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Abstract

China has developed several housing policy reforms and has, in recent years,
progressed further on developing policies to promote green strategies and
energy-saving plans. The urban housing has much benefited from such re-
forms and plans, while rural housing has experienced minimal change in the
past few decades. As a result, this study aims to identify and explore these
differences, challenges, and implications that exist between three areas of ur-
ban, peri-urban, and rural in a particular case study in China. For this study,
selected residential areas in the City of Zhuhai and its peri-urban and rural
areas are selected as case studies. A questionnaire survey is conducted to ana-
lyze energy and housing conditions across the more prosperous urban, the
dynamic and transitory peri-urban, and the less prosperous rural areas. The
case studies are analyzed as comparative examples in a hot and humid
sub-tropical area of Southern China. The study compares energy and housing
conditions and argues potential possibilities and challenges for the future de-
velopment of housing policy reforms that are the result of current housing
development patterns and green strategy situation in China.
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1. Introduction to Housing Sector in China

Housing is a significant part of the built environment. In the past three to four

decades, the Chinese housing system has drastically changed from one dominant
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type of public housing to private house ownership [1]. This includes new devel-
opment of mid-rise housing, high rise apartments, gated residential communi-
ties, and a cluster of low-rise luxury housing (locally known as villa housing) [2].
In regard to this process, Logan et al [3] argue two new ways of housing reform;
1) “privatization of public housing’; and 2) “development of new private hous-
ing sector”. Since 1949, both ways are new to the context of China but have
grown immensely at different times and throughout different housing reforms.
Additionally, the change in the Chinese housing pattern system and develop-
ment patterns has a major impact on the overall change of household energy
consumption, change of living lifestyle, and change of well-being and quality of
life in the living environments [4] [5] [6] [7]. The impact on the geography of
space determines the way residents’ living and consumption patterns are shap-
ing. This is, in particular, important to China due to its pace and scale of devel-
opment and growth. More specifically, there are impacts on non-urban areas
that should be taken into consideration. We could refer to these as possible
challenges on urbanization and urban development that require careful planning
in the next reforms, urbanization plans, and development modes [8].

While in recent years most research on Chinese housing has been on price in-
crease [9]-[15], issues of affordability [16] [17] [18], sustainability [6] [7] [19]
[20] [21] and structure of housing development [22] [23] have become critical
matters to China’s current conditions and the future phase of development.
Some of these studies are developed from earlier critical analysis of China’s
housing issues, such as inequality in Urban China [24] [25], multiple stakeholder
analysis of benefits [3], housing quality differences [26], market transitions [27],
etc. In recent transitions, there are clearly issues of housing inequalities not only
between different Chinese cities [28], but also between different areas of the city
environments, such as urban, peri-urban, and rural areas of municipalities. This
reflects on real estate market supply and demand function [29] [30] as well as ef-
ficiency of market [31] [32] [33], development mode in different locals, mar-
ket-driven mechanisms, and pro-developer approaches to growing urbanisation
[34]. Also, the differences between cities of different sizes and their markets are
highlighted in China’s recent urbanization plan, called New-Type Urbanization
Plan (NUP) [35]. Hence, there are certain transitions that could be taken into
consideration for the housing sectors. These transitions are studied through
various possibilities, such as housing differentiation issues [36], economic policy
uncertainties [37], housing market dynamics [38], dynamics and inequalities in
energy efficiency [39] [40] [41], green housing transition [42], the impact of
housing price on non-housing matters [43], etc. Some of these could be verified
through different structural transitions [44], changes in institutional arrange-
ments or structure [22], socio-economic development and land-use change [45],
as well as issues of urbanisation [34] [35], and different scales [46] or spatial le-
vels [47]. For instance, China’s “transition of the housing model from an admin-
Istrative system to a market-oriented system” [48] has changed the social struc-

ture in many new developments and is continuously having a major impact on
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housing typologies and housing design [2]. Furthermore, the rise of household
energy consumption determines a definite need for policymakers, designers, and
developers to consider energy-saving approaches in construction and develop-
ment [2] [6] [35] [49].

The Chinese housing market is a unique, and yet challenging, model in the
developing world. The rapid urbanization and huge demand for housing have
accelerated the process of construction, resulting in poor quality design (e.g. de-
sign type and layout), poor quality material selection, and with less concern
about energy-saving principles. Therefore, housing accounts for a major part of
China’s built environment and construction sectors, particularly in recent years
housing construction is expanded significantly. In March 2011, the Chinese
government’s objective to build 36 million units of housing by 2015 [50] indi-
cates a major housing construction trend, which is both unprecedented and un-
predictable. Therefore, it is important to analyze China’s current status, more
recent transitions, and plans for housing construction, and subsequently eva-
luate the attributes that will contribute towards the growing energy consump-
tion. All these together will provide a critical overview of China’s housing. The
current research gaps on energy and housing at multiple scales of municipalities
in China could be reviewed, assessed through various comparative perspectives,

and suggestions for future policy development and practical implications.

