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Abstract. “New quality productive forces” constitute a strategic lever for achieving leapfrog advances in
China’s productive capacity. Spatial planning should proactively guide the spatial deployment of renewable
energy production, particularly wind and solar power, and use energy as a medium through which new
quality productive forces can emerge. This paper examines the relationships among productive forces,
energy, and space. It argues that renewable energy is a foundational condition for the development of new
quality productive forces: historically, qualitative transformations in productivity have repeatedly been
accompanied by changes in dominant energy forms. Energy transitions also reshape patterns of land-surface
use. Wind and solar power overturn the spatial logic of conventional energy systems and give rise to a new
form of land use—“spatial energy production”—that both redefines spatial value and challenges existing
systems of land use. On this basis, the paper develops a “productive forces—energy—space” analytical
framework. Territorial spatial planning bears an important responsibility for managing energy resources
embedded across China’s entire territory; however, planning concepts and instruments rooted in the fossil-
fuel era are increasingly ill-suited to renewable-energy development. It is therefore necessary to return to
the fundamental relationship between energy production and space and to innovate spatial concepts,
analytical methods, planning tools, and implementation mechanisms.
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The world is undergoing changes unseen in a century, and the global order is being profoundly
reconfigured. China has adopted “new quality productive forces” as a strategic means of gaining an
advantage in comprehensive international competition while promoting productivity upgrading and high-
quality development. In recent years, forms of new quality productive forces represented by artificial
intelligence, intelligent electric vehicles, and robotics have rapidly entered production and everyday life,
driving major advances in science, technology, and the economy. Against this backdrop of accelerated
technological change, the role of spatial planning—and the contribution it should make—has become a
central concern for both the discipline and the wider profession [1]. Although spatial planning is broadly
connected to many fields, its direct object is not technology itself but the external environment in which
technology develops and operates. As information science led by artificial intelligence increasingly focuses
on virtual-space expansion, spatial planning may appear to be drifting away from the technological frontier.

In fact, the opposite is true. Physical and virtual space are acquiring a new connection through energy.
Emerging energy systems represented by wind and solar power are integrating productive forces, energy,
and space into an organic whole and are creating a new pathway through which spatial planning can support
productivity growth. As early as 2005, Shen Qingji [2] argued that urban planning had an important role in
renewable-energy development. More recently, scholars of energy geography and sustainability transitions
have further confirmed the theoretical importance of “space” to “energy transition.” Matthew Huber [3],



Gavin Bridge, and others [4] have all argued that space and land should be placed at the core of any theory
of energy transition. Geographers have examined energy, space, power, security, and justice from multiple
theoretical perspectives [5-6]. Researchers in architecture and urban planning have explored the
relationships between urban form—individual buildings, building groups, and entire cities—and renewable-
energy production [7-8], while others have focused on how spatial planning should respond to climate
change [9]. Yet comparatively little research has examined how spatial planning should respond from the
combined perspective of energy and space.

As the world’s largest promoter of renewable-energy transition, China has recently established territorial
spatial planning as a new and powerful spatial governance instrument [10-11]. How is this instrument
related to the ongoing energy transition and the development of new quality productive forces? What role
can it play? Reflecting on these questions is important to the construction of a modern Chinese planning
theory [12]. Many scholars have already examined the broad and varied relationships between new quality
productive forces and spatial planning [13]. Taking energy as the mediating variable, this paper focuses on
two sets of relationships—productive forces and energy, and energy and land-surface use—develops a
“productive forces—energy—space” analytical framework, and clarifies the role, current limitations, and
future directions of territorial spatial planning in renewable-energy transition.

1 “New Quality Productive Forces” and “Renewable Energy”

1.1 Conceptual clarification: the relationship between “productive forces” and “energy”

“Productive forces” are generally defined as humanity’s capacity to transform and use nature, whereas
“energy” is commonly understood as the “capacity to perform work,” applicable across human societies and
their interactions with the natural environment [14]. Both concepts describe an abstract capacity for human
practice and therefore share closely related meanings. In the 1960s, Soviet astronomer Nikolai Kardashev
[15] treated energy as the foundation of the productive development of all civilizations and proposed an
index based on the capacity to use energy—the Kardashev scale@—to measure the level of civilizational
advancement. When the historical relationship between technological revolutions and energy is taken into
account [16], energy may even be understood as a concrete and quantifiable expression of productive
capacity.

