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Abstract: This paper brings out some remarkable differences between China as a developing country
experiencing high economic growth and the Netherlands as a developed country by examining the
driving forces behind the evolution of residential energy consumption per capita (RECpc) in the two
countries in the period from 2001 to 2015. The components we analysed are income, energy-intensity,
weather and energy-mix effects. The most remarkable result is the changing effect of energy intensity
in China: during 2001–2007 energy intensity increased, and decreased afterward. The changes
reflected changes in material circumstances: the shift to relative energy intensive goods and of
saturation of energy demand for heating and cooling. In the Netherlands, the declining energy
intensity, warmer winters and the more diversified energy mix decreased RECpc by 511.39, 58.81
and 1.08 kgce, respectively. Although the income growth both increased RECpc in the two countries,
the relatively high-speed increasing income in China narrowed the RECpc gap between the two
countries. This study implies that the opposite changes in RECpc in developing and developed
countries are due to the different development stages reached by the countries. Policy suggestions
are being offered to deal with the different circumstances, as revealed through this study.

Keywords: changing gap of residential energy consumption; energy intensity; weather effect;
economic development stages; cross-country comparison

1. Introduction

Despite the wide gap in per capita energy consumption between developed and developing
countries, it has somewhat narrowed over recent decades. Figure 1 describes the energy consumption
per capita in Organisation for Economic Co-operation and Development (OECD) countries and
non-OECD countries; it shows that although the increase in energy consumption per capita in
developing countries and the respective decrease in developed countries have led to a narrower per
capita energy consumption gap, the gap remains wide, especially in the residential sector [1].

To investigate the reasons behind the large gap in residential energy consumption (REC) between
developing and developed countries, we select China and the Netherlands, respectively, as typical
examples. As shown in Table 1, although China and the Netherlands differ greatly in terms of land
area and population, we compare their residential energy consumption per capita (RECpc), which
is not affected by the size of the two countries. As a typical developed country, as well as an OECD
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country, the Netherlands’ GDP per capita is more than five times that of China as a typical developing
country (non-OECD country). Therefore, the analysis of RECpc in the Netherlands can be a valuable
reference for the study of China’s RECpc in the future. Dutch RECpc decreased from 15.8 million
TCE to 13.3 million TCE, a 15.6% decline over the period 2001–2015 (Central Agency for Statistics,
CBS, 2017a), indicating a state of saturation, which can be regarded as the growth potential of China’s
RECpc. Through further comparison of the decomposition results in China and the Netherlands, it is
easy to understand what the role of the driving force behind RECpc growth will be after China’s RECpc
is saturated. More importantly, as shown in Figure 1, the trends of residential energy consumption per
capita (RECpc) in China and the Netherlands are highly consistent with those of RECpc in developing
and developed countries, respectively, supporting the selection of both nations as typical examples.
In addition, this study is the result of a Sino-Dutch international cooperation project, “Energy Efficiency
of Households in Cities: A Multi-method Analysis”, which aims to compare the characteristics of
China and the Netherlands’ residential energy consumption, and to provide references for future
residential energy policies for both sides. The cooperation has provided us with an opportunity to gain
an in-depth understanding of the REC characteristics on both sides. In China, as a developing country
with sustained and rapid economic growth, REC has increased dramatically over the past decade,
from 114.5 million tons of coal equivalent (TCE) to 339.9 million TCE, a 1.97-fold growth over the
2001–2015 period (DESNBS, 2016). In contrast, in the Netherlands, as a developed country in Europe,
REC decreased from 15.8 million TCE to 13.3 million TCE, a 15.6% decline over the same period [2].
However, China’s RECpc lags far behind that of The Netherlands.Sustainability 2020, 12, x FOR PEER REVIEW 2 of 18 
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Figure 1. REC per capita in the Netherlands, China, and REC per capita in OECD and non-OECD.
Data sources: China Statistical Yearbooks and China Energy Statistical Yearbooks (2001–2016); Central
Agency for Statistics (2017); BP Statistical Review of World Energy (2016); Swan and Ugursal (2009)
and authors’ calculations.

Table 1. Comparison of the basic situation between China and the Netherlands.

Country China The Netherlands

OECD or not Non-OECD OECD
Area 9.63 million km2 41.53 thousand km2

Population 1.40 billion 17.26 million
GDP per capita 9909 Dollars 52978 Dollars

Main housing type Apartment House
Most important residential energy types Electricity, Coal Natural gas, Electricity

Heating degree days 2162 2595

Data sources: China Statistical Yearbook and China Energy Statistical Yearbook (2016); Central Agency for
Statistics (2017).
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In this study, we analyze the RECpc changes in China and the Netherlands over the 2001–2015
period, using the logarithmic mean Divisia index (LMDI) method. The weather effect is included
due to its significant influence on REC, which was analyzed in the study of [3]. In our research,
we decompose the changes into four effects: weather, energy mix, energy intensity and income,
to investigate the driving forces behind the RECpc changes in the two countries. Furthermore, we
conduct a cross-country comparison of these driving forces over the same period to examine the
reasons for the opposite changing directions in both countries. Policies for developing and developed
countries are proposed based on the analysis results.

This paper is structured as follows. Section 2 reviews the literature on REC in developed and
developing countries, using the decomposition analysis method. Section 3 presents the methodology
and the data sources. The results for both countries are provided and discussed in Section 4, followed
by the cross-country comparison in Section 5. Section 6 summarizes the findings and the conclusions
and proposes energy policies for developing and developed countries based on their individual
characteristics of RECpc.

