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Abstract
This article aims to launch light on the limitations of the Coase and Pigou approach in the solution of
externalities. After contextualizing the need for integration of ecological and economic approaches, we
are introducing a new conceptual proposal complementary to conventional economic approaches.
Whose process is guaranteed by a set of diffuse agents in the economy that partially reverses entropy
formation and marginal external costs generated by also diffuse agents? The approach differs in six
fundamentals from traditional theory and proposes a new way of analyzing the actions of agents
capable of reducing entropy and containing part of external costs in the market economy.

1. Introduction
The beginning of the 21st century has been marked by transformations that are directly or indirectly
interconnected through the various problems that society, and the economy and technological
development and the environment are as their main drivers of these transformations. In particular, the
energy consumption by humanity to run the economy of countries (Hdom and Fuinhas, 2020). These
transformations have been increasingly accentuated since the �rst meeting of nations at Rio 92 to
discuss the relevance of sustainability policies for the world to continue its development without
compromising the survival of human beings on the Planet. Since then, technological transformations
through innovation policies and energy and economic e�ciency have been the subject of increasingly
appropriate investigation. Therefore, this entire relationship between economy, human beings,
ecosystems, and the environment is an increasingly important source of analysis. In this work, we focus
on interactions that the economic system is primarily responsible for and its direct or indirect impact
entails a series of general or macroeconomic problems. Thus, a new theoretical assessment approach is
launched to �ll a gap in this relationship mediated by positive and negative externalities.

For example, the research provides a new theoretical framework to support researchers in rotating �elds
such as Environmental Sciences, Environmental Economics, Ecological Economics, Energy Economics,
Natural Resource Economics, and Social Sciences, not limited to this scienti�c area group, more to all
those who make use of science to improve the understanding of the impacts of human and economic
actions and activities on the life and well-being of society. That is the search for balance between
environmental, social, and economic forces, whose interactions the economic system is responsible for.
The method involves the precise analysis of the development of externalities in the economy and the
determinants of behavior change during the process of extracting resources for manufacturing, trading,
consuming, and disposing of economic goods. In this scenario, the research facilitates the understanding
of the impacts and the results are extremely relevant to the Energia, environment, and economic nexus.
Especially related to the addition of the theme of renewable energies, energy security, and the strong
reduction of emissions for the Low Carbon economy. In addition, it helps to guide future empirical
research in the search for answers to problems related to externalities. In other words, this work takes a
different path from the conventional or unsustainable point of view of economics to improve the
understanding of the reverse impacts of externalities.
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Unprecedented, the world is simultaneously experiencing a global health crisis along with economic and
environmental problems. There is neither consensus nor a quick �x to stabilize global warming at 1.5°C
as detailed in the Paris Agreement. However, the COVID19 pandemic especially revealed that the loss of
life far outweighs the economic bene�ts in the humanitarian context. Meanwhile, in the economic
context, the data showed a sharp retraction in productive activities due to the impacts of the global health
crisis. At the same time, CO2 emissions and other pollution factors also drastically decreased in the
environmental context during the isolation peak. The reality of the Global Pandemic has forced
politicians, country governments, and policymakers to rethink the sense of priority (the lives of people,
citizens, or pro�t and economic growth). However, the open debate seems to lead to a well-known path,
that is "degrowth" and the "energy transition" as an answer to attacking the problem by parts. Which of
these parts is the best choice will depend largely on the bene�ts associated with each of the alternatives.

Another problem is that if the degrowth alternative can be a way to delay the climate crisis responding to
the generational effect, this alternative can mean, to some degree, not only the worsening of people's
living conditions. But also, the corresponding gap between poverty and wealth, impacting the aggregate
effect. Alternatively, the energy transition poses enormous challenges, but it is more real than considering
a utopian hypothesis. This is:

- How much of the world's GDP needs to decrease to have a minimum level of climate and energy
security?

- Furthermore, how much of this decrease can be distributed among rich, emerging, and poor countries
until the complete transition from fossil energy to renewable energy?

These are pressing questions that the search for answers can help the set of results explained by modern
economic models.

Our analysis proposal is based on well-known literature, i.e, we launch the proposal to investigate these
phenomena through an intrinsic relationship of positive and negative externalities, drawing a parallel
simultaneously.

For example, pollution imposes a cost on society. That is the loss of biodiversity, climate change, and
other effects that bring costs to societies. A major problem has been the depletion of natural resources,
which played a double role in the development of countries (Hdom et al., 2019). This is because the
depletion of natural resources causes a negative change in the natural environment and because the
natural resources extracted to carry out economic production generate waste (pollution). This dual role is
theorized and explained by theories such as Natural Resources and traditionally that of externality,
among others linked to the investigation of the effects of the economy on the environment.

In this sense, we have divided the work into six parts, in addition to the introduction, the second part
sheds light on the limitations of Coase and Pigou's approach in solving externalities. In the third part, we
contextualize the need for integration of ecological and economic approaches, and �nally, in the fourth
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part, we present a new complementary conceptual proposal. In the sixth part, the conclusion and
limitations of the research are provided.

