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Abstract

Poultry production makes a substantial contribution to global food security, providing energy, protein, and essential micro-
nutrients to humans. Modern intensive poultry farming systems are challenged by the evolution of Highly Pathogenic
Avian Influenza strains. The presence of avian influenza in poultry flocks poses a significant risk of an avian origin
influenza that is easily transmittable between human beings evolving. By reducing contact between humans and fowl, the
use of automation in poultry production has the potential to improve biosecurity and thus reduce the risk of pandemic
influenza. Many poultry facilities are already highly automated. The rapid rate of progress in robotics and Al suggests that
“lights out”—fully automated—poultry production systems may soon be possible. In this paper we consider the ethical
and policy issues that would be raised by lights-out poultry production. There is a strong animal and human welfare case
for reducing the risk of pandemic influenza via increased use of automation. However, lights-out farming looks to be the
ultimate endpoint of dynamics already present in industrial agriculture, which led to the dangers of zoonotic infection from
animal agriculture in the first place. Whether nations should respond to that risk by doubling down on industrial models of
animal production and embracing fully automated farms or by reconsidering the current model of animal agriculture alto-
gether is, we suggest, both the most important, and the most difficult, question posed by the prospect of lights out farms.
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Modern intensive poultry farming systems are challenged
by the evolution of Highly Pathogenic Avian Influenza
(HPAI) strains, which in turn pose a risk of a global pan-
demic. The use of automation in poultry production has the
potential to improve biosecurity and thus help control HPAI.
The rapid rate of progress in robotics and Al in the current
period suggests that now is the time to consider the ethical
and policy issues that would be raised by the development
of “lights out”—fully automated—poultry production sys-
tems. Although there is an emerging literature on the ethical
issues raised by automation in agriculture more generally
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(see, for instance: Ayris and Rose 2023; Barrett and Rose
2022; Ryan 2023; Sparrow and Howard 2021; Sparrow et
al. 2022), there has been little, if any, discussion to date of
the ethical issues raised by the prospect of complete auto-
mation of animal production or of the biosecurity benefits
of this project, which are a novel- and important— consider-
ation in this case.

Poultry and pandemic influenza

Poultry production makes a substantial contribution to
global food security, providing energy, protein, and essential
micro-nutrients to humans. According to the Food and Agri-
culture Organization of the United Nations (2022), “World
poultry meat production soared from 9 to 133 million tonnes
between 1961 and 2020, and egg production shot up from
15 to 93 million tonnes”. The poultry sector is expected to
continue to grow as demand for meat and eggs is driven
by growing populations, rising incomes and urbanisation
(Motte and Tempio 2017).
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Increases in productivity in poultry farming have been
achieved by an expansion of the scale of production and
intensification on a per-unit basis - both in stocking den-
sity and through selection of desired genetic traits. Intensive
meat-chicken farms may house several hundred thousand
meat chickens at any one time. Farms producing eggs may
be larger still, with some facilities in China now containing
millions of layers (Yang 2021). Turkeys, ducks, and geese
are also increasingly farmed in intensive production facili-
ties (Gajendran and Veeramani 2022; Guemene, Shi, and
Guy 2012; Marchewka et al. 2013).

As might be expected, the ecosystems created by large
scale poultry production are providing ideal conditions
for the rapid evolution of bacteria and viruses. In particu-
lar, they are sites at which Low Pathogenic Avian Influ-
enza (LPAI) may evolve into more virulent strains of virus
(Lebarbenchon et al. 2010; Wallace and Wallace 2015).
HPAI outbreaks in commercial poultry production may
disrupt international trade, decrease regional commerce,
interrupt farm operations, and trigger extensive govern-
ment and industry expenditure for control and eradica-
tion (Johnson, Seeger, and Marsh 2016). The 2014-2015
HSN2/HSN8 HPALI epidemic required $879 million dollars
in public expenditures to eradicate the disease from poul-
try production, making it the most costly animal health
incident in US history (Seeger et al. 2021). Fifteen years
after its emergence, the direct economic costs of the HSN1
HPAI outbreak— including destroying more than 250 mil-
lion birds— were estimated by the World Bank at more than
US$10 billion (World Bank 2010). Models of HPAI popula-
tion dynamics suggest that the persistence of the virus in
poultry flocks is a function of farm size, and that current
production systems are increasingly configured in ways that
can sustain the pathogen indefinitely (Hosseini et al. 2013).

Poultry farmers have three strategies to try to control
HPAL

They try to mitigate outbreaks by being alert to the
symptoms of the disease, slaughtering infected birds, clean-
ing and disinfecting poultry houses, and minimising move-
ments of birds or staff between different areas in the same
farm or between farms (Food and Agriculture Organization
of the United Nations 2008).

