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Abstract 

Building energy consumption accounts for a large proportion of total energy and carbon 

emissions over the world. In order to reduce building energy consumption and achieve 

sustainable development of buildings, nearly zero energy building (NZEB), as a future 

building energy target, has received extensive attention.  

In January 2019, the Ministry of Housing and Urban-Rural Development, PRC issued 

GB/T51350-2019 òTechnical standards for nearly zero-energy buildings ó in China which 

based on the five climate zones in China: severe cold, cold, hot summer cold winter, hot 

summer warm winter and temperate. 

The 2022 winter Olympic Games will be held in Beijing, we working within a multi-sector 

team to complete a variety of tasks associated with energy retrofit and high performance 

building consulting in Mountain press center. 

This project combines natural conditions to optimize the building design, and takes the 

energy consumption level of GB50189-2015 ó Design standards for energy efficiency of 

public buildingsó as the baseline. By optimizing the efficiency of lighting and equipment, 

optimizing the performance of the envelope, high-efficiency air conditioner and heat 

recovery system. The comprehensive value of building energy consumption of the baseline 

is 171.23kWh/m a, the comprehensive value of building energy consumption of the design 

case excluding renewable energy is 79.55 kWh/m a, the average annual photovoltaic 

power generation is expected to be 336,290 kWh, and the annual design case of 

comprehensive energy consumption is 60.36 kWh/m a. The building body energy saving 

rate is 53.54%, the building comprehensive energy saving rate is 64.75%. The building 

renewable energy efficiency is 24.12%. 

This project is a demonstration to promote the application of low-carbon technologies, 

effectively control greenhouse gas emissions, and make the Beijing winter Olympic Games 

an important platform for China to show its participation in the construction of global 

ecological civilization. And we hope that the above research and study can provide 

references for the further development of NZEB in cold region in China. 

 

Key words: Nearly zero energy building, China, Climatic design, Winter Olympic games, 

Large office building. 
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1 Introduction 

1.1 The relevance of the research 

1.1.1 Problem identification 

The buildings and buildings construction sectors combined are responsible for 36% of global 

final energy consumption and nearly 40% of total direct and indirect CO2 emissions 

(IEA,2017). In China, the building sector consumed approximately 20% of the primary 

energy and approximately 23% of the electricity consumed in 2015 (China building energy 

consumption report 2017) 

Many developed countries have proposed goals and polices for zero energy buildings (ZEB), 

also China is going to construct ZEB nowadays. There is no doubt that the development of 

ZEB will restructure the energy mix in the building sector. (Yang et al.2019) 

 

1.1.2 Preliminary topic 

The prospective of low-/zero-carbon building in China. 

 

1.1.3 Preliminary library search and analysis 

 

Figure 0.1.Search on web of science 

In order to have a more comprehensive understanding of zero-carbon buildings and to 

analyze the feasibility of zero-carbon buildings and even negative-carbon buildings in China, 

we conducted a search on the web of science. The key words are òlow-carbon buildingsó, 

òzero-carbon buildingsó and ònegative-carbon buildingsó. The time span of the papers 

published set to ten years (2009-2019). 
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Based on the relevance of the topics, we identified more than 3,000 papers and analyzed 

them via Bibliometrix. 

Figure 0.2.Annual Scientific Productions  

(Source from: Bibliometrix) 

Because the statistics for 2018 and 2019 are not yet complete, we only summarize the 

Annual Scientific Productions between 2009 and 2017. According to the figure 1.2, we can 

see that in the past 8 years, the number of publications of related topics has increased year 

by year. 

  

Figure 0.3.Most Productive Country  

(Source from: Bibliometrix) 

Figure 1.3 shows the countries with most publications. Chinese have the most research on 

zero-carbon buildings. As a developing country, China constructs a large number of new 

buildings each year and set the goal of reducing 40ð45% carbon emission in 10 years(Wu 

et al.2017). At the same time, there is a lot of research on zero-carbon building in the UK, 

because the UK government has set ambitious targets to achieve òzero carbonó for new 

homes from 2016 and for non-domestic new buildings from 2019(Pan et al.2014). 
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Figure.0.4 Three field plots  

 (Source from: Bibliometrix) 

Three Field plots was the relationship among authors, topics and publications. From this figure, we could know the popular topics for authors are òenergy 

efficiencyó, òlife cycle assessmentó, òZCBó and so on. The most published journal is òEnergy and buildingó and òbuilding research and informationó. 

http://www.baidu.com/link?url=C5ZQxk87oqU73DbNT74M7rLCA4uUW0qllOkrTndxs-pvTllirmLVCVixWKJVRrsxVM-RKvVMpvkeH1Gw0-IwNb9mP3vSxuC0sEElGsW8Rnu
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 Figure 0.5 Keyword co-occurrence 

 (source from: Bibliometrix) 

Figure 5 shows the frequency of occurrence of keywords and the connections between them. Through this figure, we have an understanding of the general 

content and topics of these 3,000 articles, Performance, design, life cycle assessment and energy are the most frequently mentioned keywords. 
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Figure 0.6 Categories of papers 

1.1.4 Our primary classification 

We imported nearly 3000 papers into Mendeley (a reference management software), after 

reading the title of all the articles, we found only 1905 papers are meaningful topics for us. 

And we sorted them into 8 categories according to different disciplines. 

 

Figure 0.7  Relationship between categories 

Because each article may be involved into different categories, we analyze the relationship 

among the eight categories as Figure1.7 shows. 

 

1.1.5 Our Secondary classification 

In order to understand the content of the papers in each category in more detail, we analyzed 

the keywords of each category through Bibliometrix, and selected the top 20 most frequently 

appearing keywords, using word cloud to show the frequency of each keyword. The higher 

frequency of each keyword has larger size as it displays in the word cloud, and then we sort 

out the category again via selecting the top 6-9 keywords with the highest frequency 

keywords under each category. 
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Energy 42

Emission 37

Performance 33

Climate change 30

Consumption 28

Life cycle assessment 27

Mangement 24

Carbon 23

Impact 23

Environment (625)

City 23

Politics 13

Energy 14

Climate change 12

Policy 12

Building 10

Governance 10

Impact 10

Emission 9

Urban (356)

 

Left: Figure 0.8 Word cloud of òEnvironmentó (source from: Bibliometrix)  

Right: Table 1.1 The frequency of word 

We first analyze from the most macroscopic perspectiveñenvironment. The most frequent 

keywords are òenergyó and òcarbon emissionsó. The energy aspect mainly refers to the 

impact of energy consumption on the environment. We are most concerned about the 

impact of carbon emissions on the environment. By reading the literature, we understand 

the current state of carbon emissions at domestic and abroad, the goals and main strategies 

for reducing the carbon emissions. 

