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Abstract: Controlling the scale of civil buildings is of great significance for energy saving and emission
reduction in the construction field. This paper analyzes and extracts the key index parameters for the
calculation of various civil building areas, establishes a detailed calculation model of the total civil
building area, and constructs three different scenarios to predict various civil building areas in China
from 2020 to 2060. Under the three scenarios, the total amount of civil buildings in China will reach a
peak of 93.5, 84.6, and 76.3 billion m? in 2040, 2035, and 2035, respectively. Under the constraints of
energy consumption and carbon emission, this paper suggests that civil buildings develop according
to the medium control scenario. In 2035, the urban per capita residential area will reach a peak of
42 m?, the urban residential area will reach 43 billion m?2, the rural per capita residential area will
reach the peak of 55 m?2, the rural residential area will reach 20.6 billion m2, and the public building
area will reach 21 billion m2. By 2060, the total area of civil buildings will drop to 76.5 billion m?2,
including 37.1 billion m? of urban residential buildings, 18.5 billion m? of rural residential buildings,
and 20.9 billion m? of public buildings.

Keywords: residential building; public building; scenario assumptions; total control; implementa-
tion path

1. Introduction

In September 2020, China announced the goal of “striving to peak carbon dioxide
emissions by 2030 and striving to achieve carbon neutrality by 2060” [1]. Building energy
efficiency is considered to be one of the key areas in China for achieving this goal. Building
area data are the basis of building energy conservation. Whether calculating the total
building energy consumption, analyzing energy-saving potential. and formulating energy-
saving objectives, it must be based on building area data.

According to the functional characteristics of civil buildings in China, it is divided
into residential buildings and public buildings for statistical analysis. As shown in Table 1,
some studies have estimated the stock of civil buildings in China by using corresponding
methods and predicting the future. However, due to the management mode of “live only,
don’t care about death” (only counting the amount of new construction over the years and
not counting the corresponding amount of demolition) in China’s construction field, this
mode brings the problem of “unclear family background” that cannot be directly provided
by statistical data for the current inventory of all kinds of construction [2].

In residential buildings, the data released by the National Bureau of statistics are
the results of a sample survey of residential building area and the per capita residen-
tial area converted from registered residence population [14,15]. Both Building Energy
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Conservation Association [16] and the Building Energy Conservation Research Center of
Tsinghua University [17] used relevant data in the statistical yearbook to calculate the resi-
dential building area by using the methods of “fuzzy neural network” and “existing + new
construction-demolition,” respectively. The corresponding per capita residential building
area can be converted according to the number of urban and rural permanent residents.
There are three main reasons for the data differences among institutions. The first is the
data source. Due to the lack of national housing census data, the per capita area data of
each agency is mostly the result of sampling surveys or by using different methods based
on historical data. The second is the statistical caliber of the population. The number of
permanent residents and registered population also causes large differences in per capita
area. The third is relative to the scope of residential area. The three concepts of building
area, usable area, and usable area are quite different.

Table 1. Forecast methods and models for total amount of civil buildings.

Representative Literature Model/Method Application Characteristic Country
Research on total building
Yue Kou, 2016 [3] ’ energy consumption Mathe.mzfltlc‘al
Population x per control strategy. relationship is simple .
1 Yong Wu, 2017 [4] . L N China
capita area Estimation of total energy and intuitive.
RISN, 2016 [2] . . ; .
consumption of residential Applicable to macro
buildings in local areas
Dynamic material flow Urban development Agei'l—lcfil—)li;?
Igor Sartori, 2016 [5] analysis model and pme 4 Y Norway
s process. Construction development )
2 Chen Peng, 2015 [6] building inventory model . o1 China
T I volume changes year by  calculations, with higher
Veit Biirger, 2018 [7] based on existing, new, . Germany
and demolition data year requirements for
historical data
Forecast of total building Related to parameters
3 Feng Qi, 2018 [8] GIS technology energy consumption and such as built-up area China
total carbon emissions and floor area ratio
Research on the entire life cfr?sseei/:\)’filotr}:eo ¢
Daniel B. Miiller, 2006 [9] = Material conservation of ~ cycle of building carbon domestic cement. steel Norway
4 André Stephan, 2017 [10]  industrial products MFA emissions. Research on e USA
. . . . glass, and other building -
CQU, 2019 [11] (Material flow analysis) various economic . China
indicators materials output
materials
Taylor series artificial According to the statistical
, meNeagpy  emdeblner ek el gl
Jing Hou, 2017 [13] & & statistical analysis

specific mathemati-
cal models

equation to split and
calculate the building area

In terms of public building area, especially relevant data of subdividing public build-
ing types, there is an obvious gap. With the development of the social economy, the
proportion of the tertiary industry in the national economy has gradually increased, and
related energy consumption is mainly generated in public buildings. Energy consumption
of public buildings in developed countries accounts for about 15% of total social terminal
energy consumption. There are relatively many types of energy-consuming equipment
in public buildings, and the system is relatively complex, which is considered to have
great potential for energy saving and emission reduction [18]. At the same time, in the
context of the total amount control, it is necessary to master the area of various large-scale
public buildings to implement China’s construction carbon trading, determine key energy
consuming buildings, and allocate construction carbon quotas. Therefore, a more accurate
estimation of the current stock of various public buildings in China and the prediction of
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future development are of great significance to research and decision making of related
issues at the national macro level.

Currently, different institutions or scholars have different estimates of public building
areas [4,6,12,13]. The stock data on public building area in recent years are distributed
between 7 and 12 billion m?. There are two reasons for the difference in the calculation
data. One is the definition of the area of public buildings. Different agencies have differ-
ent choices when dividing the total amount of “urban public building,” “village public
building,” and “industrial building.” The second is the choice of measurement methods.
Different methods inevitably result in data differences. The above research methods have
certain reference value for the calculation of building area, but there are many types of
public buildings. From the perspective of energy saving and emission reduction, the energy
consumption of different types of public buildings varies greatly. The classification of
public buildings facilitates follow-up research.

