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Abstract - This article approaches the transference of environmental costs as an opportunistic distributive strategy that 
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environmental point of view, fact that the expected increasing automation (mainly Artificial Intelligence) tends to deepen. 
We alsoelecttwo variables as fundamental: time and distributive justice. Time represents the number of future 
generationswith the right to exist, and the distributive justice, the extent to which people can exert theright to not be affected 
by such ominous distributive strategy. 
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I. INTRODUCTION 
 
If all human activity generates a net cost for the 
environment and society, it is necessary to analyze 
the dynamics of such costs between agents - at least 
from the system’s entropy perspective. 
 
This article argues that some agents do transfer their 
responsibility onenvironmental negative 
externalitiesto society, meaning that there is a 
deliberated distributive strategy of costs – a 
transference between agents and time periods.This 
strategy allows, for example, the “polluting agents” to 
concentrate net benefits in detriment of other agents 
and environment. 
 
Assuming the environment as a closed system1, it is 
necessary to determine which agents have been most 
successful in democratizing costs and privatizing net 
benefits –a movement that the index for each agent’s 
net result (ANR) would potentially capture, pointing 
out who benefits and who suffers from the cited 
distributive strategy. 
 
The economic growth implies necessarily bigger 
environmental costs, both if technology progresses or 
stay unchanged, and the advent of automation (with 
special focus in Artificial Intelligence) can speed up 
asymptotically the economic growth indexes–a 
phenomenon named Singularity– therefore leading 
the environmental costs to uncontrolled levels. 
 
II. ENVIRONMENTAL EXTERNALITIES 
 
All the human activities (public or private, productive 

                                                             
1 The environment -a complex and dynamic process 
of permanent interaction between natural and human 
factors- is a closed system because there is no 
continuous inflow of new low-entropy resources. 
(Cosenza, Neves, Clemente, 2016) 

or of leisure) generate costs and benefits, part of 
which is registered. However, a fraction of such costs 
and benefits do escape from the traditional 
procedures of accountancy. This non-registered 
fraction – externalities –does not reflect onthe 
accounting numbers or the market prices.But the 
concept of “externality” will be always relative: some 
cost or benefit of some human activity 
escapesfromsomebody’s register, in consequence 
producing a failing computing and calculation.It is 
worth to remember that the externalities can be 
positive (benefits) or negative (costs). 
 
Externality occurs inside a closed system that is 
finite, therefore implying that somebody’s externality 
will unavoidablyrepresenta bonus/loss to somebody 
else. To put it differently, the externality of Agent A 
will always and necessarily be “internalized” by 
Agent B – passively or actively. 
 
The classic example of a negative 
environmentalexternality is pollution. If Agent A 
pollutes freely, without suffering any sanction (social, 
economic, or political), then Agent A does it at 
zeroaccounting cost; but, even ifsuch pollution is not 
registered at Agent A’s accountancy, that does not 
prevent itfrom harming somebody else – in a direct or 
diffuse way. Therefore, the cost of such pollution will 
be“internalized” by a hypothetical Agent B (that can 
be a person, a group of persons, a company, an 
industrial sector, or the whole society). Then,when it 
comes to environmental sustainability, there is no 
zero cost because the effect not registered simply 
does not disappear. 
 
Even if Agent A comes to suffer a sanction for 
polluting, being subject to taxor fine, or if Agent A 
had bought “polluting permissions” in the market of 
pollution rights (as credits for carbon emission), 
nothing guarantees that the charged amount would 
reflect properly the actual damage suffered by the 
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Agent B - nor that such amount, no matter if 
approaching to the cited damage value, would really 
be used for repairing the situation. After all, Agent C 
(representing the government or the permissions’ 
seller) is not forced by law to repay to Agent B - nor 
to prove that the moneyis invested to mitigate the 
negative effects. Therefore, nothingguarantees that 
the efforts to “internalize” the externalitieswill 
generate proportional and compensatory 
costs/benefits to the imputed agent; nor that Agent B 
will become the beneficiary of the tax/fine/sell – 
whose intention should be, at least in theory, to repair 
the effects of the failed accountancyforthose who 
suffered from it. 
 