Growth in the total scale of energy use is an important indicator of social productivity and is closely
related to the material prosperity of ordinary people. A middle-class household in a twenty-first-century
American suburb may consume energy at an average power level of 30 kW in everyday life, equivalent to the
combined work output of 6,000 strong slaves owned by an aristocrat in the Roman Empire [17]. This
comparison shows how large-scale modern energy supply allows ordinary people to enjoy living standards
far beyond those of ancient elites@. Likewise, China’s per-capita energy consumption reached 4,053 kg of
standard coal in 2023, 43.6 times the 1953 level of 93 kg. This is one of the most direct expressions of China’s
rapid modernization of productivity. In this sense, every major leap in productivity has rested on an energy
revolution. Although “high energy consumption” is commonly used negatively today, historical experience
repeatedly shows that advanced productive tools often entail greater energy use: advanced productivity is
supported by high energy consumption.

1.2 Historical experience: “new quality productive forces” rest on “new energy”

Today, “new quality productive forces” is used as a specific term referring to an advanced form of
productivity in which innovation plays the leading role, traditional modes of economic growth and
established development paths are transcended, and high technology, high efficiency, and high quality
accord with the new development philosophy [18]. Historically, however, “new” is always relative to “old,”
and new quality productive forces are therefore strongly conditioned by their era. The history of human
productivity is an iterative process in which each era’s “new” productive forces displace the “old.” The



widespread adoption of the steam engine in the nineteenth century and the diffusion of internal-combustion
engines and electrical systems in the twentieth century were both processes through which new productive
forces replaced old ones. Coal and petroleum@, respectively, emerged as the “new energy” forms of those
eras and were adopted on a large scale [19].

From antiquity to the present, population growth and the pursuit of higher living standards have
expanded the scale of energy demand and repeatedly generated new energy forms. Since the eighteenth-
century Industrial Revolution, successive waves of coal, petroleum, natural gas, and other “new” energy
sources have increased the total amount of energy available to humanity from 5,653 TWh@ to 168,779
TWh [20]—an increase of two orders of magnitude. None of the major collective achievements of human
history in agriculture, engineering, industry, or warfare could have been realized without effective energy
capture, use, management, and innovation. From the perspective of historical materialism, the development
of new quality productive forces objectively creates pressure to expand energy production, while new
energy forms provide the firm foundation on which such forces can grow. To some extent, a new energy
form is itself a form of new quality productive force.

1.3 Contemporary contradiction: the growth of new quality productive forces is creating an “energy crisis”

Contemporary systems of production are deeply bound to fossil fuels. Intensive fossil-energy use is
embedded in almost every social system of modern life, including products, culture, spatial landscapes, and
legal institutions [21]. During the Industrial Revolution, fossil fuels appeared as “new energy.” Owing to the
thermodynamic advantage of their extremely high energy density, they rapidly dismantled the agricultural
social order that had been dominated for millennia by traditional biomass [22]. In The Communist Manifesto,
Karl Marx and Friedrich Engels [23] observed that the bourgeoisie had created, within a brief modern period,
productive forces exceeding those of all previous generations combined—a transformation supported by the
immense material power of fossil fuels. Some scholars have treated fossil-energy use as a foundational
condition of the capitalist mode of production and have even coined the term “fossil capitalism” [24]. Yet the
environmental externalities of widespread and unrestrained fossil-fuel use—carbon emissions and spatial
pollution—are approaching the upper limits of the Earth’s ecological capacity. Low-carbon development is
becoming a global trend, while the ceiling of fossil-energy expansion has effectively been fixed and can no
longer support exponential growth in future energy use.

At the same time, new technologies represented by artificial intelligence are accelerating the
development of new quality productive forces. The evolution of large Al models depends on exponential
growth in computing power and data processing, which in turn produces exponential increases in energy use
[25]. Research projects that by 2030 global computing capacity may rise by another two orders of magnitude,
reaching 5.6 x 10% floating-point operations per second and consuming an estimated 44.8-67.2 trillion kWh
of electricity [26]. This rapidly increasing demand has generated widespread concern. As Elon Musk, founder
of Tesla, has argued, the rapid development of artificial intelligence is creating an energy crisis [27]. In
January 2025, China’s highly prominent DeepSeek model rapidly entered industries worldwide, enabling new
quality productive forces while further raising expectations for computing-related energy demand. The
structural conflict between exponentially rising energy demand and the rigid supply ceiling of fossil fuels is
therefore becoming increasingly visible.

