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Abstract: Since the Industrial Revolution, a new era has arisen called the Anthropocene, in which
human actions have become the main driver of global environmental change outside the stable
environmental state of the Holocene. During the Holocene, environmental change occurred naturally,
and the Earth’s regulatory capacity maintained the conditions that enabled human development.
Resource overexploitation of the industrial “Anthropocene”, under the principle of profit maximiza-
tion, has led to planetary ecological crises, such as overloaded carbon sinks and climate changes,
vanishing species, degraded ecosystems, and insufficient natural resources. Agro-based society,
in which almost all demands of humans can be supported by agriculture, is characterized by life
production. The substitution of Agro-based society for a post-industrial society is an evolutionary
result of social movement, it is an internal requirement of a sustainable society for breaking through
the resource constraint of economic growth. The core feature of agriculture is to use organisms as
production objects and rely on life processes to achieve production goals. The substitution of Agro-
based society for a post-industrial society is the precondition for a sustainable carbon cycle, breaking
through the resource limits of the industrial “Anthropocene”, alleviating the environmental pressure
of economic development, and promoting society from increasing disorderly entropy to orderly
decreasing entropy. Meanwhile, technological advancements and growing environmental awareness
of society make it feasible for the substitution of an agro-based society for a post-industrial society.

Keywords: agro-based society; industrial “Anthropocene”; economic growth paradigm

1. Introduction

In 2008, the New Economics Foundation proposed “a paradigm shift from the general
and unlimited pursuit of economic growth to a concept of “right-sizing”, as a clear-sighted
and inspiring vision of the 2008’s Green New Deal (Barbier 2009), which suggested that the
creation of economic prosperity was not senselessly decoupled from environmental issues
(Mauerhofer 2019; Spash 2012). It has been proven that production with only a minor
environmental impact seems technically and economically feasible in most cases (Martinez-
Alier and Naredo 1982); furthermore, techno-optimists have proposed a transition to
renewables as complementary paths out of the crisis to minimize the environmental impact
of growth by overlooking the possibility of climate change and other problems of cost
and implementation (Jonsson 2015). No matter the pro-growth-man or anti-growth-man
(Solow 1973), “we have lived with a deep-seated belief that life will get better, that one
should hope for abundance, and work toward obtaining it” (Rolston 2017, p. 51).

Despite the previous work noted above, behind this obvious but difficult question lies
an even thornier one: what exactly is the alternative to economic growth? The objective
of this paper aims to answer the question if and how a process of economic growth can
materialize from within a new agro-based society with the help of bio-based technologies.
So far, these sociological insights and ideas have been remarkably absent from the scien-
tific discussion about the agro-based society after the post-industrial society through the
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abandonment of capitalism and the establishment of a sustainable economy. This paper
consists of four parts. After a brief introduction, the resource limits of the affluent industrial
“Anthropocene” are discussed in Section 1, which provides the theoretical backbone for
the claims made in this article; Section 2 outlines the logical basis for the substitution of
an agro-based society for an industrial society; Sections 3 and 4 outline the necessity and
feasibility of the substitution of an agro-based society for an industrial society, respectively.
We believe that it is unlikely that material use will be reduced if the economy grows within
the classical paradigm of capitalism, a shift in the growth paradigm is required to ensure
the feasibility of a social transformation.

2. Resource Constraint over Economic Growth of Affluent Industrial “Anthropocene”
2.1. Harmonious Agricultural Holocene with Prosperous Human Civilizations

More than two million years ago, humans began to emerge in many parts of the
world. In the Olduvai Gorge in Tanzania, archaeologists discovered stone tools, animal
remains, and sites where shacks might have been built. It is believed to be the earliest
activity of ancestors as we know. At this stage of a hunter-gathering society, human beings
primarily depended on hunting, fishing, and picking for their livelihoods, this stage was
the “original affluent society” because all human material desired at this moment could
be “easily satisfied” (Stirling and Sahlins 1975). “Before the advent of agriculture about
10,000–12,000 years ago, humans lived in small groups as hunter-gatherers” (Steffen et al.
2007, p. 614). In fact, a hunter-gathering society is closely related to poverty rather than
abundance because nature’s native feeding capacity is quite limited. The human hunting-
gathering income is not only limited in species but also unguaranteed in quantity. On most
of the days, the old ancestors were fighting to obtain enough energy to sustain their lives.

Ancestors all over the world began to enter into the primitive agricultural society
after a long period of collection, fishing, and hunting as human beings became familiar
with the habits of some animals and plants and then began to domesticate and breed
animals and plants (Diamond 2016). Broadly defined as the cultivation and breeding
of animals and crops, “agriculture appears to have originated at least 15,000 years ago,
with the domestication of pigs in Mesopotamia where rice was cultivated by humans in
China as far back as 13,500 years ago; sorghum was domesticated in Africa 7000 years
ago, and maize was grown 6000 years ago in Mesonamerica. Food surpluses were a
result of farming domesticated species, and this empowered the development of human
civilization” (Rhodes 2017, p. 82). The concomitant domestication of plants during the
early to mid-Holocene led to agriculture(Steffen et al. 2007). The planet’s environment has
been unusually stable for the past 10,000 years (Rockström et al. 2009), this stable period is
known as the Holocene in which prosperous human civilizations arise, develop, and thrive.
Without pressure from humans, the Holocene is expected to continue for at least several
thousand years (Berger and Loutre 2002).

Agricultural development fundamentally changed human society and greatly acceler-
ated the pace of social evolution, however, its spread throughout the world is still slow.
The development of an agricultural society is a landmark moment in human history as
human beings evolved from food collectors to food producers. Without agriculture, there
would be no human civilization (Claessen and Skalník 1978). Meanwhile, it was a fallacy
that preagricultural humans lived in idyllic harmony with their environment. A rather
different picture has indicated the wide-spread human impact on the environment through
predation and the modification of landscapes (Pyne 1997). There is no doubt that the do-
mestication of animals exerted a profound impact on fauna (Leach 2003). Early agricultural
development around the mid Holocene fundamentally affected the functioning of the Earth
System (Ruddiman 2003); the clearing of forests for agriculture about 8000 years ago and
the irrigation of rice about 5000 years ago led to increases in atmospheric carbon dioxide
(CO2) and methane (CH4) concentrations (Lambin and Geist 2006). It is undoubted that
“the human imprint on environment may have been discernible at local, regional, and even
continental scales, but preindustrial humans did not have the technological or organiza-
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tional capability to match or dominate the great forces of nature.” It is believed that the
advent of agriculture remains an intriguing but unproven beginning of the “Anthropocene”
(Steffen et al. 2007, p. 614).

