joined the 

rebellion, eager to become more modern. The Qing emperor surrendered and the rebels chose as their leader a 
general. Sun Yat Sen was declared president of a provisional Republic in 1912. He ended up deferring the 

power to Yuan, which turned out to rule as a dictator until 1916, when he died. After this, localism reasserted 
itself again, with land lords and small scale armies that ruled parts of China. 

 During the Chinese republic (1912-1949) the Guomindang  group tried to reform China into a nation state, 1

but after 1920 the Chinese Communist Party (CCP) manifested itself. For the Guomindang to regain power from 

the landlords and reunite China, they would need help from the CCP. They managed to make an alliance that 
lasted until 1927 due to disagreement. This ended up resulting in a civil war between the Communists and 

Nationalists. Even though Mao Zedong, from the Communist party, emerged victorious, the Communists almost 
lost in 1934 and they escaped by trekking from the south of China to the north in what is known as the Long 

March. During the time that  Guomindang was trying to combat the CCP, much of China was invaded by Japan. 
Because the CCP had more success in the war, although the Nationalists had the help from the US, they gained 

the favor of the people and manage to increase their  troop. 
 In 1949, four years after the end of World War II, the Communists sent the Nationalists to Taiwan, and 

People’s Republic of China was declared in 1949. Once in power, the PRC wanted to create a new socialist 
state, where the working class would be the leaders of a “People’s democratic dictatorship” (Mao, 1949). They 

promised equal rights for woman, rent reduction, land redistribution, new heavy industry and freedom of 
“thought, speech, publication, assembly, association, correspondence, person, domicile, moving from one place 

to another, religious belief, and the freedom to hold processions and demonstrations” (Mao, 1949).  
 China’s involvement in the Korean war (1950-1953) resulted in almost all foreigners leaving China, due to 

the mass campaign called “Resist America and Aid Korea”. The second campaign, against the counter 
revolutionaries, attacked people that were suspected to sympathize with the Guomindang, and many people 

were killed based upon mere suspicions. The CCP set out to turn China into an industrial powerhouse by 
following the Soviet model . They adopted the Five Year Plan in 1953, highly developing the industry. The 2

practice of these Five Year Plans was based on the fact that the peasants had to grow lots of grain and sell it all 
at extremely low prices. For urban workers living standards improved and China’s population grew. Even though 

 The political party founded in 1911 by Sun Yat-sen; it governed China under Chiang Kai-shek from 1928 until 1949 when the Communists took 1
power and subsequently was the official ruling party of Taiwan. 

 Soviet-type economic planning (STP) is the specific model of centralized economic planning employed by Marxist-Leninist socialist states 2
modeled on the economy of the Soviet Union.
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this seemed to be working, it would be very hard to keep up that growth and so the CCP came up with the Great 
Leap Forward  (1958-1962). 3

 By the middle of the 60’s there was the Cultural Revolution (1966-1976), an attempt to capture the glory 
days of the revolution. This resulted in many manifestations with the intent to tear down tradition, and ended up 

destroying many buildings and pieces of art. In 1976 Mao Zedong died  and Deng Xiaoping was its successor. 
He led China into a period of economic liberalization, which was based on opening up the country to foreigner 

investments and some free enterprises. Jiang Zemin (1997-2002) succeeded, and it was the first peaceful 
transition of leadership in China’s history. China had been largely isolated from the Western powers, and from 

1997 they started building relationships. Jiang Zemin was succeeded by Hu Jintao (2002-2012) and its intents 
were to create a socialist harmonious society, China continued its economic liberation. 

By 2007 China had become the third largest economy in the World. In 2008 Beijing hosted the Olympic games, 
and China had an opportunity to show itself as a contemporary and prosperous nation. In 2012 Xi Jinping 

became leader of the PRC and is still in power.  

 Most of China’s imperial period was notably unstable, with periods of great prosperity and periods of war 
and instability. This resulted in great differences of economic power and social security which strongly affected 

vernacular architecture. With less economic power and greater need for security, the war periods led to specific 
typologies that address these problems. An example of this is the Tulou building. Due to great insecurity, this 

large complex building has extremely thick and high walls with almost no fenestration. The materials used are 
found in abundance in the region, making it economically viable. In times of prosperity people were still strongly 

constricted by sumptuary regulations . However, they still found numerous ways of designing their dwellings in 4

such a way that  increased interior comfort and fulfilled religious belief.  

 This campaign was led by Chairman Mao Zedong and aimed to rapidly transform the country from an agrarian economy into a socialist society 3
through rapid industrialization and collectivization. However, it is commonly considered to have caused the Great Chinese Famine which killed 
millions of people.

 Sumptuary laws existed in China since the Qin dynasty onwards. The Confucian virtue of restraint was embodied in the scholarly system 4
central to China's bureaucracy and became encoded in its laws.

Figure 1.02. Chinese vernacular architecture.
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1.2. RELIGION AND BELIEF

 Chinese religion today refers to a diverse and complex collection of many traditions and beliefs. The three 
main religions are the Taoism, Buddhism and Confucianism, which are combined with folk religion and the 

religious sentiment of the Communist doctrine. In the Neolithic Era we can already see some attention paid to the 
burial of the bodies, by the development of tombs and the way that they were positioned. It was during the 

Shang dynasty that religion was developed and people established a main God, as well as some secondary 
ones. During the Zhou dynasty the concept of the Mandate of Heaven was created. Before this dynasty Chinese 

people didn’t have a concept of Heaven, or Ti’an, but they had the concept of God. 
 The famous Chinese philosopher Confucius (551-479 BCE) lived in the Zhou dynasty, and developed a 

philosophical and political system that he hoped would lead to a more stable society. His idea of moral and 
upright behavior was based upon a person knowing his or her place in a series of hierarchical relationships, and 

acting accordingly. The most important relationship is the one between a father and a son. Ideally, the son will 
respect the father and the father will act respectfully. The goal of both the father and the son is to be the superior 

man, and if all man strive for this, the society as a whole will run smoothly. In order to be a superior man it is 
important to understand the complex concepts of Ren and Li. Ren is associated with propriety, the 

understanding and practicing of proper behavior in every possible situation. It is strongly dependent on the 
relationship between the people that are interacting. Li is related to rituals, most of which relate to the veneration 

of ancestors.  
 The falling of dynasties was usually associated with natural disasters, such as storms, flooding and peasant 

uprisings. The explanation for this, by the Mandate of Heaven, is the fact that because the emperor was not 
behaving properly, according to Confucius beliefs, he upset the Heavens. Confucianism is not a religion and it 

has no Gods. However, for two and a half thousand years, the teachings of Confucius have profoundly affected 
the morals and behaviors of Chinese people. The emphasis on acting morally, and treating others with 

compassion, with the family as the foundation of community and harmonious society.  
 It is believed the Confucius may have been a student of Lao Tzu (Unknown-533 BCE).  Lao Tzu was a 

record keeper in the court of the Zhou dynasty, and an important Chinese philosopher. He is the leading figure in 
Taoism, a spiritual practice that is more than two thousand years old, and still very popular today. He wrote the 

sacred text Tao Te Ching, a work that was studied in many Chinese philosophical schools for over two thousand 
years. It gives general instructions on how to live a good life, much similar with the bible in concept, but very 

different in execution. This philosophy looks at the discord in the world and sees the underlying harmony, 
particularly in the relation with nature. 

Figure 1.03. Nature and religion in China.
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 Taoism is closely connected with Fengshui, and they share much of the same ideologies. Fengshui means 
water and wind. Since these cover the whole world surrounding us it is believed that they carry the energy, or the 

qi. The concepts of Fengshui are extremely complex and difficult to translate. The idea is that Fengshui is a 
system that covers the arrangement and orientation of things within an area, in relation to how the energy, qi, 

flows. It is often used in Chinese culture when determining the location and design of buildings, its orientation, 
use of the different spaces and even in the arrangement of the furniture [3-4]. 

 Other major religions have arrived from outside of China, evolving and adapting to becoming their own 
Chinese versions. Buddhism has arrived in China along with the discovery of the silk road, in the Han dynasty. 

This is a religion that is focused in confronting suffering, and it is divided into two main schools: Therevada 
Buddhism which colonized the southeast Asia, and Mahayana Buddhism which colonized China and the 

northeast Asia. Buddhism in China is a blend of these different schools, mixed with folk religion and Taoism, 
creating its own religion. 

 With the opening of the Silk road, Arab traders and diplomats came to China in the seventh century. Today, 
muslims are distributed in China, specially in areas inhabited by ethnic minorities. Christians settled in China 

during the Tang dynasty, and were in small numbers until the twentieth century. With this religious diversity, China 
has never suffered religious wars, and there is a history of religious tolerance going back to at least a thousand 

years. 
 Confucianism, Taoism and Buddhism are the three main teachings of China. Confucianism provides 

guidelines on social cohesion and moral integrity. Taoism is focused on happiness that can be found in 
simplicity, naturalness and individuality. Buddhism addresses the human condition and the inevitability of 

suffering. As we can understand these teachings are not mutually exclusive and it is common that a person lives 
his or her life in accordance with all, or some of them. Neo Confucianism was created during the Ming dynasty 

as a combination of the core beliefs of all of these teachings.  
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 Different religions and beliefs are very important in people’s lives, by shaping behaviors and the way that 
they see the world. It is common to see temples in China that portrait multiple teachings of different 

philosophers. In the same way, it is also common to see the expression of different religions and beliefs in 
people’s houses [2]. A great example of this is the Courtyard house in Beijing. With a clear hierarchical position 

of volumes and division of space, this dwelling is strongly influenced by the Confucian school. This is also  
evident in the Rectangular farm houses found in the northwest parts of China. With a simple rectangular shape, 

this dwelling shows a clear hierarchical division of space, with the oldest generation sleeping in the best part of 
the house.  

 Although Confucianism teachings are clear in these dwellings by the hierarchical organization, the position 
and division of spaces is also done according to Taoism and Fengshui. The overall organization of these 

dwellings promotes contact with nature, even in a dense city, such as Beijing. The courtyard enabled the 
presence of some trees and the direct contact with the sky above, which is strongly related with Taoism views of 

life. The overall organization of this complex is also done according to Fengshui principles. The eldest 
generation is attributed the best rooms, the ones that have southern exposure, enabling the gathering of “qi”. It 

is clear that religion and belief is present in the daily life of Chinese people throughout history, and it has strongly 
influenced and shaped vernacular architecture in more ways than can be counted.  

Figure 1.05. Religion and belief in China.
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1.3. SUSTAINABLE DEVELOPMENT AND CHALLENGES FOR BIOCLIMATIC ARCHITECTURE

People’s Republic of China has the largest population in the world, with 1.3 billion people, which are distributed 
in the Chinese territory unevenly. As we can see in Figure 1.05, there is an imaginary line that connects the cities 

of Tengchong and Heihe. This line divides China into two parts, one with 94% of the population, and the other 
with 6%. Through rapid industrialization China has experienced great 

economical development, like never seen before. Today China is the 
second biggest economy in the world and it is increasingly playing 

an important role in the development of the global economy. With this 
rapid development many people moved from rural areas into big 

cities, increasing urban population exponentially. This rapid econo-
mic growth has brought many challenges, such as high inequality, 

rapid urbanization, challenges to environmental sustainability and 
external imbalances.  

 Little to no environmental policies were enforced during the economic boom, leading to catastrophic 
consequences. Nowadays many Chinese cities do not meet the air pollution standards, and pollution is visible 

as smog. Long exposure to this pollutants severely damages human health, with millions of deaths each year 
related to air pollution in China. With the highest pollution levels in the World, followed by the United States, 

China has become the largest contributor to global warming. This is extremely alarming, specially when looking 
at the CO2 emissions per capita. Although China already has overall pollution levels higher than any other 

country in the world, it is still way under the CO2 emissions per capita in the United States. Meaning that if China 
follows the Western path, meeting the US “standard”, this will have catastrophic results for the environment. 

Global warming and climate change are often intangible concepts for people in the Western world, becoming a 
less pressing matter. More information on this topic can be found in Appendix A. In China, great levels of 

pollution affect millions of people every day, and has resulted in a great advancement in green technology. 
China’s involvement in the 2015 Paris Conference , showed that China is taking a leading role in achieving 5

sustainability targets, in order to reduce pollution.  

 Due to rapid urbanization many people leave their traditional houses in rural areas to move into the 
contemporary buildings that are being built in cities. There are more than 10 million housing units built each year 

in China [MIT, Sustainable Urban Housing in China, 2006]. This means that most contemporary buildings in 
China have to be built extremely quickly in order to facilitate this movement. The adoption of Western styles in 

 The conference negotiated the Paris Agreement, a global agreement on the reduction of climate change, the text of which represented a 5

consensus of the representatives of the 196 parties attending it.

94%

6%

Figure 1.06. Population density in China.

Figure 1.07. Pollution in China. 

a) b)
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contemporary architecture appears as a response to this rapid growth. With no time to develop a contemporary 
style, China presents a great contrast between contemporary and traditional architecture. Contemporary 

architecture presents a lack of quality of materials in buildings, and a workforce that is very often untrained. Little 
to no attention is paid to the context in which these houses are being built in.  Today we can see the same 

typology in very diverse cultural backgrounds, and very different climates. This results in a lack of social 
cohesion and feeling of alienation, as well as great interior discomfort.  

 ”Recently constructed residential buildings suffer from poor construction quality. Exterior building envelopes 
have little insulation, loose single-glazed windows, poor siting, and inferior materials. In many ways, traditional 

buildings in China were more environmentally friendly. They used building mass and wide roof overhangs to 
shade windows and walls to limit overheating during the summer. Proper site planning of buildings limited 

exposure to severe winter winds, shading in the summer, and promoted community interaction” [MIT, 
Sustainable Urban Housing in China 2006].

 Nowadays residential buildings are a great contributor to the country pollution problem. With a design that 
is not adequate to the climate, the need for heating and cooling is often problematic.  Air conditioning units are 

often the solution to this problem, with the energy demand increasing drastically in the last few years. For people 
with less economical power, this results in extreme interior discomfort, since they can not pay for electricity to 

heat or cool the spaces. The environmental  consequences as well as the increased discomfort in lower classes 
makes it obvious that the solution to increasing energy demands can not just be a corresponding increase in 

supply.  
 Chinese government has already started to address this problem, and legislations are already being put in 

practice. Besides national ratings, U.S. Leadership in Energy and Environmental Design (LEED) certification is 
prevalent in China. Smart cities in China are growing, with greater use of low-carbon technology and new energy 

systems that optimize urban space through public transport, high capacity infrastructure, mixed use 
development, and green city planning.  Although China is currently applying strict policies in new buildings, little 

monitoring is made and the regulations are often not met.

Figure 1.09. LEED certification requirements.

Figure 1.08. Consequences of rapid urbanization.

a) b)
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2. CLIMATE AND VERNACULAR ARCHITECTURE



2.1. CLIMATE CONTEXT 

China has an area of approximately 9.6 million square kilometers, making it the third biggest country in the world 
after Russia and Canada. About 97.2% of this area is land and only 2.8% is water. The topography is very 

diverse and generally the land is high in the west and descends to the east coast. Mountains and hills comprise 
43% of the whole territory, and plateaus are around 26%, as we can see in Figure 2.01.  

 The climate is extremely complex in the Chinese territory. This is mainly because of the air currents that 
come from Mongolia and from the oceans. From September to April, dry and cold winds come from Mongolia to 

the north of China. These become gradually weaker as they move south and are the main reason for cold and 
dry winters and the great differences in temperatures found in the north. From May to October a warm and moist 

monsoon occurs from the ocean and brings abundant rainfall and high temperature through the south and 
southeastern costal parts of China, as we can see in Figure 2.01. 

 Even though climate in China is quite complex it is possible to understand some patterns that relate the air 

currents with the different topographies and patterns of precipitation. The northeast part of the country has warm 
and dry summers and bitterly cold winters. This is because the terrain is mostly comprised of plains and it is 

greatly influenced by the current of air from Mongolia and Siberia. The central region has continuous rainfall 
throughout the year, hot summers and cold winters, due to the influence of both Siberian and Oceanic air 

currents and a great diversity of topographies. The southeast region has substantial rainfall and mild winters, it is 
greatly influenced by the oceanic monsoon.   

 These and many other patterns have been identified in China and throughout the world, regarding the 
climate and morphologies. Climate zoning was developed in order to allow the study of the different challenges 

that each type of climate faces. The definition of climate zones, that divide China into areas that share some 
common features, has been attempted by many. If this division is too broad, with only a few climate regions, the 

information is too general to be useful, but if there is too much information this often becomes inaccessible. This 
is why it is key to pay special attention when selecting a certain method of attaining climate zones.  

 First of all, and most importantly, the climate zones considered should be delineated according to building 
design analysis [19]. For this reason, the Köppen system is not very useful and can be misleading. 

Figure 2.01. Elevation and precipitation in the Chinese territory.  
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 “A major shortcoming of the system can be traced to its dependence on rainfall and temperature and as such, 
like classifications based solely on vegetational cover, it does not necessarily relate to building design for 

thermal comfort” [Evans, 1980].  
The system must also consider all the territory that is being studied, and for this reason it is also not 

possible to consider the Atkinson system that only focuses in hot and warm climates. 
“This classification exhibits a bias towards certain climatic types and it is not applicable to cold 

climates.” [Evans, 1980].  
 The considered climatic zones in China 

are: severe cold, cold, Hot summer & cold 
winter, hot summer & warm winter and 

temperate. These are shown in Figure 2.02. 
These are the generally accepted climatic 

zones for building design in China and were 
defined according to the ASHRAE standards. 

The climatic zones are described bellow, with 
all of the specific  characteristics in the 

Appendix B.The correlation of the preci-
pitation and topography, with the climatic 

zones can also be found in the Appendix B.  

 The major shortcoming of this system is 

the fact that it does not consider all aspects 
of the climate, it only considers air tem-

perature. This system was chosen not only because of its simplicity but also because its set of rules are directly 
related to the building design, and not simply vegetation, as the example of the Köppen system. Also, even 

though it does not consider all of the most important characteristics of climate, it considers all climates in China, 
unlike the example of the Atkinson System. 

 It is important to note that, for a number of reasons, the local climate may be quite different from the climate 
region in which it is found. This can be a problem when considering the division of climatic regions, because the 

division may be too broad. The division in climatic zones must always be a starting point to understanding the 
climate before analyzing the specific location [29]. In the Appendix B we can find more information regarding 

this division, and the elevation and precipitation found there.  

Severe cold climate region 

The severe cold climate region is the biggest climate region in China and it extends from the east to the west 
through the north. This region is strongly affected by the continental air currents that come from Mongolia, and 

consequently the climate is very cold and dry. However, because the area is so extensive, its characteristics are 
somewhat variable. Although very extensive in its area, this region is dry to very dry and very cold throughout. 