They can vaccinate birds to reduce the incidence of HPAI
infection. Vaccines must be chosen carefully and updated
regularly to match the strains of Al circulating in poultry and
wild birds. Vaccination is expensive and an adjunct to— and
not a substitute for - good biosecurity (see below) when it
comes to control of outbreaks. Vaccination, especially if not
universal across large geographic areas, also risks selecting
for mutations in the circulating strains of avian influenza
(Guyonnet and Peters 2020).
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Farmers can also try to prevent HPAI, and LPAI that
might evolve into HPAI, entering the facility. Influenza and
other pathogens can be introduced into a flock by contact
with wild birds, which form a natural reservoir of infection,
or other animals, via the movement of livestock, or through
contact with (human) staff or visitors. By removing points
of contact between poultry flocks, wild birds and potential
human vectors, farmers can enhance biosecurity and reduce
the risks associated with HPAI (Food and Agriculture Orga-
nization of the United Nations 2008; Hinchliffe and Lavau
2013). Preventing contact with wild birds and their drop-
pings requires that poultry be confined in cages or to barns.

As well as killing birds, HPAI can cause human deaths
and morbidity. For instance, from January 2003 to end of
March 2022, there were 863 cases of human infection with
HSNI, of which 455 were fatal (World Health Organisa-
tion Western Pacific Region 2022a). Another avian influ-
enza variant, H7N9, generated 1,568 laboratory-confirmed
human infections, including 616 fatal cases between 2013,
when it first emerged, and 2019 (World Health Organisa-
tion: Western Pacific Region 2022b). The H5N6 variant
is known to have infected 81 people, 33 of whom then
died, since it first emerged in China in 2014 (World Health
Organisation: Western Pacific Region 2022b). While, as yet,
these avian influenzas are not easily transmissible between
human beings, the possibility that a highly transmissible
variant might emerge is extremely concerning, given the
high case-fatality rates of existing strains. The prevention of
influenza virus introduction from wild waterfowl or human
beings to domestic poultry not only prevents the occurrence
of HPAI in poultry farms but is also a critical step in pre-
venting an Avian-Influenza-Virus-origin pandemic in the
human population.

Automation in poultry farming

One way of reducing contact between humans and animals
is via the use of automation. Many poultry facilities are
already highly automated (Cronin 2011). Eggs may be can-
dled, sorted, and vaccinated by a robotic system and hatched
in automated incubators (Tolentino et al. 2018). Tempera-
ture, ventilation, and lighting can all be controlled remotely,
or even automatically, and adjusted for maximum produc-
tivity (Choukidar and Dawande 2017; Kommey et al. 2022).
Food and water are provided using automated systems that
deliver precise amounts of each (Choukidar and Dawande
2017). CCTV cameras allow farmers to monitor the health
and behaviour of animals without entering the facility
(Okinda et al. 2020). In caged bird facilities, manure may be
removed by conveyor belts (NSW Government: Department
of Primary Industries 2022). On layer farms, eggs may be
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collected and removed from the facility on conveyor belts
and counted, sorted, and packed by an automatic system
(Ren et al. 2020). In meat-chicken production, animals can
be weighed in situ using automated scales and the data fed
back into the precision feeding system (Zuidhof et al. 2017).
Systems also exist for automatically transferring birds from
the hatchery to the broiler shed (Cronin 2011).

However, there remain a number of tasks essential to
poultry farming that, as yet, have resisted automation and
thus require that people enter the facility. Removing dead
birds must be done by hand, as must cleaning and disinfect-
ing cages. Checking the health of sentinel birds and the state
of the physical infrastructure requires someone to enter the
facility. In cage-free systems, some eggs will be laid out-
side the nesting boxes and must be collected by hand. Mov-
ing animals in and out of barns must also typically be done
manually. Further innovations in robotics and automation
are required before it might be possible to eliminate contact
between human beings and animals in poultry farming com-
pletely (Park et al. 2022).

Towards “lights out” animal farms?

Given the rate at which robotics and Al are develop-
ing in the current period, the prospect of farms on which
human beings never set foot no longer seems far-fetched.
Harper Adams University has provided proof of concept
of autonomous crop farming with its “hands free farm”
and “hands free hectare” (Lowenberg-Deboer and Keeble
2020). Recently, Wang et al. (2021) have made the case for
“unmanned farms”, wherein there is no need to have human
beings onsite to grow crops or raise animals. Park et al.
(2022) ask their readers to imagine a future of poultry pro-
duction “where the ecosystem is fully automated and man-
aged by constantly evolving artificial intelligence”.

It is, we believe, time to think critically about whether
this project should be pursued. Already there are a number of
researchers and enterprises developing— and in some cases
selling— robots that are intended to take on some of the jobs
in poultry production that have stubbornly resisted automa-
tion to date, including egg collection in free range farms,
remote visual inspection of birds and facilities, removal of
dead birds, litter and manure processing, and harvesting
(For surveys, see Liu et al. 2021; Park et al. 2022; and, Ren
et al. 2020). While the biosecurity case for removing the
need for people to enter poultry facilities is strong, we sus-
pect that many in the community will be appalled by the
idea of animals confined in facilities run by Al and attended
only by robots.