2.2. Environmental Crises and Resource Overexploitation Arising from Industrial “Anthropocene”

The entry of mankind into an industrial society is a great leap in human history. Since
the Industrial Revolution, a new era has arisen as the “Anthropocene” (Rockström et al.
2009), in which human actions have become the main driver of global environmental
change outside the stable environmental state of the Holocene. Although both its scientific
legitimacy and broader social meaning are still infant, the concept of the “Anthropocene”
has attracted public and scholarly recognition recently (Jonsson 2015); the “Anthropocene”
is a popular concept and an umbrella term for the understanding of environmental crises
(Thornton and Thornton 2015).

The industrial revolution was first proposed in the monograph of The Condition of the
Working Class in England as early as in 1845 by Engels; it was only widely accepted with
the publishing of The Lecture Collection of Industrial Revolution of British Toynbee in 1884.
It is a far-reaching economic transition from the agricultural economy, characterized by
its low productivity and stagnant growth to the Industrial Revolution with developed
productivity and continuous growth. In the pursuit of a harvest of wealth and prosperity,
mankind’s production modes were fundamentally changed by machine production and
factory systems. With the coordination of systems and rules, machinery application pushed
by fossil fuels released production capacity. This industrial capital paradigm of the “Great
Transformation” swept the world like a whirlwind (Polanyi 1957).

As the first industrial society, Britain was the richest and most powerful country in
the world. During the century of the 19th century, the production of raw coal in Britain
increased by 20 times, the production of pig iron increased by 30 times, and the import of
raw cotton increased by 30 times (Briggs 1987). With the increase in productivity, a huge
amount of wealth was created associated with earth-shaking changes in social politics,
economies, culture, and technologies. After the Industrial Revolution, the types of products
produced and consumed increased from less than 1000 to nearly 10 billion. According to
the statistics in October 2017, there were 598 million products sold on Amazon.com alone
(Zhang 2018). In less than three centuries, the industrial society has achieved great success;
at the same time, it is also facing severe crises, such as resource shortages, environment
degradation, and unsustainable development.

3. The Logical Basis for the Substitution of Agro-Based Society for Industrial Society
3.1. The Result of Social Movement under the Law of Negation of Negation

Schrödinger (1944) pointed out that a living organism not only need energy but also
low entropy, which it sucks from the environment and degrades into high entropy (waste).
This continuous flow of low entropy maintains the biological body in good order and also
supports all activities of the organism. During the Holocene, environmental change oc-
curred naturally, and the Earth’s regulatory capacity maintained the conditions that enabled
human development. In addition to the Industrial Revolution, largely because of a rapidly
growing reliance on fossil fuels and industrialized forms of agriculture, human activities
have reached a level that could damage the systems that keep the Earth in the desirable
Holocene state. The result could be irreversible and, in some cases, abrupt environmental
change, leading to a state less conducive to human development (Steffen et al. 2011).

In view of the unsustainability of the industrial society, people are actively exploring
future social forms. Kant took the law of negation of negation as a form of constructing the
transcendental category structure, thus creatively introducing it into the field of thinking.
Kant (1980) believes that the self-unification of negation is the basis of all these provisions.
However, here, the first negation, that is, the general negation, of course, must be distin-
guished from the second negation, that is, the negation of the negation; the latter is the
specific absolute negativity, while the former is only abstract negativity. Hegel fully agrees
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with Kant’s thinking and believes that the negation of the negation is developed in three
stages, they are the topic, the anti-theme, and the combined topic. The instinct of the great
(dialectics) concept makes Kant say: the first category is yes, the second category is the
negation of the first category, and the third category is the synthesis of the first two.

The core feature of agriculture is to use organisms as production objects and rely on
life processes to achieve production goals. In an agro-based society, social production is
dominated with modern agriculture, and the living materials needed by human beings
are all or mainly based on the social form provided by agricultural products (Han and
Xia 2018). An agro-based society inherits the advantages of an agricultural society and
an industrial society; it is not the simple sublimation of their contents. In this process,
subversive changes have taken place in production methods, and human needs can be
fully satisfied by agriculture with breakthrough advancement over technologies and pro-
ductivities. In particular, the development of life science and biotechnology employed by
modern agriculture has far exceeded the imagination of traditional farmers. In the future,
the products produced by agriculture may satisfy most or even all diversified humanity
demand. With the big achievement of technologies, “over the past several decades’ rapid
advances in transport, energy, agriculture, and other sectors have led to a trend of dema-
terialization in several advanced economies. The amount and value of economic activity
continue to grow but the amount of physical material flowing through the economy does
not” (Steffen et al. 2007, p. 619).

The significance of the Entropy Law in understanding the economic process has long
been maintained by Georgescu-Roegen (1971, 1975). Economic processes are nonreversible.
The economic process with biological systems that are entropy-reducing contribute together
with their environment to the inevitable rise in the entropy of the universe (English 1975).
The entropy argument was fundamentally flawed, and the limits to growth have not gone
without a challenge (Young 1983). “Sooner or later, the productivity of oil will rise out
of sight, because the production and consumption of oil will eventually dwindle toward
zero, but real GNP will not. So there really is no reason why we should not think of
the productivity of natural resources as increasing more or less exponentially over time”
(Solow 1973, p. 45). There are further technological opportunities because worldwide
energy use is equivalent to only 0.05% of the solar radiation reaching the continents (Haberl
2006). Technology must play a strong role in reducing the pressure on the Earth System.

3.2. The Internal Requirement for Breaking through Growth Limits of Industrial “Anthropocene”

The industrial society has created a miracle of economic growth, ignoring the erosion
of the environment and resources in the industrial society. The industrial society has
developed to this day, and its advantages in economic growth are being weakened. The
“Anthropocene”, proposed by Crutzen and Stoermer (2000), supposed that we are now
living in a new geological epoch of the age of humans “at around AD 1800 or the beginning
of the Industrial Revolution” (Knight and Messer 2012, p. 371). According to the second
law of thermodynamics, a closed thermodynamic system is what exchanges no matter
and no energy with its environment (Georgescu-Roegen 1976). Therefore, “matter is
subject to irrevocable dissipation just as available energy is continuously transformed into
unavailable energy” (Smith and Smith 1996, p. 310). Even a world with zero population
growth and a steady state economy at current consumption levels is not sustainable in
perpetuity (Georgescu-Roegen 1976) because resource exhaustion in a finite period is
evitable because nonrenewable resources tend to irretrievably dissipate.