Mastering the detailed data of various building areas and predicting the future trend
not only help in supporting the judgments of the future trends of the construction industry
and upstream and downstream related industries but also provide support for the calcula-
tion of building energy consumption and carbon emission, help government departments
make macro-control, promote the transformation of the construction industry, achieve
the goal of energy conservation and emission reduction, and promote the high-quality
development of cities.

This article analyzes and refines the key index parameters for the calculation of
various civil building area, establish the corresponding calculation method for the total
amount of civil buildings, including residential buildings and public buildings, and discuss
energy consumption by setting three control scenarios: benchmark, medium, and strict.
Based on the control objectives of the total amount of civil buildings in China under the
constraints of carbon emissions, the total control objectives and development routes of
various types of civil buildings in different development stages based on multi-influencing
factors are provided.

2. Classification Calculation Method of Building Area

Residential buildings can be divided into two types: urban residences and rural resi-
dences according to their geographical distribution and living habits. Public buildings refer
to buildings for people to carry out various public activities. Based on the consideration of
building energy consumption and the number of buildings, combined with various public
building index data in China Statistical Yearbook and Veit Biirger’s classification method
of public buildings [7], this paper divides public buildings into three categories from the
calculation method. The first includes basic service public buildings based on adminis-
trative intervention: medical treatment, party and government office, education, culture,
and transportation. The second includes commercial public buildings based on market
demand: commercial office buildings and commercial buildings (accommodation, catering,
wholesale, and retail). The third includes other public buildings that are inconvenient
for statistics.

In order to study the total amount of civil buildings, the influencing factors of various
civil buildings are identified. Currently, many scholars at home and abroad [19-24] have
studied the influencing factors of building area and found that the research on the impact
of population, land, resources, and economy on urban development is the most mature
in terms of the demand for urban development and construction land. Among them, the
comprehensive coordination of regional population, resources, environment, and economic
development is an effective method for promoting regional sustainable development.
Therefore, this paper extracts the micro-influencing factors such as per capita area and
vacancy rate and the macro influencing factors such as society, economy, environment, and
policy; analyzes the correlation of various categories of influencing factors; and determines
the key influencing factors of residential buildings and public buildings, respectively.
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2.1. Residential Building

The total residential building area is mainly related to the per capita residential
area and the number of permanent residents. The per capita residential area is mainly
constrained by per capita GDP, resident income, number of households, and land resources.

2.1.1. Per Capita GDP

Foreign housing development experience shows that with the process of urbanization,
the demand for per capita residential area is gradually increasing. The per capita residential
building area in all regions of the world is related to the degree of development. It is about
54 m? in OECD member countries (about 45 m? in Europe and Central Asia on average),
about 30 m? in Asia (except the Middle East), and about 20 m? in sub Saharan Africa [25].
According to the database of Eurostat [26], International Energy Agency [27], and Japan's
Ministry of Land, Infrastructure, Transport and Tourism [28], when the per capita GDP
(PPP) of medium-developed countries is between 20,000 and 40,000 US dollars, the per
capita residential building area is 32~45 m?.

2.1.2. Resident Income

With the development of social economy, the increase in residents’ income makes the
housing demand rise gradually. Combined with the questionnaire survey on the annual
income and housing area of Chinese residents conducted by Chinese General Social Survey
(CGSS) [29], it was found that the overall housing construction area increases with the
increase in annual income. When the annual income of residents reaches 180,000 yuan
(the corresponding per capita GDP is about 40,000 US dollars), the building area of family

housing is about 130 m.

2.1.3. Number of Households

The number of households has a significant impact on the housing demand of Chinese
residents, and the analysis of housing demand by the number of households is significantly
better than the total population indicator [30]. With the development of social economy
and the decline of birth rate, the average size of family households began to shrink and
tended to simplify. In 2015, the average size of urban households was 2.84 persons, and
households with two and three persons accounted for 21.9% and 31.7% of the total surveyed
households, respectively [31]. Based on this, it was calculated that when the income of
residents increases to a certain level, the expected value of the future per capita residential
area that meets the needs of the family should be around 45 m?.

2.1.4. Land Resources

Under the constraints of land resources, the per capita residential area in cities and
towns can be calculated based on the area and proportion of urban residential land and
the number of populations, combined with the housing plot ratio. The specific calculation
method is shown in Equations (1) and (2):

Aprt:A'Pre'Pre,1'9+Pt (1)

Pr=rxP ()

where A is the urban space control index, 10? million m?; py. is the proportion of residential
land; py, 1 is the proportion of residential land in residential land; 0 is the plot ratio of urban
residential land; and P; is the resident population of cities and towns.

Compared with urban residential areas, the restriction of rural residential area is
relatively loose. According to the “Law of the People’s Republic of China on Land Ad-
ministration,” with the implementation of the rural “one household, one house” system,
local village committees uniformly determine the homestead area standard of the village
according to planning and actual land use.
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2.2. Public Building

Based on the current situation investigation and the collected existing data, the cal-
culation methods of various public building areas and the indicators to be predicted are
analyzed and refined, as shown in Figure 1.
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2.2.1. Basic Service Public Buildings

Medical Building

Medical buildings mainly include hospitals, primary medical and health institutions,
and professional public health institutions. The construction scale of the hospital is divided
into six levels according to the number of beds. The building area of the hospital can be
determined according to the average bed area and the number of beds [35]. For small
medical institutions such as clinics and health centers, considering that they do not contain
beds, the total amount of medical buildings can be revised according to the values in the
corresponding construction specifications when calculating the total amount of medical
buildings [36-39]. The relationship between the total number of existing medical buildings
and the number of beds is shown in Figure 2a.

Figure 1. Calculation method of public building area [32-34].