2. Literature Overview

Various scholars have investigated the driving factors behind REC changes, not only in developed
countries but also in developing countries [4–6]. Starting with some remarkable results from developed
countries, Shorrock found that carbon emissions in the UK declined over the 1990–2000 period, and
further analyzed the driving forces behind the change [7]. According to the cited study, carbon
emissions in the UK decreased by 5.32 MtC due to improved insulation and efficiency, as well as fuel
switching to natural gas. In contrast, increased numbers of households, improved levels of service
and changes in external temperatures slowed down the decline of carbon emissions. Greening et al.
conducted a comparison analysis of carbon emissions from the residential sector in 10 OECD countries
over the 1970–1993 period and further investigated the effects of changes in residential per capita
carbon emissions [8]. According to the results, per capita carbon emissions declined in six OECD
countries, including Denmark, France, Norway, Sweden, the UK and the USA. In four other OECD
countries (Finland, Germany, Italy and Japan), per capita carbon emissions increased over the research
period but on a small scale. Various effects drove the changes in per capita carbon emissions; changes
in energy intensity and in primary fuel mix for electricity generation were the two largest effects
that contributed to restraining the carbon emissions. Unander et al. examined REC in Denmark,
Norway and Sweden over the 1973–1999 period. Their study showed a decline in REC in Denmark and
Sweden [9]. Although REC increased in Norway over the investigated period, since 1990 it had come
to a halt. In analyzing the driving forces behind the REC changes in the three countries, the decline
in energy intensity and per capita energy use could explain most of the REC decreases, whereas the
structure effect played the opposite role. Hojjati and Wade investigated the driving forces behind
REC changes in the USA over the 1980–2005 period [5]. In their study, REC changes in the USA were
decomposed into six effects, including housing, region, type, square foot per household, intensity
and weather effects. Over the period under study, REC in the USA increased by 12.4% on a small
scale due to changes in the housing type and in living space improvements. Rogan et al. conducted a
decomposition analysis of gas consumption in Ireland’s residential sector and examined the impacts of
gas consumption changes over the 1990–2008 period. According to their study, gas consumption kept
increasing until 2004; however, it started to decline afterwards. They found that increases in customer
numbers and gas consumption per dwelling were the main driving forces behind the gas consumption
increase. The subsequent decline could be attributed to the decrease in gas consumption per dwelling
despite the continued increase in the number of customers [10].

The driving factors behind REC in developing countries have also been investigated recently [4,11,12].
Achão and Schaeffer examined the driving forces behind REC in Brazil over the 1980–2007 period, which
increased from 23.3 to 90.2 TWh, with an annual growth rate of 5.2% [4]. The share of REC in the total
electricity consumption increased by 3%, from 19% in 1980 to 22% in 2007. The results showed that
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the increase in the number of consumers and in electricity consumption per capita contributed most to
the electricity consumption increase in Brazil. Das and Paul found that CO2 emissions from household
consumption, accounting for 12% of total CO2 emissions, increased by 66% in India between 1993–1994
and 2006–2007. Among the driving forces, the increase in expenditure per capita and population, as well
as the expenditure structure shift, positively contributed to the increase in CO2 emissions. Meanwhile,
energy intensity was the only effect that played the opposite role in the increase in CO2 emissions [11].
In recent years, related studies on China have increasingly been undertaken [13–15]. Zha et al. investigated
the driving factors behind the increase in residential CO2 emissions in China’s urban and rural areas over
the 1991–2004 period. The income effect increased residential CO2 emissions in both urban and rural areas,
whereas energy intensity played the opposite roles over the same period [13]. Zhao et al. decomposed
REC in urban China into various effects, including price, structure, expenditure and population, over the
1998–2007 period. Their study showed an obvious increase in REC in urban China [16]. Furthermore,
the increase in the population, expenditure and energy-cost share in the total expenditure led to the REC
increase, whereas the energy price reform and the energy-mix shift to cleaner and more comfortable
forms restrained the REC increase. Nie and Kemp found a 101% increase in REC in China over the
2002–2010 period and investigated the underlying driving forces. According to the results, the increases
in energy consumption per square meter and floor space per capita were the two main driving forces.
The population growth also contributed to the REC increase in China [17]. Liu and Zhao measured the
driving factors behind REC in China over the 1993–2011 period and found a dramatic increase in REC.
By decomposing REC into various driving factors, they found that the increases in income and in the
energy-cost share contributed most to the REC increase, whereas the rise in energy prices was the sole
factor that restrained the REC increase [18]. Nie et al. analyzed the reasons for the REC increase in urban
and rural China and further measured the weather effect on the REC change. Their study pointed out the
distinction between urban and rural REC and emphasized the effects of income and weather on the REC
change in both urban and rural areas [3].

Based on the aforementioned studies, we can conclude that REC declined in most of the developed
countries and it increased in all developing countries. In developed countries, the improvements in
energy efficiency caused a decrease in REC, whereas improvement in living conditions played the
opposite role. Because energy efficiency improved more significantly than living conditions, REC
declined in the majority of the developed countries. In contrast, in developing countries, given the
low level of energy infrastructure development in the wake of the rapid economic progress, income
grew significantly with economic growth, which was the main driving force behind the REC increase.
Although the improvement in energy efficiency restrained the REC increase, the effect was limited, so
it could not possibly change the REC shifting trend.

It is interesting to investigate the driving forces behind the REC changes in both developed
and developing countries and further compare these driving forces in different nations. To our best
knowledge, such studies are rare. Additionally, as an important determinant of REC, the weather
effect has not been investigated in most of the previous studies, based on the framework of index
decomposition analysis, especially in China and the Netherlands.