Wind and solar power are emerging, in both theory and practice, as major solutions to the contradiction
between new quality productive forces and the existing energy system. Nearly every part of the Earth’s
surface receives intense solar radiation every day, and the total renewable energy available at the surface
vastly exceeds current demand—and any plausible future demand. The solar energy reaching the Earth each
year is roughly 10,000 times current human fossil-energy use. Wind and solar are widely regarded as the
most promising and feasible means of capturing this vast land-surface energy in the foreseeable future [28].
Their development will also generate a profound transformation in how humanity uses the Earth’s surface.
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Figure 1. Schematic representation of the dialectical relationship between the development of “productive
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forces” and “energy”

2 “Renewable Energy” and “New” Forms of Land-Surface Use

Hﬂ

2.1 Energy and land-surface use: energy transition is also a transition in land-surface use

Over the long history of human civilization, diverse energy forms have emerged—including biomass (food

and firewood), fossil fuels (coal, petroleum, and natural gas), and contemporary renewable energy

(photovoltaic, solar-thermal, and wind power). Each has generated a fundamentally different logic of land-

surface use (Table 1). In agrarian societies dominated by biomass, its low spatial power density@ meant

that energy production depended on securing more—and more productive—farmland so that plants could

capture greater quantities of solar energy through photosynthesis. That energy, in turn, supported additional

human and animal labor to meet the productive and subsistence needs of both states and individuals [29].

Land-surface resources were therefore central to energy production and became the most important

measure of political power and wealth [30].



Table 1. Spatial characteristics associated with three major energy systems and their modes of energy production [31]

Characteristic

Principal historical period
System category

Main energy forms

Mechanism of energy formation

Principal motive power

Spatial power density of principal energy
carriers (W/m?)

Consumption of spatial resources in
energy production

lllustrative relative land requirement for
producing an equivalent amount of
energy

Logic of expanding energy production

Pressure of energy production on land-
surface use

Spatial implications

Biomass energy

Before approximately 1800 CE
Land-surface energy system

Food and firewood

Surface vegetation captures solar energy

through photosynthesis
Human and animal muscle
0.03-0.18

Very high

40 x 40 grid

Expand the area of land-surface use to
produce as much energy as possible

High

Large areas are tied to energy production,

strongly constraining land available for
other functions

Fossil energy

Approximately 1800 CE to the present
Subsurface energy system

Coal, petroleum, natural gas, etc.

Ancient biomass deposits are transformed
through geological and geochemical
processes over tens of millions of years

Steam engines, internal-combustion
engines, etc.

135-500

Low

1x1grid

Invest in technology to extract subsurface
energy more efficiently

Low

Only limited surface space is used for
production and transport, leaving
substantial land available for other human
activities

Renewable energy

From the present onward
Land-surface energy system
Wind and solar energy

Wind and solar facilities directly or
indirectly capture solar-derived energy at
the Earth’s surface

Electric motors and information
processing

1-8
Relatively high

8 x 8 grid

Expand the area of land-surface use to
capture and produce as much energy as
possible

Relatively high

Large areas are used for energy
production, creating substantial pressure
on space required for other activities

Note: The illustrative land requirements are calculated using representative spatial power densities of 0.08 W/m? for biomass, 135 W/m? for fossil energy, and 6 W/m? for

renewable energy.



With the advent of industrial society, energy production shifted toward the exploration of larger and
higher-quality subsurface mineral deposits and the construction of reliable trade routes capable of
transporting energy efficiently to consumption centers around the world—primarily cities [32]. Because
fossil fuels have high spatial power densities, energy production moved from the surface underground. Vast
areas of land were no longer rigidly tied to energy production, providing the spatial basis for the rise of large
cities and continuous urban regions [33]. Without the fundamental change in land-surface use brought
about by the fossil-energy transition, the landscapes now taken for granted in modern society could not
have emerged.