Party and Government Office

The area of the party and government office building is mainly composed of five parts:
office, service room, equipment room, basic office room, and auxiliary room [40]. The
total building area of office buildings for party and government agencies can be calculated
according to Formula (3):

Sy=[A+B+ (A+B)x9%]/K+C ®)

where S is the total building area; A is the total usable area of staff offices at all levels; B is
the total usable area of service rooms; 9% is the area coefficient of the equipment room; K
is the total use area coefficient of basic office buildings; and C is the total building area of
ancillary buildings.
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Figure 2. Fitting relationship between total amount of some public buildings and indicators. (a) The relationship between
building area and number of beds; (b) The relationship between building area and the number of students; (c) The
relationship between building area and the added value of tertiary industry; (d) The relationship between building area and

number of people engaged.

In 2018, the number of Party and government offices in China was about 90 million.
According to the population proportion of all management levels of Party and government
organs in China, it can be calculated that the current per capita office area of Party and
government is about 31 m? (except for ancillary buildings). This article will use the method
of the number of party and government offices and the area per capita to calculate the total
number of party and government office buildings.

Educational Building

Educational buildings are divided into ten categories: ordinary colleges and univer-
sities (postgraduates), scientific research institutions, ordinary colleges and universities
(junior colleges), adult higher education (junior colleges), ordinary high schools, secondary
vocational schools, junior middle schools, primary schools, special education schools, and
preschool education schools. According to the per-student area in various educational
building construction codes [41-46] and the number of students at all levels announced
by the Ministry of Education, the total educational building area in China over the years
can be calculated. It can be observed from Figure 2b that the educational building area is
linearly related to the number of students in school, and the slope average student area
is about 11 m?/person. This paper uses the number of students and the average area of
students to calculate the total amount of educational buildings.

Cultural Building

Cultural buildings generally correspond to the size of the local population. The cul-
tural buildings calculated in this paper are mainly divided into four categories: museums,
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public libraries, art performance halls, and cultural halls. Among them, the collection
area of the museum is related to the number of cultural relics in the collection [47]. The
basic basis is the scale of public libraries and the number of service populations, the corre-
sponding per capita collection of books, and the number of reading seats per 1000 people.
The statistical yearbook uses the construction area of public libraries per 10,000 people in
each province as the indicator. The scale of art performance halls and cultural centers is
related to the number of permanent residents and the building area of institutions [48,49].
According to the relevant data in China Statistical Yearbook, the number of cultural buildings
per 10,000 people in China can be calculated.

Transportation Building

Transportation buildings mainly include four types of bus passenger stations, port
passenger stations, railway stations, and terminal buildings. When calculating the area of
a passenger station, only the main public building area of various passenger stations is
considered: the building area of the ticket hall, the waiting room, the area of the luggage
room, etc. According to its corresponding construction standards [50-53], the usable area of
the ticket office should be calculated based on the fact that each ticket window should not be
less than 15 m?. The number of ticket windows should be calculated based on 1/120 of the
maximum number of passengers gathered. The usable area of the waiting hall for ordinary
passengers is calculated according to the maximum number of passengers gathered. The
maximum number of people gathered can be “annual average daily passenger volume”
multiplied by “calculation percentage (this article takes the average 10%).” According to
the annual passenger volume of various traffic buildings in the statistical yearbook and
the per capita area specified in the corresponding construction standards, the total traffic
building area can be calculated.

2.2.2. Commercial Public Buildings
Commercial Office Building

Due to the different economic divisions of labor in various regions, the scales of
office buildings related to the tertiary industry are different. Currently, China’s office
market is dominated by leasing. By estimating the retention of office buildings before the
purchase restriction order and combined with the rental area of office buildings in the
market over the years, we can calculate the stock of office buildings over the years [54,55].
Research shows that the added value of the tertiary industry has a great impact on the
office building market [56]. According to the added value of the tertiary industry in the
statistical yearbook, it was found that the added value of the tertiary industry is linearly
related to the area of office buildings, as shown in Figure 2c. The total amount of office
buildings can be calculated by multiplying the added value of the tertiary industry by the
corresponding coefficient.

Commercial Buildings

The commercial buildings counted in this paper mainly include accommodation,
catering, wholesale, and retail buildings. From China Statistical Yearbook, we can obtain
the number of employees and construction area of accommodation, catering, and retail
industries above the quota over the years so as to calculate the change trend of per capita
building area. The per capita building area of the wholesale industry can be estimated
according to the building code [57]. For commercial buildings below the quota that have
not been counted, the number of employees in various industries in the fourth national
economic census can be used for correction. It can be observed from Figure 2d that there is
a certain fitting relationship between China’s commercial building area and the employed
population. In this paper, the per capita building area and the employed population of
each industry can be used to calculate the total amount of commercial buildings.
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2.2.3. Other Public Buildings

In addition to the above six types of typical public buildings, there are also some pub-
lic buildings that are inconvenient to count, such as gardens, communications, religion, etc.
According to the results of the general survey of large public buildings in Beijing [58], the
total amount of 11 types of public buildings in 2005 was about 34 million m?. According
to the data in China Statistical Yearbook [59], the total amount of public buildings in Beijing
in the same year is 46.8 million m?; thus, other types of public buildings not counted in
Beijing account for about 25% of the total. Although the classification method of public
buildings in this article is slightly different from that of the scholar, the categories of public
buildings are the same; thus, this article refers to this ratio to estimate other types of
public buildings.

The calculation method is shown in Equations (4)—(6):

Sy =Apt X1 X P+ Apre x (1 —71) x P (5)
Sp = Spj+Sps + 5pg (6)

where S is the total area of civil buildings, 102 million m?; S, is the total residential building
area, 102 million m?; Sp is the total public building area, 102 million m?; Aprt is the per
capita building area of urban residential buildings, m? /person;  is the urbanization rate, %;
P is the number of permanent residents, 10> million people; Ay is the per capita building
area of rural residential, m?/person; Sp; is the total area of basic service public buildings,
102 million m?; Sps is the total area of commercial public buildings, 102 million m?2; and Spq

is the total area of other public buildings, 10> million m?.