In recent years, the world economy is facing the threat of a new mediocre era that has
maintained low growth for a long time. What Lakatos (1970) has called a research program,
the paradigm of degrowth tries to expose the impossibility of exponential economic growth
in a finite world and to outline alternative trajectories for social development as a rational
cognition that the productive economy of industrial society is approaching the Earth’s
carrying limit. This is not a new idea, Malthus first proposed the limits to growth and was
criticized primarily because of his simple mathematical laws of assumed population and
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resources grow. In his Essay on Population in 1798, Thomas Malthus drew a conclusion that
geometric growth populations would grow faster than the food supply, which increases at
an arithmetic rate, and would eventually be limited by famine, war, and pestilence. It was
during the mid to late 1970s that the word décroissance, the French word for degrowth, was
first mentioned in the work of Nicholas Georgescu-Roegen. He proposed that even a world
with zero population growth and a steady state economy at current consumption levels
was not sustainable in perpetuity because nonrenewable resources tended to irretrievably
dissipate (Georgescu-Roegen 1975).

As the ability of the human beings to transform the planetary environment has reached
an unprecedented scale and magnitude in the past few decades (Jonsson 2015), the de-
velopment of an industrial civilization has approached its limits (Rockström 2009). This
has pushed scholars to think about the “Anthropocene” age with scarce ecological space
(McAfee 2016). Although it was not utilized as an activist slogan until after 2000 (Whitehead
2013), the financial and economic turmoil recently on top of the ever-present environmental
problems has invigorated doubts about the deep-seated anthropocenic idea that pros-
perity depends on economic growth. Before the fundamental adjustment of the growth
paradigm, the degrowth trend is inevitable (Garcia 2012). The ultimate aim of degrowth is
the so-called ‘steady state economy’ (Daly 1991). The idea of degrowth sounds simple and
means to halt or slow down economic growth in order to bring economies back within an
ecological limit (Rockström et al. 2009).

Due to the radical consequences of cancelling out economic growth, degrowth raises
questions about its practical feasibility (Foster and Magdoff 2010). Therefore, where should
the society go? An agro-based society is an inevitable substitution for an industrial society.
The industrial economy has come to the “tech plateau” where the air is thin, and the global
economy has entered and will continue to be in an era of “Great Stagnation”. An agro-
based society is a breakthrough in the inability of the industrial society to sustain its own
contradictions. This fundamental adjustment of social production methods will inevitably
lead to a fundamental improvement in the growth paradigm. Under this background,
various economic sectors and the economy will be reconstructed. Resources will usher in a
reorganization so that the entire social economy will usher in new growth opportunities.
Instead of mechanical forces to complete production tasks, agro-based production methods
have four main characteristics: one is to use biological processes as much as possible; the
second is to make full use of bioenergy instead of fossil energy; the third is to replace
various minerals with biological materials; and the fourth is the production process, that is,
the metabolic process. Waste can be decomposed in the second metabolism, which is an
environmentally-friendly production method. Therefore, the substitution of an agro-based
society for an industrial society provides a profound basis for the sustainable development
of human economic society.

4. The Necessity of the Substitution of Agro-Based Society for the Post-Industrial Society
4.1. The Inherent Requirement for a Sustainable Carbon Cycle

Before the Industrial Revolution, the concentration of carbon dioxide in the atmo-
sphere was about 275 ppm, and thereafter it increased year by year. The concentrations of
CH4 and nitrous oxide (N2O) resulting from the global-scale industrial transformation had
risen by 1950 to about 1250 and 288 ppbv, respectively, noticeably above their preindustrial
values of about 850 and 272 ppbv (Blunier et al. 1993; Machida et al. 1995). By 1950, the
atmospheric CO2 concentration had pushed above 300 ppmv, above its preindustrial value
of 270–275 ppmv (Etheridge et al. 1996). This coincided with the beginning of the industrial
era in the 1800–1850 period when “nearly three-quarters of the anthropogenically driven
rise in CO2 concentration has occurred since 1950 (from about 310 to 380 ppm), and about
half of the total rise (48 ppm) has occurred in just the last 30 years” (Steffen et al. 2007, p. 618).

By the 1950s, it had reached 315 ppm; in April 2014, it exceeded 400 ppm for the first
time, and it exceeded 410 ppm in April 2017. The average concentration reached 414.7 ppm
in May 2019, which was an unprecedented high level in human history and the highest
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in millions of years. With the exception of a few scientists, mankind as a whole does not
pay enough attention to this issue. The latest Intergovernmental Panel on Climate Change
assessment report described the public’s response as “business-as-usual”, which is the
worst case. If we continue “business-as-usual”, this amount will reach 1370 ppm in 2100
and 2000 ppm in 2250. The continuous increase in carbon dioxide concentrations will
cause environmental disasters, and a series of catastrophes caused by global warming will
directly endanger the survival of mankind.

The main source of carbon emissions is fossil fuels extensively used by industrial
society. Reducing the use of fossil fuels is the most effective measure to reduce carbon
emissions, and the biological capture of carbon dioxide in the air is the most feasible
measure for carbon neutrality. Life on Earth is carbon-based, and the agricultural-based
production process is the natural carbon cycle process. Organisms combine CO2 and water
to form hydrocarbons through photosynthesis. In this process, solar energy is stored in the
chemical compounds. Substituting biomass for fossil fuels not only meets human energy
needs, but also realizes the carbon cycle. In 2000, nearly 10 million tonnes of renewable
liquid fuels were produced using biological methods in the world (Xing and Liu 2007).
In 2018, the total global primary energy consumption was 13.865 billion tonnes of oil
equivalent, and the newly produced biomass exceeded 170 billion tonnes each year, which
was converted into 85 billion tonnes of standard coal or 60 billion tonnes of oil equivalent
(Yan et al. 2009). Considering that, there is considerable room for unused technological
advancement of biomass production, which in theory can fully meet human energy needs.
In addition to biomass, biophotovoltaic and biohydrogen production will also be very
useful in carbon sequestration.

4.2. The Inherent Requirement for Breaking through the Bottleneck of Resource Shortage

All biological and social economic activities depend on the availability of resources.
“As is well known, Ricardo assumed land to be of differential quality and variable supply
with diminishing returns proceeding more or less continuously at the intensive and the
extensive margins simultaneously” (Young 1983, p. 82). More importantly, industrial
society is built on the basis of massive consumption of resources. Since the Industrial
Revolution, the consumption level of global resources, especially nonrenewable mineral
resources, has risen sharply. “Industrial societies as a rule use four or five times as much
energy as did agrarian ones, which in turn used three or four times as much as did hunting
and gathering societies” (Steffen et al. 2007, p. 616). Compared with the infinite of human
beings, the limited stock of mineral resources on the Earth can only be considered a drop
in the bucket. From the perspective of static recoverable reserves, major global resources
will be exhausted in a few decades without further technological breakthroughs.