 The altitude is the most variable characteristic, having higher altitudes to the west, where the temperatures 
are expected to be even lower. In any dry climates there is little moisture to block the intense solar radiation from 

reaching the ground. During the night there is also little moisture to block the outgoing long wave radiation, 
resulting in a high diurnal range. This characteristic of dry climates is very important to look at during the design 

process and it will be very important in this climatic region.   

Figure 2.02. Climatic zones according to ASHRAE standards.
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Cold climate region

In the cold climate region, like in the severe cold climate, the area extends from the east to the west through the 

northern part of China. This region is not continuous and it is, in its majority, less influenced by the continental air 
currents that come from Mongolia. These air currents are still quite significant in this area making it overall cold 

and dry. 
 With few coastal areas, this climatic region has a continental configuration, with low altitudes at east, 

growing to very high altitudes in the west. The overall precipitation is not significant on the south and is 
extremely low on the northern regions. Even though this climate is quite heterogeneous in its characteristics, it 

can be generally described as dry or very dry and cool or cold. Because of this, it shares the same elevated 
diurnal range described in the Severe climate region, although less pronounced.  

Temperate region

The temperate climate region is situated in the southwesternmost part of China with a rather small area. With a 

quite continental area this region is not strongly influenced by the air currents either from Mongolia nor the 
ocean, and it is quite homogeneous. With high elevation of mountainous terrain and medium precipitation, it 

comprises the most pleasant climate in China, throughout the year. 
 In this climate it is important to understand that the specific location of a design is extremely important, 

since mountain ranges not only block or divert winds but also have a major effect on the moisture content of the 
air and overall temperature.  

Hot summer and cold winter region

The hot summer and cold winter climate is found in the southeastern and central regions of China, representing 

a continuous area with continental and costal regions. The major influence in this area is the air current that 
comes from the ocean, bringing abundant rainfall and high temperatures. The effect of this air current is more 

significant in the coastal areas and less felt in the interior. This region is quite heterogeneous in its characteristics 
with coastal and continental areas, low altitudes in the east to medium altitudes in the west and high 

precipitation in the south, decreasing as we proceed north.  
 Even though there are some variations in precipitation, altitude and continentality, this region is generally 

considered humid. Like with any other humid and cloudy region, the moisture will bock some solar radiation 
making the summer temperatures more moderate. However, at night the outgoing long wave radiation is also 

blocked by the moisture and consequently the diurnal temperature range is small. 

Hot summer and mild winter climate region

The hot summer and mild winter climate is found in the southernmost parts of China with a small area composed 
of mostly continuous coastal areas. The major influence in this area is the air current that comes from the ocean 

and brings abundant rainfall and high temperatures. Because of this, and due to a generally low altitude, 
precipitation is the highest in all of the Chinese territory. 

 This climate region is marked by a coastal configuration with low elevation and high precipitation, specially 
from May to October, due to the monsoon. Like in the Hot summer and cold winter region, this climate is humid 

and because of this the diurnal range temperature is expected to be small with high temperatures during the 
summer. However, despite the temperatures not being too high in the summer, the high levels of humidity are 

expected to create great discomfort.  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2.2. DESIGNING FOR DIFFERENT CLIMATES

The main goal of passive design strategies is to allow for comfortable interior environments, while reducing the 
energy consumption of buildings. The adaptation to the surrounding environment through the architectural 

project and the intelligent use of materials and constructive elements, results in the reduction in use of 
mechanical systems and increased comfort [9]. In China there are many examples of these strategies in 

vernacular architecture. 
 China has a very diverse climate, from the very cold and dry north, to the hot and humid south. Because of 

this, the passive design strategies must contemplate many different factors [1,6,9-11,14,16,35,36]. These can be 
divided into two groups:  

1. The gather of heat / protection from heat. It can be achieved through adequate shading, correct 
dimensioning of windows, wall coating and thermal insulation.  

2. The dissipation of heat / non-dissipation of heat. This can be achieved by adequate natural ventilation or 
airtightness, thermal inertia and evaporation.  

 The cold and severe cold climate is predominant in China, occupying more than half of its land area. In this 
climate the most important is to minimize the heat losses in order to reduce the need for heating. This can be 

achieved by the combination of many different passive strategies. The first thing we should look at when 
contemplating a project in this climate is its location. This building should be located in a place that is protected 

from winter winds and exposed to the winter sun. Its shape should be compact, with small values of surface to 
volume ratio. This is specially important since heat loss depends strongly on 

the envelope area. Regarding the envelope characteristics, it is essential to 
have a good insulation of the envelope, to reduce energy changes with the 

outside, and increase airtightness. For buildings that are continuously 
occupied, massive construction is preferable. This type of construction 

keeps the internal heat gains in, and allows for the heating of the walls 
through solar radiation, that is slowly emitted into the room. For an 

intermittent use, lightweight, well insulated construction may be preferable 
since it enables a shorter heating up period. The walls and roof should have 

high thermal capacity to combat the winter thermal range.  
 Windows should be as small as possible in all facades except on the southern, where it may be possible to 

get some passive solar gains. It is important to study the possibility of heat gains through southern windows, 
however this will probably only work with some extra insulation at night. Shadowing is only necessary on the 

southern facade, since it may overheat during the summer. This can be done by the use of deciduous trees in 
small residential structures, or by horizontal devices. The horizontal devices are a good option for shadowing 

windows only during the summer, when the sun angle is more pronounced. 
 The Hot summer and warm winter climate region doesn't have an extensive area in China. However, it is one 

of the most challenging climates regarding building passive strategies. Even though the temperature outside is 
not too high, the high humidity makes it extremely uncomfortable.  The high levels of humidity result in a small 

diurnal range, which makes it very difficult to dissipate heat. The most important strategy in this climate is to 
remove excess heat and moisture. For doing this It is important to avoid solar radiation in all facades and take 

the most advantage of prevailing winds. Because passive design strategies can not make the interior 
temperature any cooler, the focus here will be to maintain the interior temperature as close as possible to the 

outside. The hot and humid climates are located near the equator, where the sun is at very high angles. This 

Figure 2.03. Protection from 
winter winds.
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means that the roof of the building is the envelope component that will be 
most important regarding solar heat input. In order to reduce overheating, 

there can be a double roof, with an attic space that is properly ventilated. For 
the roof surface a reflective material is better, in order to prevent absorption 

of heat.  Walls on the other hand are not very important in this climate, and 
they are mostly needed to screen insects. The walls are generally better with 

low heat capacity, since the thermal lag may reradiate heat to the interior. 
 The most important design strategy for this climate is ventilation. This 

will not only allow for the internal heat to be exhausted to the outside, but 
also create a physiological sensation of cooling. It can be achieved by 

permeable walls that allow for cross ventilation, or by chimney effect, that will 
exhaust the hot air through the top of the roof. Another popular strategy, used 

in this climate, is the elevation of the house in stilts. This provides better 
ventilation of the living areas, removing heat and moisture, and it can also 

create a sheltered area bellow the dwelling. 
 The hot summer and cold winter climate region presents very similar 

requirements for winter as the cold and severe cold climate regions, and 
similar requirements for summer as the hot summer and warm winter climate 

region. With both heating and cooling requirements this climate has to fulfill 
opposite needs in different times of the year. Although in winter south 

windows may be an asset for passive solar gains, in summer it may lead to 
overheating. Horizontal shading devices allow for shadow in summer, when 

the sun is at a higher angle, and still allow for solar heat gains in winter, when 
the sun is at a lower angle. Ventilation is an asset in summer, reducing 

humidity levels and exhausting the excess heat. However in winter this is 
undesirable, since any internal heat gains will contribute to comfort. Because 

of this, windows should be placed according to prevailing summer winds, 
allowing for cross ventilation. In winter when air tightness is preferred, these 

windows can be closed. 
 The temperate climate also presents similar requirements for winter as the cold and severe cold climate 

regions. Although these requirements are similar, because the climate is milder, they are not as restrict.  During 
the summer, however, this climate is hot and dry during the day. The need for cooling is almost minimal, and 

comfort should be simply achieved by ventilation. Low temperatures are present during almost all winter, and 
during summer nights. Massive construction may be an asset in this case. The time-lag will provide a barrier for 

the heat during the day, when temperatures are higher, and heating  at night, when the temperature is lower. 
Because the temperatures are not too low, internal heat gains should also improve the interior comfort. Southern 

facing windows with a horizontal shading device should enable solar heating in winter, as well as shadow in 
summer.   

 With an extreme variety of climates, China is one of the most diverse places on earth. This is one of the 
many reasons why it is extremely important to take into consideration the climate in which a certain project is 

designed. A single design can not meet the criteria for all climate regions in this country. 

Figure 2.04. Natural ventilation and 
ground surface.

Figure 2.05. Horizontal shading 
devices.
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3. ANALYSIS OF CASE STUDIES 



3.1. OBJECTIVES

Before studying vernacular architecture, or even before understanding why it is important to study vernacular 
architecture, it’s important to understand what it actually is. Vernacular architecture is nothing more than 

constructions that were built by people throughout time, where no architect is employed. It has been developed 
according to people’s needs and their values, and has survived the passage of time, through a long period of 

trial and error. These dwellings are often built by the occupant of the building, which allowed for continuous 
improvement of the designs [34]. 

 Vernacular architecture varies widely throughout the world and it contains inherent, unwritten information 
about how to optimize the building. In conditions of low technology, the climate often plays the main role and 

becomes the dominant force in the design process. It is very interesting to observe the plurality of  design 
solutions that are limited by the same climatic constraints. At the same time, it is intriguing that we can observe 

practically identical architectural models in completely different regions of the world, that share similar climatic 
conditions. If one looks only at the similarities, it is possible to wrongly assume that the connection between 

climate and vernacular architecture leads to inflexible solutions. This means that if we have a strong climatic 
profile, like a desert, we will have very similar solutions: the most useful, efficient and economic ones. An 

example of this are the underground dwellings in China that are very similar to the ones found in Tunisia. 
However, an immense number of dwellings found throughout the world shows us that this is not a correct 

assumption [21]. Strong climate profiles can lead to similar building typologies. However, vernacular architecture 
shows great flexibility and adaptability of solutions due to different economies, cultures, technologies and many 

other aspects.   
 The main objective of studying vernacular architecture in China is to understand how these dwellings can 

inform contemporary architecture. How they adapt to the specific climate and context, while at the same time 
improve their interior comfort. 

3.2. METHODOLOGY
 

To study the impact of climatic conditions on vernacular 

dwellings found in China, these were arranged into five 
different climatic zones (Chapter 2, Subchapter 2.1.). This 

division will help us understand the overall climate profile 
in which these dwellings are inserted, and to quickly 

assess the overall needs of a certain place. Because 
China has such rich history and culture, the different 

dwellings found in it’s territory are far beyond this 
research’s reach. Figure 3.01 shows some of the many 

different vernacular dwellings found throughout China. In 
order to have a better understanding of the different climatic regions and the way that climate is addressed, 

some case studies were selected to represent each climate.  
 In the severe cold climatic region the single story rectangular farm house was studied. This type of dwelling 

is found throughout the northeastern parts of China, in agricultural societies. The cold climate region is one of 
the most extensive climatic regions in China. It has a similar profile to the previous one, but with more moderate 

temperatures. Because of this, the population density is higher and the variety in solutions increases. Due to the 

Figure 3.01. Vernacular architecture map.
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multiplicity of interesting designs, two case studies were 
chosen in this region. The first case study is the courtyard 

dwelling in Beijing. It can be found throughout China with 
many adaptations, in farming societies as well as in cities. 

The second case study is the cave dwelling, which is found 
in the northern regions of China, in farming societies. The 

temperate climate region is the most pleasant of all, with a 
small area of mountainous terrain. Good climate, combined 

with the fact that this region has a border with many other 
countries, resulted in a multiplicity of design solutions. 

Lijiang’s Han-influenced dwellings are an adaptation of the 
courtyard house found in Beijing to a more moderate 

climate. It is found in farming societies and in cities.  
 The climatic region of hot summer and cold winter is particularly challenging with the need of heating 

during the winter and cooling during the summer. The Huizhou’s enclosed multi story Tianjing houses are the 
case study in this region. They are located in Anqing, and are generally found in cities. In the hot summer and 

warm winter climatic region two case studies were selected. This region is not extensive in the overall scale of 
China, but it represents a very challenging climate. The different case studies were selected due to a big 

difference in design solutions. The first case study is the Ganlan, a small wooden or bamboo house found in 
southwestern China and it’s commonly found in farming societies. The second case study is the Tulou, a large 

earthen building found in a specific region of southeastern China. It is found in farming societies and it houses a 
very large family, or clan. 

Figure 3.02 shows the different case studies in their correspondent climatic zone. Starting from the top and 
going clockwise, we have: Cave dwelling; Courtyard house; Rectangular farm house; Huizhou’s house; Tulou 

building; Ganlan house; Han influenced house. Each case study is analyzed in three parts. The first part is the 
climatic analysis followed by a qualitative and quantitative analysis.  

 Each dwelling is located in a climate zone, and even though this division is very important when looking at 
China as a whole, it gets too broad for design purposes. Data was collected from the nearest meteorological 

station for each dwelling using Meteonorm V7 and Climate Consultant 5.5, in order to have a better 
understanding of what the most important features of the climate are. Both these softwares use the same data 

from Energy plus, and since the meteorological stations chosen were the same for each case study, this does 
not create any incongruity. The list of locations  can be found in Table 3.01.   

 Firstly a climatic analysis of the region is made, regarding its baseline characteristics, such as: temperature, 
sunshine, humidity, precipitation and winds. This information was then simplified and summarized into a graph  

which makes it clear to read and analyze. In this  graph it is 
possible to visually analyze the climatic data and find the 

most important patterns in each location. Figure 3.03 
represents an example graph, similar to those that will be 

presented in the following subchapters (Appendix C.1).   
 After this there was the need to have a better 

understanding of what this climate characteristics mean for 
the human experience. Using Climate Consultant 5.5 and the 

Figure 3.02. Case studies and the climate zone.

Table 3.01. Case study locations.
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psychrometric charts of each region, the comfort 
analysis is done. Figure 3.04 represents an example 

psychrometric chart, similar to those that will be found in 
the following subchapters. Here we can identify two blue 

rectangles, which represent the comfort range where the 
climate is considered comfortable. To do this the 

ASHRAE Standard 55 and Current Handbook of 
Fundamentals model was considered, a model that 

defines the thermal comfort, based on dry bulb 
temperature, clothing level, metabolic activity, air 

velocity, humidity, and mean radiant temperature. The 
two blue areas found in this graph represent the fact that 

this model considers that people change their clothing to 
match the season. The left blue box shows the comfort 

range for winter clothing and the right one for summer 
clothing (Appendix C.2). 

 After the climate analysis is done and the strategies 
are delineated, it is important to study the dwelling in order to understand how it is designed. The qualitative 

analysis focus is to understand how people designed their homes, the materials they used, special techniques 
and the overall main features of a certain house type. By doing this we expect to understand whether or not 

people used the natural elements of nature to increase the interior comfort of the house, and how they did it. 
 After the qualitative analysis is done it is important to ensure the viability of the strategies used in this 

dwelling through a quantitative evaluation. In order to assess the interior comfort, a BIM model was created for 
each case study, using Revit 2018, and taking advantage of the Insight 360 plug-in that allows  the creation of an 

energy model. The case studies that are represented here have the standard characteristics and dimensions 
found throughout China. These values and information were found through investigation, local visits and are 

mostly based on bibliography. However it is important to mention that because all dwellings present some 
specific characteristics, the case study will not represent all dwellings of these types. 

 The results of this case study are presented in EUI, Energy Use Intensity, which represents the energy used 
per square foot per year in order to achieve comfort. This value is composed of the heating and cooling loads 

throughout the year, representing the amount of energy spent in heating 
and cooling in order to attain comfort. Because this type of dwellings 

do not include any type of HVAC system, we could say that the EUI for 
these dwellings is zero. However, the comfort would not be guaranteed. 

The goal of this study is to understand how the applied strategies 
contribute to the overall comfort of the dwelling. In order to understand 

how the strategies used in these vernacular dwellings behave in a 
certain climate, we took the most important features of each case study 

and analyzed how these affect the interior comfort, and natural lighting. 
By doing this we expect to understand whether or not the design 

strategies used in these dwellings contribute to the interior comfort, 
and how they will influence it. 

Figure 3.03. Example climate data graph.

Figure 3.04. Example psychrometric chart. 
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3.3. ANALYSIS

3.3.1. SINGLE STORY RECTANGULAR FARM HOUSE IN HARBIN
o

Climatic profile 
o

Harbin is situated in the Heilongjiang province, the extreme northeast province in China. It belongs to the severe 

cold climate zone that extends from the east to the west through the northern part of China. The severe cold 
climate region is strongly affected by the continental air currents that come from Mongolia, hence the climate is 

dry and very cold. Because Harbin is located quite close to the ocean, its climate, despite being severe, is not 
as severe as another place in the same climate zone moved to the west. 

 The first case study is located near Harbin, in a rural area. Harbin has a severe climate of mostly cold and 
cool temperatures. The summers are mild with short but 

hot periods and from November to March the average 
monthly temperature drops bellow freezing point. Figure 

3.05 summarizes the climatic information for this region. 
On the top we can see the pronounced annual range of 

temperatures that makes this climate so severe. The 
annual range of temperatures can reach 48.4ºC, making 

this climate one of the most challenging in all China. 
Precipitation occurs mostly in the warmer months, while in 

winter snow is more common with 71 days of snow per 
year. Winter winds, which add to winter discomfort, are 

predominantly from north, whereas summer winds come 
mostly from west and can be an asset for achieving 

comfort. Neither winter nor summer winds are strong. 
Sunshine is available throughout the year, with an 

average of 7.2 hours per day. It can be an asset in winter 
and a liability in summer, but it allows natural lighting 

throughout the year. 
The main features of this climate are:  

(1) Big annual temperature range; 

(2) Significantly more precipitation during the warmer months. 

 As we can see in Figure 3.06, on the first psychrometric chart, only 8% or 706 hours, of the year is the 
climate within a comfortable range. The discomfort is focused mostly on the left side of the comfort zone and 

clustered at the end of the chart. This indicates, as expected, that this climate is predominantly cold and 
severely cold. There are also some days of the year where high humidity and  temperatures causes discomfort, 

although it’s not as severe. This can be seen in the dots at the top and right side of the chart, respectively. With 
severe winter temperatures this climate will always have the need for heating during the coldest months. For 

some days of the year the temperature is lower than the comfort range but it is not too close to the end of the 
chart. Using only the internal heat gains we can increase the comfort up to 27%, as we can see on the second 

psychrometric chart. On the third chart it is evident that this climate has a strong cold profile. Only through 
heating the comfort can be achieved in approximately 90% year. 