2.3. Comparison and Verification of Total Civil Building Calculations

Compared with the data of 2018, the civil building area in China is 64.8 billion m?
calculated according to the above method. According to the collected relevant data, set
2010 as the first year for prediction and then compare the historical relevant data in the
statistical yearbooks from 2010 to 2018 with the model prediction results in order to verify
the accuracy of the model. This paper selects the following four evaluation indicators:

(1) Root mean square error (RMSE)

_ /1 2
RMSE = ﬁZ(Cl E;) 7)
(2) Mean absolute error (MAE)
1 n
MAE = ) |Ci — Ei| ®)
i=1

(3) Mean relative error (MRE)

1 &[G —E;
RE = = : L
M ”i; E; 9)
(4) Proportional absolute error (PAE)
PAE =1-— @ (10)
E

where C; is the model calculation value, E; is the statistical yearbook value, and E is the
statistical yearbook average value.
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Among the above four evaluation indexes, RMSE, MAE, and MRE all represent the
degree of dispersion between simulated and experimental values. The smaller the two
evaluation values are, the closer the simulated value is to the experimental value, and the
more accurate the calculation model is. PAE indicates the correctness and consistency of
the simulated values compared with experimental values. The closer PAE is to 1, the more
accurate the corresponding model is. The comparison and error analysis of various civil
building area data calculated by the model from 2010 to 2018 are shown in Figure 3. By
using error analysis, compared with the data in the statistical yearbook, the calculation
results of this study are RMSE of 1.983 billion m?, MAE of 1.771 billion m?, MRE of 3.14%,
and PAE of 0.97. It shows that the calculation result of the model is reliable.
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Gl HS
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Figure 3. Comparison of building area data from 2010 to 2018.

3. Area Forecast

In terms of correlation, factors such as population, urbanization rate, gross domestic
product (GDP), industrial structure, and construction stock are significantly related to the
future construction area. In the process of establishing the prediction model, considering
the parameter index changes of the above relevant influencing factors, a parametric scenario
is established, which is divided into three scenarios: benchmark scenario, medium control,
and strict control to predict various building areas.

3.1. Scenario Construction
3.1.1. Macro Index Forecast
Population and Urbanization Rate

Firstly, establish corresponding sub-scenarios for the relevant factors involved. The
macro influencing factors considered in this study are mainly population. In 2020, China’s
population will only reach 1.4 billion. At present, the fertility rate is relatively low, and
China has entered an era of negative population growth [60]. Negative population growth
is directly affected by fertility, death, and age structure. Aiming at the problem of neg-
ative population growth in China, Zhang Xianling [61] and others predicted the future
population development trend of China under different fertility levels. In this paper, the
predicted results under the scenario of 1.6 fertility rate is used as the future population data
for calculation. The negative population growth reaches 1.41 billion in 2027 and 1.31 billion
in 2050.

International experience shows that rapid economic growth is accompanied by the
rapid promotion of urbanization, and the urbanization process slows down gradually
after the economic growth rate decreases. The “saturation value” of urbanization rate in
different countries is significantly different. According to “Development Research Center
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Of the State Council,” when the per capita GDP is USD $10,000~$20,000, the urbanization
rate is about 65~75%. From 2014 to 2020, China’s urbanization rate maintained an average
annual growth rate of about 1 percentage point, and by 2020, the urbanization rate of
permanent residents exceeded 60% [62]. China Statistical Yearbook shows that, in 2019, the
urbanization rate of China’s permanent population has reached 60.6%, and the per capita
GDP is 70,892 yuan (slightly more than 10,000 US dollars). It is assumed that China’s
urbanization rate will still maintain an annual growth of 1% in the next 10 years, reach 70%
in 2030, and reach 75% in the platform period in 2040 (with reference to the experience
of international urbanization rate and in combination with the constraints of China’s
population age structure, Rural Cultivated Land and food production, rural labor force,
and other aspects, it is assumed that the peak urbanization rate in China is 75%).

Forecast of Per Capita Residential Area

For urban residences, family housing demand, economic and social development,
and land resource constraints are considered by considering that China’s per capita GDP
will reach moderately developed countries in the future. This paper assumes that the per
capita urban residential area in China will be between 32 and 42 m? in the future. For rural
residences, considering the further urbanization development in the future, the growth
rate of rural per capita residential area will be reduced. It is expected that the rural per
capita residential area will reach a peak of 55 m?/person in 2035.

3.1.2. Forecast of Relevant Indicators of Public Buildings

Based on historical data, referring to the development trend of developed countries
and combined with China’s national conditions, this paper analyzes three different sce-
narios of establishing benchmark, medium control, and strict control of various public
building area in China in the future. For the forecast of various building area indicators, an
expert survey method is adopted, and the results are shown in Table 2.

3.2. Forecast Results
3.2.1. Forecast Results of Total Civil Buildings

The prediction results of the total civil building area in China are shown in Figure 4.
Under the benchmark scenario, the peak value of China’s total civil buildings will reach
93.5 billion m? in 2040. In 2035, the total amount of civil buildings will be about 92.9 billion
m?. At that time, the urban per capita residential area will reach the peak of 45 m?, the
urban residential area will reach 46 billion m?, the rural per capita residential area will
reach 57 m?, the rural residential area will reach 21.5 billion m?, and the public building
area will reach 25.4 billion m2. By 2060, the total area of civil buildings will drop to 85.5
billion m?, including 39.7 billion m? of urban residential buildings, 20.2 billion m? of rural
residential buildings, and 25.1 billion m? of public buildings.

Under the medium control scenario, the peak value of the total amount of civil
buildings in China will be advanced in 2035, reaching 84.6 billion m?2, which is 8.9 billion
m? lower than the peak value of the total amount in the benchmark scenario. In 2035, the
urban per capita residential area will reach a peak of 42 m?, the urban residential area will
reach 43 billion m?, the rural per capita residential area will reach a peak of 55 m?, the rural
residential area will reach 20.6 billion m?, and the public building area will reach 21 billion
m?. By 2060, the total area of civil buildings will drop to 76.5 billion m?, including 37.1
billion m? of urban residential buildings, 18.5 billion m? of rural residential buildings, and
20.9 billion m? of public buildings.
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Table 2. Comprehensive scenarios of various public buildings in China in the future.