“Closed systems exchange energy but no matter with their environment” (Smith and
Smith 1996, p. 313). According to the Entropy Law, the degradation of the resource base,
the transformation of useful matter and energy into unavailable matter and energy is a
unidirectional and irrevocable process. “Therefore, entropy may be seen as the ultimate
physical basis of scarcity. The inability to reuse matter and energy in conjunction with
finite sources of matter and energy implies the existence of a physical barrier to maintain
an economic system in a stationary state” (Young 1983, p. 85). In recent years, shortages
of raw materials have occurred from time to time, even extremely abundant sands are
in short supply. The United Nations Environment Programme issued a special issue of
Sand, Scarce Than You Think in 2014. Unless we make fundamental changes to the existing
production methods, the shortage of raw materials will become more and more serious. The
production of an agro-based society is mainly realized through the life process. Therefore,
as long as the environment where life is located has not undergone major catastrophes,
production will be sustainable.
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4.3. The Inherent Requirement for Alleviating the Environmental Pressure of Economic Development

Nature has attracted a huge amount of attention over the past four decades due
to the worries over planetary ecological crises, such as overloaded carbon sinks and
climate changes, vanishing species, degraded ecosystems, and insufficient natural resources
(McAfee 2016). One of the hallmarks of productivity development is a significant increase
in waste production. Solid waste management has emerged as a major challenge to
environmental management all over the world, especially in the urban areas of developing
countries (Al-Khatib et al. 2010; Jin et al. 2006; Zhang et al. 2010). According to statistics
from the book of Urban Domestic Waste-Past and Present, a Parisian threw away an average
of 200 grams of garbage every day in 1872. In 1922, the figure was 700 grams, and in 1994,
it was as high as 1600 grams (Tang et al. 2012). Since Leo Hendrik Baekeland invented and
successfully registered patents for phenolic plastics in 1907, the plastics industry began
to develop rapidly. In 1950, two million tonnes of plastics were produced globally, and in
2015 this increased to 400 million tonnes. So far, humans have produced a total of more
than nine billion tonnes of various plastics, of which more than seven billion tonnes have
completely become waste. According to The 2014 UNEP Yearbook and Valuing Plastic, the
damage posed by plastic waste materials on marine life is estimated to be USD 13 billion
annually (UNEP Yearbook 2014). According to current trends, there will be approximately
12 billion tonnes of plastic waste in the world by 2050. It is estimated that by 2025, for
every kilogram of marine fish in the ocean, there will be 330 grams of plastic in the area
where it lives, and by 2050, the weight of plastic will exceed the weight of marine fish.
The composition of electronic waste is complex. Lead in soldering joints and resistors,
cadmium in semiconductors, mercury in printed circuit boards (PCBs), chromium in metal
plating, nickel or lithium in batteries, and beryllium in motherboards, etc., are harmful
to groundwater, soil, and air and cause serious pollution. The 2017 E-waste Report issued
by the International Telecommunication Union (ITU) pointed out that in 2016, a total
of 44.7 million metric tonnes of e-waste was generated globally, and it will increase to
52.2 million metric tonnes in 2021 (Baldé et al. 2017).

An agro-based society also produces waste, but it is mainly the result of biological
metabolism. The composition of these wastes is relatively simple, and basically they can
be degraded in the natural environment and reused by other organisms. In addition,
agricultural or biological methods have higher efficiency and more thorough effects in
the treatment of existing environmental pollution, and wetlands are typical in this regard.
Nowadays, the use of genetically recombined microorganisms to decompose some toxic
industrial wastes and the use of biofilms to treat wastewater have achieved commercial
success. In contrast, the use of physical and chemical methods to control pollution has
not only limited treatment effects but also its own possibility of generating new sources
of pollution.

4.4. The Approach for Promoting Society from Increasing Disorderly to Orderly Decreasing Entropy

“Perhaps no other law occupies a position in science as singular as that of the Entropy
Law. It is the only natural law which recognizes that even the material universe is subject
to an irreversible qualitative change, to an evolutionary process” (Georgescu-Roegen 1975,
p. 352). According to Arthur Eddington, the law that entropy always increases—the second
law of thermodynamics—holds, which has played an important role in justification for the
idea that economies have limits to growth (Smith and Smith 1996). If entropy is an index of
the amount of available energy relative to the absolute temperature of the corresponding
isolated system (Georgescu-Roegen 1986), all of these considerations are closely tied in with
the concepts of order/disorder, and of entropy. Surprisingly perhaps, even information
content can be defined in terms of order/disorder and therefore of entropy (Lovejoy 1996).

According to Clausius, an isolated system can exchange neither energy nor matter
with its outside environment. In 1850, German physicist Rudolph Clausius discovered
that it is impossible to transfer heat from a low-temperature object to a high-temperature
object without causing other changes. If this direction is reversed, it needs to consume
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energy or cause other changes. This is the famous second law of thermodynamics. On
the basis of this theory, Clausius created the word entropy. Entropy is a basic parameter
that characterizes the state of matter, and its physical meaning is a measure of the degree
of chaos in a system. Within closed systems, entropy should be maximized and disorder
should reign (Schrödinger 1944). When the entropy reaches its maximum value, the entire
system reaches the most disorderly equilibrium.

The energy of the universe is constant. Therefore, the entropy of the universe tends to
a maximum (Georgescu-Roegen 1986). For a closed system, its entropy must increase over
time. If entropy is regarded as an index of the amount of unavailable energy in a given
thermodynamic system at a given moment of its evolution, “the entropy of a closed system
continuously increases toward a maximum”, “life seems to evade the entropic degradation
to which inert matter is subject” (Georgescu-Roegen 1975, pp. 351, 353). “The origin of life
should not be seen as an isolated event. Rather, it represents the emergence of yet another
class of processes whose goal is the dissipation of thermodynamic gradients” (Schneider
and Kay 1994, p. 37). Living systems are characterized to increase access to energy sources,
and/or increase the efficiency of currently employed energy transformation processes
(Georgescu-Roegen 1971; Schneider and Kay 1994; Buensdorf 2000). In the spatially open
systems, plants and forests are subject to two opposing gradients: the thermodynamic
degradation gradient and the incoming solar radiation gradient. Solar radiation provides
the energy necessary for these systems to oppose thermodynamic degradation. “Life is an
emergent phenomena created by the constant influx of solar radiation which maintains
living systems in a non-equilibrium state” (Raine et al. 2006, p. 357).

Since the Entropy Law is about energy, it can be extended to matter only by analogy,
“negetropy can be imported as the earth imports energy from the sun” (Young 1991, p. 178).
Agricultural production is also a process of entropy reduction. “Some organisms slow
down the entropic degradation. Green plants store part of the solar radiation”, “all other
organisms, on the contrary, speed up the march of entropy. Man occupies the highest
position on this scale, and this is all that environmental issues are about” (Georgescu-
Roegen 1975, p. 353). In 1943, Schrödinger said in a speech, “all things in nature tend to
change from order to disorder, that is, entropy increases. Life needs to constantly offset the
positive entropy generated in its life to maintain itself at a stable and low level of entropy.
Life is based on negative entropy.” In the following year, Schrödinger elaborated his theory
in “What is Life”, which played a leading role in the development of modern biology
marked by DNA. Scientists generally believe that life phenomena are highly ordered, and
life reduces its internal entropy. Prigogine (1969) regards life form as a dissipative structure,
an open system far from equilibrium, which can exchange matter and energy with the
outside world, thereby making it possible to realize the original disorder to order. The
process of state evolution can maintain this process by dissipating matter and energy.