1.1. China’s Energy Issues and Housing

The steady rise of urbanization has a direct impact on housing development in
the urban, peri-urban, and rural areas. This has been developed even further in
the latest urbanization plan introduced in 2014 [34] [35]. In comparison with
the Western standards, energy use in housing has been insignificant [51]-[57]
but the substantial increase in the past few decades has become one of China’s
major energy issues [35]. This challenge adds to China’s energy load, increasing
cooling and heating demand [58] [59], as well as issues of energy supply. The
Energy Conservation Law (ECL) in 1997 and then the following policies on the
green building since 2000 can be considered as the starting points in recognizing
the position of household energy consumption in housing construction. Since
then, the policy reform on housing energy efficiency has been insignificant but
has now become part of China’s 12th five-year plan (the previous FYP), the re-
cent 13th five-year-plan, and highly likely in the forthcoming ones. The three
pillars of “energy efficiency”, “low carbon”, and “green development” in China’s
12th and 13th FYP are considered as a direct prescription to the current energy
issues in China’s construction sector. With the progress on context-specific
building code and life-cycle data, the gap in current research on China’s housing
and energy remain valid and important. As a result, context-specific studies are
essential to identify energy-related attributes that are part of future design speci-
fication, household energy demand, and consumption. More importantly, a
multi-scalar comparison as studied in this research paper could highlight gaps,

issues, and implications in different locales and at different spatial patterns [60]

DOI: 10.4236/epe.2020.126019

316 Energy and Power Engineering


https://doi.org/10.4236/epe.2020.126019

A. Cheshmehzangi

and multiple levels of the municipalities.

Since 1998 and the change of China’s welfare housing system, the Chinese
housing policy has changed intensely with respect to the issues of affordability
and sustainability; one of which is the nationwide (and indeed global) energy is-
sue that is yet to be tackled. In their study on Dynamics of urban and rural
housing stocks in China, Hu et al. [61] examine potential scenarios for new con-
struction activities based on demographic changes that are expected to occur in
both the urban and the rural areas of China. In their study, the authors simulate
different development paths depending on major parameters of population
change, urbanization rate, building durability, and housing demand [61]. In each
development path, it is clear that housing demand is shaping as a major attribute
to the future of China’s development. The resource demand analysis helps to
represent scenarios for future challenges that may also involve energy produc-
tion and consumption. Some data is available in the China Energy Strategy
2000-2050 that project forecasts in the coming decades [62]. Similarly, Yang and
Kohler [63] calculated China’s material and energy implications as part of its
future growth and development. Nevertheless, a modelling technique is probably
not the most feasible approach to identifying and understanding the current
changes and development trends in the context of China. Therefore, this study
aims to undertake a more analytical and critical approach to evaluate a particular
case of energy and housing in China. In general, this study highlights the gap in
the literature by conducting a data analysis from sample surveys three different
areas of urban, peri-urban, and rural of a selective city. This is conducted
through on-site surveys rather than the usual methods of statistics-based analy-
sis. This approach is believed to be less generic and more representative of the

case study areas.

1.2. Objectives of the Survey Study

This is a context-specific housing study for a sub-tropical hot and humid condi-
tion in Southern China. Based on existing conditions and patterns of develop-
ment in three spatial categories of urban, peri-urban, and rural, this study firstly
explores the conditions of residential units and then provides a set of data for
primary household energy uses during warm and cold seasons. The collected
data are then analyzed for further cross-analysis. The questionnaire survey cov-
ers several aspects of housing conditions and energy consumption patterns. The
survey study is essential for such a study as it includes an observational method
to the conditions of housing and living environments. A cross-comparison be-
tween housing models of urban, peri-urban, and rural regions promotes a com-
prehensive understanding of the living conditions and energy-related issues
across different social classes of one context. The questionnaire survey includes
three attributes of “housing occupancy”, “housing typology”, and “seasonal
household energy consumption”.

The objectives of the study are: 1) to develop a cross-analysis between urban,
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peri-urban and rural housing in South of China; 2) to analyze between housing
models, household occupancy and energy consumption; and 3) to identify
trends of housing models and their implications on energy demand and con-

sumption.

1.3. Methodology

This survey study was conducted in eight consecutive days in multiple spatial
areas of the city of Zhuhai, south of China. This example is selected based on its
hot and humid climatic conditions, growing urbanization, and increasing energy
demand (mainly for cooling). The methodological approach includes both ques-
tionnaire and observational study of selected residential areas. The participants
of the study are residents of three spatial categories in one region, i.e. urban, pe-
ri-urban and rural, in Zhuhai. The criteria for this selection are based on the fact
that they represent three main areas of municipalities, and all three represent
different social classes. In this study, however, all participants are selected from
low to middle class social groups in one unitary area, as they represent the
growing population of cities in developing contexts. The questionnaire approach
(see Appendix A for details) is aimed to highlight key aspects of energy and
housing demand, household conditions, and household energy consumption
patterns. The consideration of multiple scalar analysis is used as part of the
overall energy and housing evaluation, which highlights the differences between
housing energy issues and household energy consumption patterns in various
levels of unitary or municipality areas. The findings would contribute to better
understanding of energy matters at multiple scales of cities as well as variables
and implications of energy supply and demand at those levels.