Building Type Forecast Index Current Benchmark Scenario Medium Control Scenario Strictly Control Scenario
Average bed area 107 m? The average bed area increases year by year, reaching 140 m? in 2050 and 150 m? in 2035.

According to the current growth rate, The number of beds has begun to

Medical 6 sheets per it will reach 15 sheets per thousand Slow growth, reaching 9 sheets per decline, and it will be about 5 per

treatment Number of beds P people, close to the national level of thousand people in 2035, and then thousand people in 2050, which is

thousand people
Japan and South Korea, and then starting to decline. close to the current level in
decline slowly. Switzerland.
Number of people 91 million In 2018, the number of party and government offices accounted for 6.5% of the total population, and this proportion
Party and engaged will be maintained in the future.
government .
office . 5 Accgrdmg to the Current2 grOWth rate, Growth slows down, reaching 39 The per capita area has a small
Per capita area 33 m it will increase to 43.5 m~ in 2035 and 5. 2. . . 5.
48 m? in 2050. m~ in 2035 and 40 m~ in 2050. increase, reaching 35 m~ in 2050.
Basic Per student area 13.5 m? The area per student is increasing year by year, increasing to 14.5 m? in 2035 and 15 m? in 2050.
service .
bli In 2050, the number of students in In 2050, the number of students in ~ In 2050, the proportion of students in
public school will account for 33% of the
buildines Education . school will account for 28%. In 2035, school will reach 26%. In 2035, the
& Number of - total population. In 2035, the number . .
0.31 billion . 1 the number of students will reach number of students will reach 0.34
students of students will reach 0.4 billion, and o . . 11 . .
in 2050, there will be about 0.42 0.36 billion, and in 2050, it will be billion, and in 2050, it will reach 0.35
! billion ’ about 0.365 billion. billion.

Culture Ownership per 480 m? gThe amount ér 100 000 people will ~ 102050is 1.7%, and the amount per from 2020 to %OSgO and the amoﬁnto

10,000 people ZP - Peop 2. 10,000 people will reach 650 m? in ' 2.
reach 710 m~ in 2035 and 940 m~ in 2035 and 800 m? in 2050 per 10,000 people will reach 625 m* in

2050. and oLl m i U 2035 and 740 m? in 2050.

In a downward trend, the average avlzf:grga;;?lieﬂegg:;}ézgg’ t;};?fic Rapid decline, the average annual

Annua! - annual passenger traffic ?between 2020 between 2020 and 2050 will reach passenger traffic between 2020 and

automobile 13.3 billion and 2050 will reach 7.5 times the total 2050 will reach 5.5 times the total

passenger volume

population, and the annual passenger
traffic will reach 7.9 billion in 2050.

6.5 times the total population, and
the annual passenger traffic will
reach 6.7 billion in 2050.

population, and the annual passenger
traffic will reach 5.5 billion in 2050.
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Table 2. Cont.

Building Type Forecast Index

Current

Benchmark Scenario

Medium Control Scenario

Strictly Control Scenario

Annual passenger
volume of port

0.28 billion

On an upward trend, the annual
passenger traffic will account for an
average of 22.3% of the total
population from 2020 to 2050, and the
annual passenger traffic will reach 0.3
billion in 2050.

The growth rate is relatively small.
The average annual passenger
volume from 2020 to 2050 will be
21.7%, and it will reach 0.29 billion
passengers in 2050.

Almost unchanged, the average
annual passenger volume from 2020
to 2050 will account for 21.1%, and it
will reach 0.29 billion passengers in

2050.

Annual railway

Transportation
passenger volume

3.5 billion

Rapid growth, the average annual
passenger traffic between 2020 and
2050 will reach 3.8 times the total
population, and the annual passenger
traffic will reach 6.5 billion in 2050.

Increasing year by year, the average
annual passenger traffic between
2020 and 2050 will reach 3.5 times
the total population, and it will
reach 5.9 billion passengers in 2050.

The growth slows down, and the
average annual passenger traffic
between 2020 and 2050 will reach 3.2
times the total population, and it will
reach 5.2 billion passengers in 2050.

Annual passenger
volume of the
airport

0.63 billion

Rapid growth. Between 2020 and
2050, the annual passenger traffic will
account for an average of 60% of the
total population, and the annual
passenger traffic will reach 0.99
billion in 2050.

Increase year by year, the average
annual passenger traffic from 2020
to 2050 will account for 57%, and
the annual passenger traffic will
reach 0.92 billion in 2050.

Slow growth, the average annual
passenger volume from 2020 to 2050
will account for 54%, and the annual

passenger volume will reach 0.85

billion passengers in 2050.

Proportion of

Commercial tertiary industry

53%

Assuming that it will reach the level of developed countries in 2050, the tertiary industry will account for 70%.

office
Commercial building
public

buildings

Added value of
tertiary industry

60 trillion

Rapid growth, with an average
growth rate of 6.5% from 2020 to 2050,
reaching 390 trillion in 2050.

An average growth rate of 6% from  An average growth rate of 5.5% from

2020 to 2050, reaching 330 trillion in
2050.

2020 to 2050, reaching 280 trillion in
2050.

Per capita area of
accommodation
industry

32 m?

The per capita area of employment has increased rapidly, reaching 67 m? in 2035 and 75 m? in 2050.
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Table 2. Cont.