3. Methodology and Data Sources

In this paper, we decompose the factors influencing RECpc in China and the Netherlands, using
the LMDI method, and analyze the specific characteristics of RECpc from 2001 to 2015. The research
period spans from China’s “tenth five-year plan” to the “twelfth five-year plan”. After entering
the “thirteenth five-year plan”, economic transformation and industrial restructuring policies have
both had a significant impact on China’s economy and energy consumption, which would definitely
influence our results. In order to minimize the impact of phased policies, our research deadline is the
twelfth five-year plan. We decompose the RECpc changes into four driving forces simultaneously,
comprising weather, energy-mix, energy-intensity and income effects. In this section, we present the
methods of decomposition, the measurement for the weather effect and the data description.
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3.1. Logarithmic Mean Divisia Index Method

The LMDI method has several advantages over other index decomposition analysis methods.
First, the LMDI decomposition is more scientific because it satisfies the factor-reversal test by using
the additive property of log percent [19,20]. Second, the LMDI offers perfect decomposition results
with no residuals [10,19]. Third, next to having a stronger theoretical foundation, the results from the
additive form of the LMDI are given in physical units, which are easier to interpret relative to indexes
in a multiplicative case [21,22]. Thus, the LMDI model is selected to analyze the RECpc changes in
both China and the Netherlands.

The annual aggregate REC in China or the Netherlands can be disaggregated into five parts,
as follows:

RECi =
∑

j

Ěij

Eij
×

Eij

Ei
×

Ei

Ii
×

Ii

Pi
× Pi (1)

where RECi signifies the REC in country i; ˇEij refers to the REC in country i and to energy type
j affected by weather; Eij denotes the REC in country i and energy type j; Ei means the total REC
consumption in country i; Ii represents the income in country i, and Pi indicates the population in
country i.

Both sides of the equation are divided by Pi at the same time, as shown in the follow equation:

RECi

Pi
= RECpci =

∑
j

Ěij

Eij
×

Eij

Ei
×

Ei

Ii
×

Ii

Pi
(2)

We further express each factor in Equation (2), as follows:

RECpci =
RECi

Pi
represents the RECpc in country i;

ωij =
Ěij
Eij

refers to the weather-adjusted coefficient in country i, representing the weather effect;

EMij =
Eij
Ei

indicates the energy-mix effect, referring to the percentage of each energy type j in the
total REC in country i;
EIi =

Ei
Ii

denotes the energy-intensity effect, referring to the ratio of the REC to the total income in
country i;
IEi =

Ii
Pi

signifies the income effect, referring to the income per capita in country i.

Thus, the decomposition equation could be expressed as follows:

RECpci =
∑

j

ωij × EMij × EIi × IEi (3)

Following Ang’s study [23], the RECpc changes in both China and the Netherlands could be
further decomposed as follows:

∆RECpci = RECpci
t
−RECpci

t−1

= ∆RECpcwe + ∆RECpcem + ∆RECpcei + ∆RECpcie
(4)

∆RECpcwe =
∑

j

vt
ij − vt−1

ij

lnvt
ij − lnvt−1

ij

ln

 ωij
t

ωijt−1

 (5)

∆RECpcem =
∑

j

vt
ij − vt−1

ij

lnvt
ij − lnvt−1

ij

ln

 EMt
ij

EMt−1
ij

 (6)
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∆RECpcei =
∑

j

vt
ij − vt−1

ij

lnvt
ij − lnvt−1

ij

ln
(

EIi
t

EIit−1

)
(7)

∆RECpcie =
∑

j

vt
ij − vt−1

ij

lnvt
ij − lnvt−1

ij

ln
(

IEi
t

IEit−1

)
(8)

where vt
ij is equal to

∑
j
ωij × EMij × EIi × IEi, and ∆RECpcwe, ∆RECpcem, ∆RECpcei, and ∆RECpcie

indicate RECpc changes in both China and the Netherlands due to weather, energy-mix, energy-intensity
and income effects, respectively.

Additionally, the subscripts i, j and t represent the two countries (China and the Netherlands),
energy types and years, respectively.

3.2. Methodology for Measuring Weather Effect

Since space heating and cooling activities are directly determined by heating and cooling degree
days in the residential sector, the degree days could be used to represent REC for space heating
and cooling. We further use the degree days in year t divided by the mean of degree days over the
research period to represent the weather change effect in year t, which is defined as a weather-adjusted
coefficient. The weather-adjusted coefficient is shown in the following equation:

ωt
ij =

ˇEijt

Eijt =
(HDD + CDD)t

(HDD + CDD)ave , (9)

where HDD represents heating degree days; CDD means cooling degree days. (HDD + CDD)t

denotes the sum of HDD and CDD corresponding to the REC for space heating and cooling in year t,
representing the weather change influence in year t. (HDD + CDD)ave indicates the mean of the sum
of HDD and CDD over the research period, corresponding to the REC for space heating and cooling,
assuming it to be unaffected by weather change, which shows as reasonable.

Thus, the ratio of (HDD + CDD)t and (HDD + CDD)ave represents the REC determined by the
weather change in year t relative to REC without the weather change influence. Here, it is necessary to
indicate that using the sum of HDD and CDD to represent the weather effect is a common, reasonable
method [5,24]. Additionally, because HDD corresponds to the REC for space heating, and CDD
corresponds to the REC for space cooling, even though HDD and CDD correspond to different types
of energy in some cases, the sum of HDD and CDD corresponds to the REC for space heating and
cooling, owing to the weather.

3.3. Data Sources and Calculation

We collected the raw data for this study from multiple statistical yearbooks. The income,
population and temperature data for China came from the China Statistical Yearbooks (CSYs) [25].
We gathered the energy consumption data for China from the China Energy Statistical Yearbooks
(CESYs) [26,27]. The raw data for the Netherlands were collected from the CBS [2,28,29] and the Royal
Netherlands Meteorological Institute [30]. For making comparisons of income between China and the
Netherlands which use different currencies, it is necessary to convert values to a common currency.
This can be done in two ways by using market exchange rates and purchasing power parities (PPPs).
There are some difficulties in using market exchange rates due to the following weaknesses. First,
the market exchange rates change quickly sometimes, which will artificially lead to changes of income
in the analysis. Second, the market exchange rates are determined by supply and demand of currencies
on the international market, which is not determined on a consistent basis. In this study, we use PPPs
to convert Chinese yuan and Dutch euro into US Dollar [31]. The PPPs are calculated based on the
quantity of the currency needed to purchase a given basket of goods and services [32]. Therefore, PPPs
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are used for equalizing the purchasing power of two currencies by taking into account these cost of
living and inflation differences, which not only make currencies in the two countries comparable, but
also eliminate the influence of inflation.

