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Abstract

Purpose of review In the past decade, China has made re-
markable achievements in the development of renewable en-
ergies. This article adopts a geographical perspective for
China’s current wave of renewable energy transitions, by
viewing the transition outcomes through the lenses of spatial
clustering and socio-spatial embeddedness.

Recent findings We find that many renewable energy industry
clusters have emerged nationwide and different patterns are
uncovered for the clustering in extant literature, either through
bottom-up agglomeration around pioneering enterprises, or
driven by top-down government strategy and planning.
There is scant research on the reconfiguration of socio-
spatial arrangements, which is an important but very often
neglected facet of energy transitions. We further discuss the
regional disparities in China’s renewable energy development,
in which resource-rich regions are mainly in the north part of
China, while central, eastern, and southern regions possess
substantial advantages in fostering industry clusters.
Summary In the end, we propose two avenues for future re-
search: firstly, to explore why different clustering patterns
emerge in a certain region but not in another, and what impli-
cations these cases of clustering can draw for other regions in
China or other latecomer countries; secondly, to uncover how
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renewable energy application and popularization shape local
socio-spatial arrangements.

Keywords Renewable energy - Industrial clustering - Energy
infrastructure - Builtenvironment - Social practice - Culture of
consumption

Introduction

Climate change has become a high-profile issue in the past
decade. As the largest greenhouse gas (GHG) emitter in the
world, China has played an irreplaceable role in the task of
combating climate change. In 2015, China announced the
“Enhanced Actions and Measures on Climate Change”, in
which it has set the goal of lowering carbon dioxide emissions
per unit of GDP by 60 to 65% from the 2005 level. To achieve
this goal, it necessitates fundamental changes in current coal-
based energy systems. In January 2017, the Chinese govern-
ment published the “13th Five-Year Development Plan for
Renewable Energy (2016-2020)”, and it is estimated that till
2020 a total investment of 2.5 trillion CNY (about US$0.4
trillion) will be allocated to the development of renewable
energy. Against this background, a much more rapid transition
toward renewable energy-based energy system in China is
seemingly taking shape.

Energy transitions refer to radical, large-scale, and integrat-
ed socio-technical changes in energy systems. Thus, the field
of transitions aims to capture the co-dynamics of energy relat-
ed technologies, institutions, social, and economic sub-sys-
tems, which has greatly contributed to the understanding of
temporal process of energy transitions and has explained how
the emergence and development of new energy technologies
can occur in a specific place, e.g., a country [1-4]. However,
extant studies tend to overlook the diversity of sub-national
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contexts, and are criticized against simplifying and mechaniz-
ing the role of local contextual factors in energy transitions
process [1, 5, 6]. In recent years, the concrete spatial contexts
within which transitions take place are increasingly recog-
nized in energy and transition studies [7—10]. It is related to
this “spatial turn” that in this review article on renewable
energy development in China, we take a geographical per-
spective, by addressing the socio-spatial manifestations of re-
newable energy transitions.

Renewable Energy Development in China

In the past decade, China has made significant progress in the
development of renewable energies. The annual consumption
of renewable energy has increased from 166.00 million tce in
2005 to 512.48 million tce in 2015. In the newly released “13th
Five-Year Development Plan for Renewable Energy (2016—
2020)”, the annual consumption of renewable energy has been
planned to reach 729.28 million tce in 2020. Table 1 presents
the main indicators for the development of renewable energy in
China in the past decade. These promising figures indicate
China’s rapid transition to a more sustainable energy system.
Different from previous review articles that usually inves-
tigate Chinese renewable energy development from produc-
tion and consumption scale, policy, or investment (see for
instance [13, 14]), we adopt a geographical perspective for
China’s current wave of renewable energy transitions.
Bridge et al. (2013) argued that “energy transition is funda-
mentally a geographical process that involves reconfiguring
current spatial patterns of economic and social activity” (p.
331) [5]. The strong connection between energy transitions
and pre-existing geographical configurations, energy accessi-
bility, and the transformation of spatial arrangement of the
built environment demonstrates that the understanding of tran-
sitions (especially radical transitions toward renewable energy
systems) requires situating them within spatial contexts,
alongside material, and physical components of local energy

systems. Following Bridge et al.’s (2013) understanding of
geography of transitions, combined with evolutionary eco-
nomic geography perspective of transitions (Truffer and
Coenen, 2012) [5, 6], we regard the spatial clustering and
socio-spatial embeddedness as two main dynamic trends/
outcomes of renewable energy development and transitions.
It is worth noting that this conceptual framing of energy tran-
sitions outcome is not exhaustive, but is illustrative in essence.