2. Background
The �rst of the debate about externalities is found in “Principles of Economics” by Marshall (1890) when
the author mentions a process for the formation of external economies. This approach is well established
within the welfare of the Neoclassic economy, considering the ethos of economic agents which maximize
their bene�t in a market. Where the agents seek to decide the better strategies for their well-being through
the utility that can be achieved. The individual decisions would not include positive or negative reactions
to third parties, but only sel�shness capable of maximizing its bene�ts. For economic theory "the
economic model of consumer behavior is very simple: people choose the best products they can afford to
pay for." On the other hand, for Alfred Marshall, a decline in the average production costs of a company
may be possible obtain, when generated by economies external to the �rm, but internal to the industry.
(e.g., technical innovations and information exchanges) can generate positive external economies, and
the greater the general development of the industry, a positive impact on third parties is generated, but it
is not perceived ex-ante or ex-post to a decision.

To Marshall external economies are not generated internally in �rms, but internally in the industry. The
larger is the concentration and sharing of information, the bigger are the external gains. This
phenomenon is often referred to as Marshall-Arrow-Romer externalities (Sahdev, 2016). There is also
another perception of this phenomenon, known as, urbanization economies, which regards the decrease
of operating costs derived from the spatial concentration of multiple and diverse interdependent
activities. In this process, urbanization economies are external to a �rm and the industry, instead
generated in other related activities, yet that reduce the overall costs because of systemic interaction.
Such economies are referred to as Jacob’s externalities (Jacobs 1969).

The second approach that affected deeply the externalities debate arose in Cambridge, with Pigou (1920)
In this work “The Economics of Welfare”, Pigou develops important contributions to economic decisions
to advance the welfare of a community. Among others, one of his main concerns was based on actions
to raise the income of a nation. An alternative would be de the displacement of ine�cient resources.
Generally, industries are interested, not in the social, but instead in the private liquid product of their
stocks. Regarding moving costs, self-interest will tend to generate equality in the marginal private liquid
product of resources invested in different ways. However, it will not tend to generate equality in marginal
liquid social products, except when marginal private liquid product and marginal social liquid product are
identical. When there is a divergence between these two types of marginal liquid products, self-interest
will not tend to maximize the national product; and therefore, it is expected that certain speci�c acts of
interference in the normal economic processes do not diminish but increase the product (Pigou, 1920). In
this sense, in seeking explanations for external economies, Pigou de�nes the marginal social liquid
product and marginal private liquid product. Maximizing national dividends could only be achieved when
there was an identity between the two marginal liquids products. In the presence of differences, Pigou
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believed in the existence of externalities that would affect the economic agents' ability to achieve
maximization, even in competitive markets. The solutions for externalities could include the presence of
�nes, restrictive contracts, subsidies, and taxes that the government could implement to re-balance the
marginal private product with the marginal social product (Pigou, 1920).

Knight (1924) criticized Pigou for does not agree with the concept of external economies and believed in
market forces to appropriate the underlying economic effects of �uctuations in production costs. In this
analytical framework, Knight believed in the free market to drive the economy to a higher level. No
corrective actions to externalities were necessary. For Daly and Farley (2010) Knight discussed in his
article, “Risk, uncertainty and Pro�t” (1921), the case in which entrepreneurship supported the costs of
failure and reaped the fruits of success, but in the case of exploitation of ecosystems often the
entrepreneur appropriated the bene�ts and society bear the costs. A clear formation of negative
externalities from the action of private agents oriented to pro�t.

The interesting article by Ronald Coase, “The problem of social cost” (1960) recovered the discussion
regarding externalities. For Coase, the problem of externalities should not have solely a marginal
approach as Pigou pointed out, but also one regarding its global effects. Even �nding a solution at the
individual level to penalize agents for the negative effects generated, the correction could not produce the
best results at the aggregate level: “The real problem to be solved is: A is allowed to damage B or B is
right to harm A? The question is how to avoid the most intense damage” (Coase, 1960)

Coase launches a new awareness solution, arguing that externalities are due to a lack of market and well-
de�ned property rights. In his perception, the correct functioning of the market would ultimately lead to
the �nal allocation of resources at the same level, even with externalities and regardless of whether the
cause assumes or not its costs. For Coase, the Pigouvian solution of taxation, subsidies, or intervention
does not necessarily raise the well-being of society.

Coase further argues that one should seek the optimal solution because it believes that the bene�ts of
removing the externality must be greater than the transaction costs to promote adjustment. That is to say
that, not always the best solution is to tax the causer of the negative externality, the compensation for the
loss, and disregard the market conditions in which are the involved agents. Direct negotiation or a clear
de�nition of property rights could minimize transaction costs and increase the generated social bene�t.

On the other hand, when externalities achieve several agents that tend to in�nity, the problem and the
solution becomes complex. Transaction costs can be prohibitive, interests and con�icts can be sharp,
and agents cannot recognize the solution instances. When the costs tend to in�nity and social bene�ts
are more affordable than the cost of the transaction, the State becomes a key player in the resolution,
following the Pigouvian line.