Building Type Forecast Index Current Benchmark Scenario Medium Control Scenario Strictly Control Scenario
Number of o .
employees in s Flr.s t.r1se. and then fall, rgachmg 148 Slow growth, about 8.9 million in The increase is small, about 6.65
. 5.17 million million in 2035, and falling to 11.15 e
accommodation million in 2050 2050. million in 2050.
industry '
Per capita area of 5 . . . 5. 2.
catering industry 35m The per capita area of employment has increased year by year, reaching 59 m* in 2035 and 65 m~ in 2050.
erﬁuﬂbgzsifn 6.31 million Rapid growth, reaching 9.4 million in ~ Slow growth, reaching 6.8 million in Decrease year by year, down to 5.9
P oy ' 2035 and 9.5 million in 2050. 2050. million in 2050.
catering industry
Commercial Per capita area of
buildings wholesale 36 m? The growth rate of per capita area of employment is relatively small, reaching 39 m? in 2035 and 40 m? in 2050.
industry
Number of
employees in the 21.13 million Rapid growth, reaching 24.9 million ~ Slow growth, reaching 25.3 million The increase is small, about 23.8
wholesale ' in 2035 and 26.35 million in 2050. in 2050. million in 2050.
industry

Per capita area of
retail industry

65 m?

The per capita area of employment has increased year by year, reaching 76 m? in 2035 and 80 m? in 2050.

Number of retail
employees

21.03 million

First rise and then fall, reaching 27.2
million in 2035 and falling to 26.9
million in 2050.

Almost unchanged, about 22.4
million in 2050.

Decrease year by year, about 19.7
million in 2050.
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Figure 4. Forecast of total civil buildings in China in the future under different scenarios.

Under the strict control scenario, the peak value of the total amount of civil buildings
in China also appears in 2035, which will be about 76.3 billion m?, 17.2 billion m? lower
than the peak value of the total amount in the benchmark scenario. In 2035, the urban per
capita residential area will reach the peak of 38 m?, the urban residential area will reach
38.9 billion m?, the rural per capita residential area will reach 51 m?, the rural residential
area will reach 19.1 billion m?, and the public building area will reach 18.3 billion m?.
By 2060, the total area of civil buildings will drop to 70 billion m?2, 15.5 billion m? less
than the benchmark scenario. At that time, the urban residential building area will reach
33.6 billion m?, the rural residential area will reach 17.2 billion m?, and the public building

area will reach 18.9 billion m?2.

3.2.2. Forecast Results of Total Public Buildings

The forecast results of total public building area in China are shown in Figure 5. It
can be observed that public buildings in China are mainly medical, educational, office, and
commercial buildings, accounting for about 73% of the total. The medical building area
varies greatly under different scenarios. Under the benchmark scenario, it reaches a peak
of 3.4 billion m? around 2035 and drops to about 1.7 billion m? by 2060, while it remains
almost unchanged at about 1.1 billion m? under the strict control scenario. The growth
of office buildings and educational buildings is relatively stable. Under the benchmark
scenario, office buildings in 2060 increased by 78% compared with 2020, while educational
buildings increased by 47%. Under the strict control scenario, the office buildings reached
4.5 billion m? in 2060, a decrease of 1.7 billion m? compared with the benchmark scenario
is observed, and the educational buildings decreased by 1.1 billion m?. The growth of
commercial buildings is obvious. Under the benchmark scenario, it reached 4.5 billion m?
in 2060, which is an increase of about 77% compared with 2020. Cultural and transportation
buildings account for a relatively small proportion in public buildings. Cultural buildings
are controlled at about 100 million m? and transportation buildings are about 18 million m?,
which has little impact on the development trend of the total amount of public buildings.
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Figure 5. Forecast of total amount of various public buildings in China in the future under differ-

ent scenarios.

4. Results and Discussion
4.1. Analysis on the Total Amount of Civil Buildings under the Constraints of Energy
Consumption and Carbon Emission

In order to cope with climate change and achieve the goal of carbon peak, China has
included the formulation of the action plan for carbon peak by 2030 as one of the important
tasks in the near future. Building area is an important basis for the calculation of total
building energy consumption and total carbon emission.

4.1.1. Energy Consumption Constraint

The Energy Research Institute, National Development and Reform Commission [63]
calculated the carbon emission limit from 2005 to 2050 and the total energy consumption in
key node years under different carbon emission scenarios. Under the enhanced low-carbon
scenario, carbon emission will reach a peak in 2030, and the total energy consumption will
be about 4.275 billion tce.

As for the proportion of building energy consumption in the total social energy
consumption, currently, with the exception of the split result according to China Statistical
Yearbook being slightly lower than 20%, other conclusions are higher than 20%, while
the building energy consumption in European and American developed countries will
account for 1/3 of the total social energy consumption. Assuming that building energy
consumption accounts for 25% of the total social energy consumption in the future, China’s
building energy consumption should be controlled within 1.068 billion tce in 2030.

Refer to the setting of energy consumption intensity of various buildings in the
future under the strict control scenario of the Research Institute of Standards and Norms
Ministry of Housing and Urban-Rural Development (the energy consumption intensity
of urban residence is about 12 kgce/(m?-a), the energy consumption intensity of rural
residence is about 9 kgce/(m?-a), and the energy consumption intensity of public buildings
is about 21 kgce /(m?-a)) [2]. Combined with the forecast results of the total amount of civil
buildings in this paper, the total energy consumption of civil buildings under different
scenarios is shown in Figure 6.

Under the three scenarios, the total building energy consumption will reach 1.16,
1.05, and 0.96 billion tce, respectively, in 2030. In order to achieve the goal of total energy
consumption control, the building area should be controlled at least under the medium
control scenario.
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The calculation of carbon emission factor is closely related to energy structure. Re-
ferring to the forecast made by Yang et al. [64] on the change trend of China’s energy

structure from 2020 to 2050, taking the future carbon emission factor as 1.8 kg/kg, China’s

Figure 6. Comparison of total energy consumption of civil buildings in China in the future under
building carbon emission should be controlled within 1.924 billion tCO; by 2030.Thus,
carbon emission per unit area of various buildings in the future is obtained. The carbon
emission intensity of urban residence is about 21.6 kgCO, /(m?-a), that of rural housing
is about 16.2 kgCO,/(m?-a), and that of public buildings is about 34.2 kgCO, /(m?-a).
Combined with the forecast results of the total amount of civil buildings in this paper, the
total carbon emission of civil buildings under different scenarios is shown in Figure 7.

4.1.2. Carbon Emission Constraints

different scenarios.