Modern cities and rural areas can therefore be understood as products of the fossil-energy transition that
began more than two centuries ago [34]. The rise of wind and solar power is now transforming land-surface
space once again into a primary carrier of energy production and is beginning to consume spatial resources
on a large scale (Figure 2). Energy transition concerns not only technological forms but also “the social
structures through which energy is acquired and managed,” of which space is a crucial component [35]. An
energy transition is never merely technological; it is a broad and profound transformation of human society
and, critically, of the ways in which space is used [36].
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Figure 2. Relationship between energy transition and the transformation of land-surface use

2.2 New spatial demands of renewable energy: an energy-production system requiring extensive land-
surface resources

The widespread adoption of wind and solar power marks a gradual departure from fossil energy extracted
underground and a turn toward the direct use of natural energy generated by solar radiation at the Earth’s
surface. Unlike the extremely uneven global distribution of fossil fuels, wind and solar resources are broadly
distributed, widely accessible, and nearly universal. The “energy power” historically created by uneven fossil-
resource distribution will therefore be weakened as renewable energy expands, potentially enabling a more
equitable global energy geography [37]. In theory, renewable-energy development could produce a
decentralized and distributed global supply system in which energy producers can no longer monopolize
control over supply [38].



At the same time, wind and solar power have relatively low spatial power densities, generally only 1-6
W/m?—two to three orders of magnitude lower than those of conventional fossil energy. Producing the
same amount of energy therefore requires far more land-surface space. Vaclav Smil [39] has shown that a
renewable-energy transition would consume enormous portions of a country’s territory. The resulting
landscapes will not resemble the picturesque image of small windmills and photovoltaic panels beside
streams. Rather, renewable transition constitutes a pervasive form of spatial-industrial engineering
unfolding throughout the principal spaces of human activity worldwide. Large-scale transition will require
immense land areas, construction materials, labor, and capital, as well as the reconfiguration of socio-spatial
relations [40]. Expansive energy landscapes will appear offshore and across fields, cities, Gobi regions,
deserts, and hills (Figure 3). This is already a widespread phenomenon across China, Europe, the United
States, and many other territories.

Compared with fossil fuels, renewable energy is clearly land-intensive. In theoretical terms, this shift gives
much of the Earth’s surface—formerly treated primarily as space for energy consumption—the potential to
become space for energy production [41].
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Figure 3. Typical photovoltaic energy-production cases that “consume substantial spatial resources”

2.3 A new dimension of land-surface development: “spatial energy production” challenges established
patterns of spatial-resource use

Current land-surface use is a complex practical system organized around agriculture, residence, industry,
commerce, transport, and ecology and carries multiple dimensions of economic, social, and aesthetic value.
This system is powered by energy minerals formed underground through geological and geochemical
processes over tens of millions of years. As Gavin Bridge [42] observes, energy materials are extracted from
underground “holes” and brought to the surface as flows; mines, oil pumps, and gas valves serve as
gateways between two worlds governed by fundamentally different spatial and temporal processes.
Underground lies a world of “natural production” beyond direct human control, while the surface is a world
produced by society. Once fossil energy is extracted, land-surface space primarily performs a transport
function for “energy flows.” These infrastructures are generally linear, spatially limited, and flexible in
alignment, and remain instrumental to the economic, social, and ecological values of the surface [43]. Within
a fossil-energy system, continuous and stable urban and rural energy supply can usually be maintained as
long as these linear corridors remain secure and reliable.

The rapid diffusion of renewable-energy production introduces an entirely new dimension of land-surface
development: spatial energy production. Space is no longer merely the background to energy activity but
becomes a core element that directly participates in production; extensive areas of the Earth’s surface



acquire the potential to produce energy. Since the Industrial Revolution, spatial planning disciplines—
including urban-rural planning and land-use planning—have sought to coordinate economic, social,
ecological, and other values in the development of land-surface space, particularly in cities and rural areas,
for the broader welfare of society. Renewable-energy production enables spaces previously considered
difficult to exploit as resources to become energy-production sites, thereby challenging existing modes of
spatial-resource use. The addition of “energy production” as a new variable in land-use systems will create
new spatial conflicts and new demands for coordinated development.