The study intentionally does not use statistical data on the consumption of
energy resources and sampling as such data often are generic across all social
groups of different backgrounds. In existing studies, the statistical data suggest
general results that may not be truly representational of different social groups.
In light of this matter, the depth of demographic differences could not be simply
highlighted through statistical data and analysis. Hence, the study’s data collec-
tion is based on multiple case studies initially taken from 16 locations across one
city example and in three different study areas of urban, peri-urban, and rural.
In this study, to reduce the risk of generating bias, the representative case study
areas were then selected. From the initial eight urban areas, four representative
study areas are selected to ensure consistency and accuracy across collected data.
Similarly, from the initial four peri-urban areas, two representative study areas
are selected to ensure selection is made based on accurate and unbiased collected
data. This is also repeated for rural areas, where four case examples were studied,
and two representative study areas are then selected. In this regard, the data is
assessed across all cases in each category (ie. urban, peri-urban, and rural) to
ensure only selecting the ones unbiased and consistent. This selection is made by

voiding half of the case studies, ensuring that each case study example is consis-
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tent with other collected data and represents the actual demographic patterns of
the city. The number of participants from the selected study areas is concluded
in a similar range between 132 and 143 (ie. higher than 130 and lower than 150)
per case study example. This has taken into consideration a 10% potential inac-
curacy, which is already voided from the data analysis.

The schematic diagram below (Figure 1) represents the study’s methodology
in four stages. In stage 1, the study starts with a general case study selection
based on three specific context areas and demographic categories, which is then
assessed through a general survey study. The on-site survey was conducted dur-
ing eight consecutive days (2 case study per day), through which three main fac-

tors were assessed, namely 1) demographic characteristics, 2) general survey of

STAGE 1: GENERAL CASE STUDY SELECTION

Case study selection — 16 sites in total comprised of 8
urban sites, 4 peri-urban sites, and 4 rural sites

General survey — larger scale

STAGE3: UNBIASED CASE STUDY
SELECTION (half of the studied cases)

STAGE2: ON-SITE SURVEY

Fieldwork of 16 cases, comprised of: Based on three main factors:

(1) Demographic characteristics; —} (1) Demographic consistency in each

study are;
(2) General survey of physical factors;

(2) Diversity in study ranges in each
(3) Questionnaire survey on

household energy.

study areas;

(3) Consistency in survey results.

On-site survey and case study selection — sampling

STAGE4: DETAILED ANALYSIS

Based on the final selection of 8 cases, the following data is assessed:

i  Demographics and Physical Seasonal energy
household characteristics source consumption
: occupancy analysis of households survey and analysis

Detailed analysis on households, housing patterns, and seasonal energy survey

Figure 1. Schematic diagram of flow chart for the research study stages from general case
study selection to on-site survey, sampling of case study selection, and detailed analysis.
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physical factors, and 3) questionnaire survey on household energy (seasonal
survey). In stage 3 of the study, unbiased case study selection is conducted,
which is a selection of half of the originally studied cases. Finally at stage 4, a de-
tailed analysis of the data is conducted to provide a representative sampling of

the case study areas across three studied areas of urban, peri-urban, and rural.

2. Case Study Overview: Zhuhai’s Urban, Peri-Urban and
Rural Study Areas

The City of Zhuhai is one of the earliest and original Special Economic Zones in
China and is located on the southern coast of Guangdong Province, which is also
known as the Pearl River Delta (PRD). At the latitude of 22.27°N, Zhuhai has a
hot and humid climate. It is one of the key urban areas of Southern Guangdong
as it borders Macau Special Administrative Region (by land) and Hong Kong
Special Administrative Region (by water). In 1998, Zhuhai was “recognised by
the United Nations as the Best model of International Residential Environment
Improvement’ [64]. This was mainly due to the local government’s focus on
quality living environments and sustainable development. With three main dis-
tricts of Xiangzhou District, Doumen District, and Jinwan District, most of cur-
rent and proposed development areas are mainly considered as coastal areas
(Figure 2).

The city’s steady economic growth and attraction for tourism activities in re-
cent years, has helped to promote the city’s restructuring as a major urban hub.
In return, the population for the city’s temporary residents is increasing faster
than before, which is studied for the period between 1979 and 2010 [64]. This
indicates growing service-based and industry-based employment opportunities,
including the job market in both the urban and the peri-urban areas of the city.
This demographic change is important to housing demand and construction of

mass housing in some parts of the city.