Establishing a dissipative structure can effectively avoid entropy death. Without
life, the Earth will still fall into an endless loop of entropy increase. Humans move more
Earth and produce more reactive nitrogen than all other terrestrial processes combined
(Galloway 2004). “The crux of the argument revolves around the treatment of material
resources. This is because the entropy law as a physical principle applies only in a closed
system and then only to energy. However, since the earth is an open system with respect
to energy any inevitable entropic decay or dissipation in the earth which sets a long-run
physical limit on economic activity must occur for matter, not for energy” (Young 1991,
p. 169). On the Earth as an open system, agricultural activities can “exchange both energy
and matter with the environment” (Smith and Smith 1996, p. 312). Agriculture plays an
important role from the perspective of entropy reduction.

5. The Feasibility of Substitution of an Agro-Based Society for an Industrial Society
5.1. Technological Basis for the Substitution of Agro-Based Society for Industrial Society

Economic systems are highly evolved ecosystems that have harnessed a new substrate
knowledge that enables them to extend their organized complexity and, correspondingly,
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their dissipative potential (Miller 1999; Potts 2003). In addition to the many opportunities
for energy conservation, numerous technologies are available now or under development to
replace fossil fuels (Rahmstorf et al. 2007). Although all thermodynamic laws, unlike most
other natural laws, express an impossibility (Georgescu-Roegen 1986), the technosphere
could supersede the biosphere in the future (Rolston 2017, p. 45). Proponents of the Entropy
Law as a physical constraint on economic growth must show that it applies to matter as
well as energy. Technological powers have been escalated a lot.

The advancement of science and technology has made the production methods and
final products of modern agriculture greatly different from those of traditional agriculture.
Since the 1950s, the scientific community has gradually deepened the research on cells
and the genes that control the genetic characteristics of cells. Gene recombination and cell
fusion technologies can more effectively allow organisms to produce substances needed
by humans, thereby enabling agriculture and its products. There are more possibilities.
New varieties and new technologies continue to emerge, new operating methods and new
application areas are subverting traditional agriculture. New technologies have enabled
modern agriculture to not only produce more and more types of food with more and more
nutrients but also to meet human needs in all fields as much as possible. In the future,
agriculture will provide most of the energy needed by the whole society, provide as many
materials as possible for industrial production, and, at the same time, create a cleaner and
sustainable environment for us.

New and different technologies are promoting the progress of agriculture, especially
the life sciences and biotechnology. Bill Gates thought as early as 1996 that “biotechnology
will change the world like computer software.” With the help of biotechnology, farmers
in the future will produce most of the items and raw materials needed by mankind in the
field, such as rice, vegetables, fruit, meat, and even fuels, medicines, building materials,
sensors, chips, etc. At present, all countries attach great importance to the development
of biotechnology, and some developed countries and emerging economies have issued
corresponding policies to make strategic arrangements for this. In 2012, the United States
released the National Bioeconomy Blueprint for the United States Supporting the Bioeconomy.
The European Union listed in Innovation to Achieve Sustainable Growth: Bioeconomy in Europe
genetically modified crops, forestry, fisheries, biopharmaceuticals, and new molecular
entities, biomarkers, and genetic testing as well as key areas such as biofuels, biochemicals,
industrial enzymes for raw material production, biosensors, bioremediation, resource
extraction, and biorefining; in 2014, the OECD determined the structure of the biological
industry. The three main subindustries are biomedicine, bioagriculture, and bioindustry
(Bai et al. 2020).

As a science of artifacts, “the capacity to produce has been augmented by the capacity
for information transfer” (Rolston 2017, p. 50). The rapid development of biotechnology in
recent years has attracted widespread attention from the whole society, and, at the same
time, provides more possibilities for agriculture. there were 40 Nobel Prizes in Chemistry
related to the life sciences in 1901–2001, accounting for more than one third (Ren et al. 2012).
There were eight Nobel Prizes in Chemistry from 2002 to 2016 related to the life sciences,
accounting for more than one half. The year 2018 was the year of biotechnology, and eight
scientists were awarded three natural science prizes, four of which were related to the
development of biotechnology. The new crown epidemic in 2020 has further provided
a catalyst for the development of biotechnology. More and more people believe that the
21st century is the century of biotechnology, and the achievements of biotechnology are
changing the state of agriculture and promoting social progress.

5.2. Environmental Basis for the Substitution of Agro-Based Society for Industrial Society

The idea of degrowth is to keep economic growth within ecological limits (Boonstra
and Joose 2013). The postmaterialist value change is inadequate for explaining global
environmentalism (Brechin and Kempton 1994; Dunlap and Mertig 1997). Although
improved technology is essential for mitigating global change, it may not be enough on its
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own; changes in societal values and individual behavior will likely be necessary (Fischer
et al. 2007). “Technology changes the future, but so do ideas. Ideas drive technology, and
also drive the values that we choose to carry from past through the present, conserving
or reforming them for the future. We are at a hinge point in our history, reevaluating
how we value nature and human nature” (Rolston 2017, p. 42). “Whether we accept it
or not, human beings now shoulder the responsibility of planetary management; once
the planet was larger than us, but it no longer is” (Thompson 2009, p. 97). Celebrated
in an Ecomodernist Manifesto, a dozen and a half international environmental leaders
have advocated “an ecologically vibrant planet” (Asafu-Adjaye et al. 2015, p. 31). Surely
this modern humanism will treasure ecosystem services. However, these ecomodernists
anticipate what they call decoupling. By this account, we need to be increasingly high tech
to save nature (Steffen et al. 2015).

Rockström (2009) argues that there are nine planetary systems on which humans
depend. These can be seen by an analysis of chemical pollution, climate change, ocean
acidification, stratospheric ozone depletion, biogeochemical nitrogen-phosphorus cycles,
global freshwater use, changing land use, biodiversity loss, and atmospheric aerosol load-
ing. Since the Industrial Revolution, in three of these systems the boundaries have already
been exceeded: biodiversity loss, climate change, and the nitrogen cycle” (Rockström 2009;
Rolston 2017, p. 47). By examining the “rational man” and “value-neutral measurement”
theories of neoclassical economics from different perspectives, scholars have a new under-
standing of the anthropocentrism tendency and the paranoia of rational measurement, and
they believe that the analysis of the “cost-benefit” should be given new variables in the
development of economics in the future (Bryant 2008). The overall environmental factor
cannot be ignored in the economic decision making of human beings to maximize the
benefits. In 1987, Ye used the concept of ecological civilization for the first time. From
the perspective of ecological philosophy, he pointed out that ecological civilization means
that mankind benefits both nature and man. It protects nature while transforming nature
and maintains a harmonious and unified relationship between man and nature (Ye 1987).
With the frequent occurrence of environmental problems in the later stages of industrial
society, the ecological awareness of the whole society has been significantly improved.
To pursue a better and quality life, environmental ethics is promoted by a large number
of people. “Ecological modernization theory posits that advanced industrial nations can
foster environmental improvements and economic sustainability through adjustments in
production and consumption habits” (Walker 2007, p. 294). “What we call ‘saving the Earth’
will, in practice, require creating and re-creating it again and again for as long as humans
inhabit it” (Shellenberger and Nordhaus 2011, p. 61).