Photovoltaic production provides a clear example. In practical terms, it resembles agriculture: both
depend on exposure to sunlight. Its most direct requirement is the capture and occupation of solar radiation
across a defined spatial area. Yet sunlight is a fundamental natural element in human living and production
environments, supporting illumination, daylighting, sterilization and health, photosynthesis, and other
spatial practices. Under the law of conservation of energy, when the sunlight received by a surface is
converted into commercial energy, its other functions within that same space will necessarily be weakened
or eliminated, potentially impairing the original use of the site.

Although the renewable-energy transition remains at an early stage, conflicts between land-surface
energy production and existing land-use systems are already widespread. They include the occupation of
farmland by renewable-energy facilities [44], spatial injustice produced by “green grabbing” [45], conflicts
between energy infrastructure and cultural landscapes [46], and tensions between renewable-energy
installations and the intensive use of industrial land (Figure 4). These early manifestations indicate that the
emergence of spatial energy production is already disrupting conventional concepts and institutions of land-
surface use.
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Figure 4. Schematic representation and illustrative cases of altered land-use pathways under “spatial energy
production”

Note: (1) Energy-production land within the industrial sites shown here refers to ground-mounted
photovoltaic facilities rather than the less controversial rooftop photovoltaic systems. (2) Case 1 is located in
Yangzhong; Case 2 in Suzhou Industrial Park; and Case 3 in Nantong Economic and Technological
Development Area.



3 The Role, Limitations, and Evolution of Territorial Spatial Planning within the “Productive Forces—
Energy—Space” Framework

3.1 Formation of the “productive forces—energy-space” framework

With the rapid development of renewable energy, “productive forces” and “space” are becoming
increasingly interconnected through energy. The preceding discussion reveals a concise logic within the
development of new quality productive forces. First, their growth requires greater energy support,
stimulating the emergence of more diverse energy sources and higher conversion efficiencies and thereby
accelerating renewable-energy production in practice. Second, renewable energy depends on capturing
energy distributed across the Earth’s surface. Its rapid expansion therefore requires both a greater supply of
spatial resources and more efficient use of space, directly challenging existing patterns of land-surface use.
Under this logic, spatial-resource supply and utilization become key foundations for the development of new
quality productive forces. This relationship can be summarized in the principle “space is energy, and energy
is productive capacity,” which forms the basis of the “productive forces—energy—space” analytical framework
(Figure 5).

Within this framework, space is the foundation of energy, and energy is the foundation of productive
capacity. The relationship among the three, however, is not simply linear. This paper does not endorse either
“energy determinism” or its possible extension into “spatial determinism.” From the perspective of historical
materialism, the widespread use of fossil fuels did not directly determine the specific technical forms of the
steam engine or internal-combustion engine. Likewise, large-scale renewable-energy production will not
directly determine the precise forms taken by artificial intelligence, robotics, or brain-computer interfaces.
Nevertheless, abundant energy supply resembles the fertile soil of a tropical rainforest: it provides the
foundation from which many “towering trees” can emerge and grow.

Historical experience shows that the development of any new quality productive force is contingent and
uncertain. Effective planning and management of land-surface resources, however, can build a reliable and
continuously expanding energy-supply base and thereby create a stable social foundation for the
development of new quality productive forces. If China were able to increase its energy-production capacity
by one order of magnitude, it would provide fertile ground for the emergence of diverse new productive
forces and constitute a major strategic advantage in international competition. The creation of this
foundation depends on how society understands and uses land-surface space, which gives territorial spatial
planning a crucial role in the framework.
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Figure 5. Schematic representation of the “productive forces—energy—space” framework based on renewable
energy

3.2 Territorial spatial planning within the “productive forces—energy-space” framework

3.2.1 Planning function: managing vast “spatial-energy” assets through territorial governance

China has initially established a territorial spatial planning system that extends vertically through all
administrative levels and horizontally across the full range of spatial categories. In principle, this provides a
practical framework for planning, coordinating, and governing the entire national territory [47-48]. Under
the principle that “space is energy, and energy is productive capacity,” territorial spatial planning bears
responsibility for managing the natural energy resources embedded across China’s 9.6 million km? of land
surface and therefore has an important influence on the energy foundation of new quality productive forces.

A preliminary estimate indicates that the solar-radiation resource contained within China’s territorial
surface amounts to approximately 5.2 x 10?2 J annually@—more than 300 times China’s total energy
consumption in 2022, which was approximately 1.6 x 10%° J. The emergence of renewable energy thus adds
an energy-production dimension to the mountains, rivers, forests, farmland, lakes, grasslands, seas, and
cities governed through territorial spatial planning.