So, anyexternalitycan be seen as a transference of 
costs and benefits (between agents and time periods), 
and, giventhat the “internalization” rarely 
compensates the effects and that is not always 
directed tocompensate the agent who is affected by 
the externalities, externalities do presenta distributive 
effect – from Agent B to Agent A, and eventually 
from Agent A to Agent C. It should be noted that the 
activity of Agent C also engenders environment costs 
and benefits. 
 
III. COSTS AS DISTRIBUTIVE STRATEGY 
 
Kenneth Boulding conceived the Earthas a spaceship 
(“Economics of the coming spaceship Earth”, 1966). 
He argues that, in order to reach sustainability, 
economics would have to be capable of knowing and 
managing all the resources of the Planet -renewable 
or not, materials or intangible- going beyond the 
sphere of material production, consumption, or 
services, equally including the energy cycles and 
balances. 
 
Although some criticismonBoulding’s ideas (for 
example, Spash, 2013), and some adaptations (as 
Hardin, 1974, who preferred the metaphor of the 
lifeboat), he presented a strong argument: the notion 
of the spherical Earth as a closed environment 
forhuman activities (Boulding, 1966, p. 1).He 
conceives the Planet as a closed system where the use 
of any good by any Agent 1 necessarily limits its 
availability for someAgent 2 - in space and time. In 
space, because the used iron to produce a car in Japan 
becomes unavailable for any alternative use in 
Europe, for instance. In time, because the present use 
of a non-renewable resource turns it unavailable for 
the future generations. Let us takethis closed system 
(CS) that, by definition, is the sum of all externalities 
and internalitiesfromall agents’ activities. Thus: 
 
CS = Σ Internalities + Σ Externalities 
Internalities = Σ Costs + Σ Benefits (on agents’ 
accountability) 
Externalities = Σ Costs + Σ Benefits (off agents’ 
accountability) 

 
And that the whole system’s (WS2) NetResult for 
Costs and Benefits (NRCB) is: 
 
WS = NRCB Internalities + NRCB Externalities. 
 
Given that the whole system (e.g.Boulding’s 
spaceship Earth) has by definition a null net effect 
(WS=0), the only dimension left to defineis the 
costs/benefits distribution between agents.This way, 
it would make sense to propose an index for each 
agent’s net result (ANR3), being such “agent” either a 
person, a company, a sector, a market niche, a 
Government, or else. 
 
For example, a company that imposes severe negative 
externalities not compensated by positive 
externalities (aNEx˂0), and whose ANRkeeps 
negative because positive netinternalities (e.g. official 
profits) is not enough to annul the externalities’ effect 
(ANR ˂ 0, positive aNIn ˂ ǀnegativeaNExǀ) 
istransferring net costswithin the system. This 
company would be concentrating net benefits at the 
expenses of the system, so to say, at the expenses 
of“somebody at somewhere”.This is the case 
wheneveraNIn ˃ 0 but ANR ˂ 0. 
 
It is paramount to stress: the system necessarily 
presents WS=0, but its agents commonly not! Then, 
an agent can be either a net creditor or debtor when it 
comes to costs and benefits – both related to the 
externalitiesandinternalities. In theory, the 
permissions’ market reasoning may apply here: an 
agent with ANR <0 could buy the right to keep 
following this way from another agent, who, having 
an ANR >0, would accept to transfer such surplus. It 
is worth to notice that, from the whole system’s (WS) 
perspective, these “compensations” between agents 
have no net effect whatsoever. Whenever viable such 
transferences would have an effect of social 
transparency, makingclearwho are the agents that are 
correctly compensating their peers. 
 
We conclude that whenever agent A is capable to get 
and keep an ANR < 0, no matter if due to the 
imperfection/malfunction of the institutions, 
processes,or other agents, this fact means a successful 
net costs transference and, more importantly, a 
pernicious distributive strategy –i.e. the concentration 
of wealth at Agent A’s hands in detriment of Agents 
C/B, and in detriment of the environment in general. 
 