 

Left: Figure1.9 Word cloud of òurbanó (source from: Bibliometrix)  

Right: Table 1.2 The frequency of word 

Then we analyzed the keywords of òurbanó, we found that the most frequent keywords are 

òenergyó, òpoliticsó, òpolicyó and òclimate changeó, which shows that urban carbon 

emissions are closely related to government politics and decision-making, it is different from 

building projects .Because the direction of our thesis is zero carbon building, so we will not 

pay too much attention to this classification. 
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Performance 54

Energy 49

Life cycle assessment 37

Emission 34

Consumption 29

Design 29

China 28

Efficiency 25

Model 25

Builidng (642)

Life cycle assessment 12

Performance 10

Energy 7

Concrete 6

Building 6

Emission 5

Wood 5

Carbon 4

Embodied energy 4

Materials (99)

 

Left: Figure1.10 Word cloud of òbuildingó (source from: Bibliometrix) 

Right: Table 1.3 The frequency of word 

When it comes to building, the researchers are most concerned about its performance. High 

performance can reduce the energy of the building during operation phase and it has a very 

important impact on reducing operational emission. It is should be noticed that, with the 

increase of high-performance buildings, the operational emissions are gradually reduced, 

and the embodied emission are more and more worthy of attention. Therefore, a lot of 

literatures tend to discuss carbon emissions from the perspective of the whole life cycle. We 

have read a lot of literatures about life cycle assessment, and compare various methods and 

tools, decided to design our zero-carbon buildings from this perspective. 

Left: Figure1.11 Word cloud of òmaterialsó (source from: Bibliometrix) 

Right: Table 1.4 The frequency of word 

The most important part of reducing carbon emissions is the use of building materials. A lot 

of literatures compare the timber structure and concrete structure buildings and find that 

wood-framed buildings have significant advantages. Many buildings achieve the goal of 

zero-carbon construction through prefabricated wood and biomass. 
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Transport 7

Climate change 5

Built environment 4

Behavior 4

System 4

Air porlution 3

CO2 emission 3

Walking 3

Travel 3

Transportation (99)

Performance 76

Building 57

Energy 40

Consumption 35

Design 32

Impact 27

Life cycle assessment 24

Residential building 23

Model 23

Construction (184)

Figure1.12 Word cloud of òtransportationó (source from: Bibliometrix) 

Right: Table 1.5 The frequency of word 

Transportation also accounts for a large proportion of carbon emissions. Even in the life 

cycle assessment of buildings, the carbon emissions from the transportation of raw materials 

cannot be ignored. The most frequent keywords are transportation, climate change, building 

environment and systems. Most of the related articles mentioned issues such as increased 

carbon emissions, air pollution, and climate change caused by traffic problems. 

Fig 1.13 Word cloud of òconstructionó (source from: Bibliometrix) 

Right: Table 1.6 The frequency of word 

From the perspective of the entire life cycle of building carbon emissions, it is divided into 

several stages of production, transportation, construction, operation, demolition and 

recycling. The carbon emission calculation in the past mostly only counts the two stages-

production and operation. The construction phase is difficult to count, but there are a large 

number of papers indicating that there are many carbon emissions during the construction 

phase, so we will read the literature in this classification and find ways to calculate carbon 

emissions during the construction phase. The keywords with the highest frequency of this 

classification are òbuildingó, òenergyó and òconsumptionó. 
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Performance 82

System 50

Energy 44

Design 39

Consumption 36

Building 32

Carbon 28

System 26

Efficiency 20

Energy (309)

Policy 16

Climate change 14

Energy 13

Building 10

Emission 8

Performance 7

Sustainability 7

Management 6

System 6

Economy (204)

 

Left: Figure1.14 Word cloud of òenergyó (source from: Bibliometrix)  

Right: Table 1.7 The frequency of word 

Low carbon or zero carbon are often related with energy consumption because the energy 

consumption during the operational phase is the main part of the carbon footprint of the 

building's life cycle. Low-carbon buildings are based on energy efficient buildings, so energy 

performance is very important. It can be seen from the Word cloud, the highest frequency 

keywords of energy-related is òperformanceó and òenergy consumptionó, and the frequency 

of òperformanceó has reached a large part, which shows that when authors mention building 

energy, performance is the most important part and has been received attentions. 

 

Left: Fig 1.15 Word cloud of òeconomyó (source from: Bibliometrix) 

Right: Table 1.7 The frequency of word 

In the articles related to low-carbon buildings or zero-carbon buildings, some mentioned 

economy, and the keywords related to the economy are òclimate changeó, òpolicyó and 

òenergyó. The impact of climate change has raised concerns about carbon emissions. A 

lot of countries have begun to reduce energy consumptions and carbon emissions through 

various policies and economic means. Building carbon emissions are a very important part 

of this, and we can use this classification of papers to understand the policies of each 

country about low-carbon economy 
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Fig 1.16 Classifications of paper search  
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1.2 The aim of study 

After completing the classification literature, we found that the number of publications on 

relevant topics in zero/low carbon building in China was the first. We are also concerned 

about what China has done in the past to develop low-carbon buildings and what the 

government will do in the future. Thus, we decided to start analysis China's relevant policies 

first. 

Then we found that the NZEB investigation started earlier and emerged more rapidly in 

developed countries. And also, since 2010, with the stimulation of advanced ZEB and 

effective efforts to energy saving and emission reduction, NZEB has been concerned as an 

effective approach to the building energy reduction in China. On 24
 

January of 2019, the 

Ministry of Housing and Urban-Rural Development, PRC issued GB/T51350-2019 

òTechnical standards for nearly zero-energy buildingsó in China which based on the five 

climate zones in China: severe cold, cold, hot summer cold winter, hot summer warm winter 

and temperate. 

The 2022 winter Olympic Games will be held in Beijing, which is in cold region, and it will 

use low-carbon energy and build low-carbon venues. During my internship in China 

architectural design and research institute, I was lucky to participate in the project of Yanqing 

mountain press center of the winter Olympics, working within a multi-sector team to 

complete a variety of tasks associated with energy retrofit and high performance building 

consulting in this project. 

This project combined with the natural conditions of the site to optimize the building design, 

optimize the thermal performance of the project envelope structure, through the regional 

cold and heat source system, the use of high-efficiency air conditioning units, the setting of 

a reasonable heat recovery device and solar photovoltaic system, to achieve the goal of 

nearly zero energy building. 

Through the strategy of this project and the comparison of energy consumption on the 

baseline and the design plan, we have achieved the goal of nearly zero energy consumption. 

It is a demonstration to promote the application of low-carbon technologies, effectively 

control greenhouse gas emissions, and make the Beijing winter Olympic Games an 

important platform for China to show its participation in the construction of global ecological 

civilization. 

Finally, we hope that the above research and study can provide references for the further 

development of NZEB in cold region in China. 
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2 Building energy efficiency policies  

2.1 Global and Chinaõs energy consumption and comparison 

Global primary energy consumption grew rapidly in 2018 at a rate of 2.9% which almost 

double its 10-year average of 1.5% per year, and the fastest since 2010 (BP Statistical 

Review ð 2019 Global energy market in 2018). As reported, the global demand for all fuels 

increased but growth was particularly strong in the case of gas (168mtoe, accounting for 

43% of the global increase) and renewables (71mtoe, 18% of the global increase). Coal 

consumption grew by 1.4%, double its 10-year average rate. Its share in primary energy fell 

to 27.2%, the lowest in 15 years. Non-fossil fuelsõ share in primary energy in 2018 was 

15.3%, the highest in recent history. 