  

Figure 3.05. Weather information of Harbin.
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 As a result, the climatic design priorities should be focused on 

winter’s low temperatures, and less importantly, but still relevant, 
summer overheating and high humidity [16]. The following 

strategies are presented and numbered by order of importance: 

(1)  Keep the heat in, and the cold temperatures out during the 
winter;  

(2)  Protect from the cold winter winds;  
(3)  Let the winter sun in;  
(4)  Protect from the summer sun; 
(5)  Natural ventilation for summer cooling and reduction of humi-

dity. 

Qualitative analysis 
o

Harbin has had human settlements since 2200BCE. This region was specially important during the beginning of 
the Jin dynasty. It was its capital until 1153 when the fourth emperor of this dynasty decided to move the capital 

to Beijing and destroy all palaces found there. In 1173, the following emperor restored this city and established it 
as the second most important city of the empire. During the Mongol conquest this region was abandoned, 

remaining largely rural until the 1800’s. Today, most of the population of Harbin is Han Chinese with a small 
number of ethnic minorities. However, it is clear the influence of Manchu and Russian culture.  

 Although this region had a lot of economical prosperity through China’s history, this is not reflected in the 
presented dwellings. Most of what was built in those times was destroyed and the majority of the dwellings found 

in this region were built afterwards, during the Yuan Dynasty, when this region was mostly rural. 
 The single-story rectangular farm house, or Danzuo Pingfang, has always been more common throughout 

rural China than either courtyard or subterranean dwellings [Knapp, 1940]. They have some variations in style 
from place to place but are rather unpretentious and spartan, representing the simplicity of rural life. Figure 3.07 

shows different farm houses in Harbin. Many people still live in these dwellings and over the past years there has 
been an improvement in the building materials as economic conditions have improved. However, as people 

Figure 3.06. Psychrometric charts and design strategies of Harbin.
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move from rural areas into cities, many of these dwellings have been destroyed and left abandoned, which 
resulted in deep degradation [7,15, 29]. 

 Usually found freestanding in disperse settlements, the main features 
of these dwellings are the symmetry in frontal elevation with a central entry, 

windowless side and back walls with a clear southern exposure, and a 
double sloped heavy roof with gabled end walls. They are commonly 

divided into three rooms, due to sumptuary regulation. The central room, 
into which the door of the dwelling opens, serves as a kitchen, utility room 

and corridor to the adjacent rooms. Just inside the main door there are 
commonly two brick stoves used for cooking and for providing heat to the 

elevated platforms in the adjacent rooms. Figure 3.08 shows a typical floor 
plan and section. These rooms are used for sleeping and daily activities, 

and each usually contains at least one Kang bed. These dwellings rarely 
have a marked courtyard and some have an enclosure that extends from 

the south facade with low walls and an entrance door at the southeast side. 
This space is used for storage of products and animals. 

 Utilizing the hot air that passes through each cooking stove, the Kang system is a significant heat radiating 
surface. The system works so that the hot air that comes from the cooking stoves is conducted through flues that 

are embedded in the brick of the heatable platforms, then it’s conducted 
to the outside through a chimney. The whole system is carefully sealed 

so that no smoke can penetrate the room. Because the Kang is located 
just beside the south wall it also works as a collector for winter solar 

radiation. It is used for sleeping at night and for dinning and working 
during the day. In summer, or whenever heating is not necessary or 

wanted, the heating from the cooking stove is conducted along the 
periphery of the Kang and exhausted. Both in summer and winter this is 

the center of family life and the brightest place of the dwelling. Figure 3.09 
shows the daily life in these houses and the uses of the Kang system.  

 Walls usually consist of readily and cheaply available rammed earth or adobe brick, built to a thickness that 
reduces the infiltration of the cold air, around 500 mm but it is quite variable throughout, as can be expected. 

The walls fill the gaps between the structural elements which are very simple, made of  timber, and always using 
the joint system. The windows consist of small wooden partitions that are very permeable and compromise the 

air-tightness of the envelope. Because of this, before glass was introduced to dwellings, another technique was 
used. Sheets of paper were pasted, using rice pulp, on the window wooden frames. Due to its natural 

deterioration they were removed in spring and renewed every year, allowing full natural ventilation in summer for 

Figure 3.09. Daily life and the Kang bed.

Figure 3.07. Typical single story rectangular farm house found in the Harbin region.

Figure 3.08. Floor plan and section.
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cooling. This technique ensured natural light inside the dwelling, air-

tightness of the envelope, and enough natural ventilation for air renewal, 
due to some small holes in the paper. Nowadays this technique is only 

used to seal the window frame and add an extra protection to the 
common single-glazing glass. 

 Dwellings of this type in other regions of the Heilongjiang province, 
have some special features due to a more severe climate. The Kang 

system is found in more than just the south wall, and in some cases the 
walls are also heated using a very similar system, that conducts the hot air from the stoves through the walls and 

then to the chimney. This way it is possible to have many heat radiating surfaces, as we can see in Figure 3.10. 
Because of the intensity and duration of the heat in the stove during the coldest periods of the year, special 

attention is paid to the chimneys in this region. There are usually two chimneys, one on each side. They are taller 
than the dwelling in order to eliminate the smoke effectively, to ensure that the wind doesn’t brick the smoke 

back into the house, and it works thanks to an existing pressure difference from the bottom to the top of the 
chimney. Figure 3.11 shows an horizontal section and the  frontal elevation of this dwelling. 

 The main focus of this building is clearly the air tightness of the envelope, which is achieved by a heavy 
roof, and the exterior walls. Their thickness and materials don’t allow for the cold or the wind to penetrate. Also, 

the north-south orientation is ideal for maximum solar gains and the use of paper and rice pulp technique 
ensures air tightness and illumination on the southern facade at the same time as allowing for winter passive 

heating. So the first three main design strategies are assured: (1) to keep the heat in and cold temperatures out 
during the winter, to (2) protect from the cold winter wind and (3) to let the winter sun in. During summer, the 

radiation from the sun reaching the windows can result in overheating, so it is important to ensure that there is 
adequate shading in summer and enough radiation still reaches the windows in winter for passive heating. This 

is achieved by overhangs from the roof that due to different sun angles in summer and winter (4) protect from the 
summer sun. Because in the spring the paper and rice pulp is removed when the weather improves, it is 

possible to (5) ensure natural ventilation for summer cooling and reduction of humidity.  
 As it can be seen, all the most important design strategies delineated for this climate are not only 

considered in this vernacular dwelling but are its main features. This is a perfect example of how vernacular 
architecture can be bioclimatic and ensure interior comfort, use local materials that allow for economical viability,  

follow the sumptuary rules and fulfill spiritual balance. 

Quantitative analysis
o

This dwelling has a rectangular shape, double slope roof with gabled end walls and only presents windows 

on the south facade. All the exterior walls of the dwelling are made out of rammed earth, and the northern, 
eastern and western walls are 0.5 meters thick to create a tighter envelope [29]. This rectangular single story 

Figure 3.10. Kang system.

Figure 3.11. Horizontal section and elevation in a more severe climate.
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farm house is found dispersedly or in small 
aggregations, but they are not usually close to 

other dwellings. The south facade is always 
facing an open space that does not block the 

sun’s path. On Table 3.02 we can see the 
most important characteristics of this dwelling.

 For the energy model no masses were 
considered surrounding the building. Because 

this type of dwelling was intended to house an 
extended family of grandparents, parents and 

children, the number of people living in the 
house  was specified in the software as five 

and the building type as single family. The 
location was also specified according to the 

case study location, in Harbin, China. 
Because in this society it was customary for 

women to stay in the house with the children and grandparents, the operating schedule specified was 24/7. 
Figure 3.12 shows the simplified model on the left and the energy model for analysis on the right. 

 Besides the thermal analysis it is also important to look at the natural lighting in this house. Using the same 
software it is possible to create a model that shows us whether or not this dwelling gets enough sunlight annually 

for lighting. On the Figure 3.13 below we can see the results of the Lighting analysis regarding the Lighting sDA  1

annual hours . For 0% of the year does this building get enough sun light for lighting, indicating a lack of interior 

visual comfort. 
 Looking at the summer and winter 

solstice it is also possible to see the 
impact of the eaves on the windows of 

the dwelling at the most critical times 
of the year. In Figure 3.14 on the left 

we can see  that during the summer 
solstice all the windows are completely 

shaded, due to a higher sun angle, 

 Spatial Daylight Autonomy (sDA) describes how much of a space receives sufficient daylight. Specifically, it describes the percentage of floor 1
area that receives at least 300 lux for at least 50% of the annual occupied hours.

Table 3.02. Case study description, Harbin.

Figure 3.12. Simplified case study model and generated energy model.

Figure 3.13. Lighting analysis.
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preventing overheating. On the winter solstice, the opposite happens and the windows are almost fully lighted 
allowing for heat gains to occur. Even though the lighting inside this dwelling is not appropriate and it does not 

reach the minimum values, it is interesting to observe how the design strategies used in this case allow for 
shadow in the summer, when the temperature is too high, and in winter, when the temperatures drop below zero, 

it allows for the sunshine to penetrate into the dwelling. In this case it is evident that the lack of lighting is due to 
a great concern with keeping the building airtight and well insulated, and therefore the thermal comfort is 

considered more important than natural lighting. 

 In order to understand how the strategies chosen affect the overall comfort, the main features of the 
dwelling were analyzed. These are: the great thickness of the surrounding walls; the lack of windows on the east, 

west and north walls; the window to wall ratio on the south facade. 
 The great thickness of the surrounding walls is an important feature of this dwelling since it is used to 

ensure insulation and airtightness. In Figure 3.15 we can see that the heating load is higher for values of wall 
thickness lower and higher than 0.5 meters. This is probably due to the fact that a higher value of wall thickness 

allows for better insulation and airtightness. However, for higher values of wall thickness it is also more difficult to 
get heat through solar radiation, which is an important source of heat in this case study. On the right, we can see 

that the cooling loads are significantly  higher for wall thickness of 0.125, 0.75 and 1.0 meters. However they are 
slightly lower for 0.25 meters. Lower values of wall thickness will allow for the solar radiation to more easily 

penetrate into de dwelling. At the same time high values of wall thickness will prevent the heat to be removed. 
The fact that the wall is 0.5 meters thick allows for the hot air to be removed during the summer and to keep the 

building considerably airtight during the winter, thus optimizing the compromise between heating and cooling 
loads. 

This dwelling is also characterized by having no windows or openings on the east, west and north walls. 

The reason for this is to create a tight envelope, protect from the winter winds and decrease the heating loads, 
increasing the comfort. As we can see in Figure 3.16, the western and eastern walls have an increased EUI 

value with an increased percentage of window to wall ratio. On the northern walls the same thing happens. 
However the slope of this graph is more pronounced, demonstrating that the opening of windows on this facade 

Figure 3.15. Wall thickness analysis. 

Figure 3.14. Shadow analysis in the summer and winter solstice.
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is much more damaging to the comfort than on the previous ones. With this simulation it is possible to 
understand that the fact that there are no windows on the northern, eastern and western walls in this case study 

is contributing to the interior comfort and is therefore a positive attribute to the interior comfort of this house.

This case study is also characterized by having windows on the south facade, in an attempt to gather heat 

through solar radiation. It is important to note here that even though energy can be gained in winter through 
solar radiation on the south windows, there is also the risk of losing heat since the windows are not as insulating 

as the envelope walls. In Figure 3.17 we can see that the slope is negative indicating that with a lower 
percentage of window to wall ratio, the less EUI value, which goes against the design strategies. However this is 

likely due to the composition of the glass found in these dwellings. For this simulation a single glaze glass was 
considered. However, as was mentioned previously on the qualitative analysis, these windows were usually 

covered with rice pulp paper. This material is produced manually and varies in its composition, preventing good 
precision at this level of study. Using the single glaze glass has  negative impact on the interior comfort. 

However if we look at Figure 3.18 we can see that by using a better material on the windows it is possible to get 
heating through solar radiation without 

too much loss. A deeper study of this 
method may a l low for fu r ther 

conclusions. 
   This building has a good 

thermal response. However it is still 
evident that there is a great need for 

heating in winter and lack of natural 
lighting. This is the reason why there 

was the need to develop the Kang 
system, which consumed a lot of 

biomass in order to produce heat. 
With this study it is clear that with the 

new improved materials that we have 
today it would be easy to improve the 

interior comfort. Particularly with the 
new glass types and by the use of 

better materials for insulating win-
dows, roofs or walls.

Figure 3.17. Window to wall ratio/Window glass type for the Southern facade.

Figure 3.18. Window to wall ratio for a double pane and low-e glass.

Figure 3.16. Window to wall ratio on the eastern, western and northern walls.
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3.3.2. QUADRANGULAR COURTYARD HOUSE IN BEIJING

Climate profile

Beijing belongs to the cold climate zone that is found just beneath the severe cold climate region and that 

extends similarly to the previous one, from east to west. It is located in the municipality of Beijing which can be 
found in the northeast of China, near the Bohai sea. Due to its proximity to Siberia and Mongolia, Beijing is 

greatly influenced by the continental air currents that are lessened by the proximity to the ocean, making this 
climate cold but not as severely as in the previous cases.  

 Beijing has a predominantly cold climate with short 
hot summers. From November to March the average 

monthly temperature is lower than 10ºC, while from May 
to August this temperature is greater than 21ºC, 

indicating a range of hot and cold temperatures. As we 
can see in Figure 3.19, the summer months are 

significantly more humid than the cooler months, 
enhancing the discomfort in summer. Despite being 

more significant in summer, there is an average of 6.7 
hours of sunshine each day with significant values of 

radiation, which can be an asset for heating. The wind is 
predominantly blowing from northwest for the most part 

of the year, allowing for cooling in the summer. However, 
the winter wind can increase discomfort due to the 

existing low temperatures and should be avoided. 
Beijing is a fairly dry region with only 46 days of rain 

throughout the year and 29 days of rain in the warmer 
months.  

The main features of this climate are: 

(1) Big annual temperature range 

(2) Significantly more humidity in the warmer months  

(3) Significantly more precipitation during the warmer months 

 In the psychrometric chart, Figure 3.20 we can see that only about 10%, or 863 hours, of the year, is the 
weather comfortable in Beijing. The discomfort zone is focused mostly on the left side of the comfort zone with 

less dots above and at the right of this zone. This indicates, as suspected, that this climate is predominantly cold 
with some days of high humidity and temperature which result in discomfort almost all year round. As we can 

see on the chart, there are many days during the winter when the temperature is close to the comfort standard, 
meaning that only by internal heat gain the comfort can be achieved for 37% of the year. Also, with passive solar 

direct gain on low and high mass surfaces the comfort can go up to 47%, depending greatly on the building 
design. In the warmer months the high thermal mass with night flush allows for the interior temperatures to cool 

during the night, increasing the comfort to 51%. This climate has great potential for passive design strategies 
but these will probably not be enough to ensure comfort, having to rely on heating during the coldest months.   

 

Figure 3.19. Weather information of Beijing

31

Chinese vernacular architecture 



As a result, the climatic design priorities should be focused on 
winter’s low temperatures and summer overheating combined 

with high humidity [16]. The following strategies are presented 
and numbered by order of importance: 

(1) Keep the heat in and the cold temperatures out during the 
winter;  

(2) Protect from the cold winter winds;  
(3) Let the winter sun in; 
(4) Keep hot temperatures out during the summer; 
(5) Protect from the summer sun that can result in overheating; 
(6) Natural ventilation for summer cooling and reduction of 

humidity. 

Qualitative analysis 

Beijing is the last of the four great ancient capitals of China, with a history dating back to 230,000 years ago. 

However, the first walled city in Beijing was formed during the state of Ji, in the Zhou dynasty, and built in 1045 
BC. China has had many major cities during the imperial dynasties but none were as great or lasting as Beijing. 

With a majority of Han settlers, like many other cities in China, it has been the political capital of the country for 
the past eight hundred years. This region was firstly chosen due to its surrounding mountains and overall 

strategic location as the emperor’s residence and capital city. Here, many palaces, temples parks, gardens, 
tombs, walls and gates were built. Another important building type that is today still a landmark of this city is the 

Siheyuan. This is the focus of the case study due to its importance in the area and throughout China but also 
due to the fact that the rapid urbanization of this city is contributing for many of these traditional buildings to be 

demolished in order to create space for contemporary typologies. Nowadays Beijing remains the capital of the 
People’s Republic of China, a mega city that is the world’s third most populous city with numbers increasing 

every day.  
 The Siheyuan, or courtyard dwelling, varies in shape, scale and proportion throughout the country, and is 

adapted by Han settlers to meet varying climatic conditions. These are more common through northern China, 

Figure 3.20. Psychrometric charts and design strategies for Beijing.
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but they are also found on the southern banks of the Yangzi river. The case study 
focuses in Beijing  courtyard houses. However there are other dwellings in Northern 

China that vary in some characteristics, like the dwellings in the Shanxi region. 
These are characterized by long and narrow courtyards with single slope roofs, as 

we can see in Figure 3.21. Although they have some regional adaptations, it is clear 
that they maintain its main concepts. 

 Beijing Siheyuan was originally designed to house an extended family of two or 
three generations. It is a residential structure comprised of free standing buildings, 

arranged on four sides around a central courtyard. The number of courtyards varies 
with the social rank, and it usually ranges from 1 to 5, and it sometimes comprises 

an adjacent garden. The more modest dwelling has only one courtyard. However it 
still embodies its most important principles: axiality, hierarchy, balance and symmetry, as well as an introverted 

form [37]. Figure 3.22 shows the different scales of Beijing courtyard houses. 

 

This dwelling proclaims seclusion and separation when it is seen from the outside. However, when one goes 

inside, the felling is of security and openness. Because of this, the Siheyuan creates pleasurable living 
environments, but due to its introverted form it also created a less active street frontage. Figure 3.23 shows a 

Hutong, the streets that separate the different courtyard houses. This picture was taken in a field trip earlier this 
year. As we can see some doors and windows have been open in order to create a more pleasant street front.  

 The exterior walls of the dwelling were generally without windows or doors, with the exception of the south 
facade that usually contained the main gate and occasionally some windows. The lack of fenestration was for 

securing the tightness of the envelope and against cold winter winds. Entering the dwelling one has to pass 
though its main gate. Its location is strongly related to the Fengshui, because the access to the dwelling is the 

connection to the outside. The wrong location will destroy the intimate atmosphere of the house, and therefore 
bring bad luck. Whenever possible, the door is located at the 

southeast to greet the morning sun and gather qi. The main gate 
was also very important to distinguish social status. The exterior 

ornamentation represented the status of the occupant and was 
guided by sumptuary regulations [7,16,29].  

 Right after crossing the main gate there is a small space, 
which serves as a reception area that masks the scale of the 

interior and protects it from the outside. Usually here one can 
find a screen wall that serves as ornamentation, as well as further 

Figure 3.21. Courtyard in 
Shanxi province. 