As a result of the Netherlands’ relatively small land area, the temperature degrees in different parts
of the country varied negligibly. Thus, we used the monthly average temperature in the Netherlands
to calculate HDD and CDD in the country. Based on the report of the Asia-Pacific Energy Research
Centre [33], when the outdoor temperature is below 18 ◦C, the indoor temperature needs to be raised to
18 ◦C by heating. In the same way, when the outdoor temperature is higher than 26 ◦C, it is necessary
to cool the indoor temperature to 26 ◦C. Consistent with some previous studies [24,33,34], we use
18 ◦C and 26 ◦C as the criteria for calculating HDDS and CDD. We note that various criteria are used
in calculating degree days in different countries; however, for the sake of comparison, we uniformly
adopt the Chinese criteria here. The HDD and the CDD in the Netherlands are calculated as follows:

HDDt,D
tot =

∑m
p=1 HDDt,D

p (m = 12), and

HDDt,D
p =


(
18−Tp

)
× dp if Tp < 18

0 if Tp ≥ 18
(10)

CDDt,D
tot =

∑m
p=1 CDDt,D

p (m = 12), and

CDDt,D
p =


(
Tp − 26

)
× dp if Tpq > 26

0 if Tpq ≤ 26
, (11)

where HDDt,D
tot and CDDt,D

tot refer to the total HDD in year t and the total CDD in year t, respectively;
HDDt,D

p and CDDt,D
p indicate the HDD in month p of year t and the CDD in month p of year t,

respectively; Tp denotes the average temperature in month p; dp signifies the number of days of month
p and m represents the number of months (12) in one year.

On the other hand, due to China’s enormous size, it is inaccurate to calculate HDD and CDD by
using the average temperature in the country. China’s temperature changes a lot during the different
seasons and in various regions; therefore, regional variations across the nation and the seasons must
be taken into account. To overcome these problems, we picked 31 cities in 31 provinces and then
calculated the HDD and the CDD in these cities. The annual HDD and CDD in China over the
2001–2015 period comprise the sum of the HDD and the CDD in the 31 cities. Due to the limited
availability of temperature data, we use the monthly temperature data in these cities to calculate their
annual HDD and CDD, as follows:

HDDt,C
tot =

∑n
q=1

∑m
p=1 HDDt,C

pq (m = 12, n = 31), and

HDDt,C
pq =


(
18−Tpq

)
× dp if Tpq < 18

0 if Tpq ≥ 18
(12)

CDDt,C
tot =

∑n
q=1

∑m
p=1 CDDt,C

pq (m = 12, n = 31), and

CDDt,C
pq =


(
Tpq − 26

)
× dp if Tpq > 26

0 if Tpq ≤ 26
, (13)

where HDDt,C
tot and CDDt,C

tot signify the total HDD in year t and the total CDD in year t in China,
respectively; HDDt,C

pq and CDDt,C
pq indicate the HDD in month p of year t in city q and the CDD in

month p of year t in city q in China, respectively; Tpq denotes the average temperature in month p in
city q; dp refers to the number of days of month p, and m and n represent the number of months (12)
in one year and the number of cities (31), respectively.
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4. Results and Analysis

Based on the obtained data from China and the Netherlands, we decompose the RECpc changes
in China and the Netherlands into four effects—weather, energy mix, energy intensity and income.
Our study shows the following findings. Income is the key effect that increases RECpc both in China
and the Netherlands. Meanwhile, the smaller energy intensity and milder weather decrease the RECpc
in China and the Netherlands simultaneously. A more convenient and cleaner energy mix increases
RECpc in China but a diversified energy mix decreases RECpc in the Netherlands by changing Dutch
habits. In China, increased income plays a major role leading to an increase of RECpc. Conversely,
the declined energy intensity contributes overwhelmingly, which causes RECpc to decrease in the
Netherlands. In the following sub-sections, we present the detailed decomposition results in China
and the Netherlands, respectively.

4.1. Results of Decomposition of Changes in China’s Residential Energy Consumption per Capita

As shown in Table 2, from 2001 to 2015, RECpc spiked from 90 to 247 kgce per capita in China.
Each row in Table 2 represents the decomposition result of RECpc change between two consecutive
years. For example, the first row shows the change in RECpc from 2001 to 2002 and the contributions
of various drivers. During this period, weather and energy-intensity effects decreased RECpc by 12.88
and 72.39 kgce, amounting to decreases of 8.17% and 45.93%. Energy-mix and income effects increased
RECpc by 0.07 and 242.81 kgce, representing increases of 0.05% and 154.05%.

Table 2. Results of decomposition of changes of REC per capita in China in the unit of kgce.

Periods Weather Energy Mix Energy Intensity Income RECpc Change

2001–2002 −6.286 0.001 1.710 10.794 6.218
2002–2003 6.772 0.001 −2.188 9.653 14.239
2003–2004 −7.447 0.008 14.961 9.790 17.312
2004–2005 15.487 0.007 −20.969 15.053 9.577
2005–2006 −12.400 0.006 6.274 16.490 10.370
2006–2007 −7.670 0.017 1.178 18.948 12.473
2007–2008 11.665 0.002 −22.658 14.980 3.989
2008–2009 1.425 0.002 −10.759 18.009 8.677
2009–2010 6.718 0.007 −10.924 13.576 9.377
2010–2011 2.314 0.005 −6.227 17.996 14.088
2011–2012 5.166 0.003 −22.107 25.764 8.826
2012–2013 −10.930 0.003 6.994 22.094 18.161
2013–2014 −13.756 0.002 −2.553 25.039 8.732
2014–2015 −3.934 0.007 −5.124 24.630 15.579

Total −12.876 0.072 −72.392 242.814 157.618

Data sources: CSY and CESY (2001–2016); CBS (2017a, 2017b, 2018) and KNMI; and authors’ calculations.