6. Conclusions

As humans have entered into “Anthropocene”, the negative impact of humans on the
environment has been unprecedented. Sustainable development has been proven to be the
only way of human society without feasible paths. An agro-based society, in which almost
all demands of humans can be supported by agriculture, will be an inevitable, necessary
and feasible option of the society after industrial society. An agro-based society is a
thorough abandonment of capitalism with a shift in growth mode based on a foundation of
technology, and society will ensure the feasibility of social transformation. The substitution
of an agro-based society for an industrial society is an evolutionary result of negation of
negation as an internal requirement of sustainable society for breaking through resource
limits of economic growth. Meanwhile, the substitution of an agro-based society for
industrial society is the inherent requirement for a sustainable carbon cycle, a feasible
alternative mode for breaking through the resource shortage of social development, for
alleviating the environmental pressure of social development, and promoting society from
increasing disorderly entropy to orderly decreasing entropy. Meanwhile, the substation
is a feasible option because society has established the technological basis and social
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foundation of environmental awareness for an agricultural-based society to replace an
industrial society.

Author Contributions: Conceptualization and methodology, H.H.; formal analysis, S.X. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was funded by the National Natural Science Foundation of China, grant number
72073119.

Conflicts of Interest: The authors declare no conflict of interest.

References
Al-Khatib, Issam A., Maria Monou, Abdul Salam F. Abu Zahra, Hafez Q. Shaheen, and Despo Kassinos. 2010. Solid waste characteri-

zation, quantification and management practices in developing countries. A case study: Nablus district–Palestine. Journal of
Environmental Management 91: 1131–38. [CrossRef]

Asafu-Adjaye, John, Linus Blomqvistl, Stewart Brand, Barry Brook, Ruth Defries, Erle Ellis, Christopher Foreman, David Keith, Martin
Lewis, Mark Lynas, and et al. 2015. An Ecomodernist Manifesto. Available online: http://www.ecomodernism.org/manifesto
(accessed on 1 March 2017).

Bai, Jingyu, Xiaofeng Lin, and Junqi Ding. 2020. The development status of my country’s biological industry and policy recommenda-
tions. Bulletin of the Chinese Academy of Sciences 35: 1053–60. (In Chinese)

Baldé, Cornelis P., Vanessa Forti, Vanessa Gray, Ruediger Kuehr, and Paul Stegmann. 2017. The Global E-waste Monitor—2017: Quantities,
Flows and Resources. Bonn/Geneva/Vienna: United Nations University (UNU), International Telecommunication Union (ITU) &
International Solid Waste Association (ISWA).

Barbier, Edward B. 2009. Rethinking the Economic Recovery: A Global Green New Deal. Report Prepared for the Economics and Trade
Branch, Division of Technology, Industry and Economics, United Nations Environment Programme. Geneva. April. Available
online: http://www.unep.org/greeneconomy/portals/30/docs/GGND-Report-April2009.pdf (accessed on 29 April 2009).

Berger, André, and Marie-France Loutre. 2002. An exceptionally long interglacial ahead? Science 297: 1287–88. [CrossRef] [PubMed]
Blunier, T., J. A. Chappellaz, Jo Schwander, J.-M. Barnola, T. Desperts, B. Stauffer, and D. Raynaud. 1993. Atmospheric methane, record

from a Greenland ice core over the last 1000 year. Geophysical Research Letters 20: 2219–22. [CrossRef]
Boonstra, Wiebren J., and Sofie Joose. 2013. The social dynamics of degrowth. Environmental Values 22: 171–89. [CrossRef]
Brechin, Steven R., and Willett Kempton. 1994. Global environmentalism: A challenge to the postmaterialism thesis? Social Science

Quarterly 75: 245–69.
Briggs, Asa. 1987. A Social History of England. London: Penguin Books, pp. 217–18.
Bryant, John. 2008. The Rmodynamics and the Economic Process. Vocat International Ltd.: pp. 78–105.
Buensdorf, Guido. 2000. Self-organization and sustainability: Energetic of evolution and the implications for ecological economics.

Ecological Economics 33: 119–34. [CrossRef]
Claessen, Henri J. M., and Peter Skalník. 1978. The Early State. Hague: Mouton Publisher.
Crutzen, Paul J., and Eugene F. Stoermer. 2000. The ‘Anthropocene’. Global Change Newsletter 41: 17–18.
Daly, Herman E. 1991. Steady-State Economics. Washington, DC: Island Press.
Diamond, Jared M. 2016. Guns, Germs and Steel: The Fate of Human Society. Translated by Yanguang Xie. Shanghai: Shanghai Translation

Publishing House. (In Chinese)
Dunlap, Riley E., and Angela G. Mertig. 1997. Global environmental concern: An anomaly for postmaterialism. Social Science Quarterly

78: 24–29.
English, J. Morley. 1975. A Review of “The Entropy Law and the Economic Process”. By Nicholas Georgescu-Roegen. Harvard University

Press, 1971. The Engineering Economist 20: 226–27. [CrossRef]
Etheridge, D. M., L. P. Steele, R. L. Langenfelds, R. J. Francey, J. M. Barnola, and V. I. Morgan. 1996. Natural and anthropogenic changes

in atmospheric CO2 over the last 1000 years from air in Antarctic ice and firn. Journal of Geophysical Research: Atmospheres 101:
4115–28. [CrossRef]

Fischer, Joern, Adrian D. Manning, Will Steffen, Deborah B. Rose, Katherine Daniell, Adam Felton, Stephen Garnett, Ben Gilna, Rob
Heinsohn, David B. Lindenmayer, and et al. 2007. Mind the sustainabihty gap. Trends in Ecology & Evolution 22: 621–24.

Foster, John Bellamy, and Fred Magdoff. 2010. What every environmentalist needs to know about capitalism. Monthly Review 61: 1–30.
Galloway, James N. 2004. The Global Nitrogen Cycle. In Treatise on Geochemistry. Edited by Heinrich D. Holland and Karl K. Turekian.