Figure 3.22. Different scales of courtyard houses in Beijing. 

Figure 3.23. Hutong nowadays.
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protection to the interior.  At the center, on the opposite side of the compound, is the main building. It is elevated 
on a podium and on the north side of the inner courtyard. This building is always facing south to receive as 

much sunlight as possible. It is usually divided into three rooms, with a door leading only into the central 
reception which then provides access to the adjacent side rooms. 

 On the east and west sides of the courtyard are the wing rooms, which are detached structures that are 
generally connected to the main building by colonnaded corridors. However, covered corridors don’t always 

complete the circuit around the courtyard connecting each of the halls. Because of this, the occupants have to 
walk across the courtyard to reach each room, even in severe weather conditions. The east and west wings are 

always smaller and less ornamented than the main building in order to accentuate the hierarchical ranking. 
Figure 3.24 shows the interior organization of a Siheyuan. 

The hierarchical structure is more evident in more complex structures, such as three-courtyard dwellings. 

This type was the more common courtyard dwelling in Beijing at the time of construction, since most people 
living in the capital had more money. In these dwellings the hierarchical structure is quite evident by the position, 

scale and use of the buildings. The areas closest to the entrance are the most public and active areas of the 
dwelling, and the areas closest to the opposite side are the most private ones.  

 The main building has the best orientation and it is the tallest and widest building in the compound. The 
central room is used as a bedroom for guests, and in their absence, as a space for ceremonies and receptions. 

The adjacent rooms are the bedrooms for the grandparents and parents, or the most important members of the 
family. The wing rooms are also smaller and not as high as the main building, and have a west or east 

orientation. They are usually either studies or the bedroom for the married sons and children. The southern most 
building in this compound is composed of the most public uses, such as a kitchen, storage and sometimes the 

bedroom for male servants. The northernmost building is the most protected in the dwelling, and is used as a 
bedroom for the woman servants and unmarried women in the family.  

 The buildings within this structure are composed of three parts: the base, body and roof. The base is a 
platform that elevates the buildings and prevents moisture from penetrating into the column base and walls. It 

also works as a leveling base for the whole structure. In the body there is the structure of the building and the 
walls that enclose the spaces. The roof is the most important part in this type of dwelling, and is the focus of 

most ornamentation and technique. It works as a link between Earth and Heaven and, at the same time, 
expresses the aspiration of entering the eternal life. Large eaves are employed as a spiritual element, and at the 

same time proving protection to the walls and wooden columns from rain and the windows from sun in summer. 
Figure 3.25 shows roof  details found in this type of dwelling.  

Right wing room

Spirit wall

Entrance

Left ear room

Left wind room

Right ear room

Main hall

Figure 3.24. Interior layout of Beijing courtyard houses.
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 It is clear that this dwelling has a great focus on spiritual beliefs and it is strongly affected by sumptuary 
regulations throughout the centuries. This is extremely evident in the size and organization, as well as the uses 

that are given to each space. However, in spite all the conditions and tests it has been exposed to, Beijing 
Siheyuan is a great example of bioclimatic architecture and provides rational and intelligent solutions when 

dealing with the climatic conditions.  

 It is most evident the preoccupation with the solar gains and solar radiation. The big quadrangular 
courtyard in Beijing occupies 40% of the total area, granting solar radiation in most rooms, during the winter (3). 

The fact that this building it is completely closed to the outside, with the exception of some small windows on the 
south facade and the main gate, is a clear response to the insecure climate that has led many dwellings to close 

themselves up. It is also a great response for insulating (1) and avoiding the cold winter winds (2).  The climate 
of Beijing is more severe in winter, but like was expressed earlier, it can also be quite unpleasant during the 

summer. The high mass walls that surround this complex guarantee a level of insulation that allows the interior to 
stay at a comfortable temperature during the hottest months of the year (4). The eaves that protect the structure 

from the rain also protect it from the solar radiation in the hottest months, when the sun is higher (5). The use of 
paper and rice pulp techniques in the interior windows of the dwelling, allow for tightness of the envelope in 

winter, and natural ventilation in summer (6), when the paper is removed.  
 This dwelling is an exemplary case that shows how it is possible to combine people’s beliefs, tradition and 

comfort in a structure. There are many adaptations throughout China for various climates as well as different 
incomes and social status 

Quantitative analysis

This dwelling has an approximately square 

shape, with a square interior courtyard that 
occupies roughly 40 % of the building total area. 

This house is usually found in cities and its 
organization, as was explained in the qualitative 

analysis, is in a rectangular grid that uses the 
Hutongs to divide groups of Siheyuan. Table 3 

shows the detailed information about this house. 
 The energy model of this dwelling was 

created with the surrounding masses that 
simulate other surrounding courtyard houses 

and the correspondent Hutongs. This house was 
intended to house an extended family of parents, 

children and grandparents, and therefore is a 

Figure 3.25. Roof details.

Table 3.03. Case study description, Beijing.
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single family with five people. The location was also specified to the program in order to create the energy 
model, as Beijing, China. Like in many other dwellings, the operating schedule is 12/7 since people did not 

spend the entire day at home as they went out to work. Figure 3.26 shows the BIM model and the energy model 
for this case study.  

Figure 3.27 shows the lighting analysis for this 

case study, for the lighting sDa annual hours. As we 
can see the main hall and the eastern wing hall are 

the ones that have more natural lighting. The overall 
structure only gets enough sunlight for illumination 

purposes for 11% of the year which results in visual 
discomfort. This is specially evident in the northern 

structure and the ear rooms, however these are the 
less used rooms in the complex. 

 Each volume in this complex has eaves that 
extend to the interior of the courtyard, except the 

northern structure. This, combined with the overall 
shape and configuration of this dwelling has great impact on the shadows during the year. As we can see in 

Figure 3.28, in summer the whole courtyard is filled with sunshine, due to the organization of the volumes. The 
buildings, however, are completely shaded due to the overhangs that protect the facades and prevent 

overheating. During the winter approximately one third of the courtyard is shaded, since the northern structure 
blocks the sun path, allowing the rest of the courtyard to be filled with sunshine. The northern building is then 

Figure 3.26. Simplified model and generated energy model.

Figure 3.27. Lighting analysis.

Figure 3.28. Shadow analysis in the summer and winter solstice. 
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completely shaded, the wing rooms are only slightly shaded and the main hall is fully illuminated. Since the 
northern building was not usually used for living, the fact that there are no solar gains through it does not have 

big impact in the overall comfort, and as we can see, the main hall, which is the most important volume of the 
complex, is taking most advantage of the solar gains. This shadow pattern shows us once again the social 

hierarchical organization of this culture and the importance that  interior comfort  has. 
The main features of this dwelling, that will be studied in order to understand their impact in the interior comfort 

are: the lack of windows on the exterior walls; the dimensions of the central courtyard.  
 One of the most important features of this dwelling is the fact that it is almost completely closed to the 

outside, with the exception of the entrance door. This dwelling is, however, quite open to the interior, which 
enables people to have a contact with nature. As we can see in Figure 3.29 on the eastern, western and 

northern walls, the least windows there are, the smaller the EUI value. As 
it was seen before in the shadow and lighting analysis, this complex 

does not have a lot of solar radiation on these facades and therefore 
heating is reduced and the heat losses are increased, due to higher 

infiltration. In the southern facades this is also true, but only for values 
higher that 30%. The EUI value stays more or less the same for values of 

window to wall ratio lower that 30%, which enables lighting of this 
facades without heat losses.  

 Another important feature of this dwelling is the size of the interior courtyard. The Beijing courtyard dwelling 
is well known for having a central squared courtyard with roughly 40% of the entire built area. On Figure 3.30 we 

can see that by varying the size of this courtyard we can understand the implications of increasing or 
decreasing its size. On the first graph we can see the cooling loads, which are not too variable with the different 

courtyard sizes but decrease slowly for bigger percentages. The second graph shows the heating loads. These  

Figure 3.29. Window to wall ratio and EUI values.
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Figure 3.30. Courtyard to building ratio with correspondent cooling and heating loads. 



are significantly higher for values of courtyard to building ratio higher than 40%  and lower than 50%. From this 
analysis we can conclude that regarding the cooling and heating loads the ideal solution would be a courtyard 

with a ratio bigger than 50% and lower than 80%. The Beijing courtyard, even though it does not have the ideal 
measurements for this specific climate, it still shows good values of heating and cooling loads. 

 The fact that this building is found in cities creates constraints in size and configuration which have strongly 
affected this dwelling. The courtyard is maximized in order to receive as much solar radiation possible within a 

reasonable value, but it is not maximized to the ideal value. The lack of exterior windows are a result of a need 
for better insulation and for more privacy in this dense urban planning. Found throughout Beijing, this dwelling is 

an example of Chinese architecture worldwide.
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3.3.3. SUBTERRANEAN HOUSES IN YULIN

Climatic profile

The subterranean dwellings in study are located in Yulin, a rural area located in the northernmost borders of the 

Shaanxi province. This region is quite distant from the ocean and the strong cold winds that come from Mongolia 
and Siberia are still strongly felt. It is located in the cold climate region and it represents one of the most 

challenging climates found there.  
 This case study is located near Yulin, in a rural area. Figure 3.31 on the right summarizes the climatic 

information for this region. Upon a first look one can 
conclude that this climate is cold and dry with big 

diurnal temperature ranges. The winter is cold and 
very dry, with less sunshine. The summers are hot 

during the day and cold at night with more 
precipitation and sunshine which can add to the 

discomfort. Sunshine is available throughout the year 
with an average of 7.6 hours per day, allowing for 

natural lighting throughout the year. Winds are 
predominantly from west during almost all year and 

can cause great discomfort, specially at night time 
when the temperatures drop. The most striking feature 

of this climate is the big diurnal range of tempe-
ratures, which can be seen on the top of the chart 

where the daily maximum and daily minimum monthly 
mean temperatures are far apart. In July, the warmest 

month of the year, the daily maximum mean 
temperature is 37ºC while the daily minimum is 19ºC, 

creating the need for heating and cooling during a 
single day. 

The main features of this climate are: 

(1) Big diurnal temperature range 

(2) Big annual temperature range 

(3) Significantly less humidity in the colder months  

(4) Significantly more precipitation during the warmer months 
 Figure 3.32 represents the monthly mean temperature of the ground, at four meters deep, and the monthly 

mean temperature at the surface during one year. 
As we can observe the ground temperature is 

much more stable than the surface temperature 
during the whole year. It is warmer during the 

coldest months and cooler in the warmer months, 
coinciding with the surface temperature around 

March and September, when the it is more 
comfortable. In December, the coldest month of 

Figure 3.31. Weather information of Yulin.

Figure 3.32. Surface and underground temperature of Yulin.
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the year, we can observe that the surface temperature is -10ºC and the ground temperature at 4 meters deep is 
12ºC. This 22ºC difference of temperature is very significant, specially in a climate with such a rigorous winter.  

 As we can see in Figure 3.33, in the psychrometric chart, 12% or 1033 hours of the year this climate is 
comfortable. This discomfort zone is mostly located at the left corner of the graph, indicating that this climate is 

predominantly cold. There are also some scattered dots at the top and right of the comfort zone, indicating 
overheating during a small period of the year. This is however not  as significant. On the second graph we can 

see that only by using the internal heat gains we can increase the comfort to 32.1%. However, there are still 
many days of the year when the temperature is too low. Using a heating system, we can see, on the third chart, 

that the comfort can be achieved during 89.2% of the year, indicating, as expected, this climate as a cold profile 
and that heating should be the main concern in the design.  

 As a result, the climatic design priorities should be focused on winter’s low temperatures and less 
importantly, but still relevant, summer overheating. In this 

climate it is also very important to look at the difference of 
temperatures during the day and night [16]. The following 

strategies are presented and numbered by order of 
importance: 

(1) Keep heat in and cold temperatures out in the winter 

(2) Protect from the cold winter winds 

(3) Let the winter sun in 

(4) Use thermal mass to reduce day-to-night temperature 
swings.  

(5) Protect from summer sun. 

Qualitative analysis 

Subterranean dwellings are mostly found within the provinces of Henan and Shanxi in the north of China and in 

Shaanxi and Gansu in the northwestern China. However, they are also found in many other provinces in a 
smaller number. This case study is located in the Shaanxi province where more than half of the population in 

villages lives in subterranean dwellings, and in some villages this number is up to 80 percent of the population of 

Figure 3.33. Psychrometric charts and design strategies of Yulin.
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the village. The main reason for this is the fact that this region is very rich in loess soil, a finely textured silt that 
has been transported by strong winds from the Gobi desert and Mongolian uplands. This material has properties 

that make it an optimal building material where there aren’t many options.   
 The loess plateau region was once covered with grasses as dense forests. However, it has been dried and 

denuded for at least two millennia. This was a consequence of overly working the soil, fire wood collection, 
charcoal and brick making and land reclamation. Since then, this region no longer has trees and consequently 

wood is no longer an option as a building material. Because throughout the regions of the Shaanxi province 
population has always been very poor, it was not possible to bring materials from other places to build here. 

Chinese people dug into the soil to make their underground adobes which was only possible due to the specific 
characteristics of the loess soil found in this region. A soil that is rather dense yet quite soft, with a uniform 

composition, that is very easy to cut and free of stones. Once it is cut and it dries out, it creates a layer around 
20 centimeters thick on the surface, resembling cement. Because of the importance of the soil properties, the 

selection of a suitable site is the most important decision when building an Yaodong, besides paying attention to 
the passage of the sun and the impact of other natural elements. All these characteristics are the main drive for 

the design process [7,16,29]. 
 Yaodong is the Chinese word for this type of dwelling and, although it means subterranean dwelling, it also 

means much more than that.  It can be understood as construction made out of brick, stone or rammed earth, it 
can be built on a cliff side, in a sunken courtyard, on the surface, on even as a mix of the above, creating an 

integrated dwelling complex. Figure 3.34 shows the different types of Yaodong in China. For the purpose of this 
study, the sunken courtyard will be analyzed in more detail with some possible adaptations.  

Thinking about a subterranean dwelling one may think of primitive caves. However, subterranean dwellings 

today are much more complex and have evolved both in structure and in plan. They are remarkably cool in 
summer and warm in winter, using the much more stable ground temperature, and the conservation of heat by 

the extremely thick surrounding “walls” and “roof”. In this region where the 
climate can be quite severe and where there are not many materials 

available, this dwelling has proved to be an answer to create a pleasant 
interior environment for people. Figure 3.35 shows an axonometric 

perspective of this dwelling. 

 The configuration of a cave dwelling generally results from pragmatic 

decisions such as the properties of the soil and the distance to a water 

source. This is what will determine the shape and complexity of a dwelling. 
Generally they are found in high and dry locations, because damp soil is 

not desirable, but near a source of water. Subterranean houses are 
generally very simple and small due to the lack of resources and 

Figure 3.35. Yaodong’s axonometry.

Figure 3.34. Different types of Yaodong in China. 

a) b) c)
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economic development of this region. They are built separate or in groups, facing different directions or in tiers in 
order to take advantage of the favorable microclimates. In Figure 3.36 we can see a group of subterranean 

dwellings and how they interact with each other. Also in the same figure the sunken courtyard often reaches 81 
square meters in size, with an entry at the ground level that leads to a ramp or stairs. This entrance is usually 

located at the south or southwestern side of the dwelling, since these are the coldest and least desirable 
locations for living. The rooms are usually dug into the four walls, with the main chambers on the north facade in 

order to maximize the southern exposure.

Figure 3.36, on the right, also shows the typical configuration of a subterranean dwelling in China. At the top left 
side we can see the entrance that is dug into the ground on the south eastern side of the house. In some cases 

the north wall of the dwelling has two levels to receive as much sun radiation as possible. This is specially 
important in winter when the angle of the sun is low and only the top part of the north facade of the dwelling gets 

radiation.  
 The walls of the house are vertical for 2 meters before arching upwards to form the ceiling, as we can see in 

Figure 3.37. The rooms that are inhabited have their walls coated with a plaster of loess and lime to slow the 
drying and flaking of the interior. The facades of the dwelling all face the inner courtyard, that becomes a 

significant outdoor living space, reminiscent of traditional northern courtyard houses. The doors of the dwelling 
are generally reinforced with fired bricks or rammed earth in order to support the arched framing. The rooms in 

this dwelling are not brightly lit, broad openings to the courtyard would facilitate the entry of both light and air, 
but they would also result in substantial heat loss during the winter. The relationship between light, ventilation 

and insulation is very important in this case study. The interior space is often divided into 3 spaces, the first is 
the bed, then  the table and at the rear of the dwelling, the storage space, as we can see in Figure 3.38. These 

rooms are often furnished with the Kang system that is located just inside the south facade. 

Figure 3.36. Group of subterranean dwellings.

Figure 3.38. Typical interior of a subterranean dwelling.Figure 3.37. Yaodong’s interior.
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Even though these subterranean dwellings are a positive adaptation to environmental conditions and lack of 
resources, they are very fragile to earthquakes. It has been estimated that in 1921 as many as a million people 

died in collapsing caves in the Shaanxi area due to a massive earthquake. This lack of security has led many 
people to leave their subterranean dwellings when their income increases and to move into above ground 

dwellings. However, it is evident that this houses do not provide as much thermal comfort as people are used to.   

The main focus of this dwelling is the airtightness of the envelope and the thermal inertia. In a region that lacks 

building materials and that is strongly affected by a cold climate with extreme temperature swings, the choice to 
dig into the ground to find shelter shows a positive adaptation to these conditions. Through thick “walls” and 

“roof” we can ensure the first design strategy as the main drive for this design (1) Keep heat in and cold 
temperatures out in the winter. The development of the courtyard shape that shelters the interior regions, with 

high walls enclosing them, ensures the second point (2) Protect from the cold winter winds. It is also quite 
evident how the fourth point is ensured by the thermal mass of the soil (4) Use thermal mass to reduce day-to-

night temperature swings. Regarding the sun, during the winter there is almost no sun reaching the facades of 
the dwelling, meaning that the third point can not be ensured. However this is a design decision that had to be 

made in order to ensure more important measures such as point (1) and (2). Due to its configuration, during the 
summer, the dwelling is mostly protected, (5). 

 This dwelling is a great response to the challenging climate and resources found in this region, and it shows 
again how vernacular architecture can effectively address serious problems. Due to a great effort in developing 

these structures by people throughout time, this dwelling ensures comfort and a home for many people in China. 
The shortcoming of the subterranean dwellings described in this chapter is a major concern for safety. However 

with better technology and the help of qualified professionals, Yaodong can be a great example for 
contemporary architecture, of how a building can ensure comfort in a cold climate.  