The term “unmanned farms” fails to distinguish between
remotely operated farms, wherein people still play an

essential role but do not set foot on the farm, and fully auto-
mated farms, wherein routine farm operations are entirely
performed by robots and supervised by computers using
machine learning. The biosecurity benefits of robotics can
be secured by moving to remote operation of poultry facili-
ties. Nevertheless, we have chosen to write here of “lights
out” farms, to emphasise that in such facilities birds will
be entirely enclosed and because the technologies that will
make remote operations of farms possible will also enable
completely automated (“lights out”) operations, in which
the ethical issues associated with remote operations are writ
larger still. Fully automated industrial facilities are known
as “lights out” operations because no lights are required
therein owing to the fact that human beings are not pres-
ent: robots can operate in the dark. In fact, fully automated
poultry facilities would have lights, their timing controlled
by computers, in order to maximise the growth rate of meat
birds, or to prompt egg laying, both of which are responsive
to a dark-light cycle.

Ethical considerations

The cost of slaughtering large number of birds to control
outbreaks of HPAI is extremely high. Work in poultry
houses is demanding and unpleasant, with high turnover
rates amongst employees. The economic case for develop-
ing lights-out farming is correspondingly strong. Ultimately,
however, the question as to whether or not to proceed to
develop such farms is an ethical one. It is not our goal to
resolve this ethical question here— not least because, as
we argue below, the trade-offs involved, between biosecu-
rity, animal welfare, and the transformation of the nature
of farming, have implications for the welfare and ethics of
every human being and therefore should be addressed via
a democratic process. Rather, our purpose here is to clarify
the issues involved so that other scholars— and the broader
community— can better understand what’s at stake and for-
mulate their own informed perspectives on the matter.

The ethical case for “lights out” poultry production

The strongest ethical argument for unmanned poultry pro-
duction is to reduce the risk of pandemic influenza in human
beings. An avian influenza that was also easily transmittable
between people would, in all likelihood, lead to tens of mil-
lions of human deaths. Even a small reduction in the risk of
such a pandemic looks to be a goal that we should pursue
as a matter of urgency. Influenza causes significant suffer-
ing and mortality in infected animals, as do other diseases
that might be controlled via the improved biosecurity made
possible in unmanned farms, so there is also a compelling
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animal welfare case for removing human beings from farms.
Finally, when HPAI does enter, or emerge in, facilities, con-
trol measures typically begin with the slaughter of all the
infected animals as well as all the animals within an appro-
priate radius of any infected animal (Food and Agriculture
Organization of the United Nations 2008). These culls may
involve tens, if not hundreds, of thousands of birds and are
highly stressful for farmers and those who must carry them
out (McGreal 2022). Culls can be economically devastating
for communities and for small holders caught in the depopu-
lation zone. Again, then, there is a strong animal and human
welfare case for reducing the need for such measures.

Although our focus here is on the ethical case for lights-
out poultry farms because of the improvements in biosecu-
rity that they offer, it would be remiss not to observe that
animal and human welfare arguments that do not refer to
the risks of the introduction of disease might also be made
for lights-out farms. Insofar as interactions with human
beings may be a cause of significant stress to birds, replac-
ing humans with robots might lead to improvements in ani-
mal welfare (For a sophisticated discussion of the extent to
which automation has produced improvements in animal
welfare in dairy farming, see Driessen and Heutinck 2015).
Cost savings owing to increased use of robotics might also
make it more feasible for farmers, or regulators, to enhance
or enrich the environments in which birds are kept for the
sake of animal welfare by promoting the Five Freedoms
(Farm Animal Welfare Council 2009; Rowe et al. 2019).
Reducing contact between humans and animals might also
reduce the number of instances of the casual animal cruelty
that sometimes occur in industrial livestock facilities. Work
in such facilities is also a paradigmatic example of the “dull,
dirty, and dangerous” work that, most critics agree, should
be performed by robots where possible (For a somewhat
sceptical take on the extent to which automation of agricul-
tural technology has delivered on this promise to date, see
Baur and Iles 2023).

The ethical case against lights out poultry
production

Ethical arguments against unmanned farms are more dif-
ficult to express precisely than arguments for unmanned
farms: they are also hard to distinguish from criticisms of
industrialised animal farming more generally. One of our
reasons for drawing our attention to the possibility of, and
the case for, lights-out poultry production is precisely to
encourage other scholars to take on the task of clarifying
what might be said against it.