 

Figure 2.1 The energy consumption of world and China in 2018
1
 

(BP Statistical Review of World Energy 2019) 

Figure 2.2 The energy consumption of world and China from 2008 to 2018 

(BP Statistical Review of World Energy 2019) 

 

1
 The graphs by author, data form BP Statistical Review of World Energy 2019 
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As for China, despite slower economic growth, China remained the worldõs largest energy 

consumer, accounting for 24% of global energy consumption and contributing 34% of 

global energy demand growth in 2018. China was still the largest contributor to global 

growth for the 18th consecutive year. the primary energy demand rose by 4.3% in 2018, 

the highest since 2012. Gas consumption increased by 18% in 2018, accounting for 22% 

of global gas consumption net growth. The share of coal in Chinaõs primary energy mix 

declined to 58% in 2018 from 60% in 2017 and 72% just 10 years ago. 

 

Figure 2.3 the energy composition of China in 2008 and 2018 

(BP Statistical Review ð 2019 Chinaõs energy market in 2018) 

From these two pie charts, among these 10 years Chinaõs energy mix continued to evolve. 

While coal remained the dominant fuel, its share of total energy consumption in 2018 (58%) 

hit a historical low. Renewables consumption grew by 29% in 2018, accounting for 45% of 

global renewables consumption growth. Among non-fossil fuels, solar consumption grew 

the fastest (+51%), followed by wind (+24%) and biomass & geothermal (+14%). Hydro 

grew by 3.2%, nearly one third the 10 years average growth of 9.2%. Chinaõs nuclear power 

generation increased by 19%, above the 10-year average growth of 15%. China accounted 

for 74% of the global nuclear power increment. 

2.2 Energy consumption in Chinese building sector  

According to the intergovernmental Panel on Climate Change Fifth Assessment Report (IPCC, 

2014) buildings accounted for 32 % of total global final energy use, until 2017 buildings 

and construction together account for 36% of global final energy (Global status report 

2017-World Green Building Council). 

As for China, a research report from the building energy conservation center of Tsinghua 

university
2

, they reported since 2001, both total energy consumption and electricity 

consumption in Chinaõs building sector increased significantly. In 2016, the total building 

 

2
 China Building Energy Use, 2018 
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commercial energy consumption was 896 million tons of coal equivalent (Mtce) accounting 

for about 20% of the total primary energy consumption.  

2.2.1 Building energy consumption of China 

In 2016, China's total energy consumption in construction was 896 million tons of standard 

coal, accounting for 20.62% of the country's total energy consumption. Chinaõs building 

energy use is categorized using three sub-sectors based on their own influencing factors and 

characteristics. As the data shows (Figure 2.4), public buildings consume 346 million tons 

of standard coal, accounting for 38.53% of the total building energy consumption. Urban 

residential buildings consumed 339 million tons of standard coal, accounting for 37.71%; 

Rural residential buildings consumed 214 million tons of standard coal, accounting for 

23.76%.  

Figure 2.4 Building energy consumption in China in 2016
3
 

(China building energy consumption report 2018) 

 

 

Figure 2.5 Chinaôs total building area in 2016 

(China building energy consumption report 2018) 

 

3
 Data from China building energy consumption report 2018, graphs by author 
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In recent years, China's rapid urbanization development, a large number of people from the 

countryside into the city. Rapid urbanization drives the continuous development of the 

construction industry, and the scale of China's construction industry continues to expand. 

The key reasons responsible for huge distinctions in energy intensities could be different 

lifestyles and energy consuming behavior. 

In 2016, China's total building area reached 63.487 billion m
2

 as Fig.2.5 illustrates, the 

public building area was 11.506 billion m
2

, accounting for 18.12 %. Urban residential 

buildings area was 27.864 billion m
2

, accounting for 43.89%; Rural residential buildings 

were 24.117 billion square meters, accounting for 37.99% of the total. Among them, 

residential buildings account for about 2/3  and public buildings account for 1/3 . 

The continuous growth of the scale of construction mainly from two aspects of drive the 

energy consumption growth: on the one hand, the growing construction area for the future 

brought a lot of building energy consumption demand, more buildings will need more 

energy to satisfy the heating, ventilation, air conditioning, lighting, kitchen, living hot water, 

and other services function. On the other hand, large-scale construction activities carried 

out using a large number of building materials, building materials production, leading to 

the mainland the source consumption. Therefore, the large-scale construction of China's 

buildings and infrastructure is an important reason for the continuous growth of China's 

energy consumption. The construction industry includes the construction of civil buildings, 

productive buildings and infrastructure such as roads, railways and dams. The energy 

consumption of the construction industry brought by the construction of new buildings and 

infrastructure can be accounted and analyzed from the production and transportation of 

building materials to the whole construction process. The energy consumption of building 

materials is the most important component of the construction energy consumption of the 

construction industry, among which the production energy consumption of steel and cement 

accounts for more than 80% of the total construction energy consumption of the construction 

industry.  

 

Figure2.6 China s net energy intensity in 2016(Kgce/m
2
)
4
 

(China building energy consumption report 2018) 

 

4
 Kilogram standard coal equivalent per square meters 
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From 2001, the total energy consumption increased less than 3 times and energy use 

intensity (EUI) about one third. In terms of energy intensity per unit area, the energy intensity 

of public buildings is the highest among the three types of building energy, which has been 

increasing in recent years. In 2016, the energy consumption per unit area of public buildings 

was 30.11Kgce/m
2

, 2.5 times that of urban residential buildings (12.17Kgce/m
2

) and 3.4 

times that of rural residential buildings (8.86Kgce/m
2

). The energy intensity per unit area of 

the three types of buildings here is the coal consumption method for power generation. 

The electricity consumption per unit area of public buildings was 62.74 kWh/m
2

, 3.8 times 

that of urban residential buildings (16.40kWh/m
2

) and 3.9 times that of rural residential 

buildings (15.97kWh/m
2

). 

 

Figure2.7 China s net energy intensity in 2016(kWh/m
2
) 

(China building energy consumption report 2018) 

 

2.2.2 Building energy consumption variation from 2000 to 2016 

(1) Total energy consumption 

The total energy consumption of buildings shows a continuous growth trend, but the average 

annual growth rate slowed down significantly from 2006 to 2016.The consumption of coal 

from 288 million tons in 2000 to 899 in 2016, there is an increase of about three times, 

with an average annual growth of 7.37%. Compared with 2000-2005, the growth rate of 

building energy consumption decreased significantly from 2006 to 2016. 

The annual growth rate of building energy consumption during the tenth five-year plan 

(2000-2005) period was about 12%, while the growth rate of another five-year plans was 

around 5%, down by more than 50%. To some extent, this reflects China's efforts to promote 

building energy conservation since the 2006.  