The income effect overwhelmingly contributed to the RECpc increase, owing to China’s continuous
rapid growth in per capita income. Over the 2001–2015 period, China’s per capita income increased
from 1503 US dollars to 6491 US dollars, a threefold increase [25]. Because of the originally rather low
level of income, its increasing potential in China was huge, leading to its continuous rapid growth
over the research period. Notwithstanding the large increase in China’s income per capita, in 2015 it
was still much lower than those in developed countries; for example, the Netherlands’ income per
capita in 2015 comes down to 21,253 US dollars, still three times more than that in China.

The energy-mix effect also contributed to the RECpc increase but on a limited scale. Over the
2001–2015 period, the shares of coal, liquefied petroleum gas (LPG) and gas declined significantly;
meanwhile, the shares of electricity and natural gas increased, indicating the shift to a cleaner and more
convenient energy mix in China. The energy mix changed as a result of economic growth, urbanization
and infrastructure development. Economic growth increased the usage of household appliances and
vehicles, which leads to the increase of electricity and gasoline consumption. The use of coal and gas is
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reduced in the process of urbanization, and with the infrastructure development, natural gas is more
and more popular in urban households.

Energy intensity had a changing effect on RECpc in China. The changing trend of energy intensity
is upward, because previously people’s REC demand had not been satisfied [35], and growing income
allowed people to heat the homes more in winter or to cool their homes during hot days. After 2007,
energy intensity had dropped, reflecting that the people’s REC demand had been basically satisfied.
Therefore, as a result of their increased income, they could spend more on items other than energy.

The weather effect was the second largest contributor to the RECpc decrease in China. The weather
effect played different roles in the RECpc change over the various sub-periods of the research period.
In detail, in 2001–2007, the weather effect increased RECpc for two years and decreased it for four years,
but the total weather effect on RECpc change was rather limited over the cited sub-period. In contrast,
in 2007–2012, the weather effect continued to promote RECpc increases, which could be explained by
the emergence of abnormal weather circumstances, such as an extremely cold winter or extremely hot
summer. However, since 2013, the weather effect had been declining. In total, as the second largest
contributor, the weather effect decreased RECpc.

4.2. Results of Decomposition of Changes in Dutch Residential Energy Consumption per Capita

Over the 2001–2015 period, the Dutch RECpc decreased from 988 to 789 kgce per capita. Using
the same decomposition model as the one applied in the study on China, we decompose the RECpc
change in the Netherlands into four driving effects: weather, energy mix, energy intensity and income
(Table 3).

Table 3. Results of decomposition of changes of REC per capita in the Netherlands in the unit of kgce.

Periods Weather Energy Mix Energy Intensity Income RECpc Change

2001–2002 −55.020 −0.002 14.259 9.395 −31.368
2002–2003 69.125 0.000 −39.898 −11.179 18.048
2003–2004 −12.267 −0.001 −77.951 52.434 −37.785
2004–2005 −44.716 −0.001 −34.928 49.016 −30.630
2005–2006 −27.118 0.000 −69.598 102.792 6.076
2006–2007 −45.893 −0.015 −80.736 48.831 −77.813
2007–2008 77.259 0.015 −59.438 69.832 87.667
2008–2009 16.394 0.000 37.513 −58.342 −4.435
2009–2010 175.061 0.032 −76.458 20.442 119.078
2010–2011 −225.289 −0.157 10.112 20.620 −194.714
2011–2012 71.163 0.002 −46.142 22.304 47.327
2012–2013 69.214 0.002 −77.016 51.483 43.683
2013–2014 −210.589 −0.958 34.823 −0.498 −177.222
2014–2015 83.865 0.003 −45.934 −4.841 33.093

Total −58.811 −1.080 −511.391 372.287 −198.995

Data sources: CSY, CESY and PYC (2001–2016); CBS (2017a, 2017b, 2018) and KNMI, and authors’ calculation.

Three of the four effects decreased RECpc, namely, energy intensity, weather and energy mix.
The energy intensity effect contributed most to the decline in the Dutch RECpc due to the drop in
energy intensity over the research period. In the 2001–2015 period, energy intensity in the Netherlands
decreased from 0.68 to 0.39 TCE per 10,000 US dollars. Since the Dutch people’s REC demand had
already been satisfied for a long time, they did not need to spend more of their income on increasing
their REC, which leads to a decline of energy intensity in the residential sector in the Netherlands, and
the energy intensity is expected to further decline in the future.

The weather effect was the second largest contributor to the decline of the Dutch REC. Because
of the cool weather in the summer, there was no CDD in the Netherlands over the research period;
the weather effect was determined by HDD only. The weather influenced RECpc by changing energy
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for heating in the Netherlands, so the negative effect of the weather on the Dutch RECpc was due to
the relatively warm weather during the winter period. Additionally, the total RECpc change from
the weather effect was limited, which would have been easy to change due to the positive weather
effect in the following year. Thus, we argue that no significant change in temperature occurred
in the Netherlands over the long term, although the changed temperature in each year influenced
RECpc significantly.