IV. THE FUTURE OF COSTS: AI AND 
SINGULARITY 

                                                             
2 CS is equivalent to WS: while CS prefers to express 
it as an addition, WS takes it as a net result. 
3 ANR = agent’s NRCB Internalities (aNRCBIn) + 
agent’s NRCB Externalities (aNRCBEx). To put it 
simply: ANR = aNIn + aNEx. 
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Allhuman activitiesimply generation of internalities 
and externalities (social, political, economic etc.), 
with their costs and benefits been anthropically 
pervasive. Focusing on net costs, it is of interest to 
know whopresentsnegative ANR, and to whom this 
charge is being imputed. Analogously, all human 
activitieshave an environmental impact, since they 
extract the natural resources/energy for production 
and consumption and, later, they discard part of it as 
detritus or garbage.So, it is possible to also envisage 
an Environmental ANR (EANR), capable topoint out 
whois a net debtor/creditor in the generation of 
environmental costs. 
 
Even the activities of detritus/garbage’scollection and 
treatment, as well as the recycling/renewable 
industries, do generate environmental costs; 
possessing, therefore, their proper EANR to be 
calculated. This fact (the activities directed to lessen 
the environmental costs also produce environmental 
costs) may be related to the “rebound effect”4. Such 
effect comes from the coherence of the previous 
statement: “all human activities imply (.) internalities 
and externalities” – with no exception. 
 
Traditionally, greater indexes of economic growth 
mean (under constant technology) greater 
environmental costs5, simply because larger 
quantities ofresources/energy are used and bigger 
volumes of detritus/garbage are produced.However, 
under technological advances, is possible to say that 
part of such costs is “annulled” – at least in theory, 
because a better technology permits to do the same 
(production/consumption) with less 
extraction/depletion of matter and energy. Here some 
examples of technology leading to decreasing costs: 
 
“The development of the Digital Economy (...) has 
led to a reduction in search and communications 
costs” (Satogames, 2016); “Mining giant Rio Tinto 
already uses 45 240-ton driverless trucks to move 
iron ore in two Australian mines, saying it is cheaper 
and safer than using human drivers.” (Solon, 2016); 
                                                             
4 “Actually, there is a danger implied by 
dematerialization: sometimes the resources saved 
with the gain of productivity (relative decoupling) are 
reinvested in the matter/energy system – which goes 
against the logic of the absolute decoupling. (...) This 
phenomenon is called rebound (...), and can be 
explained as: gains on the relative decoupling are 
used to undermine gains on the absolute decoupling.” 
(Nobre, 2016) 
5 “Depletion of natural resources has been a common 
characteristic of economic development in history. 
This means that development as historically 
conceived implied a reduction in the carrying 
capacity of Earth and was not sustainable.” (Cosenza, 
Neves, Clemente, 2016) 

“Cost savings and customer satisfaction(:) 
Forecasting is one of the emerging areas of 
automation(.)” (Brodie, 2017); “The rise of machine 
learning will lead to “a drop in the cost of 
prediction,” he said.” (Vanian, 2016); “An Oxford 
University research paper estimates that half of all 
work done by humans can be done better, faster and 
cheaper by robots.” (Maney, 2016); “Advances in 
robotics might be such that suddenly, most if not all 
of the basic human functions entailed in manual 
labour (assembling, lifting, walking, human 
interaction, etc) could be carried out more effectively 
and cheaply by Machines — with the advantage of 
being able to work continually at minimal marginal 
cost.” (Armellini; Pike, 2017). 
By the way, the Digital Economy has been greeted as 
a promise, given it would stimulate the 
dematerialization of the production and the 
immaterialization of the consumption6  - both savers 
of natural resources. But some critics have been 
evoking the potential of the rebound effect: first, the 
saved resources could be reinvested as to intensify the 
technological advances (as extra investments in 
R&D); and, second, a wider digitization of 
production and consumption may have an energy 
negative effect, with more plants of electricity been 
built, wires, batteries, greater obsolescence of 
hardware and software etc. 
 