2000 to 2016, public building energy consumption (including heating energy consumption) 

accounted for 34% to 39% of the total building energy consumption, urban residential 



 

17 

 

building energy consumption (including heating energy consumption) was 38% to 42%, and 

rural building energy consumption was stable at 23% to 24%. 

(2) Public building energy use intensity 

Energy consumption per unit area of public buildings increased year by year, from 

21.54Kgce/m
2

 in 2001 to 27.91Kgce/m
2

 in 2005, with an average annual growth of 6.7%. 

From 2005 to 2010, energy consumption per unit area of public buildings was generally 

stable. Since the 12th five-year plan (2010-2015), the energy consumption per unit area of 

public buildings has been decreasing year by year, from 31.30Kgce/m
2

 in 2011 to 

28.72Kgce/m
2

 in 2015, and the energy consumption per square meter has decreased by 

2.58Kgce. 

Electricity consumption per unit area of public buildings has maintained an increasing trend. 

In terms of energy intensity per unit area, the energy intensity of public buildings is the highest 

among the three types of buildings. The electricity consumption intensity per unit area of 

public buildings has been increasing which is the main reason for the increase of total energy 

consumption intensity. Electricity consumption per unit area of public buildings increased 

2.4 times from 26.42kWh/m
2

 in 2000 to 62.74kWh/m
2

 in 2016. 

(3) Urban residential building energy use intensity  

From 2000 to 2016, the energy consumption per unit area of urban residential buildings 

was stable, and the decline trend was obvious after 2007. In 2016, the energy consumption 

per unit area of urban residential buildings was 12.17kgce/m2, 0.87kgce/m2 higher than 

that of 2000. With the development of urbanization and the improvement of people's living 

standards, the electricity consumption per unit area of urban residential buildings shows a 

trend of increasing year by year, from 9.31kWh/m
2

 in 2000 to 16.4kWh/m
2

 in 2016, with 

an increase of about 1.76 times. The proportion of electricity in household energy is 

increasing. 

(4) Rural residential building energy use intensity 

The energy consumption per unit area of rural residential buildings has risen steadily, and 

the electricity consumption per unit area has risen rapidly. From 2000 to 2016, the energy 

intensity of rural residential buildings increased year by year. Energy consumption per unit 

area increased from 3.51Kgce/m
2

 in 2000 to 8.86Kgce/m
2

 in 2016, with an increase of 

2.5 times and an average annual growth of 5.96%. The electricity consumption per unit 

area increased rapidly, from 2.62kWh/m
2

 in 2000 to 15.97 kWh/m
2

 in 2016, with an 

increase of 6.1 times and an average annual growth of 12.0%. Electricity has gradually 

become the main use of rural households.  
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2.2.3 Building energy consumption of provinces 

From the perspective of different provinces, the total energy consumption of urban buildings 

varies greatly in 2015. The top three in total energy consumption are Shandong, 

Guangdong and Jiangsu, while the bottom three are Hainan, Qinghai and Ningxia 

respectively. Among them, urban population, total GDP and climate zone are the three 

factors that have the largest impact on the total energy consumption of urban buildings. 

  

Figure2.8 Total energy consumption of urban civil buildings by province (excluding rural areas) in 

2015 (China building energy consumption report 2017) 

 

 

Table 2.9 Energy consumption comparison of the top three and the bottom three 

From the above table, it can be concluded that the biggest factor affecting the energy 

consumption of per person of all provinces in China should depend on the climate zone of 

this province. Even Qinghai as the province with the second-lowest total energy consumption, 

it still has high energy consumption of per person, the main reason is in the severe cold 

zone.   

Ranking Province Climate zone

Total Energy 

consumption 

(mtce)

Population

(million)

Energy 

consumption 

per 

person(Kgce/

person)

Urbanization 

rate

GDP(trillion 

CNY)

Top1 Shangdong Cold 61.82 61.46 1005.86 61.18% 9.73

Top2 Guangdong

Hot summer, 

warm winter

55.73 80.22 694.71 70.70% 7.65

Top3 Jiangsu

Hot summer, 

cold winter

43.18 55.24 781.68 68.80% 9.26

Bottom3 Ningxia Cold 4.3 3.95 1088.61 57.98% 0.45

Bottom2 Qinghai Severe cold 4.02 3.18 1264.15 53.07% 0.26

Bottom1 Hainan

Hot summer, 

warm winter

3.26 5.37 607.08 58.04% 0.35
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2.3 Carbon dioxide emission in Chinses building sector 

According to the BP Statistical Review of World Energy 2019, global CO2 emissions increased 

by 2.0% in 2018, their highest rate for seven years and double its 10-year average growth. 

Chinaõs CO2 emissions from energy use increased by 2.2% in 2018, a significant rebound 

from the 0.5% p.a. growth of previous five years. 

Global status report 2017 published there is 39% of energy-related carbon dioxide (CO2) 

emissions when upstream power generation, In 2016, China's building carbon emissions 

accounted for 19.4% of the country's energy emissions. 

 

Figure 2.10 carbon dioxide emissions of world and China from 2008 to 2018 

(BP Statistical Review of World Energy 2019) 

2.3.1 Building carbon dioxide emission of China 

In 2016, China's total carbon emissions from buildings were 1.96 billion tons of CO2, 

including 743 million tons from public buildings, accounting for 37.9% of the total carbon 

emissions from buildings. The carbon emission from urban residential buildings was 809 

million tons of CO2, accounting for 41.3%. The carbon emission of rural residential 

buildings was 408 million tons of CO2,  accounting for 20.8%. 

Figure 2.11 Building carbon dioxide emission in China in 2016 

(China building energy consumption report 2018) 
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In terms of the carbon emission per unit area, the carbon emission intensity per unit area of 

public buildings is the highest among the three types of building, and it has been growing 

in recent years.  

In 2016, the carbon emission intensity per unit area of public buildings was 64.61 

KgCO2/m2,  2.2 times that of urban residential buildings (29.04KgCO2/m
2

) and 3.8 times 

that of rural residential buildings (16.92KgCO2/m
2

). 

From the carbon emission coefficient of unit energy consumption, the carbon emission 

coefficient of unit energy consumption of urban residential buildings in 2016 was 2.39 

kgCO2/Kgce, higher than public buildings (2.15KgCO2/Kgce) and rural residential 

buildings (1.91kgCO2/Kgce). 

 

Figure 2.12 Total carbon emission of urban civil buildings by province in 2016 (excluding rural 

areas) 

(China building energy consumption report 2018) 

In 2016, the top three provinces and cities in terms of urban building emissions were 127.99 

million tons of CO2 in Shandong, 11.05 million tons of CO2 in Guangdong, and 90.76 

million tons of CO2 in Hebei. The next three provinces and cities were 7.93 million tons of 

CO2 in Hainan, 10.28 million tons of CO2 in Qinghai, and 10.48 million tons of CO2 in 

Ningxia. Population, economy and climate are the main factors that lead to the differences 

of related indexes of building carbon emission in different provinces. For every 10,000 yuan 

increase in per capita GDP, the per capita CO2 emission of urban areas will increase by 

about 90kg. For every 1000 yuan increase in output per unit area of public buildings, its 

electricity carbon emissions will increase by about 11.5kgCO 2. The carbon emission 

intensity of residential buildings in northern cities and towns (52.4 kgCO2/m2) is four times 

that of non-heating areas (13.37 kgCO2/m2), and the carbon emission of residential 

buildings per capita is 2.66 tons, twice that of non-heating areas (1.32 tons). 