Therefore, in more localized or well-established property rights disputes, the Coasean trading solution
with low transaction costs can be an alternative to the internalization of externalities. In a larger arena,
with systemic externalities, high transaction costs, and possible strategic actions, solely the performance
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of supra-individual representation like the State can reduce the externalities with an acceptable
transaction cost.

3. De�nitions In Contemporary Microeconomics
Microeconomics textbooks reserve to externalities a section regarding “market failures”. In said section,
along with information asymmetries, public goods, incomplete markets, and market power, externalities
are resorted to answering to the “deviations” of the neoclassical competitive market. Its de�nition is often
both simplistic and contextualized to exemplify the effects of an external bene�t or an external cost. Hunt
(1980) E. K. Hunt, de�nes an externality, as follows:

Whenever the usefulness for an individual is not a purely personal matter, individual, i.e., whenever the
utility for a person is affected by the consumption of others (or by the production of �rms), these
interpersonal effects are referred to as “externalities”.

Hunt’s de�nition associates the rise of the debate regarding externalities with the main lesson of
utilitarianism. The pursuit of self-interest ends up affecting other economic agents, even in an unnoticed
way. The de�nition is generic and �ts both the positive and negative externalities. Contemporary authors
continue to reproduce externalities as a market failure in its two opposite sides:

Externalities can arise between either producer, consumers, or even between consumers and producers.
There are negative externalities - that occur when the action of one party imposes costs on another - and
positive externalities - that arise when the action of one party bene�ts another. (...) An externality is an
action by which a producer or a consumer affects other producers or consumers but does not suffer the
consequences regarding the market price (Pindyck, 2002).

On the other hand, Mankiw (2009), also de�nes externality within the same reasoning:

An externality arises when a person engages in an action that causes an impact on the well-being of a
third party that does not participate in this action, without paying or receiving any compensation for said
impact. If the impact on the third person is adverse, it is called a negative externality. If it is bene�cial, it is
called a positive externality.

Kreps (1990)Kreps strives to conceptualize externality in a wider way:

the idea in a production externality is that a �rm, by its choice of a production plan (or, for that matter, a
consumer by her choice of consumption bundle) changes the feasible set of production plans for other
�rms.

Mas-Colell, Whinston, and Green (1990) de�ne externalities, as follows:

(...) we assumed that the preferences of a consumer were de�ned solely over the set of goods that she
might herself decide to consume. Similarly, the production of a �rm depended only on its own input
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choices. In reality, however, a consumer or �rm may in some circumstances be directly affected by the
actions of other agents in the economy; that is, there may be external effects from the activities of other
consumers or �rms.

Daly and Farley (2010), even within a heterodox structure, also de�ne externalities:

An externality occurs when an activity or transaction by some parts causes a loss or involuntary gain in
welfare elsewhere and does not result in a compensation for the altering in welfare. If the externality
results in a welfare loss, it is a negative externality, and if it results again, it is positive. The marginal
external cost is the cost to society of the negative externality, that results from another “unit” of activity
by the agent.

When externalities affect future generations, Daly and Farley (2010) warn of the possibility of in�nite
transaction costs between generations, and the lack of market self-correcting mechanisms without
exogenous aid to the pricing system. To add to the former problem there is also imperfect information
and uncertainty, making it di�cult to equate marginal costs and marginal bene�ts regarding the
likelihood of their behavior. The striking difference of Daly and Farley's approach is their long-term
perception, being broader than the neoclassical framework that seeks the short-term balance.

In microeconomics textbooks, there are also solutions to negative externalities. One of the principles
usually adopted is the “polluter pays”, where those who create the external cost take on the responsibility
of negative effects to third parties. In this context, externalities can be mitigated without the presence of
the State, as long as the transaction costs are not prohibitive, and the ones involved can reach an
agreement. It is common to �nd the term “Coasean solution” (Mankiw, 2009).

Systemic externalities solutions typically involve the State, which includes linear taxation about the
pollution level, taxing by pollution quotas, maximum emission quotas, tradable emission quotas,
subsidies, �nes, bans, and zoning. There is a mix of policies involving economic instruments and
command and control instruments. In addition, the State can implement instruments of social
communication, when it does not intend to tax or regulate too much a sector or a commodity good, but to
highlight the consequences of consumption on the formation of negative externalities. It is common to
�nd the term “Pigouvian solution” Mankiw, (2009)

It is important to point out that, asymmetric information may cloak an externality, sending biased signals
to the market, as it is the case of products that produce negative externalities during their respective
production processes to which their consumers are unaware. In such a context, consumers make
purchasing decisions that would not be taken if there was more complete information. Certi�cation
schemes are e�cient options to signal to consumers that certain �rms or production processes are
internalizing externalities, fully or partially.

Another situation occurs when society does not instill altruistic and empathetic values. That is to say
that, even with su�cient information on the externalities affecting society, consumer groups decide to
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maintain the same level of consumption, and in doing so, not affecting the market for that product
generator of externalities. In general, this phenomenon occurs when the most severe effects of an
externality occur in a distant location from the one in which the product is being consumed, and the
bene�ts and costs are spatially separated (Alier and Jusmet, 2000).