Therefore, a greater economic growth would always 
imply greaterenvironmental costs –no matter if under 
constant or advancing technology. As for the latter, 
some authors have been calling attention to the 
impact of automation on the growth of economies, 
with a special focus on the role played by artificial 
intelligence (AI) in this process. The reason is simple: 
some authors believe that AI may lead to explosive 
rates of economic growth, a phenomenon called 
“Singularity”. 
 
In Romer’s model, productivity is a function of the 
number of people in the economy. The greater the 
number of people, the more productive is the 
economy. The intuition is that the greater the number 
of agents, the more productivity-enhancing ideas that 
they can generate. However, each idea benefits all 
members of the economy. Thus, as the number of 
individuals in the economy becomes arbitrarily large, 
the economy’s growth rate approaches infinity. The 
                                                             
6 “Hence, dematerialization implies less use of 
material/energetic resources by the economy. In 
relative terms, it is the decreasing of the quantity of 
matter/energy per unit of product and per unit of 
dollar (which is a measure of productivity) (...). In 
absolute terms, it is the decreasing of the quantum of 
matter/energy that is used by the whole economy – 
i.e. its share in the production / GDP. Some authors 
have named the dematerialization on the consumption 
side by immaterialization (…).”(Nobre, 2016) 
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model can be interpreted as describing an economy 
populated with artificially intelligent agents, each of 
whom are potentially capable of inventing 
technologies that enhance productivity. If an 
arbitrarily large number of artificially intelligent 
agents can be produced, each of whom might come 
up with useful ideas, the economy would accelerate 
to approach an infinite growth rate. (…) One of the 
pillars of the modern Singularity hypothesis is that 
very intelligent machines will produce the next 
Singularity. (Gevek; Noussair, 2012) 
 
The idea here is that rapid growth in computation and 
artificial intelligence will cross some boundary or 
Singularity after which economic growth will 
accelerate sharply as an ever-accelerating pace of 
improvements cascade through the economy. 
(Nordhaus, 2015) 
 
The awareness is that automation will speed up the 
economic growth (as made by Siemens, whose 
intelligent facility multiplied for 8 its production with 
the same installations and staff – see UNDP 2015), 
and, even if the internalized marginal costs tend to 
fall, the net environmental costs may be rising. If that 
is the case, then greater automation may provoke 
wider costs transferences between agents and worsen 
the results of the opportunistic distributive strategy 
for the system as a whole. 
 
But the costs of the automation will spill over to 
society. For example:“about ‘two thirds of all jobs’ 
developing countries might lose to automation” 
(Corpuz; Caughill, 2016), or “(w)e examine how 
susceptible jobs are to computerisation. (…) 
According to our estimates, about 47 percent of total 
us employment is at risk” (Frey; Osborne, 2013), or 
“(that) is the very essence of the Second Machine 
Age hypothesis.  It would manifest itself in weaker 
than expected wage growth and a secular fall in the 
labour share of income” (Haldane, 2015). The social 
costs associated to the advance of the automation 
include an expectation of massive unemployment and 
the fall of the wages’ share at GDP – a distributive 
transference from workersto the artificially intelligent 
machines’ proprietors. 
 
CONCLUSION 
 
Externalities clearly constitute a bigger part of the 
production/consumption’s benefits and costs, in 
opposition to what has been usual to admit, and is 
also clear that the form by which such benefits/costs 
have been distributed within society is leading to 
endanger the whole system. The proposed ANR 
(agent’s net result, coming from both the 
internalized/externalized costs and benefits) may 
work as an index of transparency, showing openly 
who are the opportunists and the injured in such 
distributive tour de force. Therefore, the humanity 

faces the challenge of stopping the current unfair 
costs transference, because this unpaid “wealth 
concentration” harms both the living persons as well 
as the future generations. The ANR could function as 
a market signaling, either to put prices as in the 
permissions’ transactions (e.g. negotiable carbon 
emission rights) or to allow the Government to apply 
correcting taxes and fees. 
 
REFERENCES 
 
[1] Armellini, M.; Pike, T. (2017) Robot revolution: the economics 

of automation.World Economic Forum, 6th march. Available at: 
https://tinyurl.com/y7prcqp5 

[2] Bouding, K. E. (1965) Earth as a spaceship. Kenneth E. 
Boulding papers, archives (box#38), University of Colorado 
at Boulder Libraries. 