 

21 

 

In order to better understand the flow of building energy to carbon emissions, the following 

Sankey diagram briefly analyzes the energy flow of Chinaõs buildings in 2016. Electricity is 

the main source of building carbon emissions accounting for 46%. Carbon emissions from 

northern heating accounted for 25%. Fossil fuels such as coal and natural gas account for 

28% of emissions. 

Figure 2.13 Chinaõs building energy flow in 2016 

The carbon emission intensity of public buildings is much higher than the national and other 

residential building intensity levels, which is about 2.09 times of the national intensity level. 

In 2016, China's comprehensive carbon emission factor is 2.18 kgCO2/ kgce, that is, every 

1kg of standard coal consumed releases 2.18kg of carbon dioxide on average 

 

2.3.2 Building CO2 emission variation from 2000 to 2016 

 (1) The characteristic of periodical change of carbon emission per unit area of public 

buildings is obvious. From 2000 to 2005, carbon emission per unit area of public buildings 

increased rapidly year by year, from 49.46kgCO 2/m
2

 in 2000 to 62.47 kgCO2/m
2

 in 2005, 

with an annual growth rate of 4.8%. From 2006 to 2010, the growth rate of carbon emission 

per unit area of public buildings slowed down, from 65.19kgCO 2/m
2

 in 2006 to 

69.1kgCO 2/m
2

 in 2010, with an annual growth rate of 1.46%. From 2011 to 2016, the 

carbon emission per unit area of public buildings showed a declining trend year by year, 

from 74.06 kgCO2/m
2 

in 2012 to 62.40 kgCO2/m
2

 in 2015, and the carbon emission per 

square meter decreased by 11.66 kgCO2/m
2

. 

(2) The carbon emission per unit area of urban residential buildings remains stable overall. 

In 2016, the carbon emission per unit area of urban residential buildings is 29.04 

kgCO2/m
2

, 1.66 kgCO2/m
2

 higher than that in 2000. After 2012, the decline trend is 

obvious. 

(3) From 2000 to 2016, the carbon emission intensity per unit area of rural residential 

buildings increased year by year. Carbon emission per unit area increased from 7.61 

kgCO2/m
2

 in 2000 to 16.92 kgCO2/m
2

 in 2016, with an annual growth rate of 5.12%. 

The change of carbon emission intensity per unit area of rural residential buildings is mainly 
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affected by the following factors: 1) substantial improvement of rural living conditions leads 

to rapid growth of energy demand per unit area; 2) the proportion of rural non-commodity 

energy consumption decreases; 3) rural building energy conservation and emission 

reduction work lags behind, and there is no clear path to emission reduction. 

 

Figure 2.14 Chinaõs building carbon emission comprehensive factor (carbon emission per unit 

building energy consumption, KgCO2/  Kgce) 

(China building energy consumption report 2018) 

From 2000 to 2012, the comprehensive carbon emission factor of buildings in China was 

relatively stable. China's comprehensive carbon emission factor for buildings showed a 

significant downward trend after the turning point in 2012. In 2016, the overall carbon 

emission factor decreased by 9.5% compared with 2012. 

Remarkable achievements have been made in building energy conservation since 2012. 

241 million tons of CO2 emission reduction has been achieved due to the reduction of 

building carbon emission factor and energy intensity. (China building energy consumption report 

2018) 
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2.4 Overview the building energy efficiency policies in China 

2.4.1 Three stages from 1980 to 2010:  30%-50%-65% 

China from last century 80s, begin to establish corresponding building energy conservation 

standard for civil building, can divide roughly.  

There are three stages: 

(1) Stage 1: In 1982, with support from the Ministry of Construction (MoC), the first study 

related to building energy efficiency in China, ôStudy on energy conservation of heating for 

residential buildings in North Chinaõ, was launched. As a result, in August 1986, the MoC 

officially issued the standard Energy Conservation Design Standard for Heating Residential 

Buildings JGJ 
5

26ð86. Through a thorough study monitoring building energy consumption 

and building components, the goal of the standard was a 30% decrease in heating energy 

consumption compared to the baseline buildings built in the early 1980s. It became known 

as the first step of energy efficiency goal, which was 30 percent. 

(2) Stage 2: On December 7, 1995, the ministry of construction approved and issued the 

"civil building energy conservation design standard (heating residential buildings)" JGJ26-

95, requiring the heating energy consumption to be reduced by 50% on the basis of the 

local general design of residential buildings in 1980 and 1981. It was the second step for 

energy saving (50% energy saving). 

Subsequently, considering that each climate zone would affect energy efficiency, GB50178-

93 Code for thermal design of civil buildings was introduced in 1993 

Then, the technical specification for energy-saving renovation of residential buildings with 

existing heating system JGJ129-2000 was issued successively. 

Design standards for energy conservation of residential buildings in hot summer and cold 

winter areas JGJ134-2001 

Design standards for energy conservation of residential buildings in hot summer and warm 

winter areas JGJ75-2003 

Finally, the first national standard for public buildings GB50189-2005ó Design standard of 

energy efficiency of public buildingó was published in 2005 which request the public building 

also should take 50% energy-saving as the goal. 

 (3) Stage 3: Save more 30 percent of the energy in the second stage, on top of the 50 

percent saving in the second stage, which is the goal of 65 percent energy saving. At present, 

many regions in China have been promoting the goal of 65% energy saving in the third 

stage of building energy saving. The industry standard "Energy saving design standard for 

residential buildings in severe cold and cold areas" (JGJ26-2010) was announced on March 

 

5
 JGJ is abbreviations of technical standard for building construction 



 

24 

 

18, 2010 and implemented on August 1, 2010, stipulating that residential buildings in 

severe cold and cold areas should achieve 65% energy saving.  

2.4.2 Next stage to 2030:  Nearly zero energy building  

In 2016, GB50189-2016 òDesign standard of energy efficiency of public buildingó was 

update with the goal of further reducing building energy consumption by 30% based on 

GB50189-2005, which means the same goal of 65%. After three decades of development, 

China has accomplished its three-step ô30%-50%-65%õ plan for building energy efficiency 

proposed in the early 1980s. 