Interestingly, in microeconomics textbooks, authors use and often abuse, the expression “invisible hand”
consecrated by Adam Smith. The autoregulation promoted by pricing and self-interest would be “a low-
cost decentralized governance system.” Daly and Farley (2010) criticize allocation in deregulated markets
that generate results ine�cient where “instead of individual self-interest by creating an invisible hand that
maximizes social welfare, the marketing of goods, not the market creates an invisible foot that can kick
the common good in the ass”. Thus, in the economic textbooks there is a reference to the counterpart of
the invisible hand, which draws attention as a process de�ned by Hunt (1980) as “invisible foot”.

If the invisible hand organizes the social system, the invisible foot derails it. The two are antitheses of the
same process, the search for personal satisfaction and the interlaced generation of bene�ts and costs.
For Hunt, the treatment of externalities is the Achilles heel of the economy of well-being. Hunt assumes
that an externality occurs when the value of a consumer's utility function is affected by the utility function
of another consumer, or a �rm's production function is affected by another �rm's production function, or
more importantly, that the individual function of an agent is affected by other agents not directly related.
For conventional economics, except for an isolated externality, the Pareto optimality can be achieved.
However, Hunt does not conceive the condition of subsidizing or taxing an isolated externality, because it
would have a zero or neutral effect, as it could disregard millions of externalities that were occurring at
the same time. The solution of an externality would not result in the solution of the Pareto optimal (Hunt,
1980).

For Hunt, a large amount not to say all of the agent's decisions affect, to some extent, the pleasure or
happiness of other agents. Only an individual extremist approach could accept an economic theory that
considers the hypothesis of isolated externalities. Thus, the Pigovian tax subsidy solution would be a
fantasy, given the complexity of the presence of externalities. The solution would require millions of taxes
and subsidies and the system would have endless rounds to equalize the internalization and would not
take the system near the Pareto e�ciency (Hunt, 1980).

Regardless, in Hunt's view, the most reactionary faction of orthodox economists occurred in the Coasian
approach when it was no longer possible to ignore the environmental degradation in the United States at
the end of the 1950s and the beginning of 1960. The policy of creating property rights to pollute the
environment and then trade freely such rights was the tonic. The question was only a lack of property
rights, and when this dispute was deemed resolved, the logic of maximizing bene�ts would lead the
system to an e�cient allocation of resources and the “optimal pollution”. The Pareto optimality could be
achieved, but with some level of environmental pollution. In this case, despite the economic equalization,
nothing guarantees that the pollution levels are “optimal” for nature.
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In his analysis, Hunt criticizes that such a solution would be able to resolve the issue of externalities.
Hunt considers that in a model where the agent maximizes its bene�ts, the State establishes property
rights, resulting always in the creation of new external diseconomies, each agent quickly realize that their
decisions may impose external costs to third parties, so trading in the pollution market always leaves
them in a better off situation. Being able to outsource portions of its costs to society, the agent does not
restrain himself and creates the maximum social cost imposable to others. This would be Hunt's
“invisible foot”, which means that the within the system:

The “invisible foot” ensures us that in a free-market, capitalist economy each person pursuing only his
goodwill automatically, and most e�ciently, does his part in maximizing the general public misery.

Agents will choose systems capable of externalizing the maximum cost and ensure liquid private
bene�ts, discarding with their “invisible foot” the largest possible share of responsibility. Thus, the
economy would be effective in promoting poverty (Hunt, 1980). Consequently, incentives to promote
external economies would be lesser than incentives to promote external diseconomies. The Neoclassical
solutions taxation, subsidies, and intellectual property rights would be ine�cient because the orthodox
approach is unable to analyze the interdependent social forces, de�ne property rights in the �elds of
physics and biology, and foster a rational tax system able to eliminate external diseconomies (Hunt,
1980). For Daly and Farley (2010), the market economy is a basic allocation institution, but society does
not have institutions to limit the scale of the economy, especially beyond a point where the external
diseconomies become the rule.

Alier and Jusmet (2000) also discuss the problem of the generation of externalities, either in a
strategically or randomly form with an analogy to the 'invisible elbow':

When third parties not involved at all in an economic transaction, are affected by individual economic
decisions, we could refer to the “invisible hand”, to use the comparison of Jacobs in his book The Green
Economy: when one moves to seek their interests, giving blows to others in a movement that sometimes
he can be very aware of (as when a company is a clear focus of local pollution), but which often is
unconscious (as when the decision of an individual contributes minimally, almost imperceptibly, to
aggravate a global environmental problem).