Quantitative analysis 

 This dwelling is completely subterranean 

with a square courtyard that occupies 81 
square meters. The living quarters are dug 

into the sides of the courtyard with the 
exception of the south side where the stairs 

are found. In this dwelling there are no formal 
building components such as roof, walls or 

flooring. However, because Insight 360 uses 
these components to calculate the energy 

needs for the building, these elements were 
created in order to simulate the original 

situation. Both the roof, walls and floor are 
completely made out of soil. The roof is flat 

and it was designed in order to fill the empty 
space between the ceiling and site elevation. 

The most significant information for this 
dwelling is summarized in Table 3.04.  

Table 3.04. Case study description, Yulin.
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 For the energy model the location was specified according to the case study, in Yulin, Shaanxi province. 
Because this is a society where it is customary for people to stay in the house for the majority of the day, the 

operating schedule specified was 24/7. The type of building is single-family and the number of people in this 
house is 5. Figure 3.39 shows the simplified model on the left and the energy model for analysis on the right. 

In Figure 3.40 we can see the results of 

the Lighting analysis regarding the light sDA 
annual hours. For 1% of the year does this 

building get enough sun light for lighting, 
mostly due to the lack of windows. Only one 

side of the interior space has the possibility 
to get sunlight and even there the openings 

are reduced in order to maintain the thermal 
properties. 

 The main feature of this dwelling is the 
fact that this building is subterranean. It is a 

very important feature since it ensures the 
airtightness of the envelope as well and 

insulation and natural heating and cooling. When looking at this, one can think of it as only massive construction. 
However there is also the fact that the soil can act as a heat sink in summer and allow for free cooling, since the 

earth temperature at deeper levels is lower. In winter the deep soil temperature is much higher than the outdoor 
air temperature, allowing for free heating, as we saw previously in Figure 3.32. To understand this factor, five 

cases where studied where the building is buried progressively at lower levels, from 6 to 3 meters deep, and 
finally when the building is not subterranean. As we can see in Figure 3.41 the heating and cooling loads are 

very low and quite similar for all the subterranean cases. However, for the above ground case this situation 
changes drastically increasing exponentially.  

 In spite of these results, one may argue that these are due to the fact that the walls considered in this case 
study are 0.25 meters thick and that thicker walls may be enough to shelter the interior and decrease the loads 

to similar values. In order to understand this, another situation was studied where the surrounding walls are 1.0 
meters thick. When looking at Figure 3.41, on the left, it is evident that both the cooling and heating loads are 

significantly with an increase of wall thickness for the surface simulation. This proves the fact that this building 
reacts positively to the mass effect due to the diurnal range. However, when comparing these loads with the 

ones of the subterranean dwellings, it is also evident that they are much higher. This study was only done using 

Figure 3.40. Lighting analysis.

Figure 3.39. Simplified model and generated energy model.
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a thickness of 1.0 meters, but this value could be much higher to a point where the loads may compare with the 
ones of a subterranean dwelling. However, it is important to look at the results realistically and understand the 

implications of building walls of such thicknesses. All in all, according to these simulations we can conclude that 
burying the dwellings and sheltering inside the soil is a indigenous way to deal with a harsh climate that provides 

natural heating and cooling, decreasing the cooling and heating loads and consequently increasing the interior 
comfort. 

  
 By analyzing this dwelling in its original form, it is clear that it has a very good thermal response, with low 

cooling and heating loads. The necessary heating is done by the use of the Kang system, like in many other 
regions of northern China. This dwelling is, however, very poorly lit, since the main concern is the airtightness of 

the envelope. 
  

Figure 3.41. Heating and cooling loads for different depths.
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3.3.4. HAN INFLUENCED DWELLINGS IN LIJIANG 
 

Climatic profile

Lijiang is located in the Yunnan province, located in the southwest of China. It belongs to the temperate climate 

zone, the smallest climatic region in the country. It is the most comfortable climate in all China, but it also 
presents some challenges for building. With a continental area, and the fact that it is on the southernmost region 

of China, this region is not influenced by the monsoon that comes from either Siberia or the ocean, and it is able 
to maintain a pleasant temperature. Despite this, this 

region has high elevation which will strongly influence its 
climate.  

 This case study is located in Lijiang, in an urban 
area. Figure 3.42 summarizes the main feature of the 

climate for this area. As we can see on the top, there is a 
clear distinction between winter and summer as 

temperatures rise from May to September. However, this 
temperature difference is not too drastic and it results in 

a small annual temperatures range. It is quite evident by 
looking at the graph that as the temperatures increase 

there is also an evident rise in relative humidity which 
can add to the discomfort. The winter is dry and with 

almost no precipitation, the sunshine is more prominent 
in this time of the year allowing for illumination and for 

solar gains. The wind comes from North during the 
entirety of the year, allowing for great control. It is much 

stronger during the coldest months which may add to the 
discomfort.  

The main features of this climate are: 

(1) Less sunshine during the warmer months; 

(2) More precipitation during the warmer months; 

(3) More humidity during the warmer months.   

 As we can see in Figure 3.43, only during 10% or 872 hours of the year is the climate of Lijiang comfortable. 
The discomfort hours are located almost only on the left of the chart and quite close to the comfort zone, 

meaning that,  comfort should be met quite easily. This is one of the most comfortable climates in all China, and 
as we can see in Figure 3.43, on the second chart, only by internal heat gains we can increase the comfort to 

55,3 % of year. On the third graph we can see that with heating, 99.3% of the time the climate is comfortable, 
indicating that this climate has almost no need for cooling or dehumidification.  

Figure 3.42. Weather information of Lijiang.
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As a result, the climatic design priorities should focus solely on the 
winter’s low temperatures since the other factors are not significant 

in this type of climate [16]. The following strategies are presented 
and numbered by order of importance: 

 

(1) Keep heat in and cold temperatures out during the winter;  

(2) Protect from cold winter winds; 

(3) Let winter sun in.  

Qualitative analysis 

Han Chinese is an ethnic group in China that constitutes 92 % of the entire population of China, and 19% of the 

world’s population. It makes up the worlds largest ethnic group with 1.3 billion people, which are found mostly in 
mainland China. The Naxi, however, are a minority ethnic group in China with around 300,000 people. They 

occupy the rugged Lijiang region at high elevations, of around 2,400 meters. Since the thirteenth century the 
Naxi engaged in agriculture and interacted with Han settlers, and by the Ming period, they were building 

courtyard-type dwellings. Many buildings of ethnic minority groups in the southern regions of China have been 
strongly influenced by Han architectural norms, and over the centuries have became substantially assimilated. 

 Traditionally, Naxi people lived in rectangular timber houses, which are still being built by the Naxi in 
northern Yunnan. These houses contain space for receiving guests, sleeping, cooking and storage, as well a 

courtyard and stable. The way of living of this minority was not very different from the Han people and the 
notions of space organization as utility are not very different from the northern courtyard houses.  When coming 

in contact with this idea it was a matter of time before the first Siheyuan started being built by the Naxi people, in 
Yunnan. The changing to this typology is believed by some to have been a natural process of social evolution, 

but others argue that it was the result of forced policies. Either way, the Naxi people, as well as other ethnic 
minorities have assimilated and developed these typologies according to their own needs.   

Figure 3.43. Psychrometric charts and design strategies of Lijiang. 
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 This case study focuses on the Sanfang Yizhaobi, which 
means three subdivisions and one screen wall. Its floor plan 

is similar to the northern sanheyuan, the three sided form. 
They are U shaped type complexes that include a main hall 

with adjacent supplementary rooms, a perpendicular pair of 
facing wings with a screen wall and entry that completes the 

enclosure of a courtyard. Like the Han courtyard structure, 
the encircling halls are usually three jian in width, but the 

Naxi halls are normally two levels. This type of dwelling is 
also different from the northern example in the depth and 

width of each room, which is significantly bigger. Figure 3.44 shows the typical configuration of this type of 
houses. Overhanging roofs provide an encircling arcade where broad overhangs create an important transitional 

space midway between indoors and outdoors. This space is specially suitable to subtropical areas and it is 
found in almost every dwelling in Yunnan. Besides the central courtyard, these dwellings also include two corner 

sky wells [15].  
 Houses in Lijiang are compactly built, which is evident when looking from the outside, and it can be seen in 

Figure 3.45 and Figure 3.46. In the first figure we can see the overall city planning, and at this scale it looks as if 
there is almost no space in between buildings. The second figure is a view from the street level that shows how 

the distance from each house and the store fronts. Both pictures were taken earlier this year in a field trip, as we 
can see some differences from what was studied. The main difference is the fact that the dwellings are open to 

the outside, something that was only introduced in the late Ming dynasty in an attempt to promote trade. 

This building clearly focuses on the cold temperatures of winter, which is achieved by the encircling wall that 
surrounds all the different pavilions in the complex. This building, almost completely closed to the outside, is an 

assimilation that shows clear evidence of climate adaptation. It keeps the heat in and the cold temperatures out 
during the winter (1) and it protects from the winter winds (2). The big courtyard that is found in front of the 

dwelling is also a great passive strategy that allows for gathering winter sun (3). 
This climate is one of the least challenging in all China, and  because of this it is expected to find a bigger range 

of solutions. This case study is a great example of how vernacular architecture can respond to different cultures 
and different climates. Its main features are a consequence of assimilation of cultures as well as a response to 

the cultural and comfort needs of the local population.  

Figure 3.45. Lijiang’s top view. Figure 3.46. Lijiang’s street view. 

Figure 3.44. Typical configuration of Lijiang houses.
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Quantitative analysis 

 This dwelling is composed of three buildings facing 

a square courtyard. These buildings are two stories high 

with double sloped roofs and gabled end walls. Each 
building is divided into three bays by wooden walls. 

There are brick walls surrounding the whole structure 
with no fenestration. This dwelling is found free standing 

in farming societies or in cities. This case study is 
located in Lijiang, in a densely built city, as we saw 

previously. This information is detailed in Table 3.05. 
The energy model was created using a typical 

configuration of Lijiang’s streets.The type of building 
was also specified as single family house with five 

people and an operating schedule of 12/7. The location 
specified was Lijiang, China. Figure 3.47 shows the 

simplified BIM model and the energy model created. 

 Looking at Figure 3.48 we can see that, due to its shape and organization, this building is poorly lit. On the 
main hall there is still some illumination, but it is not enough to light the entire building. On the west and east 

wings we can see better illumination on the second level, but it it also not enough to light these buildings. The 
ear rooms are shaded during the whole year.  

We can also see this in Figure 3.49,  in the shadow analysis for the winter and summer solstice. During the 

winter solstice the main building is lighted as well as almost the entire second floor, in order to take the most 

Table 3.05. Case study description, Lijiang.

Figure 3.47. Simplified model and generated energy model.

Level 2

Figure 3.48. Lighting analysis.

Level 1
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advantage of solar radiation for heating. In the summer, the whole building is shaded, with the exception of the 
east wing that is lighted on the bottom half of the second level. This prevents overheating during the summer 

while allowing for natural ventilation.
 This model was adapted from the quadrangular courtyard house in Beijing (Chapter 3, Subchapter 3.1.2.). 

Because of this, it is interesting to see how this type of dwelling would behave in Lijiang’s climate, and why 
people chose to change it. In order to do this, the quadrangular courtyard house from Beijing was analyzed in 

Lijiang’s climate. Table 3.06 summarizes the heating and cooling loads of this type of dwelling both in Beijing 
and  Lijiang’s climate. As we can see the cooling and heating loads are much higher in Beijing than in Lijiang. 

This is mainly due to the fact that Beijing as a much more severe climate than Lijiang, so even though this 
building is designed for Beijing’s climate it preforms much better in Lijiang.  

 Although this building has a better thermal performance in Lijiang than in Beijing, this doesn’t mean that this 
building is a good design for Lijiang. With a temperate 

climate, this region would have better thermal perfor-
mances for most of China’s buildings. As was said 

before, people from this region made some adaptations 
in order to maximize the thermal response of this 

building, and adapt to the local climate, as well as the 
local constraints and culture. One of the biggest changes 

in this dwelling, in comparison to the Beijing courtyard 
house, is the fact that this building has two stories instead 

of one. This is a response to the local constraints, as these 
buildings are often found in dense cities, but it has an 

impact on the thermal performance. 
 Table 3.07 shows the cooling and heating loads of the 

Han-influenced dwellings found in Lijiang. In order to understand why people chose to build this structure with 
two stories, and the implication that this has on the interior comfort, two situations were considered. On Table 

3.07 we can see the difference of heating and cooling loads in a single story Han influenced dwelling and in the 
two stories case study. Although the heating loads are slightly higher for the single story dwelling, we can see 

that the total loads are lower for the original case study, indicating that this adaptation contributes positively to 
the interior comfort of this dwelling. When comparing the Beijing courtyard dwelling, which has a total load of 

162,64 W/m2, and the Han-influenced dwelling, with a total load of 121,94 W/m2, both in Lijiang’s climate, we can 
see that the second has better thermal performance. 

Figure 3.49. Shadow analysis in the summer and winter solstice.

Table 3.07. Single story and two story building in Lijiang.

Table 3.06. Courtyard house in Beijing and Lijiang.
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 Another important feature that distinguished this 
dwelling from the courtyard house in Beijing is the 

fact that the northern building does not exist. In its 
place there is a screen wall that encloses the 

complex. Table 3.08 shows the impact that a 
northern building has on the interior comfort of this 

dwelling. As we can see, the total loads are higher for the case study, which means that the interior comfort is 
higher when there is a northern building in this complex. This would mean that it is a negative adaptation of the 

Beijing courtyard house to Lijiang’s climate. However, as we saw on the climate profile, figure 3.43, the 
discomfort for this climate is almost solely due to low temperatures. Hence, the cooling loads are not as relevant 

in this study, since the removal of heat can be easily achieved by natural ventilation. In Table 3.08 we can see 
that the cooling loads on the adaptation are about three times higher than the original case study, indicating 

more discomfort in summer due to high temperatures. However, when looking at the heating loads, we can also 
see that the original case study has about one half the heating loads. Although the cooling loads are higher 

when there isn’t a northern building, because the discomfort in this region is mostly due to low temperatures, it is 
more relevant to see that the heating loads are about one half in this case, hence this is a positive attribute to the 

interior comfort.  
 This dwelling is a great example of how people adapted to local climates. Although this climate is one of the 

least challenging in all China people still took very special attention to specific design features, and improved 
them in order to increase the interior comfort. 

Table 3.08. Case study with / without a northern building.
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3.3.5. HUIZHOU’S ENCLOSED MULTI STORY TIANJING HOUSES IN ANQING 

Climatic profile

Anqing is situated in the Anhui province, an eastern province in central China. It belongs to the hot summer and 

cold winter climatic region. This region has a mild influence of the Siberian monsoon as well as a mild influence 
of the ocean monsoon, resulting in a mixed climate of high and low temperatures. 

 This case study is located in an urban area near 
Anqing. The precipitation in this region is higher than in 

any other climatic zone in China, mainly due to the ocean 
monsoon and the fact that this region is close to the 

ocean and has a considerably low altitude. This is quite 
evident in Figure 3.50. At the bottom we can see that rain 

is abundant almost throughout the year, with 1325 mm of 
precipitation annually. The annual temperature range is 

31.5ºC, with low temperatures during the winter and high 
temperatures during the summer. Sunshine is very limited 

during the colder months and abundant during the 
warmer months adding to the discomfort of both 

seasons. The lack of sunshine during the coldest months 
may also result in lack of illumination. Humidity is high 

throughout the year and it is specially problematic when 
combined with the high temperatures and excessive 

sunshine. Winter winds, that may add to the discomfort 
are predominantly from southwest while the summer 

winds are mostly from southeast.  
The main features of this climate are: 

(1) High humidity throughout the year; 

(2) More sunshine during the warmer months; 

(3) Low diurnal temperature range. 
 As we can see in Figure 3.51, only for 6.1% or 536 hours of the year is the climate comfortable. There is a 

large cluster of red dots at the left end of the chart indicating the need for heating for many hours of the year. 
There are also many red dots spread almost across the chart, both on the left, right and on top of the comfort 

zone. Looking at Figure 3.51, on the second picture, the internal heat gains ensure comfort for 25.9 % of the 
year. However it is evident that there are still many hours of the year where this is not enough and there is still the 

need for heating. On the third graph we can see that dehumidification allows for comfort during 20.8% of the 
year, but there are still many days where the temperature is too high and consequently there will still be the need 

for cooling. 

Figure 3.50. Weather information of Anqing.
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As a result, the climatic design priorities should focus on 
winter’s low temperatures, summer’s high temperatures and 

the high levels of humidity [6]. The following strategies are 
presented and numbered by order of importance:  

(1)  Keep the heat in and the cold temperatures out during 

the winter;  

(2) Use natural ventilation for summer cooling;  

(3) Let the winter sun in;  

(4) Protect from the summer sun.  

Qualitative analysis 

At the foot of the Huangshan Mountain, in the south of the Anhui province, there is an area called Huizhou which 

has registered a history of over two thousand years. Traditionally this region has been economically developed 
due to the production of paper and ink. However, during the Ming dynasty, 

merchants who made their fortunes in urban centers all over China invested 
their money in building houses for their family in this region. Today, Huizhou’s 

buildings have become part of the world’s heritage, and have been studied 
throughout.   

 Although concentrated mostly on the southeastern parts of the Anhui 
province, these dwellings are also found in the neighboring provinces of 

Zhejiang and north Jiangxi. This type of building is  found in villages that are 
carefully planned and designed. The case study is located in Hongcun, a 

village that is known as a museum of period architecture, from China’s 
imperial past. This is due to the amount of vernacular buildings that it 

contains and because fewer areas in China exceed the abundance and 
intricacy of ornamental features from the Ming and Qing dynasties as Anhui.  

 From the outside, these dwellings look like boxes or elongated loads Figure 3.52. Hongcun sreet view.

Figure 3.51. Psychrometric charts and design strategies of Anqing.
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with solid brick walls, finished with white plaster, and limited windows. We can 
see this from the outside picture in Figure 3.52. On the left we can see a brick 

wall without the plaster finish and on the right we can see the same type of wall 

with the plaster finish pealing off. However, the interior of the building is almost 

completely of expensive wood that is heavily ornamented. Huizhou’s houses 

maintain similar features to northern courtyard style: axiality, symmetry, 
hierarchy, orientation to the cardinal directions and enclosure walls to ensure 

privacy. The division of the space is often three to five bays. However its 
dimensions are different from the quadrangular courtyard houses, reaching up 

to two times its size. Unlike northern structures, which are strikingly horizontal 
and open to the sky above, these structures emphasize verticality,  with two 

levels and a small floor plan [7,15].  
Huizhou’s dwellings have a distinctive multistory compact shape that is the result of the limitations of terrain and 

overcrowding. They are also known for the high perimeter walls that reflect a need for security and a preference 
for privacy. This is quite evident in Figure 3.53, where we can see an exterior view of these dwellings. Despite 

this, nothing distinguishes this dwellings more than their Tianjing. Tianjing is the Chinese word for Sky well, a 
common feature in southern dwellings throughout China. These are open spaces that are found within built 

structures, and are too small and compact to be considered a courtyard. While the northern courtyard may 
exceeds 40% of a dwelling’s total area, their sky well rarely exceed 20%. In Figure 3.54 we can see a typical sky 

well found in Huizhou’s region.   
These dwellings often have multiple sky wells, whose size, shape and number varies according to the scale of 

the house. The varying sizes and locations of Tianjing reflect the adaptations to particular sites and the demands 
of different households. They serve important functional purposes, such as lighting, air renewal and rainwater 

collection, as well as important spiritual purposes: the connection of the earth bellow with the heavens above. 
This is a indigenous way to connect people with nature while at the same time allowing for privacy and security. 