Jiangmen Zhongshan ac @

Xiangzhou'

\ District Shenzhen
Doumen., ' s
District

| Macao
B Hong Kong

"\ Jinwan District . ) -

Figure 2. Zhuhai’s main districts and the larger context of Pearl River Delta where Zhu-
hai is located between the four points of Macao, Hong Kong, Shenzhen, and Guangzhou.
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With Zhuhai’s energy industry only developed in 2002, the city has had a
steadily annual increase in energy consumption over the last two decades with a
higher increase in more recent years. The data from Zhuhai’s local government
from 2007 indicates an increase of 12.2% in 2006 alone [65]. Similar growth pat-
terns are also seen and recorded in recent years, specifically with the growing
energy demand and use. These figures are indeed remarkable in terms of how
urban developments are major contributors to the rise of energy consumption,
demand, and supply. Also with the existing Zhuhai Free Trade Zone (Zhuhai
FTZ) and five new high-tech and heavy industries, one may argue the city’s ex-
pansion on its migrant-oriented housing developments or new projects that are
mainly in peri-urban and sub-urban areas of the city and are close to the indus-
trial areas in the region. The rural areas, being under pressure as a result of such
expansion and development, are experiencing a decline. In cases, there are also
signs of city physical expansion, which may reverse decline but changes the de-
mographics, land-use patterns, densities, and housing market of those areas.
Challenges mean potential gentrification, inequality, and issues of affordability
and labour movement. In years to come, there is a potential possibility for such
rural areas to become new peri-urban areas or the outskirt areas of a larger
Zhuhai. The same trend has been seen in recent years, especially from 2012 on-
wards. As a result, this survey study explores a variety of residential development
in several built-up communities in three regions/areas of urban, peri-urban, and

rural (Figure 3).
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Figure 3. Selected study areas for the conducted survey in the Zhuhai mainland areas.
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For this study, the survey areas comprise: 1) four urban residential areas in
Xiangzhou District; 2) two distinct peri-urban communities in between the city
core and Jinwan District; and 3) two rural communities in the Western part of
the city. These areas are shown in Figure 3, distributed in fringe areas of urban
core zones where urban migration is booming and the housing market is in-
creasing, peri-urban transitory areas between urban and outskirt areas, and rural
areas outside the city’s main areas and on the edge of the main city districts. The
analysis is comparative between the three survey areas but is divided into three
parts of “household occupancy”, “residential conditions”, and “seasonal house-
hold energy consumption”. In doing so, the research findings provide a holistic
overview of housing conditions, energy-related factors, and household demands
in multiple scales of the city at three specific and different regions. In each part,
the study provides a thorough evaluation of housing across three study areas,
which are shown in the following sub-sections. The survey study includes 143
urban participants, 132 peri-urban participants, and 138 rural participants; who
are all temporary and permanent residents in the selected study areas of Zhuhai.
This study is recognised as a sample-based study to represent housing conditions
of specific parts of the city, and approach that could be utilised for future re-

search or different locales.

2.1. The Analysis of Household Occupancy Conditions across
Three Study Areas

The key factor to any housing survey is the analysis of its conditions, one of
which is the occupancy analysis. In this part, all participants were asked about
the number of residents in their properties. This is specifically important as the
collected data indicates a clear overview of demographics in the three regions.
The study of housing occupancy is relevant and important to changes in patterns
of demographics and energy consumption that are later discussed in the study.
The figure below demonstrates the overall data from the questionnaire survey on
the topic of household occupancy (Figure 4).

In the studied urban residential areas, more than half of the participants live
in small family structures of 3 - 4 people per household. This is related to two
aspects of the one-child policy in China that existed for decades, and higher cost
of living in the urban areas, particularly closer to Zhuhai-Macao borders or cen-
tral areas of the city. The cost of living can be analyzed on the basis of higher
housing prices [66] and/or housing policy reforms since 1998 [7] [67]. Moreo-
ver, based on the collected data, there are not many of the larger or extended
families living in urban areas. This also can be related to the smaller size of dwel-
lings in comparison with the peri-urban and rural areas. Also based on the sur-
vey study, the majority of peri-urban participants live in houses with higher
numbers of occupancy. According to the observation, some of the surveyed
houses are occupied by groups of young or middle age labours who are employed

locally. More than half of the participants under this category are migrants coming
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Figure 4. Demographics and household occupancy in the studied areas of Zhuhai’s ur-
ban, peri-urban and rural (Source: author’s own data from the survey study).

from other provinces in China. In both urban and peri-urban areas, we can ob-
serve similarities in terms of migration and family structure.

Moreover, it is visible that in the rural areas, the number of people living ei-
ther alone or in couples is significantly higher than in the urban and peri-urban
areas. Subsequently, in rural areas, we can see a drop in households with occu-
pancy of 3 - 4 people, while there is still a higher number of households with
larger or extended families. Through observation, it is evident that almost all the
houses with fewer residents are occupied by the elderly. Some of the elderly also
take care of their grandchildren while their children are working in other parts
of the region (particularly in the urban areas, where costs of housing and educa-
tion are significantly higher). However, there remain a higher number of
households with extended families in rural areas. In comparison with the urban,
in particular, we can observe more family-oriented households that are still part
of the rural communities. This is more evident where there are clusters of family
members in particular parts of the rural areas. Traditionally, this pattern of liv-
ing is part of family structure, family businesses, and family employment (in-
cluding farming). Nevertheless, with the current trend of migration from the
rural to the urban areas, particularly for the younger generations, these family
structures and living patterns are subject to change and even decline. With dis-
parities between the rural and urban residents (e.g. Hukou System), this will re-
main a major concern in the context of China. There are signs of transitions in-
troduced in the New-Type Urbanization Plan (NUP) [34] [35]. On the other
hand, the aging society of rural communities is a major threat to sustaining the
maintenance and management of such less-affluent areas. As the rural expendi-
ture is still much lower than the urban expenditure, the older residents of the
rural areas are expected to stay in their communities unless allocated to nearby

towns or peri-urban areas.