In most other functional spaces managed by territorial spatial planning—residential, industrial, and
commercial areas, for example—space serves as the carrier rather than the substance of the relevant activity,
and planning intervention is therefore largely indirect. In renewable-energy production, by contrast, energy
comes from the extensive land surface itself; space is an intrinsic component of the productive activity.
Planning intervention is consequently more direct and can significantly affect the pace and form of China’s
renewable-energy transition and, by extension, the foundation on which new quality productive forces
develop.
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3.2.2 Current limitation: spatial tools formed in the fossil-energy era do not match renewable-energy
requirements

The establishment of territorial spatial planning creates the possibility of managing renewable-energy
resources at the national scale. In practice, some regions have already used territorial spatial planning to
coordinate conflicts between renewable-energy production and conventional functional space. China’s
natural-resource authorities, for example, have issued several rounds of land-management guidance in
response to the occupation of farmland by renewable-energy facilities [49]. At a deeper level, however,
these conflicts arise because the “old” instruments and concepts of current territorial spatial planning
cannot effectively understand or govern new phenomena.

To avoid conflict with established surface functions, renewable-energy development has so far
concentrated on rooftop photovoltaics, photovoltaic facilities in deserts and Gobi regions, and nearshore or
offshore wind power—using spaces traditionally regarded as having little productive value. These forms have
generated substantial benefits, but the range of resource use remains limited and still falls far short of
comprehensive development of energy embedded across the full land surface.

At the level of fundamental spatial concepts, the current cognitive framework of territorial spatial
planning remains rooted in the static spatial paradigm of classical physics, which simplifies space as a three-
dimensional linear container defined by length, width, and height. Instruments such as use regulation and
project lists essentially operate as “permit—prohibit” mechanisms governing the occupation of three-
dimensional space@. Renewable-energy production, however, treats space itself as an intrinsic part of the
productive process. Solar-energy capture depends on two-dimensional planar surfaces defined by length and
width [50], whereas wind-energy capture depends on the fluid space created by moving air.

Given these differences, planning instruments inherited from the fossil-energy paradigm can neither
establish appropriate performance evaluations for renewable-energy land use nor effectively guide the
allocation of spatial factors. If traditional spatial concepts remain unchanged, even immense energy assets
will be difficult to use effectively or convert into material productive capacity.

3.2.3 Evolutionary direction: upgrading and creating spatial tools for renewable-energy development

Planning must return to the fundamental relationship between energy production and space and
recognize, at the epistemological level, the different spatial concepts associated with renewable and fossil
energy. Focusing on the capture of sunlight and moving air, it is necessary to develop new cognitive,
analytical, and practical methods capable of coordinating renewable-energy production with other land-
surface functions.

First, planning should establish a comprehensive conception of energy. The normal functioning of
contemporary cities depends not only on fossil-energy supply but also on the direct contribution of
abundant natural energy to daylighting, heating, sterilization and health, ventilation, and photosynthesis.
According to the law of conservation of energy, converting natural energy into commercial energy inevitably
weakens or removes its original functions. This is particularly important for sunlight: planners must
determine which solar-energy functions are “essential” to urban operations, which are “nonessential,” and
which represent “waste,” in order to identify which natural energy flows may appropriately be converted
into energy production.

Second, spatial planning should establish analytical methods linking space and energy. For solar energy,
this requires mapping light projection onto land-surface space and constructing evaluation models for the
scale and efficiency of solar-energy use. For wind energy, analysis should focus on the spatial externalities of
wind-energy development, including noise, disturbance to animal communities, and resistance arising from
cultural-landscape impacts.

Third, planning should strengthen the governance of three-dimensional space and upgrade its toolkit.
Conventional instruments—including floor-area ratio, green-space ratio, height limits, and building density—
should be improved. At the same time, new concepts and instruments should be created specifically for
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renewable-energy systems in order to increase the efficiency of spatial energy production and reduce
conflicts with other land-surface functions.

Fourth, an innovative property-rights system for energy space is required. Photovoltaic production
captures energy through a series of two-dimensional surface areas. Existing property-rights arrangements
should therefore be extended beyond conventional land and building ownership to establish spatial rights
specifically designed for energy production.