Established in 2009, the US-China Clean Energy Research Center Building Energy Efficiency 

Consortium aims to promote nearly-ZEBs and ZEBs (Zero energy building). Through pilot 

studies from 2011 to 2014, scientists and researchers from both China and the United States 

jointly designed and built the first demonstration of a nearly-ZEB in China, specifically the 

nearly-ZEB China Academy of Building Research (CABR-NZEB). Adhering to the principle of 

ôpassive building, proactive optimization, economic and pragmaticõ, ambitious annual 

energy consumption goals were set for the CABR-NZEB during the design stage: provide 

heating in winter with zero fossil fuel use, reduce summer cooling energy by 50%, reduce 

lighting energy by 75% and reduce total energy consumption by more than 80% from the 

average level.(Yang et al.2019) 

With the stimulation of advanced Zero energy building (ZEB) and effective efforts to energy 

saving and emission reduction, nearly ZEB has been concerned as an effective approach to 

the building energy reduction in China (Xu et al., 2016). Driven by the national policies 

explicitly launched by the central government and the promising demonstration effects of 

pilot projects, local governments have also initiated NZEB design standards or technical 

guidelines as well as a series of incentives. 

Policies should be formulated in a coordinated way to combine energy efficiency with 

renewable energy use to achieve zero net energy development in China (Feng et al., 2016). 

China adopts a top-down development strategy to promote ZEB. On February 6, 2016, 

Several Opinions on Further Strengthening Urban Planning and Construction Management 

is the first time that China has clearly developed ZEB in national documents. A national 

research project to support building energy efficiency towards a higher level (NZEB 

Technology System and Key Technology Development) is implemented in September 2017, 

whose focus is mainly on theory and indicator system, key technology products, design and 

construction evaluation and integration and demonstration.  

At present, it is difficult for China to directly move from the current building code to the ZEB 

level. Nearly ZEB is a realizable way to address the current energy and environmental issues. 

Nearly ZEB are going to be the next energy-efficient direction in China's real estate market. 

The market of nearly ZEB is currently small, but it is booming as the technology roadmap 

becomes clear. China still has a large ZEB market to be explored. 
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Figure 2.9 Roadmap of nearly zero energy building standard in China 

The first national standard nearly Zero Energy Buildings Technology Standard GB/T 51350-

2019 could lead the development of energy saving in China in the next 10ð15 years. The 

entire process of building design, construction, and operation management will be fully 

clarified. The standard has released and implemented in 2019. It is China's first official ZEB 

national standard. Another national standard (Detection and Evaluation Standard for Nearly 

Zero Energy Building) is released to evaluate the performance of nearly ZEB in China. All 

the nearly ZEB should be tested on the performance after a full year operation. 

Researchers in China has proposed a roadmap for 2016-2030 building codes upgrading: 

30% of new buildings reach nearly zero energy by 2030, 30% of existing buildings are 

converted to nearly zero energy by 2030, and 30% of energy consumption in the building 

sector are from renewable energy sources by 2030 (Liu et al. 2019). Roadmap of Chinese 

building energy efficiency standard to ZEB is shown in Figure 2.9 

 

2.5 Nearly Zero Energy Building  

2.5.1 Definition 

Since the energy consumption of building cause more and more attention, for now, NZEB 

is starting at a rapid developing stage in the world. 

The term "zero energy building" is not a recent phenomenon, dating back to 1976, when 

Torben V of the technical university of Denmark Esbensen et al. conducted theoretical and 

experimental research on using solar Energy to heat buildings in winter in Denmark, and 

proposed the term "Zero Energy House" for the first time. (Torben V.Esbensen 1977, 

Dimensioning of the solar heating system in the zero energy house in Denmark) 

In the recast Energy Performance of Buildings Directive (EPBD, 2010/31/EU),  the term 

Nearly Zero-Energy Building (commonly abbreviated as NZEB) was introduced and defined 

as a ònearly zero-energy building means a building that has a very high energy performance. 

The nearly zero or very low amount of energy required should be covered to a very significant 

https://www.sciencedirect.com/science/article/abs/pii/0038092X77900585#!
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extent by energy from renewable sources, including energy from renewable sources 

produced on-site or nearbyó (Art. 2). 

An important definition around zero energy buildings (ZEBs) is that of the US Department 

of Energy (DOE). A ZEB building is: An energy efficient building where, on a source 

energy basis, the actual annual delivered energy is less than or equal to the on-site 

renewable exported energy (US Department of Energy, A Common Definition for Zero Energy 

Buildings, 2015) 

As for China, Chinses use (Jin) (Ling) (Neng) (Hao) (Jian) (Zhu) stand for nearly 

zero energy building, the definition from Technical standard for nearly zero energy buildings 

GB/T 51350-2019 is:ó Buildings can adapt to climate characteristics and site conditions, 

and through passive building design to maximize the reduction of building heating, air 

conditioning, lighting demand, and through active technical measures to maximize the 

efficiency of energy equipment and system, make full use of renewable energy, with the 

minimum energy consumption to provide a comfortable indoor environment.ó 

It can be seen that the definition of NZEB is different for each country/region. In this chapter, 

we will discuss the policies adopted by different countries (mainly asia-pacific regions) 

regarding NZEB. In the following chapter, we will learn and analyze the NZEB demonstration 

projects of each country. The purpose is to find and compare The efficiency strategies and 

demonstrate The feasibility of NZEB in difference climate zone in China. 

In order to promote the development of near zero carbon building in China and improve 

the near zero carbon building code, some reference information is provided.  

 

2.5.2 The policies and program in Pacific Rim area
6

 

Through the comparison of climate, we find that the representative cities of China's five 

climate zones can all find corresponding cities with similar climate in developed countries. 

We are happy to compare and learn the design strategies and development policies of NZEB 

project in these cities, which will benefit both the China's new building construct work and 

existing building retrofit work in both developed and developing economies. 

(1) Canada 

The national target for Canadaõs public facilities is to reduce greenhouse gas emissions by 

17 percent from the 2005 levels by 2020. Among the proposals for the 2016-2019 cycle 

is a proposal for public facilities to reduce greenhouse gas emissions by 30 percent from 

2005 levels by 2030. The Federal Buildings Initiative (FBI) is a voluntary program that helps 

facilitate 

(2) China 

In 2017, China State Council issued the ò13th Five Year Comprehensive Work Plan for 

Energy Conservation and Emission Reductionó (the òWork Planó) for the 2016-2020 period 

 

6
 The Pacific Rim refers to the geographic area surrounding the Pacific Ocean. The Pacific Rim covers 

the western shores of North America and South America, and the shores of Australia, eastern Asia 

and the islands of the Pacific. (From WIKIPEDIA) 
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which sets forth implementation guidelines for energy conservation and emissions 

reductions , 30% of new buildings reach nearly zero energy by 2030, 30% of existing 

buildings are converted to nearly zero energy by 2030, and 30% of energy consumption in 

the building sector are from renewable energy sources by 2030. 

 (3) Korea 

On July 17 2014, Ministry of Land, Infrastructure and Transport issued The Activation Plan 

of ZEB Corresponding to Climate Change on the 11th General Meeting of the Presidential 

Advisory Council on Science and Technology (PACST) which clearly analyzed the barriers 

and obstacles of ZEB promotion setting up the future roadmap step by step. The plan also 

showed the corresponding financial policy and subsidy for pilot projects, work distribution 

and calculation of the expected social, environment and economy effect. 

(4) Japan 

The program òCommittee on Realization and Generalization of ZEBó was organized in 2009 

in order to examine the roadmap to realization and generalization of Zero Energy Building 

(ZEB). By introducing energy saving measures for buildings, this committee proposed to 

realize ZEB as the standard for new buildings by 2030. 