[3] Bouding, K. E. (1966) The economics of the coming 
spaceship earth. In: Jarrett, H. (ed.) Environmental quality in 
a growing economy, 3-14. 

[4] Brodie, C. (2017) Why AI technology isn’t always a threat to your 
job. World Economic Forum, 13th june. Available at: 
https://tinyurl.com/y7rljazp 

[5] Corpuz, E.; Caughill, P. (2016) In the developing world, two-
thirds of jobs could be lost to robots. World Economic Forum, 
14th November. Available at: https://tinyurl.com/yckto5zj 

[6] Cosenza, C. A. N.; Neves, C.; Clemente, A. (2016) Modeling 
Sustainable Location of Economic Activities.International 
Journal of Managerial Studies and Research, vol. 4, Issue 5, 
pp. 7-20. 

[7] Frey, C. B.; Osborne, M. (2013) The future of employment. 
University of Oxford. Available at: 
https://tinyurl.com/ybqlotoo 

[8] Gellers, J. C. (2010): ‘Cowboy economics’ versus “spaceship 
ecology”: constructing a sustainable environmental ethics. 
SSRN Electronic Journal, October. 

[9] Gevek, A. J. W.; Noussair, C. N. (2012) The nexus between 
artificial intelligence and economics. Tilburg University, 4th 
November. Available at: https://tinyurl.com/yap99622 

[10] Haldane, A. (2015) Labour’s share.Speech. Trades Union 
Congress, London, 12th November. Available at: 
https://tinyurl.com/nsqmzoo 

[11] Hardin, G. (1974) Lifeboat ethics.the case against helping the 
poor. Psychology Today, September, pp. 800-812. 

[12] Hardin, G. (1974) Living on a lifeboat. Bioscience 24 (10), 
pp.561-568. 

[13] Maney, K. (2016) How artificial intelligence and robots will 
radically transform the economy.Newsweek, 30th November. 
Available at: https://tinyurl.com/h5j8fy6 

[14] Markey-Towler, B. (2017) The economics of artificial 
intelligence. 30th January. Available at: 
https://tinyurl.com/yanktaq9 

[15] Nobre, G. F. (2016) Creative industries and dematerialization of the 
economy: ideas on communications and public relations. In: Farias, L. 
A.; Lopes, V. S. C. (Org.). Anais do 10º ABRAPCORP, Porto Alegre: 
ediPUCRS. 

[16] Nordhaus, W. D. (2015) Are we approaching an economic 
Singularity?Information Technology and the future of 
economic growth.Yale University.Available at: 
https://tinyurl.com/y7ue2mqq 

[17] Percy, S. (2017) Can artificial intelligence grow the 
economy? The Telegraph, 25th January. Available at: 
https://tinyurl.com/ycyblsly 

[18] Pigou, A. C. (1932) The economics of welfare. 4th ed., 
Macmillian and Co., London, UK. Available at: 
https://tinyurl.com/y9vhrghz 

[19] Satogames. (2016) Impacts of artificial intelligence, 
Published at 4th December. Available at: 
https://tinyurl.com/ybarzm34 

[20] Solon, O. (2016) Self-driving trucks: what's the future for 
America's 3.5 million truckers? The Guardian, 17th June. 
Available at: https://tinyurl.com/jpty7jv 



International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-4, Issue-3, Mar.-2018 
http://iraj.in 

Costs Transference: Environmental Externalities as a Distributive Strategy 
 

41 

[21] Spash, C. L. (2013) The ecological economics of Boulding's 
spaceship Earth. SRE discussion papers 02. WU Vienna 
University of Economics and Business, Vienna. 

[22] UNDP. (2015) The changing world of work. Human 
Development Report. 

[23] Vanian, J. (2016) How economists view the rise of artificial 
intelligence.Fortune, 28th October. Available at: 
https://tinyurl.com/he4mghy 

 
 
 
 
 
 
 
 

 