DOI: 10.4236/epe.2020.126019

323 Energy and Power Engineering


https://doi.org/10.4236/epe.2020.126019

A. Cheshmehzangi

2.2. The Analysis of Residential Conditions across Three Study
Areas

Based on the survey studies, it is identified that there are significant differences
in residential conditions of the three studied areas. Each of the three areas has
distinct housing development patterns that are subject to detailed study and
analysis. The relationship between living conditions and household occupancy
can help us to better understand the patterns and demands that are emerging in
each area. In this part of the study, the survey covers two aspects of residential
conditions: the first is the analysis of the number of bedrooms in the residential
units/houses, and the second is the number of stories for the surveyed residential
units. These two aspects are both important to a better understanding of poten-
tial development patterns and living conditions across three study areas of ur-
ban, peri-urban, and rural.

While there is a perceptible growth of China’s urban housing stock, which is
having a severe impact on shrinkage of rural housing [61], urban housing is sig-
nificantly smaller than the ones in the peri-urban and rural areas. In the urban
areas, most housing development projects for low to middle-class populations
are comparatively smaller than in suburban and peri-urban areas (Figure 5).
This is due to the increasing rental and purchase prices in recent years. Similarly,
Wang and Xu [66] have studied the case of China’s housing prices and have
analyzed the relationship between urban development and housing prices. In
their study, the authors question the requirement for affordable housing as part
of the sustainable development of China. This has become a more popular re-
search trend in housing studies, some that touch on the issues of energy from
the demand and supply perspectives.

Also in this study, it is evident that a trend in urban housing is towards 2 to 3
bedroom dwellings that are suitable for smaller and younger families. In the past

two decades, the shift from a “socialist welfare system to a marketized system”

100%
90%
80%
70%
60%
m Rural
50%
M Peri-Urban
40% M Urban
30%
20%
10%
0% T T T )

1 bedroom 2 bedrooms 3 bedrooms +3 bedrooms

Figure 5. Number of bedrooms for residential units in the studied areas of Zhuhai’s ur-
ban, peri-urban and rural (Source: author’s own data from the survey study).
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[68] and housing policy reforms have, to some extent, supported poor urban
residents but have not yet tackled housing and poverty issues of the rural mi-
grants. As a result, some of the observed urban residential areas with a higher
number of rural migrants are populated areas with smaller indoor living envi-
ronments. Similarly for the peri-urban, apart from the extended family housing,
the majority of larger households that were studied were occupied by industrial
labour groups and temporary workers. Yet, in the rural areas houses remain sig-
nificantly larger due to the traditional family structure and living patterns. Al-
though from the empirical data of the study, rural and peri-urban houses are
relatively larger than urban housing, the trend in which the marketized housing
system is developing in the urban areas is considerably better than the previous
socialist welfare system. This is due to better maintenance and a more reasona-
ble spatial configuration of living environments. Furthermore, the demand for
smaller housing in the urban areas is deriving the urban housing market towards
smaller housing units and compact development patterns.

Also as part of the housing analysis, the heights of residential units were ob-
served and recorded (Figure 6). In this respect, we can analyze an overall over-
view and trend of housing development in three studied areas of urban, pe-
ri-urban, and rural. Based on the empirical data, the trend of housing is obvious
and similar to any other growing city. While the urban has fewer low-rise hous-
es, we still do not see many high-rise housing developments in peri-urban and
rural areas. However, this is not the case in some other parts of China. The
mid-rise and high-rise development in urban areas has now become the primary
urban housing development pattern in most major cities in China. Zhuhai’s case
is no different. Also, a trend of mid-rise housing development is appearing in the
context of peri-urban areas. While in the rural majority of housing are still
low-rise, neighbouring townships (that are larger) often have new mid-rise de-

velopments to attract new residents to the regional industrial areas where the

100% -
90%
80% -
70% -
60% -
m Rural
50% -
M Peri-Urban
40%
? m Urban
30% -
20% -
10% -
0% - T T T

1-2 storey 3-5 storey 5-8 storey 8-20 storey 20+

Figure 6. Number of stories/floors for surveyed residential units in the studied areas of
Zhuhai’s urban, peri-urban and rural (Source: author’s own data from the survey study).
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employability rate is often high. In the past two decades, in particular, the
change in urban housing, from low to mid-rise and then to high-rise, has
changed housing typology, housing layout, and the housing market of China’s
urban areas. In the rural, however, the primary development pattern in the
housing sector is still below five storey buildings but are mostly replacing the

traditional one to two storey dwellings.