The de�nition of “invisible elbow” is the action of pushing to third parties’ part of their private costs, in an
action that can be deliberate by the economic agent or be naive, in the sense that it is not realized its
negative effects to third party agents. In a way, the position of Hunt (1980) and Alier and Jusmet (2000),
align with the one of Hardin (1968), regarding the discussion on the maximization of private bene�t and
cost minimization, through the costs sharing process. For Hardin, the “tragedy of the commons” is based
on free access and unrestricted demand for a �nite resource, which ends up structurally condemning that
recourse because of their over-exploitation, at a point beyond the possible biophysical scale. Each agent
seeks to decide in his favor, but every decision involves a shared cost. If the agent adds a production unit
in his favor, but the cost is divided by the community, rationally there would be no impediment to such
action. But at the limit resources reach depletion and all end up worse off than originally. The work of
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Hardin was criticized because he was considered an advocate of privatization of common resources and
of the elimination of collective ancestral lands, such as, indigenous, and marginalized populations in
developing countries.

Elinor Ostrom revisited the tragedy of the commons from another perspective, positioning herself against
the only regulation solution (Pigovian solution) or the privatization of common resources (Coasian
solution). Resorting to the game theory she managed to understand collective arrangements that create
contracts of shared and responsible use of common resources. The self-interest of those involved in the
use of a resource moves them to build contracts, often informal, to monitor and report violations of other
agents and ensure contract compliance (Ostrom, 1990).

In short, the external costs approaches are controversial and there is no consensus regarding their
solution to the systemic level. Conventional economic theory is based on the de�nition that there would
be market failures, and adjustments in speci�c sectors could lead to an e�cient allocation. Hunt rejects
this position and criticizes the structure of rational maximization of bene�t, which would be most
detrimental to the community. Ostrom identi�es solutions to common resources, but from collective
actions and well-de�ned spaces. The debate continues and new analytical categories need to incorporate
decentralized solutions at the local level but have systemic folding, low transaction cost, inclusive of the
social point of view, reduced opportunistic strategic action, and that integrate economic concepts with the
biophysical limits of ecosystems. Such integration could occur with the approach of economics with
ecology, accepting mergers of sociology, anthropology, political science, geography, history, physics, and
other sciences to form an interdisciplinary approach.

4. The Conceptual Basis For The Reverse Externality
In nature, there is a “functional division” of tasks. Solely 0.06% of the primary solar energy is converted by
autotrophs into the matter and chemical-biological energy, from its synthesis capability (Altvater, 1995).
The base of the Earth's biomass depends on this conversion, including soil and climatic conditions
adjusted to the limits of survival of plant species. Once solar energy is transformed into plant biomass,
each growing cycle, the herbivores may prey in nature or receive power supplied by anthropogenic
systems. Herbivores can be preyed upon or provided to carnivores following the food chain. Omnivores
are at a level of consumption that includes feeding on autotrophs, herbivores, and any other types of
biomass.

Concluded the autotrophs life cycle, herbivores, carnivores, and omnivores, a mass of matter and energy
waste and unusable structures is formed directly by these mentioned species. At this point, starts the
“service” of decomposers, fungi, and bacteria. These microscopic species use dead material as a
substrate for colonization and reproduction and their food base. When using slurry as raw material, the
macroparticles degrade into smaller structures and release gas and water back into the environment.
Their service is to recycle nutrients and make them available again to biogeochemical cycles. After
turning the waste into micronutrients, gases in the atmosphere, and water in the different compartments,
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autotrophs would be able to use such structures to restart the chemical transformation process of solar
energy into biomass. If autotrophs are the beginning of the formation of biomass, decomposers are the
end of the cycle, but at the same time, there is the bacteria and the fungi that ensure that there is no
accumulation of dead waste and structures blocking the availability of nutrients for the life cycle
continue and reboot.

In a way, the decomposers are reversers of something that, in principle, has no more usefulness or use.
Body scraps/carcasses of animals/plants and animal waste are at the same time, the end and the
beginning of the life cycle, being reversed by decomposers from disorganized matter and energy into raw
material again. Thus, the throughput action described by Daly (1991) is easily noticed in nature. However,
this process is not as clear in human systems. Therefore, for sustainability to be a more concrete process,
Daly (1991) indicates the need to treat the waste as raw materials, that are entering a “decomposing
function” in society. An “autotroph social function” has been studied since the classics, in the value
creation process. Other social “functions” are more noticeable, considering the political economy of
resource distribution, or “those that predate others” in social life. But the “decomposing function” often
does not recognize or value, something like the service of decomposers in nature, as they are microscopic
and di�cult to see. In this sense, it is believed that there are social groups that are already running
decomposition services, avoiding at least partially, the accumulation of scraps, carcasses, and manure on
the surface of the economic and social system. These groups operate reversing devalued or little value
macrostructures, providing again to the “autotroph systems” aggregators of greater economic value.

The initial reversibility refers to the action of identi�ed diffuse economic agents that, operating in the
market to pursue a monetary surplus in the self-interest of rationality transform the systemic entropy into
the organized matter and energy again. The idea of partial reversal of entropy has been discussed by
(Boulding, 1966), (Georgescu-Roegen, 1971), (Daly, 1977), (Altvater, 1995) and many others, but what is
sought to add in that proposal is the possibility of partial reversal of externalities from recycled materials
partially devalued by different agents from those causing pollution.