Oxford: Elsevier-Pergamon, vol. 8.
Garcia, E. 2012. Degrowth, the Past, the Future, and the Human Nature. Futures 44: 546–52. [CrossRef]
Georgescu-Roegen, Nicholas. 1971. The Entropy Law and the Economic Process. Cambridge: Harvard University Press. [CrossRef]
Georgescu-Roegen, Nicholas. 1975. Energy and Economic Myths. Southern Economic Journal 41: 347–81. [CrossRef]
Georgescu-Roegen, Nicholas. 1976. The entropy law and the economic problem. In Energy and Economic Myths: Institutional and

Analytical Essays. New York: Pergamon Press, pp. 53–60.
Georgescu-Roegen, Nicholas. 1986. The Entropy Law and the Economic Process in Retrospect. Eastern Economic Journal 12: 3–25.

http://doi.org/10.1016/j.jenvman.2010.01.003
http://www.ecomodernism.org/manifesto
http://www.unep.org/greeneconomy/portals/30/docs/GGND-Report-April2009.pdf
http://doi.org/10.1126/science.1076120
http://www.ncbi.nlm.nih.gov/pubmed/12193773
http://doi.org/10.1029/93GL02414
http://doi.org/10.3197/096327113X13581561725158
http://doi.org/10.1016/S0921-8009(99)00133-0
http://doi.org/10.1080/00137917508965146
http://doi.org/10.1029/95JD03410
http://doi.org/10.1016/j.futures.2012.03.015
http://doi.org/10.4159/harvard.9780674281653
http://doi.org/10.2307/1056148


Soc. Sci. 2021, 10, 455 12 of 13

Haberl, Helmut. 2006. The energetic metabolism of the European Union and the United States, decadal energy inputs with an emphasis
on biomass. Journal of Industrial Ecology 10: 151–71. [CrossRef]

Han, Hongyun, and Sheng Xia. 2018. On the Deepening of China’s Agricultural Capital. Hangzhou: Zhejiang University Press, December.
(In Chinese)

Jin, Jianjun, Zhishi Wang, and Shenghong Ran. 2006. Solid waste management in Macao: Practices and challenges. Waste Management
26: 1045–51. [CrossRef]

Jonsson, Fredrik Albritton. 2015. Anthropocene Blues: Abundance, Energy, Limits. In RCC Perspectives. No. 2, The Imagination of
Limits: Exploring Scarcity and Abundance. Munich: Rachel Carson Center, pp. 55–64.

Kant, Immanuel. 1980. Critique of Pure Reason. Beijing: The Commercial Press. (In Chinese)
Knight, Kyle W., and Benjamin L. Messer. 2012. Environmental Concern in Cross-National Perspective: The Effects of Affluence,

Environmental Degradation, and World Society. Social Science Quarterly 93: 521–37. [CrossRef]
Lakatos, Imre. 1970. History of science and its rational reconstructions. In PAS: Proceedings of the Biennial Meeting of Philosophy of Science

Association. Dordrecht: Reidel Publishing, vol. 1970, pp. 91–136.
Lambin, Eric F., and Helmut J. Geist, eds. 2006. Land-Use and Land-Cover Change Local Processes and Global Impacts. The IGBP Global

Change Series; Berlin, Heidelberg and New York: Springer, p. 222.
Leach, Helen M. 2003. Human domestication reconsidered. Current Anthropology 44: 349–68. [CrossRef]
Lovejoy, Derek. 1996. Limits to Growth? Science & Society 60: 266–78.
Machida, T., T. Nakazawa, Y. Fujii, S. Aoki, and O. Watanabe. 1995. Increase in the atmospheric nitrous oxide concentration during the

last 250 years. Geophysical Research Letters 22: 2921–24. [CrossRef]
Martinez-Alier, Juan, and José Manuel Naredo. 1982. A Marxist Precursor of Energy Economics: Podolinsky. The Journal of Peasant

Studies 9: 207–24. [CrossRef]
Mauerhofer, Volker. 2019. Legal institutions and ecological economics: Their common contribution for achieving a sustainable

development. Ecological Economics 156: 350–35. [CrossRef]
McAfee, Kathleen. 2016. The Politics of Nature in the Anthropocene. In RCC Perspectives. No. 2, Whose Anthropocene? Revisiting

Dipesh Chakrabarty’s “Four Theses”. Munich: Rachel Carson Center, pp. 65–72.
Miller, Geoffrey F. 1999. Waste is good. Prospect 2: 18–23.
Polanyi, Karl. 1957. The Great Transformation. Boston: Beacon Press, vol. 6.
Potts, Jason. 2003. Toward an evolutionary theory of homoeconomicus: The concept of universal nomadism. In The Entropy Law and the

Economic Process. Edited by N. Georgescu-Roegen. Harvard: Harvard University Press.
Prigogine, Ilya. 1969. Structure, Dissipation and Life. In Theoretical Physics and Biology. Versailles: North-Holland Publ. Company,

Amsterdam.
Pyne, Stephen J. 1997. World Fire the Culture of Fire on Earth. Seattle: University of Washington Press, 379p.
Rahmstorf, Stefan, Anny Cazenave, John A. Church, James E. Hansen, Ralph F. Keeling, David E. Parker, and Richard C. J. Somerville.

2007. Recent climate observations compared to projections. Science 316: 709. [CrossRef] [PubMed]
Raine, Alan, John Foster, and Jason Potts. 2006. The new entropy law and the economic process. Ecological Complexity 3: 354–60.

[CrossRef]
Ren, Yangang, Xiuhua Li, and Yuqi Song. 2012. The contribution of chemistry and physical technology to the development of life

sciences viewed from the Nobel Prize. Bulletin of Biology 47: 59–62. (In Chinese)
Rhodes, Christopher J. 2017. The imperative for regenerative agriculture. Science Progress 100: 80–129. [CrossRef]
Rockström, Johan. 2009. A Safe Operating Space for Humanity. Nature 461: 472–75. [CrossRef]
Rockström, Johan, Will Steffen, Kevin Noone, Åsa Persson, F. Stuart Chapin III, Eric Lambin, Timothy M. Lenton, Marten Scheffer, Carl

Folke, Hans Joachim Schellnhuber, and et al. 2009. Planetary Boundaries: Exploring the Safe Operating Space for Humanity.
Ecology and Society 14: 32. [CrossRef]

Rolston, Holmes, III. 2017. Technology and/or Nature: Denatured/Renatured/Engineered/Artifacted Life? Ethics and the Environment
22: 41–62. [CrossRef]

Ruddiman, William F. 2003. The anthropogenic greenhouse era began thousands of years ago. Climat Chang 61: 261–93. [CrossRef]
Schneider, Eric D., and James J. Kay. 1994. Life as a manifestation of the second law of thermodynamics. Mathematical and Computer

Modelling 19: 25–48. [CrossRef]
Schrödinger, Erwin. 1944. What Is Life? Cambridge University Press.
Shellenberger, Michael, and Ted Nordhaus. 2011. Evolve: A Case for Modernization as the Road to Salvation. Orion 30: 60–65.
Smith, Claire Elizabeth, and Joseph Wayne Smith. 1996. Economics, Ecology and Entropy: The Second Law of Thermodynamics and

the Limits to Growth. Population and Environment 17: 309–21. [CrossRef]
Solow, Robert M. 1973. Is the End of the World at Hand? Challenge 16: 39–50. [CrossRef]
Spash, Clive L. 2012. Towards the Integration of Social, Economic and Ecological Knowledge. SRE-Discussion Papers 2012/04. Vienna:

University of Economics and Business.
Steffen, Will, Jacques Grinevald, Paul Crutzen, and John McNeill. 2011. The Anthropocene: Conceptual and historical perspectives.