2.3. The Analysis of Seasonal Household Energy Consumption
across Three Study Areas

A major part of the survey study focuses on the analysis of seasonal household
energy consumption that fits well with the previous analysis of household occu-
pancy and residential conditions. Based on the questionnaire survey, four key
primary sources of household energy consumption were identified in the region
of Zhuhai, Southern Guangdong. Unlike many parts of China, gas usage is still
cheap (due to subsidized prices) and popular for households. Apart from gas,
electricity, combined electricity and renewable energies [69], Coal (also some-
times firewood) are some of the main sources of household energy consumption.
Nevertheless, consumption is different between urban, peri-urban, and rural
areas. It is also significantly different between the two seasons of winter and
summer.

During winter, the household energy consumption for gas is significantly
higher in urban areas (Figure 7). On the other hand, in rural areas, gas con-
sumption is minimal and is mainly replaced by coal (and firewood). Since heat-
ing is not required or is less required in the region of Southern Guangdong
Province, the majority of household energy consumption during winter is for
the purpose of cooking and lighting. Hence, gas usage is high for cooking and
water heating. Figure 7 above indicates that electricity usage is similar between
the three areas of urban, peri-urban, and rural. However, if to take into consid-
eration the amount of usage based on energy consumption measurement, urban
areas would have a higher percentage of electricity use in comparison with pe-

ri-urban and rural areas. One indicator and perhaps a major difference between
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Figure 7. Primary source of household energy consumption (including, lighting, cooking,
heating, cooling and other electrical uses) during winter.
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rural and urban is the use of coal in cooking that is still very common in rural
areas. Also during the study survey, it was observed that in the rural areas more
solar panels are used for water heating. This is mainly related to the height of
dwellings and the importance that the solar panels are more effective in low-rise
housing. In the urban areas, only a few apartments in the higher floors of
mid-rise and high-rise residential units can benefit from the use of solar panels.
In general, the overall patterns between the three areas are very similar apart
from differences in gas and coal usage. Rural energy development is still one of
the crucial energy-related studies in the context of China. Previous studies [70]
[71] [72] have discussed the topic of rural energy as part of China’s policy re-
forms and development plans.

As part of the seasonal analysis of energy consumption, the questionnaire
survey also covers the energy usage of the summer period. This is studied pre-
dominantly because, during the summer period, household cooling is a major
matter for the indoor thermal comfort of the residents. In general, household
cooling becomes a major demand throughout the region, particularly that rela-
tive humidity is high during the summer period and the effectiveness of natural
cooling is minimized. This increased demand for cooling changes the energy
consumption patterns of all three contexts (Figure 8). The electricity usage up-
lifts substantially as the majority of households use either air conditioning or
electric fans for the purpose of indoor cooling. In the compact areas, such as
compact urban residential areas, this is expected to be higher. In summer, gas
usage is no longer the primary source of energy consumption as it is mainly used
for cooking and water heating. In rural areas, coal (also firewood) is mainly used
for cooking purposes. While the gas usage in urban households is dropped dur-
ing summer, peri-urban households have a slight rise in gas consumption. Elec-
tricity, however, remains the main source of household energy consumption.
Renewable energies are not effectively operative for the purpose of cooling, and
as a result, are mainly used for water heating purposes (Ze. solar panels). Overall,
the comparison between seasonal energy consumption signifies the increasing

demand for cooling during the warmer period of the year.
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Figure 8. Primary source of household energy consumption (including, lighting, cooking,
heating, cooling and other and electrical uses) during summer.
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3. Results and Discussions

This study has touched on a few relative aspects of change in lifestyle patterns,
demands and requirements, seasonal sources of energy consumption, and etc. In
this study, the focus is on both “energy” and “housing conditions” in the context
of Zhuhai. The comparison between the three areas of urban, peri-urban, and
rural is necessary to identify the gaps and analyze the trends of housing devel-
opment and requirements. In Chinese urban-rural studies, energy issues, in-
cluding policy reforms, development, affordability, access, and security, identify
the gaps between different social classes of the country (ie. the urban and the
rural residents). The peri-urban areas are mostly industrial areas of cities and
have similarities with both contexts of rural and urban. However, the housing
development patterns are still very different in between the three areas.

The conditions of the urban housing can be generalized as the followings: 1)
development pattern of mid-rise and high-rise housing with the majority of the
new housing being gated communities; 2) increasing energy consumption with
relatively small spatial layout (particularly for the low to middle-income class)
and small family structure; and 3) significant consumption of gas and electricity
for the purpose of cooking and cooling. In addition, the conditions of the pe-
ri-urban housing can be generalized as the followings: 1) development pattern of
low-rise to mid-rise with the majority of houses being individual or in small
communities; 2) increasing energy consumption with mid-size housing and di-
verse household structures (ie. family size or a number of residents in one
property); and 3) generally the moderate level of energy consumption with in-
creasing demand for cooling during the summer period. Finally, the conditions
of the rural housing can be generalized as the followings: 1) low-rise housing
pattern and traditional settlement pattern with the new housing constructed as
low-rise or under five stories; 2) generally low energy consumption with larger
family structure (ie. mainly extended families); and 3) minimal and often no gas
consumption but the high consumption of coal/firewood for the purpose of
cooking.