 Houses of this type are usually two story, often composed of 
three main buildings and two sky wells, with no fenestration on the 

exterior walls. There is a higher wall surrounding the dwelling and the 
rising position of the last building indicates a hierarchical orientation. 

There is a specific location for the most important activities. The main 
reception halls and the bedrooms of these dwellings are situated on 

the upper story, while the ground level is reserved for servants, 
visitors and secondary household functions such as cooking and 

personal hygiene. The ground floor is usually connected to the upper 
floor by a steep stair case that is located behind the first pavilion. 

Typically the ceiling of the ground floor area is lower than on the upper 
levels.  

 The surrounding walls of this building are higher that the roof tops 
and made out of brick or stone, as we can see on the detail in Figure 

3.55. They present a striking contrast with the interior that is almost 
completely made out of wood and stone, at the foundations. This is 

mostly due to sumptuary legislation that did not allow for much 

Figure 3.54. Sky well.

Figure 3.55. Roof top detail.

Figure 3.53. Hongcun exterior view.
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ostentation on the outside wall. However there is another reason. Throughout history, many of Huizhou’s houses 
were destroyed in massive fires that consumed entire villages, since the interior is completely made out of wood, 

and there is the tradition of lighting up fires in the winter for heating. Because of this, they have developed the 
horse head walls, stone or brick walls that are higher than the roof tops and that divide each individual dwelling 

from the neighboring ones, preventing the fire from spreading.  
The focus of this building is the high summer temperatures. This is clearly seen by the fact that the lower level of 

this residence does not have any walls, in order to allow for natural ventilation for summer cooling (2). Also, the 
courtyards are no longer used and there are sky wells instead in order to prevent the overheating through solar 

radiation, allowing for (4) protection from the summer sun and allowing the hot air to escape. Also, although  
these sky wells are not as big as the northern courtyards, they still have a significant size, specially when 

compared with the southern Tianjing. This shows a concern with gathering winter sun for heating (3). The main 
design priority for this dwelling is not evident at first glance. The fact that this dwelling is quite compact and 

closed to the outside is helpful for keeping the heat it and the cold temperatures out (1). However this is only 
possible on the upper level since on the lower levels there are often no walls, or very permeable walls. 

Most important features of this dwelling are met, and by the use of passive strategies it is evident that comfort 
may be achieved in this type of climate. This dwelling is designed mostly for the higher temperatures and 

humidities, probably because this was the most uncomfortable time of the year. Although the winter is also cold 
and uncomfortable in this region, it is possible to light up a fire for heating.  

Quantitative analysis

This dwelling is composed of three buildings and two 

sky wells. The sky wells occupy roughly 20% of the 
built area and are the main source of light and 

ventilation. The surrounding walls are high and do not 
allow for the double sloped roof to show from the 

outside. This house is usually found in villages and 
therefore the masses considered in this study 

simulate the straight configuration of those villages.  
Table 3.09 summarizes all the most relevant 

information that was used in this case study.  
 This energy model was created by specifying 

the type of dwelling, single family,  and the number of 
people, which is five. Its location was also specified 

as Anqing, China. Because in this society people 
usually spent some part of the day outside of the 

Table 3.09. Case study description, Anqing. 

Figure 3.56. Simplified model and generated energy model.
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house, either as merchants or socializing, the operating time considered was 12/7. Figure 3.56 shows the 
simplified BIM model on the left and the energy model for analysis on the right.  

 As we can see in Figure 3.57, most of the dwelling is poorly lit, with 
the exception of the balconies. In fact, this building doesn’t meet the 

lighting sDA annual hours for any hour of the year. This is mainly due to 
the small sized courtyards, or sky wells, long eaves that shade the interior 

facades, and lack of windows on the exterior walls, as well as high exterior 
walls.  

 Despite this, we can also look at the implication that these factors 
have on shadows. As we can see in Figure 3.58, on the left, during the 

summer solstice, when the sun is at its highest, the dwelling is almost 
completely shaded, which prevents overheating. During the winter 

solstice, Figure 3.58 on the right, the interior facades of this dwelling that 
are facing south are fully lit. Even though this dwelling does not fulfill the 

lighting criteria it is evident that it takes full advantage of the different 
angles of the sun to gather heat in winter and avoid it in summer. 

 In order to understand how the strategies in this dwelling affect the overall comfort, its main features were 
analyzed. These are: lack of windows on the east and west walls; the use of a sky well instead of a courtyard.  

 The lack of windows on the east and west facades and the longer sides of this building are things that 
immediately strikes the attention. When looking at this dwelling, the intent to create a box-like shape that does 

not allow for the outside and inside to communicate becomes clear. This can be a good feature for the interior 
comfort in winter and summer, creating a tighter envelope. However, it also does not allow for solar heat gains in 

winter, but it prevents overheating in summer. In Figure 3.59 we can see that in both these facades, the higher 
the window-to-wall ratio, the bigger the EUI value. On the left, in Figure 3.59, we can see that having windows on 

the western walls can be more 
harmful than on the eastern walls 

by more than double. Therefore the 
lack of windows on the east and 

west facades contributes to the 
interior comfort.  

 Another important feature of 
this house is the size of the interior 

open space. This dwelling has 
considerably smaller courtyards 

Figure 3.57. Lighting analysis.

Figure 3.59. Window to wall ratio on the western and eastern walls.

Figure 3.58. Shadow analysis in the summer and winter solstice.  

56

Lessons to learn for sustainable  contemporary architecture in China



than those found in the north. The main reason for this is to create a more compact shape that allows for 
shadowing in summer when the temperatures are higher. Having smaller courtyards, or sky wells, also enables 

ventilation and lighting. In order to understand how the size of the courtyard affects the overall interior comfort, 
four situations were considered. In the first one, the sky well is about half the original size, creating a more 

compact shape. The second one is the case study in its original form. The third has the same dimensions as the 
Beijing courtyard and it is double the size when compared to the original dwelling. The fourth and last case 

considered is a courtyard that has roughly double the size of those found in the Beijing. Figure 3.60 shows the 
heating and cooling loads for each of these different cases. As we can see the 20% courtyard to building ratio is 

ideal for this climate since it allows for the least cooling and heating loads. Although this difference is not very 
significant - the heating values only vary from 52.5 to 55.5 W/m2  and the cooling values only vary from 39.5 to 42 

W/m2 - it is still clear that from 20 to 40% the loads increase. The differences in the other values are still 
significant sign that this dwelling benefits from having a sky well instead of a courtyard, specially one with a ratio 

around 20%. 

With its original characteristics this building has a good thermal response. However, there is still need for both 

cooling and heating. Reaching a compromise between heating in summer and cooling in winter with passive 
strategies can be a challenge. This dwelling shows us today how this is possible, and how people have been 

living in a considerably comfortable dwelling for a long time. This dwelling is a great example of how vernacular 
architecture deals with climate. With an overall layout, organization and lifestyle that reminds us of the northern 

courtyard houses, this dwelling implements strategic changes on some of its most important features in order to 
increase the interior comfort and maintain the cultural aspects. 

Figure 3.60. Courtyard to building ratio and its implications on the heating and cooling loads. 
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3.3.6. STILT BAMBOO HOUSES IN MENGLA 

Climate profile

Mengla is situated in the Yunnan province, very close to the border with Laos and Myanmar. It belongs to the hot 

summer and warm winter climate zone that is focused on the south regions of China. This climate region is 
strongly influenced by the ocean monsoon that comes from the ocean bringing abundant rainfall and high 

temperatures. As a consequence this climate is very hot and humid, specially from May to October. The first 
case study is located in Mengla, in a rural area. Because the distance to the ocean is higher than on the other 

case studies within this same climate region, it is expected that this climate is less extreme.  
 Mengla has a hot climate with very high levels of humidity. As we can see in Figure 3.61 the annual 

temperature range is very low and there is no winter nor summer. Instead, there is a long summer that lasts all 
year with a distinction in wet and dry season. From May to October, during the wet season, 96 out of 114 days 

have rain. This period is also the warmest, with monthly average temperatures reaching up to 25,9ºC. The dry 
season occurs from November to April and it is 

characterized by lower temperatures, having the lowest  
monthly average temperature in January, at 17,1ºC. The 

humidity is very high throughout the year, with a slight 
increase during the wet season. The combination of high 

levels of humidity with high temperatures makes this 
climate uncomfortable. Because of this, the winds can 

be an asset in removing the humidity from the air. 
However, the wind velocity is not very high in either 

seasons, averaging 1,0 m/s per year. Sunshine can be a 
liability in this climate since it can result in overheating. 

Because the humidity levels are very high and the 
radiation from the sun is not too intense this effect is 

reduced, being even lower during the wet season. Due 
to high levels of humidity, the diurnal range of 

temperatures is low throughout the year, which will make 
it more difficult for cooling.  

The main features of this climate are: 

(1) Small annual temperature range; 

(2) High levels of humidity throughout the year; 

(3) High precipitation from May to October. 

 The psychrometric chart, in Figure 3.62, shows that only during 7% or 608 hours of the year is this climate 
comfortable. The discomfort zone is focused mostly over the comfort zone indicating, as suspected, that this 

climate is predominantly wet, resulting in overheating. There is also a cluster of points at the left of the chart. 
However, because this points are not too far away from the comfortable zone this indicates that although heating 

is necessary it may mostly be achieved by internal heat gains. It was said before that this climate was hot and 
humid. However, when analyzing this chart we only spot a few dots on the right side of the comfort zone. This is 

due to the high levels of humidity that makes the temperatures considerably lower. However, the increased 
humidity also makes lower temperatures fell much warmer and more uncomfortable than they actually are. In 

Figure 3.61. Weather information of Mengla.
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Figure 3.62, the second picture shows us how the internal heat gains affects the comfort in this area. Most of the 
heating needs are fulfilled by the internal heat gains, making 29.7% of the climate comfortable. However, there 

are still some colder hours where this is not enough. In the third picture we can see that only by dehumidification 
49.5% of the climate is comfortable, indicating that this climate is extremely humid.  

As a result, the climatic design priorities should be focused 
on the increased humidity that is present all year round, the 

need for heating during the dry season, and the need for 
cooling in the wet season [16]. The following strategies are 

presented and numbered by order of importance: 

(1) Allow natural ventilation to both cool and remove excess 
moisture in the summer.  

(2) Protect from the summer sun. 
(3) Keep hot temperatures out during the wet season. 
(4) Keep the heat in and the cool temperatures out during 

the dry season. 

Qualitative analysis

Made out of wood and bamboo and raised around 2 meters above the ground to reduce the intrusion of insects, 

snakes and wild animals, as well as limit the impact of periodic floods, the stilt bamboo dwelling is an example of 
the architecture of numerous minority nationalities in Yunnan, Guizhou, Guanxi, Hunan and Sichuan. The most 

developed Ganlan dwellings are made of bamboo by the Dai people who are found primarily in the Yunnan 
province, along the border with Myanmar.  

 Despite the versatile and widespread use of bamboo in vernacular dwellings, this material is extremely 
inflammable, vulnerable to insects and it rots easily, specially in contact with damp soil. Because of this, bamboo 

paneling is usually found in the upper locations of the wall, rather than near the ground. This is also the reason 
why many stilt bamboo dwellings have recently been built out of wood instead of bamboo. With a large range of 

species of trees found in the subtropics, and the advancing knowledge on how to use them, bamboo houses are 

 Figure 3.62. Psychrometric charts and design strategies of Mengla.
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now being completely built out of wood. Maintaining the same characteristics and building techniques as before, 
the Ganlan dwelling is still referred to as a bamboo dwelling even though they are not being built is this material 

anymore. Figure 3.63 shows some examples of wooden Ganlan buildings [7,15].  
 These dwellings vary widely in size and are generally quadrangular. The more modest structures are 

supported by thirty to fourty columns and range from seventy to eighty square meters. Larger ones can reach up 
to two hundred square meters with eighty columns supporting them. They can be found in uplands as well as 

river valleys. Figure 3.64 shows a typical Ganlan dwelling.  
 Dai structures are carefully oriented so that different areas of the dwelling are shaded from the heat and the 

sun as the day progresses. A veranda is found in these dwellings, on the east and opened on three sides. This 
space is an important part of the daily life as it becomes fresh in the afternoon when the sun has shifted to the 

west. The cooler region of the house is the area between the living space and the ground, where there is usually 
cattle and storage. In the warmer days of the year this area is also used, in order to escape the heat, by women 

to work and children to play. 
 The walls of this dwelling have no windows. However, the bamboo walls are built in such a way that allows 

for natural ventilation through them, in order to reduce the humidity, dissipate the heat from outside and evacuate 
heat and smoke from the inside fire pit cooking area. Figure 3.65 shows the type of material used for the walls of 

this dwelling. Because of this the interior space is usually dimly lit and fresher than the exterior. The interior 
space is divided into living and sleeping areas, but these are not partitioned by walls to allow a continuous flow 

of air throughout the entire space. 

  
 The roof is usually rather elaborate thatched roof or dark clay tile that combines gabled and hipped xie-

shan-style. This allows for better ventilation throughout the year and the long heaves completely shade the walls 
and veranda throughout the year. This type of roof found in Ganlan dwelling of the Dai minority is usually 

composed of two or three slopes. The first slope is on the top of the 
building, and it has the biggest slope to allow for the hot air to escape 

quicker. The second slope starts at the end of the first one and it 
finishes at the middle of the dwelling wall, separated from it by a few 

centimeters, in order to fully shade it. The third or the final roof begins 
at the middle of the house wall and it finishes around the height of the 

floor of the dwelling. The combination of all these different roofs allows 
for complete shadow of the walls and the ground under the dwelling, 

promoting a cooler indoor temperature. Figure 3.66 shows the building 

Figure 3.65. Wall material.Figure 3.63. Wooden Ganlan. Figure 3.64. Typical Ganlan dwelling.

Figure 3.66. Ganlan’s structure.
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structure, as well as the roof’s structure. 
 The main focus of this building is the abundance of natural ventilation, which is achieved by low-mass 

permeable walls and flooring that are very light and allow for the air to go through them. Another very important 
feature of this dwelling that shows great attention to natural ventilation is the fact that this dwelling, in opposition 

to all the others we have seen before, does not stand on the ground, but is elevated 2 meters above ground. 
Natural ventilation is also promoted by the opening of gaps in the upper region of the double slope in the roof 

top. This ensures the first design strategy that was defined for this climate: (1) allow natural ventilation to both 
cool and remove excess moisture in the summer. Besides natural ventilation there is also great attention to 

shading. This is done by big heavy roofs with extended heaves, that do not allow for the radiation coming from 
the sun to penetrate into the house through the roof or walls, thus ensuring the second design strategy: (2) 

protect from the summer sun. In order to (3) keep hot temperatures out during the wet season, this dwelling uses 
natural ventilation to remove the excess heat and the heavy roof to insulate from the solar radiation. Regarding 

the (4) keeping of the heat in and the cool temperatures out during the dry season, it is important to note that in 
this season, even though the temperatures are lower than the comfort range, they are easily controllable since 

the difference is not very high.  
 This design is mostly focused on the wet season, since this is the most severe. The most important climate 

design strategies that were delineated for this type of climate are not only completely fulfilled, but are the main 
drive of this design. All in all this dwelling is a great example of how vernacular architecture finds indigenous 

ways of creating a comfortable environment working with the specific climate and local materials.  

Quantitative analysis

This dwelling is elevated 2 meters above the ground 
by 36 columns that support not only the flooring but 

also the heavy roofs. It is usually found dispersedly in 
nature and because of this there are no masses 

surrounding the model. Table 3.10 summarizes the 
information for this dwelling. Because this dwelling 

has no walls or ceiling, it is not possible to generate 
an energy model. Insight 360 creates the energy 

model using the surrounding surfaces of a room: 
roofs, ceilings, walls and floors. Because this 

dwelling is focused in the amplification of ventilation, 
the interior room is considered exterior for this 

software, since it has no clear distinction between 
inside and outside. Figure 3.67 shows the simplified 

model in Revit 2018. 
Although the thermal analysis is not possible to calculate, the lighting analysis does not use the Insight 360 plug 

in, and therefore is calculated bellow. This building uses the heavy roofs to fully shade the interior space and 
allow for natural ventilation, and because of this the interior is extremely poorly lit. As we can see in Figure 3.68, 

for 0% of the year this dwelling gets enough sunlight, which will result in visual discomfort.  

  

Table 3.10. Case study description, Mengla.
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Figure 3.69 represents the shadow analysis during the summer and winter solstice. Since in summer the sun is 
at a higher angle, during this time of the year, when the temperature is higher, the whole building is shaded, 

including the area underneath the building. This allows for the cooling of the building through ventilation and the 
removal of excess heat both on top and underneath. In winter, when temperatures are lower than the comfort 

zone, this building is still almost completely shaded. This means that there are little heat gains through solar 
radiation in winter, a consequence of the heavy roof that allows for better insulation and airtightness. 

 Even though it is not possible to analyze this dwelling regarding interior comfort it is still relevant to note that 
the most important features of this dwelling are the lack of fenestration on the walls/roofs, and the elevation of the 

dwelling by stilts.

Figure 3.69. Shadow analysis in the summer and winter solstice.

Figure 3.67. Simplified model. Figure 3.68. Lighting analysis.
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3.3.7. TULOU EARTHEN HOUSES IN FUJIAN

Climate profile

Xiamen is situated in the Fujian province, very close to the ocean. It belongs to the hot summer and warm winter 

climate zone that is focused on the southernmost regions of China. This climate region, and this city in specific, 
is strongly influenced by the monsoon that comes from the ocean, bringing abundant rainfall and high 

temperatures. This case study is located in Nanning, approximately 100km from Xiamen, in a rural area, where 
the distance to the ocean is small. 