The energy-mix effect decreased the Dutch RECpc, although the influence was negligible.
The Dutch REC is mainly concentrated on three types of energy, consisting of natural gas, electricity
and heat. The other types of energy use, such as coal and LPG, are negligible in the Netherlands.
Over the 2001–2015 period, the share of natural gas declined and the shares of electricity and heat
increased accordingly, leading to a decentralized energy mix in the Dutch residential sector. However,
natural gas remained the most important energy source, accounting for 77.17% of the total REC in
the Netherlands.

Income is the only effect that increased Dutch RECpc in the research period. In detail, until 2013,
the residents’ income in the Netherlands had been growing; thereafter, the income began to decline,
which led to a positive contribution to RECpc changes before 2013 and a negative contribution after
that. As a developed country, the residents’ income kept on increasing, but the increase is getting
smaller. Since 2013, the income has begun to decline, which indicates a probability of the arrival of a
peak and come down at a certain stage. It is predicable that in the future, due to the declining trend of
income in the Netherlands, there exists the potential for continued decline in RECpc in the Netherlands.

5. Cross-Country Comparison and Discussion

5.1. Cross-Country Comparison

Despite China’s high-speed growth in RECpc over the 2001–2015 period, it still lags far behind
that in the Netherlands. By decomposing the RECpc changes in both China and the Netherlands from
the same perspective, we could compare the effects of the four driving forces on the RECpc changes in
the two countries. Table 4 shows the percentage contributions of the four driving forces.

Table 4. Cross-country comparison of decomposition results in percentage form (2001–2015).

Country Weather (%) Energy Mix (%) Energy Intensity (%) Income (%) In Total (%) RECpc Change
(kgce/p)

China −8.17 0.05 −45.93 154.05 100.00 157.62
Netherlands −29.55 −0.54 −256.99 187.08 −100.00 −199.00

Data sources: CSY, CESY and PYC (2001–2016); CBS (2017a, 2017b, 2018) and KNMI, and authors’ calculations.

Over the 2001–2015 period, China’s RECpc increased by 157 kgce, whereas the Dutch RECpc
decreased by 199 kgce. In both countries, the income effect was one of the most important contributors
to the RECpc changes and the effects are both positive for RECpc increase. In China, the income effect
continued to push the RECpc increase over the whole period under study, and the effect even became
increasingly important. On the other hand, in the Netherlands, although the income effect increased
RECpc over the research period as well, the effect was getting smaller and even became negative after
2013. To further explain the effect of income on RECpc change, we investigate income changes in
both China and the Netherlands. Figure 2 describes the income per capita in both countries, using US
dollars as the constant unit. Over the 2001–2015 period, China’s per capita income kept increasing
from 1503 to 6491 US dollars. Meanwhile, the Dutch per capita income increased from 14,109 to 20,399
US dollars in 2001–2013, reaching a turning point in 2013, followed by a continuous decline after 2013.
Comparing the per capita income levels in both countries, we find that the per capita income of China
as a developing country lags far behind that of the Netherlands, indicating a huge potential of per
capita income increase in the coming years. In addition, there exist a large income gap in rural and
urban areas and various regions due to the imbalance of regional economic development [36], which
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led to different REC level in different regions [37,38]. When combining the unsaturated energy demand
at this stage in China, the income per capita increase will definitely lead to an RECpc increase in the
future, especially in undeveloped regions in China due to residents’ strong desire to improve their
quality of life [39]. On the contrary, the per capita income in the Netherlands as a developed country is
rather high but it has been decreasing since 2013. It is difficult to conclude that the income per capita
in the Netherlands has already turned into a definite decline. Nonetheless, at least we can predict that
the Dutch income per capita will not continuously increase in the coming years, which will not lead to
an RECpc increase in the future.

Sustainability 2020, 12, x FOR PEER REVIEW 11 of 18 

followed by a continuous decline after 2013. Comparing the per capita income levels in both 
countries, we find that the per capita income of China as a developing country lags far behind that of 
the Netherlands, indicating a huge potential of per capita income increase in the coming years. In 
addition, there exist a large income gap in rural and urban areas and various regions due to the 
imbalance of regional economic development [36], which led to different REC level in different 
regions [37,38]. When combining the unsaturated energy demand at this stage in China, the income 
per capita increase will definitely lead to an RECpc increase in the future, especially in undeveloped 
regions in China due to residents' strong desire to improve their quality of life [39]. On the contrary, 
the per capita income in the Netherlands as a developed country is rather high but it has been 
decreasing since 2013. It is difficult to conclude that the income per capita in the Netherlands has 
already turned into a definite decline. Nonetheless, at least we can predict that the Dutch income per 
capita will not continuously increase in the coming years, which will not lead to an RECpc increase 
in the future. 

 
Figure 2. Comparison of income per capita in China and the Netherlands in the unit of US dollars. 
Data sources: CSY, CESY and PYC (2001-2013); CBS (2016), and authors' calculation. 

The second driving force analyzed in this study is the energy-intensity effect. As mentioned, the 
energy-intensity effect is defined as REC divided by income, which plays a negative role in RECpc 
changes both in China and the Netherlands (see Table 3). These findings could be further explained 
by investigating the change processes of energy intensity in both countries (Figure 3). 

China's energy intensity fluctuated in the first half of the research period, followed by a sharp 
decline after 2007 (linked with income growth), indicating an unsatisfied energy demand before 
2007 and a process of gradually satisfied energy demand afterwards. However, over the whole 
period under study (2001–2015), China's decline of energy intensity is not as sharp as that of the 
Netherlands, indicating that although China's energy intensity had been significantly reduced, there 
is still a potential for decreasing it further in the future. In the Netherlands, the sharp decline of 
energy intensity played overwhelming roles in RECpc decline over the research period. Therefore, 
even though the income effect contributed a lot to RECpc in the Netherlands, the sharp decline of 
energy intensity still caused the RECpc to finally decline. In the research period, several energy 
efficiency policies, such as the “National Energy Efficiency Action Plan”, were implemented as part 
of the obligation to report to the European Commission under the Energy Efficiency Directive, 
which led to the sharp decline of energy intensity in the Netherlands. 