Formation and Development of Industrial Clusters

We regard the formation and development of spatial industry
clusters as one of the two main manifestations for a sustain-
able energy transition. Spatial clustering reflects the geograph-
ical agglomeration of an emergent industry, which is usually
associated with renewable energy development in a region, by
integrating into pre-existing relevant industry cluster (for ex-
ample, biofuel and chemical cluster in Stenungsund, Sweden),
or by forming a new cluster that surrounds high-tech renew-
able energy technologies (for example, wind turbine cluster in
Jiangsu, China) [15-17]. Against the background of rapid
growth of China’s renewable energy sectors, many studies
have documented the emergence and evolution of renewable
energy clusters.

One typical case for the development of solar energy is
Shandong province, in which a well-known industry cluster
has formed. It is home to Himin, the world’s largest solar
water heaters (SWH) manufacturer [18]. In 2013, there were
more than 300 SWH manufacturers in Shandong, with an
annual output of more than 10 million heaters, comprising
over 40% of the total production output of the country. A
complete industry chain, covering the production of silica
sand, rough pipe, vacuum tube, heat collector, and heat
collecting system, has been established within the solar ther-
mal power industry. Among the ten representative SWH en-
terprises in China summarized by Hu et al. (2012), half are
located in Shandong province. Strong industrial foundation
plays an imperative role in promoting the use of solar energy

Table 1 China’s renewable

energy development in the 11th 2005 2010 2015

and 12th five-year period
Annual consumption of renewable energy (million tce) 166.00 286.00 512.48
Share of renewable energy in the total energy consumption (%) 7.50 8.90 10.10
Installed capacity of hydropower (GW) 117.39 216.06 319.54
Installed capacity of grid-connected wind power (GW) 1.26 31.00 129.00
Installed capacity of solar PV power (GW) 0.07 0.80 43.18
Annual consumption of solar water heaters (million m?) 80.00 168.00 440.00
Installed capacity of biomass power (GW) 2.00 5.50 10.30
Annual consumption of biogas (billion m?) 8.00 14.00 19.00
Annual consumption of biomass fuel (million tons) 1.07 2.30 2.90
Annual consumption of geothermal power (million tce) 2.00 4.60 4.60

Sources: [11, 12]
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[19]. The application of solar energy is very advanced in many
cities in Shandong province, such as Rizhao and Dezhou [20].
Solar energy is not only penetrated into local people’s every-
day life, but is also widely applied in other industries such as
paper making, machinery, and textiles [18].

Another typical case is the development of wind power
industry in Jiangsu province. He et al. (2016) gave a detailed
discussion on wind industry clusters in Jiangsu province.
Specifically, three clusters within Jiangsu province have
emerged: Yancheng, Nantong, and Lianyungang. The authors
revealed the evolution process of the three clusters, in which a
relatively complete wind power equipment industry chain has
taken shape, including blades, gearboxes, generators, bear-
ings, towers, and control systems [16].

Bringing together wind and solar power industry, Dong
et al. (2016) analyzed the spatial distribution of China’s re-
newable energy industry. Based on spatial analysis on the
output value, they identified four renewable energy clusters
in China: (1) Bohai rim areas, includes Beijing, Tianjin,
Heibei, Shandong, etc.; (2) Yangtze River Delta region, in-
cludes Shanghai, Jiangsu, Zhejiang, Fujian, etc.; (3) Middle
China region, includes Henan, Jiangxi, etc.; (4) western China
region, includes Sichuan, Inner Mongolia, Xinjiang, Gansu,
etc. Two clusters are located in eastern China, one in central
China, and one in western China [21].

From these studies, different patterns of cluster formation
can be observed. In the case of solar industry in Shandong,
pioneering enterprises such as Himin have played an impor-
tant role during the early stage of cluster emergence, since
“successful imitation is most likely to take place in close geo-
graphical proximity to the pioneering firms” (p. 924) [22].
While in the case of wind industry clustering in Jiangsu, local
governments have acted as a strong enabling factor, either by
initiating the construction of wind farms, or by planning large
wind power related industrial parks. Along with the develop-
ment of a cluster, various types of externalities may come into
being that further stimulate the evolution towards a stable
pattern of geographical clustering.