That is to say that, in the foreground, there is a partial reversal of entropy from an appropriate technology
usage. If the system is operating above its supported capacity, the action of recycling agents is important
to reverse this situation and bring the usage of the resources to the maximum sustainability, even if the
polluters and recyclers do not have perfect information about the sustainable limit of the system in
operation. However, this reversal or throughput discussed by Daly, 1991 also includes the reduction of
external costs not initially perceived by recycling agents that were ex-ante kicked by polluters. Since
society assumes part or all these costs diffusely, the deliberate action of agents also diffuse can
attenuate the formation of new social costs and its accumulation in the form of liabilities. At this point, it
begins the reversibility of negative externality. By advancing material recovery rates it can be reached a
stabilization point of environmental liabilities, where recycling becomes circular at the stationary state
level, being the limit of reversibility as a solution of the external costs. In an even more interesting
position, recycler's actions could reduce accrued liabilities tending to zero and may even create
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environmental assets that could generate external marginal bene�ts diffuse to society. Thus, the reverse
external might prove as:

a) Stationary: when the recovery rate of matter and energy equals the growth rate of demand for
materials, keeping the extraction levels on the same level; this is the point where the stationary state of
Daly is achieved (1991):

a. Exhaustible: when the recovery of materials is the equivalent to the generation of waste, increasing the
usage time of deposits in the long run, as it contains the short-term pollution and saves resources used in
the extraction;
b. Renewable: when recovery stabilizes the extraction of biogeochemical sources with renewal capability;
it does not guarantee that the system is operating in the supported capacity, but prevents the expansion
of resources extraction.
b) Contractionary: when the recovery rate of matter and energy exceeds the demand growth rate,
containing resources extraction levels:
a. Exhaustible: when the recovery of scrap surpasses the generation of waste, increasing signi�cantly the
time of use of deposits in the long run, as it contains extraction;
b. Renewable: when recovery stabilizes the extraction of biogeochemical sources with renewal capability,
increasing the stocks of biological resources; it does not guarantee that the system is operating in the
supported capacity, but it reduces the extraction of resources and promotes the formation of natural
capital.

c) Mitigation: when the recovery rate of matter and energy is lower than the demand growth rate, not
preventing the increase of extraction, but containing part of the potential resource extraction feed:

a. Exhaustible: when the recovery of scrap is below the generation of waste, but it strongly prevents the
time usage of deposits to be brought to the short-term, contains the short-term pollution, and saves
resources used in extraction;
b. Renewable: when the recovery does not prevent the increase in the extraction of biogeochemical
sources with capacity for renewal, but prevents its expansion more vigorously; it does not guarantee that
the system is operating in the supported capacity, but prevents the expansion of resources extraction,
containing at least partially the loss of natural capital.

It is important to point out that, the stationary state of Daly (1977) was criticized by Georgescu-Roegen
(1971), since, even considering all materials being reprocessed to serve again as inputs to the economy, it
is not possible to control the formation of entropy. It would be ecological salvation if such an entropic
process could be blocked. In this way, what is being proposed as a reverse externality is more related to
issues of economic order than material? The reversal of some or all of the discarded material as waste
would have an impact on reducing the �ows of economic costs associated with depleted matter and
energy, but it would be impossible to control all the entropy generated. Thus, following the Georgescu-
Roegen logic, the proposal would not be to create the perpetual motorcycle, but to allow an expansion of
the time of use of the materials and to avoid that the economic system reaches the limit of the optimal
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scale proposed by Daly and Farley (2010), where the marginal utility generated by the use of resources
equaled the marginal usability of these materials (the external cost materialized in the invisible foot or
elbow).

The social decomposers would act freely in the market allocating their resources, seeking their self-
interest, reducing the external costs even without strategic perception of this action. In this context, they
could act on the “frontier” of the optimal scale of natural resource usage, reducing the speed of the
economy to reach a certain scalar limit, breaking the system, or even pulling material savings back to a
distant and secure point concerning equality between utility and marginal disutility of economic growth.
This approach is a derivation of the classical solutions of externalities and maintains six perceptible
differences.

The �rst difference from the analytical models of Coase (1960) and (Pigou, 1920) refers to the
substantial difference between the agents involved and the solution. Coase identi�es polluting and
impaired agents and constructs a solution of externality internalization by private property owners,
lacking strategic action, in�nitesimal transaction costs, and complete information. The Pigouvian model
seeks to internalize externalities through the taxation of diffuse agents, known as polluters, accepting
possible strategic action and considerable transaction costs. In our proposal for the reverse externality,
we believe that diffuse private agents are operating in markets, competitive or oligopolistic, which end up
reducing the external costs of other polluting agents, internalizing the operation of recycling and recovery
systems. The substantial difference is that in the reverse externality the internalization of cost does not
occur by the polluting agent and is not derived from a polluter-impaired negotiation or even from a
taxation levy. The action is free and is based on market forces, notably in signaling prices, in the business
opportunity, or the possibility of social reproduction.