(5) United State America 

The timeline and means for achieving the stated goal of zero net energy grinding building 

can be summarized as follows: All plans for new Federal buildings should achieve Zero Net 

Energy By 2030. 

2.6 Summary 

In China, NZEB is an emerging innovative building type that plays an important role in 

building energy efficiency and has the potential to alleviate the country's energy pressure. 

China will fully begin the construction of NZEB from 1
st

 of September, 2019, Plan is 30% of 

the new buildings reach nearly zero energy by 2030, 30% of existing buildings are converted 

to nearly zero energy by 2030, And 30% of energy consumption in the building sector are 

from renewable energy sources by 2030. 

However, NZEB is no longer a new topic for other developed countries. Our goal is to 

provide more references and information for China's future NZEB by comparing the mature 

NZEB architectural design strategies of China and developed countries. 

Although China's existing standard nearly Zero Energy Buildings Technology standard GB/T 

51350-2019 provides some reference indexes for construction, it is still an urgent problem 

to learn and solve how to establish key technologies suitable for local climate conditions 

due to China's vast territory. 

The following chapter will introduce the principles of architectural climate zoning in China. 

According to the climate zoning, we will find cities in developed countries with similar 

climates to learn the design strategies of NZEB in developed countries. 
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3 Climate regionalization in China 

3.1 Main climate types in China 

China has a vast territor and has the third largest land area in the world, the parts of the 

continent spanning up to 35 latitudes, most of which are located in subtropical and 

temperate regions. China is located on the Eurasian continent, and near the Pacific Ocean. 

It is greatly influenced by the distribution of land and sea. Due to the different geographical 

latitude, topography and other conditions, the climate varies greatly, the northwest region is 

a dry continental climate, while the southeast region is a monsoon area influenced by the 

sea and land interactions,forming a variety of climate in China. 

There are different types of climate zones according to the different objects, climate zones 

can be divided into agriculture climate zoning, building climate zoning, aviation climate 

zoning; It can be divided into global climate regionalization, national climate regionalization 

and regional climate regionalization. 

China's climate zoning has been carried out for nearly a century, during which there are 

three stages: 

The 1930s to the 1940s was the beginning of China's climate zoning. The methods used 

here draw on the climate classification method of Europe and the United States and 

combined the natural types to define the regional types of climate. 

From the 1940s, on the basis of the most representative regionalization compiled by the 

Chinese academy of sciences and the Chinese meteorological bureau, the principle of 

climate regionalization according to the three-level system of temperature zone, dry and wet 

zone and climate zone was formulated , which revealed the characteristics of China's climate 

regions at that time. 

Third stage since the early 1980s, climatic regionalization pays more attention to the climate 

and the natural landscape and other natural geographical feature match instead of 

agricultural production, and the division method is identified as the national standard. 

According to the classification rules of global climate types, the main climate types in China 

are:  

(1) Tropical monsoon climate, including southern Taiwan province, Leizhou peninsula and 

Hainan island. Annual accumulated temperature Ó8000°C , the average temperature of the 

coldest month Ó16°C , the average temperature of the annual extreme minimum 

temperature for many years Ó5°C , the average temperature of the extreme minimum 

temperature generally Ó0°C , no frost all the year. 

(2) Subtropical monsoon zone, northern China and southern China belong to this type of 

climate. Annual accumulated temperature between 4500°C  and 8000°C , the average 

temperature of the coldest month between -8°C  and 0°C , which is the transition zone 

between the tropical zone and the temperate zone. The temperatures in summer are quite 

high (at least 30 days, the average temperature Ó25°C ), and the temperatures in winter are 

quite low. 
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(3) Temperate monsoon zone, Inner Mongolia, northern Xinjiang and other places belong 

to this type of climate. Annual accumulated temperature <1600 °C  to 3400°C , the average 

temperature in the coldest month between -28 and 8 °̄C , the average temperature in 

summer is still Ó22°C , but Ó25°C  is very rare. 

(4) Temperate continental zone includes temperate desert climate, temperate grassland 

climate and sub-cold coniferous climate. 

(5) Alpine-cold zone, Qinghai-Tibet plateau and some high mountains belong to this type 

of climate. Annual accumulated temperature <2000 °C , the daily average temperature is 

below 10°C , and the hottest temperature <5 °C , even <0 °C . The daily temperature range 

is large and the annual temperature range is small, but the solar radiation is strong and 

sunlight is sufficient. (Source from: Lv et al,2018 [in Chinses]) 

Figure3.1 China weather map 

(https://www.chinadiscovery.com/weather.html) 

3.2 Köppen climate regionalization in China 

Köppen climate classification is one of the most widely used and influential climate 

classifications in the world. It takes temperature, precipitation and seasonal changes as the 

basis of classification, takes monthly average temperature and precipitation as the 

classification index, and refers to vegetation distribution to determine the boundary index 

value between climate types, and divides the world into 5 basic climate zones and 12 major 

climate types with climate sub-type. 

Köppen climate classification has the advantages of strict standards, clear boundaries and 

convenient application. It can determine the climate type according to the simple 

temperature and precipitation index, and is basically suitable for tundra, forest, grassland, 

desert and other landscape zones, so it is widely used by scholars around the world. However, 

Köppen climate classification has its drawbacks. This is mainly reflected in the unreasonable 

division of dry zones and the neglect of vertical changes in temperature and precipitation 

https://wx2.qq.com/cgi-bin/mmwebwx-bin/webwxcheckurl?requrl=https%3A%2F%2Fwww.chinadiscovery.com%2Fweather.html&skey=%40crypt_29ad2dd6_1455269cdb11564d3d14230425cc5c66&deviceid=e789782095907716&pass_ticket=undefined&opcode=2&scene=1&username=@4800d983cb6f51062fad8340b5c42c35
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and zonal differences in horizontal latitude. 

Based on the Köppen climate classification, the 4 main climate zones in china are Dry 

zone(B), Warm zone(C), Cold temperate zone(D) and Polar zone dominated by upland 

climate(E). The main 6 climatic types are Grassland climate (Bs), Desert climate (Bw), Dry 

winter warm climate (Cw), Warm humid climate (Cf), Winter dry, cold and warm climate 

(Dw), Tundra climate (ET). 

Mainland China can be divided into the following major climatic zones: 

(1) The southern warm region: south to the Qinling mountains and Huaihe river, and east 

to the Qinghai-Tibet plateau, the main climate sub-types are Cfa, Cwa and Cwb 

(2) The northern cold and warm region: north to the Qinling mountains and Huaihe river, 

east to the northern Inner Mongolian plateau, east to the southern Aihui -- Tengchong line 

northern cold and warm area, the main climate subtypes are Dwa, Dwb, Dwc. 

(3) The northwest arid region: north to the Qinghai-Tibet plateau, west to the northern Inner 

Mongolia plateau (inclusive) and west to the southern Aihin-Tengchong line, the main 

climate subtypes are Bsk and Bwk. 