 Xiamen has a hot climate with very high levels of humidity. Similarly to the previous case study, this region 
has no winter. Instead, there is a long summer that lasts all year with a distinction in wet and dry seasons. Figure 

3.70 summarizes the climatic information of Xiamen. From April to September we can see that there is a lot more 
rain than on the rest of the year. During this period, 64 out of 104 days are rainy, making it the wet season. This 

period is also the warmest with temperatures reaching up to 29,3ºC. The dry season is characterized by lower 
temperatures, with the coldest month being January, 

with a monthly average temperature of 13,8ºC. The 
humidity is very high throughout the year, with a small 

increase in the wet season. The combination of high 
levels of humidity with high temperatures makes this 

climate uncomfortable. Because of this, the wind can be 
a great asset to increase the comfort. This region has 

wind speeds reaching 3,0 m/s, which is considerable 
and can be used for cooling. The wind direction is 

different in the wet and dry season, which can be an 
asset for the design. During the wet season, the wind 

direction is mostly southern and during the dry season it  
predominantly points to the north. Sunshine can be a 

liability in this type of climate. However, the daily 
sunshine is not very high throughout the year. Due to 

high levels of humidity, the diurnal temperature range is 
low all year round, which will encumber cooling.  

The main features of this climate are: 

(1) Small annual temperature range; 

(2) High levels of humidity throughout the year; 

(3) High precipitation from April to September. 

 The psychrometric chart in Figure 3.71 shows that this climate is comfortable only during 8%, or 690 hours, 
of the year. The discomfort zone is focused mostly above and on the right of the comfort zone, indicating that the 

discomfort is caused mainly by humidity and high temperatures. There are also some points at the left of the 
comfort zone. However, unlike the previous case study, some of these points, although only few, are located 

quite far from the comfort zone. Because of this, it’s also very important to consider the low temperatures in this 
climate. In Figure 3.71, in the second graph, we can see that the climate is comfortable 35% of the year only by 

using internal heat gains. However, there are still some red dots to the left of this zone, indicating that there is still 

Figure 3.70. Weather information of Xiamen.
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some need for heating. With dehumidification, 30% of the year is comfortable, as we can observe in the third 
chart. However, there are still many hours where the temperature is too hot, indicating the need for cooling.  

As a result, the climatic design priorities should be focused on the increased humidity that is present all year 
round, the need for heating during the dry season and, less 

importantly, the need for cooling in the wet season [16]. The 
following strategies are presented and numbered by order of 

importance: 

(1) Keep hot temperatures out during the wet season 

(2) Allow natural ventilation to both cool and remove 

excessive moisture in the wet season 

(3) Protect from the sun in the wet season 

(4) Protect from the cold winter winds 

(5) Keep the heat in and the cold temperatures out during 

the dry season 

Qualitative analysis

Between the fourth and nineteenth centuries big waves of migration brought people from the north of China to 

the south, mostly Han Chinese. When reaching the ocean, they did not have anywhere else to go and ended up 
staying in the provinces of Fujian, Guangdong and Jiangxi, in a quite clustered area. When they started moving 

into this region, there were already Chinese settlements there. Due to this, the newcomers were named Hakka 
people, meaning “guest families”, creating a sub-group within the Han. This transition wasn’t always well 

accepted and the Hakka people were often unwelcome to a point of hostility by those that preceded them. 
Therefore, their settlements expressed clearly the need for protection. Large multistory earthen complexes, 

Tulou, were built by the Hakka people, creating truly unique and imposing architectural forms. 
 Tulou buildings were designed to house much more than an entire family. They could often house more than 

100 people of the same clan, who shared the same last name. Hence, they vary in size with the size of the clan, 
and in shape. The most common is the square shape, but they can also have around, rectangular, oval, 

Figure 3.71. Psychrometric charts and design strategies of Xiamen.
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semicircular, pentagonal, octagonal, horseshoes and half 
moon shape. Figure 3.72 shows a village that is composed of 

differently shaped earthen buildings. Some of these are so big 
that they contain smaller concentric structures within them. 

Round or square shapes were often built along the borders of 
the Hakka-dominated territory and where Hakka people lived 

among others, since these were the most compact shapes. 
The first buildings were rectangular, modeled after the 

northern structures. However these did not provide sufficient 
security and were progressively transformed into more solid, tighter structures, with higher, thicker walls and 

limited exterior openings. 
 When looking at these buildings, the most striking are the round, circular ones, since they do not look like 

anything seen before. These buildings are one of the most common shapes of Tulou buildings. Once builders 
learned how to deal with the curvature of the building, they quickly understood that this way it was possible to 

maximize the enclosed space and save material. Also, the round shape allows for standardization of the 
elements used inside the structure, since all the interior spaces could be equal. This is also a very important 

feature of the Tulou buildings and the Hakka people. In contrary to what is commonly found in typical Chinese 
architecture, Hakka people lived in a non hierarchical society where everyone is allowed similar spaces. As time 

went by, it also became evident that round shapes were much more resistant to earthquakes [7,15,18,29,33]. 
 These earthen buildings, the Tulou, are well known by the materiality and monumentality of their exterior 

wall. These are truly impressive, specially when comparing with the Great Wall of China. Some sections of the 
Wall range from 7,8 to 14 meters high, which can look small when compared with the Tulou walls that can range 

from 10 to 20 meters high. Even though the Tulou is known as the earth building because of their exterior walls, 
these are actually composed of diverse materials, having only around 10% of soil in their composition. They are 

composed of about 60% fine sand, lime stone, comprising 30%, and soil. These, mixed with a small amount of 
water, resulted in very strong, durable walls. In order to increase the  durability and resistance of the wall, the 

composite is pounded until it is uniformly impacted will all the air pockets removed. These walls provide great 
structural security, protection from enemies and the insulation from heat or cold. Figure 3.73 shows the different 

layers in a wall of an earthen building, and as we can see by the difference in the coloration, the composition 
varies. This picture was taken during a field trip earlier this year, and it is possible to see the cracks on the wall 

that are covered to increase air tightness and reduce structural deficiencies. 
 Because these buildings are of such big dimensions, special attention was paid to the foundations. 

Excavated at least 1 meter deep, this area is tamped and then filled with tightly packed stones. On top of this, a 
stone wall with around 1 meter high is erected, in order to 

increase the structural integrity, as shown in Figure 3.74. Once 
this is completed the earth walls are started. At the base these 

walls are generally 1 to 2 meters thick, depending on the height 
of the structure, and gradually diminish their thickness at the top 

for only a half or two thirds of the initial size. The rammed earth 
wall is done in sections of around 1 meter long and 0.5 metes 

high, in the process of building two sections of the wall, bamboo 
slips are placed between the pounded levels to help bond the 

Figure 3.72. Different Tulou shapes. 

Figure 3.73. Different wall compositions. 
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sections together and increase the structural security.   
 The exterior walls of this dwelling are weakened by the 

openings, and because of this, they are generally few and small 
in size. The fist story of a Tulou never has fenestration in order to 

maintain the integrity of the base and to keep the dwelling secure 
agains intruders. There are usually some windows on the upper 

floor to allow for illumination and natural ventilation. At the ground 
level there is only one opening that is the entry of the dwelling. 

This is usually framed in granite stone in order to withstand the 
massive weight above. Nowadays we can find some Tulou with 

windows on the ground level, which is due to modifications done 
in the last century and are a great risk to the structural integrity of 

the dwelling. Figure 3.75 shows a picture taken earlier this year in 
a field trip, where we can find multiple openings on the ground 

level as well as an increased number of openings on the upper 
floors.  

 The path to the building does not lead directly to the 
entrance. Instead, the path approaches it at an angle before 

turning sharply onto an elevated platform surrounding the 
structure. This feature relates to the Fengshui attention to sitting 

of the dwelling and to defensive strategies. The huge stone entry 
portal leads into the gate wall. This space is a result of the 

extensive width of the wall at the ground level and it is occupied 
by women, children and older men that guard the passage while 

performing their daily activities. Nowadays, mostly woman stay at 
the door of the dwelling to charge tourists for a small entrance fee 

in their houses, as we can see in Figure 3.73. Once inside the 
dwelling, one can find an open courtyard with an ancestral hall in 

the middle, or a second structure that will then open into either a 
courtyard or an ancestral hall. Figure 3.76 shows a typical 

courtyard with a round structure in the middle. This picture was 
taken earlier this year and it shows how tourism has changed the 

lifestyle in these dwellings.  
 While the outer walls of the dwelling are composed of a 

mixture of earth, the structural space is mostly made out of wood, as it can be seen in Figure 3.77. The division 
of spaces is done equally with all the room having similar sizes and private entries, in a concentric shape. A 

surprising feature of this dwelling is the fact that each family is allowed a vertical slice of the building. The lower 
level is composed of all the kitchens and eating spaces, the second level is mostly used for storage, while the 

upper rooms are used for living and sleeping. This organization promotes the communal feeling and interaction 
between families. Each separate floor of the house is not connected, one has to use the communal stairs to 

access the different parts of the house.  

Figure 3.75. Square earthen building.

Figure 3.74. Entrance and foundation wall.

Figure 3.76. Courtyard with a central structure.

Figure 3.77. Wooden interior.
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 The ancestral hall that is often located in the 
middle of the courtyard has religious meaning and 

it is often used for marriages, funerals and 
celebrations. There is also another smaller 

ancestral hall in all Tulou, which is the room in 
direct opposition to the entrance of the dwelling. 

The space between the first and second ring is a 
functional courtyard, where the wells are located 

along with some animals. The animals are kept 
within the building due to security reasons and because in case of an attack they could close themselves inside 

the dwelling and have food and water for a couple of months. Nowadays, many of these dwellings have 
converted the kitchens on the lower level into shops for tourists. 

 Both the wooden interior and the earthen wall are always protected from the rain and excessive sun by a 
prominent tiled roof with generous overhangs. This is specially important with these two materials which are 

particularly sensitive to the rain. Even though spalling occurs often on the exterior walls, these buildings have 
proven to be extremely resistant to their own weight and periodic earthquakes. In Figure 3.78 we can see some 

umbrellas have been placed in the interior of the courtyard with some tables. This is so that tourists can eat local 
food and enjoy the atmosphere. However it is not a common practice among locals.  

 The main focus of this building is the defense against enemies. In opposition to most of the other case 
studies, the major influence of this design is not the climate. However, it is very interesting to see how 

architecture reflects the climatic conditions, and how the Hakka people deal with comfort in times of distress. 
The main feature of this dwelling is the incredible thickness and height of the exterior walls, and the overall 

configuration of the building. Because the exterior walls are so thick and made with a very insulating material, it 
is possible to (1) keep the hot temperatures out during the wet season and (5) keep the heat in and cold 

temperatures out during the dry season. The lack of windows on the lower floors, and the limited fenestration 
above, ensures the (4) protection from the cold winter winds. The interior courtyard (2) allows natural ventilation 

to both cool and remove excessive moisture in the wet season. However, it is evident that this is not the biggest 
concern in these dwellings since many times the interior courtyard is filled with other structures. To understand 

the natural ventilation in this case, it is important to proceed to a more quantitative method.  
 Although this dwelling does not address the climatic challenges in the most conventional way, it is a good 

example of how people can adapt to severe climatic conditions under undesirable conditions. The need for 
protection is very evident, but the attempt to create a comfortable environment for all is strongly present. 

Quantitative analysis 

With a square floor plan, this dwelling has an approximate area of 848 m2, with an interior square courtyard 

with 196 m2. Its walls are 2 meters thick at the bottom and gradually decrease to 1 meter thick at the top. They 

are made out of rammed earth and only present windows on the two upper floors. With an overall height of 12 
meters, this dwelling is four stories high. These buildings are often found in villages composed of different 

structures or free standing. The information for this dwelling is given in Table 3.11. 
 The BIM model was created with no surrounding masses, as a single family house. Because this building 

was intended to house an extended family, or a clan, the number of people inhabiting this dwelling was 
specified into the program as 80. In this society it was customary for people to work in the fields during the day, 

Figure 3.78. Tulou interior space. 
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and those who stayed in the house usually stood at the 
main door of the dwelling. Therefore the operating 

schedule is 12/7. Figure 3.79 shows the simplified 
model on the left and the energy model for analysis on 

the right. 
 Looking at the lighting analysis found in Figure 3.80 

we can observe the difference in lighting between the 
first and fourth levels.  Even though there is significantly 

more light on the upper levels, this is only true in the 
balcony. The interior space is not well lit in any of the 

spaces, or in any of the levels. That is, this building 
does not get enough sunlight for lighting according to 

sDA annual hours during the whole year. 

  

 The main features of this dwelling that will be analyzed are: the height of the building the thickness of the 
surrounding walls. This building is four levels high, with 12 meters in total. Its verticality ensures a compact 

interior space that is not too affected by outside phenomenon. Figure 3.81 shows how the cooling and heating 
loads vary with the height of each story of the building. As we can see both loads increase with a lower level, 

indicating that the higher the building is, the better it performs thermally. The cooling loads are lower mostly due 
to the fact that the lower levels are completely shaded from the sun, and the higher the building is, the more 

levels are shaded. The heating loads are also lower with an increased height of the building, mostly due to the 
fact that a more compact shape prevents heat to escape and cold air to get in. We can also see in these graphs 

Table 3.11. Case study description, Xiamen.

Figure 3.79. Simplified model and generated energy model.

Level 2Level 1 Level 3 Level 4

Figure 3.80. Lighting analysis.
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that from levels 4 to 6, the cooling and heating loads are practically the same, indicating the number of levels in 
this dwelling is a positive attribute to the interior comfort. 

The thickness of the walls is another important feature of this dwelling. In order to study how the wall thickness 
affects the interior comfort, five different cases were studied. The first one is the case study in its original form, 

with varying wall thickness: two meters at the base and one meter at the top. The other four cases were 
considered by having the same section through the wall at 1.5, 1.0, 0.5 and 0.25 meters thick. As we can see in 

Figure 3.82, both the cooling and the heating loads are significantly lower for the first case , when the section of 1

the wall varies. The fact that the cooling loads are significantly lower for the first case shows how having a 

thicker base that is not as affected by the solar radiation is a good response in warmer climates. In the upper 
levels, where there is plenty solar radiation that would result in overheating, the presence of windows and thiner 

walls enables better ventilation. For the heating loads the same thing occurs. The thick lower layer doesn’t allow 
for the heat to escape while the thiner upper layer takes the most advantage of the solar radiation. 

 In Figure 3.82 we can also see the variation on cooling and heating loads for different thicknesses of walls. 
The heating loads remain more or less the same for values of wall thickness higher than 1 meter and increase 

with thiner walls. The cooling loads increase drastically with walls thicker than 0.5 meters and increase again 
with walls 0.25 meters thick.  

 During the winter, the compact and insulated shape protects the interior space from the cold winter winds, 
and keeps the heat in and the cold temperatures out. During the summer its compact shape also protect the 

interior space from the sun. However the thick walls make it difficult for natural ventilation to remove the excess 
humidity and temperatures. This is not an ideal response for this climate, since it is strongly marked by a 

response to a great social instability

 Note that for the first graph the cooling loads axis was interrupted for visualization purposes. 1

Figure 3.81. Building height in level and correspondent loads.

Figure 3.82. Wall thickness and correspondent loads.
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4. LOOKING AT THE FUTURE 



4.1. LESSONS TO CONTEMPORARY DESIGN

Vernacular architecture is generally marked by good thermal responses. However it also presents some 
challenges when it comes to interior comfort and sustainability. The lack of interior lighting is a problem that is 

found in every dwelling that was studied. The fact that most buildings relied on airtightness of the envelope to 
keep the interior temperature comfortable, strongly contributed to this. The presence of glass was often at the 

expense of airtightness and low insulation. With the technology that we have today, this situation could have 
been easily resolved. Besides allowing for good insulation and airtightness of the envelope, a double or triple 

pane window would also increase the passive solar heat gains.  
 Another always present problem in vernacular architecture is the burning of biomass for heating. Nowadays 

we know that this is not the most efficient way of heating our homes, and it may even be dangerous for our 
health due to the inhalation of toxic gases and particles. In northern China this was the most common way of 

heating up spaces. It could be used either by an open fire in the center of the space that would radiate heat to 
the surrounding area, or through the Kang system. The Kang system is an interesting solution that removes the 

smoke from the house through a chimney, eliminating the health concerns and heating up the space, through 
convection and conduction. Nevertheless, nowadays there are many more effective ways of heating up a space. 

 Although it is relatively simple to see that vernacular architecture has a much better thermal response than 
the contemporary examples in China today, it is also clear that contemporary architecture is subject to many 

more challenges. The increased urban density, lack of qualified professionals, exterior influences, along with the 
rapid building pace, are only a few of the most difficult challenges that contemporary architecture in China faces 

today.  
 The lessons that we learn from vernacular architecture may indeed be applicable to contemporary designs, 

after all they fulfill most of the climatic, cultural, social and religious needs. However, one must be careful in this 
transition. China today is very different from a few years ago, both culturally and socially, and it presents many 

new environmental concerns. The possibility of ventilation in cities may be impaired due to the blocking of 
prevailing winds by neighboring buildings and structures. Also, natural ventilation may be a hazard in many 

Chinese cities, due to air pollution. Since in the hot and humid climates the main design strategy is the natural 
ventilation that removes excess heat and moisture from the interior spaces, this will definitely be a problem in this 

climate region. The sun path may also be changed due to surrounding buildings and structures. The sunlight 
can be blocked or diverted into different directions. In cold climates, if the sun path is blocked it does not allow 

for passive solar gains. In warm climates a diverted sun path may increase the interior temperature, where it is 
not expected. This is why in contemporary architecture there needs to be much more attention to surrounding 

structures and buildings. However, when we think about this, it is not very different from the selection of the 
location for a vernacular dwelling, but now with new surrounding surfaces and volumes.  

 The increasing of population led to new typologies, such as high rise buildings. These buildings, although 
they can still be informed by vernacular passive strategies, present some new potentials and challenges. In 

large and dense cities, the effect of all the man-made structures results in a climate significantly different, usually 
with higher temperatures, from that of the surrounding countryside. These are called heat islands. 

 A big change in social activities also has a great implication in contemporary architecture. The needs of a 
dwelling are no longer the same, as people do not perform the same activities. In most vernacular architecture 

people used to spend a majority of their day at home. Nowadays, people spend less and less time at home, 
some due to long commutes from work and other due to long working hours. People spend only the early 
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morning, late afternoon and night at home, meaning that these are the times of the day that contemporary 
architecture must focus on.  

 The development of new technologies has also greatly changed the building sector. Nowadays, with 
increased living standards, people can not live in an energy-free house, as was done many years ago. Even if 

we can heat and cool our dwelling naturally for every hour of the year, there will still be an energy demand for all 
the contemporary appliances and hot water. This is why it is important to understand that the use of technologies 

are a very important characteristic of contemporary architecture. It should not be, however, an amend to a poorly 
designed project, as it is currently in so many cases.  

 Today there are many contemporary buildings in China that are built with no regard for human comfort. 
These buildings have the need for heating and/or cooling of the interior spaces ensured by air conditioning 

units. Because Chinese cities are filled with these buildings, and it will be for at least the next 25 years, the 
thought of net-zero  architecture is no longer enough. If the buildings of today are creating unpleasant and 1

polluted environments, even if we built only self-sustaining buildings from now on, this would still not be enough 
to solve China’s problem. This is why we are now looking at a new type of buildings that generate more energy 

than they consume. This can only be achieved by the combination of passive design strategies that ensure a 
good thermal performance of the design, and energy-efficient appliances that ensure a minimum energy 

demand, in combination with an efficient source of energy production.  