By freely operating in the market, relying on waste and scrap from various production systems, now seen
as throughput, private agents reduce the entropy and short- and long-term social costs that would be
accumulating without the presence of these social recyclers. Instead of accumulating entropy in pockets
of waste, the operation of diffuse recycler systems would mitigate the logistic costs of collecting, the
need for new spaces to land or dump waste, the control portion of the pollution caused, and reduce the
need for new virgin raw materials.

Thus, our understanding of reverse externality would be the process that derives from the action of
private agents operating in markets for the recovery or recycling of materials and energy, seeking self-
interest and based on the rationale of the opportunity cost of the capital or its social reproduction, which
would be reducing costs and/or generating fuzzy bene�ts unobtainable in their gross revenue records or
the cost structure of other fuzzy agents. In a more enlightening way, the bene�ts generated to other
agents by the reduction of pollution or contamination would not be directly captured by the recycling
agent, which would be a clear generation of external bene�ts, but not impediments to the maintenance of
the recycling effort. In addition, the reduction of the external cost of operation of other agents would not
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be directly perceived by the recycling agent, but its action directly contributes to contain the social cost of
pollution, contamination, and scarcity of virgin raw material.

The second difference in approach is that the reverse externality differs from the negative externality
because, in the �rst, agents recognize entropy as a business opportunity, while in the second approach
agents recognize entropy as a cost to be assumed both in their treatment and in their compensation to
impaired agents. In the negative externality, the process is an end of the pipe, an “invisible foot/elbow”,
where agents seek to get rid of the problem of pollution by trying to outsource to society, raising the
social cost. In the reverse externality, agents reduce the social cost by using waste/scrap as a source of
raw material for their enterprises, controlling the formation of entropy with clear refutations in other
productive systems and social life.

In the presence of pollutants, operating freely in the market, and considering the waste of other
enterprises as a throughput, one can visualize the possibility of shifting the marginal cost curve of
pollution to the left, reducing the optimal pollution, but maintaining the level of social production of
goods and services, without loss of well-being. In addition to reducing the entropy in the system, the
recyclers promote the saving of materials not yet exploited, extending the time of use of the deposits or
renewable resources. It may not represent a solution to the generation of entropy, but the presence of
these agents leads to time gains until another socio-environmental institutional arrangement is
established as a new paradigm.

This would be the third difference because, in the limit, the internalization of externality by the reverse
action does not imply supply beyond the point of economic e�ciency, as the external costs that were
being imposed on society are reversed by private agents. This is an important improvement over the
classic internalization solution, which implies reduced production and the adjustment of the production
excess. As Daly and Farley (2010), the presence of negative externality producer agents lead to activity
too far from where the point of Pareto would be e�cient (Phase II in Fig. 1), but with the presence of
reverse externality, external costs are partially or fully absorbed by the productive system, preventing the
solution to be cutting production, generating unemployment, and tax payment reduction (Phase I in Fig.
1). Only if the production is above the ecological carrying capacity, it should be sought to reduce the scale
of production and bring the use of energy- -material to the sustainable level. Otherwise, if the product is
still within the maximum use of resources, it would be necessary to reduce and loss of material
production, but to ensure the presence of the reverse phenomenon externality. As observed in Fig. 1,
reverse externality could slow the economic system advance to phase II, decelerating or braking input at
the phase of marginal uselessness.

In this case, the creation of taxation or negotiations striving that the polluter internalizes his externality is
not enough to generate a reduction in production q' to q'. This is because part of the external cost would
be reversed by recycling agents and the polluter would incur lower taxation or negotiation costs. Portions
or all of the marginal costs of the polluter pollution would be absorbed by recycling agents that recognize
pollution as throughput and not as a cost.
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The fourth difference in the externality approach is that in our proposal, reversibility starts as an
ecological-economic approach because the �rst variable to be identi�ed and reversed is entropy. Once
perceived the reversal of the generated entropy, one proceeds to the integration with the economic
variables that signal agents to market opportunity. In the Coasena-Pigouvian approaches, there is the
concern of internalizing the external costs, trying to �nd the point of “optimal pollution”, but it is not
addressed the issue of entropy and the point limit of biophysical carrying capacity. Here it is clear that the
most important action is to keep the energy-material system within operating safety limits and that the
market can assist in balancing solutions between supply, syntropy, and entropy generation. Speci�cally,
this theoretical model seeks to link the ecological-energy approaches to economic, to �nd balance in the
use of natural resources and the e�cient allocation of economic resources, while the traditional approach
equalizes pollution only from the economic point of view.

The �fth difference refers to the importance of economic agents involved. In the presence of reverse
externality, it becomes clear that recyclers are usually devalued social actors, on the margins of the
economy, that do not have market power and are often informal. They operate in the base system,
collecting scraps and discarded waste. A reverse externality can be associated with a vision of social
basis, raising the importance of the small “excluded” ones, who work as social decomposers, sweeping
the garbage, and recycling surface entropy of the economic and social metabolism, without the
recognition of society. The action of recycling social groups is the equivalent to capital as a stabilizing
system action, such as, raising the constant technological capital in response to the increasing entropy,
which in this case has a similar function to recyclers. That is to say that, one can equate the mitigating
action of recyclers, even informally, at the same level of the social importance of productive capital. This
debate is not included in the Coasian and Pigouvian solutions.