The increase of energy intensity in this study could be explained by the fact that people spent 
more of their income on REC. Hence, it is necessary to investigate the relationship between REC and 
income. In fact, some researchers have analyzed the economic growth and specified income effect on 
energy use [40–42]. Soytas and Sari examined the causality relationship between income and energy 

0

5000

10000

15000

20000

25000

In
co

m
e 

pe
r c

ap
ita

 (U
S 

do
lla

rs
)

China Netherlands
Figure 2. Comparison of income per capita in China and the Netherlands in the unit of US dollars.
Data sources: CSY, CESY and PYC (2001–2013); CBS (2016), and authors’ calculation.

The second driving force analyzed in this study is the energy-intensity effect. As mentioned,
the energy-intensity effect is defined as REC divided by income, which plays a negative role in RECpc
changes both in China and the Netherlands (see Table 3). These findings could be further explained by
investigating the change processes of energy intensity in both countries (Figure 3).
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China’s energy intensity fluctuated in the first half of the research period, followed by a sharp
decline after 2007 (linked with income growth), indicating an unsatisfied energy demand before 2007
and a process of gradually satisfied energy demand afterwards. However, over the whole period
under study (2001–2015), China’s decline of energy intensity is not as sharp as that of the Netherlands,
indicating that although China’s energy intensity had been significantly reduced, there is still a potential
for decreasing it further in the future. In the Netherlands, the sharp decline of energy intensity played
overwhelming roles in RECpc decline over the research period. Therefore, even though the income
effect contributed a lot to RECpc in the Netherlands, the sharp decline of energy intensity still caused
the RECpc to finally decline. In the research period, several energy efficiency policies, such as the
“National Energy Efficiency Action Plan”, were implemented as part of the obligation to report to the
European Commission under the Energy Efficiency Directive, which led to the sharp decline of energy
intensity in the Netherlands.

The increase of energy intensity in this study could be explained by the fact that people spent
more of their income on REC. Hence, it is necessary to investigate the relationship between REC and
income. In fact, some researchers have analyzed the economic growth and specified income effect
on energy use [40–42]. Soytas and Sari examined the causality relationship between income and
energy consumption in some developed countries and concluded that in Italy and Korea, the causality
flowed from income to energy consumption [40]. Richmond and Kaufmann analyzed the relationship
between income and energy use, pointing out that the economic development level affected their
conclusion about whether there was a turning point in the relationship between income and energy
use [43]. For developed countries (OECD members), there is limited support for a turning point in the
relationship between income and energy use. On the other hand, for developing countries (non-OECD
members), there is no turning point in the relationship between income and energy use, and the
relationship is positive. The above-cited studies have given the reasons for the REC increase with the
income growth in China, whereas, due to the turning point in the relationship between income and
REC in the Netherlands, its REC is not necessarily influenced by the increase in income. However,
when the income decreases, people are likely to reduce their unnecessary energy consumption.

The third driving force analyzed in this research is the energy-mix effect. This effect played
opposite roles in the RECpc changes in the two countries (shown in Figure 4). In China, eight types of
energy were consumed in the residential sector, including coal, LPG, natural gas, heat, electricity, gas,
gasoline and diesel oil. Over the 2001–2015 period, the changes in the energy mix were manifested
in the reduction in coal and the increase in electricity and natural gas, indicating a cleaner and
more convenient energy mix. As a result of the change in the energy mix from low-efficient to
high-efficient energy types, energy consumption activities became more convenient, thus increasing
the REC. Compared with China’s case, the Dutch energy mix had a higher concentration of natural gas.
Despite some instances of transfer to electricity and heat over the 2001–2015 period, natural gas as
the main residential energy type still accounted for 73% of the Dutch REC in 2015. The government’s
policy of reducing dependence on natural gas pushed the diversification of the energy mix, which
decreased the Dutch RECpc, due, in fact, to the habitual changes.

The weather effect is the last analyzed driving force in this study. This effect contributed to
the RECpc decrease in both countries, as it influenced space heating and cooling activities in the
residential sector. In China, over the 2001–2015 period, the weather effect negatively contributed to the
RECpc increase before 2007, showed the characteristics of increasing RECpc in the following 2007–2012
sub-period and then continued to decrease RECpc after 2012. The possible reasons for the obvious
role of the weather effect in the RECpc changes could be the high percentage of energy consumption
for space heating and cooling in the total REC and the significant changes in temperature during the
corresponding sub-periods [3]. Additionally, between the space heating and cooling activities in China,
space heating was absolutely important because HDD accounted for 96% of the sum of HDD and CDD
in 2015. In the Netherlands, owing to the relatively cool weather circumstances in the summer compared
with China’s weather, there was no need for space cooling activities during that season. The weather
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effect decreased RECpc over the research period due to the rise in temperature. By comparing the HDD
in both countries, we conclude that the winter in both China and the Netherlands became warmer over
the 2001–2015 period, leading to the corresponding RECpc changes in each country.
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Figure 4. Comparison of energy mix in China and the Netherlands. Data sources: CESY (2001–2016);
CBS and authors’ calculations.