Reconfiguration of Socio-Spatial Embeddedness

Another important spatial manifestation of renewable energy
development and transition is a reconfiguration process of
local socio-spatial arrangement, which encompasses the eco-
nomic, material and cultural aspects of local or regional ener-
gy systems [23-25]. From the perspective of geography of
transition, Bridge et al. (2013) view the pre-existing spatial
embeddedness and path dependency of a specific energy tech-
nology as obstacles to the development of alternative technol-
ogy. Using the term of “spatial embeddedness,” Bridge et al.
(2013) define it as “both the sunk costs of capital investment
(represented by the built environment and the infrastructures
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of energy capture, conversion and consumption), and the
place-based cultures of consumption that surround certain en-
ergy technologies (expressed, for example, in expectations
and norms about the cost and reliability of supply, or the social
practices associated with energy consumption)” (p. 338-339)
[5]. Adapting from Bridge et al.’s conceptualization, we re-
gard new configurations of local socio-spatial arrangements as
outcomes for the anchoring of renewable energy technologies
into local contexts. This anchoring process can be represented
through two aspects: (1) the built environment and the infra-
structure system; (2) the culture, and social practices and
norms associated with energy consumption.

Energy Infrastructure and the Built Environment

In the past decade, although China has witnessed rapid growth
of solar photovoltaic (PV) and wind power installation capac-
ities, the problem of the so-called “wind and solar power
abandonment” is also getting serious [26]. This situation is
mainly caused by the lack of grid infrastructure connected to
newly built large-scale wind farms or solar PV power stations.
Just until recently, the central government starts to turn their
attention to the construction of grid, so as to bridge the huge
gap between installation capacities and electricity generation.
In the “13th Five-Year Development Plan for Wind Power”,
nine large-scale projects of grid construction are proposed,
which are aimed to connect current wind farms [27]. For con-
centrated renewable energy power stations that are usually
located far away from the main energy consumption areas,
construction of new energy infrastructures seems to be an
inevitable mission, which requires massive investment (repre-
sented as sunk cost of renewable energy development) and
leads to certain degree of lock-in.

As regard to the distributed renewable energy develop-
ment, there are a few studies that have shed some light on
the relationship of renewable energy and infrastructure by
situating the application of certain renewable energy within
the contexts of urban or regional level. For example, several
papers documented the popularization of solar water heater
(SWH) in Shandong Province [18, 20, 28]. Although in these
studies more focuses are placed upon the economic and social
aspects of development, the penetration of SWH into the built
environment is also reflected. On the other hand, successful
cases of building-integrated SWH are frequently reported in
public media,’ representing strong evidences on how SWH
are integrated into newly built residential buildings across
China. Figure 1 shows a reconfiguration of the urban land-
scape in Shandong by three typical types of building-
integrated SWH or solar water heating system (SWHS).

! http://www.szzjw.gov.cn/html/xinwenzhongxin/xitongdongtai/20161216/
4821.html; http://www.chinasolarcity.com.cn/n16528755/c17392349/content.
html
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Fig. 1 Typical landscapes of
residential buildings integrated
with SWH/SWHS in Shandong
(Source: pictures taken by the first
author, October 2016)

The Place-Based Cultures of Consumption that Surround
Certain Energy Technologies

Besides physical environment, energy transitions also get em-
bedded into local consumption culture and social practices.
Relating to this, Liu et al. (2013) introduced an interesting
“social practice approach” in their investigation of rural
households’ energy consumption in China [29]. Originating
from sociology, this approach regards households’ daily prac-
tices such as cooking, water heating, and transportation as
sources of energy consumptions. When a renewable energy
transition is taking place, residents’ daily practices are also
reconfigured around the new energy technology, which is
the so-called “anchoring” process. This perspective is impor-
tant since it captures the place-based social dimensions of an
energy transition. For instance, in the aforementioned
Shandong’s case of solar energy development, it is reported
that in many rural areas the possession of a SWH is regarded
as a symbol of some kind of social status, and it is even listed
as one of the “must-have items” for a marriage, just as color
TV and washing machines.? This is a typical case for the
reconfiguration process of residents’ consumption culture
and the embeddedness of solar energy into the local contexts.
However, since Liu et al. (2013), there are rarely any empirical
studies adopting this perspective in the investigation of
China’s sustainable energy transitions, which urgently needs
more attention.