In addition, the sixth difference in the solution approaches would be about the collective arrangements of
Ostrom. Here the solution is not to delimit the common ex-ante and formulate contracts, even if informal
ones. The decentralized and individualized solution of economic agents does not imply a contractual
arrangement. Social actors can operate alone and observing their self-interest, but when they position
themselves in the “social-metabolic decomposing function”, they end up generating positive effects on
the social fabric and its surrounding ecosystems.

5. Between The Invisible Hand, Elbow, And Foot: Using The Rational
Mind
In the current structure, the work of recyclers would not have a “social value” equivalent to the productive
and �nancial capital, because the natural capital it recovers (the natural capital scrap) is not measured
correctly and so the work of recyclers is not recognized, often seen as “unnecessary”, “undervalued”, or
“poor” (as street collectors). However, their actions recover portions of the surplus that was being
deposited as waste in land�lls and scrap sinks. The debate has not yet evolved enough to characterize
how this kind of surplus is recovered. What would be this surplus value? The capitalist system
appropriates the surplus labor, but after the production and circulation, the value recovered by recyclers of
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natural capital scrap still represents a surplus of work or a kind of residual natural capital? Can the
recycler retain a portion of that surplus? Is the amount you receive part of the surplus recovered or only
the value of the allocated work? Here arise fundamental issues that can subsidize assurance policies for
the value of surplus recovered from scrap and waste, to reduce exploitation in value recovered by the
action of recyclers. A working proposal would be the creation of a minimum package of incentives to
strengthen the process and ensure value for recyclable goods as a similar system to guarantee
agricultural commodity prices and minimum wage for producers and workers. It would be a socio-
economic and environmental proposal as it would recover natural capital scrap, avoids the expansion of
the exploitation of natural intact capital, generates surplus-value, and distributes income to the most
vulnerable social groups.

The expansion of the phenomenon of reverse externalities and their presence in a systemic way in a
society can generate signi�cant effects on an increasing scale. Individual agent's aggregating actions
may rebut to the macroeconomic level. For example, the phenomenon of reverse externality generated by
diffuse economic agents can reduce the operating cost of the collecting, treatment, and storage systems
of waste which is taken care of by the community. The resources saved by the State can be allocated to
other generating systems of a positive externality, such as education, science and technology, and other
actions.

In expanded form, reverse externality can reduce part of the pollution and the absolute and relative
scarcity of natural resources and raw materials, reducing the gap between the marginal utility and the
marginal uselessness of economic growth, considering the maximum range of use of natural resources.
In this case, the reverse externality would occur to the point where marginal costs were reversed by
recycling agents, bringing the system to the limit of sustainable capacity. From this point on, initiates the
generation of marginal bene�ts.

Without the presence of social recyclers, the operating range of the system would be shortened, raising
social action as the condition to maintain the current productive structure. Reverse externality could be
stimulated in markets where it is possible to transform entropy in throughput, creating job opportunities,
surplus generation, and reverberation in the control of entropy and in the expansion of the time of usage
of natural capital. Otherwise, reverse externality could generate some extra time to �nd other institutional,
social, and productive arrangements more sustainable and build more favorable scenarios to a
widespread recycling system.

More than believing in the invisible hand with the creation of pollution markets or simply accept the
invisible foot/elbow and the total failure of the system, we bet in the middle position. There are
thousands of economic agents, social actors, or simply workers who seek their everyday solution for
survival in the recoverable value of scrap, waste, and carcasses of the social metabolism. Their action is
not altruistic, they do not operate with contractual arrangements, no strategic action, and they do not
have property rights over the scraps. They collect what the invisible foot/elbow threw out the system, but
rather than noticing the leftovers/waste as an externality, they perceive them as the source of a resource
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to achieve an economic surplus. The greater the strength of the “foot” and “elbow”, the greater the value
recovery possibilities. The orthodox solution and Ostrom do not include the reversibility of entropy
through the work and efforts of millions of diffuse social recyclers. We can think of rejecting the invisible
hand, elbow, and foot as established positions and propose the use of the visible head, something far
more rational and ecological than solely believing in far more obscure processes with great di�culty of
implementation.

6. Conclusion And Proposal Limitations
A weakness of the proposed technique is that at a social level there could be the formation of a lock-in
process in the employed technology because the life expectancy of prime matter could be partially
recovered and/or extended. In a scenario of absence or a lower rate of recycling agents, sources of
natural resources could be quickly exhausted, creating pressures for technological innovations to
overcome established ones. Also, the lack of raw materials could motivate the use of background
technologies with a higher introduction of operative costs. That is to say that, in the context of multiple
dynamic interactions, the presence of reverse externality can support the mitigation of short-term external
costs, also they can block or delay the implementation of a new technological paradigm. Planners should
be aware of possible technologies that may overcome a structure with large external costs generation
requiring recycling agents to ensure that such ventures keep running.
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Figure 1

Biophysical limits of expansion of the economic system by Daly and Farley (2010).