Philosophical Transactions: Mathematical, Physical and Engineering Sciences 369: 842–67. [CrossRef] [PubMed]
Steffen, Will, Wendy Broadgate, Lisa Deutsch, Owen Gaffney, and Cornelia Ludwig. 2015. The Trajectory of the Anthropocene: The

Great Acceleration. The Anthropocene Review 2: 81–89. [CrossRef]

http://doi.org/10.1162/jiec.2006.10.4.151
http://doi.org/10.1016/j.wasman.2005.08.006
http://doi.org/10.1111/j.1540-6237.2012.00846.x
http://doi.org/10.1086/368119
http://doi.org/10.1029/95GL02822
http://doi.org/10.1080/03066158208438162
http://doi.org/10.1016/j.ecolecon.2018.09.023
http://doi.org/10.1126/science.1136843
http://www.ncbi.nlm.nih.gov/pubmed/17272686
http://doi.org/10.1016/j.ecocom.2007.02.009
http://doi.org/10.3184/003685017X14876775256165
http://doi.org/10.1038/461472a
http://doi.org/10.5751/ES-03180-140232
http://doi.org/10.2979/ethicsenviro.22.1.03
http://doi.org/10.1023/B:CLIM.0000004577.17928.fa
http://doi.org/10.1016/0895-7177(94)90188-0
http://doi.org/10.1007/BF02208231
http://doi.org/10.1080/05775132.1973.11469961
http://doi.org/10.1098/rsta.2010.0327
http://www.ncbi.nlm.nih.gov/pubmed/21282150
http://doi.org/10.1177/2053019614564785


Soc. Sci. 2021, 10, 455 13 of 13

Steffen, Will, Paul J. Crutzen, and John R. McNeill. 2007. The Anthropocene: Are Humans Now Overwhelming the Great Forces of
Nature? Ambio 36: 614–21. [CrossRef]

Stirling, Paul, and M. Sahlins. 1975. Stone Age Economics. Man 10: 326. [CrossRef]
Tang, Ping, Xinchao Pan, and Youcai Zhao. 2012. Municipal Solid Waste: Past and Present. Metallurgical Industry Press. (In Chinese)
Thompson, Allen. 2009. Responsibility for the End of Nature or, How I Learned to Stop Worrying and Love Global Warming. Ethics

and the Environment 14: 79–99. [CrossRef]
Thornton, Thomas F., and Patricia M. Thornton. 2015. The Mutable, the Mythical, and the Managerial: Raven Narratives and the

Anthropocene. Environment and Society 6: 66–86. [CrossRef]
UNEP Yearbook. 2014. Emerging Issues in Our Global Environment. UNEP Division of Early Warning and Assessment, United Nations

Environment Programme.
Walker, Brett L. 2007. Ecological Modernization and Japan. The Journal of Japanese Studies 33: 294–98. [CrossRef]
Whitehead, Mark. 2013. Degrowth or Regrowth? Environmental Values 22: 141–45. [CrossRef]
Xing, Xuerong, and Bin Liu. 2007. Development status and future trends of industrial biotechnology. Bulletin of the Chinese Academy of

Sciences 2007: 216–22. (In Chinese)
Yan, Q., A. J. Wang, and G. S. Wang. 2009. Global Biomass Energy Resources Evaluation. Chinese Agricultural Science Bulletin 25: 466–70.

(In Chinese)
Ye, Qianji. 1987. The era of real civilization has just begun-Professor Ye Qianji called for “ecological civilization construction”. China

Environment News, June 23. (In Chinese)
Young, Jeffrey T. 1991. Is the entropy law relevant to the economics of natural resource scarcity? Journal of Environmental Economics and

Management 21: 169–79. [CrossRef]
Young, Jeffrey T. 1983. Entropy, Scarcity, and Neo-Ricardianism, Journal of Post Keynesian Economics. Autumn 6: 82–88.
Zhang, Dong Qing, Soon Keat Tan, and Richard M. Gersberg. 2010. Municipal solid waste management in China: Status, problems and

challenges. Journal of Environmental Management 91: 1623–33. [CrossRef]
Zhang, Weiying. 2018. The three industrial revolutions I have experienced. Small and Medium-Sized Enterprises in China 2018: 59–63.

(In Chinese)

http://doi.org/10.1579/0044-7447(2007)36[614:TAAHNO]2.0.CO;2
http://doi.org/10.2307/2800518
http://doi.org/10.2979/ETE.2009.14.1.79
http://doi.org/10.3167/ares.2015.060105
http://doi.org/10.1353/jjs.2007.0038
http://doi.org/10.3197/096327113X13581561725077
http://doi.org/10.1016/0095-0696(91)90040-P
http://doi.org/10.1016/j.jenvman.2010.03.012

	Introduction 
	Resource Constraint over Economic Growth of Affluent Industrial “Anthropocene” 
	Harmonious Agricultural Holocene with Prosperous Human Civilizations 
	Environmental Crises and Resource Overexploitation Arising from Industrial “Anthropocene” 

	The Logical Basis for the Substitution of Agro-Based Society for Industrial Society 
	The Result of Social Movement under the Law of Negation of Negation 
	The Internal Requirement for Breaking through Growth Limits of Industrial “Anthropocene” 

	The Necessity of the Substitution of Agro-Based Society for the Post-Industrial Society 
	The Inherent Requirement for a Sustainable Carbon Cycle 
	The Inherent Requirement for Breaking through the Bottleneck of Resource Shortage 
	The Inherent Requirement for Alleviating the Environmental Pressure of Economic Development 
	The Approach for Promoting Society from Increasing Disorderly to Orderly Decreasing Entropy 

	The Feasibility of Substitution of an Agro-Based Society for an Industrial Society 
	Technological Basis for the Substitution of Agro-Based Society for Industrial Society 
	Environmental Basis for the Substitution of Agro-Based Society for Industrial Society 

	Conclusions 
	References