Overall, spatial clustering and socio-spatial embeddedness
represent two mechanisms as well as outcomes of renewable
energy transitions. These two branches of dynamics

2 http://www.gov.cn/jrzg/2008-09/20/content_1100765.htm
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sometimes reinforce each other during a transitional process.
On the one hand, spatial clustering of industries might foster
various entrepreneurial activities (for instance legitimacy
building), which act as strong impetus for further reconfigu-
ration of spatial embeddedness. In the case of SWH develop-
ment in Dezhou city in Shandong, the industrial agglomera-
tion gave birth to a prosperous localized innovation environ-
ment, which nurtures the development of peripheral indus-
tries. For instance, as the leading enterprise in the solar indus-
trial cluster, Himin invested heavily in projects such as Solar
Valley and Utopia Garden, which have brought about large-
scale changes in urban landscapes. It is through these
pioneering activities from local enterprises that SWH is quick-
ly and firmly embedded into local contexts. On the other hand,
locally embedded socio-spatial elements may create some
kind of incubator environment for emergence or development
of industrial clusters. This can best be represented through the
development of industrial parks in many cities in China, in
which infrastructure construction (reconfiguration of build en-
vironment) is often conducted by local government as a means
to attract related enterprises and foster industrial
agglomeration.

Conclusion and Discussion

The past decade has witnessed rapid growth of the renewable
energy sectors in China. From a geographical perspective, this
article presents recent developments of renewable energy in
China, manifested through the formation of spatial clusters on
the one hand, and reconfiguration of socio-spatial
embeddedness on the other. We adopt this geographical

@ Springer
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perspective since in transition studies, especially those on
China’s energy transitions, certain important dimensions have
long been neglected. Our literature review clearly uncovers
this research gap, in which scant attention has been paid to
the reconfigurations of place-specific arrangements, especial-
ly the social and cultural dimensions.

As for the spatial clustering of renewable energy industries,
two typical clusters for solar and wind energy respectively are
presented in this study: the solar industry cluster in Shandong
province, and the wind industry cluster in Jiangsu province. We
highlight these two cases since the formation and evolution of the
industry clustering represent different mechanisms. In the
Shandong case, a bottom-up formation process can be observed,
in which the role of pioneering enterprises is imperative. While in
the Jiangsu case, top-down planning initiated by the local gov-
ernments is believed to be a strong enabling factor in the devel-
opment and evolution of clusters. Compared to the spatial clus-
tering, the reconfiguration of socio-spatial embeddedness has
received much less attention. Although profound changes have
been engendered in energy infrastructures and the built environ-
ment nationwide, to our surprise, these transformations are sel-
dom documented in energy transition studies. This is especially
the case when it comes to people’s consumption culture and
social practices, which is an indispensable aspect of energy tran-
sitions, whereas it can be easily taken for granted. Therefore, this
study tries to bring together scattered evidence available in extant
literature as well as various internet sources in an attempt to draw
a rough sketch of continuous reconfigurations of local socio-
spatial arrangements in China. It is hoped that this research can
act as a catalyst to encourage more in-depth research from this
socio-spatial perspective, so as to reach a more concrete under-
standing of current wave of energy transitions in China.

As noted by Bridge et al. (2013), how and to what degree
certain energy is embedded in local contexts exhibits wide
geographical variations [5]. We also observe substantial spa-
tial disparities in the development of renewable energies in
China that exist between different regions. In the national
planning for the development of solar and wind power, the
whole nation is divided into six regions (North, South,
Central, East, Northwest, and Northeast). In general, the three
northern regions (North, Northwest, and Northeast) are rich in
renewable energy resources; as such, they mainly play the role
of resource supply areas. While the Central, East, and South
regions are rich in financial and human resources, and they are
more likely to foster industry clustering and upgrading. As
pointed out by Dong et al. (2016), this regional disparity is a
unique feature in China, compared with other developed
countries [21].

As argued above, the spatial dimension is an important
facet of energy transitions. However, there are very rare em-
pirical studies researching renewable energy transitions in
China from this perspective. In light of this, we propose two
avenues for future research. Firstly, following the observation
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of different clustering patterns (bottom-up and top-down) of
renewable energy industry, future studies should explore why
these clustering patterns emerge in a certain region but not in
another, how these clusters evolve, and what implications
these cases of clustering have for other regions in China or
other latecomer countries. Secondly, future research should
pay more attention to the reconfiguration of socio-spatial ar-
rangements that is induced by the embeddedness of renewable
energy into certain places. More specifically, in-depth analysis
is needed in uncovering how renewable energy application
and popularization shape socio-spatial arrangements in eco-
nomic, physical, social and cultural aspects, such as energy
infrastructure, the built environment, social practices, and con-
sumption culture.
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