(d1 uolfjlw ,0T) uondwnsuod A1aua ulp|ing

e R J
/
.v/,/r‘».& PPN eP Y ..Jf..w.wf.h...ff{ -
T T T T T T T

T
o o ~N (o] < o
i —

24 H[Z= public building Rural residence Urban residence

(‘01 Uol|IW ,0T) uoIsSIWa uogJed uipjing

Sustainability 2021, 13, 14051

C

2020 2025 2030 2035 2040 2045 2050 2055 2060
Under the three scenarios, the total building carbon emissions will reach 2.08, 1.898,

Figure 7. Comparison of total carbon emission of civil buildings in China in the future under
and 1.736 billion tCO,, respectively, in 2030. Therefore, if we want to achieve the goal of

total carbon emission control, the building area should also be controlled at least under

different scenarios.
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the medium control scenario. Under this scenario, the civil building area will reach a
peak of about 84.6 billion m? in 2035, including 43 billion m?2 of urban residential area,
20.6 billion m? of rural residential area, and 21 billion m? of public buildings. Subsequently,
the total amount of civil buildings in China decreased slowly, reaching about 76.5 billion m?
by 2060, including 37.1 billion m? of urban residence, 18.5 billion m? of rural residence, and
20.9 billion m? of public buildings.

4.2. Stage Objective and Implementation Route Analysis

China is in a period of rapid urbanization. A large number of rural people have
transferred to cities, and the demand for residential building and public building has
increased significantly. We take stricter measures for various types of civil buildings than
at present and set phased goals, respectively, for step-by-step implementation; moreover,
control is needed to achieve the total amount control goal of civil building under the above
medium control scenario. The specific path of total amount control of civil buildings is
shown in Table 3 [65-70], and we strive to realize new urbanization and equalization of
public services by 2060.

4.3. Discussion on Forecast Assumptions

Under the scenario of medium area control and strict control of energy consumption
intensity, considering the improvement of residents’ living standards, the development
of renewable energy, the technological innovation of energy consuming equipment, the
improvement of efficiency, technological progress, and other factors in the future, by 2060,
the energy consumption intensity of urban housing and public buildings will decrease by
about 10% and that of rural housing will increase by about 10% on the basis of 2030 [2].
Then, on the basis of constant total energy consumption, the total amount of civil buildings
will reach 81.2 billion m? in 2060. Among them, urban residential buildings and public
buildings reach 41.2 billion m? and 23.2 billion m?, respectively, and the control measures
that are slightly stricter than the benchmark control and slightly looser than the medium
control can be adopted. The rural residential building area will decrease to 16.8 billion m?;
thus, more stringent measures than strict control of the scenario need to be taken. At the
same time, we should provide more prominence to promoting the use of biomass energy
and developing renewable energy building applications, such as biogas, photothermal,
photovoltaic power generation, solar greenhouse, etc., so as to reduce increased energy
consumption due to the improvement of rural residents’ living standards.
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Table 3. Phased control objectives and implementation routes of various civil buildings in China in the future.

2020~2025 2026~2030 2031~2035 2036~2060
1. The total amount is controlled at ;83?263 Io‘t;[?llli?)?ifzn tis controlled at ;ég&;ﬁ%ﬁﬁﬂﬁﬁ; is controlled at 1. The total amount is controlled at
68.1~26.7 billion m?. ' I T L 84.6~76.5 billion m?.
L 2. The population will peak at 1.412 2. The population is controlled at 1.4 .
Control 2. The population is cotrolled at 1.402~1.41 e s a1 2. The population is controlled at
L - billion in 2027 and reach 1.408 billion =~ billion in 2035. A
objectives  billion. . . . 1.22 billion in 2060.
. . in 2030. 3. The average annual net increase is
3. The average annual net increase is about . . v 2 3. Balance between new
s 5 3. The average annual net increase is about 1.2 billion m*~/year, and the area . .
2.4 billion m~/year. a0 2 construction and demolition.
about 1.8 billion m~/year. reaches the peak.
. 1. Optimize the spatial pattern of land,
Civil - .
buildi adhere to the rigid constraint of resource
urding and environmental carrying capacity, and 1. Further optimize and improve the
conduct a good job in the planning of spatial pattern of the country.
Polic construction land. 2. The building quality has been Basicallv realize a new tvpe of
measui’es 2. Clarify the decomposition objectives and  further improved. urbanizz tion YP Realize a new type of urbanization.
make local building scale planning. 3. All kinds of building structures are '
3. Control the increment, gradually shift reasonable, and the utilization rate and
the focus of construction from incremental  service life are greatly improved.
construction to improving quality, stock
transformation, and structural adjustment.
1. The total amount is controlled at 1. The total amount is controlled at 1. The total amount is controlled at 1. The total amount is controlled at
27.6~34.7 billion m?. 35.9~39.9 billion m?. 40.7~43 billion m?. 43.1~37 1 billion m2
2. The per capita area is between 32 and 37 2. The per capita area is between 37 2. The per capita area is between 40 and ; i . .
Control m2. and 40 m2. 49 m?2. 2. 2The per capita area is about 42
objectives 3. Control the increment. The increment of 3. Control the increment. The 3. Incremental slowdown. The - . . .
. . . . . 3. The negative growth will begin
urban residence decreases year by year, increment of urban residence decreases  increment of urban residence decreases in 2046, from 0.4 billion m? /year to
from about 1.6 billion m?/ year to 1.5 billion  from 1.4 billion m?/ year to 1.1 billion  from 1 billion m?/ year to 0.6 billion L 5 Y
U 2 2 3 —0.1 billion m*/year.
rban m-/year. m-/year. m-/year.
residence 1. Control the increment, improve the 1. Significantly improved residential
guahty and transform the StoFk’ and quf lity: Green l.>u1.ld1ngs account for 1.Green buildings account for 70% of 1. Green buildings account for
improve the quality of the residence. Green  60% of new buildings. o o o
. g o s . . new buildings. 100% of new buildings.
Policy buildings account for 40% of new buildings. 2. Continue to carry out the renovation . 1 . a1
. . . 2. The reconstruction of 150 million 2. The reconstruction of 450 million
measures 2. Strengthen the renovation of old of the old community according to the

communities, prepare a reconstruction plan,
and complete the reconstruction of the
community built before 2000.

plan. The reconstruction of 150 million
buildings in hot summer and cold
winter areas has been completed.

buildings in hot summer and cold
winter areas has been completed.

buildings in hot summer and cold
winter areas has been completed.
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2020~2025

2026~2030

2031~2035

2036~2060

1. The total amount is controlled at

25.3~24.1 billion m?2.