(4) The Qinghai-Tibet plateau region which is dominated by upland tundra climate, with Bsk 

and ETH as the main climate sub-types. (Zhu et al, 2015) 

 

 

Figure3.2 Köppen-Geiger climate classification map for China(Source from: Present and future 

Köppen-Geiger climate classification maps at 1-km resolution, Beck et al, 2018)  

3.3 Building design thermal zoning in China 

The relationship between external climate and building system is getting closer and closer. 

The climate of the building area affects the orientation, spacing and layout of buildings, the 

design of envelope structure, indoor thermal comfort, application of passive technology, 
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HVAC system and equipment selection, etc.  

These five climate types reflect the climate types of China at the global scale, and have 

guidance and reference for China's own building climate zones, but the building climate 

zones cannot be completely copied. According to different climatic conditions in China, the 

energy conservation design of buildings in different regions has different methods. Therefore, 

it is necessary to carry out more specific climatic zoning of buildings. 

At present, there are only two standards for building zoning in China's industry: Building 

climate zone from GB50178-93 "Building climate zoning standard " and Thermal design 

zone from GB50176-16 "Civil construction thermal design code". 

Building climate zone reflects the relationship between buildings and climate, mainly reflects 

the temporal and spatial distribution characteristics of the basic meteorological elements 

and their direct effects on buildings, showing the close relationship between buildings and 

climate. 

The thermal design zone reflects the relationship between thermal design and climate, which 

mainly reflects the influence of meteorological basic elements on the thermal insulation 

design of buildings and envelope structures. Building thermal design zoning is to make civil 

building thermal design and regional climate, to ensure the basic indoor thermal 

environment requirements, in line with the national policy of energy conservation, improve 

efficiency. 

Figure3.3 China climate regions defined by the Ministry of Construction 

(Source: Huang et al.2007) 

GB50176-16 "Civil construction thermal design code" uses the average temperature of the 

coldest month (January) and the hottest month (July) of the year as the main index of the 

partition, the days of annual average temperature Ò5°C  and Ó25°C  as the auxiliary index, 

China is divided into severe cold, cold, hot summer and cold winter, temperate, hot summer 

and warm in winter, and puts forward the corresponding design requirements. 
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Table. 3.1 The zoning index and design principle of building thermal design 

 

¶ -tmin,m : Mean temperature of coldest month; 

¶ -tmax,m : Mean temperature of hottest month; 

¶ -dÒ5°C : The number of days when the daily average temperature is less than or 

equal to 5°C ;  

Main Indicator Auxiliary Indicator

Server Cold t
min,m
Ò-10ɫ 145Ƌd

Ò5

Must fully meet the requirements of

winter insulation, generally do not

consider the heat prevention in summer

Cold -10ɫωt
min,m
Ò0ɫ 90Ƌd

Ò5
145

Thermal insulation requirements should

be met in winter, and some areas should

take into account heat prevention in

summer

0ɫωt
min,m
Ò10ɫ 0Òd

Ò5Ņ 90

It must meet the requirements of heat

prevention in summer and take into

account heat prevention in winter

25ɫωt
max,m
Ò30ɫ 0Òd

Ó5Ņ 110

Must fully meet the requirements of heat

prevetion in summer, generally do not

consider winter insulation

10ɫωt
min,m

25ɫωt
max,m
Ò29ɫ

0ɫωt
min,m
Ò13ɫ

18ɫωt
max,m
Ò25ɫ

Temperate 0ƋdƋ5
90

Some areas should consider winter

insulation, generally do not consider the

heat prevention in summer

Building Thermal Zoning in China

Zoning Indicator

Hot summer, Cold winter

Hot summer, Warm winter

Design PrincipleZoning name

100Ƌd
Ó5

200

Must fully meet the requirements of heat

prevention in summer, generally no need

to consider winter insulation
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3.4 Summary 

As the code reported above, the basic design principles are different for different zones. 

Cold zones need to be designed to winter insulation and keep warm as much as possible, 

while hot zones need to pay more attention to excessive solar radiation.  

It can be known that although the standards can give designer some suggestions and 

coefficient indicators, China has a wide area spanning multiple climatic zones, and the 

characteristics of the five climate zones are quite different. Therefore, it is of practical 

significance to formulate the corresponding NZEB specifications according to the climatic 

zones, and to list the detailed design strategies that can be adopted. 

For example, if you want to design a building in the severe cold zone (i.e., Harbin) where 

the temperature is minus 25 degrees Celsius, you can refer to a building in Quebec that 

has a Mediterranean climate and can only reach minus 5 degrees Celsius. 

In the following chapters, we selected cities in five climate zones in China, and found cities 

with similar climates in developed countries. We will start with a simple climate analysis and 

then compare the design strategies of the NZEB demonstration buildings in the city. 

It is important to note that we also tried to seek can reference NZEB buildings in Europe, 

considering the NZEB European architecture development is already very mature, but 

because of the influence of the European Mediterranean climate, most countries don't have 

very hot weather in summer, but in China in addition to the Temperate zone, most of the 

city will be more than 25 degrees Celsius in the summer. So, in order to compare the climate 

of more familiar cities, we locked in the scope of the Pacific region. 
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4 Methodology 

China shows the determination to reduce carbon emissions and achieve nearly zero energy 

buildings recent years. Due to the limitation of China's current construction technology, 

nearly zero energy not means the real energy consumption will be reduced to zero, but to 

adapt to the climate characteristics and site conditions, through the passive building design 

greatly reduce building heating, cooling, lighting requirements, through active technical 

measures greatly improve the efficiency of energy equipment and system, make full use of 

renewable energy, with minimal energy consumption to provide comfortable indoor 

environment, and the indoor environment parameters meet the requirements of standards. 

In order to accurately calculate the energy consumption of this complex building, we used 

AutoCAD, Rhino, Grasshopper, Ladybug, Honeybee and other tools. 

Honeybee connects the visual programming environment of Grasshopper to four validated 

simulation engines. As it can be seen in Figure, Honeybee connects Grasshopper to widely 

used simulation engines like EnergyPlus, OpenStudio, Radiance and Daysim - which 

evaluate building energy consumption, comfort, and daylighting. These plugins enable a 

dynamic coupling between the flexible, component-based, visual programming interface of 

Grasshopper and validated environmental data sets and simulation engine which and 

creates a graphical, user friendly interface for simulations. EnergyPlus is the main simulation 

engine used in this study linked to Grasshopper via Honeybee. 

We draw the lines of three layers plan through AutoCAD, then imported it into Rhino, and 

extrude the blocks through Grasshopper to form Honeybee zones. And then we defined the 

properties of the building materials, input the schedules of occupant, lighting and equipment. 

Importing and analyze standard weather data of the selected location in Grasshopper 

through ladybug, and create the HVAC system, calculate energy consumption for heating, 

cooling, ventilation and lighting of the building through EnergyPlus.  

Figure4.1 Ladybug and Honeybee work scheme  

(Source: http://www.grasshoppper3d.com/group/ladybug

http://www.grasshoppper3d.com/group/ladybug
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