The cross-referencing between occupancy level and a number of bedrooms in
houses indicate a lack of spaces for the majority of houses in the rural and pe-
ri-urban areas. Although larger in size, space remains crucial in some parts, par-
ticularly in peri-urban housing. However, for urban housing the relationship
between occupancy level and a number of bedrooms is fairly reasonable. While
Zhuhai’s trend of urban housing is mostly mid-rise to a high-rise with less
number of bedrooms, the rural housing remains low-rise (mostly 1 to 2 stories)
with more bedrooms in dwellings. Most of these rural dwellings are occupied by
extended families. On the other hand, peri-urban housing is moving towards
mid-rise with either small or very large dwellings (in terms of a number of bed-
rooms). The mid-size housing is less common in the peri-urban areas where
residents are mostly labours or migrants from the other regions. In rural areas,

we can observe a gradual shrinking pattern to the family structures, where ener-
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gy consumption is minimal. In urban areas, we can observe a higher consump-
tion of gas for cooking and water heating. This is due to having an indoor
kitchen and also indoor bathroom, wherein the rural both are often outside of
the main living indoor areas (i.e. bedrooms and living rooms). The poorer rural
housings mostly have semi-open or detached kitchen facilities where coal and
firewood are used considerably. According to the collected data, the primary
source of household energy consumption in between the urban and the pe-
ri-urban is following a similar trend. This indicates the considerable transforma-
tion of demands and patterns for energy consumption that are taking place in
the non-urban areas (Z.e. peri-urban in particular).

Finally, based on the analysis of the field survey, there are certain housing
characteristics in three studied areas of urban, peri-urban, and rural. These cha-
racteristics can simply indicate the overall housing development patterns that
are specific to the context of South China. The results from seasonal household
energy consumption analysis show the raise of energy consumption for the pur-
pose of cooling during the summer. This signifies the need for energy-saving
plans that are required as part of housing design specifications. Nevertheless, the
energy-saving development plans are mainly focusing on the urban areas, where

a huge market of housing is under progress.

Complications and Challenges of Housing in China

Since land ownership is still very different between the urban (ie. owned by the
state) and the rural (ie. owned by collectives) areas [73] [74], it is expected to
have two clearly different modes of transformation in housing affordability and
land development. The peri-urban housing is expected to follow a mid-rise
housing pattern, which is probably more affordable than the urban housing due
to the contextual conditions and locations. However, in the sub-urban areas,
new low-rise housing is developing as a new pattern, which almost represents
the Western urban sprawl. The considerations of energy and housing in China
are currently happening at a slow pace and small scale. Since the dynamics of
housing stocks keep changing in the past three decades, we anticipate further
changes in housing development and energy-saving patterns. The widespread
urban development and the rapidly increasing provision of housing [67] are key
players to China’s future housing reforms. In their study on Sustainable Housing
and Urban Construction in China, Zhu and Lin [19] start to argue on the energy
efficiency of housing, preserving energy security, and optimization of energy
structure that are essential factors in China’s housing development.

The empirical data from the survey studies indicate complications such as
space and occupancy and point out major challenges of energy and housing de-
velopment patterns. Although the study’s focus in on energy and housing condi-
tions in a particular context, it provides an analytical understanding of how
these conditions can develop into potential cases for consideration of design

patterns for future development and regional strategic plans. In this respect, we
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can argue that the main challenges of housing in China are still “affordability”,
“energy-saving plans”, and “new design specifications”. All of these attributes
are vital to China’s community of developers who play an effective role in the
housing stock market and development patterns.

In addition, this study has developed a platform to further understand the
energy and housing conditions in the region of Zhuhai’s urban, peri-urban, and
rural areas. This comparative study of housing in the three studied areas is es-
sential to further analyze: 1) what affordability measures are required and
where?; 2) how we should proceed with energy-saving plans that include not
only the urban but the peri-urban and rural areas; and 3) how we may develop
new design specifications that are suitable to specific contexts?. In this sense, the
case of Zhuhai is a general representation of the conditions in Southern China,
where the potential influence on energy and housing policies are strongly re-
quired and essential for future housing development patterns, housing condi-
tions, and energy-efficient plans. A similar case is the development of China’s
“Green Strategy Plan” [20], which is proposed to improve China’s current prac-
tices and technologies in building design and development [8] [35]. Yet, the
current proposals are mainly focused on urban areas than rural. Therefore, there
remains a substantial gap in housing reforms, strategy plans, and implementa-
tion mainly between the urban and the rural areas.