4 Conclusions and Discussion

New quality productive forces are a strategic means by which China can seize the initiative in global
competition, achieve leapfrog improvements in national productivity, and promote high-quality
development. Spatial planning should respond to the direction of the times by actively supporting wind- and
solar-energy development, participating in the new energy revolution, and strengthening the energy
foundation required by new quality productive forces.

This paper integrates productive forces, energy, and space within a unified analytical framework. First, it
identifies renewable energy as a foundational condition for the development of new quality productive
forces. Historically, qualitative shifts in productivity have usually been preceded or accompanied by
innovation in energy forms; today, the supply ceiling of fossil energy has become a systemic constraint on
further productivity growth. Second, energy revolution is fundamentally a revolution in land-surface use.
Wind and solar development overturns the spatial logic of conventional energy systems and gives much of
the Earth’s surface—previously understood primarily as space of energy consumption—the potential to
become space of energy production. This creates a new form of land use, “spatial energy production,” which
generates new value while challenging established systems of spatial use. Energy transition is therefore not
merely a change in energy technology but a broad and profound transformation of human society and of the
fundamental ways in which space is used.

Finally, the paper develops a “productive forces—energy—space” framework and argues that effective
planning and management of land-surface resources should create a reliable and expanding energy-supply
foundation for new quality productive forces. Territorial spatial planning should bear significant
responsibility for managing the immense spatial-energy resources embedded across the entire national
territory. Yet planning concepts and instruments formed within the fossil-energy system cannot adequately
evaluate or guide the development of renewable-energy forms. Territorial spatial planning must therefore
return to the fundamental relationship between energy production and space and upgrade both its
conceptual foundations and practical instruments by: (1) establishing a comprehensive conception of energy;
(2) developing analytical methods linking space and energy; (3) strengthening three-dimensional spatial
governance and upgrading planning instruments; and (4) innovating systems of spatial property rights for
energy production.

Planetary-scale renewable-energy use once belonged largely to science fiction. Rapid technological
development and broad social participation are now making it a practical reality, and the futurist
transformation of land-surface use associated with renewable energy is already unfolding. Historical
experience, however, shows that energy and spatial transitions are never completed overnight; they are
large historical processes that may extend over decades or even a century [51]. China should therefore use
the “productive forces—energy—space” framework as soon as possible to pursue an order-of-magnitude
increase in energy-production capacity, create new spatial concepts and planning tools, guide the
transformation of territorial spatial planning, and advance spatial practice oriented toward renewable-
energy development.

Notes

@ The Kardashev index is calculated as K = (logioP - 6) / 10, where K is a civilization’s Kardashev index and P
is the amount of power it uses. On this basis, civilizations are divided into Types |, Il, and Ill. A Type |
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civilization can harness all renewable energy available on its planet, including solar, wind, and hydropower; a
Type Il civilization can harness energy on the scale of a star; and a Type lll civilization can harness energy on
the scale of a galaxy. Humanity is currently estimated to be a Type 0.73 civilization.

@ This comparison considers only the total amount of work performed and does not account for energy
quality. If energy quality were included, the difference between the life of an ordinary modern person and
that of an ancient aristocrat would be even greater.

@ In the nineteenth century, coal was a new energy source relative to traditional biomass such as food and
firewood; in the twentieth century, petroleum was a new energy source relative to coal.

@ TWh denotes terawatt-hours and is equivalent to 10° kWh.

@ Spatial power density refers to the amount of energy produced per unit of land-surface area in energy-
production practice, measured in W/m?2. A higher spatial power density generally means that less spatial
resource is required to produce a given amount of energy, whereas a lower density requires more space.

@ The solar-radiation energy contained within China’s territory is estimated using E =S x H, where E is total
annual solar-radiation energy, S is China’s territorial area (9.6 million km?), and H is the average annual
global horizontal irradiation across China (1,493.4 kWh/m?). This simplified estimate is not precise, but it
indicates the order of magnitude of spatial energy embedded in the national territory.

@ Although use regulation may appear to govern a two-dimensional land surface, in practice it also
incorporates height-related indicators such as floor-area ratio and height limits and therefore constitutes a
form of three-dimensional spatial governance.
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