5.2. Discussion

Through the comparison of RECpc changes in China and the Netherlands, which are at different
stages of development, we find large differences in RECpc between the two countries. It may be claimed
that China has the highest energy consumption in the world, but we argue that Chinese residents had
very low per capita energy use over the past decade, based on our comparison. Despite experiencing
a rapid rise over the past decade, China’s RECpc remained less than a third of the Netherlands’ in
2015. After investigating the reasons, we attribute the low RECpc in China to the low income levels
and the geographic concentration of residential areas. In 2015, the Chinese per capita income was
only around 20% of that in the Netherlands. Additionally, compared with the more geographically
scattered residential areas in the Netherlands, China had a higher population density, especially in
urban areas. For example, most Chinese residents lived in apartments, whereas most Dutch residents
dwelled in houses, leading to the difference in living space per capita in the two countries. Based on
our analysis in this section, China’s RECpc continued to increase over the 2001–2015 period, while
the Dutch RECpc declined in the process of fluctuation, indicating a huge growth potential of RECpc
in China and a saturated RECpc in the Netherlands. With their income growth in the coming years,
Chinese residents will spend more on energy, leading to a continuous RECpc growth; at the same time,
they will spend more on larger accommodations, leading to higher RECpc indirectly [44].

Energy intensity as a driving force played negative roles in RECpc increase in developing and
developed countries. In developing countries, the income growth will definitely lead to an REC
increase, showing different driving effects at different phases [43]. In China’s case, at the early stage,
because its residents’ basic REC demand had not been met yet, more of their income was spent on REC,
leading to the increase in energy intensity. At the following stage, the residents’ basic REC demand
had been gradually met, making them spend less of their income on REC, which led to the decline in
energy intensity after 2007. However, in the developed countries, owing to the saturation of the REC
demand, the impact of income on REC has become negligible. In the case of the Netherlands, due to
the saturation of REC demand and increased income, energy intensity declined over the research
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period. Because the energy intensity in China remains higher than that in the Netherlands, it is highly
probable that this declining trend will be maintained in the future, which will restrain the RECpc
increase to some extent.

Weather has an important effect on RECpc changes by influencing both heating and cooling energy
consumptions, which is a novel finding of this study. In the case of the two countries, the weather
effect played negative roles in RECpc changes, owing to the warmer winter or the cooler summer.
The relatively warmer weather in the winter decreased RECpc in both China and the Netherlands.
However, these changes have nothing to do with the difference between developed and developing
countries. In addition, technological innovation and institutional reforms will definitely lead to the
development of energy efficient appliances and energy-saving behaviors [45,46], but the unmet energy
demand gap will remain the core driving force for RECpc growth in China.

6. Conclusions and Policy Implications

6.1. Conclusion

In this study, we conducted a cross-country comparison of the RECpc between the Netherlands,
a developed (OECD member) country, and China, a developing (non-OECD member) country. We
observed that the RECpc in China lags far behind that in the Netherlands, despite China’s increasing
growth over the last decade. By further decomposing the RECpc changes in both countries based on
the same LMDI method, we investigated and compared the driving forces behind the RECpc changes.
We decomposed the changes into four effects: weather, energy mix, energy intensity and income. Based
on our decomposition analysis of the driving forces behind the RECpc changes in a developed and a
developing country, we obtained the following findings.

An increasing RECpc in China’s case was observed due to the continuous income growth and
the more convenient energy mix. In the Netherlands’ case, the sharply declining energy intensity,
the relatively warmer winters and the more dispersed energy mix together pushed the decline in
RECpc. The different stages of economic development led to different characteristics of REC in the two
countries. Because the RECpc gap still exists between the two countries, it is not difficult to predict
that although energy efficiency will definitely be improved, the RECpc in China will still increase
in the coming years until the residents’ energy demand is met fully, should the economic growth
maintain its current trend. In contrast, due to the relatively high RECpc level in the Netherlands, it
will possibly decline in the future, with energy efficiency improvement and energy-saving behaviour
spread throughout the country.

6.2. Policy Implications

By comparing the RECpc and its driving forces in China and the Netherlands as typical examples,
we obtain implications about the law of REC in developing and developed countries. The large gap
in income per capita causes the large gap in RECpc between developing and developed countries.
Although in recent years the high-speed income growth as a result of the rapid economic progress
in developing countries has narrowed the RECpc gap, it remains large. Owing to the low income in
developing countries, the REC demand has not been fully satisfied yet, but the increasing income in the
residential sector definitely leads to REC growth. It is not difficult to predict that as the residents’ energy
demands are met, the speed of the REC growth will slow down. On the other hand, in developed
countries, the saturation of the energy demand leads to RECpc stability despite the income increase.
Nonetheless, we may predict that RECpc would decline under the two circumstances, including cutting
unnecessary REC when income declines and improving energy efficiency, which is currently occurring.
We argue that the dramatic RECpc increase in developing countries is in line with the objective laws
of RECpc development, which will slow down and reach a turning point, owing to the saturation of
energy demand and further improvement in energy efficiency.
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Owing to the different development stages and their corresponding characteristics in RECpc in
developed and developing countries, different energy policies should be adopted according to the
development stages. For developed countries, energy policy should be oriented towards improving
residential energy efficiency by encouraging appliances’ eco-innovation and motivating energy saving
behavior. For instance, energy prices could be raised to reduce the unnecessary REC. In addition,
efficient appliances should be subsidized by the government to encourage residents to buy energy
efficient appliances and motivating eco-innovation indirectly. For developing countries, moderate
growth of RECpc should be encouraged as long as the basic energy demand has not been met yet,
especially in rural areas [47–49]. In addition, there exists a large gap in income and an unbalanced
development in urban and rural areas in developing countries [50–52], which lead to different RECpc
in different groups and areas [53–55]. Therefore, varied pricing for energy policy should be adopted
in developing countries, which would encourage low-income residents to use more REC and in the
meantime avoid excessive REC in high-income groups. Additionally, the weather effect should be
considered in pricing for heating systems. In the case of China, even though energy consumption for
heating is influenced significantly by the weather [3], because central heating is the main form of heating
in the residential sector, the price of central heating is constant in a certain period. The residents have
no incentives to preserve energy for heating in relative warm winters due to the constant expenditure
they spent on heating each winter. Therefore, it is highly recommended to adapt the price of heating
based on weather conditions.
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