2. The per capita area is between 47 and 51
2

m-.

1. The total amount is controlled at
23.8~22.4 billion m?2.

1. The total amount is controlled at
22.1~20.6 billion m2.

1. The total amount is controlled at
20.2~18.5 billion m?.
2. The per capita area is about 55

Control . . 2. The per capita area is between 51 2. The per capita area is between 54 and m~.
S 3. The area of newly built rural houses is 2 2 .
objectives . and 54 m~. 55 m*. 3. The negative growth gradually
gradually decreasing, and the amount of . . L. . o
demolition is greater than the newly added 3. The negative growth is maintained 3. The negative growth slows down, tends to balance, about 0.17 billion
amount, with 2 negative growth o f};bou ¢ at approximately 0.33 billion m? /year.  about 0.35 billion m? /year. m?/year, and reverse urbanization
0.23 billion m? /year. may occur
Rural 1. Promote the improvement of the quality
residence and efficiency of county towns, absorb the 1. More coordination between urban o . .
. . 1. The equalization of basic public
migrant population from rural areas, and and rural areas. services in rural areas has been basicall
enhance coordination between urban and 2. The planning and design of rural realized y Promote zero carbon rural
. rural areas. residences are reasonable, and the ' . . g1
Policy . . . . 2. Large scale development of residential buildings and enhance
2. Strengthen the planning of rural housing  quality and use functions are further ) . . o S i
measures o improve quality and use functions improved. Prefabricated rural prefabricated rural residential buildings, the application of distributed
Pilot prefabricated rural residential residential buildings account for 40%. accounting for.SO o energy in rural areas.
T . 1 3. Green buildings account for 50% of
buildings, accounting for 30%. 3. Green buildings account for 40% of new rural residential buildings
3. Green buildings account for 30% of new  new rural residential buildings. 8-
rural residential buildings.
1. The total amount is controlled at 1. The total amount is controlled at 1. The total amount is controlled at ;1 "l;}:e;(t)ogtz;liﬁrir;ﬁunr:; is controlled at
15.2~17.9 billion m?. 18.3~19.7 billion m?. 20~21 billion m?. 5 The per capita area is between 15
Control 2. The per capita area is between 10 and 13 2. The per capita area is between 13 2. The per capita area is between 14 and a.n d 17};2 p
objectives  m?. and 14 m?. 15 m?. 3. There is a nesative erowth
3. Rapid growth, with an average annual 3. The average annual increase is about 3. slowly increase. The average annual .ra duall fromgO ’ bil%on m2 /year
. increase of about 0.55 billion m?. 0.36 billion m?. increase is about 0.26 billion m?. & Y > y
Public to —0.1 billion m~/year.
building - - - .. -
1. Improve the infrastructure of public 1. The public service infrastructure is
services and make resource allocation more  more complete and the allocation of
Polic reasonable. resources is more reasonable. Completed the reconstruction of 1 Completed the reconstruction of
y 2. Green buildings account for 80% of new 2. Green buildings account for 100% of " P 2 o . o3 5.5 billion m? of existing public
measures billion m* of existing public buildings.

public buildings.
3. Completed the reconstruction of 200
million m? of existing public buildings.

new public buildings.
3. Completed the reconstruction of 800
million m? of existing public buildings.

buildings.
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5. Conclusions

In this study, civil buildings are divided into residential buildings and public buildings,
and the corresponding area calculation methods are extracted according to the characteris-
tics of each type of buildings. By using the analysis of building-related indicators, three
different development scenarios including benchmark, medium control, and strict control
are constructed, and the development scale of various civil buildings in China from 2020 to
2060 is predicted. The main conclusions are as follows.

(1) Under the three scenarios, the total amount of civil buildings in China will reach
peaks of 93.5, 84.6, and 76.3 billion m? in 2040, 2035, and 2035, respectively. Under the
constraints of energy consumption and carbon emission, this paper suggests that civil
buildings develop according to the medium control scenario. In 2035, the urban per capita
residential area will reach a peak of 42 m?2, the urban residential area will reach 43 billion m?2,
the rural per capita residential area will reach the peak of 55 m?, the rural residential area
will reach 20.6 billion m?, and the public building area will reach 21 billion m?. By 2060, the
total area of civil buildings will drop to 76.5 billion m2, including 37.1 billion m? of urban
residential buildings, 18.5 billion m? of rural residential buildings, and 20.9 billion m? of
public buildings.

(2) In order to achieve the total amount of control goals of civil buildings under the
above medium control scenario, this paper proposes the phased control goal and imple-
mentation route of various buildings. Comprehensively considering the balance between
people’s demand for a better life and area control under the medium control scenario for
the control increment of urban housing, it is necessary to complete the transformation of
old communities in stages and to strive to realize new urbanization as soon as possible.
For rural housing, reasonable planning for rural housing and improving the utilization
rate of rural housing should be prioritized. For public buildings, improving public service
infrastructure, setting phased transformation objectives, gradually increasing the propor-
tion of green buildings, and gradually shifting the focus of construction from incremental
construction to improving quality should be prioritized.

Due to resource and time constraints, this paper still needs to be improved. Firstly,
the parameter values are mainly obtained by using literature research and calculation,
and there is a lack of field research. Secondly, the economic development level of China’s
provinces is different. The calculation method in this paper is based on the national average,
which should also be adjusted according to the actual situation of each province.
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