 A zero-energy building is a building with zero net energy consumption, meaning that the total amount of energy used by the building on an 1

annual basis is roughly equal to the amount of renewable energy created on the site, or in other definitions by renewable energy sources 
elsewhere.
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4.2. PROJECT RECOMMENDATIONS

 As we previously studied, the design strategies are strongly dependent on the climate in which they are 
found. This is why this sub chapter of project recommendation will also be divided in different climatic contexts. 

Cold climate

 In the cold and severe cold climate region we saw three different case studies. One very important 
characteristic that is common in all of these climates is the big annual temperature range, mostly due to very low 

temperatures in winter, which makes these climates so uncomfortable. Another feature that is common to these 
climates is the increased precipitation during the warmest months, specifically from June to September. 

However, these climates are also quite distinct in one important feature, the humidity. While the first two case 
studies, Harbin and Beijing, are situated in a humid zone, the third case study, Yulin, is located in a dry zone. 

This is very important because the increased humidity in these climates results in small diurnal temperature 
range, while a dry climate has a big diurnal range of temperatures. Therefore, these climates can be divided into 

two sub climates that will have distinct needs: 

1. Cold and humid climate, which includes Harbin and Beijing 

2. Cold and dry climate, which includes Yulin. 
 Although Beijing and Harbin are located in different climatic zones, the biggest difference is the fact that 

Harbin’s climate is colder than the climate in Beijing. This does not have a big implication on the design 
strategies, since we are still designing for temperatures way bellow the comfort level. It would be more relevant 

to have a division of the Chinese territory that includes both temperature and humidity levels, in order to more 
easily asses the thermal needs, and consequent design strategies.  

Cold and humid climate

 In these climates we saw a great concern with the airtightness of the envelope, by the protection from winter 

winds and the attempt to keep the heat inside and the cold temperatures outside. It is also important to note the 
insulation of the surrounding surfaces, by the thickness and materials used in the envelope. There is a clear 

southern exposure of the windows that indicates the concern with northern winds, and the use of solar passive 
gains. Although these strategies contribute to the interior comfort of these dwellings, we verified in the case 

study that they are not enough to ensure the interior comfort, according to the current standards. During the 
coldest months there will still be the need for an exterior heating source. In summer, the overhangs from the roof 

work as a horizontal shading device, and simply by opening up the windows, natural ventilation in summer is 
ensured. In both case studies there is a great concern with the orientation and location of the surrounding 

buildings. In Harbin the case study is located in a rural area, where it is easy to control the obstructions in the 
south, to enable solar passive gains. In Beijing the case study is located in a city and the quadrangular 

courtyard ensures no obstruction of the southern facade.  
Key strategies: Airtightness (1); Insulation (2); Southern exposure of the windows (3); Horizontal shading (4); 

Natural ventilation (5); Heat source (6).  

Cold and dry climate 

This climate has a big diurnal temperature range and a big annual range of temperatures, this means that during 
most summer days, the temperature is above the comfortable range during the day, and bellow it at night. In the 

vernacular dwelling that was studied we saw the use of underground temperature and thermal mass, to stabilize 
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the interior temperature. This was used instead of natural ventilation during the warmest hours, but during the 
coldest periods there was still the need for a heat source. These strategies were applied because the building is 

buried. This also helps ensuring airtightness of the envelope, since three facades are underground, as well as a 
good insulation on these facades.  

Key strategies: Airtightness (1); Insulation (2); Heat source (6); Underground temperature (7); Thermal mass (8). 

Temperate climate 

 The case study of this region is found in Lijiang, a city that has a mild climate. It is strongly marked by a 
small annual temperature range and high humidity with more pronounced precipitation during the warmest 

months. This region only has the need for heating, and most of it can be achieved by internal heat gains. This is 
why it is particularly important to pay special attention to airtightness of the envelope and insulation, in order to 

keep the internal heat gains in, which was seen in the case study by the lack of fenestration on the exterior walls. 
Also, there is a lot of potential for solar passive heating through the southern windows, since the heating period 

is also the dry period for this region. In this case study we saw an adaptation of the northern style, with a more 
vertical shape that was used to increase the passive solar gains. It is important to avoid overheating in summer 

due to solar radiation, and vernacular architecture’s response to this problem is the use of overhangs that work 
as horizontal shading. 

Key strategies: Airtightness (1); Insulation (2); Southern exposure of the windows (3); Horizontal shading (4).  

Hot and humid climate 

In this climate region we found two very different designs. Both these designs are found in a climate that 
has a very low annual and diurnal temperature range. The discomfort is increased by the high levels of humidity 

that are found during the entire year. This is one of the most challenging climates in all China for passive building 
design. The first case study focuses on natural ventilation. Through the lack of proper walls this dwelling 

promotes cross ventilation as a way to remove excess heat and moisture. The openings on the roof and 
elevation of the building on stilts also promotes the dissipation of heat and moisture through convection and the 

chimney effect. It also has a great focus on the roofs that shade the whole structure in order to prevent 
overheating, and protect the dwelling from the rain. The second case study focuses on the verticality and 

compact shape of the construction, and the thickness of the surrounding walls. A heavy roof also protects the 
structure from the rain and sun. Even though this climate shows adaptability to the surrounding climate, it is also 

a product of great social instability, which does not allow for the execution of the most favorable strategies. We 
can see some windows on the top floors of this dwelling, were security is not so important, showing the need for 

natural ventilation for cooling.  
Key strategies: Natural ventilation (5); Thermal mass (7); Shading (9).  

Hot summer and  cold winter climate

 In this climate the Anqing city was considered, a region that has a climate with high levels of humidity 

and precipitation. This results in low and high diurnal and annual temperature ranges, respectively. During the 
winter the temperatures are lower than the comfort zone, while in the summer the temperatures are above the 

comfort zone. These characteristics were already seen before in the cold and humid climate/hot and humid 
climate. The challenge is the combination of features for the different times of the year. In this climate the focus 

should be on the airtightness and insulation of the envelope, as well as the exposure of southern windows, 
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during the winter. For this, this dwelling has an exterior wall that surrounds the whole building. Its orientation and 
compact shape enable solar passive gains on the southern facades of the two recessed volumes. Although all 

these strategies will increase the interior comfort, the simulation still showed the need for heating in order to 
attain comfort. During the summer the focus should be on the shadowing of the southern facades, which is 

achieved by the roof overhangs and the compact shape of the building, and ventilation. Natural ventilation is 
provided by the opening of windows, since all volumes are directed into the small courtyard.  

Key strategies: Airtightness (1); Insulation (2); Southern exposure of the windows (3); Horizontal shading (4); 
Natural ventilation (5); Heat source (6);  

 Although vernacular dwellings have a good thermal response, it is not reasonable to think that they have the 
potential to house the growing population of the northern Chinese cities. These buildings do not take the most 

advantage of land use, and are quite expansive in their disposition. The materials used were relevant for that 
time. However, today there are materials that are more environmentally friendly and that can improve the thermal 

response. All in all for each climate the most important features to have in mind are still the same as they were 
many years ago [5,9-11,20,31]. They should achieve their full potential when informed by vernacular architecture 

and executed with contemporary building methods and technologies. 

(1) Airtightness of the envelope is very important in any design that is concerned with the heating of the 
interior spaces, to prevent heat losses through openings on the structure. This is why we can see the 

need for airtightness of the envelope in all climates with the exception of the hot and humid climate. The 
most vulnerable aspects of the envelope, are the window frames and the door. This is why we generally 

only see windows and doors on the southern facades in vernacular architecture pretty much throughout 
China. Nowadays we can have windows on the northern facade, if their frame is well insulated and 

assembled, but they should still be minimized. Because on the western 
and eastern facades the sun angle is always low, windows on these 

facades are not usually recommended. Shadowing will be very difficult 
and may result in overheating in summer.  

(2) Insulation is another very important characteristic in any design that 
wants to minimize heat losses. Again, we can see a great need for 

insulation in all climates except the hot and humid climate. The envelope is 
composed of the floor, walls, roof, windows and door. All of these elements 

are responsible for keeping the heat gains inside of the house, and limit 
the contact with the cold exterior temperatures. Many materials and wall 

assemblies are suggested for increasing insulation. Figure 4.02 shows an example of this.  
(3) Southern exposure of windows. In vernacular architecture, this is not always beneficial to the interior 

comfort. The solar gains during the day would increase the interior temperature, but the lack of solar 
radiation during the night would result in significant heat losses. Today, with the improved technology in 

glasses and window frames, the maximization of windows on the southern facade is usually preferred in 
cold and sunny climates for maximizing the solar heat gains. On the southern facades the glasses should 

be at least double pane, preferably with low emissivity, in order to have a better performance.. 
(4) Horizontal shading system on the southern windows. In climates where the annual temperature range 

is high, there is usually the need for cooling during the summer and heating during the winter. The most 
efficient way to prevent overheating in summer is by shadowing the southern windows, since these are 

Figure 4.01. Insulated window.
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the ones that are directly exposed to the sun. Due to different 
higher sun angles in summer, a horizontal shading device 

allows for shadow in summer and passive gains in winter, as 
we had the opportunity to see in the vernacular architecture 

study.  
(5) Natural ventilation, in order to remove the excess heat 

and humidity it should always possible to open up the 
windows, in climates where the temperature is not too hot 

during the summer. In some more severe climates, such as 
the hot and humid climates, the opening of windows is not 

enough to ensure comfortable ventilation. In these cases, 
ventilation should not only remove the heat and moisture from 

the air, but also create a fresh feeling on the user’s skin. This 
can only be achieved through crossed ventilation, which is 

only possible by the adequate placement of windows on the 
facades, according to the prevailing winds.  

(6) Heat source. Previously we saw that in vernacular architecture the heating of rooms in northern China 
was usually done by the use of the Kang system. Nowadays, as technology evolved, more efficient 

systems have been developed. The heat recovery system, is schematically shown in Figure 4.03. This is 
a system that renews the interior air with minor energy losses, with an efficiency above 75%, and low 

energy demand. This means that the interior air can be exchanged, for health purposes, in a highly 
efficient manner. 

(8) Underground temperature. In situations where the diurnal temperature range is too high, a way to 
flatten out the temperature swing is often looked for. Since the underground temperature is much more 

stable than the surface temperature, this can be used as a design strategy, where the whole building, or 
part of it, is underground.  

(7) Thermal mass is the ability of a material to absorb and store thermal energy. This means that a 
material with a high thermal mass will need much more energy to change temperature. A material with 

low thermal mass need less energy to change temperature. The thermal mass influences the heat 
exchange between the interior and exterior, and with high values of thermal mass we have the time lag 

effect. When the exterior temperature starts to rise. However, the wall temperature is subject to this 
difference and it will also rise. However, the thermal mass of 

this wall will delay the heat to reach the interior. In dry 
climates during the day the temperature is usually high, while 

at night it is too cold. Because of this, the thermal mass is 
very important in these climates, since it prevents sudden 

overheating during the day, while at night the energy stored in 
this wall moves into the dwelling and heats up the space.  

(8) Shading. The need for overall shading is present only in the hot and humid climates. In this climates 
there is the need for cooling almost every day of the year. Because this climate is usually found in regions 

near the equator, we know that the sun angle is much higher than in other places. Hence, the importance 
of the roof as a shading device is obvious, in order to reduce overheating. 

Figure 4.03. Heat recovery system.

Figure 4.02. Passive wall assembly.
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5. CONCLUSIONS



Achievements 

 The global purpose of this thesis was to explore the relation between Chinese vernacular architecture and 

the context in which it is found. To understand how the strategies applied in these dwellings contribute to the 
interior comfort, in a specific climate. This study consisted of the analysis of design strategies found in Chinese 

vernacular architecture that contribute to the interior comfort, and the assessment of their performance in the 
climate where they are found.  

 An initial study of China’s history and beliefs, as well as the multiple field researches, allowed for a deeper 
understanding of this culture. The understanding of the different topographic and climatic characteristics that 

can be found in the Chinese territory was also essential to understand the motif behind the different design 
strategies.  By understanding the different factors that influence vernacular architecture we can have a holistic 

view of this subject. Only then was it possible to relate the different  architectural design decisions with different 
beliefs, economical status, climates, etc.  

 The analysis of the presented case studies contributed to a better understanding of Chinese vernacular 
architecture and its relationship with the climate. Through the qualitative analysis of each dwelling and the 

climate profile of the city in which it is found, it was possible to find some patterns. For example, in climates 
where heating is most needed, it is common to see a great deal of attention paid to the airtightness and 

insulation of the envelope. Through the presented studies we saw many different ways people achieved this, 
either by the materials used or method of construction. In the quantitative analysis it was interesting to assess 

the needs of these dwellings, and to see how the passive strategies used respond to those needs. A great deal 
of information, regarding building materials and people’s habits, was specified to the software to ensure the most 

accurate result possible. By doing this it was possible to obtain results that proved the positive impacts of these 
design strategies in the interior comfort of the dwellings.  

 Finally, and assessment of the applicability of these strategies in contemporary architecture was made. 
Most of the design strategies studied in these dwellings are quite relevant, and should be taken into 

consideration in contemporary architecture. However, it is also important to consider contemporary materials 
and technologies that can improve their performance. The relevance of these dwellings resides in the concepts 

that they teach us, and not necessarily on the specific ways they are applied. For example, the insulation of the 
exterior walls was quite often achieved by their great thickness. Today, the same insulation can be achieved with 

smaller thicknesses, simply by changing the materials. What is most important to learn, in this situation, is the 
fact that insulation is  necessary. The ways to achieve it should always be informed by new materials and 

technologies.  
 Generally this thesis contributed to spread the present knowledge regarding Chinese vernacular 

architecture, and to increase consciousness regarding its cultural and technical value. To increase the body of 
knowledge, and to promote the implementation of vernacular architectural concepts in contemporary 

architecture.If the lessons learned from this are applied in Chinese contemporary architecture, we expect to 
increase interior comfort for everyone, as well as improve the air quality in China, by reducing CO2 emissions.  

Limits of the research 

With such a vast territory and rich culture, China has many more vernacular dwellings than those analyzed in this 
research. Due to the time frame in which this thesis was elaborated, it was not possible to study all vernacular 

dwellings, and the different design strategies that are found within them. This was the main reason why it was so 
important to simplify China’s climate into the five different climatic zones. Also, because China has such an 
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extensive territory, it was not possible to visit all the case studies that are presented and analyzed. Although the 
existing research on Chinese vernacular architecture and culture provides a good understanding of most 

dwellings, the field research helps to have a better perspective, not only of the dwelling, but mostly of the 
context in which it is found.  

 The main limitation of this research is the language barrier. Although some people in China understand 
English, communication is often problematic. With the exception of Lijiang, Huizhou and Tulou buildings, that are 

found in touristic areas, most case studies are found in abandoned or rural areas, where verbal communication 
was often very difficult. Also, the bibliographical research was limited to either English or Chinese translated 

books and papers, which was also quite problematic since the existing research on this topic is already quite 
narrow. 

Future developments 

 This project can serve as an inspiration and a base for future investigations in this field, such as the study of 

other examples of vernacular architecture in China, specially regarding regions that are located to the West. 
These regions have lower population densities and are less studied than those found in this research. This would 

require more field work and field trips since there is not as much information on these buildings. Also, the study 
of multiple examples in the same climate would allow to see the different nuances of bioclimatic design on the 

building environment.  
 This should also be an inspiration for other developing countries, that are facing similar problems today. 

Countries like India are now having to deal with urbanization and massive construction rates. They have the 
opportunity to learn with China’s development and to adapt in order to prevent the same catastrophic 

consequences that China is facing today. 
 The logical next step of this research would be the application of the design strategies in contemporary 

architecture, according to their climate. An analysis should be made in order to understand the implications of 
these strategies in real case studies of new buildings, as well as the renovation of inadequate designs. This 

study would be particularly interesting in the specific case of the high rise typology, since it is becoming more 
and more common throughout China. 

End notes

 The developing building sector in China has been one of the biggest contributors for air pollution in China, 

and in many ways it has contributed to the global warming. The rapid industrialization has led to inadequate 
designs that do not adapt to the local contexts, which resulted in a great energy demand for building use. This is 

a problem that is not going away. The need for heating and cooling of the spaces due to poor design and 
construction often times leads to very uncomfortable interior spaces. The lack of properly trained professionals 

leads to poor construction quality, even when the design and materials are appropriate. For these reasons it is 
extremely important in China to have methodologies and guidelines that help architects in the design process. 

By knowing the challenges that a certain climate has, and the design strategies that should be addressed to 
solve that problem, one can be much more efficient. The lack of trained professionals can then be more easily 

resolved by using pre fabrication construction elements, which will not only ensure better performances of the 
envelope, but also reduced building times.  
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APPENDIX A
China nowadays
Here we can analyze the demographics of China throughout the years, and compare it with other 

countries, when relevant.  

Figure A2. Current GDP in US$.

Figure A1. Urban population in China.

Figure A3. CO2 emissions in kt.



Figure A4. CO2 emissions in metric tons per capita.



APPENDIX B
Climate zones
By the superposition of the climatic zones with the elevation and precipitation through China, we can 

understand the different patterns found.  

Figure B1. Elevation and precipitation in the severe cold climate region.

Figure B2. Elevation and precipitation in the cold climate region. 

Figure B3. Elevation and precipitation in the temperate climate region.



 

Figure B4. Elevation and precipitation in the hot summer and cold winter climate region.

Figure B5. Elevation and precipitation in the hot summer and mild winter climate region.

Table B1.Climate zones indicators. 



APPENDIX C
C.1. Overall characteristics
Here we can compare the different climates where the case studies are found. Because the scale is the same in 

all these graphs, we can compare the different climates, and understand the patterns and challenges present.  

Figure C1. Weather information of Harbin, Beijing and Yulin. Cold and severe cold climates. 

Figure C3. Weather information of Xiamen and Mengla. Hot summer and warm winter climates.

Figure C2. Weather information of Lijiang and Anqing. Temperate climate and Hot summer and cold winter climate.



C.2. Psycrometric charts 
Here we can compare the psycrometric charts, for the different climates where the case studies are found. 
Although the scale is not the same, it is still possible to visualize the patterns and challenges present, since the 

comfort zone is constant.  

Figure C4. Psychrometic chart of Harbin, Beijing and Yulin. Cold and severe cold climates. 

Figure C5. Psychrometic chart of Lijiang and Anqing. Temperate climate and Hot summer and cold winter climate.

Figure C6. Psychrometic chart of Xiamen and Mengla. Hot summer and warm winter climates.