This study provides a better comparative understanding of housing in three
areas of urban, peri-urban, and rural. This is rarely done in research studies of
cities, especially from the perspective of energy source and consumption analy-
sis. This is done through a non-statistical analysis to reflect the realities of grow-
ing areas in city environments of developing contexts, particularly from the
low-to-middle social classes. The collected data from the questionnaire survey
covers the basic knowledge of housing conditions in these studied areas. The
cross-analysis of data is aimed to identify the needs, demands, and trends that
are subject to further detailed analysis. The limitations of the study, based on
time and access to energy-related data, indicate potential research in the fields of
energy efficiency [6] [75] and cross-contextual energy saving plans, specific to
housing development and support for future design specifications and housing
policy reforms. Unlike statistics-based research or those studies that rely on sta-
tistical data, this study highlights the realities of three specific zones/study areas
in a growing city with high migrant populations, growing energy demand, and
high-level cooling load. Hence, even though the average consumption pattern in
the energy sector was verified, the data that is used for the analysis is focused
mostly on the nexus between housing and energy source, as well as household
differences between the selected study areas. The results also indicate a variety of
environmental impacts (such as ecosystem and pollution) that may result from
various urbanization trends or specific end-user consumption patterns. For the
first time in scholarly research, this study offers an empirical comparative analy-

sis of multiple regions/areas of the city, especially that it highlights the relation-
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ships between housing and energy sectors. Also, unlike statistics-based studies,
this study suggests provides sampling from fieldwork and collected data of se-
lected case study examples that resemble the growing demand for the energy use
of various sources in different locations. It is important to note these differences
and take into consideration the transitions and potential gaps and opportunities
in between housing developments in three specified areas of urban, peri-urban,
and rural. Future research studies could learn from such differences and not ge-

neralize the results based on singular spatial levels, regions, or social classes.

4. Conclusions

This study identified key elements for housing conditions in the region of
Southern Guangdong Province, in various areas in the region of the City of
Zhuhai. As part of the specific survey study, the collected empirical data
represent trends of development and housing conditions in various cases. The
housing conditions between the urban, the peri-urban, and the rural are not only
related to the visual dimension of the built environment but related to their oc-
cupancy, living styles/structures, energy source, and consumption. The study al-
so pointed out the directions for current development patterns and the essential
need for housing reforms. This study is also a suitable platform for ener-
gy-specific studies in the region of Zhuhai, where the focus is on measuring
energy consumption, development of energy-saving plans, and improvement of
housing’s energy efficiency.

Furthermore, we can conclude how the current housing conditions can help
policymakers to come up with strategies and energy saving plans that are com-
prehensive, detailed, and context-specific. Therefore, we can argue that the next
housing reform in China needs to incorporate conditions of housing in all areas
of urban, peri-urban, and rural, where various parameters and approaches are
necessary for better implementation and development that are aimed for a more
sustainable future. Based on the study survey and analysis of the collected data, it
is important to consider three pillars of “affordability”, “sustainability” and “de-
sign specifications” and develop them into a holistic framework of housing
reform strategies that include various elements of living quality, energy-saving
plans, and efficient design or even planning. Finally, it is important to consider
the cross-contextual analysis of both energy and housing conditions in order to
respond effectively to future housing and development strategies that are ex-
pected to include major elements of energy consumption plans, energy resource

analysis, and low-carbon considerations.
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Appendix A: Questionnaire Survey Packages

The survey study explores a variety of residential developments in several
built-up communities in three areas of urban, peri-urban, and rural in the City
of Zhuhai, south China. The original questionnaire (English version) is shown
here, which is uses to conduct the survey results.

Questionnaire Package 1: Demographics and household occupancy

Demographic characteristics and Household Analysis

19 - 30 years
31 - 45 years
Age
46 - 55 years
Over 56 years
Female
Gender
Male
less than 5000 RMB per month
Income Category (per 5000 to 10,000 RMB per month
calendar month) 10,000 or 25,000 RMB per month
More than 25,000 RMB per month
1 - 2 people (Single or Couple)
3 - 4 people (often Couple and children)
Household structure
5 - 7 people (often Couple, children and parents, or shared household)
8+ people (either extended family, or shared household)
Primary or less
Secondary
Education level

Junior college

Bachelor and above

Questionnaire Package 2: General Survey of Physical Factors

Residential Development Physical Factors

New (less than one year)

2 - 5 years old
Age of the property
5-10 years old

10+ years old
1 bedroom

No. of bedrooms in the 2 bedrooms
house 3 bedrooms
More than 3 bedrooms

1 - 2 floors (often individual houses, rural houses, or villa houses)
No. of storeys/floors
3 - 5 floors (often known as town housing)
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Continued

5 - 8 floors (often known as older urban housing)
8 - 20 floors (mid-rise housing)
20+ floors (mid-to-high rise housing)
Urban
Peri-Urban
Observed category

Rural

Others

Questionnaire Package 3: Seasonal Energy Source and Consumption

Analysis

Energy Source and Consumption Surveys

Electricity

Coal/Wood
Primary energy source during summer  Gas

Mix of electricity and renewables

Unknown/No response

Electricity

Coal/Wood
Primary energy source during winter Gas

Mix of electricity and renewables

Unknown/No response

Air conditioning (AC) units

Electric Fan

Electric Heater
Type of appliances for cooling/heating ~ Floor Heating

Natural ventilation

Others

No response

Below 100 RMB per calendar month
Energy Consumption Expenditure in 100 - 200 RMB per calendar month
Summer 200 - 500 RMB per calendar month

More than 500 RMB per calendar month

Below 100 RMB per calendar month
Energy Consumption Expenditurein 100 - 200 RMB per calendar month
Winter 200 - 500 RMB per calendar month

More than 500 RMB per calendar month
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