Nevertheless, it is difficult to be entirely sanguine about
the prospect of animals living out their entire lifespans
without contact with any creature other than their own
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kind. Birds in lights-out facilities would be entirely con-
tained within, and subjugated to, an industrial process of
food production: biological components of a larger machine
(for an illuminating comparison, see Blanchette 2020).
Animals would be highly vulnerable to equipment failures
and breakdowns and or delays in repairs to sensors and/or
robots. Their suffering, if they suffer, might be witnessed by
no human being other than those who happen to view the
camera feeds that artificial intelligences use to monitor their
condition. There would be little prospect of whistle-blowers
revealing any animal welfare issues that did arise (for dis-
cussion of the steps that producers take to try to prevent
such whistleblowing, which in turn serve as evidence that
such whistleblowing does, occasionally, occur see Pachirat
2011). There would be no contact between human beings,
to whose desires the birds would be completely dedicated,
and the living animals themselves: human alienation from
food production would be complete. This alienation in turn
might have implications for the moral character of individu-
als and communities. Farming, like medicine, is a practice
that produces moral as well as material goods (Mayes 2018;
Sandler 2009; Thompson 2010). Some critics have sug-
gested that technologies designed to fundamentally change,
or by-pass, natural processes represent hubris and arrogance
that undermine historical virtues of farming, namely humil-
ity and patience (Comstock 2000; Sandler 2004).

The powerful economies of scale generated by the use of
robotics and automation also have implications that are ethi-
cally salient. A robot that generates efficiencies when used
in a shed with 100,000 animals may make little sense in a
shed with 100 or even 10,000 animals. The cost of invest-
ment in automation may be prohibitive for smaller produc-
ers. Increased use of automation is therefore likely to drive
increases in the size of animal production facilities and fur-
ther consolidation of ownership in the poultry sector: per-
versely, in doing the former, automation increases the costs
of HPAI outbreaks at the same time as it reduces the risk
thereof. The larger literature on the applications of robot-
ics and Al in agriculture suggests that these technologies
have complex implications for the daily practice of those
involved in agriculture, to the social meanings that accrue
to farmers and farming, and to the distribution of political
power amongst the various parties involved, and implicated
in, agriculture (see, for instance: Carolan 2020; Driessen
and Heutinck 2015; Forney and Epiney 2022; Higgins et
al. 2023; Legun et al. 2022; Sparrow and Howard 2021),
some of which might count against their use in poultry pro-
duction. Finally, automation would expose farmers to risks
of IT failures, including cyber-security risks (Sparrow et al.
2022).

In many ways, a lights-out farm looks to be the ulti-
mate endpoint of dynamics already present in industrial
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agriculture (Fitzgerald 2003; Thompson 2017), which led to
the dangers of zoonotic infection from animal agriculture in
the first place. Whether nations should respond to that risk
by doubling down on industrial models of animal produc-
tion and embracing fully automated farms or by reconsider-
ing the current model of animal agriculture altogether is,
we suspect, both the most important, and the most difficult,
question posed by the prospect of lights out farms.

Policy implications

The extent of the ethical issues raised by lights-out farms and
the possibility that the existence of such farms would further
exacerbate public hostility to intensive animal production
argues that it will be important to secure a “social license”
for lights-out farms before they are developed. Fully auto-
mated poultry production is unlikely to be socially, econom-
ically, or politically viable in the longer term if the public
is not convinced that its virtues outweigh its vices. More
fundamentally, decisions about how our food is produced
have the potential to affect all of us, given the pathogens we
risk incubating and releasing in the process, and thus should
not be made solely by unelected technocrats. For these rea-
sons, we believe that governments and industry peak bod-
ies should pursue a process of public consultation before
making any decision to pursue lights-out farming. The risk
that public opinion will not be adequately informed either
about the risks of HPAI or the animal welfare implications
of lights-out farms strongly suggest that deliberative meth-
ods, such as citizens juries, should be used to inform policy
in this area.

Should a social license for lights out farming be secured,
governments should quickly move to fund research into
developing the technologies necessary to realise it. Every
year that HPAI circulates in the environment increases the
risk of pandemic influenza.

Finally, given the potential implications— both positive
and negative— of lights-out farming for animal welfare, it
would be prudent for governments to revisit animal welfare
regulations for the poultry sector should the technology for
lights-out farming be introduced. Again, it will be vital to
bring public opinion along in this process.

Conclusion

Food production systems affect and implicate all of us —
as, most likely, would any pandemic that emerged from
HPAI Ultimately, then, the shape of these systems should
be determined democratically, by the entire community and
not solely by experts and industry stakeholders (Degeling

and Johnson 2015). For this reason, we have not tried here
to reach any all-things-considered conclusion about the eth-
ics of fully automated poultry production. Nevertheless,
we hope that the account we have provided of the ethical
questions posed by the prospect of lights-out farming can
usefully inform public debate about the future of poultry
farming and the risk of pandemic influenza.
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